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The integration of basic sciences with clinical medicine



When this author started medical school in 1972, the knowledge that DNA was double-stranded 

was only 20 years old. Anatomy was taught using cadavers because these were the best models 

available. The first CT scanner would not be used in North America until 1973. By 1980, there 

would be 3 million. With the parallel development of MRI and ultrasound, every doctor would 

soon use these tools to see the internal anatomy of their patients. Imaging would radically 

decrease the importance of the less sensitive and specific physical examination. In the 1970’s 

laboratory testing saw the first of its automated instruments in chemistry and hematology. Now, 

an estimated 60-70% of medical decisions are based on laboratory testing. There is non-invasive 

testing for glucose, bilirubin, O2 , CO2 and pH. We are just entering the “omics” era of proteomics, 

pharmacogenomics, nutrigenomics, and physiogenomics that will individualize patient care. All of 

these developments blend clinical care and basic sciences. Despite the fact that clinical medicine 

can now be built on a foundation of the basic sciences, medicine is still taught by subjects. These 

are learned far from the bedside and are mostly forgotten by the clerkship years of medical 

school. This book is an attempt to teach medicine from a patient-centered approach. There is 

a list of the more than four dozen of the most important chief complaints and their differential 

diagnosis, indexed to the text. Every organ system starts with a clinical pathologic correlation that 

shows that organ’s commonest presentations and the associated diseases. There is a review of 

each organ’s essential structure and function in its clinical context. Diseases are described through 

their presentation, pathophysiology, and natural history. There are no individual subjects, just 

the information needed to understand and care for the patient. When I was a clinical clerk, an 

outstanding doctor told me that all I needed to learn medicine was my patients and my books. 

That is still good advice. This book is intended to help any physician teach themselves medicine 

by better understanding what they should be learning from their patient care.

Philip Tisdall

Preface
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Clinical Pathophysiology

Chapter 1: Clinical Pathologic Correlation 

This book is written with 2 dominant themes. First, it is patient-centered. Medicine exists to provide patient care 
and it is best learned by starting with the patient. Second is the idea that clinical medicine is built on a foundation 
of the basic sciences. The term “clinical pathologic correlation” dates from the start of the modern era of 
medicine in which it came to be understood that the course of a patient’s disease is reflected in the pathology 
seen in their tissues and cells. Basic science subjects for clinicians serve to elucidate patient care.  

All patient care consists of diagnostics and therapeutics, both of which require an understanding of 
pathophysiology. While this book is titled Pathophysiology, it in fact emphasizes that diagnosis starts with a 
patient complaint from which the clinician forms her differential diagnosis (DDx). The last section of the book 
includes the essential chief complaints and their differential diagnoses. It is with the DDx in mind that the physical 
examination and testing are used to rule in and rule out possibilities until a diagnosis can be made. Clinical 
reasoning starts from the chief compliant, and its differential diagnosis should be based on pathophysiology. 

Once a diagnosis is made, the clinician must explain what this means to the patient and what treatment is 
appropriate. No treatment is without its own side effects. The natural history of the disease, that is, what happens 
if nothing is done, must be known to ensure that the treatment has more benefit than risk. 

The Chief Complaint (CC) and its Differential Diagnosis (DDx) 

An optimal way to approach any patient problem is to identify the “Chief Complaint” (CC). Some clinicians start 
with the patient’s actual words, but all doctors then put this into a category from which they can form a 
“Differential Diagnosis” (DDx). 

The DDx should start with possible organ systems rather than a long list of diseases. Each organ system is then 
ruled in or out by history (Hx) > physical examination (P/E) > testing    (e.g. laboratory testing; imaging). 

                        
 
 

Dyspnea serves as a model example in clinical reasoning. A majority of the diseases that cause shortness of breath 
arise in the heart or lung. 

Figure 1-1 Clinical medicine. 

Figure 1-2 Clinical reasoning through the chief complaint and its differential diagnosis. 
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The testing in an investigation is diagnostic because it identifies some essential element of the pathophysiology. 
“Testing teaches pathophysiology”. 

o In LV-CHF each test elucidates a consequence of an elevated left ventricular end diastolic pressure and/or 
volume which confirms the cardiac origin of symptoms 
(see Figure 16.5: LV: CHF: a pictorial model). 
 S3: dilation (↑LV-EDV). 
 Crackles: pulmonary edema (LV-EDP > 20 mmHg). 
 BNP: stretch of ventricular myocytes (↑LV-EDV and P). 
 Imaging: cardiomegaly (remodeling), perihilar consolidation (edema). 

o Further investigation is needed to establish an etiology: 
 Ischemia: angiogram and EKG (arterial disease only). 
 Hypertension: blood pressure cuff. 
 Valves: auscultation and ECHO. 

o In lung disease, pathophysiology is elucidated by: 
 Physical examination: obstructive (stridor, rhonchi and wheezing) versus restrictive (crackles). 
 The investigation of these families of diseases requires pulmonary function testing (PFT), imaging and 

blood gases for failure. 

In Figure 1.1, it can be seen that treatment, specifically pharmacology, acts on mechanisms of disease at the 
molecular level. 

o Using LV-CHF as a model, then the drugs used in treatment target the neurohormonal response to a drop in 
blood pressure due to a decreased cardiac output  (see Figure 16-18. Cardiovascular pharmacology). 

Key concepts in clinical pathologic correlation: 

1. Completeness: 
o A disease must be understood from the patient presentation through to the molecular defects, without any gaps. 
o The patient: In clinical medicine, one starts with the patient, who must be appreciated within their environment. 

The average American patient reads at a Grade 5 level.  The best written instructions will fail if they cannot be 
read. In 2020, the average social security check is $1500/month. Two-thirds of the elderly live on this check. A 
prescription for an expensive medication will not be filled. In 2020, a sulfonylurea like glipizide costs $0.75 /day 
while a SGLT2- inhibitor like empagliflozin can cost $17 /day. A drug must be affordable as well as effective. 

o Multisystem effects: these are not emphasized at the medical student level, but disease in one organ affects 
the performance of other organs. Cardiorenal syndrome offers a good example. Congestive heart failure 

Figure 1-3 Shortness of breath as a model chief complaint. 
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(CHF) can underperfuse the kidneys, activating the renin/angiotensin/aldosterone system which increases the 
intravascular volume increasing the preload of the heart, furthering the CHF. 

o Organ systems: are a common way of organizing medical knowledge. Each organ should first be understood 
through its normal structure (regional > surface > internal structures > tissue architecture > cell ultrastructure 
> molecular components > DNA). Function and regulation work through this structure. 

o Disease processes have abnormalities at each level of structure, not just from the underlying pathology but 
also the effects of prolonged homeostatic and adaptive signals. 

2. Natural history: 
 

o Chronic progressive disease occurs over a time frame that may be years or decades. For example, rheumatic 
fever occurs in childhood, but the symptoms of mitral stenosis do not appear until the patient is in her 30’s. 

o The term “natural history” is used to describe the typical course of a disease if no treatment is given. This is a 
critical concept in therapeutics, as all treatments have side effects. Any decision to treat is, in fact, a 
calculation of the risk: benefit ratio. One would hardly prescribe a drug with dangerous side effects for a 
benign self-limited disease. 

o There is a protracted period of time in any chronic disease when the patient is asymptomatic. This is called 
functional reserve period and it reflects the compensation from sustained homeostasis and adaptation. 

o Eventually there is enough loss of function that any increase in stress will tip the patient into failure as long as 
the stress is present. This is mild disease. When a mild stress tips the patient into failure, the patient is 
described as having severe disease. 

o Failure is present when symptoms are present at rest.  This typically occurs when there is a loss of 70-80% of 
normal function. Each organ has a defining symptom and test for failure, such as mental changes and 
elevated prothrombin time for liver failure.  

o The function reserve phase of disease can only be identified by a screening test, as the patient is asymptomatic. 

o In the early symptomatic phase, symptoms are only present when there is stress. Testing to induce symptoms 
must be used to establish a diagnosis. 

Figure 1-4 “Completeness”. 

Figure 1-5 Natural history. 
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Clinical Pathologic Correlation 13. Prevalence and the likelihood of disease: Age, gender, and time frame. 
o The statistical basis of all diagnosis is based on the idea that the likelihood that any finding, be it a symptom, 

sign, or test result, is driven by the prevalence of disease in the population from which a patient is selected 

o Age, gender, and the time frame of the symptoms are such powerful predictors of prevalence that they are 
uniformly included at the start of any patient discussion. 
i. Age:  

• Congenital and hereditary diseases are more likely in children and young adults 
• Autoimmune diseases are more common in young adult women 
• Degenerative diseases and cancer are diseases of aging 
• The age of a woman should be seen both chronologically (i.e. in years) and by the stage of her 

reproductive life: premenarchal > reproductive > perimenopausal > post-menopausal. 

•  
ii. Gender 

• Female: female reproductive diseases and less likely to have atherosclerotic circulatory disease. 
• Male: male reproductive diseases and more likely to have atherosclerotic circulatory disease. 

iii. Time frame: 
• Chronic progressive disease: each organ system has its own speed of progression: 

Organ Chronic disease 
Liver > 6 months 
Kidney > 3 months 
Joints > 6 weeks 
Heart > 1 week 
Lung > 1 week 
Diarrhea > 4 weeks1 

• Pathophysiologic mechanism: 
o Neurologic ↔ minutes 
o Biochemical ↔ minutes to hours 
o Protein synthesis ↔ days  
o Cell proliferation ↔ days to weeks 
o Organ fibrosis ↔ weeks to months 
o Fibrosis of entire organ ↔ years to decades 

    
To illustrate this formula, take an elevated serum prostatic specific antigen (PSA) level. What is the 
likelihood that it represents prostatic carcinoma? In a 80 year old rpesenting with low back pain and 
a prostate nodule on rectal exam , the ↑PSA is basically diagnostic as the prevalence of prostate 
cancer in an 80 year old is 80%, cancers form masses, palpated as nodules and prostate cancer first 
spreads to the lower spine where is causes pain. In a 24 year old male with gonococcal prostatitis, 
the PSA refects release of the PSA by inflammatory destruction of the gland and not cancer. 

The same test result has two completely different diagnoses, based only on prevalence. 

Table 1-1 Time frame of chronic disease by organ. 
1. Acute diarrhea when < 2 weeks 

Age (Years) 
Figure 1-6 Prevalence of disease classes by age. 
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Homeostasis, Adaptation & Disease 2Chapter 2: Homeostasis, Adaptation and Disease 

Homeostasis 

Control system theory: the body as a biomachine 

o It is valuable to see the body and its organs and cells in the way that engineers see machines. 
o The body can be compared to a complex manufacturing company with a central headquarters (i.e. the central 

nervous system, especially the hypothalamus), regional areas (i.e. the organs) and individual plants (i.e. the cells).  

 
o Engineers describe machine control through this model: 

o To work, the body, tissue, or cell, functions within a specific set of parameters, called its dynamic range.    
The optimal parameters within that range are called its set point. 

o The body monitors function through a limited number of key parameters, called the regulated variables.    
For example, there is no direct measure of cardiac output. Instead, the body measures blood pressure as the 
regulated variable of tissue perfusion. At the tissue level, the endothelial cell measures ADP. At the cell level, 
adequacy of oxygenation is measured through the VHL/HIF-1 system.  

Structure, Function and Reverse Engineering 

The best way to learn and remember an organ system is to reverse engineer it. Start by identifying 
the purpose of an organ. For example, the heart is a pump. The circulatory system needs a pump 
because diffusion works to supply nutrients and clear waste only up to a tissue thickness of 2-3 
mm. The constraints on the design of the heart are that is must be built from an artery, it must 
supply 2 systems (lungs and body) and it must have automatic, coordinated action. In addition, it 
must be able to increase output when needed (homeostasis or physiology). 

To see the heart as a biomachine then naturally leads one to learn how it is monitored for 
performance, called system control. The body does not measure cardiac output. Instead, it 
measures blood pressure through baroreceptors in the aorta (systemic supply) and the carotid 
arteries (the head, the most important consumer of oxygen). In the kidney, there is a second 
system, the juxtaglomerular apparatus. In the hypothalamus, there is an emergency system for 
hypotension and in the right atrium a system for volume overload. 

Learning an organ by starting with an understanding of its purpose and how it is designed to 
achieve this is the best way to learn medicine.   

Figure 2-1 Regulation of function: the control system model. 
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o Measurement of key variables requires a sensor cell, which in whole body systems will typically signal to a 
controller cell which will then integrate the sensor cell data and make adjustments through an effector cell, 
bringing the function back within its dynamic range. 

o The commonest homeostatic effector mechanisms are the autonomic nervous system and the endocrine system, 

§ There are a few systems that are not regulated by the hypothalamus. Two major examples are calcium 
and glucose regulation.  

o Demands on a cell or organ may exceed the normal physiologic response, either because the stress is too severe 
or because it goes on too long, over months to years. When this happens, the body uses injury/stress signals to 
cause the cell to change. This requires a signal to the nucleus to make different proteins, that convert the cell 
line to a more resistant cell type, often a more primitive fetal-type cell. These cells are not usually as efficient as 
the original cell, but they are more resistant to the stress. This process is called adaptation. 

§ The commonest injury signal for stress is a cytokine. 

o Adaptation does not represent a “cure”. Over years to decades, ongoing stress will lead to failure in the 
adaptive system. When the organ cannot maintain itself even at rest, it progresses into failure. In failure,        
a person cannot function normally in their environment and will have continual symptoms. This has a cultural 
component (discussed further below in Adaptation and disease). 

o The terms of homeostasis: 

Term Definition 
Homeostasis The ability to maintain a stable internal environment through changes in the external environment.  

Regulated variable A parameter used to assess the status of a system’s function 
e.g. cardiac output → blood pressure 

Dynamic range The internal environment required for a process to function. 

Set point The optimal parameter(s) for function 
Adaptation A change in the internal structure of a cell or organ needed to maintain function when homeostatic 

mechanisms are insufficient to compensate for a stressor. 

Disease A decrease in function that impairs an individual’s desired integration into their environment. 

Control system theory and clinical medicine  

o The body must integrate its functions at multiple levels. The external environment may impose challenges 
such as hunger or thirst. If these are small or brief, then normal homeostatic mechanisms such as 
glycogenolysis or triglyceride metabolism will be adequate. If severe or prolonged, adaptive changes such as 
muscle atrophy and inhibition of discretionary systems like reproduction is needed. Over time, health 
consequences such as impaired immune system will end in disease. 

o This pattern occurs at the system level, tissue level and cell/molecular level. 
o Most of medicine can be organized this way: 

                                 

Table 2-2 Levels of homeostasis, adaptation, and disease. 

 

 

Table 2-1 Terminology of homeostasis, adaptation, and disease. 
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Regulated 
variable 

Sensor Effector mechanism Model diseases 

Blood 
pressure 

Baroreceptors 
(arteries) 

NTS1 →ANS2 ٠Hypertension 
٠Hypovolemia  
٠CHF3 Baroreceptors (veins) NTS →ANS 

Right atrial myocyte ANP4 →collecting tubule 
JGA5 RAAS6 

Osmolality Hypothalamus ADH7 →collecting tubule ٠SIADH8 

٠Diabetes insipidus 
Temperature Hypothalamus Skin Fever  
PCO2 Medulla Respiratory rate Hypoventilation 
PO2 Carotid 

chemoreceptors 
Respiratory rate ٠COPD9 

٠High altitude 
Glucose Islet cells, others Insulin, counter regulatory 

hormones10 
٠Diabetes mellitus 
٠Insulinoma 

Calcium Parathyroid gland PTH11 →kidney ٠Parathyroid adenoma 
٠Pseudohypoparathyroidism 
٠Others… 

1. Nucleus tractus solitarius, 2. Autonomic nervous system, 3. Congestive heart failure, 4. Atrial natriuretic peptide,            
5. Juxtaglomerular apparatus, 6. Renin/angiotensin/aldosterone system, 7. Antidiuretic hormone, 8. Syndrome of 
inappropriate ADH, 9. Chronic obstructive pulmonary disease, 10. Glucagon, growth hormone, cortisol, catecholamines, 
11. Parathyroid hormone. 

 

o Selected tissue regulated variables: 
§ Hematopoiesis: 

Regulated 
variable 

Sensor 
 

Effector Model disease 

RBC1 Kidney VHL/HIF-1 Erythropoietin →erythroblast ٠Anemia 
٠COPD2 

٠PV3 

٠Paraneoplastic synd 
٠Renal failure 

Platelets None (constitutive) TPO4 →TPO-R megakaryocyte ٠APR5 

1٠ ° thrombocythemia 
Neutrophils Resident 

macrophages 
٠G-CSF6 (production)  →  myeloblast 
٠CXCR4 (release) 

Acute inflammation 

Lymphocyte Foreign antigen 
→ APC7 

٠Th4 lymphocyte 
٠IL-2 (autocrine) 

٠Infection 
I٠ mmunodeficiency 

1. Red blood cell, 2. Chronic obstructive pulmonary disease, 3. Polycythemia vera, 4. Thrombopoietin,  
5. Acute phase reactant, 6. Granulocyte colony stimulating factor, 7. Antigen presenting cell. 

Local blood flow: 

Regulated variable Sensor Effector  Model disease 
Shear force Endothelial cell Vasodilation (NO) Hypoxia٠  

Hypertension٠  ADP Vasoconstriction (endothelin) 

Table 2-3 Homeostasis at the whole body level. 

Table 2-4 Homeostasis of hematopoiesis at the tissue level. 

Table 2-5 Homeostasis of blood flow at the tissue level. 
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o Selected intracellular regulated variables: 

Regulated variable Controller/effector 
Protein synthesis mTOR 
Energy status AMP kinase (AMP-K) 
Glucose status CHREBP1 → TG2 metabolism 
Hypoxia HIF-α1 (VHL system) 
Genotoxic stress (DNA) P53 
     1. Carbohydrate response element binding protein, 2. Triglyceride. 

Adaptation 

Introduction: 

o Homeostasis refers to the process by which the body responds to external changes (discussed above).          
For example, there may be no food or water available for hours. These are expected challenges and the body 
can maintain the proper environment for function (i.e. its dynamic range) using physiologic responses. 
Homeostatic mechanisms are most commonly the autonomic nervous system and the endocrine system. 

o Stressor refers to a demand on the system that exceeds the homeostatic response. This can be due to the 
severity of the stress or to its long time frame. To cope with a stressor, the cells of a tissue must change their 
structure, even to the point of becoming a different cell. This is called adaptation and requires different 
proteins and therefore a genetic signal and change. The commonest adaptive signal is a cytokine. 
§ If the stressor can be removed, as might be seen with a heart valve replacement, then the organ can 

revert back to normal. 

o If the adaptation is adequate for a mild stressor, then the disease might become stable, although the organ 
performs at a lower level of function. 

 
 

o With a severe stressor, there is progressive disease. Continued homeostatic and adaptive signaling, for 
example catecholamines and IL-1 in the heart, cause inflammation and fibrosis, with apoptosis of cardiac 
myocytes. Fibrosis is considered irreversible. Progression leads to organ failure, typically when there is <20-
30% of normal function left. Death usually ensues within months. 

Figure 2-2 The effect of a stressor on homeostasis and adaptation. 

Figure 2-3 The effect of a severe stressor. 

Table 2-6 Homeostasis at the cellular/molecular level. 
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o Organ adaptations: 
§ Adults cannot redesign a failing organ, only expand existing compartments. These include: 

• Increasing vasculature 
• Alterations in the extracellular matrix 

§ Most changes reflect an increased organ size from cellular changes like hyperplasia and hypertrophy. 
o Cellular adaptations: 

§ Hyperplasia: an increase in cell number 
• Labile cells increase by increasing their rate of division. Stable cells require growth factors to come 

out their G0 resting state and then proliferation. 
• Growth factors include 

§ Hormones: e.g. estrogen → endometrium (proliferative phase) 
§ Mechanical: e.g. epidermis → callus formation 
§ Immune: e.g. Il-17/21/23 → epidermis (psoriasis) 
§ Chemicals: e.g. cigarette smoke → bronchial mucous gland (COPD) 

§ Hypertrophy: an increase in cell size 
• This happens in all stimulated cells, but the term is used in those organs with cells that cannot 

divide, cardiac myocytes and neurons. 
§ Both of these organs require end to end connection of cells, so that simply adding more cells 

cannot replace lost function. 
§ Adaptive hypertrophy of the heart is called remodeling. 

§ Atrophy: a decrease in size and number. 
• Etiologies include: 

§ Hormones: e.g. ↓prolactin in lactation 
§ Innervation: e.g. skeletal muscle after spinal cord transection (paraplegia) 
§ Disuse: e.g. skeletal muscle in a cast 
§ Ischemia: e.g. skin of lower leg with occlusion of popliteal artery 
§ Nutrition: all organs in starvation 
§ Pressure: hydronephrosis of kidney with increased pressure in the ureter. 

• Mechanisms of atrophy: 
§ Molecular breakdown: 

• Ubiquitination to proteasome. This is a homeostatic mechanism. 
§ Autophagy: 

• Catabolism of protein aggregates and organelles. 

Figure 2-4 Autophagy. 



12

Clinical Pathophysiology

• There are 3 mechanisms: 
o Macroautophagy: joining of a phagophore with a lysosome 
o Microautophagy: aggregates directly enter the lysosome 
o Chaperone-mediated autophagy: aggregates are trafficked to the lysosome by specific 

chaperones such as hsp-70. 
o Macroautophagy is regulated by survival pathways involving mTOR and AMP-K.  
o In times of physiologic abundance, mTOR and AMP-K inhibit ULK, a kinase that expands 

the phagophore. 

 

 

§ Metaplasia: the replacement of a fully differentiated cell by another type of cell 
• Change in cell phenotype occurs at the stem cell level. 
• The metaplastic cell is more resistant to the stressor in the environment. 
• There is some degree of reversibility if the stressor is removed. 
• Metaplasia is inherently unstable and will show an increased risk of neoplasia over years. 
• Important metaplasias in clinical medicine: 

Organ Stressor Adaptative 
metaplasia 

Neoplasia 

Esophagus Acid reflux Intestinal 
(Barrett mucosa) 

Adenocarcinoma of the distal 
esophagus 

Stomach H. pylori Goblet cell  Adenocarcinoma 
Bronchus Cigarette smoke Squamous Central carcinoma (SCC1 & 

NSCLC2) 
Bladder S. hematobium Squamous Squamous cell carcinoma of 

bladder 
Cervix Ectropion of puberty Squamous HPV-related carcinoma of cervix 

1. Small cell carcinoma, 2.  Non-small cell lung cancer. 

 

 

  

Figure 2-5 Lipofuscin. 

Table 2-7 Important metaplasias. 

Dysplasia versus metaplasia 

Dysplasia is a disordered growth with nuclear atypia caused by 
chromosomal mutations. It is considered a premalignant condition. There is 
some degree of reversibility, especially when the dysplasia is of mild degree. 
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Definition: a decrease in function that impairs an individual’s desired integration into their environment. 

o There is a significant cultural component in this definition. For example, the Diagnostic and Statistical Manual 
of Psychiatric Disorders (DSM) considered homosexuality a “paraphilia” or abnormal sexual interest until 
1973. In 1980, homosexuality was called “ego-dystonic homosexuality” if the person was distressed by their 
orientation. By 1987, homosexuality was dropped entirely as a mental disorder. 

 

o Chronic progressive disease can occur when there is inadequate compensation for a stressor.  
o Any stressor that is severe enough and prolonged enough will lead to an inflammatory response. Over time, 

chronic inflammation inevitably leads to fibrosis and loss of parenchymal cells to apoptosis. 
o As a general rule, when an organ’s function decreases to less than 20-30% of normal, clinical failure will ensue. 
o Failure is defined as the inability of an organ to maintain homeostasis at rest. This is different than mild to 

severe disease. In the latter, the patient will have symptoms only in situations with increased demand. When 
the demand is removed, the patient becomes asymptomatic. 

 
 

 

 

Two views of disease 

a. Engineering view: This sees the body as a machine and disease as a pathology that breaks the 
machine. In this view, all humans are built much the same and disease reflects a machine 
breakdown. Examples that illustrate this view include trauma, poisons, and infections. 

b. Adaptive view: In this view, disease arises when a unique individual is placed in an environment 
to which they are not suited. For example, a woman with sickle cell trait is “healthy” until she 
travels to a high altitude. A man may be predisposed to alcoholism but will not become an 
alcoholic unless he has access to alcohol. Only 8% of alcoholics develop cirrhosis. Less than 10% of 
smokers develop dancer. 

The maladaptive view of disease may be referred to as the Garrodian view, named after Garrod 
who first identified the inborn errors of metabolism. This view sees any understanding of health 
must start with a patient’s genetic makeup. 



3
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Chronic Progressive Disease: An Introduction to The Principles 3Chapter 3. Chronic Progressive Disease: An Introduction to the Principles 

Any given organ system has a limited number of ways that it can respond to a progressive disease. This means 
that for any given organ, many different disease processes will all end in a common end pathway. After 
homeostatic and adaptive mechanisms have been exhausted, the organ will be unable to maintain adequate 
function at rest, the definition of failure. Important examples include: 

o Heart: 
§ Classification: heart failure with reduced ejection fraction (HFrEF) and heart failure with preserved 

ejection fraction (HFpEF). 
§ Pathophysiology: 

• Pathology: 
o HFrEF: thickened wall from hypertrophy with dilated chambers. 
o HFpEF: thickened wall with fibrosis and fiber loss. 

• Pump failure and conduction defects (arrhythmias). 
§ Presentation: 

• Symptoms: shortness of breath (SOB), edema, syncope, palpitations. 
• Testing: P/E, ultrasound, BNP. 

o Lung:  
§ Classification: 

• Type I: PO2 < 60 mmHg. 
• Type II: PO2 < 60mmHg with PCO2 >50 mmHg. 

§ Pathophysiology: 
• Obstructive (airways) 
• Restrictive (gas exchange). 

§ Presentation: 
• Symptoms: SOB 
• Testing: blood gases /oximetry, pulmonary function testing, imaging. 

o Kidney:  
§ Classification: 

• Staging by GFR. 
o Stage 4: GFR 15-29 mL/min 
o Stage 5: GFR 0-14 mL/min. 

§ Pathophysiology: 
• Shrunken fibrotic kidney with universal glomerular sclerosis and tubular “thyroidization”. 

§ Presentation: 
• Stage 4: resistant hypertension, fatigue (normocytic anemia). 
• Stage 5: uremia. 
• Testing: eGFR 

o Liver:  
§ Classification: none 
§ Pathophysiology:  

• Cirrhosis: 
o Portal hypertension. 
o Hyperestrogenic state. 

• Pathology: fibrous bands surrounding regenerative nodule of hepatocytes. 
§ Presentation: 

• Symptoms: encephalopathy. 
• Testing: elevated Prothrombin time (PT). 
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o Hematology:  
§ Classification: 

• Pancytopenia. 
• Individual cell line. 

§ Pathophysiology: 
• Primary versus secondary. 

§ Presentation: 
• RBC: fatigue (anemia). 
• Neutrophil: infection, especially bacteria. 
• Platelet: bleeding. 
• Lymphocyte: infection. 

o Endocrine: hormone deficiency. 

There are a number of important ideas in Figure 3.1. Most individuals start with normal function that degrades 
slowly over time due to pathology from underlying genetic abnormality and/or environmental influences. The 
patient then goes through a long period of time in which function can be maintained through homeostatic and then 
adaptive changes. These responses constitute an organ’s functional reserve. The patient is asymptomatic, and the 
underlying structural defect can only be identified by a screening test. Eventually, the limitation in the organ’s 
function will be exposed when it is subject to a severe stress, such as climbing a mountain with heart or lung disease. 
The patient will develop the first symptoms that will be relieved by stopping the stressor. Mild disease exists when it 
requires a severe stressor to tip the organ into failure; severe disease requires only a mild stressor. For the physician, 
the patient will appear normal at the time of the examination and recapitulation of symptoms will require a stress 
test (e.g. 6’ walking test). Failure describes an organ that cannot maintain normal function even at rest. Each system 
has its own clinical and an objective test that is used to diagnose failure. 

Homeostasis: see Chapter 2. Homeostasis, adaptation and disease.  

Adaptation: see Chapter 2. Homeostasis, adaptation and disease.  

Clinical pathologic correlation in chronic progressive diseases 

A. Functional reserve: The patient is asymptomatic, so this has to be a screening test. In general, screening tests 
only work well when there is a high prevalence of disease in the patient population. The risk factors differ for 
each disease and organ and so do not lend themselves well to this kind of table. 

Figure 3-1 Clinical correlation of chronic progressive disease. 

Prevalence and screening tests 
Screening tests are only useful in populations with a high enough 
prevalence to avoid large numbers of false (+) and false (-) tests. 

                                      

                                                              

A 

B 

C 
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Chronic Progressive Disease: An Introduction to The Principles 3B. Mild – severe disease: symptoms occur when there is a superimposed demand on the organ that exceed the 
diminished reserves. This means that testing that creates this increased demand is necessary to reproduce 
the patient’s symptoms. This type of testing is called stress testing. 
o If no physiologic or stress testing is available, then diagnosis will have to be established by anatomical 

testing that shows an abnormal organ size or histology. 
• Liver: there is no stress-test with which to follow progressive liver disease. Liver biopsy is used to 

follow the degree of fibrosis. The extent of fibrosis is classified into stages, but these only roughly 
correlate with the liver’s functional reserves. 

C. Failure: Failure is a common end pathway for many chronic progressive diseases in any organ system. This 
means that there is a characteristic symptom and a consensus confirmatory test. 
 

Summary of the presentation and diagnosis of common chronic progressive diseases 
 

Organ Presentation Stress test  Failure 

Heart, LV-CHF1 SOB2 ٠Exercise stress test 
٠Activities of daily living 

٠EF3 < 40% 
٠↑BNP4 

٠CXR5 

٠Auscultation (S3, crackles) 
Heart, RV-CHF6 Edema None PAH7 (>25 mmHg) 

Lung (hypoxia) SOB ٠6 min walk test (<1500’) 
٠Activities of daily living 
٠PaO2 < 80 mmHg     

PaO2 < 60 mmHg 

Lung (hypercapnia) SOB ٠6 min walk test 
٠Activities of daily living 
٠FEV1/FVC < 80% 

٠PaO2 < 60 mmHg 
٠PaCO2 < 50 mmHg 
٠FEV1 < 30% 

Kidney ٠Stage 4: HT8,  anemia 
٠Stage 5: uremia 

eGFR (stages 1-4) eGFR < 15 mL/min 
(Stage 5, ESKD9) 

Liver Encephalopathy ٠Liver biopsy (fibrosis) 
٠US elastometry 

Prothrombin time 
(Factor VII) 

Pancreas, endocrine Diabetes mellitus ٠Fasting glucose 100-125 g/dL 
٠OGTT10 

٠Fasting glucose >126 mg/dL 
٠Random glucose >200 mg/dL 
٠HbA1c > 6.5% 

Pancreas, exocrine Malabsorption CCK & secretin stimulation tests ٠72 hour stool for fat 
٠Stool trypsin or fat droplet 

RBC11 (anemia) Fatigue Hgb < 10 mg/dL Hgb < 7 gm/dL 

Platelets Bleeding 10 – 100 X103 /dL < 5 X103 /dL 

Neutrophils Bacterial infection ٠Mild: 1000-1500 /dL 
٠Moderate: 500-1000 

Severe: < 500 /dL 

Factor VIII Bleeding ٠Mild: 5-20% 
٠Moderate: 2-5% 

Severe: < 2% 

CD4 lymphocyte Opportunistic 
infection 

Chronic HIV infection:  
CD4 count 200-400 /mL 

AIDS: CD4 count < 200 /mL 
٠Kaposi sarcoma < 400 
٠Pneumocystis < 200 
٠Toxoplasmosis < 100 
٠CMV, crypto, MAI12 < 50 

1. Congestive heart failure, left ventricular, 2. Shortness of breath (aka dyspnea), 3. Ejection fraction, 4. Brain 
natriuretic peptide, 5. Chest X-ray, 6. Congestive heart failure, right ventricular, 7. Pulmonary artery hypertension,       
8. Hypertension, 9. End stage kidney disease, 10. Oral glucose tolerance test, 11. Red blood cells, 12 Mycobacterium 
avium-intracellulare complex. 

Table 3-1 summary of the presentation and diagnosis of chronic progressive disease. 
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Figure 4-1 Poiseuille Law. 

Chapter 4: Cell Injury and Death 

Introduction: 

There are 7 causes of cell injury: 

1. Hypoxia 
2. Chemical 
3. Physical 
4. Infectious 
5. Immunologic 
6. Congenital / hereditary 
7. Nutritional 

There are a number of diseases covered in these topics that come up nowhere else: 

o High altitude 
o Carbon monoxide poisoning 
o Cyanide poisoning 
o Methemoglobin 
o Acetaminophen poisoning 
o Burns 
o Electric shock  

Hypoxia 

Definitions: 

o Hypoxia: a state of oxygen deficiency in a cell 
o Hypoxemia: a state of oxygen deficiency in the blood. It leads to hypoxia. 

Classification of hypoxia 

o Decrease in atmospheric oxygen (PatmO2; note that PAO2 is alveolar oxygen pressure and PaO2 is oxygen 
pressure in the artery). 
§ High altitude: at 10,000’, the PatmO2 is 60 mmHg 
§ Indoor fires 

o Pulmonary pathology 
§ ↓Diffusion (e.g. alveolar thickness in ARDS & fibrosis, ↓ surface area in emphysema) 
§ ↓Ventilation (e.g. COPD, asthma) 
§ Shunt (i.e. heart and arteriovenous malformation in lung) 
§ V=/Q mismatch (e.g. any lung consolidation) 

o Blood supply 
§ Flow: (e.g. Poiseuille Law) 

 

This discussion in this chapter will be limited to hypoxic, chemical, and physical injury. Infections, 
immunologic and nutritional pathology are large enough subjects to be covered in their own units. 
Congenital and hereditary diseases are discussed in Chapter 9 and in each organ system. 
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§ O2 content (e.g. anemia, met Hgb, CO)  

o Abnormal mitochondria /electron transfer chain (ETC): e.g. aspirin, cyanide 

Pathophysiology of hypoxia 

o Homeostatic response (discussed further below in: Cell death) 
§ Anaerobic glycolysis:  

Figure 4-2 O2 content of blood. 

Figure 4-3 Anaerobic glucose metabolism. 
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Cell Injury & Death 4§ In the absence of oxygen, cells switch to anaerobic glycolysis (note that RBCs lack mitochondria and use 
only glycolysis). With the production of lactate, there is an increase in the Na+/H+ exchanger (especially in 
the proximal convoluted tubule (PCT) of the nephron). Cell swelling starts when decreased production of 
ATP leads to decrease in the Na+/K+ ATPase pump. 

§ After 2-3 hours of hypoxia, there is upregulation of phosphofructokinase -1 (PFK) induced by the increase 
in AMP (conversely, ↑ATP inhibits PFK) and acidosis. PFK-1 is the key regulatory enzyme of glycolysis. 

§ Right shift in oxygen binding curve 
• There is an increase in 2, 3 BPG with an increase in glycolysis. The acidosis causes a right-shift in the 

oxygen binding curve. Together, these cause a greater release of O2 from hemoglobin in the tissues. 
o Adaptation to hypoxia: 

§ Tissue: blood vessel collaterals 
• With hypoxia, there is loss of VHL inhibition of HIF-1. The increase in HIF-1 stimulates VEGF resulting in the 

formation of new blood vessels (i.e. angiogenesis) into areas of chronic hypoxia. Myocardial infarcts are 
smaller in areas of chronic ischemia due to protection by ingrowing collaterals from adjacent vessels. 

§ Cells: ischemic preconditioning 
• Short episodes of ischemia make a cell more tolerant of subsequent ischemic events.                       

The mechanisms are obscure, but include decreased apoptosis 
• Stunned myocardium: short duration events result in myocardium that is 

non-functional but restores to normalcy with reperfusion. This is a key reason for treatment within  
1 hour in myocardial infarction (“Time is muscle”) 

• Hibernating myocardium: with chronic ischemia, areas of heart wall may be non-contractile, but 
with coronary bypass surgery may resume contractile function. This is the basis for attempting 
reperfusion surgery in patients with coronary artery disease who progress into chronic congestive 
heart failure (i.e. EF <40%). 

o Disease and failure: 
§ Severe hypoxia leads to cell death (discussed further below in: Cell death) 

• Acidosis (↑lactate) 
• ↓ATP 
• Influx of calcium (activation of enzyme cascades) 
• Opening of MPT pore with reperfusion (cyclophilin D) 

o Susceptibility of cells and tissues to hypoxia: 
§ Cells: Different cells have different tolerances to hypoxia. The most sensitive are neurons (3-5 minutes), 

followed by renal tubular cells (especially proximal convoluted tubule and thick ascending limb). 
Connective tissue can survive for more than 1 hour. This allows for the use of tourniquets in limb surgery. 

§ Tissues: 
• Watershed: tissues at the junction of 2 arterial systems are vulnerable to episodes of hypotension. 

o Brain: ACA / MCA and MCA / PCA 

Figure 4-4 Watershed regions of the brain. 
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o Colon: junction of SMA / IMA 

 

o Liver: Zone 3 

 

• Heart: subendocardium 
o The subendocardium is more vulnerable to ischemia because    

it has increased metabolic demand and decreased perfusion. 
Increased demand comes from wall architecture. The left 
ventricle has sheets of myocytes oriented in right-handed          
and left-handed spirals for optimal pump function.                   
The endocardium has a higher metabolic demand in systole.  
Perfusion is less in the endocardium because it is further from 
the coronary artery and because endocardium has a longer 
systole (myocardium is mostly perfused in diastole). 

• Kidney: renal papilla 
o The papilla is an extreme environment with high osmolality 

and its perfusion at the end of the arteriole blood supply. 
This makes it vulnerable to papillary necrosis. The necrotic papilla can detach, with bleeding and 
pain. Causes include diabetes, pyelonephritis, sickle cell anemia and NSAID use. 

Figure 4-5 Watershed region of the colon. 

Figure 4-6 Perfusion zones of the liver. 

Figure 4-7 Subendocardium. 
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Presentation of general hypoxia (i.e. systemic) from all causes 

o Early: 
• CNS symptoms: anxiety, restlessness 
• Increase in heart rate 
• Increase in respiratory rate 

o Late: 
• CNS: agitation to coma 
• Decreased heart rate 
• Dyspnea 
• Cyanosis 

Unique conditions of hypoxia 

High altitude 

With increasing altitude, the fraction of oxygen (FiO2) remains the same, 21%, but there is a decrease in 
barometric pressure that is associated with a decrease in the partial pressure of oxygen (PiO2). 

o PiO2 = barometric pressure X FiO2 
• PiO2 = (barometric pressure – 47 mmHg H20) X .21 

    

 

o Response to acute increase in altitude: ↓PaO2 
• ↓ exercise tolerance 
• Hypoxia induces pulmonary artery hypertension 

o V/Q mismatching 
o Pulmonary edema over 1-2 days 

Altitude (feet) Barometric press PiO2 PaO2 
0 760 mmHg 149 98 
5000 632 122 66 
10,000 523 100 53 

Figure 4-8 Pathology of the nephron. 

Table 4-1 Altitude effects on blood oxygen. 
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• Chemoreceptors in carotid sinus detect hypoxia and stimulate sympathetic response 
o ↑ respiratory rate → alkalosis 
o ↑ heart rate & stroke volume → ↑CO 

• ↑ 2,3 BPG leads to right-shift of oxygen-binding curve and better delivery of oxygen to tissues, although 
poorer pickup of O2 in the lungs 

• Renal compensation respiratory alkalosis over 2-3 days leads to bicarbonate excretion, with a diuresis of 
10-15% of blood volume that cannot be replaced by drinking. 

• Release of erythropoietin increases RBC mass in the bone marrow over weeks to months. 

Acute mountain illness: 

o Defined as a spectrum of pathology that occurs with hypobaric hypoxia. 
§ Occurs at > 8000’ 

o Pathophysiology is poorly understood 
o Presentation: 

§ Acute mountain sickness: headache, fatigue, N&V, 
§ High altitude pulmonary edema: shortness breath due to the edema 

o Treatment: acetazolamide 

Carbon monoxide poisoning 

Pathophysiology: 

o Carbon monoxide (CO) is produced when there is incomplete combustion  
§ Accidental with poorly maintained furnaces 
§ Suicide: commonly in a garage with car engine running 

o CO binds to hemoglobin (carboxyhemoglobin) with 200 times the avidity of O2. 
§ There is minor toxicity from binding to cytochrome c of the electron transfer chain (complex IV) 

Presentation: 

o Cherry red lips (along with all other mucosal membranes) 
o 10-20%: headache, dizziness 
o >  50%: death 
o Testing: 

§ Co-oximeter: uses additional wavelengths compared to an oximeter; this differentiates carboxyhemoglobin 
from oxyhemoglobin. 

 

Treatment: 

o Oxygen: high FiO2 displaces CO faster than room air (hyperbaric chamber best) 

Methemoglobinemia 

Introduction: the iron (Fe) in hemoglobin is in the oxidized or ferric (Fe+3) state, instead of the physiologic ferrous 
(Fe+2) state. In the ferric state, methemoglobin does not bind O2. 

Pathophysiology: 

o Congenital: Cytochrome 5b reductase deficiency (CYP5bR): this enzyme is key to methemoglobin reduction. 
Children with this defect have no limitations of function but do have cyanosis. See Figure 4.3. 

o Acquired: commonest causes are medications 
§ Dapsone (leprosy) and antimalarials: 
§ Topical anesthetics (e.g. lidocaine, benzocaine) 
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Cell Injury & Death 4Presentation: 

o Blood has a “chocolate brown” color 

o Co-oximeter: metHb absorbs a specific wavelength 
o Blood gases 

Natural history/Treatment: only if symptomatic and/or metHb >30% 

o Methylene blue: a reducing agent that can be given IV. 
o Vitamin C: oral reducing agent 

 

Cyanide poisoning (CN) 

Epidemiology: 

o Fires: combustion can lead to cyanide formation 
o Medications: Nitroprusside: long term use in hypertensive emergencies 

Pathophysiology: 

o CN binds to the heme in complex IV of the electron transfer chain 
o Cells cannot use O2 and switch to anerobic metabolism until death within minutes. 

Presentation: 

o Physical exam: patient’s breath smells like “bitter almonds” (no one knows what this means) 
o Testing: 

§ Venous blood is bright red as no oxygen has been consumed. 
§ Electrolytes have an anion gap due to lactate production 
§ Blood cyanide levels 

Natural history/treatment: hydroxocobalamin directly binds to CN 

  

Table 4-2 Comparison of the types of hypoxias. 

Figure 4-9 Methemoglobin: color of the blood. 
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Chemical injury of cells: Free radicals 

Definition:  

o A free radical is a single unpaired electron in the outer orbit of an atom. 
o The unpaired electron “steals” electrons from adjacent stable molecules, making them have free radicals. The 

process proceeds as a chain reaction. 

Classification: 

o Reactive oxygen species (aka oxygen free radicals). There are multiple sources: 
§ Endogenous: electron transfer chain, inflammation 
§ Exogenous: ionizing irradiation, which includes high energy UV light, pathogens 

o Reactive nitrogen species 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

§ Endogenous: nitric oxide synthesis from arginine 

Physiology of free radicals 

o The body has multiple processes to mitigate free radical damage 
§ Enzymes (see image above): superoxide dismutase, glutathione, catalase 
§ Vitamins & chemicals: Vitamin C, Vitamin E (tocopherols), flavonoids (aka Vitamin P), carotenoids, 

phenolic acid, selenium 
o None of these processes can be affected by intake, specifically including diet. 

Pathophysiology of free radicals: 

o Lipids  → peroxidation 
o Carbohydrates → chain breaks 
o Proteins  → denaturation 
o DNA  → chain breaks 

Pathologic processes associated with free radicals 

o Atherosclerosis (modified LDL) 
o CNS proteinopathies 
o Cancer (e.g. DNA breaks with failure to repair such as BRCA) 
o Ischemia / reperfusion injury (more later) 
o Aging (including lipofuscin) 

ROS 

Figure 4-10 Free radical biochemistry. 
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Cell Injury & Death 4Free radical diseases: 

o Acetaminophen toxicity 
§ Acetaminophen overdose is the commonest cause of acute liver failure (50%). 
§ Often used in female suicides 
§ At therapeutic doses, 95% is metabolized by Phase II processes (e.g. glucuronidation, sulfonation)        

and 5% by P450 cytochrome (CYP2E1) 
§ The 5% metabolized by CYP2E1 produces NAPQI (N-acetyl-p-benzoquinoneimine), a toxic metabolite that 

is neutralized by conjugation with glutathione. 
§ In toxic doses, NAPQI depletes glutathione stores, resulting in 2 harmful effects: 

• Direct binding of hepatic proteins by NAPQI 
• Increased free radicals due to absence of glutathione 

§ Toxicity can also be seen in alcoholics at the high end of recommended dosage. 
§ Alcohol induces CYP2E1, the active element of the microsomal endogenous oxidative system. 
§ High levels of CYP2E1 can produce NAPQI at a rapid enough rate to cause liver damage. 

 

 

Ischemia / Reperfusion injury 

o The pathophysiology of ischemia (described above) can be summarized in the figure 

 

 

 

 

 

 

Figure 4-11 Acetaminophen metabolism and toxicity. 

Figure 4-12 Pathophysiology of ischemia. 
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o Reperfusion occurs when an occlusion of a vessel is reopened and blood reflows into a previously ischemic tissue. 
§ The mechanism of cell injury is not well established, but includes: 

• Release of reactive oxygen species 
• Inflammation, especially neutrophils 
• Endothelial dysfunction and a local procoagulant state. 

§ These products cause enough further cellular injury that intrinsic apoptosis is triggered by the opening of 
the mitochondria transition pore (MTP) and the release of cyclophilin D1 from the inner mitochondrial 
membrane. 

o Clinical correlation of ischemia / reperfusion injury 
§ Transplantation: connection of the donor organ to the host blood supply leads to reperfusion necrosis 
§ Thromboembolism with mechanical or pharmacologic revascularization: 
§ STEMI (ST elevation myocardial infarction): 50% of myocardial cell loss in myocardial infarction is due to 

reperfusion injury 
§ Stroke:  reperfusion injury leads to disruption of the blood brain barrier with cerebral edema, hyperemia 

and transmigration of neutrophils 
§ GI tract: disruption of the intestinal barrier follows ischemia /reperfusion, leading to sepsis and systemic 

inflammatory response syndrome 
§ MODS (multiple organ dysfunction syndrome): this is of uncertain origin, but perfusion/reperfusion is 

one theory as to its cause in end stage shock / sepsis. 
 

Physical injury of cells: Heat 

Hyperthermia (exertional and non-exertional heat stroke) 

o Definition: an elevation in core body temperature due to loss of regulation of heat production (internal)           
and heat release (external). 

 

o Hyperthermia is life-threatening when temperature is > 104 °F (40 °C). 
o It predictably occurs when humidity = 100% and temperature > 90 °F. 
o Pathophysiology: 

§ The temperature center in the hypothalamus detects temperature directly, together with input from 
sympathetic afferents in the skin and also the central spinal cord. 

§ An increase in core temperature uses the sympathetic system to vasodilate 
skin, followed by sweating. 
• Sweating is ineffective at >75% humidity 

§ When temperature is >108 °F, oxidative phosphorylation ceases and many 
enzymes stop working 

Local (Burns) 

o The same pathophysiology occurs in chemical injury and irradiation (X-ray and UV) 
o Degree of injury depends on: 

i. Degree of heat: 
• Complete destruction of tissue (i.e. cremation) occurs at 1000 °C for           

1.5 hours. By comparison, a house fire burns at 650 °C 
ii. Duration 

iii. Extent of body surface 
• Skin is used to predict outcome, based on the “Rule of 9’s”. 

§ Site: central burns are worse 

Hyperthermia is not the same as fever, which is due to cytokine effect of IL-1 on the 
hypothalamus, which increases the set point of body temperature. 

 

Figure 4-13 Burns and 
the Rule of 9’s. 



29

Cell Injury & Death 4§ Age: children do worse 
§ Gender: females do worse 

• Death is likely when burn is > 50% of body surface 
 

Physical injury of cells: Electric shock 

Damage is proportional to: 

o  V/R where V = voltage and R = resistance 
§ Lower resistance, especially wetness, allows for more current and damage. 
§ Longer duration causes more damage 
§ Need >200 volts for injury, which is why household electricity is 120 volts 

Current is mostly conducted along blood vessels with damage due to heat 

o There is boiling and electrolysis of tissue fluids 

Death (i.e. electrocution) is due to the current path 

o CNS involvement leads to shut down of medulla 
o Heart involvement leads to ventricular fibrillation 

Cell death 

Definition: Cell death is the irreversible loss of vital cell 
functions culminating in loss of cellular integrity. Key cell 
functions especially include ↓ATP and oxidation/reduction 
reactions. Cell integrity is lost due to permeability of cell and 
organelle membranes, with cell fragmentation.                           

 

Progression of injury (for further discussion of cell injury, see: 
Mechanisms of cell injury, above, and Chapter 2: Homeostasis, 
adaptation and disease). 

Normal functions occur in an optimal environment defined by 
a dynamic range. Expected changes in the environment 
require adjustments through neurologic and endocrine 
signaling, called homeostasis.  

When a change exceeds homeostatic mechanisms, the body adjusts to this stressor by changing the structure of 
the cell through cytokines. This process is called adaptation. If adequate, adaptation allows for a compensated 
function, albeit at a lower level.  

If the stressor is too severe or goes on too long, cells undergo apoptosis together with fibrosis of the extracellular 
matrix. This leads to organ failure, the end-stage of a disease process. 

  Figure 4-15 Cellular response to injury. 

Figure 4-14 Irreversible cell injury. 
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Morphologic classification of cell death 

Much of traditional pathology is derived from the microscopic appearance, or morphology, of disease processes. 
The morphologic classification of cell death is divided into three types: 

o Apoptosis (Type 1): 
§ Initiated by intrinsic (BCL-2 and cytochrome c) and extrinsic (FAS-L/TNF-α and perforin/granzyme) 

activation of caspase cascades. 
§ Characterized by: 

• Cell shrinkage 
• Chromatin condensation and fragmentation 
• Membrane blebbing to form apoptotic bodies 
• No acute inflammatory response 

 

Acute coronary syndrome (ACS) is the standard model for cell injury 

- Pathophysiology: acute thrombotic occlusion of a coronary artery from atherosclerotic plaque             
leads to ischemia. 

o Muscle contractility is lost in < 1 minute 
o Cell death occurs in 15-20 minutes 
- Homeostatic mechanisms that occur in hypoxia: 
o Shift to glycolysis; the resulting production of lactate leads to a ↓pH, which leads to ↑Na+/H+ exchanger. 
o Myocytes release adenosine, which is increased with ↓ATP production. 

§ Adenosine induces arterial vasodilation (A2a receptor, Gs→ cAMP→↓Ca+2) 
§ Adenosine depresses myocardial function (A1 receptor, Gi/q)  
§ Pain (A1 receptor in unmyelinated sympathetic nerves). 

- Stressor state (i.e. exceeds homeostatic changes), reversible injury: 
o ↓ATP production leads to failure of cellular ATPases: 

§ Na+/K+ ATPase → ↑Na+ (swelling) 
o ↑intracellular calcium ATPase → 

§ Plasma membrane calcium ATPase → ↑intracellular calcium (dysregulation of kinases,    
phosphatase, and others) 

§ Smooth endoplasmic reticulum calcium ATPase (SERCA) → ↑intracellular calcium 
- Adaptive mechanisms (with recurrent episodes of ischemia) 
o Ischemic preconditioning: 

§ “Stunned” myocyte: with short duration ischemia, the myocyte stops contracting but function is 
restored with reperfusion. 

§ “Hibernation”: long-standing dyskinetic cardiac wall, as seen by ECHO, can regain motion with 
reperfusion following coronary bypass surgery. 

§ Collateral circulation: hypoxia suppresses VHL protein production which leads to ↑HIF-1, which 
leads to ↑VEGF and angiogenesis. The vessels that grow in from surrounding arteries can be a 
significant source of blood flow to the ischemic regions. 

- Regulated cell death (irreversible injury) 
o At some ill-defined tipping point of ↓ATP, ↑intracellular calcium and release of lysosome proteases,   

the cell crosses the viability threshold. 
o In ischemic heart, the death pathway will be MPT-driven necrosis. 

§ ↑intracellular calcium and ROS (reactive oxygen species) cause the opening of an inner 
mitochondrial membrane pore, allowing the release of cyclophilin D. 

§ Cyclophilin D causes membrane permeability of the mitochondria and loss of all ATP production. 
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Cell Injury & Death 4o Autophagy (Type 2).  
§ Macroautophagy is the mechanism by which a cell can process structures larger than proteins. 

Physiologically, it is activated by protein ULK-1 or the survival system PI3K complex. Pathologically, it can 
be activated by abnormal aggregates of material, especially proteins. The exact process of activation is 
not well understood. 

 

o Characterized by vacuolization of the cytoplasm, best seen by electron microscopy.  

Necrosis (Type 3) 

o This term is used for any cell seen as “dead” in routine microscopy. The dissolution of a cell after death can 
be recognized by the “ghost” structure that the dead cell leaves behind. 

o The death of most cells occurs by a specific molecular program, however, and “necrosis” is a term best left for 
the gross appearance of dead tissue. 

o Necrosis is characterized microscopically by increased cell size due to swelling, with disintegration of cell 
membranes, including organelles, such that borders become indistinct. The cells are faint and have blurry edges 

Molecular classification of cell death (Regulated cell death): 

The current classification of cell death differentiates accidental cell death from regulated cell death that has a 
molecular subroutine: 

o Accidental cell death: instantaneous cell disassembly (e.g. physical injury such as freezing, chemical injury,   
or mechanical injury such as an explosion). 

o Regulated cell death: activation of a signal transduction subroutine. This is of clinical significance as these 
pathways are open to genetic and pharmacologic modulation. 

Each of the regulated cell death modes can show the full morphologic spectrum from necrosis to apoptosis. There 
is a disconnect between morphology and molecular classifications of cell death. 

Figure 4-16 Macroautophagy. 

Figure 4-17 Vacuoles of autophagy. 
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Each of the regulated cell death modes can show the full immunologic spectrum from immunotolerant with anti-
inflammatory signaling to immunogenic with pro-inflammatory signaling. 

Programmed cell death is a term used for regulated cell death that occurs in physiologic scenarios such as embryology. 

 

 
 

MPT-driven necrosis (mitochondrial permeability transition) 

The inner membrane of the mitochondria has a pore, the mitochondrial permeability transition pore (MPT) that 
forms in conditions of stress, particularly with increased intracellular calcium and reactive oxygen species (ROS). 
Pore opening allows for the release of cyclophilin D (CypD) and causes the loss of the electromotive force (∆ψ) of 
the mitochondria. The damaged cell then undergoes apoptosis or necrosis. 

o CNS: Excitotoxicity from discharge of GABA leads to elevated intracellular calcium and MPT-driven necrosis 
in stroke and trauma. 

o Heart: Myocardial ischemia leads to cell necrosis not just from lack of oxygen but also the high levels of     
ROS on reperfusion. Reperfusion accounts for up to 50% of cell death in myocardial infarction. 

Intrinsic apoptosis: 

Physiologic apoptosis is seen with the withdrawal of a regulating factor in cell proliferation.                
Important examples include: 

o Embryogenesis remodeling 
o Withdrawal of hormones to endometrium in the menstrual cycle. 
o Withdrawal of IL-2 at the end of an immunologic response. 

Intrinsic apoptosis is also an effector repair mechanism for intracellular pathologies that include: 

o DNA damage (genotoxicity): regulated through P53 
o Misfolded protein response (especially in the proteinopathies of the CNS) 

* 

* 
* 

* *Commonly seen in routine medicine 

Figure 4-18 Types of regulated cell death. 
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o Deprivations such as starvation and disease 

Activation of intrinsic apoptosis goes through a subroutine based on the mitochondria. 

o Regulation is through the BCL-2 family of proteins (there are over 16 proteins) that strike a balance between 
pro-apoptotic and anti-apoptotic activity. 
§ BCL-2 is a model anti-apoptotic protein  
§ BAK & BAX are model pro-apoptotic proteins 

o When BAK/BAX activity exceeds BCL-2 activity, the BAK/BAX proteins form a pore in the outer membrane of 
the mitochondria (MOMP = mitochondrial outer membrane pore). 

o The MOMP allows for the release of cytochrome c (from the ETC complex IV) 
o Cytochrome c binds to Apaf-1 (apoptosis activating factor) in the cytoplasm to form the Apoptosome which 

activates caspase 9. 
o Caspase 9 activates the effector caspases 3, 6 and 7 (the caspase cascade) which then proteolytically degrade 

the cell’s proteins. 

Extrinsic apoptosis 

Death domain receptors (Fas-R and TNFα-R) are found on many cells.  

o The Fas ligand (Fas-L) is found on T-cells that recognizes self-antigens (i.e. MHC1). When lymphocyte            
Fas-L binds to Fas-R, the transmembrane signal activates caspase 8, which initiates the caspase cascade. 

o TNFα is mostly produced by macrophages and is the major extrinsic pathway signal. It too functions through 
caspase 8 activation.  

Perforin-granzyme. 

o Cytotoxic lymphocytes can form a pore in a defective cell’s membrane with perforin. This allows for the 
introduction of granzyme, an enzyme that activates caspase 8, which initiates the caspase cascade. 

 

Autophagy (see Figure 4-15, above) 

Necessary for the catabolism of protein aggregates and organelles. 

Figure 4-19 Apoptosis. 
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There are 3 mechanisms: 

o Macroautophagy: Joining of a phagophore with a lysosome 
o Microautophagy: Aggregates directly enter the lysosome 
o Chaperone-mediated autophagy: Aggregates are trafficked to the lysosome by specific chaperones such as hsp-70. 

Macroautophagy is regulated by survival pathways involving mTOR and AMP-K.  

In times of physiologic abundance, mTOR and AMP-K inhibit ULK, a kinase that expands the phagophore. 

Tissue types of necrosis 

The understanding of disease started with an appreciation of its gross appearance. With the advent of microscopy 
in the 19th century, older gross morphology terms became intermixed with the microscopic appearance. For 
example, the characteristic necrosis in tuberculosis was called “caseous” because it resembled cheese. This gross 
term was then used for the microscopic appearance, which has no connection to cheese. None the less, these 
terms are still widely used in medicine and must be understood by the context in which they are used. 

Coagulative necrosis: 

o This is the most common type of necrosis and is seen in ischemic infarction. The dead tissue has a yellow-tan 
appearance and gets progressively softer over 2 weeks until sufficient replacement fibrosis occurs. Fibrosis is 
completed over 4-8 weeks with a shift over months from Type III collagen to Type I collagen. 

o Microscopically, the architecture of the cells is all that remains after dissolution (i.e. “ghost” cells). There is an 
inflammatory response due to damage associated molecular pattern (DAMP) signaling. Macrophages clear the debris. 

o The most common regulatory pathway is MPT-driven cell death (see above) 

Liquefactive necrosis: 

o This is the pattern seen with infarction of the brain (i.e. stroke). The high cholesterol content of myelin leads 
to the formation of cholesterol crystals that activate a 2nd wave of macrophages which have increased MMP 
production that degrades the extracellular matrix (ECM) to liquid. 

o Liquefaction is also seen with pus due to the externalization of neutrophil granules containing proteases and 
with acute pancreatitis due to extravasated proteases from exocrine pancreatic fluid. 

Caseous necrosis:  

o A characteristic gross pattern of M. tuberculosis infection that can also be seen with other infections in which 
the organism can survive in the macrophage. 

o Histologically, this is seen as necrotizing granulomas. 

 

 

Non-necrotizing granulomas are seen in many conditions, including 
immune diseases such as sarcoidosis and the vasculitidies. 

 

Figure 4-20 Caseating granuloma. 
Image courtesy of Mi-Jeong Kim, et al in: PMID 20597103 
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o This is a microscopic term used in 2 different disease processes:  
§ Immune vasculitis: immune complexes precipitate in the vessel wall, activating complement and 

triggering an inflammatory response. 
§ Hypertensive emergency: barotrauma to the endothelial cell allows fibrinogen to infiltrate into the vessel wall.  

                        

  

Fat necrosis: 

o Seen in 2 different pathologic processes:  
§ Trauma to fat tissue: common in the breast. A blow to the breast may rupture 

fat cells, causing a foreign body inflammatory response. Fibrosis leads to a 
contracting scar indistinguishable from ductal carcinoma of breast. Biopsy is 
required to establish the diagnosis. 

§ Acute pancreatitis: release of lipase leads to free fatty acid formation that binds 
to calcium. This forms chalky white deposits called “soaps”. 
 

Gumma: 

o The distinctive gross pattern of necrosis seen in syphilis. It appears to be due to the 
combination of granulomatous necrosis (T. pallidum has immunologic survival) and 
ischemic necrosis (due to the preferential infection of small arteries causing an 
infectious vasculitis with ischemia). 

Type of necrosis Pathophysiology Pathology  
Coagulative Most common. Model is 

ischemia. 
Gross: yellow-tan discoloration with 
softening followed by fibrosis 
Micro: Loss of cell detail (“ghosts”) 

Liquefactive Enzymatic destruction of 
necrotic tissue. e.g. stroke 

Serous pseudocyst 

Granulomatous Infections with intracellular 
survival, e.g. M. tuberculosis 

Gross: cheese-like 
Micro: epithelial macrophages with giant 
cells, amorphous necrosis 

Fibrinoid Immune 
complex 

Type III hypersensitivity 
vasculitis e.g. Hepatitis B 

Amorphous pink material in vessel wall 
with inflammation 

Hypertensive 
emergency 

Barotrauma to endothelial cells 
allows exudation of fibrinogen 

Amorphous pink material in vessel wall 
without inflammation 

Fat 
necrosis 

Traumatic Rupture of fat cells with 
inflammation & fibrosis 

Foamy macrophages with fibrosis 

Enzymatic Acute pancreatitis: lipase Gross: chalky white deposits. 
Gumma  T. pallidum Granulomas and vasculitis of small arteries 

 

Figure 4-21 Fibrinoid necrosis.  

Figure 4-22 
Calcium soaps. 

Table 4-3 Types of tissue necrosis. 

Inflammation 
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Intracellular accumulations 

There are 4 major mechanisms by which substances accumulate in a cell: 

1. Abnormal metabolism of a normal product (e.g. fatty liver). 

2. Defect in protein folding or transport (e.g. α1-antitrypsin deficiency). 

3. Enzyme deficiency (e.g. storage diseases). 

4. Indigestible exogenous substance (e.g. silica, carbon). 
 

Lipids: 

o Triglycerides: e.g. fatty liver (steatosis) 
§ The overproduction of NADP٠H drives pyruvate to lactate together with increased production of fatty 

acids and glycerol that form triglycerides. 
 

 
o Cholesterol: atheromas (artery), xanthoma (skin) cholesterolosis (gallbladder) 

Proteins: 

o Abnormal proteins: amyloid, α1-antitrypsin deficiency, synuclein, tau  
o Cytoskeleton proteins: Mallory bodies 

Glycogen: 

o Storage disease: glycogenoses 
o Neoplasia: renal cell carcinoma 

  Figure 4-25 Amyloid: apple-green 
birefringence (Congo Red stain). 

Figure 4-23 Fatty liver. 

Figure 4-24 Ethanol metabolism and its complications. 
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o  Lipofuscin: 
§ A yellow-brown pigment found in the elderly, especially the heart, liver and colon. 
§ Thought to be due to free radical membrane lipid peroxidation. 
§ Used as a marker of ROS effect. 
§ Not thought to be toxic 

Hemosiderin: 

o A yellow-brown pigment formed when macrophages phagocytose red blood 
cells. Blue in color with a Prussian blue stain. 

o Hemosiderin is a modified form of ferritin 
o It takes 7-10 days to form after hemorrhage and so is used to date injuries. 
o Iron is extractable for recycling, but slowly. 

 

 

 

 

 

 

 

 

 

 

 

o Bilirubin: 
§ A blue-green pigment seen in liver disease, especially cholestatic conditions as they have abnormal 

excretion of bile. 
o Melanin: 

§ A black pigment only formed by melanocytes. Its presence is seen in melanoma, for which it is diagnostic. 

 

Figure 4-26 Liver: lipofuscin. 

Figure 4-27 Hemosiderin in lung macrophages. 

This can be seen in many injuries, including congestive heart failure. Iron-laden macrophages in sputum can be used to 
diagnose CHF, so called “lung failure cells”. 

Other black pigments 

- Homogentisic acid (HGA): found in alkaptonuria, a disease of tyrosine and phenylalanine 
metabolism. The buildup of HGA causes discoloration of ears and nose, called ochronosis. 
Urine turns black when exposed to air. 

- Epinephrine metabolites: build up in the liver, giving it a black color in Dubin-Johnson disease. 
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Pathologic calcification 

Calcium deposits in crystal form in tissue through 2 pathologic processes: 

A. Dystrophic calcification: 
§ Any tissue with chronic degenerative or necrotic pathology can develop dystrophic calcifications. It can 

appear as white granular deposits and if extensive enough as a hard layer, called “eggshell calcification” 
seen in atherosclerosis of larger arteries. 

§ Dystrophic calcification can cause pathology if it interferes with tissue flexibility such as the aortic valve 
where it can be extensive enough to narrow the valve lumen in aortic stenosis. 

§ Serum calcium levels are normal 

B. Metastatic calcification 
§ When serum calcium levels are very high, the calcium crystals can deposit in surrounding tissues, 

especially the lungs, kidney and stomach mucosa, probably related to pH changes. 
• Calcium deposits are not harmful unless massive  

§ Hypercalcemia with metastatic calcification can occur: 
• Calciphylaxis: a calcific arteriopathy that is seen in end stage kidney disease (ESKD) on dialysis. The 

precipitation of calcium leads to ischemic necrosis in the skin and subcutaneous tissues. It is life-threatening.  
• Acute (i.e. several weeks) is most commonly due to malignancy. 
• Chronic (i.e. >months) is most commonly seen in dialysis. 

§ Serum [Ca+2] > 14 mg/dL is uniformly symptomatic.  
§ Diagnosis: the calcification can be seen by imaging. 
§ Treatment rests on treatment of the underlying cause. Hypercalcemia is treated if there are significant 

symptoms: 
• Hydration 
• Calcitonin 
• Bisphosphonates 

  

Coronary artery calcification test 

Dystrophic calcification occurs in areas of 
degeneration. It occurs in the areas of 
vessel wall damage caused by the 
inflammatory cells. In the arteries of 
Americans, atherosclerosis is 
overwhelmingly the commonest pathology. 
The presence of calcification in the 
coronaries is measured in the coronary 
artery calcification test (CAC).   

The CAC is the best predictor of a patient’s 
ASCVD (Atherosclerotic cardiovascular 
disease) risk. It is performed as a specialized 
CT scan. 

Figure 4-28 Coronary artery calcium CT scan. 
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Biomarkers: 

o A hallmark of cell death is loss of membrane integrity. This means that the cytosol is released into the 
extracellular matrix, taken up by the lymphatics and carried to the blood. 

o Just as with tumor markers, cell proteins can be cell specific, tissue specific or general. A specialized cell has 
specialized proteins that can be used to follow cell death 

Biomarker Cell Function Disease 
GFAP1 CNS; glia Cytoskeleton protein TBI2 

Cardiac troponin Heart: myocyte Regulation of calcium 
signal to tropomyosin 

Myocardial infarction 

Amylase, lipase Pancreas, exocrine Digestion Acute pancreatitis 
ALT Liver; hepatocyte Gluconeogenesis Hepatitis  
Myoglobin Skeletal muscle  O2 storage All injuries 
LDH All cells Pyruvate à lactate All injuries 

           1. Glial fibrillary acidic protein, 2. Traumatic brain injury. 

Imaging: 

o High resolution CT scan and MRI can both identify necrosis in a tissue. MRI is considered to be more sensitive 
o Current use: Stroke versus transient ischemic attack (TIA) 
o Calcification: 

§ Dystrophic calcification is a marker of chronic injury 
§ Current use: Coronary artery calcification test for risk assessment of atherosclerotic events. 

Physiologic/Functional testing: 

o Oliguria: differentiation of pre-renal and renal (i.e. acute kidney injury) failure can be made by assessing 
tubular function. Function is present in pre-renal disease and absent in acute tubular necrosis (ATN). 
§ BUN/creatinine ratio, Urine Na+, Urine osmolality, FENa+ 

o Heart disease: 
§ EKG: conducting system 
§ Ejection fraction: contractile system 

Table 4-4 Blood tests for cell injury. 
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Reverse bioengineering acute inflammation: 

Bacteria have a proliferation rate of 20-30 minutes. The only way that the body can respond to this in a timely 
manner is to have a preformed response, called innate immunity. 

o Innate immunity can be identified in evolution with the first multicellular organisms. By comparison, adaptive 
immunity does not appear until jawed fish (the next development, after non-jawed fish like eels). 

The key effector cell in innate immunity is the neutrophil. The whole design of the innate response is to get the 
neutrophil to the pathogen. 

Homeostasis and the microbiome. 

Any surface of the body that has exposure to the outside environment has a microbiome. A microbiome is a 
community of microorganisms that lives in balance with the underlying tissues. 

o In fluids with open exposure to the environment, the microbiome can make up as much as 1/3 of the fluid by 
mass. Examples of this include feces and saliva. 

o Even organs that were once called “sterile”, such as the bladder, have been shown to have a microbiome. 

There is extensive cross-talk between the microbiome and its associated epithelium. Each affects the other. 

The cells that cover a surface with exposure to the outside environment form an epithelium. Each the 3 types of 
epithelia: glandular, squamous and urothelial, has a process for regulating its microbiome based on the common 
principles of: 

o Physical barrier 
§ All epithelia have an impermeable seal on its apical surface. The zonula occludens use claudins as the 

regulatory protein and the zonula adherens uses e-cadherin as its key protein. 
o The barrier function of epithelial is the most critical element for resisting infection.  

Figure 5-1 The innate immune response. 

Figure 5-2 The structure of epithelia. 
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o Mechanical movement of surface fluid. 
o Inhibition of attachment of microorganisms. 
o Secretion of antimicrobial peptides (AMP). 
 

Homeostasis in glandular epithelium: 

o Physical barrier (most important) 
o Fluid secretion: All glandular epithelia secrete fluid to keep its surface moist. Glandular epithelial will also 

have the specialized function of secretion or absorption. There is wide variation in the types of secretions, 
including exocrine fluid (e.g. pancreas, salivary glands), serous fluid (e.g. fallopian tube) or mucus 
(e.g. bronchial tree). Fluid secretion is often supplemented by underlying glands. The surface fluids serve to 
trap microorganisms for exposure to compounds and allow for their movement. 

o Propulsion of fluid is either by peristalsis (e.g. GI tract) or cilia (e.g. bronchial tree). Fluid stasis, including 
obstructions, invariably leads to opportunistic infections due to overgrowth of normal flora (e.g. cystic fibrosis). 

 
o Antimicrobial peptides (AMP) are a large, diverse family of compounds from 10-50 amino acids long.  They are 

positively charged, which allows them to bind to the negatively charged bacterial membranes which they 
disrupt or inhibit growth. The most common AMPs are the defensins. Bacitracin, a topical antibiotic, is an 
AMP. AMPs are secreted by multiple cells, including the epithelium. 

o Inhibition of adhesion: the first step of any infection is attachment of the microorganism to the epithelium. 
Most of the plasma cells localized in the submucosa produce IgA, which has a polymeric form for secretion 
through the epithelium. Many bacteria produce IgAase as a virulence factor. 

Homeostasis in squamous epithelium: 

o Physical barrier (most important) 
o Fluid secretion: squamous cells have no secretory function. Squamous mucosa needs underlying glands that 

secrete fluid to keep its surface moist. Skin has adnexal structures (e.g. sweat glands & apocrine glands) for 
fluid secretion. 

o Propulsion: squamous mucosa moves fluid by tongue motion and swallowing in the oropharynx and by 
peristalsis in the esophagus. Skin is subject to mechanical loss of fluid. 

o Antimicrobial peptides: keratinocytes secrete AMPs. 
o Inhibition of adhesion: the stratum corneum not only functions as a physical barrier but also sheds. This is an 

important function in defense against fungi. 

Clinical Rule: Obstruction leads to infection 

Figure 5-3 Homeostasis of the microbiome in glandular epithelia. 
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Types of infections: 

There are 4 basic families of microorganisms that cause infections: 

o Bacteria 
o Viruses 
o Fungi 
o Parasites 

There are 3 basic types of infections: 

o Pathogenic: a pathogen is any organism that can infect a normal host. This means that it has ways to avoid 
the normal defenses. These are called virulence factors. Pathogenic organisms have a specific reservoir, 
pattern of disease and clinical picture.  

o Opportunistic: infections arise when there is a non-immunologic defect in the host such as obstruction or 
breakdown of the epithelium. Infecting organisms come from the underlying normal flora and often involve 
multiple organisms. 

o Immune deficiency: these infections occur when there is a defect in the innate and/or adaptive immune 
systems. The defect can be qualitative, such as the adhesion defect due to loss of CD18 (β2 integrin) in 
leukocyte adhesion deficiency disease, or a quantitative defect such as neutropenia after chemotherapy. 
Immunodeficiency can be acquired, such as in HIV infection or congenital/hereditary.  

Figure 5-4 Homeostasis of the microbiome in squamous epithelia. 

Figure 5-5 Types of infections. 
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Overview of acute inflammation (see Chapter 6. Acute inlammation PAMPs, Damps and PRRs). 

Clinical pathologic correlation: local effects 

The classical findings of “rubor, calor, tumor, dolor and functio laesa” are all expressions of specific steps in the 
acute inflammatory response. 

The redness (rubor) and warmth (calor) are both due to the vasodilation of the post-capillary venule, the site of 
acute inflammation. Vasodilation is due to decreased intracellular calcium in venular smooth muscle both by 
direct action (e.g. histamine) and endothelial action (e.g. NO). 

Swelling (tumor) is the result of edema created by loosening of the endothelial cells tight junctions. It is important 
to note that this edema is an exudate; it contains high molecular weight proteins such as fibrinogen that creates 
clumping that traps bacteria (this is why S. aureus has coagulase as a virulence factor).  Other critical proteins are 
complement pathway (C3a & C5a) and IgG, that act as opsonins. Opsonins bind to bacteria, increasing the signal 
for phagocytosis by 1000 fold. 

Pain (dolor) is increased by bradykinin from mast cells that increases the sensitivity of pain fibers by 1000 fold. 

Loss of function (functio laesa) is the classic 5th finding of acute inflammation and is due to pain and stiffness. 

Feature Pathophysiology Effector cell Mediator 
Redness (rubor) Vasodilation Mast cell Histamine 

Endothelial cell NO, PGI2 
Warmth (calor) Vasodilation   
Swelling (tumor) Exudate Endothelial cell 

contraction 
Same as redness 

Pain (dolor) ↑sensitivity nociceptors Mast cell Bradykinin  

  

Figure 5-6 The acute inflammatory response. 

Table 5-1 Clinical pathologic correlation of acute inflammation. 
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When an acute infection becomes severe enough, the local production of cytokines and hormones gets into the 
systemic circulation and causes generalized responses, typically called sepsis. Sepsis is a systemic inflammatory 
response syndrome (SIRS) due to infection. 

IL-1 and fever: 

o Fever is an increase in core temperature due to the hypothalamus elevating the body’s set point. Endothelial 
cells overlying the hypothalamic temperature centers have an IL-1 receptor. When stimulated by a cytokine 
like IL-1, called a pyrogen, the endothelial cells release PGE2 that crosses the blood brain barrier and 
stimulates the hypothalamic temperature regulatory neurons. 

o The commonest therapy for fever is a NSAID. The Cox inhibition decreases PGE2  production. 

IL-6 and the acute phase reactants (APRs): 

o Hepatocytes have an IL-6 receptor that triggers the production of over 30 proteins as part of a systemic 
response to inflammation. An APR is any protein or cell that increases or decreases more than 20% in 
inflammation. APRs are used in clinical medicine to assess the degree of inflammation. Examples include C 
reactive protein (CRP) and erythrocyte sedimentation rate (ESR) which is determined mostly by fibrinogen. 

TNF-α and shock: 

o High levels of cytokines can cause dysregulation of endothelial cells. Endothelial cells are key regulators of 
peripheral resistance (TPR) and their dysfunction can lead to a loss of TPR and blood pressure. Shock is 
defined as a blood pressure < 90 mmHg systolic pressure that leads to ineffective perfusion. Septic shock is a 
type of distributive shock. 

               

Bradykinin/histamine and anaphylaxis:  Massive mast cell degranulation, seen with IgE allergic reactions such as 
peanut or bee sting allergies can lead to shock from vasodilation and fluid extravasation. It is a type of distributive 
shock as it is due to vasomotor collapse. 

The Endotheliopathies 

The endothelial cells have unique functions and vary in vulnerability by location in the body. 
Endothelial cells in the lung, a sequestration site for neutrophils and kidney with the trilamellar 
glomerulus are particular vulnerable to cytokine injury. Systemic endothelial cell injuries are called 
the endotheliopathies and have common clinical pathologic correlations: 

- Blood pressure à distributive shock 
- Coagulation à DIC 
- Kidney à renal failure 
- Lung à acute respiratory distress syndrome (ARDS) 
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Overview of acute inflammation 

Acute inflammation is the process by which a neutrophil is delivered to the site of infection where it can 
phagocytose and kill the infecting organism. 

There is a well defined process by which this occurs: 

o Alarm signal: 
§ PAMP (pathogen-associated molecular pattern): a compound from the organism that identifies a foreign 

presence. It is usually from the cell wall. 
§ DAMP (damage-associated molecular pattern): a compound that indicates cell injury. Most important is 

HMBG1 (an important nuclear organizing protein), but also ATP, DNA and uric acid. 
o Pattern recognition receptor (PRR): these receptors are found on many cells, most importantly the resident 

macrophages, antigen presenting cells (APC) and mast cells. 
o Secondary signal 

§ Macrophages: cytokines (IL-1, IL-6 & TNFα) 
§ Mast cells: histamine, bradykinin many others… 

o Endothelial cells: trapping of circulating neutrophils 
§ Vasodilation 
§ Slow rolling 
§ Adhesion 

o Neutrophil diapedesis: chemokine gradient and anaphylotoxins 
§ Phagocytosis: 

• Exudate and opsonins 

Pathogen associated molecular pattern (PAMP) 

PAMPs are products of microorganisms that can be used by the host to identify the microorganisms in tissues. 
They come from classes of biochemicals common to a group of microorganisms rather than species specific 
proteins that can act as an antigen to which an antibody can be formed in the adaptive immune system 

o All PAMPs must be parts of the organism that are highly conserved, meaning that any mutation would 
destroy the microorganism’s viability. 

o There are only a few thousand PAMPS compared to the 1014 antigens for adaptive immunity. This means that 
there only a limited number of pattern recognition receptors (PRRs) needed for the innate immune system. 

Figure 6-1 The acute inflammatory response. 
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o PAMPS must be found only on the microorganism and not the host (i.e. they are always antigenically “foreign”). 
The commonest PAMPs are from the cell wall. 

 

The PAMPs of bacteria:  

o Gram negative bacteria: 
§ Most Gram (-) bacteria have flagella for motility. The key 

fibrillary protein of the flagella is flagellin. This PAMP 
is detected by Toll-like receptor (TLR 5). 

§ The Gram (-) cell envelop is characterized by its double or 
outer cell membrane. This allows for a large periplasmic space 
which serves as a repository for antibiotic resisting proteins. 

§ There are few peptidoglycans in Gram (-) bacteria and they only 
compose 10% of the cell wall by weight. 

§ Permeability of the outer membrane is achieved through porins. 

 
o The outer membrane of Gm (-) is composed of large lipopolysaccharide (LPS) molecules consisting of a 

polysaccharide (O polysaccharide side chain) and a lipid (lipid A) joined by an oligosaccharide.  
§ LPS has the historic name of endotoxin. LPS is the major component of the Gm (-) outer membrane. LPS is 

the ligand for TLR 4. CD 14 is a macrophage membrane protein which participates in the activation 
sequence of LPS. 

 

 

  

Figure 6-2 Flagella              
(the PAMP is flagellin). 

Figure 6-3 The Gram (-) cell wall (PAMPs in red). 

Nomenclature of bacterial outer layers  

- Cell membrane: phospholipid bilayer cell 
- Cell wall: rigid structural integrity  envelope 
- Capsule: glycocalyx of polymers 

 attached to the outermost layer 
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§ The key component of the Gm (+) cell envelop is peptidoglycan, which makes up 90% of the wall by weight. 
§ Running through the peptidoglycan layer are chains of teichoic acid which are necessary for stability and 

cell division. 
§ Peptidoglycan is composed of polysaccharide chains (the “glycan” portion) cross-linked by peptides 

through the action of penicillin-binding proteins, the target of penicillin.                                                           

 

 

Figure 6-4 Peptidoglycans. 

Figure 6-5 The Gram (+) cell wall (PAMPs in red). 

The Gram stain and the peptidoglycan layer of the bacterial cell wall. 

Gram (+) bacteria have a thick peptidoglycan layer that retains crystal violet that is complexed 
with iodine when decolorized by alcohol. By comparison, the thin layer of peptidoglycan of Gram 
(-) bacteria is easily decolorized, leaving them stained pink by the safranin counterstain. 
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o Fungi  
§ The fungal cell wall is composed of 3 major elements: mannans             

(any polysaccharide composed mostly of mannose), glucans (any 
polysaccharide composed mostly of glucose) and chitin, a glucosamine (it 
can be thought in the same way as keratin in animals). Mannans are the 
target of mannose binding lectin (MBL) of the complement system. 

§ The cell membrane contains ergosterol, which can be considered an 
equivalent of cholesterol in animal membranes. Inhibition of ergosterol 
synthesis is the mechanism of action of fluconazole (i.e. the “azoles”). 

 

o Viruses: 
§ The major PAMPs of viruses are nucleic acids: ds DNA, 

 ss RNA and CpG DNA.  
§ The PRRs for viral PAMPs are endosomal (i.e. they are in the     

cell cytoplasm). This is necessary as viruses are obligate 
intracellular organisms. 

o Parasites: 
§ Parasites are eukaryotes and so have no cell wall. In addition, protein synthesis does not start with 

formyl-methionine. This leaves parasites with weak PAMP signals. 
§ The small single-celled parasites (i.e. the protozoa), use cell surface proteins to gain entry into cells. Leishmania 

uses Fc and C’ on itself to encourage phagocytosis. It can enter cells through the mannose receptor. 
§ Helminths (i.e. trematodes, nematodes and cestodes) are too big for phagocytosis. Immunity appears to 

key on eosinophils. 

Damage-Associated Molecular Pattern (DAMPs) 

These compounds are also called “Danger-Associated Molecular Pattern”, “danger signals” and “alarmins”. They 
are intracellular substances that leak into the interstitium after cell injury and elicit the innate immune response. 

 

 

 

DAMPs are classified into: 

o Protein: intracellular proteins that denature when put into the oxidative environment of the ECM. 
§ HMGB-1 (high-mobility group box-1): a nuclear regulatory protein. 

 
§ HSP (heat shock proteins): chaperone functions and stabilization of proteins 
§ Others. 

 
 

Note that apoptosis is a type of regulated cell death that does not release DAMPS and initiate 
acute inflammation. 

HMGB-1 

High mobility group box-1 (HMGB-1) is a ubiquitous nuclear protein constitutively expressed in 
quiescent cells. It plays an active role in myocardial infarction and its repair. It is a marker of CNS 
injury. It is secreted by inflammatory cells as a cytokine. HMGB-1 can not only be used as a 
marker of necrosis; it is a target in modulating the immune response. Antibodies that neutralize 
HMGB1 have been shown to confer protection against damage and tissue in the arthritides and 
other inflammatory diseases. 

Figure 6-5 The fungal cell wall 
(PAMPs in red). 
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§ ATP /adenine 
§ Uric acid: this activates the inflammasome. It has further clinical importance in gout. 
§ DNA 
§ Others. 

Pattern-Recognition Receptors (PRRs) 

This refers to any “receptor” that is stimulated by a PAMP or DAMP, which includes the complement system. 

A. Secreted PRRs 
o This is an awkward nomenclature because these can be thought of as proteins that react with PAMPs and 

DAMPs and then activate the innate immune response. A clearer term might be, “Pattern-Recognition Protein”. 
o The Complement system  

§ The key functions of the complement system are: 
• Initiation of acute inflammation (PRR function): C3a and C5a (the anaphylatoxins), MBL 
• Bacterial death: C3b opsonization and C5-9 (MAC) lysis 
• Clearance of immune complexes and dead cells: C3b 

§ The Classic complement pathway: 
• Activation of C1: 

o C1 is a complex of proteins. The central protein is C1q, which attaches to IgM, activating the complex. 
o Other activators of C1 include a complex of IgG (references differ on the number needed), CRP, 

DNA, dead cell surfaces, component of bacterial walls 
o C1q deficiency is associated with systemic lupus erythematosus (SLE), which is thought to have impaired 

clearance of DNA and dead cells. The poor clearance allows these products to become autoantigens. 
o Activated C1 then splits C4 into 2 fragments: 

§ C4a: anaphylatoxin activity 
§ C4b: binds to the C1 complex, splits C2 and binds to C2b. The C4b2b complex (aka C3 convertase) 

has enzymatic activity 
• C3 convertase: 

o Very high amplification of splitting C3 into: 
§ C3a: anaphylatoxin 
§ C3b: opsonin (↑phagocytosis signal 1000-fold) and enzymatic activity 

• C3b (aka C5 convertase) 
o C3b can complex to C4b2b, which splits C5 into: 

§ C5a: anaphylatoxin 
§ C5b: combines with C 6/7/8/9 to form the membrane attack complex MAC) 

• Membrane attack complex (MAC) 
o This forms a transmembrane channel that allow rapid influx of ions into the cell. The rapid 

increase in osmotic pressure leads to cell rupture.                   

Figure 6-6 Complement: the classic pathway. 
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§ The Alternative complement pathway: 
o This pathway provides complement activation independent of antibodies and so has importance in 

early phase of an infection before there is a large number of antibodies. 
o Steps of the alternate pathway: 

§ Activation of C3b: 
• There is spontaneous hydrolysis of C3 in the serum which creates C3b. When this C3b contacts 

bacterial cell wall products (e.g. LPS, teichoic acid) it binds to Factor B, a serum protein. 
§ Formation of C3 convertase: 

• The C3bB complex is activated Factor D, a serum protein formed by splitting Factor B. 
• The C3bBb has C3 convertase activity, which not only activates more C3 but also activates C5. 

§ MAC formation 
§ The Lectin pathway: 

o Mannan-binding lectin (MBL) binds to the mannose sugar of cell surfaces. 
o Attachment leads to a conformational change in MBL giving it protease enzymatic activity 
o Activation of C1q starts the complement cascade. 

§ C-reactive protein (CRP) 
o Structure is that of a pentraxin (i.e. there are 5 monomers in a ring) 
o It is an acute phase reactant 
o It can activate C1q (i.e. the classic complement pathway) 
o It binds to many things, including lipoteichoic acids, LPS, fungi and dead cells 

B. Membrane receptors 
• Toll-like receptors (TLRs).  

§ Transmembrane PRRs that are found on many cells including neutrophils, macrophages/monocytes 
and epithelial cells 

§ PRRs recognize many PAMPs and DAMPs and activation triggers a multitude of transcription factors, 
especially the pro-inflammatory cytokines. The 2 most important pathways are: 
• NFκB à IL-1, IL-6 and TNFα 
• IRF à interferons 

§ There are 10 known TLRs 
• TLR 4 is specific for LPS 
• TLR 5 is specific for flagellin 

C. Intracellular receptors: 
• TLR 3,7,8 and 9 

§ These reside in endolysosomes from fused phagosomes (some authors include these with 
membrane receptors). 

§ Activated by ds DNA, ss RNA and CpG DNA of viruses. 
§ Stimulate late production of interferons  

 

Figure 6-7 Complement: the lectin pathway. 
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§ Detects multiple PAMPs and DAMPs 
§ Helps to form the inflammasome, a protein complex that activates caspase-1 which generates IL-1 

and IL-18 (synergistic with IL-12) 
§ Associated with the regulated cell type of pyroptosis 
§ NOD polymorphisms are significant in Crohn disease. 

• RIG-1 receptors 
§ Cytoplasmic receptor to viral RNA 
§ Activation generates interferon production. 

Mediating cells of Innate inflammation 

Many local cells have PRRs and secrete cytokines and chemokines. 

o Key cytokines: IL-1, IL-6 and TNFα 
o Key chemokine: IL-8 

Key cell secretions include: 

o Epithelial cells: antimicrobial peptides (e.g. defensins), chemokines like IL-8 
o Phagocytes (macrophages, antigen presenting cells, neutrophils): cytokines, ROS 
o Endothelial cells: PGI2, NO 
o Mast cells: histamine, bradykinin, dozens of other products 

It is important to realize that the innate and adaptive immune systems are not separate. The innate immune 
system regulates the adaptive immune system. 

o Activation of the adaptive system by the innate system: 
§ Signal 1: the antigen presenting cell (APC) presents the antigen to the T-cell receptor (TCR) of the cognate 

naïve T-cell (TH0). 
§ Signal 2: the presence of an acute inflammatory environment upregulates B7 on the APC. This binds to 

CD28 on the TH0 as a necessary costimulatory signal. 
o Regulation of the adaptive system by the innate system: 

§ Phenotype differentiation: T-cell differentiation is determined by cytokines secreted by the APC cell. The 
cytokines reflect the nature of the threat at the site of infection. Exogenous proteins such as those found 
with bacteria direct the TH0 cell down the TH2 pathway and antibody production. This pathway is 
associated with IL-4. Intracellular proteins, such as those found with viruses, result in IL-12 release from 
the APC. IL-12 causes a TH1 phenotype differentiation and CTL production. 

  

Natural Killer lymphocytes: innate lymphoid cells 

NK lymphocytes do not have antigen specific receptors like other lymphocytes of the adaptive immune 
system. They do have TLRs that respond to PAMPS and DAMPs like other innate immune cells, especially TLRs 
3, 7, 8 and 9 for viral nucleic acids. 

NK lymphocytes also have receptors for MHC1, which triggers an inhibitory signal. This means that NK 
lymphocytes have a key role in the immediate immune response to viral infections like herpes and CMV in 
which MHC1 is down regulated. MHC1 expression is also decreased in cancers so that NK lymphocytes also 
have a key role in tumor suppression. 

NK cells force cells into apoptosis through perforin/granzyme activation of the extrinsic apoptosis pathway. 

In addition to TLRs, NK cells are considered part of the innate immune system as they do not develop memory. 
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• Other types of TH cells include: 
o IL-6 and TGF-β à TH17 
o TGF-β  à  Treg 

 
o Failure of rejuvenation of antibody production:  

§ High antibody production by the adaptive system requires an ongoing signal from APCs from the site of 
acute inflammation to replace TH lymphocytes, as they only live a few weeks. TH lymphocytes are 
necessary for isotype switching of B lymphocytes. B lymphocytes mature to form the antibody-producing 
plasma cells which mostly reside in the medulla of the lymph node. Plasma cells are short-lived, typically 
living <3 weeks. New replacement TH2 cells are necessary to stimulate the B cells. 
• TH2 lymphocytes undergo apoptosis because they produce CTLA-4, a checkpoint inhibitor that 

competes with B7 for the CD 28 co-stimulatory site of Signal 2. Without ongoing APC signaling from 
the site of inflammation and the formation of new TH2 lymphocytes, antibody production drops off 
over weeks until only memory B cells are left. 

• Other checkpoint inhibitors include PD-1 and PD-1 ligand. 

Summary of the innate system interaction with the adaptive system (further discussion in Chapter 8, Adaptive immunity 
and Chapter 10, Injury, repair and wound healing). 

o Macrophages from the site of injury activate the adaptive system in draining lymph nodes. The naïve TH0 
adaptive system is directed down a TH1 or TH2 pathway. 

o TH lymphocytes feedback affects the injury site.  
§ TH1 cells secrete IFN-γ that creates activated macrophages together with cytotoxic lymphocytes (CTLs) 

and a “kill” environment at the site of injury. 
§ TH2 cells secrete cytokines that activates M2 macrophages and a “repair” environment at the site of injury. 

o When there is a decrease in the PAMP and DAMP signaling from the injury site, the adaptive system 
lymphocytes become inactive and revert to a residual memory cell status. 

 Figure 6-8 The interaction of the innate and adaptive immune systems. 
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Chapter 7: Acute Inflammation: The Neutrophil 

Overview of acute inflammation  

 

Acute inflammation is the process by which the body develops an immediate response to infection and/or injury. 
Bacteria proliferate with a T1/2 of 20-30’, which means that the body must respond in a matching time. 

Neutrophils are the primary cell of the innate immune system and are essential for host defense against invading 
microbial pathogens. PMNs originate, mature and are stored in the bone marrow. Their release into the 
circulation is regulated (for further discussion, see Chapter 100, Hematology, Disorders of the neutrophil). High 
numbers of neutrophils are maintained in circulation to facilitate rapid recruitment to infected tissue. 
Intravascular circulating neutrophils comprise approximately half of the entire granulocyte population. 
Neutrophils maturing in the bone marrow or resident in organ systems make up the other half. Mature 
neutrophils enter the vasculature from the bone marrow at a rate of approximately 109 cells/kg body weight 
every day in a healthy adult. Circulating neutrophils are recruited to sites of infection by upregulation of adhesion 
proteins by inflammatory cytokines.  

The steps of neutrophil recruitment are: 

1. Alarm signal: 
§ PAMPs are molecular products of the organism that the immune system keys on to initiate acute 

inflammation. PAMPs are typically components of the cell wall, flagella or envelop as these are essential 
of microorganism survival. 

§ DAMPs are typically cell components that are proteins, such as HMGB-1 or HSPs or non-proteins such as 
uric acid, ATP or DNA 

2. Pattern recognition receptors (PRRs): 
§ Secreted: these are circulating proteins that detect PAMPs and DAMPs. They include the complement 

system (i.e. classic, alternative and MLP) and CRP. 
§ Cell PRRs:  

• Membrane surface receptors are best exemplified by the Toll-like receptors (TLRs). TLR 4 detects  
LPS and TLR 5 detects flagellin. In macrophages and other antigen-presenting cells (APCs),             
TLRs commonly initiate 2 pathways:  
- NFκB for cytokines IL-1, IL-6 and TNF-α 
- IFR7 for interferon Type 1 

• Some PRRs are found in the cell cytoplasm, such as TLR 3,7 & 9, RIG-like receptors and NOD-like 
receptors. They typically detect viruses as these are intracellular pathogens. The immune cells 
produce mostly interferons. 

• In mast cells, PRRs trigger degranulation, with the release of hundreds of compounds, including 
histamine and bradykinin. 

3. 2° signaling 

§ Cytokines have numerous local and systemic effects (for further discussion, see: Chapter 5: Acute 
inflammation, clinical pathologic correlation, and Chapter 9: Cytokines). 

§ Histamine acts on the H1 and H2 receptors with multiple effects including local vasodilation and 
endothelial cell contraction that creates gaps in the intercellular junctions (i.e. the exudate) 

§ Bradykinin causes vasodilation and increases the sensitivity of the non-myelinated pain nerve fibers 1000 fold. 

 

This lecture follows 2 previous lectures: General pathology, acute inflammation, clinical pathologic correlation 
and General pathology, acute inflammation, PAMPs, DAMPS & PRRs. 
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a. Vasodilation 
b. Neutrophil slow rolling 
c. Activation 
d. Neutrophil adhesion 

5. Neutrophil diapedesis and killing; exudate formation 

Numbers 4 and 5 compose the neutrophil activation cascade, discussed next. 

The neutrophil activation cascade: 

Vasodilation: 

o Neutrophils in blood vessels flow in 2 pools: a central fast-moving circulatory pool and a slow-moving 
marginal pool. These pools are of roughly equal sizes. 

o Vasodilation changes the fluidics so that the neutrophils in the circulating pool move into the marginal pool. 
In addition, vasodilation slows the speed at which neutrophils flow over the endothelial cells. 
§ Vasodilation is responsible for 2 of the 5 cardinal signs of acute inflammation: redness (rubor)               

and warmth (calor). 

Neutrophil activation: 

o Slow rolling: 
§ Cytokines upregulate platelet and endothelial cell selectins that bind to neutrophil glycoproteins like the 

Lewis antigen (Lex), also called an addressin.  
§ These bonds form and break, tumbling the neutrophil along the endothelial surface. 

o Activation and adhesion: 
§ The slow-rolling neutrophil can now be firmly attached to the endothelial cells. 
§ Neutrophil integrins like LFA-1 bind to endothelial I-CAM. 

Figure 7-1 The innate inflammatory response. 

 

 

 

Figure 7-2 Neutrophil compartments in the circulation. 
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•  Cytokines upregulate these adhesion proteins from the cell cytoplasm to the cell membrane. This is 
often called the “activation” phase. 

• The inactive glycoprotein is bent and has low affinity. With activation, LFA-1 straightens and forms 
an activation complex. 

                      
• LFA-1 is composed of 2 subunits CD11 and CD18. The integrin is referred to in the literature as both 

LFA-1 and CD11/CD18. 
§ This adhesion can be inhibited by cortisol and epinephrine, both endogenous and pharmacologic. 

 

§ Leukocyte adhesion disease results from a mutation to CD18 in the LFA-1 complex. This is an 
immunodeficiency disease that first presents with lack of detached of the umbilical cord at birth and 
then recurrent bacterial infections. 
 
 

o Diapedesis and migration 
§ The neutrophil can migrate between or through endothelial cells.  

• The widening of the endothelial cell junctions is due to a decrease in PECAM (platelet-endothelial 
cell adhesion molecule). 

• PECAM is also expressed on platelets. Decreased platelets, thrombocytopenia, leads to endothelial 
junction gaps that leak RBCs. This is seen clinically as petechiae. 

 

  

Measuring the neutrophil count in stress situations 

The neutrophil count is part of the complete blood count (CBC). The blood drawn for this test 
is from the circulating pool. In patients with acute stress such as anxiety or exercise, the 
demargination of the marginal pool can give an apparent increase to the neutrophil count. 
This also applies to patients given epinephrine or cortisol. 

One way to differentiate neutrophilia of inflammation from demargination is the leukocyte 
differential. A left shift (i.e. increased band and other immature granulocytes) only occurs in 
inflammation as it is due to cytokines such as IL-23/IL-17. 

Figure 7-3 Activation of LFA-1. 
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Migration: 

o Once through the vessel wall, neutrophils migrate to the site of infection following a chemokine and 
chemotactic gradient. Gradient signals include: 
§ IL-8 is a key signal. It can be produced by any cell with TLRs. 
§ C3a and C5a from the complement system activation 
§ LTB4 from the leukotriene/prostaglandin pathway 
§ fLMP (formyl leucylmethionylphenyalanine) from bacteria 

Phagocytosis: 

o Recognition of bacteria by the neutrophil occurs through 2 mechanisms: 
§ Bacterial PAMPs by neutrophil cell membrane PRRs (pattern recognition receptors) such as TLRs. 
§ Opsonins on the bacteria and cell membrane receptors (IgG to IgG Fc receptor and C3B receptor). 
§ Detection of bacteria with capsules is low. Sensitivity for encapsulated bacteria can be increased 1000 

fold with opsonins such as C3b and IgG for which the neutrophil has receptors. For IgG, the receptor is 
for the Fc portion of the immunoglobulin.  

§ Receptor binding initiates signal transduction cascades that direct actin polymerization, and other 
cytoskeletal rearrangements that contribute to the advancing the membrane cup.  

 
§ Complete microbial engulfment is accomplished when the membrane cup entirely surrounds the 

pathogen and closes to form a phagosome. 
 

Figure 7-4 The neutrophil activation cascade. 

Pneumovax in the elderly 

There is declining immunity in old age. The commonest cause of pneumonia in this age group is by 
S. pneumonia which has a capsule. By vaccinating the elderly, one optimizes IgG levels for the 
pneumococcal polysaccharide capsule. This provides significant prophylaxis through the 
opsonization mechanism. 
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Killing 

o Intracellular killing: There are 2 pathways:  
§ Oxygen-dependent:  

• Fusion of the phagosome with neutrophil granules.  
- 1° granules contain myeloperoxidase which converts peroxide (H2O2) into bleach (i.e. HOCl).  
- Peroxide is produced by NADPH oxidase found on the phagosome membrane and in 2° granules 
- 2° granules add antimicrobial peptides. 

  

§ Oxygen-independent: fusion of the phagosome with a lysosome subjects the bacteria to the acid 
proteases of the lysosome. 

o Debris from the killing process is expelled into the extracellular space. It is cleared by macrophages and 
peptides from which it will be presented on MHC1 to naïve TH0 cells in the draining lymph node. This starts 
the adaptive immune response. 

CPC1 of the oxidative burst 

1. Chronic granulomatous disease: 
deficiency of NADPH oxidase 

2. ROS: endogenous production of free 
radicals is important in diseases such 
as diabetes mellitus 

3. SOD mutation is found in familial ALS 
4. Glutathione deficiency can be 

inherited (G6PD deficiency) or 
acquired (acetaminophen toxicity) 

5. Fenton reaction: metals such as iron 
and copper are toxic 

1. Clinical pathologic correlation 

1 

2 
3 

4 

5 

Figure 7-5 The metabolism of free radicals. 

Figure 7-6 Neutrophil phagocytosis and killing of bacteria. 
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B. Extracellular degranulation: 
§ Neutrophils can extravasate their granules into the surrounding tissues. The proteases then liquify 

the surrounding bacteria, cells and extracellular matrix, creating pus. 
§ The yellow-green color of pus is attributed to myeloperoxidase (MPO) 

C. Non phagocytic killing: 

§ Neutrophils can release their chromatin with granules attached. These neutrophil extracellular traps 
(NETs) bind and kill the bacteria. The DNA mesh holds the AMPs from the neutrophil granules.   
These are toxic to bacteria 

§ NETs result in the death of the neutrophil. This form of regulated cell death is called NETosis. 
§ Dysregulation of NETosis may be associated with autoimmune diseases like SLE as it may allow for 

prolonged exposure of uncleared host DNA to immune surveillance. A clinical example of this is    
C1q deficiency association with SLE. 

                                                 

Table 7-1 Neutrophil phagocytosis and killing of bacteria. 

Figure 7-7 Neutrophil responses to bacterial infection. 
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Neutrophil structure and function 

Nomenclature: 

o The neutrophil has several different names, reflecting its long history of 
identification by microscopy. 

o Polymorphonuclear cell (PMN): 
§ This reflects the distinctive shape of the nucleus, with mature forms having 

regions with no chromatin. It is thought that this shape allows for the cell to 
squeeze through tissues more easily than a non-compressible sphere. 

§ Pelger-Huet anomaly: a benign autosomal dominant defect in neutrophil 
division. Its importance lies in granulocyte differentials, as it looks like 
an immature band cell. Acquired “pseudo-Pelger-Huet” morphology is 
seen in numerous hematologic diseases. 

§ Hyperlobation (5 or more lobes) is described in megaloblastic anemias. 
The mechanism is not well understood. 

o Neutrophil: 
§ Hematology rests on a long history of diagnosis based on the peripheral blood smear (PBS) and bone 

marrow aspirate and biopsy. The PBS and BM aspirate use 2 stains: 
• Basophilic dye: a basic dye, it binds to acids like DNA & RNA, giving them a blue color                      

(e.g. methylene blue). Model cell is the basophil. 
• Acidophilic dye: binds to basic compounds such as proteins, giving them a red color (e.g. eosin Y). 

Model cell is the eosinophil. 
• Common stains used in hematology: Romanowsky, Giemsa and Wright (in the USA). 

§ The neutrophil is the granulocyte that does not have cytoplasmic staining for either basophilic or 
eosinophilic dyes. 
 

o Granulocyte: 
§ These are all the cells that have prominent cytoplasmic granules: neutrophil, eosinophil and basophil. 

The neutrophil is by far the most common of these cells in routine clinical practice and so “granulocyte” 
refers to the neutrophil unless otherwise specified. 

Neutrophil granules: 

o Azurophilic (aka 1°) granules 
§ The equivalent of the lysosome as it contains proteases. 
§ Also contains myeloperoxidase, which uses peroxide to produce HOCl 

(bleach) for killing. 
• MPO gives pus its yellow-green color. 
• MPO deficiency is clinically benign. 

o Specific (aka 2°) granules 
§ Most important: 

• MMPs to dissolve bacterial membranes 
• Lactoferrin to bind iron, making it unavailable to bacteria 
• NADPH oxidase to make ROS for HOCl production (oxidative burst) 

- Deficiency of NADPH oxidase is the cause of chronic granulomatous disease. 
o Gelatinase (aka 3°) 

§ Only identified by scanning electron microscopy 
§ The gelatinase dissolves extracellular matrix for migration 

o Secretory (aka 4°) 
§ These contain the membrane receptors for PAMPs and DAMPs (e.g. fLMP) 

o The activation sequence of the granules is 4à 3à 2à 1 

Azuro-philic 

Figure 7-8 Pelger-Huet 
anomaly. 

Figure 7-9 Azure blue. 
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Granulopoiesis 

o All of the hematopoietic cells derive from hematopoietic stem cells (HSC). These are regulated by osteoblasts 
of the endosteum. HSCs are found in the subendosteal space, which is a specialized microenvironment for 
HSC, called the endosteal niche. 
 

o Neutrophils arise out of the common myeloid progenitor (CMP).  
 
o Granulopoiesis goes through a maturation sequence with progressive loss of mitotic capability and nuclear 

function and increasing specialized cytoplasmic granules: 
§ Granuloblast > promyeloblast (1° granules) > myelocyte (2° granules) > metamyelocyte (no mitosis) > 

band > mature neutrophil 

Surprising little is known about the life cycle of the neutrophil. Most information is either 
from mouse studies or bone marrow transplantation. The following discussion is a 
synthesis of these 2 different bodies of knowledge and is accurate as of mid-2020. 

 

Figure 7-10 Hematopoiesis. 
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§ Neutrophil production in the resting state: 

o ①. The level of neutrophil production in a non-inflammatory state (i.e. the set point), is driven by bacterial products 
of the microbiome, the PAMPS (pathogen associated molecular pattern). PAMPs increase G-CSF production. 

§ Sterile mice have severe neutropenia. 

o ②a. The most important stimulator of granulopoiesis is G-CSF (granulocyte stimulating factor). G-CSF is 
produced by many cells, including osteoblasts. 

§ G-CSF increases proliferation in all precursors capable of mitoses, collectively referred to as the “mitotic pool”.  
§ Synthetic G-GSF (e.g. filgrastim) can be used in neutropenia. 

o ②b. In addition to increased production of neutrophils, osteoblasts decrease synthesis of CXCL-12. 

§ CXCL-12 is also called stromal derived factor 1 (SDF-1). 

§ CXCL-12 binds to the CXCR4 on the neutrophil, inhibiting its egress from the bone marrow into the circulation. 

o ③. Diurnal oscillation and intrinsic aging 

§ There is an increase in circulating neutrophils in the morning and a decrease at night. 
§ Release in the morning is under control of the sympathetic nervous system (SNS) and therefore 

presumptively the hypothalamus. 
§ The SNS stimulates stromal cells to decrease CXCL-12, allowing neutrophils to egress the marrow. 

 
  

Figure 7-11 Homeostasis of granulopoiesis. 
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preferred organ for non-activated neutrophils. 

§ This makes the lung vulnerable to cytokine activation of neutrophils in acute systemic inflammation,  
with the sequela of acute respiratory distress syndrome (ARDS). 

o ④b. Over 8-12 hours, there is gradual upregulation of CXCR-4 on neutrophil membranes. This triggers 
phagocytosis by resident macrophages and dendritic cells in the tissues. Tissue phagocytic cells then release IL-
23. Aging neutrophils still in the circulation are mostly phagocytosed in the liver, which also then releases IL-23. 

o ⑤. IL-23 is a stimulatory cytokine for TH17 lymphocytes. These produce IL-17, a pro-inflammatory cytokine. 
In the marrow, it has multiple effects, including release of G-CSF. This means that the tissue levels of 
neutrophils are a major feedback regulator of bone marrow production. In the resting state, increase in tissue 
neutrophils results in decreased production. 

 

Neutrophil response in acute systemic inflammation 

o Bone marrow is a major reserve pool for neutrophils. There are 2 pools of neutrophils in the bone marrow. There is 
the proliferating, or mitotic pool and then there is a larger pool of committed granulocytes. These post-mitotic 
PMNs undergo maturation of nucleus and granules over 7-14 days and can be released in systemic inflammation 
by cytokines like IL-17. 
§ The most immediately available pool of neutrophils can be found in the circulation, followed by 

neutrophils sequestered in the lung. Both of these pools are mostly refreshed daily. Compounds 
produced by neutrophils include other cytokines. 

o When local infection becomes severe enough, blood cytokine levels stimulate systemic responses. The 
cytokines often work synergistically in stimulation. 
§ IL-1: increase body temperature set point (fever). This is of unknown benefit. 
§ Il-6: acute phase reactants from the liver. There are >30 proteins that have different functions in infection. A 

number of proteins sequester iron, a rate limiting factor for bacteria (↑ferritin,  ↑hepcidin, ↓transferrin), some 
protect from ROS (α2-macroglobulin), PRRs (↑CRP) and increased coagulation (↑fibrinogen, ↑platelets). 

§ TNF-α: numerous pro-inflammatory functions 
§ IL-17: increased marrow production and release of neutrophils. IL-23 in concert with 

IL-1 increases production of IL-17 from TH17 lymphocytes. 

Neutrophil signaling 

Neutrophils cross communicate with other cells of the immune system. Far from being single function killing machines, 
they actively participate in the innate and adaptive immune processes. 

Local mediators released by neutrophils: 

o Arachidonic acids: 
§ Leukotrienes: LTB4, a chemokine that acts as an anaphylatoxin  
§ Prostaglandins: PGE2 induces vasodilation, increases vascular permeability, and increases pain 

o Platelet interaction 
§ P selectin is expressed on the surface of platelets and endothelial cells activated by cytokines. PMNs have 

P-selectin ligand. This closely ties inflammation to coagulation. 
§ PMN NETs (neutrophil extracellular traps) bind TFP1, a pro-thrombotic protein 

Systemic mediators: neutrophils release many cytokines, most of which are chemotactic and pro-inflammatory. 
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1° diseases of the neutrophil: 

Leukocyte adhesion deficiency (LAD) disease: 

o Abnormalities of the CD 18 integrin family can be quantitative or qualitative. 
§ In the macrophage family, this is CD11b/CD18 

o If CD11b/CD18 levels are <2%, there is severe immunodeficiency and death by age 2 years 
o If CD11b/CD18 are 2-30%, the individual can live into adulthood 
o Pathophysiology: 

§ CD11b/CD18 is necessary for fast adhesion of the neutrophil to ICAM of the endothelial cell in neutrophil 
activation. Failing this, neutrophils cannot migrate to the site of infection. 

o Presentation: 
§ Persistence of the umbilical stump for >30 days post-delivery; omphalitis 
§ Recurrent bacterial infections and sepsis 
§ Periodontitis.  
§ Inability to form pus 

 

Chediak-Higashi syndrome: 

o An abnormal cell organelle trafficking protein leads to defective granule formation and movement 
§ Melanocytes / melanosomes: albinism 
§ Neutrophils / 1° granules and chemotaxis: infections 
§ Platelets / serotonin storage granules: bleeding diathesis 
§ Neurons / giant granules: degenerative neurologic disease. 

 

Chronic granulomatous disease (CGD): 

o Pathophysiology (see Figure 7.5, Free radical metabolism):  
§ Mutations in NADPH oxidase lead to an inability to create ROS for a respiratory burst to kill bacteria and fungi. 
§ The most common inheritance is X-linked 

 

o Presentation: 
§ Recurrent serious bacterial and fungal infections, most commonly lung. 

• Median age for diagnosis is 2-3 years. 
• Bacteria without catalase produce enough endogenous ROS that they can provide enough for HOCl 

killing e.g. Streptococci. 
§ Testing: 

• Nitroblue tetrazolium test: the patient’s neutrophils are incubated with the colorless dye 
o ROS à blue color 
o No ROS (CGD) à yellow/pink 

 Figure 7-12 The NBT test in chronic granulomatous disease. 
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Chronic obstructive pulmonary disease (COPD): 

o The pathology of chronic bronchitis and emphysema are strongly connected to cigarette smoking. Cigarette 
smoke initiates an influx of neutrophils. 

o The pathophysiology is not clearly understood but neutrophil damage includes ROS and the release of elastase. 
Other proteases like MMPs show synergistic effects. When anti-proteases like α1-antitrypsin are insufficient, 
adaptation and destruction of the lung follows. 
§ Bronchi: mucous gland hyperplasia, epithelial metaplasia 
§ Bronchioles: inflammation and fibrosis leading to bronchiolitis obliterans. 
§ Alveoli: loss of alveolar septae leads to emphysema 

 

Rheumatoid arthritis: 

o This systemic autoimmune disease has both genetic and environmental risk factors. Sensitization is thought 
to occur from the formation of neoantigens. For example, smoking creates neoisotopes from protein 
alterations seen for example with citrullination. Cigarette smoke induces PAD (peptidyl arginine deaminase) 
in alveolar macrophages. This enzyme converts arginine to citrulline which forms a neoantigen locus in 
proteins. RA may start as a mucosal disease in the lung. 

o The development of anti-citrullinated protein antibodies (ACPA) activates the innate immune system. APC then 
activate the adaptive immune system in complex ways. Autoantibodies can be found for a decade before clinical 
symptoms, called the pre-RA period. 

o RA has pathology in 2 compartments. There is no unifying explanation connecting the two. 
§ Synovial fluid: Neutrophils are the main cell found in the synovial fluid although they are not found in the 

pannus. Recruitment of neutrophils may occur by immune complex activation of C3a and C5a. The PMNs 
release both cytokines which promote pannus formation and proteases which cause direct damage. 

§ Synovium: Lymphocytes and macrophages are present but not neutrophils. It is believed that cytokines, 
especially TNF-α, produce the fibroblast-like synoviocytes that make up the destructive pannus. 

Systemic lupus erythematosus (SLE): 

o SLE is the model type III hypersensitivity disease. When circulating immune complexes (IC) filter into a tissue, 
the ICs activate complement, C3a and C5a act as anaphylatoxins to recruit inflammatory cells with 
subsequent acute inflammation. 

o Tissues that trap immune complexes include: 
§ Basement membrane of skin: rashes 
§ Serosa: pleuritis and pericarditis 
§ Glomerulus: 2° glomerulonephritis 
§ Blood vessels: cerebritis 
§ Synovium: arthralgia / arthritis 

o SLE is an autoimmune disease with antibodies against nuclear proteins. There is evidence suggesting that the 
DNA exposed in neutrophil extracellular traps (NET) gives significant exposure of nuclear proteins to the 
immune system.  

 Anti-neutrophil cytoplasm antibody (ANCA) vasculitis: 

o Granulomatosis with polyangiitis (GPA, formerly known as Wegener vasculitis), eosinophilic GPA (Churg-
Strauss disease) and microscopic polyangiitis (MPA) are all autoimmune diseases targeting the neutrophil. 

 
o Pathophysiology: Neutrophils are highly sensitized by the targeting antibodies (i.e. anti-PR-3 and anti-MPO) 

and easily degranulate, causing damage to the surrounding vasculature with ischemia to the tissues. 
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Disease Auto-antibody Function Pathology 
GPA1   
 

Anti-PR3 1° granule serine 
protease 

Granulomatous 
vasculitis 

Eosinophilic GPA Anti-MPO 1° granule, oxidative 
burst 

Eosinophilic vasculitis 

MPA2 ANCA 
٠60% MPO 
٠40% PR3 

See above Small vessel vasculitis 

        1. Granulomatosis with polyangiitis, 2. Microscopic polyangiitis. 

Gout: 

o The uric acid crystals in synovial fluid trigger the neutrophil influx of the acute arthritis.  
o Uric acid is a non-protein DAMP (damage-associated molecular pattern). In macrophages, the PRR (pattern 

recognition receptor) is a Nod-like receptor (NLRP3) that forms the inflammasome when activated. 
o The inflammasome is a protein complex that produces IL-1. IL-1 initiates the neutrophil activation cascade. 

§ Anti-IL-1 drugs like anakinra are used in treating resistant gout. 
o Neutrophil degranulation causes tissue damage in the joints 

 

Table 7-2 The ANCA vasculitidies. 
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Chapter 8: Adaptive Immunity 

Structure of the lymphoid system 

The lymphoid system can be divided into: 

o Primary organs: bone marrow and thymus 
o Secondary organs: lymph node, spleen, and mucosa-associated lymphoid tissue (MALT) 

§ MALT can be gut-associated (GALT), bronchial (BALT), nasopharyngeal (NALT), skin (SALT) and 
genitourinary (no good acronym) 

o Tertiary organs: arise locally in areas with chronic pathologic injury or infection 

In the GI tract, GALT consists of: 

o Tonsils (aka Waldeyer’s ring): these are found in the pharynx (called adenoids when enlarged), the base of the 
tongue (lingual tonsil) and the palatine tonsils, a familiar part of the oral exam. 

o Peyer’s patches:  
§ These can be considered the “tonsils” of the gut.  
§ There are about 100 aggregates, increasing in number to the terminal ileum and appendix. 
§ They are covered by a special epithelial cell, the M cell, that uptakes antigens and transports them to 

microfolds (hence M cells) in its basolateral side where B lymphocytes have isotope switching to IgA. 
o Also found on tonsils. 
o Targeted by S. typhi and Polio virus. 

§ Peyer patch hypertrophy is associated with appendicitis (obstruction) and intussusception (leading edge mass). 

Figure 8-1 The M cell. 

Figure 8-2 Palpable lymph nodes and their fields of drainage. 
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drainage should be understood 2 ways: from organ to lymph node when looking for metastases and from lymph 
node back to find the origin of a lymphadenopathy. 

There are features of lymphatic drainage unique to the GI tract: 

o Cervical lymph nodes drain the mouth and pharynx. Most neck masses are enlarged lymph nodes and a 
majority of these are metastatic squamous cell carcinomas (SCC) from the mouth and pharynx. 

o The Rule of 80’s states that in someone > 50 years old, 80% of neck mases are lymphadenopathy, of these, 
>80% are malignant and  of these, >80% are SCCs from the head and neck. 

o The abdominal organs drain through the thoracic duct. This empties into the left subclavian vein and gives 
rise to metastases in the left supraclavicular nodes. 

o These are called Virchow nodes, in honor of an early and important pathologist who described them. 
o The anus is formed from the body wall and so its lymphatics drain to the external inguinal lymph nodes 
o The rectum is an endodermal organ, and its lymphatics drain into iliac lymph nodes and up to the para-aortic nodes. 

Design of the immune system 

There are 2 critical reasons that the body needs to tell “self” from “non-self”: 

o Infections: 
§ Of the infecting organisms (i.e. bacteria, virus, fungus, parasite), bacteria have a proliferation doubling 

rate of 20-30 minute. The only way that the body can respond in a time frame this short is to have a 
preformed response, that is, it is innate. In evolutionary terms, this response is present with the earliest 
multicellular organisms. The first cell to respond is the neutrophil and the process by which it responds 
to the infection is the innate immune system. 

Natural Killer lymphocytes are part of the innate immune system 

- NK cells are part of the family of innate lymphoid cells (ILC) and are often classified with the innate 
immune system as they respond within hours, do not identify specific antigens, and have no memory. 

- While they derive from the lymphoid progenitor cell, they are not T-cells as they have no TCR or CD3 
nor are they B-cells as they do not have BCR. 

- They are identified by CD-16, the IgG-Fc receptor and CD56 (unknown function). 
- NK cells activate by a balance of stimulatory and inhibitory signals. The inhibitory signal is MHC class 1 

protein. This is often downregulated by viruses (e.g. CMV, herpes, HIV, adenovirus) and neoplasms. While 
losing MHC 1 on the surface makes a cell invisible to CTL, the cell will now be targeted by the NK cell. 

- Note that NK cells are the only part of the innate system that does not active by PAMPs and DAMPs 
- NK cells kill MHC1 absent cells by the perforin/granzyme system of extrinsic apoptosis. 

 
 

NK cell morphology 
The perforin and granzyme protein are stored 
in cytoplasmic granules which can be seen in 
the peripheral blood smear. An old name for 
NK cells is “large granular lymphocytes”. 
                                                           

 

Figure 8-3 NK lymphocyte. 
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§ Detection of the infecting organism identifies highly conserved cell products so that their loss through 
mutation would be lethal to the microorganism. In addition, the antigen must be different from any 
found in the host. This means  that cell wall elements and unique amino acids like formyl methionyl 
peptides make up most of the pathogen associated molecular patterns (PAMPs). 

§ There are only a few thousand PAMPs that the innate system detects. 

Neoplasms: 

o With tens of millions of mitoses per hour, mutation is a common enough occurrence that the body must have 
robust systems to detect and eliminate any abnormal cells.  

 
o To achieve this, every cell must express peptides from each of its proteins. These appear on its cell surface on 

the MHC 1 molecule. These are monitored for “foreignness” by the cytotoxic lymphocyte (CTL).  
o CTL develop from naïve TH0 cells, which means that mutated cells will proliferate without immune 

recognition until cells die or lose their MHC 1 and get killed by NK lymphocytes, to create DAMPs. An APC 
must phagocytose this necrotic debris, express foreign antigens on MHC 2 and present these to a cognate 
TH0 lymphocyte before CTLs can kill tumor cells. All adaptive immune responses must first go through the 
innate system and an APC before the adaptive system can be activated. 

o The proteins of intracellular pathogens also get expressed on the MHC 1 molecule. This is important in         
viral infections.  

o There are an estimated 1014 antigens. To detect this large number of antigens the adaptive lymphocytes 
develop an equal number of receptors by VDJ rearrangement of the T-cell and B-cell receptors         
(TCR and BCR).  

o The adaptive system protects the body with antibodies (humoral immunity) and cytotoxic lymphocytes 
(cytotoxic immunity). 

o To achieve high sensitivity, the body commonly has some overlap between non-self with self-antigens. It is 
common to find low grade autoimmunity in individuals. As long as the lost cells can be replaced without loss of 
organ function, it apparently is a price worth paying. 

MHC 1: differentiating self from non-self: 

The innate immune system differentiates non-self by pathogen recognition receptors (PRRs) that identify 
molecules never found in human cells. The adaptive immune system identifies peptides and other products that 
should not be found in the host. In the thymus, the adaptive immune system must “train” T-cell lymphocytes to 
differentiate “foreign” from “self” proteins.  

Major histocompatibility complex class 1 (MHC 1) corresponds to the human leukocyte antigen (HLA) family of 
proteins HLA A, B and C. 

o MHC class 2 corresponds to HLA D (DP, DQ and DR). As MHC 2 is the surface protein of antigen presenting 
cells (APC), familial autoimmunity invariably is associated with HLA D inheritance patterns. 

Every protein in the cell is eventually broken into peptides in the ubiquitin-proteasome system. A sampling of 
these peptides is expressed on the cell surface on MHC 1. Cytotoxic lymphocytes scan the surfaces of cells to 
make sure that no foreign peptides are present.  

o All somatic cells have MHC 1 except RBCs. 
 

An adult human is composed of about 1014 cells and will undergo 1016 divisions over their 
lifetime. Most of these will occur in the hematopoietic system. In solid organs, most divisions 
occur in the epithelium. Mutations occur about once per 106 per gene, per division. Mitosis 
must be highly regulated.  
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Activation of the adaptive immune system: Antigen presentation:  

There are several different types of adaptive immune responses known at present, with more to come. These are 
regulated by T-cell lymphocytes. The 4 most important are: 

o TH2 lymphocytes: stimulate B lymphocyte antibody production. Antibodies give protection in multiple ways: 
§ Bacteria coated in IgG can be phagocytized more efficiently (opsonization) 
§ Viruses bound by IgG cannot bind to a cell and infect it (prophylaxis; neutralization). 
§ IgA prevents microorganism from adhering to a mucosa. 
§ IgE activates mast cells and eosinophils. Eosinophils release MBP which destroys helminth cuticles 

o TH1 lymphocytes: stimulate CTL for enhanced killing of intracellular organisms like viruses and activate 
macrophages with IFN-ϒ for enhanced killing and granuloma formation. 

o TH17 lymphocytes: IL-17 has multiple immune effects, especially production and release of neutrophils (i.e. it 
enhances the innate immune response) 

o TREG lymphocytes: these have multiple effects that inhibit the inflammatory response and promote repair.  

Each of these T helper lymphocyte effectors develops from an inactive naïve T lymphocyte, the TH0. The phenotype 
that they differentiate into is determined by the antigen presenting cell (APC) that comes to the lymph node from 
the site of infection. The APC activates and determines the TH lymphocyte phenotype in a series of 3 signals. 

o APC cells can be dendritic cells (e.g. Langerhans cell of skin), macrophages or B lymphocytes. Dendritic cells are 
the most powerful effectors of antigen presentation. 

o The phenotype of the T helper lymphocyte depends on cytokines secreted by the APC, sometimes referred to 
as signal 3. It is becoming better understood that APCs respond to complex injury and tissue-specific signals 
and pass that message downstream. 

The APC phagocytizes debris from the cell death that occurs at the site of infection. It processes this for peptide 
presentation on the MHC class 2 surface protein. At present, there are 2 phenotypes of macrophages known for 
signaling to TH0 lymphocytes: 

 

 

 

1. Proteins are broken into peptides. 
2. Peptides are channeled into the 

endoplasmic reticulum by TAP 
(transporter associated with antigen 
processing). 

3. Peptide loading: In the ER, peptides 
bind to MHC 1 

4. The MHC 1 /peptide complex traffics 
through the Golgi apparatus to form a 
secretory vesicle. 

5. MHC1 and the peptide are expressed 
on the cell membrane. Figure 8-4 MHC 1 antigen presentation. 
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M1 macrophages (aka the “classical pathway”): 

o When the PAMPs and phagocytosed products at the site of infection indicate an intracellular pathogen 
(e.g. TLRs 3, 7, 8 and 9 for viruses) in an environment with IFN-ϒ, when the APCs get to the lymph node and 
bind to the cognate TH0, they will secrete IL-12 to get TH1 phenotype lymphocytes. 

M2 macrophages (aka the “alternative pathway”): 

o When macrophages phagocytose PAMPs at the site of infection by extracellular pathogens in an environment 
of IL-4 and IL-13, when they get to the lymph node and bind to a TH0 lymphocyte, they will secrete cytokines 
like IL-4 to induce a TH2 phenotype. These macrophages can also secrete growth factors to initiate repair. 

The MHC 2 pathway (see Figures 8.3 and 8.4) 

  

 
 
 

 

 

 

 

 

 

 

 

  

 

Cognate defn: having a similar nature or common ancestor. In immunology, the idiotype of the antibody or 
receptor matches to that of the antigen. 

The MHC 2 pathway 

1. Infection most commonly occurs across an epithelium and cell death, either directly by the 
pathogen or through cell-mediated immunity, creates necrotic debris. Resident 
macrophages or other APC phagocytose this debris. 

2. The phagosome fuses with the lysosome to form a phagolysosome. The acidic proteases of 
the lysosome fragment the phagosome contents into peptides. 

3. The ER synthesizes MHC 2 protein complexes with an invariant chain (Ii). This blocks binding 
of peptides introduced into the ER by the TAP from binding to the MHC 2 (as they can with 
MHC 1 complexes in the ER). 

4. The phagolysosome fuses with the MHC 2-containing vesicle. The Ii dissolves, leaving the 
MHC 2 complex free to bind with peptides in the vesicle. 

5. The vesicle traffics to the cell surface and the MHC 2 complex presents the peptide antigen. 

 

Figure 8-5 Antigen presenting cell: the MHC 2 pathway (see Table 8.1). 

Table 8-1 Antigen presenting cell: steps in the MHC 2 pathway (see Figure 8.3). 
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Figure 8-6 T-cell activation (see Table 8.2). 
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Activation of B cells and antibody production. 

In the lymph node, the naïve B-cell often acts as an APC, stimulating 
its cognate T helper lymphocyte into TH2 differentiation. The TH2 
lymphocyte produces the IL-4, IL-5 and IL-13 that allows the B 
lymphocyte proliferation, isotype switching and plasma cell 
maturation and development of memory. 

This process has morphologic correlation that is seen in the 
germinal center of a reactive lymph node. The “dark” zone has 
lymphocyte proliferation and hypermutation. The “light” zone      
has isotype switching and affinity maturation. 

 

 

1. PAMPs and DAMPs at the site of infection bind to a pattern recognition receptor (PRR) and activate the antigen 
presenting cell (usually a resident macrophage or dendritic cell). This triggers the innate immune response. The 
inflammatory environment upregulates B7.1/B7.2 (aka CD 80/86) on the APC surface membrane. 

2. The APC phagocytoses debris with its antigens and peptides are processed onto the cell surface on MHC 2 
molecule. The APC differentiates intracellular from extracellular infection. The APC migrates to the 
draining regional lymph node (LN). 

3. Signal 1:  
- Figure 8.6 A:The APC MHC 2 antigen matches to its cognate T-cell receptor (TCR) on a naïve T helper 

lymphocyte (TH0). 
- Figure 8.6 B: The CD4 protein ensures that the presenting antigen is on an MHC 2 protein (i.e. this is 

MHC 2-restricted activation). 
- Figure 8.6 C: The CD3 protein starts signal transduction in the cytoplasm. 

4. Signal 2: Co-stimulation 
- B7 (A) on the APC binds to CD 28 (B) on the TH0 lymphocyte. There is no immune response in its 

absence, called anergy. 
o This is a key regulatory step and over days, the TH lymphocyte produces CTLA 4 to inhibit this 

interaction. This is the mechanism of action of one of the check point inhibitors used in cancer therapy. 
o When an activated B lymphocyte acts as an APC, it produces the costimulatory protein CD40 to 

interact with CD 40L on the TH2 lymphocyte. The TH2 lymphocyte then secretes IL-4,5 and 13 
which induce B lymphocyte proliferation and isotype switching. 

5. Signal 3: Phenotypic differentiation of the TH0 lymphocyte 
- The APC secretes cytokines based on the environment of the site of infection. This is a poorly 

understood internal process that is broadly called M1 (aka classical pathway) if pro-inflammatory and 
M2 (aka alternative pathway) if anti-inflammatory and pro-repair. There are multiple different types 
of T helper lymphocytes, so the process is complex. 

- Important phenotypes of TH lymphocytes induced (à) by APC cytokines: 
o IL4 à TH2 (IL-4, IL-5, IL-10, IL-13): this is the default pathway and leads to antibody production  

(discussed next) 
o IL-12 à TH1 (IFN-ϒ, IL-2): CTL production, granulomatous inflammation 
o TGF-β & IL-6 à TH17 (IL-17, IL-21, IL-22): pro-inflammatory, especially acute inflammation and neutrophils 
o TGF-β à TREG (IL-10): anti-inflammatory 

 

Light zone 

Dark zone 

Table 8-2 Steps in T-cell activation (see Figure 8.4). 

Figure 8-7 Lymph node germinal center. 
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1. Antigens drain into the regional lymph node from the site of infection and bind to the lymphocyte BCR. 
The BCR-antigen complex undergoes endocytosis.  

2. B lymphocyte can act as an APC and presents the antigen on MHC 2 to its cognate TCR on a TH2 lymphocyte.  
3. Signal 1: activation of the TH2 lymphocyte 

- Figure 8.8 A: TCR: this is the only antigen-specific interaction between the B-cell and T-cell. 
- Figure 8.8 B: CD4: MHC 2 restriction 
- Figure 8.8 C: CD3: signal transduction. 

4. Signal 2: co-stimulation 
- The most important co-stimulatory signal for the B-cell is  CD40 (A) to the CD40L (B) of the TH2 lymphocyte 
- There are other co-stimulations such as  B7 (A) to CD28 (B). 

5. Signal 3: T-cell dependent B-cell activation: 
- The presence of cytokines produced by the TH2 lymphocyte causes isotype switching in antibody 

production. The best known of the these is: 
o IL-4 à IgE 
o IL-5 à IgA 

- B-cells can be activated without cytokines, which require peptides, by substances such as bacterial 
capsules (carbohydrates) and the lipopolysaccharide of Gram (-) bacteria. This T-cell independent 
pathway only permits production of IgM. 
o This allows for a rapid antibody response. 
o IgM is a larger pentamer and does not leave the vascular space. 
o There is no memory generated. 

 

Figure 8-8 B-cell activation (see Table 8.3). 

 

Table 8-3 Steps in B-cell activation (see Figure 8.6). 
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Cell-mediated killing: 

A. Cytotoxic T-cell lymphocyte (CTL): see Figure 8.7. 

 

 

 

 

Blood Banking and the naturally-occurring antibodies anti-A and anti-B 

The naturally occurring anti-A and anti-B antibodies that cause immediate hemolytic transfusion 
reactions are IgM. They appear 3-6 months after birth after exposure to environmental carbohydrates 
found on bacteria and plants. It is presumed that these cross-react with the branched ABH carbohydrate 
antigens on the RBC surface. There are a number of immunologic principles to consider: 

- Because the environmental antigens are not peptides, they cannot be expressed on MHC 2. This 
means that antibody production is T-cell independent and only IgM can be produced. 

- IgM can fix complement which results in the immediate RBC hemolysis through the MAC pore. 
- Delayed hemolytic transfusion reactions occur after 1-2 weeks post-exposure. They are caused by foreign 

surface membrane proteins on the transfused RBCs and produce IgG and have long term memory. 

Cytotoxic T-cell killing 

1. The peptide expressed on the MHC 1 complex matches its cognate T-cell receptor. 
2. Co-stimulatory proteins include: 

a.  CD 8 protein binds to the MHC 1 complex, called MHC 1 restriction 
b.  CD 3 protein transmits the signal into the CTL 

3. The major pathway of cell death is the release of granzyme into the intercellular space. It gains 
access to the infected cell through perforin, which creates a pore in the cell membrane. Granzyme 
activates caspase 8 and the caspase cascade of extrinsic apoptosis. 

4. Other pathways of cell death include the FAS ligand to the FAS receptor and TNF-α ligand to the 
TNF-αreceptor.  

5. Both granzyme and FAS-L activate caspase 8 and the caspase cascade. This results in extrinsic 
apoptosis cell death. 

 Table 8-4 Steps in cytotoxic T-cell killing (see Figure 8.7). 

 

Figure 8-9 Cytotoxic lymphocyte killing (see Table 8.4). 
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§ Antibodies bind to their cognate antigen on the abnormal cell, exposing the Fc portion to the outside. 
§ Any immune cell with an Fc receptor can bind to this antibody and be activated. 

• The Fc receptor is identified immunologically as CD16. 
§ Immune cells with Fc receptors: neutrophils, macrophages, NK lymphocytes and eosinophils 

• Eosinophils bind to the Fc portion of IgE, important with parasites. 
• The other cells bind to the Fc portion of IgG 

§ Mechanisms of cell killing have some cell specificity: 
• Neutrophils and macrophages: lytic enzymes, cytokines (e.g. TNF-α triggers its death domain 

receptor for extrinsic apoptosis) 
• CTL: extrinsic apoptosis by perforin/granzyme, FASL and TNF-α 
• NK cell: perforin/granzyme 
• Eosinophil: major basic protein (MBP) 

C. Natural killer cells (NK): considered to be part of the innate immune system (see above) 
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Introduction: 

Definition: cytokines are loosely defined as secreted, small proteins that regulate the immune system. They do 
that and much more. Cytokines are produced by and responded to by every cell except RBCs. 

o The distinction of cytokines from hormones rests mostly on the fact that cytokines are not produced by a 
specific cell to act on a specific target. There are other differences. Hormones are produced in nanomolar 
concentrations (i.e. 10-9M) while cytokines have a concentration of 10-12 M at rest but can rise 1000 fold 
when stimulated. The classification is somewhat arbitrary. 

Cytokines are the effector cells of adaptation. For further discussion, see: Chapter2: Homeostasis, adaptation and disease. 

o In the control system theory of biomachines, homeostasis refers to the mechanisms by which the body, an organ 
or a cell responds to the usual changes in the external environment, such as intermittent eating and drinking. 
Changes in performance are usually mediated by the autonomic nervous system (ANS) or endocrine system. 

o Changes in the external environment that exceed the body’s ability to compensate through homeostasis are 
called stressors. Stressors include: 
§ Injury 
§ Infection  
§ Prolonged increase in demand over months to years.  

o Stressors require a change in the nature of the cell which can only be achieved by genetic changes that can produce 
different proteins and other compounds. This change in cell structure is called adaptation and includes the pathology 
of hyperplasia, hypertrophy and metaplasia. Adaptation is most commonly achieved via cytokines. 

o Adaptation may compensate to an adequate if lower level of function. If adaptation is inadequate, then there 
is a progressive loss of function that leads to a disease state. Disease is defined as an inability to achieve a 
person’s desired integration into their environment. 

o When comparing homeostasis to adaptation, it is important to note that homeostasis works by feedback 
control while adaptation is signal driven, usually cytokines. 
§ Homeostasis (e.g. thyroid regulation of basal metabolism): 

 

 

 

 

 

 
 

Figure 9-1 Pathophysiology of injury. 

Figure 9-2 Homeostasis: the bioengineering model and the endocrine example. 
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§ Adaptation (e.g. alcohol injury to the liver) 

Complexity of cytokine signaling 

Cytokine actions are complex because of these properties: 

o Pleiotropy: one cytokine may signal multiple different cells (e.g. IL-1 to endothelial cells, B & T lymphocytes 
and antigen presenting cells (APC)) 

o Redundancy: different cytokines may have the same effect on a given cell (e.g. IL-4 and IL-13 affect the same 
receptor and are important in IgE allergic diseases such as asthma). 

o Synergy: a combination of cytokines may give a unique signal (e.g. IL-5 & IL-4 together cause isotype 
switching of B lymphocytes from IgM to IgE synthesis). 

o Antagonism: different cytokines may have antagonistic effects to each other (e.g. IFN-ϒ and IL-4). 
o Change in receptor expression: in B lymphocytes, IFN-ϒ ↓IL-2 receptor expression while IL-4/IL-5 increase   

IL-2 receptor expression) 

Most discussion about cytokine function is in the immune system, where it is best understood. 

Nomenclature of cytokines: 

There is no unified approach to the naming of these critical proteins. Different groups have used different systems over 
different decades. It is confusing. The different classifications include: 

 

Historical classification (Interleukins (IL-1 to IL-39)) 

o Cytokines were first discovered in the 1960’s in lymphocytes and so they were initially called lymphokines. 
Monokines soon followed and as pleiotropy became apparent, cytokines. 

o The 1974 Nomenclature Panel attempted to bring order by calling these small molecules interleukins and 
numbering them by order of discovery. 

o This system has problems: 
§ There are now 39 interleukins with no end in sight. 
§ The name gives no indication of function. 
§ Many cytokines are not included (e.g. TNF, IFN, TGF, CSFs) 

Structural families (useful to protein biochemists) 

o A cytokine is assigned to the family with which is has the most physical and chemical properties in common. 
o Examples include: hematopoietins, interferons, tumor necrosis factor, chemokines. 
o The major limitation is the lack of correlation to function. 

 

 

Figure 9-3 Adaptation: Alcoholic liver disease as a model. 
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o This classification helps biochemists and immunologists experimenting with signaling. 
o Receptors can be grouped into superfamilies: 

§ Ig superfamily 
§ INF 
§ TNF 
§ TGF 
§ Hematopoietin (colony stimulating factors, EPO, TPO etc.) 
§ Chemokine receptors (e.g. CXCR-4 on neutrophils) 

o These are not highly predictive of function, and they do not have good clinical correlation. 

Immunologic classification (common in textbooks and medical school): 

o Pro-inflammatory (associated with innate immunity) 
§ Il-1, Il-6, TNF-α, chemokines (e.g. IL-8), chemoattractants (e.g. C3a, C5a, LTB4) 

o Anti-inflammatory 
§ IL-10, IL-1Ra, TGF-β 

o Anti-viral 
§ Interferons (IFN-α, IFN-β) 

o Macrophage activating (granulomas) 
§ IFN-ϒ  

o Lymphocyte activating (associated with adaptive immunity) 
§ B lymphocytes: IL-4, IL-5, IL-6, IL-21 
§ T lymphocytes: IL-2, IL-4 (TH2), IL-12 (TH1), TGF-β & IL-6 (TH17), TGF-β (TREG) 

o Eosinophils and mast cells (allergic disease) 
§ IL-3, IL-4, IL-5, IL-13 and IL-9 mast cells 

o This system does not include hematopoietic growth factors (EPO, TPO, G-CSF…) 

Clinical pathologic correlation (cytokines by pathology) 

o Cytokine storm and the endotheliopathies 
§ When a large number of macrophages become activated, the large release of cytokines triggers a 

cytokine release syndrome (or SIRS, systemic inflammatory response syndrome or cytokine storm). This 
can be seen in sepsis, especially Gram (-) sepsis, viral infections (e.g. COVID-19) and cancer 
immunotherapies with monoclonal antibodies. 

§ Key cytokines include IL-1, IL-6 and TNF-α. 
§ Central to the pathophysiology is dysregulation of the endothelial cell, hence the designation 

Endotheliopathy. Pathology reflects abnormalities of endothelial functions: 
• Regulation of BP…………………………….. shock 
• Regulation of coagulation………………. DIC 
• Lung……………………………………………….. ARDS 
• Kidney (glomerulus)……………………….. renal failure 

 
o IL-6 and the acute phase reactants (APR) 

§ Definition: any protein that varies >25% in acute inflammation is called an APR. 
§ There are over 30 proteins and cells in this group. Notable examples include: 

• CRP (C reactive protein): a secreted pathogen recognition receptor (PRR), this is activated by 
bacterial surfaces and dead cells. CRP activates C1q of the classic complement cascade. 

• ↑coagulation: 
o Fibrinogen: the most important component of the erythrocyte sedimentation rate (ESR) 
o Platelet count 
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• Iron sequestration: 
o Iron is a key rate limiting element in bacterial proliferation. Its bioavailability is decreased by: 
o Hepcidin: blocks ferroportin, limiting iron release from the enterocyte, macrophages and 

hepatocytes. This is an important cause of anemia of chronic disease (ACD) 
o Ferritin: increases iron storage in all cells 
o Transferrin (total iron binding capacity): its decrease will decrease iron in the blood. 

• SAA (serum amyloid A): associated with lipoproteins (especially HDL). When elevated for long periods, 
it can β-pleat, causing amyloidosis. This used to be a common complication of rheumatoid arthritis. 

• Procalcitonin: normally produced in C-cells of the thyroid gland, inflammation induces production in lipocytes 
at high levels. It is used to differentiate bacterial sepsis (elevated) from systemic viral infections (not elevated). 

o Tuberculosis and immunologic testing 
§ Tuberculosis has 2 clinical patterns: 

• Latent disease 
• Active disease: diagnosed by symptoms (e.g. hemoptysis is a sign of necrosis, fever (IL-6) and weight loss 

(TNF-α), imaging and lung fluids such as sputum for direct exam, culture and nucleic acid antigens (NAA). 
§ The 2 screening tests only indicate prior exposure to the bacteria and not the state of disease activity. 
§ Tuberculin skin test (TBT) 

• This uses a protein purified derivative (PPD) of a glycerol extract of the mycobacterial cell wall (tuberculin). 
• The PPD is injected intradermally and an inflammatory response is looked for over 3-5 days. 

o Induration (i.e. edema) is used as it is more specific than redness (i.e. vasodilation) 
• Immunology: the TB antigen acts as a PAMP for resident macrophage / APC PRRs (e.g. TLR 1). 

Previous exposure allows macrophage secreted cytokines and chemokines to traffic TH1 and other 
inflammatory cells to the site of injection. These pathways are not well described. This is a Type IV 
immune inflammatory response, but it does not develop granulomas.  

§ IGRA (Interferon gamma release assay) 
• This is used interchangeably with TBT. IGRA is preferred if the patient will not return after 3-5 days, 

results are needed within 24 hours or if the patient has had BCG vaccination. 
• Whole blood is incubated with a TB-specific antigen and the level of interferon gamma (IFN-ϒ) 

released is measured after overnight incubation.  
• Immunology: memory circulating T-cells are stimulated by the TB antigens and secrete IFN-ϒ. 

 
o Asthma (for further discussion, see Chapter 33. Lung, asthma) 

§ The immunology of asthma has 2 phases: sensitization and the attack. 
§ Sensitization (see Chapter 33. Figure 33-1): 

• Asthma with eosinophils is a Type I hypersensitivity disease driven by IgE antibody production and 
mast cell degranulation. 

• The key cytokines are IL-4, IL-5 and IL-13.  
§ Acute asthma attack (see Chapter 33. Figure 33-3). 

• Cytokines are released from mast cell degranulation. They include TNF-α, IL-1, 4, 5, 6, and 13. 
• Cytokines play a general roll in the inflammation, but do not directly cause bronchospasm.  
• IL-13 induces sputum production, resulting in coughing which is a central symptom in an acute 

asthma attack. 
• IL-4 and IL-13 together induce isotype switching in B-lymphocytes to produce IgE. 
• IL-5 influences eosinophil proliferation, recruitment and activation. 

o Gout (see Chapter 88. Joint, Acute arthritis) 
§ Uric acid crystals are a non-protein damage associated molecular pattern (DAMP) that are ingested by 

macrophages in the synovial fluid. In the cytoplasm, NOD-like receptors initiate formation of the 
inflammasome that has caspase-1 activity. This produces IL-1. 

§ IL-1 initiates acute inflammation with an in flooding of neutrophils into the joint fluid. And acute arthritis. 
§ Anti-IL-1 drugs (e.g. anakinra) are used in treatment resistant gout. 
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§ Sensitization: 

• Sensitization is thought to occur from the formation of neoantigens. For example, smoking creates 
neoisotopes by citrullination. Cigarette smoke induces PAD (peptidyl arginine deaminase) in alveolar 
macrophages. This enzyme converts arginine to citrulline which forms a neoantigen leading to the 
formation of anti-cyclic citrulline protein antibodies (anti-CCP). This suggests that RA may start as a 
mucosal disease in the lung. 

• The development of anti-citrullinated protein antibodies (ACPA) activates the innate immune 
system. APC then activate the adaptive immune system in complex ways. Autoantibodies can be 
found for a decade before clinical symptoms. 

§ Active disease: 
• RA expresses pathology in 2 compartments. There is no unifying explanation connecting the two. 

o Synovium: 
§ The inflammatory process converts synoviocytes into fibroblast-like synoviocytes that 

behave like a low grade invasive neoplasm. 
§ The tumor mass, the pannus invades and destroys the cartilage and bone. 
§ The key cytokine is TNF-α. 

o Synovial fluid: 

§ Neutrophils are the key cell. 
§ Activation of the immune response includes antigen-antibody complexes of rheumatoid factor 

(RF) and anti-CCP with activation of the complement system and anaphylatoxin formation. 
o Systemic lupus erythematosus (SLE) (see Chapter 89. Joint, Chronic arthritis) 

§ SLE is the model Type III hypersensitivity disease in which circulating immune complexes get filtered into 
membranes like the synovium or glomerulus where they activate the complement system. Inflammatory 
cells are recruited by anaphylatoxins. 

§ Cytokines play the usual role in the innate inflammatory response. 
o Psoriasis (see Chapter 89. Chronic arthritis and Chapter 103. Skin, selected rashes) 

§ Psoriasis is a complex immune-mediated disease that produces inflammatory plaques of the skin. 
§ Pathophysiology is an area of active research, but current understanding is that antigen presenting cells 

(APC) of the skin produce IL-23 and other cytokines that activate TH17 lymphocytes in the skin. TH17 
cells produce IL-17 and IL-22. IL-17 has many immune functions (i.e. pleiotropy), including recruitment of 
neutrophils. IL-22 stimulates the growth of keratinocytes, resulting in epidermal hyperplasia. 

§ Treatment typically uses immune therapies: 
• Limited disease can be controlled with topical steroids. 
• Moderate to severe disease (>10% of body surface area) requires systemic treatment of 

chemotherapy such as methotrexate or the biologics, such as anti-TNF, anti-IL-17, and anti-IL-23. 

TGF-β 

o This cytokine is produced by many cells and has complex effects. Some of the most important in clinical 
medicine include: 

o Immune modulation: 
§ Some key immune effects of TGF-β include production of Treg lymphocytes, together with IL-1 and IL-6 

production of TH17 lymphocyte and complex effects on macrophages. 
o Marfan syndrome and modulation of extracellular matrix (ECM) 

§ Fibrillin and fibronectin in the ECM act as storage sinks for TGF-β. The defective fibrillin of Marfan 
syndrome allows for overactivity of dysregulated TGF-β, which results in loss of elastic tissue. 

§ Marfan syndrome can be treated with anti- TGF-β drugs. 
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o Fibrosis and repair: 
§ TGF-β is a key cytokine in the M2 pathway of anti-inflammatory signaling and fibrosis after injury or infection. 

Cytokines of the M2 pathway include IL-4, IL-10, IL-13 and TGF-β. 
§ Conversion of the fibroblast and stellate cells to myofibroblasts. TGF-β is the central cytokine in diseases 

that result in fibrous effacement of normal organ architecture in: 
• Cirrhosis 
• Chronic pancreatitis 
• Scleroderma (an anti- TGF-β antibody (fresolimumab) has shown benefit) 
• Myelofibrosis (+ PDGF) 
• Pulmonary fibrosis 

o Cancer (see Chapter 13. Neoplasia, Figure 13-7) 
§ TGF-β has anti-proliferation activity at the G1-S checkpoint. It is particularly important in regulation of 

the stromal cells (fibroblasts and angiogenesis). Most cancers have a loss of function mutation in TGF-β. 
 
 

Structure of the aortic wall 

Regulation of the elastic medial lamellar 
units (MLU) in the aorta includes TGF-β 
from smooth muscle cells (SMC). This is 
bound in the ECM by fibrillin. With 
abnormal fibrillin, TGF-β dysregulation 
leads to rapid degeneration of the elastic 
lamina in Marfan disease. 

Figure 9-4 Structure of the aortic wall. 
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Chapter 10: Injury, Repair and Wound Healing 

Introduction 

Most cells have a finite life span and therefore there are homeostatic processes for their replacement. Cells have 
a wide variation in longevity, from hours (e.g. neutrophils - 4-6 hours), to days (GI enterocytes - 3 days). 
Noteworthy exceptions are cardiac myocytes and neurons that last a person’s life span and cannot be replaced. 

When there is increased cell loss due to injury, organ function will remain normal as long as the replacement rate 
matches the loss rate. These patients will remain asymptomatic, and the underlying pathologic process can only 
be identified by screening tests. 

There are 2 types of cell death. Accidental death is caused by an acute, severe stress that destroys the cell 
outright. Examples include trauma, electrocution, poisons, and temperature. All other cell death is programmed, 
if physiologic, and regulated, if pathologic. There are many types of regulated cell death, the most important of 
which are MPT-cell death (seen with ischemia), apoptosis, and autophagy. 

Injury to an organ occurs whenever a stressor exceeds homeostatic compensation. Stressors can cause injury by 
their severity and/or their duration.  

For further discussion, see Chapter 4: Cell injury and death. 

 

Common stressors that lead to injury and regulated cell death include: 

o Excessive demand (e.g. high output heart failure, weight on joints, tennis elbow) 
o Direct injury (e.g. ischemia, toxins) 
o Infection  

If the adaptation cannot adequately compensate for the stressor, then decompensation of the organ leads to 
further loss of function and a disease state. For further discussion of chronic progressive disease,                           
see Chapter 3: Chronic progressive disease, an introduction. 

 

Figure 10-1 Pathophysiology of injury. 

Adaptation 

- Adaptation refers to a change in the structure of a tissue or cell that is required to maintain 
function when a stressor exceeds the response achieved by homeostasis.  
o Adaptation, with its structural change, requires a change in protein synthesis and therefore 

requires change at the genetic level 
o Signaling for adaptation is usually through cytokines (For more information, see: Chapter 9: Cytokines) 

- Common examples of adaptation include atrophy, hypertrophy, hyperplasia, and metaplasia. 
o Adaptation in the heart through hypertrophy called remodeling.  
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In regulated cell death, the injured cells release cell contents that create a damage-associated molecular pattern (DAMP). 
DAMPS elicit an immune response, which means that organs with chronic injury invariably have chronic inflammation.   
The inflammatory cells will mostly be the mononuclear cells of the adaptive immune system, including both macrophages 
and lymphocytes. 

o In bacterial infections, there are abundant PAMPs (pathogen-associated molecular pattern) and neutrophils 
are the predominant inflammatory cell. In sterile wounds, there is only DAMP signaling and macrophages are 
the predominant inflammatory cell. 

Resident macrophages are the central regulators of the immune response.  

o When stimulated by PAMPs and DAMPs, they secrete the key cytokines of IL-1, IL-6 and TNF-α, that initiate 
the innate immune response. 

o Macrophages are antigen-presenting cells (APC). When they migrate to the draining lymph node they activate 
the cognate naïve T-helper cells (TH0) and regulate their differentiation. M1 macrophages secrete IL-12 to 
induce TH1 differentiation while M2 macrophages secrete IL-4 and other cytokines to induce TH2 
differentiation and antibody production. 
§ For further discussion, see Chapter 8: Adaptive immunity. 

o At the tissue level, substances in the microenvironment determine whether the local resident macrophages 
differentiate (aka polarize) to a kill pattern (M1) or to repair pattern (M2). 
§ M1 macrophages secrete NO, an unstable compound that binds to proteins and forms ionizing N~ 

radicals. M1 macrophages also secrete IL-12/IL-23, which mobilizes neutrophils from the marrow. M1 
macrophages are raised to an activated state by IFN-γ (e.g. they can survive phagocytosis of 
mycobacteria and can form granulomas). 

§ M2 macrophages secrete growth factors, especially TGF-β, VEGF, PDGF, and FGF. These induce the 
myofibroblasts that cause wound contraction, fibroblast secretion of collagen, and extracellular matrix. 
Production of VEGF induces neovascularization. M2 macrophages have important roles in autoimmunity 
and neoplasia. 
 
 
 
 
 
 
 
 

Figure 10-2 Pathophysiology of chronic progressive disease. 
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There are 2 patterns of repair: 

o Regeneration: seen when the parenchymal cells are capable of division and there is intact stroma. 

 
o Scarring: fibrosis creates a scar that replaces the damaged tissue. This is irreversible. 

Healing of skin wounds 

Types of skin wounds 

o Healing by primary intention: 
§ A laceration or surgical incision in which the cut edges are closely approximated. 
§ The only cell migration needed is that of the epithelium. 
§ There are only 3 phases of repair: clotting > inflammation > neovascularization and collagen production. 

There is no granulation tissue. 
o Healing by secondary intention: 

§ A loss of tissue leaves a defect that must be filled with granulation tissue. 
§ Inflammation is more intense and 70% of wound closure is by contracture. 
§ There is a large surface area needing re-epithelialization. 

Histology: parenchyma versus stroma 

- Parenchyma refers to the cells of an organ that have differentiated to provide its specialized 
function. In the liver, this is the hepatocytes. In the kidney, it is the cells of the nephron. As long as 
the stroma is preserved and the parenchymal cells can divide, there will be some degree of 
recovery once the stressor or injury is relieved. 

- Stroma refers to all of the cells that support the parenchymal cells. This includes nerves, blood vessels, 
lymphatics, and connective tissue. A fine meshwork of Type III collagen is often seen wrapping around 
cells to provide cellular orientation. Stroma is much the same in all organs except the CNS. 

Figure 10-3 Interaction of the innate and adaptive immune systems. 
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o Hemostasis (See Chapter 97. Hemostasis and coagulation): 
§ With injury, there is a transient neurologically-mediated vasospasm. 
§ The clotting cascade rapidly forms a coagulum within 1-2 minutes. Fibrin forms a provisional wound 

matrix and platelets release multiple growth factors that initiate the repair process.  
§ The Factor XII/kallikrein/HMWK/plasmin coagulation cascade activates the complement system.            

The anaphylatoxins (i.e. C3a, C5a) start the acute inflammatory sequence. 
o Inflammation: 

§ This follows the typical pattern of innate inflammation, with neutrophils arriving within hours and 
peaking on day 3. Bone marrow-derived monocytes arrive after 2-3 days, peaking at days 7-10. They 
supplement the resident macrophages. 

§ During this period, macrophages polarize from an M1 to and M2 profile (see above). Many different cells 
secrete growth cytokines with overall regulation by the macrophages. 

o Granulation/proliferative phase: 
§ Fibroplasia: By days 5-7, fibroblasts have migrated into the wound, laying down new collagen, 

predominately type III.  
• Under the influence of TGF-β, some dermal fibroblasts become myofibroblasts, with contractile 

properties. These account for wound contracture which causes 70% of wound closure. 
§ Matrix deposition: fibroblasts secrete glycosaminoglycans (GAGs) and fibronectin that form the 

extracellular matrix for tissue construction. 
§ Neovascularization 

• VEGF is the central cytokine for the outpouching of the capillary wall and proliferation of endothelial cells 
and pericytes that forms new vessels in the injury space. 

• The initial vessels are fragile and leaky, accounting for the friability and crusting of open wound bases. 
§ Re-epithelialization: 

• Basal keratinocytes from the wound edges and adnexal structures proliferate and advance as a sheet 
until they meet in the middle. 

• Epithelial cells only advance across living tissue, so deep wounds do not cover until the central 
necrosis has been replaced with granulation tissue. 

• To advance, epithelial cells must undergo an epithelial-mesenchymal transition in which they lose 
epithelial characteristics and gain mesenchymal features such as desmosomes, development of 
pseudopodia and actin filaments. 

Figure 10-4 Granulation tissue. 
F = fibroblast, ECM = extracellular matrix, V = blood vessel 
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o Remodeling: 
§ Defined as the point when production of Type I collagen starts to exceed that of Type lll collagen. 
§ Disorganized collagen fibers are rearranged, cross-linked, and aligned along tension lines. 
§ Wound strength increases about 10%/week to a maximum of 80%. 
§ Most blood vessels regress by apoptosis. 
§ May last more than 1 year. 

 

 

 

 

 

 

 

 

 

  

The TGF-β diseases 

TGF-β is the central cytokine for fibrosis. There are several diseases in which fibrosis is central to the 
pathologic effacement of the organ. 

- Cirrhosis 
- Pulmonary fibrosis 
- 1° myelofibrosis 
- Scleroderma 
- Chronic pancreatitis 

Targeting TGF-β is an area of active research. Fresolimumab, an antibody that targets all isoforms of 
TGF-β has shown activity in scleroderma and pulmonary fibrosis.    

Table 10-1 Phases of wound repair 

Figure 10-5 Phases of wound repair. 
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o Chronic wound: 
§ Defined as failure to restore skin integrity within 3 months. 
§ Pathophysiology: 

• Chronic wounds do not progress through the inflammatory phase. Processes of degradation exceed 
those of production. 

• The wound often has bacterial overgrowth with biofilm production, necrotic tissue, and moisture imbalance. 
• Common underlying causes include: 

o Arterial: ischemia from peripheral artery disease from atherosclerosis is the most common 
cause in America. Other arterial ischemic causes include sickle cell anemia and vasculitis. 

o Venous: very common cause in the legs. Presumed due to congestive pressure from increased 
venous pressure. 

o Diabetic: common on the foot, especially the heel. Due to neuropathy as there is repeated small 
trauma. In addition, diabetes has impaired immunity, microvascular disease, and atherosclerosis. 

o Pressure: seen in bedsores and in paralytics. 
§ Treatment: 

• The mainstay of general treatment is the TIME principle: tissue debridement, infection control, 
moisture balance, and edges of the wound (e.g. debridement, grafting, growth factors).  

• Specific treatments: 
o Arterial ulcers: vascular intervention.  
o Venous ulcers: compression and elevation of the lower extremities, plus exercise if tolerated.  
o Diabetic foot ulcers (very problematic): offloading the foot and treating the underlying 

peripheral arterial disease.  
o Pressure ulcers: offloading the affected area. 

o Keloid scar: 

§ Pathologic scars that form in sites of mechanical stress (e.g. ear lobes, chest, jaw) after trivial trauma.  
§ The scarring typically extends beyond the site of the original injury. 
§ The etiology is unknown. It is not considered a neoplasm but a hypertrophy. There is ethnic 

predisposition with increased prevalence in those from the Bight of Benin. 
§ Biopsy shows dense bundles of hyalinized collagen (Types I and III) in the dermis. 
§ Treatment includes re-excision and injection of cortisol to suppress inflammation with its growth factors. 

Figure 10-6 Keloid. 
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Introduction: 

The cells of each organ require oxygen, nutrition, and the clearance of waste. As the body’s organs are widely separated, 
the circulatory system is necessary to complete this function. Most of the attention in medicine is paid to diseases of the 
larger vessels, the macrovascular component, with its pathology of atherosclerosis, arteriolosclerosis, and vasculitis. These 
are traditionally discussed as the “Circulatory system”. This chapter will center on the regulation and diseases of the 
microcirculation, and blood flow at the tissue level. Dysfunction of other serous fluids is also discussed.  
o Non-vascular fluids that have key roles in body function: 

§ Mucus: aids in the movement of food in the gut, controls cervical os permeability and is part of the 
mucociliary sheets that are key in microbiome formation and the trapping of pathogens. 

§ Synovial fluid: has a key role in buffering joint movement. 
§ Serous fluid: secreted by serosal membranes to decrease friction between the surfaces of the celomic 

cavity (i.e. parietal pleura, pericardium, and peritoneum) and the internal organs (i.e. visceral serosa). 
§ Sweat: critical in temperature regulation (cooling). 

 

Terminology: 

o Hemodynamics: the physical laws of hydraulic circuitry that describe the behavior of Newtonian liquids.        
A Newtonian liquid shows a linear change in viscosity with increasing rates of flow. In the blood, this 
describes plasma, which composes 60% of blood volume. 

o Rheology: the physical laws of non-Newtonian fluids which includes the red blood cells (RBCs) and the      
non-rigid vessels of the circulatory system. In non-Newtonian fluids, there are non-linear increases or 
decreases in viscosity with increased rates of flow. Because RBCs make up >99% of cells, the hematocrit (Hct) 
normally determines viscosity. When the Hct is >60% (i.e. polycythemia) or the WBC count >100,000 /mL                     
(i.e. leukemia) viscosity becomes pathologic. 

 

 

 

 

 

 

o Viscosity: describes the resistance to deformation of a fluid, usually thought of as its “thickness”. A 
common example is syrup. This resistance creates an internal friction that affects the flow of fluid in a 
tube as there is more resistance against the vessel wall than in its center. This creates circulating pools 
and marginal pools of the blood cells, important in neutrophil migration into tissues. 

o Shear stress: this is the produced by the shear force placed on the blood vessel’s endothelial surface 
when a viscous fluid moves over its surface. It is similar to the friction created by 2 solids moving over 
each other. At physiologic levels and with laminar flow, shear force creates a healthy physiological 
response in endothelial cells. 

 

Liquid versus fluid 

Liquid is the term used to describe one of the physical states (i.e. gas, liquid or solid). It is 
dependent on temperature and pressure. A fluid is anything that flows, which includes gases 
and liquids. In a practical sense, a fluid assumes the shape of its container. In medicine, the 
term fluid is generally used when there is significant viscosity, as this will generate shear stress. 
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§ Disturbed or oscillating cycles create an injury signal. This is most commonly seen along the inner walls 

of curves (e.g. LAD coronary artery) and the outer walls of vessel bifurcations (e.g. carotid artery). 
§ Atherosclerotic plaques disrupt normal laminar flow and create high shear stress. This leads to thinning 

of the fibrous cap and an unstable plaque with risk of thrombosis. 

o Serum is a Newtonian fluid. Its viscosity remains the same over a large range of shear force (i.e. flow). The 
viscosity of whole blood is made non-Newtonian by the cells. This means that its behavior depends on the 
ambient conditions of temperature, pressure, shear force (i.e. flow) and diameter of the vessel. 

 
§ The physics of this flow is described in Pouseiulle Law:                                  
§ Viscosity effects of proteins is mostly caused by those with a linear shape such a fibrinogen (elevated in 

inflammation), globulins (elevated in Waldenstrom macroglobulinemia and myeloma) and cryoglobulins 
(multiple causes), which form gels at cool temperatures. 

Figure 11-1 Viscosity in a Newtonian fluid. 

Figure 11-2 Shear stress and endothelial cell health. 

Pouseiulle’s Law 
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higher rates of flow, due to shape deformation and aggregation. In sickle cell disease, low oxygen 
environments induce deformation. The now rigid RBCs cause a higher whole blood viscosity in addition 
to the sticky cell membrane that adheres to the endothelium. The net result is microvascular occlusion. 

Hyperviscosity syndrome. 

Hyperviscosity syndrome is a symptom complex of neurological dysfunction, visual disturbances due to retinal 
hemorrhages, and mucosal bleeding such as epistaxis and the gums. 

The pathophysiology is caused by decreased blood flow through the capillaries which results in vessel rupture, 
ischemia, and possibly thrombosis. 

The most important causes are of hyperviscosity are: 
o Increased cells: 

§ Red blood cells (polycythemia): 
• While serum follows linearity of a Newtonian fluid, whole blood is non-Newtonian.  
• Shear stress rapidly increases as hematocrit rises from 50% to 60%. 

 
§ White blood cells (leukemia). 

• Hyperviscosity is seen in all types of leukemia, both acute and chronic.  
• Unlike RBCs, WBCs are non-deformable, but normal leukocyte counts are too low to affect viscosity. 

Hyperviscosity should be expected at WBC counts >100,000 /mL. 
• Neurologic symptoms are commoner in myeloid leukemias at lower levels of proliferation, 

presumably due to their larger size. 
 

o Increased plasma proteins:  
§ Seen in Waldenström macroglobulinemia (most common cause, 90%), myeloma, and cryoglobulinemia. 
§ Symptoms occur when plasma viscosity is at least four times that of normal serum. 

• IgM level greater than 3 g/L. 
• IgA level greater than 4 g/L. 
• IgG level greater than 6 g/L. 

 
§ The intrinsic viscosity of IgM is higher because of its high molecular weight and unique structure          

(five arms extending out from a central core). IgA forms dimers and trimers.  
 

Most laboratories measure serum viscosity rather than whole blood viscosity. Water has a viscosity of 1 centipoise 
(cp) and normal serum 1.4 to 1.8 cp. Symptoms start to appear at 3 cp and are uniformly present at >4 cp. 

Figure 11-3 Viscosity in Newtonian and non-Newtonian fluids. 
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o Increased gamma globulins can be suspected when there is a large total protein – albumin gap and when 
there is RBC rouleaux. 
 

Natural history: 

o Complications: hyperviscosity is an oncologic emergency due to complications of ischemia, which include 
myocardial infarction and multiorgan failure. 

o Treatment starts with apheresis (plasmapheresis, leukocytapheresis or phlebotomy, depending on the 
underlying problem).  

o Chemotherapy of an underlying neoplasm is necessary of long term control. 

Regulation of blood flow at the systemic level 

The body does not monitor tissue perfusion directly, but indirectly through blood pressure (BP). The physiologic 
range of blood pressure is maintained by neurohormonal mechanisms. For further discussion,            
see Heart, CHF pathophysiology. 

Regulation of blood flow at the tissue level 

Blood flow to tissues is controlled by a variety of stimuli that act on vascular tone, which reflects the degree of 
contraction of vascular smooth muscles. 

Smooth muscle is found in a wide range of arteries. This allows for changes in flow from the organ to the tissue level: 
o Arteriole (10-100 μM): 1-3 layers of muscle 
o Small artery (100-1000 μM): 3-10 layers of muscle 
o Muscular artery (named): up to 40 layers. Merge into elastic arteries/aorta. 

Vascular tone is regulated at the regional level through the muscular arteries (e.g. viscera versus skeletal muscle) 
down to a small region of tissue through the arterioles. 

  

Figure 11-4 Blood pressure sensors and effectors. 
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§ Stomach: ischemic erosive gastritis (aka Curling ulcers) from celiac artery vasoconstriction. 
§ Colon, splenic flexure: ischemic colitis at the watershed area of superior -inferior mesenteric arteries. 
§ Kidney: Pre-renal failure. 

The physics of blood flow (Q) is quantitated in Pouseiulle Law. Note that diameter, which changes with changes in 
vascular tone, is to the 4th power. Clinically, this starts creating ischemia when stenosis is >70% of lumen diameter. 

 

Blood flow in most organs is also controlled by vasodilation of small arteries and arterioles (i.e. the resistance 
vessels), called autoregulation. Dilation at this level can maintain flow even with loss of perfusion pressure               
at the artery level. 

o It is beyond the scope of this chapter to review the physiology of autoregulation, but it is mediated by 
metabolic, myogenic, and endothelial mechanisms. 

 

Local control 

Figure 11-5 Local and systemic regulation of blood flow. 

Systemic control 

Pouseiulle’s Law 



100

Clinical Pathophysiology

o Different organs have different degrees of the ability to autoregulate. 
§ Heart, kidney, and brain have precise autoregulation that keeps blood pressure within a narrow 

homeostatic range. 
• For further discussion, see Heart, Ischemia, pathophysiology, Kidney, Cell structure and 

pathophysiology, and CNS, Structure and function, gross. 
 

§ Skeletal muscle and splanchnic arteries have moderate autoregulation. 
§ Skin has minimal autoregulation. 
§ Lung is the only organ that has vasoconstriction in response to hypoxia. 

o Pathologic stenosis of an artery from atherosclerosis, vasospasm, or partial thrombus, can cause a drop in 
flow that exceeds the compensatory effect of autoregulatory effects of downstream small vessel vasodilation. 
Model diseases include the demand ischemia of stable angina (coronary artery disease) and claudication 
(peripheral artery disease). 
 

Regulation of flow at the cellular level. 

Fluid flow in the interstitium washes over the cells to provide oxygen and nutrients and clear away wastes.       
This fluid flow occurs at the level of the capillaries and the small post-capillary venules. Any excess flow is     
cleared through the lymphatics. 

Water, electrolytes, and small substances can pass directly through the capillary wall. Larger proteins and lipid 
require transportation. 
 
o Bulk flow: force is provided by the pressure of cardiac output. Model organs include the capillaries of the 

glomerulus for urine production and the choroid plexus of the brain for CSF production. 
o Diffusion: movement is by Brownian motion and therefore rate depends on the difference in concentration 

between the blood and the tissue. Described in Fick’s Law. Diffusion is important in the exchange of gases  
(O2 and CO2) and lipid-soluble substances like anesthetics. There is diffusion of water and electrolytes. 

o Pinocytosis (vesicle transport): macromolecules are transported through the cell in a fluid-filled vesicle 
formed by an inward invagination of the cell membrane that pinches off and closes. By comparison, 
phagocytosis, another form of endocytosis, ingests large solid particles.  

Starling forces: vascular-interstitial fluid exchange 

o Water exchange between the plasma and interstitial fluid occurs across the capillary wall and is an 
ultrafiltrate. The direction of flow is determined by the difference between the hydrostatic and oncotic 
pressures of these two compartments.  

Figure 11-6 Mechanisms of capillary exchange. 
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fenestrated and sinusoidal capillaries.  

 

 

o The net hydrostatic pressure is the difference between the capillary pressure, which reflects the residual 
blood pressure, and the interstitial pressure which should be near zero or minimally negative if there is 
normal lymphatic pumping. 

o The net oncotic pressure is the difference between the capillary oncotic pressure, which is 80% albumin, and 
the interstitial oncotic pressure, which is lower as protein does not normally escape the vascular space. 

o As plasma moves from the arterial to the venous side of the capillary, the hydrostatic pressure decreases due 
to friction and the capillary oncotic pressure increases due to higher concentration following water loss. 
Filtration reverses to reabsorption. 

o Net movement results in net filtration of 1% out. This fluid flows through the interstitium and is collected in 
the lymphatics. 

o There are diverse causes that upset the finely tuned capillary fluid exchange. This leads to a buildup of fluid in 
the interstitium called edema. 
§ Increased hydrostatic pressure: hypertension 
§ Increased venous pressure: right ventricular failure 
§ Increased lymphatic pressure: surgery, filariasis 
§ Decreased oncotic pressure: cirrhosis, nephrotic syndrome 
§ Increased vascular permeability: urticaria, anaphylaxis, inflammation 

Pathology of fluids 

Edema 

Edema is swelling of tissues due to fluid accumulation in the interstitial space (i.e. the space between the cells, which 
can be expanded). This fluid can be recognized clinically as it moves under pressure, so called “pitting edema”. 
Edema results from an imbalance between the fluid leaving the capillary vascular space and the lymphatic clearance.  
Transudates: fluid leakage through an intact vessel wall is low in protein and has few cells. It can be caused by an 
increase in hydrostatic pressure or a decrease in oncotic pressure, almost entirely caused by hypoalbuminemia.  

Figure 11-7 Starling forces: vascular-interstitial fluid exchange. 
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Exudates: fluid leakage, due to an increase in capillary permeability, is usually due to acute inflammation. There is 
loosening of the endothelial tight junctions which allows proteins and cells to move into the interstitial space. 
 
Generalized edema: 

 

Localized edema: 

o Pulmonary edema: 
§ Transudate: when the capillary pressure exceeds 20 mmHg, fluid moves from the alveolar wall into the 

alveolar space. The resulting V/Q mismatch leads to shortness of breath. Caused by left ventricular failure. 
§ Exudate: injury to either the pulmonary endothelial cell (e.g. sepsis) or epithelial pneumocyte (e.g. smoke, 

drugs). This can cause severe damage with leakage of proteins and cells. This pattern, called diffuse alveolar 
damage, is seen microscopically as hyaline membranes. The clinical disease is acute respiratory distress 
syndrome (ARDS). 

o Cerebral edema: 
§ This can be seen in many conditions and is a life-threatening condition. For further discussion, see: CNS: 

General Pathology (2) Raised intracranial pressure: cerebral edema, herniation, and hydrocephalus 
o Edema of the lower limb: 

§ Edema starts to form in the lower leg when hydrostatic pressure exceeds 10 mmHg. Standing itself adds 
10 mmHg of pressure, making edema of the feet common. Lower leg edema is common in pregnancy 
due to the 50% increase in plasma volume and the pressure of the uterus on the pelvic veins. 

§ Unilateral edema of the leg is common with venous thrombosis. 
o Lymphedema: 

§ Impaired clearance of lymphatic fluid is seen with 
• Fibrosis: irradiation and surgery (e.g. axilary lymph nodes in breast cancer) 
• Infection: filariasis causing elephantiasis. 

 

 

 

 

 

 

Figure 11-8 Disorders of Starling forces that cause generalized edema. 
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Effusions are accumulations of fluid in the potential spaces of body cavities. 
The cavities of the embryologic coelem include the pleural and pericardial 
spaces, separated from the abdominopelvic cavity by the diaphragm. These  
are lined by mesothelium on both on the body wall side (parietal) and the 
underlying organs (visceral).  

The mesothelium produces a small amount of serous fluid that allows for the 
organs to move without friction in their cavities. 

The shiny smooth mesothelium can be appreciated grossly and in the context 
of the coelom is called a serosa. 

o Joints are lined by synovium which produces a more complex fluid with 
glycosaminoglycans. 

(See Chapter 87. Joint: CPC, structure and function). 

Effusions are pathologic and must be investigated to establish a cause. 

Transudate verus Exudate: 
o Effusions that are transudates are caused by disturbances in the Starling forces:  increased hydrostatic 

pressure and/or hypoalbuminemia. 
o Exudates are usually due to inflammation or malignancy. 
o The most commonly used criteria are based on pleural effusions and do not work very well for pericardial effusions. 

 

o Further testing in effusions: 
§ Cytology: malignancy 
§ Culture and sensitivity: bacteria 
§ Cardiac troponins: elevated in pericarditis 
§ Interferon-γ and adenosine deaminase: tuberculosis 

Figure 11-9 Spaces of the 
coelomic cavity. 

Table 11-1 Characteristics of transudates and exudates. 
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§ Amylase: acute pancreatitis 
§ Rheumatoid factor and ANA: rheumatologic diseases 

 

Hyperemia 

Hyperemia is a localized increase in the blood volume due to arteriolar dilation. The increased blood flow makes 
the tissue warmer, redder, and have larger volume. 

It is an active process that can be physiologic, such as exercise, or pathologic, such as acute inflammation. 

o In acute inflammation, hyperemia correlates with the cardinal signs of warmth (calor), redness (rubor) and 
swelling (tumor). 

Congestion 

Congestion is a buildup of blood in an organ or tissue due to 
decreased venous outflow. It can be generalized, such as 
“congestive” heart failure or local, seen with thrombosis or 
mechanical compression. 

o Right ventricular failure causes congestion in the liver. This starts 
in Zone 3, giving a characteristic “nutmeg” appearance. Over 
months, this can lead to hepatocellular atrophy and fibrosis, but 
not cirrhosis. 

o Left ventricular failure can lead to extravasation of red blood cells 
in the alveolar space. These are cleared by alveolar macrophages 
which then contain hemosiderin. Staining for hemosiderin-laden 
macrophages (“heart failure cells”) has been used as a diagnostic 
test for heart failure. 

Hemorrhagic necrosis: 

o In specific situations, mechanical pressure on an organ’s blood supply can compress the low pressure veins 
(typically <15 mmHg pressure) without compromising the high pressure arteries (120/80 mmHg). This results 
in venous engorgement of the affected organ. Engorgement can result in an internal pressure high enough to 
then compress the arteries, resulting in ischemic necrosis. 
§ Arterial occlusion results in rapid cell death, from 3-5 minutes for neurons to 60 minutes for connective 

tissue (note that 1 hour is the usual time limit for limb compression in orthopedic procedures).  
§ Venous congestive ischemia is much slower, typically over hours. Hemorrhage alone does not prove cell death 

and viability is a judgement that must be made at the time of surgery. 

Adenosine deaminase 

This enzyme is found in all mammalian cells. In humans, it is essential for 
the development and maintenance of the immune system. It has its 
highest concentration in macrophages. As tuberculosis forms granulomas 
from macrophages, low AD levels in a fluid rules out TB. 

Deficiency in AD causes severe combined immunodeficiency disease. 

Figure 11-10 Liver: congestive pattern 
(“nutmeg”). 
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§ Ovarian torsion. 
§ Testicular torsion 
§ Incarcerated inguinal hernia. 
§ Paraesophageal hernia incarceration. 

Hemorrhage: See Chapter 97. Hemostasis and coagulation and Chapter 98 
Bleeding disorders. 

Thromboembolism: See Chapter 99.  Hypercoagulable states and 
thromboembolic diseases. 

Unique types of embolism: 
o Fat embolism 

§ Major trauma releases fat globules from the marrow into the blood. It occurs in 90% of major trauma 
patients and 5-10% of femoral fractures. 

§ Presentation occurs 24-48 hours post-trauma and includes shortness of breath, mental changes and  
non-palpable petechiae. 

§ Diagnosis is clinical. 
• Chest X-ray shows bilateral diffuse infiltrates (ground glass opacities by CT scan) 

§ Treatment is supportive. 
 

o Amniotic fluid embolism: 
§ During labor, there can be an infusion of amniotic fluid and/or fetal tissue into the maternal circulation. 

This activates coagulation and inflammation, resulting in a shock/DIC-like syndrome. There is no 
significant obstruction of flow through the pulmonary vessels. 

§ Patients present with sudden dyspnea, shock, and neurologic impairment during labor or in the 
immediate postpartum period. 

§ Mortality is high (up to 80%). At autopsy, fetal squamous cells and other fetal parts may be found in the lung. 
§ Amniotic fluid embolism accounts for 10% of maternal deaths in the US. 

 
o Air embolism: 

§ Gas bubbles may coalesce in the blood to form a frothy fluid. When this is >100 mL in volume, it cannot 
be pumped by the heart as the bubbles compress, compromising the ejection fraction. 

§ Decompression sickness (aka “the bends”) is most commonly seen in scuba diving when there is a 
sudden decrease in atmospheric pressure from too rapid an ascent. 

§ Disease may be acute or chronic (called caisson disease). 
§ Treatment for acute disease is recompression. 

 
 

Shock 

Introduction: 

Shock is a state of generalized hypoperfusion leading to hypoxia. It is characterized by hypotension (systolic BP < 90 
mmHg or MAP < 60 mmHg) after resuscitation attempts using fluids and a lactic acidosis (> 18 mg/dL (2 mmol/L)). 

 

 
 

Mean arterial pressure (MAP) 

MAP = diastolic pressure + 1/3 (systolic pressure – diastolic pressure) 

 

Figure 11-11 Incarcerated hernia. 
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Stages of shock: 

o Compensatory stage (pre-shock): blood pressure can be sustained by neurohormonal mechanisms (i.e. SNS, 
catecholamines, RAAS and ADH) with tachycardia, tachypnea, and peripheral vasoconstriction 

o Progressive stage: there is evidence of end organ dysfunction and hypoxia with hypotension and lactatemia. 
Endothelial injury begins (e.g. DIC) and multiple organs begin to fail (e.g. rising creatinine, ARDS). 

o Irreversible stage: multiorgan failure, direct cardiac toxicity, and death. 

Clinical presentation of shock: 

o Blood pressure = cardiac output X systemic vascular resistance, SVR (aka total peripheral resistance, TPR). 
This results in two clinical pictures. 
§ ↓ CO: vascular tone can respond to the SNS and catecholamine stimulation. There is peripheral 

vasoconstriction:  
• Cold, pale sweaty skin with slow capillary refilling. 

§ ↓ SVR: vascular tone is low and does not respond to stimulation. There is no peripheral vasoconstriction. 
• Warm, flushed skin with rapid capillary refilling. 

There are 4 major causes of shock. 

o Hypovolemic. 
o Cardiogenic. 
o Distributive. 
o Obstructive.  

 

Hypovolemic shock 

The volume of the vascular space in a 150 lb. adult is about 5000 mL of whole blood. 
o This is divided into 80% venous and 20% arterial compartments, so that there is no more than 1000 mL of 

blood in the arterial side. A major effect of neurohormonal regulation of blood pressure in the acute setting is 
the shift of blood out of the venous space due to vasoconstriction.  

o Shift of fluid from the interstitial space and cells takes hours. This can be recognized by a drop in hemoglobin 
concentration within 1-2 days due to hemodilution. 

Adults can tolerate the loss of 5-10% of blood volume without symptoms. The typical blood donation is 470 mL 
(i.e. <10% in an adult) 

In acute hemorrhage, hypovolemia is the dominant pathophysiology, not the loss of O2 capacity from loss of RBCs. 
Brain and kidney are the organs most vulnerable to injury due to their need for a high blood supply. 
 
o The most important initial treatment for acute blood loss is fluids such as crystalloids which support volume. 

Transfusion of RBCs is secondary. 

Internal replacement of lost RBCs occurs when the increased production of erythropoietin from the kidney stimulates 
erythropoiesis in the marrow. Hemoglobin levels start to rise after 5 days, and production can increase 5 fold.  
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10-15% Tachycardia SNS à SA node 

Tachypnea O2 chemoreceptorà medulla 
Shortness of breath Psychological 
“Light-headedness” ↓perfusion of brain 

>20% Postural hypotension Limits of vasoconstriction 
 Evidence of organ dysfunction (shock) Early hypoxic effect 

>30% Shock Generalized tissue hypoxia 
 Hypotension (BPsystolic < 90 mmHg) Insufficient preload 
 Air hunger CNS hypoxia 
 Confusion CNS BPsystolic < 60 mmHg 

 
Common causes of hemorrhagic hypovolemic shock include: 
o Gastrointestinal bleed. 
o Trauma. 
o Spontaneous bleeding with anticoagulant use. 

Common causes of non-hemorrhagic hypovolemic shock include: 
o GI losses - vomiting, diarrhea. 
o Renal losses - medication-induced diuresis. 
o Skin losses/insensible losses - burns, heatstroke, pyrexia. 
o Third-space loss - pancreatitis, cirrhosis, intestinal obstruction, trauma. 

Cardiogenic shock 

Caused by a decrease in cardiac output (i.e. stroke volume or heart rate). 

Causes: 
o Contraction abnormalities: this is overwhelmingly due to ischemia in developed countries. Heart failure 

occurs when there is loss of > 40% of muscle mass. 
o Conduction abnormalities: arrhythmias 
o Mechanical abnormalities: valve insufficiency, papillary muscle rupture, ventricular free wall rupture. 

Obstructive shock 

The least common type of shock, it is caused by a decrease in left ventricular preload 

Causes: 
o Pulmonary vascular: massive pulmonary embolism 
o Extrinsic compression: tamponade, tension pneumothorax 

Distributive shock 

Caused by a decrease in systemic vascular resistance (SVR). This is due to a loss of vascular tone in the 
microcirculation (i.e. arterioles).                                                                                    

 

Table 11-2 Clinical pathologic correlation of hypovolemia. 
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 Types of distributive shock: 

o Systemic inflammatory response syndrome (SIRS). 
§ SIRS is an exaggerated immune response to a large number of injuries that release a damage-associated 

molecular pattern (DAMP) or pathogen-associated molecular pattern (PAMP). The most common cause is sepsis. 
§ It is due to a cytokine storm, especially IL-1 and TNF-α, with injury to the endothelial cells. This leads to 

abnormalities of coagulation (DIC), vascular tone (hypotension), lung damage (ARDS) and kidney failure. 
There can be progression to widespread organ failure. 

§ SIRS is a term mostly used in the hospital setting of an ICU to try to group like-patients for treatment and 
study. It has a clinical definition that is not very specific: 
• Body temperature: >38 °C or <36 °C. 
• Heart rate: >90 /min. 
• Respiratory rate: > 20 /min (or PaCO2 < 32 mmHg). 
• Leukocyte count: > 12,000 or < 4000 /mL (or >10% bands). 

§ There are other competing classifications that use organ dysfunction and failure. 
 
o Septic shock. 

§ Defined as SIRS caused by an infection. 
§ The progression of severity in an infection is described by: 

• Bacteremia: presence of bacteria in the blood. 
• Sepsis: evidence of organ injury (SIRS) 
• Septic shock: hypotension and lactic acidosis despite IV fluid support. 

o Anaphylactic shock. 
§ Anaphylaxis is a severe hypersensitivity reaction caused by IgE-mediated degranulation of mast cells. The 

histamine and other compounds released have widespread effects in the body. 

Figure 11-12 Anaphylaxis. 
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Fluids and The Microcirculation 11§ First line treatment is injection of epinephrine 
• Alpha-1 adrenergic receptors: induce vasoconstriction, which prevents or diminishes tissue/airway 

edema, hypotension, and distributive shock. 
• Beta-1 adrenergic receptors: increase heart rate and cardiac contractility. 
• Beta-2 adrenergic receptors: dilate airways. 

o Neurogenic shock. 
§ Occurs in a setting of trauma to the spinal cord or the brain. 
§ Pathophysiology:  disruption of the autonomic pathway results in decreased vascular resistance and 

changes in vagal tone. 
o Endocrine shock. 

§ Acute adrenal failure: Addisonian crisis, Waterhouse-Friderichsen syndrome. 
§ Myxedema (severe hypothyroidism). 

Summary of shock: 

 

 
Table 11-3 Summary of shock. 
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Introduction. 

In clinical medicine, embryology requires a great deal of effort for little reward. What follows is the essential 
embryology that can be captured in a small number of images and their discussion. Details for most diseases are 
discussed in the chapters on their organ system. 

Clinical terminology: 

o Malformation: a primary defect in the formation of an organ. It commonly occurs due to abnormal cell 
organization. Also referred to as an intrinsic defect. Model disease: anencephaly. 

o Deformation: a secondary defect to a normally formed organ. It is usually mechanical in origin. Also referred 
to as an extrinsic defect. Model disease: hip dislocation in a breech delivery. 

o Disruption: Secondary loss or breakdown of a normal structure. Model disease: amniotic band (there really 
are not any others). 

o Agenesis: complete absence of an organ. 
o Sequence: multiple defects that occur in a cascade from a single defect. The abnormalities have a cause and 

effect relationship. Model disease: Potter sequence (renal agenesis > oligohydramnios > pulmonary 
hypoplasia etc.). The term syndrome is often used as well. 

o Syndrome: used when several different phenotypic abnormalities arise from a common cause and occur 
together in a predictable fashion. A good example would be 22q11 deletion syndrome, in which a defect in 
branchial clefts 3 and 4 is responsible for abnormalities in the thymus (di George syndrome), parathyroid 
glands (absence), great vessels tetralogy of Fallot), and abnormal facial features.  

o Association: defects that occur together more often than dictated by chance. Model disease: celiac sprue 
with dermatitis herpetiformis. 
 

Anatomical/embryology terminology: 

o Blastema: a heterogeneous mass of primitive cells that can form an organ. 
o Anlage: an organ at an early recognizable stage. The term is used to describe a precursor or forerunner 

structure. The term is often used in a way that overlaps with blastema. 
o Placode: ectodermal sites from which the sensory organs will develop. 

 
Early development: Zygote to embryo (to the end of the 8th week) (Photomicrographs from: Hill, M.A. (2021, 
November 8) Embryology Carnegie stage table). 
 
o Week 1: 

§ Day 1: zygote (fertilized egg before the first division) 

 

 

Figure 12-1 Zygote. 
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§ Day 2: morula (ball of cells without a cavity)  

§ Day 2-6: blastocyst (mass with inner cells that form the embryo, outer cells that form the trophoblast of 
the placenta and a cystic space)   
 

§ Day 6-7: implantation of blastocyst. 
 

o Week 2: embryo, bilaminar disc 

 
o Week 3: embryo, gastrulation: formation of a 3-dimensional structure (trilaminar disc) from the bilaminar 

disc and first organs. 
§ Germ layers of endoderm, mesoderm, and ectoderm develop. 
§ Notochord develops, needed for formation of the central nervous system. 

Figure 12-2 Morula. 

Figure 12-3 Blastocyst. 

Figure 12-4 Bilaminar disc. 

Inner cell mass (embryo) 

Outer cell mass (trophoblast) 
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§ This is a time period that is foundational in clinical medicine as it is the start of organogenesis. From a single 

template, one can see formation of the gut (Figure 12.5 #1), with the start of the lung and liver buds, limb buds 
(Figure 12.5 #2), the mesonephros from which the internal male genital structures will form (Figure 12.5 #3), 
the cardiovascular system (Figure 12.5 #4), the CNS (Figure 12.5 #5), and the branchial arches (Figure 12.5 #6). 

  

Figure 12-5 Week 4: the template for the start of organogenesis. 

 

Figure 12-6 Week 4: Development of key organs. 

Week 4 CDV 

GU 

GI 
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o Weeks 5-8: embryo, development of organ systems 
§ Key period of vulnerability to teratogens. After this, there can be organ damage, but the organ will         

be fully formed. 
§ Cardiovascular system: heart starts to beat and blood to flow 
§ Neural tube closes 
§ Facial organs form (placodes of the eyes, mouth, and ears). 
§ Visceral organs form (lung, pancreas, liver, kidney, and spleen). 
§ External genitalia form. Embryo differentiates internal genitals by sex (mesonephros/Wolffian duct    

à male; paramesonephros/Mullerian duct à female) 
 

Weeks 9-37: Fetus, continued development to term. 

Lung 

Congenital pulmonary airway malformations 

A heterogeneous group of cystic and non-cystic lesions that form from abnormalities of branching morphogenesis 
during development. 

 
 
 

 
 
 
 
 
 
 
 
 

Their location can vary from central (bronchial) to peripheral (alveolar) depending upon the level of formation. 

Their clinical significance lies in mass effect, which can cause pulmonary hypoplasia or heart failure.  

They are typically identified in utero by routine ultrasound. 

Treatment is only required if there is heart or lung compromise. 

Branching morphogenesis 

In branching morphogenesis, a dividing tube forms a complex tree structure. In addition to 
the ureter (≈8-9 divisions), this method is also seen in the vasculature, breast (≈4 divisions), 
and lungs (≈24 divisions). 

 

Figure 12-7 Embryo at week 8 (Ultrasound). 

Figure 12-8 Lung embryology: branching morphogenesis. 
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The lung undergoes alveolar septation and microvascular maturation in the third trimester. Production of 
surfactant increases in this period as well. 

Infants born before 27 weeks often have immature lungs that require ventilation and supplemental oxygen.     
This can cause damage that interrupts late lung maturity. 

o Oxidative stress is caused by local hyperoxia from treatment and decreased resistance due to immaturity. 
o Ventilator-induced injury is due to: 

§ Barotrauma: increased airway pressure 
§ Volutrauma: increased stretch of alveoli. This is the most important factor. 
§ Atelectrauma: due to recurrent collapse of alveoli. 
§ Biotrauma: due to the inflammatory response to the injury 

BPD, the chronic lung disease of children, is characterized by a simplified alveolar architecture and smooth muscle 
hypertrophy of the pulmonary arteries. 

BPD definition: 
o Mild: can be discharged home breathing room air. 
o Severe: requires O2 supplementation of >30% or CPAP on discharge. 

Prevention of BPD in premature infants includes: 

o Steroid injection of mother before delivery. 
o Exogenous surfactant. 
o Nasal continuous positive pressure ventilation over intubation.  

§ Permissive hypercapnia to delay ventilation. 
o Volume-weighted ventilation. 

Tracheoesophageal fistula: see Chapter 68. GI tract, esophagus. 

Urinary tract:  see Chapter 44. Kidney Developmental and hereditary diseases. 

Male reproductive system: see Chapter 62. Developmental and hereditary diseases. 

Genitourinary system: Female reproductive system: see Chapter 58. Female reproductive system, 
Developmental and congenital disease and Chapter 56. Female reproductive endocrinology: Amenorrhea and 
infertility for complete discussion. 

Digestive system 

The gastrointestinal tract forms from the yolk sac and by week 4 has differentiated into the foregut (celiac axis), 
midgut (superior mesenteric artery) and hindgut (inferior mesenteric artery), each with its own blood supply. 

o In week 5, there is the start of lung formation, stomach, and liver 
o Pancreas formation with dorsal and ventral buds occurs over weeks 4-6. 

 
The midgut herniates outside of the coelomic cavity and must rotate itself back in in the second trimester. 

Cleft mouth and cleft palate: see Chapter 67. GI tract: Mouth 

Tracheal-esophageal fistula (TE fistula): see Chapter 68. GI tract: Esophagus 

Pyloric stenosis: see Chapter 69. GI tract: Stomach 

Duodenal atresia: see Chapter 70. GI tract: Small bowel 
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Meckel diverticulum: see Chapter 70. GI tract: Small bowel 

Hirschsprung disease: see Chapter 71. GI tract: Colon and anus 

Annular pancreas: see Chapter 76.  Pancreas 

Central nervous system 

The CNS starts to form in week 3 when the neural plate is induced by the notochord. 

o Development of the trilaminar disc is usually referred to as gastrulation. 
o The transformation of the neural plate into the neural tube is called neurulation. 

 

 

 

 

 

 

 

 

 

 

 

The neural plate forms the neural groove, which forms the neural fold, which closes to form the neural tube. 

o Neural tube defects can be reduced with prenatal folic acid supplements. 
o NTDs have increased α-fetoprotein (AFP) which is used in antenatal screening. AFP is also increased in 

omphalocele and gastroschisis. AFP can be considered to be fetal albumin and it is increased in amniotic fluid 
and maternal blood in any condition that causes opening to the fetal interior. 

                                 

 

 

Figure 12-9 Week 3: Gastrulation & neurulation. 

Figure 12-10 Neural tube closure and neural tube defects. 
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Neural tube defects 

Due to a defect in neurulation, the transformation of a flat neural plate into the neural tube. 
o The cause is unknown but in resource-poor nations it is associated with decreased folate and in resource-rich 

nations with poor maternal education. 
o Epidemiology: account for about 10% of congenital anomalies and are the third most significant congenital 

defect, after congenital cardiac disease and trisomy 21. Rates have 
dramatically decreased not only due to better antenatal care but also to 
termination of pregnancy of affected fetuses.  
 

Spina bifida occulta: a failure of the vertebral arch to form. They typically 
can be suspected as there is a pit or hair above the gluteal cleft. They are 
not associated with other defects. Prophylactic surgical care is beneficial. 
 
o Meningocele: typically do not have neurological involvement and so 

only require surgical repair.  
 

o Meningomyelocele:  
§ Due to failure of the caudal neuropore to close 

(Day 26-30). This is usually open at birth, making it vulnerable to 
infection. It is associated with other defects, especially malformation 
of the hindbrain as the leakage of the CSF into the amniotic fluid 
does not permit formation of a normal ventricular system. 

§ There is usually intellectual impairment, incontinence, 
and difficulty walking. 

 
Anencephaly: failure of the anterior neuropore to close  
(Day 24-26). This is the commonest severe CNS malformation 
and is lethal. 

 

 

Hydrocephalus 

o Hydrocephalus refers to an increase in cerebrospinal fluid (CSF) within the ventricles and/or the subarachnoid 
space. There are many causes, but the commonest causes can be classified into: 
§ Childhood 

• Congenital:  
o Stenosis of the aqueduct (idiopathic): most common cause 
o Malformations  
o Dandy-Walker malformation: obstruction of foramina of Magendie and Luschka leading to 

cerebellar atrophy 
o Chiari malformations: protrusion of cerebellum into the spinal canal, with obstruction               

of foramina 
• Acquired: 

o Neoplasia (and infection and hemorrhage): most childhood CNS neoplasms are infratentorial. 
Increased ICP causes headache and cerebellar involvement causes ataxia. 

§ Adults 
• Normal pressure hydrocephalus (NPH) 

Figure 12-11 Neural tube. defects 
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o Most childhood hydrocephalus is due to obstruction in ventricular drainage 
(aka non-communicating hydrocephalus). 
§ Presentation: depends upon whether or not there is fusion of the cranial sutures.  

• Before closure, the children develop large heads with few early symptoms.  
o P/E shows increased head circumference 

• After closure, there is rapid increase in ICP with destruction of brain tissue. 
o Symptoms usually include headache along with 

neurologic abnormalities 
o Signs include dorsal mid-brain pathology 

Sunset eyes: at rest, there is downward gaze 
and sclera above the irises 

o Parinaud syndrome (dorsal midbrain): vertical 
gaze palsy, pupillary near-light dissociation, lid 
retraction, convergence-retraction nystagmus 

o Diagnosis: imaging to show ventricular dilation, ↑CSF 
pressure, usually measured by a surgically implanted 
ventricular pressure transducer 

 

 

Dandy-Walker syndrome 

The cerebellum starts to form in week 4, with a left and right hemisphere forming the 4th ventricle over the pons. 
By 15 weeks, the 2 sides join together to form the cerebellar vermis. In DWS, the vermis fails to form, leaving the 
4th ventricular space open to the posterior fossa. 

There is a failure of drainage of the cerebral spinal fluid out of the 4th ventricle that develops into hydrocephalus 
several months after birth. 

Usually there are other congenital abnormalities, commonly including agenesis of the corpus callosum and cardiac defects. 

Patients most commonly presents with the symptoms of hydrocephalus in the 1st year of life (increasing head size, 
vomiting, excessive sleepiness, irritability, sunsetting eyes and seizures). 

Diagnosis is by imaging which shows hypoplasia of the vermis and cystic enlargement of the posterior fossa. 

 

 

Figure 12-12 Sunset eyes in hydrocephalus.                           

 

Figure 12-13 Infratentorial anatomy: normal versus Dandy-Walker malformation.                           
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A group of malformations caused by abnormal formation of the posterior fossa. This leads to downward 
displacement of the cerebellar fossa with variable compression of the medulla. 

Symptoms usually start in early adulthood with headache from raised intracranial pressure and compression         
of cranial nerves. 

Diagnosis is made by imaging confirmation of physical examination findings. Extension of the cerebellum more 
than 5mm below the foramen magnum is a commonly used standard. 

Fetal alcohol syndrome 

Fetal syndrome is the severest form of physical and neurodevelopmental abnormalities that occur when the fetus 
is exposed to alcohol in utero. 

o Amount of damage depends upon dose, frequency of exposure and fetal stage of development. 
o Exposure in the 1st trimester affects migration and organization of neurons, resulting in structural deformities           

and deficits. 
o Exposure in the 3rd trimester affects the hippocampus and memory, learning and emotions. 

It is thought to affect 2-5% of the population. 

The mechanism of damage is not known. Alcohol is a teratogen that crosses the placenta. There is no safe level of ingestion 

Characteristic facial features may be evident at birth and indicate brain damage.  

Brain damage includes microcephaly, agenesis of the corpus callosum and abnormality of the cerebellum. 

Damage is permanent and irreversible. 

Figure 12-14 Infratentorial anatomy: normal versus Arnold Chiari malformation. 

Figure 12-15 Fetal alcohol syndrome. 
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 Musculoskeletal system 

The most common developmental abnormalities of the infant are of the musculoskeletal system. 

There are a large number of environmental and genetic causes including syndromes. 

o Amniotic bands are examples of disruptions (secondary breakdown of a formed normal structure) 

Terminology: 

o Melia: limb (phocomelia = flipper-like) 
o Dactyly: loss of metatarsal or metacarpal (hand or foot) 

Talipes equinovarus (clubfoot) 

A congenital defect in which the foot is rotated downward and inward. 

o Varus: the heel is turned inward 
o Adductus: the forefoot curls inward 
o Equinus: the foot points downward due a tight Achilles tendon. 

The etiology is not known but the mechanism involves joint contracture 
following disruption of muscles and joints of the lower leg. 

o It usually occurs in isolation. 
o It has weak environmental and hereditary associations. Identical twins have 33%  coincidence. 
o Treatment is usually non-surgical, with weekly casts to correct the inward tilt, followed by leg braces to       

age 4 years (the Ponseti method). Achilles tendon may require surgical shortening. 

Developmental dysplasia of the hip.  

A developmental defect of the acetabulum that allows for spontaneous dislocation of the hip. 

Etiology is unknown but there are environmental (breech delivery, swaddling) and hereditary                               
(40% twin concordance) factors. 

Pathology: there is a lack of angulation of the acetabular roof and a shallow acetabular cup. Diagnosis is by 
ultrasound before age 4 months. 

There is a wide spectrum of severity from mild to complete luxation of the femur. 

Diagnosis is most commonly by newborn physical examination: 

o Barlow test: downward pressure on the femur causes dislocation in an adducted hip. 
o Ortolani test: following the Barlow test, anterior pressure on the proximal femur with flexed hips and knees 

will relocate the dislocation. There is a palpable “clunk” when the femoral head reseats in the acetabulum.      

 

 

 

 

 

 

Figure 12-16 Talipes 
equinovarus Source: CDC. 

Figure 12-17 Hip dysplasia in the physical examination. 
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Even with treatment, there is an increased lifetime risk of arthritis  

Typically treated with abduction harnesses 
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Classification and nomenclature of neoplasms 

A neoplasm is defined as an autonomous new growth that is not reversible. 

o Most carcinomas arise from a dysplasia, a disordered growth that may spontaneously resolve. 
o If the dysplasia prelude cannot be identified, the neoplasm is said to arise de novo. 

Neoplasms may be benign or malignant. The features found solely in a malignancy are invasion and /or metastasis 

o Invasion is defined as extension of a neoplasm into normal tissue with destruction of the tissue.                        
In carcinomas, invasion is defined by extension through the basement membrane. 

o Destruction of the normal tissue is achieved by the production of proteases, typically MMPs. An invasive 
carcinoma would require the protease to be effective against the type 4 collagen that composes the 
basement membrane. 

 

Clinical classification of neoplasms: 

o There are 3 basic cells types that define the 3 basic types of neoplasms: 
 Melanocytes are cells derived from the neural crest and so are not true epithelium. Melanomas are 

typically included with the carcinomas not only by convention and for convenience, but also because 
they behave like carcinomas. 
 

Tissue Benign Malignant 
Epithelium Adenoma, papilloma Carcinoma 
Mesoderm 
(connective tissue) 

Tissue of origin + “oma” Tissue of origin + “sarcoma” 

Hematopoietic None Myeloid:  
m٠ yeloproliferative disease 
A٠ cute leukemia  

Lymphoid:  
  ٠lymphoma 
  ٠acute leukemia 

 

 

Model diseases of invasion: thyroid nodules and DCIS 

a. Thyroid nodules: the morphology of endocrine neoplasms does not reliably differentiate 
benign from malignant neoplasms. Follicular carcinomas of the thyroid can only be identified by 
their behavior: invasion beyond the capsule of the nodule or into a nearby vascular structure. 

b. DCIS: ductal carcinoma in situ of the breast is the commonest malignancy of the breast. While 
individual cells are malignant in appearance, extension of the neoplasm into the surrounding 
normal tissue is required to establish invasion. 

The practical application of this is that while a diagnosis of neoplasm can be established by the 
cytology of a fine needle aspirate (FNA), a diagnosis of invasion requires an excisional biopsy. 

Table 13-1 Tissue types and their neoplasias. 
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Other types of growths: 

o Teratoma: 
 Definition: a neoplasm with more than one germ cell layer (i.e. ectoderm, mesoderm and endoderm). 
 Most common teratoma is a cystic teratoma (aka dermoid cyst) of the ovary. This is the most common 

neoplasm of the ovary. 
 Teratomas derive from pluripotential germ and embryonal cells. These migrate from the yolk sac to the 

gonad and so teratomas can be found anywhere along this midline migration pathway: anterior 
mediastinum, pineal gland and sacrococcygeal region. 

o Hamartoma: 
 Not considered neoplastic, a hamartoma is a disorganized mixture of cells that would normally be found 

in the location (i.e. it is normal cells with abnormal architecture) 
 Commonest example is a Peutz-Jeghers polyp 

 

o Heterotopic tissue / ectopic tissue / choristoma 
 Definition: these are all synonyms for normal tissue found in an abnormal location. They are not neoplasms. 
 Noteworthy examples: 

• Gastric mucosa in a Meckel diverticulum (site of GI bleeding due to peptic ulceration in children) 
• Pancreatic rests in the wall of the stomach and duodenum (commonest site of origin of gastrinomas) 

 

Mechanisms of carcinogenesis 

Neoplasia requires nonlethal mutations in the cell’s DNA. These are thought to arise in a single precursor mother cell 
which proliferates, producing daughter cells. These daughter cells may develop their own mutations but they will still 
carry the original mutational pattern of the mother. Therefore, neoplasms are monoclonal (i.e. they develop from a 
single cell) but may have heterogeneity in the later cell lines. This is a critical fact in treatment. Almost all neoplasms 
will have a response to initial treatment (i.e. induction therapy will induce a remission). Heterogeneous 
malignancies will recur when the surviving resistant cell lines re-emerge (i.e. the remission is not durable). 

The number of mutations required to initiate a malignancy can vary greatly. It is important to distinguish driver 
mutations that are necessary to tumor growth, from passenger mutations that appear to be incidental. Typical 
number of driver mutations: 

o Lung………………………… 7 
o Colorectal cancer…….. 6 
o Melanoma………………. 3-4 
o Osteosarcoma…………. 1 

 

Familial cancers start with a mutation in the germ cell, called a germline mutation. This mutation is present in 
every cell in the body. Acquired cancers develop a mutation in an initially normal cell and is called a somatic 
mutation. The original cell’s normal DNA is called the wild type DNA. 
 

 

 

Pulmonary hamartoma 

These are benign nodules of the lung found incidentally by imaging. Originally 
thought to be hamartomas, they are monoclonal, a feature of neoplasm. 
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o Pro-growth signal: this is a “gain of function” mutation. It is called an oncogene and if the signal is a protein,  
it is an oncoprotein. 

o Defect in regulation: this is a “loss of function” mutation. It is called a loss of a tumor suppressor.  

 

 

Environmental DNA damaging agents 

Chemicals: 

 

Chemical Exposure Associated cancer(s) 
Nitrosamines Smoked meats Stomach adenocarcinoma 
Asbestos ٠Brake pads 

D٠ ecommissioning buildings 
٠Mesothelioma 

C٠ arcinoma (smokers) 
Vinyl chloride Plastic manufacturing Liver angiosarcoma 
Aflatoxin B1 Aspergillus flavus, poor grain 

storage 
HCC (G→T transversion) 

Aniline dyes, aromatic 
amines (naphthylamine) 

Plastics, dyes Bladder, urothelial carcinoma 

Polycyclic aromatic 
hydrocarbons 
(e.g. benzopyrene) 

Tobacco smoke #1 risk factor in 5 carcinomas: 
٠Lung  
٠Aerodigestive tract 
٠Pancreas 
٠Bladder 
٠Esophagus (squamous) 

Arsenic Poisoning Squamous carcinoma skin & lung 
Chemotherapy 
(esp. alkylating agents) 

Iatrogenic Leukemia, lymphoma 

Figure 13-1 Carcinogenesis. 

Table 13-2 Carcinogen pathology. 
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Physical injury: 

o Third degree burns: the constant repair activity in the damaged skin predisposes to squamous cell  
carcinomas (SCC) 

o Draining sinuses: the skin at the edge of the wound has constant repair activity and ongoing inflammation, 
predisposing to SCC. 

Radiation 

o Ionizing radiation: High energy X-rays damage cells in 2 different ways. There is direct damage to structures 
through photoabsorption and there the creation of free radicals through the formation of ions from water, 
called hydrolysis. 

 
o Non-ionizing radiation: High energy ultraviolet light damages DNA by cross-linking pyrimidines to form 

pyrimidine dimers. The finding of these dimers is characteristic enough to be called a UV signature.              
The associated skin cancers are squamous cell carcinomas, basal cell carcinomas and many melanomas. 

Viruses 

o DNA viruses 
 Human papilloma virus: 

• HPV infects epithelium and encodes 6 early proteins (called E proteins) for proliferation and 2 late 
proteins (called L proteins) for capsid production.  
o E6 accelerates the degradation of p53 
o E7 accelerates the proliferation of Rb 

• When the HPV DNA inserts into the host genome, the production of E6 and E7 escapes viral control 
and the higher levels lead to high grade dysplasia and its risk of invasive carcinoma. 

 Epstein Barr virus (EBV): 
• EBV infects B-lymphocytes and squamous cells of the pharynx through the CD21 membrane protein. 

As a member of the Herpes group, it has latency in these cells. It has the ability to induce neoplasm. 
EBV-related neoplasms include: 
o Burkitt lymphoma 
o CNS B-cell lymphoma in AIDS 
o Hodgkin lymphoma 
o Nasopharyngeal carcinoma 

 Hepatitis B virus (HBV): 
• HBV has the ability to insert itself into the genome of the liver cell and induce hepatocellular 

carcinoma (HCC). 
o HCC arises in about 20% of cirrhosis.  

• HBV infection is the only etiology of HCC that does not have to occur in a setting of cirrhosis. 
o RNA viruses 

 Human T-cell Leukemia virus Type 1 (HTLV): 
• HTLV infects CD4+ T-cells. 
• Characteristic geographic distribution: Japan > Caribbean 
• Causes T-cell leukemia/lymphoma 

 

Figure 13-2 Ionizing radiation & hydrolysis. 
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• Causes HCC through poorly understood mechanisms. 

 

 

Table 13-3 Important oncogenes and their associated neoplasms. 

Table 13-4 Tumor suppressors and their associated neoplasms. 
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The Hallmarks of cancer 

 

 

 

 

   

 

 

                                                                                                                                     

 

 

 

 

1. Self-sufficiency in growth: 
Cell proliferation (or growth) occurs in a series of steps in a normal cell. A gain of function mutation in any of 
these steps is called an oncogene and leads to unregulated growth. The most important of these is the receptor 
tyrosine kinase (RTK) pathway. 

Figure 13-3 Hallmarks of cancer and the component cells of a cancer nodule. 

Figure 13-4 The receptor tyrosine kinase pathway. 
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Regulation of cell division occurs at multiple levels. The single most important step for this is the G1-S check point. At 
least one of the 4 key regulators of the cell cycle (Rb, cyclin D1, CDK4 (cyclin dependent kinase) or a cyclin dependent 
kinase inhibitor like p16/INK4) will be lost in an aggressive malignancy.                                  
o Rb (retinoblastoma protein) model disease is retinoblastoma of the retina 
o Cyclin D1: model disease is mantle cell lymphoma 
o CDK4 inhibitor: model disease is familial atypical melanocyte and melanoma syndrome (FAMM). 

 

Key regulators of growth: 

o Rb, called the “governor of proliferation” is a key regulator of the G1/S checkpoint, discussed above 
o PTEN regulates the survival pathways that allow tumor cells to become quiescent under severe stress.       

This is felt to be a key function in evading treatment and the recurrence of neoplasms 
o P53, called the “guardian of the genome”, regulates all aspects of DNA health and proliferation. It is mutated in 

nearly all advanced cancers. Hereditary defects occur in Li-Fraumeni syndrome, in which family members get 
numerous cancers, both of unusual type and at an early age. 

 
 

 

 
 
 
 
 
 
 
 

  

Human papilloma virus (HPV) and the tumor suppressors Rb and p53 

As viruses use host proliferation pathways for their reproduction, they must capture the host 
regulatory system. HPV infects epithelium and encodes 6 early proteins (called E proteins) for 
proliferation and 2 late proteins (called L proteins) for capsid production.  

- E6 accelerates the degradation of p53 
- E7 accelerates the proliferation of Rb 

When the HPV DNA inserts into the host genome, production of E6 and E7 escape viral control 
and the higher levels lead to high grade dysplasia and its risk of invasive carcinoma. 

Figure 13-5 Regulation of the G1/S checkpoint. 
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3. Growth promoting energetics: 
The Warburg effect: even in the presence of oxygen, tumor cells preferentially use the glycolysis pathway over 
the oxidative phosphorylation of the ETC. This is a less efficient way to produce energy (2 ATP/glucose versus       
36 ATP/glucose for ETC) but it is felt that glycolysis produces more key intermediaries for synthesis. 

  
 
4. Evasion of apoptosis: 

Much of our knowledge of apoptosis comes from follicular lymphoma in which the t (14,18) translocation leads to 
an overproduction of BCL2. This inhibits apoptosis, giving the neoplastic lymphoma cells long life. Patients present 
with lymphadenopathy and a notably indolent neoplasm, as the neoplasm is not one of proliferation but an 
absence of death. 

o P53 is an important regulator of apoptosis. A loss of function mutation in end stage malignancies is the 
commonest mutation found in cancer. 

5. Immortality: 

Normal cells become senescent after 60-70 mitoses due to progressive shortening of the telomer with each 
division. 90% of cancers have telomerase to prevent telomer shortening. 

6. Angiogenesis: 

Tissues are unable to grow larger than 2-3 mm before they are too large to supply by diffusion. Larger tumors 
have a loss of function mutation of the Hippel-Lindau protein (VHL) that inhibits HIF-1. This leads to VEGF 
production and angiogenesis. 

Von Hippel-Lindau disease has a loss of function mutation in VHL that leads to renal cell carcinoma and other neoplasms. 

7. Invasion and metastasis: 

Lethality of tumors occurs when they can escape their local geography and spread to distant organs. 

Invasion requires a shift in the cell to a mesenchymal form that can move. This is called the                     
epithelial-mesenchymal transition (EMT). 

Invasion occurs because the malignant cells can dissolve the surrounding normal cells with proteases such as 
MMPs. This can lead to neuropathic pain in aggressive malignancy and can be a significant cause of morbidity.      
A noteworthy example is the retroperitoneal invasion of pancreatic cancer. 

8. Evasion of the immune system: 

Malignant cells must evade the immune system. Key escape mechanism include 

Figure 13-6 Metastasis in a PET scan. 
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technique as well. NK cells force cells lacking MHC I expression into apoptosis 

o Recruitment of Treg lymphocytes to downregulate the immune response. 
o Immune checkpoint interactions 

 In the initial adaptive immune response interaction between the APC and the naïve T lymphocyte, signal 
1 stimulates the TCR and signal 2 is the co-stimulation between CD28 and B7. Over 1-2 days, the 
stimulated TH lymphocyte starts to produce CTLA-4, which has higher affinity than CD28 for the B7 
molecule, ending the lymphocyte immune response. Tumor cells produce CTLA-4 to blunt the immune 
response. Ipilimumab is an anti-CTLA-4 antibody. 

 Cytotoxic T-cell lymphocytes (CTL) have a PD-1 receptor that forces them into apoptosis. Tumor cells 
produce PD-L1 to blunt the immune response. Pembrolizumab and nivolumab are antibodies to the PD-1 
receptor that block the ligand action. Other antibodies target the PD-L1 ligand. 

Accelerators: 

9. Genomic instability: 

High mutation rates allow tumors to acquire driver mutations that give tumors the functions discussed above 
that allow for tumor progression. 

A typical carcinoma has 7-10 driver mutations, although this has considerable variation. 

Xeroderma pigmentosa: 
o Patients lack nucleotide excision repair necessary for the pyridine dimers caused by ultraviolet light. 
o Patients are prone to UV-induced skin cancers (i.e. basal cell carcinoma, squamous cell carcinoma, malignant 

melanoma) that may appear as early as age 6 years. 

Hereditary Non-polyposis Colon Cancer (HNPCC) or Lynch syndrome 

o Patients have a defect in DNA mismatch repair 
o Mismatch repair proteins (MMR) ensure that the correct purine or pyrimidine has been matched to the 

original in the mother DNA. 
o Errors occur in the DNA regions of microsatellites (regions with repeats of 1-6 base pairs), leading to 

microsatellite instability. 
o Lynch syndrome is the hereditary disease, with colon cancer and endometrial cancer most common. 

BRCA 1 and BRCA 2 
o BRCAs repair double-stranded DNA breaks through homologous recombination. 
o These 2 genes account for most of the familial breast and ovary cancer syndromes. 
o They are found in 5-10% of breast cancers. 

 

Translocations in cancer: 

Cancer Translocation Protein Function 
Follicular lymphoma t(14;18) Bcl-2 Inhibits apoptosis 
Burkitt lymphoma t(8;14) c-MYC Transcription factor 
Mantle cell lymphoma t(11;14) Cyclin-D1 Activation of CDK-4 
PML1 t(15;17) pml-rara Inhibits retinoic acid receptor 
CML2 t(9;22) bcr-abl Activates RAS/MAPK pathway 
Synovial sarcoma t(x;18) SS18/SSX Loss of transcription repression 
Ewing sarcoma t(11;22) EWS/FL1  Dysregulation of transcription 

1. Promyelocytic leukemia, 2. Chronic myelogenous leukemia. 

Table 13-5 Malignancies associated with translocations. 
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10. Cancer-promoting inflammation: 

Inflammatory cells modify the microenvironment in ways that enhance tumor proliferation. The process is poorly understood. 

Important examples: 

o Skin with draining sinuses develop squamous cell carcinoma 
o Mucosa associated lymphoid tissue lymphomas (aka MALToma, marginal cell lymphomas) arise in 

 Chronic gastritis from H. pylori 
 Thyroid gland with Hashimoto thyroiditis 
 Parotid gland with Sjogren syndrome. 

  

Figure 13-7 Key pathways of carcinogenesis and its neoplasms. 
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There are about 1.2 million cases/year of adult cancers in the US (non-lethal skin cancers are not included).   
There are 599,000 deaths (2017) 

o This is the 2nd commonest cause of death in the US: 
1. Heart…………… 647,000 /year 
2. Cancer………… 599,000 
3. Accidents…….. 170,000 
4. COPD…………… 160,000 
5. Stroke…………. 146,000 
6. Alzheimer…….. 121,000 

There are about 11,000 cases/year of childhood cancer in the US (2019). There are <1200 deaths. 85% of 
childhood cancer patients will live 5 years. 

o Acute leukemia (30%) 
 Continued improvement of treatment of ALL has now made CNS neoplasms the number 1 cause of 

cancer death in childhood. 
o CNS neoplasms (25%) 
o Abdominal neoplasms  

 Neuroblastoma (6%) 
 Wilms (5%) 
 Burkitt (5%) 

o Rhabdomyosarcoma (3%) 
o Retinoblastoma (2%) 
o Bone osteosarcoma (2%), Ewing sarcoma (1%) 

Incidence and mortality of cancer types: 

o Note that the incidence of prostate cancer = age in years after age 50, so prostate cancer has a                        
very high incidence. 

o Note that bladder cancer in men and thyroid cancer in women are common but have a low mortality, 
implying that they are non-aggressive neoplasms. 
 

Gender Rank Incidence Mortality 
Male 1 Prostate Lung  

2 Lung Prostate 
3 Colorectal Colorectal 
4 Bladder Pancreas 
5 Melanoma Liver 

Female 
 
 
 
 

1 Breast Lung 
2 Lung Breast 
3 Colorectal Colorectal 
4 Thyroid Pancreas 
5 Uterus Ovary 

  
Table 13-8 Cancers, incidence versus mortality. 
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Risk factors for cancer (important for public health and prevention) 

o Age: median age of carcinoma is 66 years 
o Tobacco: 

 A factor in 30% of all cancers 
 #1 risk factor in 5 cancers: 

• Lung 
• Oropharyngeal 
• Bladder 
• Pancreas 
• Esophagus (distal, squamous) 

 There are many carcinogens in cigarette smoke, the most important is the family of polycyclic aromatic 
hydrocarbons (PAH). 

o Obesity: 
 A risk factor in 20% of cancers 
 Associated neoplasms: 

• Estrogen-related (fat cells have aromatase enzyme) 
o Endometrium 
o Post-menopausal breast cancer 

• GI tract: 
o Pancreas 
o Liver  

o Diet: 
 Mediterranean diet has a lower risk of cancer 
 A diet high in red meats has a higher risk of colorectal cancer 

o Exercise is beneficial 
o Alcohol: 

 A known direct carcinogen 
 Associated cancers: upper GI tract and liver (cirrhosis) 

• In the upper GI tract, alcohol and smoking are synergistic. 
o Infections: 

 HPV:  SCC oropharynx (especially tonsil), cervix, anus 
 HBV: hepatocellular carcinoma 
 EBV: classic Hodgkin, Burkitt lymphoma, CNS B-cell lymphoma in AIDS, nasopharyngeal carcinoma (Asia) 
 H. pylori: stomach: MALToma (marginal cell lymphoma), adenocarcinoma  
 Liver flukes: cholangial carcinoma in the liver 

o UV light 
o Radon (ionizing radiation from granite. Found in basements) 
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Presentation: 
o Local effects: 

 Mass effect: normal cells have contact inhibition. When they touch another cell, they stop proliferating. 
Pathologic contact may lead to loss of function. A good example is the pressure of a pituitary adenoma 
on the optic chiasma. The area of the nerve contacted stops functioning, leading to bilateral bitemporal 
hemianopsia. There is no injury to the nerve; when the pressure is relieved, normal function returns. 

 Invasion: malignant cells of an aggressive carcinoma lose their epithelial characteristics, including 
desmosomes and undergo an epithelial-mesenchymal transition (EMT). The mesenchymal phenotype is 
capable of diapedesis and secretes proteases from its advancing tip that destroy the cells in its path. A 
good example is a lung carcinoma in the apex (aka superior sulcus tumor, Pancoast tumor), which 
invades into and destroys the structures in the thoracic outlet. 

o Metastasis: 
 Effusions: some neoplasms have a predilection for the serosal surfaces of 

the pleura, pericardium and peritoneum. They spread irregularly on the 
mesothelial surface, called malignant seeding. The fluid or malignant 
effusion is an exudate. It can cause pressure symptoms: 
• Pleural effusion: shortness of breath from compression atelectasis 
• Pericardial effusion: shortness of breath from tamponade 
• Malignant ascites: non-specific symptoms of increasing abdominal girth, vague aches and changes   

in bowel habits. 
 Lymph nodes: initially, these are the regional lymph nodes to which the local lymphatics drain. Most 

striking is Virchow node in the left supraclavicular fossa. Organs of the abdomen, such as the stomach 
and pancreas, drain through the thoracic duct which empties into the left subclavian vein. 

 Solid organs: these include the lung, liver, bone and in more advanced disease, brain and skin. 
o Paraneoplastic syndromes: 

 While only 10% of tumors produce a product that can affect a distal organ, the paraneoplastic  
syndromes are heavily weighted in the minds of doctors both for the risk of a delayed diagnosis                
and their clinical curiosity. 

  

Serosa is the gross term 
for the lining of the body 
cavities; mesothelium is 
the term that describes 
its histology. 
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1. Epithelial-mesenchymal transition, 2. Erythropoietin, 3. Syndrome of inappropriate ADH, 4. Adrenocortical hormone,         
5. PTH related peptide, 6. Cerebellar degeneration, 7. Neuromuscular junction, 8. Myasthenia gravis, 
 9. Eaton-Lambert syndrome, 10. Anemia of chronic disease 

Diagnosis: 

o Mass formation: 90% of cancers are carcinomas, which are mass-forming. A rough rule of thumb is that one 
million cancer cells will make a 1 cm mass. Cancer requires morphologic confirmation by a pathologist. This 
means that all cancers require sampling for diagnosis, either by biopsy or cytology. This rule is also true for 
first recurrences of the tumor. 
 Direct visualization and biopsy: 

• Skin: BCC, SCC and melanomas 
• Mucosa: 

o Bronchus 
o Upper GI tract to jejunum 
o Lower GI tract to terminal ileum 
o Bladder/ureter 

 Palpation: 
• Neck masses (for further discussion, see: Endocrine, neck masses) 

o Thyroid 
o Non-thyroid (lymph node, brachial cleft cyst) 

• Lymphadenopathy  
 Imaging 

Characteristic Pathophysiology Site of action Clinical pathologic correlation 
Local effects    

Mass effect Adjacent tissue Contact inhibition 
Invasion Adjacent tissue EMT1 with proteases 

Metastasis Effusion Mesothelium Pleura: compression atelectasis 
Pericardium: tamponade 
Peritoneum: non-specific 

Lymph nodes  Regional spread 
Organ Liver, lung, bone… Injury and necrosis 

 
Paraneoplastic 

   
Endocrine  EPO2 →polycythemia 

SIADH3 →hyponatremia 
ACTH4 →Cushing syndrome 
PTHrP5 → hypercalcemia 
Insulin →hypoglycemia 
Serotonin →carcinoid 
Catecholamines →sympathetic 

Autoimmune Neuromuscular Intracellular protein: CNS & PNS 
→encephalomyelitis, CD6 

NMJ7 →MG8 & EL9 

Muscle → dermatomyositis 
Kidney Membranous glomerulopathy 

Cytokines B symptoms IL-1 / TNF 
Fatigue 
Depression 
Cachexia 

IL-6 →hepcidin (ACD10) 
IFN 
Leptin mimicry, TNF (apoptosis) 

Other Hypercoagulability Thromboembolism 
 Skin Acanthosis, Leser-Trélat 

Table 13-9 Presentation of neoplasms. 
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 Neoplasms recapitulate the properties of the cell from which they derive. If a neoplasm makes a 

protein found only in the neoplasm, then that protein can be the basis of a specific test for the 
neoplasm and equivalent to tissue testing. Some tumor markers are proteins that can also be found in 
the normal cells in which the tumor arises. These are much less specific markers and are generally only 
used to follow established cancers for recurrence. LDH is found in all cells and is useful only for 
neoplasms with “bulky” disease. 

 Serum tumor markers: 

Specificity Marker Associated cancer 
Tumor   
 AFP HCC, germ cell tumor (yolk sac) 
 Light chains Multiple myeloma 
 IgG or IgA Multiple myeloma 
 IgM Lymphoplasmacytic lymphoma 
 β-HCG Choriocarcinoma 
 Calcitonin Medullary carcinoma (thyroid) 
Tissue   
 PSA Prostate 
 CA-125 Ovary (mesothelium) 
 CA 19-9 Pancreas 
 CEA CRC (GI tract) 
 Chromogranin Neuroendocrine tumors 
Nonspecific   
 LDH Bulky disease 
 Alk phos Metastases to bone or liver 

 
 

 Tissue markers (Immunochemistry) 
• The morphologic classification of neoplasms is based on the idea that every cell has a neoplastic 

equivalent and every neoplasm comes from a specific cell type. 
• Many tumors can be characterized by identifying their structural components. The current technique 

for identifying these elements is by immunohistochemistry in which an antibody is made to the 
structure or protein of interest. The antibody has a pigment attached so that it can be seen by the 
light microscope. There are hundreds of immunohistochemical stains used in histopathology. Some 
of the more important are seen in the table. 

Element / protein Cell Neoplasm(s) 
Cytokeratin Epithelial Carcinoma 
Vimentin Connective tissue Sarcoma 
Desmin Muscle  Myosarcoma 
Actin ٠Smooth muscle 

٠Skeletal muscle 
٠Leiomyosarcoma 
٠Rhabdomyosarcoma 

Chromogranin & 
synaptophysin 

Neuroendocrine SCC1 (lung), carcinoid tumor, NET2 

S100 Neural crest Melanoma, Schwannoma 
PSA3 Prostate Prostatic adenocarcinoma 
GFAP4 Glial cell Astrocytoma, glioblastoma 
CD markers Hematopoietic  Leukemia, lymphoma 
Estrogen receptor Female reproductive ٠Breast 

٠Endometrium 
1. Small cell carcinoma, 2. Neuroendocrine tumors (aka islet cell), 3. Prostatic specific antigen,                                 
4. Glial fibrillary acidic protein 

Table 13-10 Tumor markers. 

Table 13-11 Tissue markers. 
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Natural history of cancers 

Prognosis: 

o Cancer prognosis is measured by 5 year survival 
o The likelihood of 5 year survival for any given carcinoma (90% of cancers are carcinomas) is estimated by staging. 
o The natural history of a carcinoma is dysplasia → carcinoma in situ → invasion → lymphovascular invasion (LVI) 

→ spread to regional lymph nodes → metastasis to solid organ 

 

 

o This predictable sequence of carcinoma progression is staged by evaluation of the tumor, lymph nodes and 
metastasis to solid organs 
 Tumor (T); In organs with natural barriers such as a muscle layer (e.g. bowel and bladder), tumor spread 

is measured by extent of invasion through and beyond the barriers. In organs with no natural barriers 
(e.g. breast and vulva), the tumor is measured by size. 

 Lymph nodes (N): invasive tumors breech the vasculature wall to extend beyond the site of origin           
(i.e. lymphovascular invasion). Carcinomas usually invade lymphatics first and spread to the regional 
lymph nodes that drain the area. Spread to lymph nodes is generally the best prognostic indicator for 
most carcinomas. 

 
• Sarcomas often directly invade blood vessels before lymphatics. This vascular invasion means that 

they can present with widespread metastasis at the time of diagnosis. A characteristic involvement 
of lungs is “cannonball” pattern, where multiple large round metastatic foci are seen 

Sentinel lymph nodes 

Lymph node drainage is so predictable in most carcinomas that staging can be minimized 
by identifying the first lymph node in the drainage around the site of the tumor. This is 
accomplished by injecting a radioactive tracer and a colored dye. The first focus of 
concentrated radioactivity is the site to search for a colored lymph node. This first draining 
node is called the sentinel lymph node. If no metastases are identified in it, then the 
surgeon can be confident that no nodes more distal are involved either and the dissection 
can stop. The patient is stage N0. 

Figure 13-8 Evolution of a carcinoma. 
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Neoplasia 13 Metastasis (M): a metastasis is a focus of spread of the neoplasm to a 
new organ with a gap between the original tumor and the different 
organ. For example, if a prostatic cancer spread directly into the rectum, 
it would invade a different organ, but without a gap. This is not a 
metastasis, although it would be an advanced T score. If a breast cancer 
spread to a rib, that would be a metastasis. All metastases  
(i.e. M+) are stage S4. 

 

Treatment: 

o Terms: 
 Palliation is given when cure is not possible. All treatments are directed at symptoms, without consideration of 

increased survival. 
 Adjuvant therapy is treatment given in addition to the original or primary therapy. It is an add-on 

therapy, usually chemotherapy or radiation given after surgery. 
 Neoadjuvant: this is an add-on therapy given before the primary therapy. For example, radiation may be 

given to a tumor mass to shrink it to a size where surgery is possible. 
o Treatment is usually multidisciplinary by a cancer team. 
o Basic principles: 

 Surgery: complete excision of the neoplasms is necessary for cure. The completeness of excision requires 
“clean” resection margins that are free of tumor. 

 Radiation: high energy X-rays cause hydrolysis of water that creates ions, especially free radial hydroxyl 
ions. This type of radiation is therefore “ionizing”. A typical cancer will have 50% lethality with one dose, 
although there is wide variation in sensitivity. 

 Pharmacology: 
• Chemotherapy: a term used for drugs that cause DNA damage or microtubule inhibition to block mitosis. 
• Biologics: a term used for drugs that have a specific target in the tumor lifecycle or metabolics 

a. Antibodies 
- Receptor blockade: e.g. trastuzumab and EGFR in breast cancer 
- ADCC (antibody-dependent cellular cytotoxicity): e.g. rituximab to CD20 in B-cell lymphomas 
- Angiogenesis: e.g. bevacizumab to VEGF. 
- Check point inhibitors:  

1. CTLA-4 is produced 24-48 hours after TH4 lymphocyte activation. 
It competes with CD28 for B7 on the antigen-presenting cell (APC) or signal #2. This 
turns off the immune response of the TH4 lymphocyte. Example: ipilimumab blocks 
CTLA-4, which sustains the immune response to the tumor. 

2. PD-1 / PD-L1: lymphocytes have a programmed death receptor (PD-1) that can be 
activated by tumors secreting PD-1 ligand. There are drugs to block the PD receptor 
(e.g. pembrolizumab) and drugs to block the tumor PD ligand. 

b. Small molecule inhibitors: 
- Tyrosine kinase inhibitors: revolutionizing the treatment of metastatic carcinoma of lung 
- Imatinib: inhibits the bcr-abl fusion protein of CML 
- Vemurafenib: inhibits BRAF step in the RAS-MAPK pathway. Important in                

metastatic melanoma. 
c. Hormone inhibitors: 

- Tamoxifen: inhibits estrogen receptor in breast cancer 
- Aromatase inhibitors: inhibit the peripheral enzyme in fat cells 
- Leuprolide: inhibit FSH/LH release from the pituitary 
- Anti-androgen drugs 

Figure 13.9 Cannonball metastases 
in osteosarcoma. 
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Clinical presentation of heart disease 

 
Heart disease presents as one of 5 major symptoms. These can be organized by heart structure: 

o The heart is a pump: 
§ Left ventricle (congestion): dyspnea. 
§ Right ventricle (congestion): edema. 

o Pump action is coordinated by the conduction system (arrhythmias): 
§ Palpitations. 
§ Syncope. 

o The coronary arteries get atherosclerosis (stenosis à ischemia): 
§ Chest pain. 

 

Dyspnea (shortness of breath, SOB) 

In the heart dyspnea is most commonly due to congestion from the left ventricle causing pulmonary edema. Left 
ventricular congestive heart failure (LV-CHF) is a family of diseases defined as an increase in left ventricular end 
diastolic volume and/or pressure (LVEDV/P).    Any of the effects from this state can be used to establish the 
diagnosis (see Figure 16-15 Left ventricular CHF: a pictorial model). 

Lung diseases divide into the restrictive and obstructive families of diseases. Specific diagnoses then are 
established by further testing.   

Table 14-1 Chief complaints of the heart and their differential diagnosis. 
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Edema 

Generalized edema is caused by an abnormality in Starling forces. In RV-CHF, the increase in RV-EDV/P leads to 
congestion in the liver and legs due to increased hydrostatic pressure. The only other major disease to do this is 
chronic renal failure due to increased intravascular volume.  

 

 

 

Heart can be established as the cause of edema by finding jugular venous distension on the physical examination.  

Chronic renal failure most commonly arises in long term diabetes mellitus and hypertension and can be confirmed 
by laboratory testing (serum creatinine). 

Nephrotic syndrome can be confirmed in an office setting by demonstrating 4+ proteinuria on a dipstick of urine. 

Cirrhosis is diagnosed by physical examination: 

o Portal hypertension: splenomegaly, ascites and portal-systemic anastomoses (caput and hemorrhoids). 
o Hyperestrogenic state: feminization of males, palmar erythema and spider angiomas. 

 

Chest pain 

Chest pain from myocardial ischemia is caused by coronary artery disease and so is a disease of the circulatory 
system and not primarily of the heart. 

The differential diagnosis of chest pain can be organized anatomically (CT scan of chest at T6, see Figure 15-2). 

Table 14-2 The differential diagnosis of dyspnea and its investigation. 

Figure 14-1 Starling forces and the differential diagnosis of edema. 
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Palpitations (see Chapter 18. Heart: Arrhythmias): 

Palpitations, an unpleasant awareness of the heartbeat, is common and usually benign.  

The major diagnostic challenge is to identify high risk patients. Even in an older male with known heart disease 
who feels an irregular beat that lasts more than 5 minutes, there is still only a 50% chance that the palpitation is 
cardiac in origin. 

EKG is the cornerstone test in establishing a cardiac origin. 

Syncope (see Chapter 18. Heart: Arrhythmias): 

Syncope is the transient loss of consciousness associated with collapse and a spontaneous return to normal. 

The major diagnostic challenge is to identify those of cardiac origin. This should be suspected if the collapse 
occurs during exercise. 

The commonest cause is neurally-mediated (aka vasovagal syncope). This can be suspected when there is an 
identified stressor such as fasting or dehydration together with mixed features of increased parasympathetic 
stimulation (sweating, nausea, bradycardia) and patient symptoms of light-headedness. 

Syncope is benign if the patient is <50 years old, has no history of heart disease, has parasympathetic symptoms 
together with a negative P/E and a normal EKG. 

Seizure should be suspected if there is incontinence and post-ictal confusion. 

 

Figure 14-2 An anatomical approach to chest pain. 
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Regional anatomy: 

Regional anatomy of the heart is best visualized through the chest X-ray (CXR) and a transverse CT scan at the 
level of thoracic vertebra six (T6). 
o Chest X-ray (CXR) 

 The CXR is a routine screening test, especially important in the workup of pneumonias  
(i.e. cough and fever, ± dyspnea). 

                        

Figure 15-1 The chest X-ray and key clinical-anatomical correlations. 

An understanding of an organ’s structure includes all of these levels: 

Regional > Surface > Internal > Tissue > Cell > Ultrastructure > Proteins 

                  

Table 15-1 Key clinical-anatomical correlations of the chest X-ray. 
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o CT scan, transverse, T6 
 A diagnostic test with resolution to 2-3 mm.  

The anatomy of the chest at T6 can be used to remember the differential diagnosis of chest pain, moving from 
anterior to posterior. 

 Organ Pathophysiology Disorder Diagnosis 
1 Chest wall  Inflammation, neuropathy Costochondritis P/E1 (palpation) 
2 Pleura Acute inflammation / exudate Acute pleuritis P/E (friction rub) 
3 Pericarditis Acute inflammation / exudate Acute pericarditis P/E (friction rub) 
4 Ascending aorta CMD2 Dissection Imaging  
5 Left ventricle Ischemia / infarction Angina  EKG, troponin 
6 Esophagus ∙Gastric reflux 

∙Motor dysfunction 
∙GERD3 

∙Diffuse spasm 
∙Endoscopy 
∙Manometry  

        1. Physical examination, 2. Cystic medial degeneration, 3. Gastroesophageal reflux disease. 

 
 

Surface anatomy: the blood supply of the heart 

Surface anatomy is the best way to visualize the arterial blood supply of the heart 

 

 

 Artery 
1 Right coronary (RCA) 
2 SA node  
3 AV node 
4 Left main 
5 Circumflex  
6 Left anterior descending 
7 Diagonal 
D Right dominant 

Figure 15-2 The thorax at T6 (transverse CT scan) with key 
anatomical-clinical correlations. 

Table 15-2 Using thoracic anatomy as a mnemonic for the differential diagnosis of chest pain. 

Figure 15-3 Anatomy of the coronary arteries from the surface view of the heart. 
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Heart: Structure and Function 15Flow to the myocardium occurs mostly during diastole. There is maximum extraction of oxygen and thus there is 
no reserve oxygen. Further supply requires increased flow by vasodilation. 

The RCA supplies the right atrium, right ventricle and, in 80% of adults, the posterior one-third of the septum 
(i.e. it is dominant) 

o SA nodal is its first branch 
o AV nodal blood supply is 90% from the RCA 

 

The LAD supplies the anterior left ventricle, anterior 2/3 of the septum and the apex 

The left circumflex supplies the lateral left ventricle 

o If it supplies the posterior septum, it is called left dominant (20%) 

The inner 2-3 mm of the wall is supplied directly from the ventricle by Thebesian veins. 

 

Internal structure  

The internal structure of the heart is best visualized by long and short axis views of the transesophageal echocardiogram. 

 

 

 

 

 

 

 

 

A. Short axis view: 
o Useful in correlating the coronary artery blood supply with the ventricular wall. 
o Left main artery accounts for over 60% of the ventricular wall. As cardiac shock occurs when more than 40% 

of the wall is infarcted, occlusion of the left main artery is life-threatening. 
o EKG findings correlate roughly with the nearest artery. 

 LAD = V1-2 (anterior) & V3-4 (septum). 
 RCA = II, III & AVF. 
 Circumflex = V1-4 & AVL, but only seen  in 50% of MIs. 

Myocardial infarct of the right ventricle (RV) 

MI due to occlusion of the RCA is dominated by its effects on the left ventricle. The RV is involved as 
much as 30% of the time but clinical effect is only seen 10% of the time because the RV is a low pressure 
system. RV infarction should be suspected when an RCA STEMI (EKG: leads II, II and aVF) also has 
hypotension. RV infarction can be confirmed with a right-sided EKG showing ST elevation in lead V4R. 

Figure 15-4 Standard views of the heart by ECHO. 

Transducer 
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o 90% of the papillary muscle infarcts involve the posteromedial muscle (4), as it only has the one          
vessel supply (RCA).      

  

 
B. Long axis view (aka 4 chamber view): 
o This is the default view when visualizing the heart as it can be used to imagine key components such as the 

chambers, conduction, and the valves. 

 

 

 

 

 

 

o The annulus fibrosis is clinically important: 
  It is electrically inert, which means that supraventricular arrhythmias do not tend to be life-threatening 

as they must pass through the AV node 
 The valves embryologically form with the cytoskeleton structure provided by the annulus. Disorders of 

the annulus, 1° and 2°, lead to valve insufficiency. 
o The 4 chamber view correlates well with most presentations of cardiac disease (i.e. LV-CHF, RV-CHF, and 

arrhythmias). The exception is ischemia (i.e. chest pain), for which the short axis view is better. 
 Pump failure: left and right-sided congestion 
 Conducting system dysfunction: syncope and palpitations  

Tissue architecture of the left ventricle: 

A cross-section of the left ventricular wall (i.e. a short axis view) shows: 

o Perfusion proceeds from the outside inside (i.e. epicardium to endocardium). 
o Myocardial fibers have syncytial architecture with Purkinje cells in the inner third and the contractile 

myocytes in the outer two-thirds. 

1 LAD 
2 Circumflex 
3 RCA 
4 Posteromedial 

papillary muscle 
5 Anterolateral papillary 

muscle  

A B C 

Figure 15-5 Blood supply of the left ventricle by a transverse view. 

Figure 15-6 Using the long axis view: A. General chamber anatomy,   
B. Conducting system, C. Valves. 
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When looking at the blood supply of the ventricular wall, note the epicardial coronary artery, intramural arteries, 
and the arterioles. Arteries and arterioles have different pathological processes and different patient presentations 

o The artery develops atherosclerotic plaque and ischemia from its stenosis causes enough signal to register   
as pain (i.e. angina) 

o Arterioles develop hyaline arteriolosclerosis, and any ischemia is subclinical. The patient will present with 
shortness of breath from congestive heart failure due to accumulating losses of small amounts of 
myocardium over years to decades 

With complete occlusion of the coronary artery (i.e. ST elevation myocardial infarction), the ventricular wall does 
not undergo necrosis at a uniform rate. 

o The subendocardium starts dying within 1-2 hours, while a transmural infarction takes 3-4 hours. This forms a 
key tenet of treatment that “time is muscle”. 

o The subendocardium is more vulnerable as it has the longest period of systole, when there is the least 
perfusion, and it is the furthest from the origin of the blood supply. 

The inner 2-3 mm of myocardium is supplied directly from the ventricular chamber by the Thebesian veins and is 
not vulnerable to infarction. 

Syncytium 

Syncytial cells share cytoplasm, which allows them to act together in a coordinated manner.    
The cytoplasm can be completely fused, seen for example in the giant cells of macrophages or 
the syncytiotrophoblasts of the placenta. Also, the cytoplasm can flow between cells through 
channels. Important examples of this include cardiac myocytes (depolarization), astrocytes of  
the CNS (fluid movement), and bronchial epithelial cells (coordination of cilia waves).            

Figure 15-7 Blood supply (A) and tissue architecture (B) of the left ventricular wall. 

A 

B 
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The conducting system starts at the SA node and is continuous through to the Purkinje cells (discussed further below). 

o Purkinje cells run along the subendocardium and only penetrate to the inner one-third of the ventricular wall 
before ending at intercalated discs of the myocytes. 

o Purkinje cells conduct at 6 times the speed of myocytes because they have larger and more numerous gap 
junction at the intercalated discs 

o This rapid flow allows for a coordinated contraction of the myocytes in systole, through the conducting 
system allows for coordination of myocyte contraction, with a discrete stroke volume. 

o This is called a positive displacement pump, where a fixed amount of fluid is forced (i.e. displaced) into a 
discharge pipe (i.e. the aorta). 

The ventricle is composed of two types of myocytes: contractile and conducting. 

The conducting cells vary somewhat in structure from the SA node > AV node > bundle of his > bundle branches > 
Purkinje cells, but all have automaticity (discussed further in Chapter ---  Arrhythmias). 

o SA node……………………………………………  60-100 bpm 
o AV node & bundle of His………………….. 50-60 
o Purkinje cell……………………………………... 30-40 

The Purkinje cells extend out only to the middle third of the ventricular wall. Each cell connects to thousands of 
the contractile myocytes in a syncytial fashion. 

The time from SA node to end of Purkinje cell is 0.03 seconds; from the inner one-third of the ventricle through 
the full thickness (i.e. the contractile myocyte portion of the wall) is 0.03 seconds. This allows the entire ventricle 
to contract with coordination pumping. 

Clinical significance: 

o The interdigitated myocytes are loosely organized into two mesh-like spirals 
that give the ventricle a contraction pattern that pumps blood as a bolus (i.e. 
the stroke volume). This is different from the   two other types of muscle. 
 Skeletal muscle is arranged in fascicles for straight end-to-end contraction 
 Smooth muscle is arranged loosely side by side for regional contraction 

o Because the myocytes have such coordinated contraction, lost cells cannot be 
replaced by hyperplasia. Increase in demand must be met by hypertrophy. 

o As the myocytes are joined by gap junctions, ectopic depolarizations can be 
propagated in the wrong direction. This is one cause of arrhythmias. 

 

 

Cells of the heart: contractile and conducting myocytes 

Contractile myocytes: 
o These have three functional elements 

1. Intercalated disc 
2. Sarcomere 
3. Ion channels 

 

 

 

Figure 15-8 Architecture of the 
left ventricular stroke. 

Figure 15-9 Architecture and function of contractile                                                                                               
cardiac myocytes. 
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 They have desmosomes (aka macula adherens, which are focal) and zonula adherens (which extend over regions) 

which firmly anchor the myocytes end-to-end for contraction. This allows the ventricular wall to contract as           
a displacement pump. 

 They have gap junctions that allow for the free movement of electrolytes between cells. This allows for 
the depolarization signal to pass from cell to cell as a wave of sodium ions. 
 

o Sarcomeres are the contractile unit, defined as the space between two Z lines.  
 Actin and myosin (more later) are anchored into the Z lines, which are composed of multiple proteins. 
 Z lines are important in sensing tension and can signal stress. This is poorly understood, but a good 

model protein is dystrophin, which forms complexes with cell membrane proteins that then connect to 
the extracellular matrix. 

o Ion channels control the concentration of intracellular calcium. This not only is the signal for contraction but 
also regulates its force, or contractility. 

Conducting myocytes (e.g. Purkinje cells) 

o These are larger than contractile myocytes and have minimal numbers of sarcomeres. They have abundant 
glycogen, so they have clear cytoplasm on H&E stains of heart muscle. They run together in bundles in the 
subendocardium. 

o Purkinje cells only penetrate one-third of the inner wall before merging with the contractile myocytes 
o The most important difference is that these cells have larger gap junctions, so that they conduct the 

polarization wave much faster than the contractile myocyte. As noted above, conduction takes 0.03 seconds 
from SA node to Purkinje cell and 0.03 seconds through the outer two-third of the ventricular wall composed 
of contractile myocytes 

o They have automaticity due to a pacemaker sodium channel (aka “funny” channel), that allows for inward 
flow of sodium ions (called the If current) at rest 
 

Ultrastructure and regulation of cardiac myocytes: 

A. Depolarization 

o Pacemaker cell ion channels: signal initiation 

 

 

Figure 15-10 Pacemaker cell ion channels in the resting state. 

Resting state: 
An internal resting potential of -60 mV is created in the SA node by the 
Na+-K+ ATPase (Figure 15-10 #1) and the inward rectifying K+ channel 
(Figure 15-10 #2). The latter allows for free flow of the K+ ion, which 
balances the effect of the concentration gradient pulling ions out of the 
cell and the electric force pulling them in. 
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o Pacemaker cell ion channels: creation of an action potential 

o Contracting myocyte ion channels: the calcium signal 
 Resting state: phase 4. 

 

 

 

 

Action potential 

- The pacemaker or “funny” channel (Figure 15-11 #8) allows an inward flow of Na+ ions that 
causes a decrease in the internal resting potential. This is phase 4 

- When the membrane voltage reaches -40 mV, the calcium channels (Figure 15-11 #5) 
open. This is phase 0 
o Note that the fast Na+ channels (Figure 15-11 #4) open at -70 mV and so remain inactive 

in pacemaker cells which have a resting potential above this. 
o Repolarization is the same as the contractile cell with inactivation of Ca+2 channels and 

efflux of K+ 

 

This is comparable to the resting state of the pacemaker cell except that there is no pacemaker 
channel and so the resting membrane potential is -90 mV. This is phase 4 

 
Figure 15-12 Contractile myocyte ion channels in the resting state. 

Figure 15-11 Pacemaker cell ion channels in the action potential. 
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 Action potential: phase 0.  

 

 

 Action potential: phase 2 and 3.          

 

 

 

 

B. Contraction 

The contracting myocyte: the calcium signal and contraction 

o Contraction is regulated by intracellular calcium in two stages 
 Inflow from the voltage-gated calcium channels (Figure 15-15 #1) in the cell membrane, followed by… 
 Calcium binding to the Ryanodine receptor (Figure 15-15 #2) of the sarcolemma resulting in a large 

release of calcium from that organelle. This is “calcium-induced calcium-release”. 
o Calcium binds to Troponin C (Figure 15-15 #3), starting the sarcomere contraction sequence (more later). 
o Calcium is then removed from the cytoplasm by  

 Extracellular clearance by the sodium-calcium exchanger (NCX) and calcium ATPase (Figure 15-15 #4b) 

The entry of Na+ ions through the gap junctions (Figure 15-13 #3) of the contiguous 
myocyte raises the membrane potential of the resting cell. When the membrane 
potential reaches -70 mV, the threshold potential, the fast channels (Figure 15-13 
#4) open. This is phase 0.  

 

When the fast Na+ channels (Figure 15-14 #4) influx raises the membrane 
potential to -40 mV, the Ca+2 channels (Figure 15-14 #5) open. This is phase 2. The 
delayed K+ channels (Figure 15-14 #6) also open and the K+ ion efflux keeps the 
membrane potential at a steady state in phase 2. 
All the gates close but for a continued efflux of K+ ions. The -90 mV membrane 
potential is restored. This is phase 3.  
 

Figure 15-13 Contractile myocyte ion channels in the initial action potential. 

Figure 15-14 Contractile myocyte ion channels in the later action potential. 
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 Sequestration into the smooth endoplasmic reticulum (aka sarcolemma) by the SERCA (smooth endoplasmic 
reticulum ATPase) Figure 15-15 (#4a). This is regulated by the inhibitory protein phospholamban. 

 

 

o The contracting myocyte: contraction 
o The functional unit is the sarcomere, defined as Z-line to Z-line 

 

o Actin units bind to the Z-line, a rigid structure composed from multiple proteins. 
o Myosin chains bind to the Z-line with titin, an elastic protein, the largest protein in the body, which acts as a “shock absorber.” 
o The sarcomere is also anchored to the extracellular matrix through proteins such as dystrophin. 
o Contraction band necrosis: when the myocardium is seen at post-mortem from a recent myocardi infarct, the 

myocytes have intracellular striae. These are thought to be due to release of intracellular calcium from the 
damaged smooth endoplasmic reticulum causing hypercontraction in a setting of no ATP. 

 

Figure 15-15 Contractile myocyte ion channels and the calcium signal in the action potential. 

Figure 15-16 Contractile myocyte ion: the sarcomere. 
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o Calcium binds to troponin-C, causing a conformation change in troponin that uncovers the actin-myosin binding site. 
o When myosin binds to actin filament, ATP hydrolysis causes the myosin head to “flex”, with sliding of the actin filament.  
o A new ATP is added, and the myosin head detaches. Calcium is sequestered. 
o ATP hydrolysis into ADP and Pi results in the myosin returning to its high energy conformation (i.e. “cocked”).   

 

Figure 15-17 Muscle contraction: actin-myosin cross-bridging and the power stroke. 
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Heart Failure 16Chapter 16: Heart Failure 
 
Introduction: 
Heart failure is defined as an inability of the heart to produce an output adequate for systemic demand. 
In clinical practice, failure is diagnosed by an increase in end diastolic volume (↑LVEDV) or increase in end 
ventricular end diastolic pressure (↑LVEDP). 

o End diastolic volume correlates to preload. The force of the fiber contraction increases with increasing fiber 
length in which force is calculated with fibers held at a fixed distance during contraction (i.e. isometric).      
This is the basis of the Frank-Starling law. 

o End diastolic pressure correlates to afterload (i.e. blood pressure). Increased aortic pressure decreases the 
velocity of fiber contraction, with a shorter contraction time and decreased stroke volume. The velocity of 
fiber contraction is calculated at fixed different pressures (i.e. isotonic). 

Failure can be due to: 

o Pump failure (i.e. contractile myocyte) 
o Arrhythmia (i.e. conducting myocyte) 
o Decreased filling (i.e. loss of compliance or pericardial disease) 
o Abnormal peripheral resistance (severe ↑BP or severe ↓BP) 

 
Heart failure is the common end pathway for all chronic progressive heart disease 

 

Pathophysiology: Homeostasis > adaptation > disease. 

In all chronic progressive disease, there is a pathology that exceeds the ability of homeostatic correction called a 
stressor. Examples in the heart include hypertension and valve insufficiency. This leads to adaptation called 
remodeling in the heart. (For further discussion, see: Chapter 2: Homeostasis, adaptation and disease) 

Pathophysiology versus etiology 

The term etiology is used in medicine to describe the cause of a disease. Pathophysiology describes the 
functional changes that result from the underlying disease or injury. Etiology can be precise, such as 
Vitamin C deficiency in scurvy. When a disease process is multifactorial, such as much of 
atherosclerosis, etiology blends into pathophysiology and the terms overlap. 

Failure in most organs has many different etiologies but each end in a common end pathway or 
pathophysiology. For example 80% of chronic heart failure in the US is caused by ischemia, 
hypertension, or valvular disease. Note that even these 3 conditions do not define a precise etiology. 
Ischemia can be from atherosclerosis of arteries causing multiple MIs or arteriolosclerosis with 
microscopic damage. Hypertension can be 1° or 2°. Valve damage, in those native to the country, is 
limited to mitral valve prolapse in females and aortic stenosis in males. Context is necessary. 

Figure 16-1 The progression of homeostasis > adaptation > disease. 
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The clinical correlation of progressive disease starts with an asymptomatic period in which compensation with 
homeostasis (sympathetic nervous system (SNS) and renin/angiotensin II/ aldosterone (RAAS)) and adaptation 
(remodeling) are adequate. This period is called functional reserve. The first symptoms start when there is additional 
stress that leads to decompensation, for example when climbing a hill. In heart failure, the first symptom is typically 
shortness of breath. Failure is present when symptoms are present at rest (i.e. there is no or minimal stress). 

o Note that this model of progression is commonly used in staging chronic disease. For the heart, it is used in 
both the NYHA and ACC/AHA staging systems. These correlates well with prognosis, discussed below in 
Natural history. 

 

Homeostasis of cardiac output 

The body does not monitor cardiac output. Instead, it monitors the key function of tissue perfusion using blood 
pressure. It senses hypotension through the baroreceptors of the aortic arch and carotid bodies, together with 
the juxtaglomerular apparatus (JGA) of the kidney. It monitors and regulates volume overload of the heart by 
stretch receptors in the cardiac myocytes. Severe hypotension also monitored in the hypothalamus, which 
releases vasopressin (aka antidiuretic hormone). 

 

Figure 16-2 Natural history and the staging of CHF. 

Figure 16-3 Regulation of blood pressure. 
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Heart Failure 16Regulation of blood pressure results from the interactive effects of cardiac output and peripheral resistance. The 
neurohormonal response to blood pressure will affect one or more of these parameters. 

o BP = CO X TPR  
§ Physiologists use the more accurate mean arterial pressure (MAP), which equals 2/3 diastolic pressure + 

1/3 (systolic -diastolic pressure), as 2/3 of the cardiac cycle is in diastole. For clinical use, blood pressure 
(BP) works well enough 

§ CO = cardiac output; TPR = total peripheral resistance 
o CO = HR X SV 

§ HR = heart rate; SV = stroke volume 
o SV ≈preload / contractility / afterload 

§ Contractility is proportional to intracellular [Ca+2] 
 

Each of these parameters is under neurologic regulation of the autonomic nervous system and hormones such as 
the RAAS and natriuretic peptides. For example, with a decrease in blood pressure: 

 

o Heart 
§ SA node (↑ HR) 

• Stimulation of the β1 Gsα receptor by adrenaline from the 
SNS decreases threshold potential and increases rate of 
the If current. This increases the heart rate. 

§ Myocyte (↑ contractility) 
• Stimulation of the β1 Gsα receptor increases intracellular 

calcium level by increasing calcium flow through the 
voltage-gated calcium channel and inhibiting 
phospholamban. This increases calcium storage in the 
smooth endoplasmic reticulum (aka sarcolemma) pumped 
by ↑ SERCA (smooth endoplasmic reticulum ATPase). 
  

Figure 16-4 Neurohormonal response to hypotension. 

Figure 16-5 Stimulation of the β1 
receptor in the SA node. 
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• Increased intracellular calcium leads to more myosin-actin binding, which leads to increased 
contractility. 

o Adrenal medulla (↑HR, ↑contractility, ↑preload, ↑TPR) 
§ Catecholamines (80% epinephrine) are released into the blood 
§ Heart: see above 
§ Arterioles: α1 receptor activation (Gq)leads to vasoconstriction, increasing TPR. This is supplemented by the 

action of angiotensin II (Gq receptor) and vasopressin (Gq receptor) 
§ Veins: not well discussed, but presumed to cause vasoconstriction of the venous pool and increasing preload 

o Hypothalamus: ADH (V1-↑TPR, V2- ↑preload) 
§ V1 receptor (Gq): 

• ADH is made in the hypothalamic nuclei and released from the posterior pituitary. 
• Significant only with severe hypotension. 

§ V2 receptor (Gs): 
• Upregulates the V2 water channels in the principal cells of the collecting tubules of the nephron. 
• Usually associated with increased osmolality in dehydration; induces with thirst. 

Figure 16-6 Stimulation of the β1 receptor in the cardiac myocyte. 

Figure 16-7 Stimulation of the Gq receptor in vascular smooth muscle. 
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Heart Failure 16o Kidney: (ATII: ↑TPR; aldosterone: ↑preload) 
§ Sympathetic nervous system stimulation of the juxtaglomerular apparatus releases renin which                

is converted to angiotensin 2 both locally and systemically (mostly in the lungs). AT II causes 
vasoconstriction through its Gq receptor 

§ AT II stimulates the release of aldosterone from the 
adrenal cortex. 

§ Aldosterone (① in Fig. 16-8) upregulates the epithelial 
sodium channel (ENaC) in the apical membrane, which 
increases the intracellular Na+, which is then pumped into 
the blood by the Na-K ATPase pump which is also 
increased by aldosterone. Note that aldosterone is lipid 
soluble and does not need a membrane receptor. 
• K+ is passively excreted into the lumen by the negative 

electrostatic forces created by the ENaC Na+ flow 
• Atrial natriuretic peptide (ANP-② in Fig 16-8) acts as 

an anti-aldosterone. It is increased by atrial myocytes 
when they are stretched by hypervolemia. 

§ Antidiuretic hormone (ADH-③ in Fig 16-8) acts on the V2 
ADH receptors of the principal cells, causing fusion of the 
aquaporin-2 channel vesicles to the apical cell membranes, 
increasing water reabsorption. 

Local regulation of tissue perfusion (see Figure 17-3) 

This varies by region. The greatest variation of blood flow is in the skin (thermoregulation/SNS), GI tract (local and 
SNS) and skeletal muscle (ration of α1/β1 receptors and local chemicals). Heart has only β1 receptors.  

Local regulation of blood flow depends upon a complex interaction of the endothelial cell with the underlying 
smooth muscle cell, mostly at the level of the arteriole. 

o Heart serves as a good model due to the importance of ischemia in the USA 
§ Metabolites: Adenosine, H+, CO2: all induce vasodilation 
§ Endothelial cell (by [Ca+2] in SMS; ↓ causes vasodilation):  

• NO, prostaglandins: vasodilate 
• Endothelin: vasoconstriction 

o Note that endothelial cell derived nitric oxide (NO) activates myosin light chain phosphatase (MLCP) to cause 
relaxation. Compare that to the effect of α1, ATII and V1 Gq receptors on the smooth muscle cell (SMC) that increase 
IP3, which increases intracellular [Ca+2], activating myosin light chain kinase (MLCK), causing vasoconstriction. 

Summary of the response to hypotension 

- Key to understanding the response to hypotension is the relationships of: 
o BP = CO X TPR 
o CO = HR X SV 

- Cranial nerve IX and X afferents carry baroreceptor signals to the nucleus tractus solitarius 
(NTS), which regulates the autonomic nervous system (ANS) through the SNS and PNS. 

- NTS signals the vasomotor center to stimulate the SNS, affecting 3 major organs. Be able to 
explain, at a molecular level, how this results in: 
o Heart: ↑HR, ↑contractility 
o Adrenal glands: ↑HR, ↑TPR 

Figure 16-8 Regulation of Na+ and H2O 
in the collecting tubule. 

o SV ≈ preload, afterload & contractility 

 

o JGA: ↑preload, ↑TPR 
o ADH (severe ↓BP): ↑preload, ↑TPR 
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Adaptation (aka remodelingin the heart) 

When neurohormonal stimulation is insufficient, injury signals, mostly IL-1 and sympathetic stimulation, cause the 
cardiac myocytes to change their structure. In the heart, adaptation is given the name remodeling.  

Myocytes cannot divide and so they respond by increasing the number of sarcomeres. Each myocyte becomes 
larger in size, called hypertrophy. 

Myocyte proteins change to a fetal pattern 

If the afterload increases, for example with hypertension or aortic valve stenosis, then the heart compensates by 
increasing its thickness. 

o This decreases the wall tension necessary to push the blood bolus (i.e. stroke volume) out into the aortic root. 
o This thickening is accomplished by increasing the number of sarcomeres in parallel, called concentric hypertrophy. 
o The trade-off is decreased stroke volume and increased diastolic filling pressure. 

If the preload increases, for example in mitral valve regurgitation or chronic kidney disease, then the heart 
compensates by chamber dilation. 
o This increases the stroke volume 
o It is accomplished by increasing the number of sarcomeres in series, called eccentric hypertrophy.  
o The trade-off is increased wall tension due to increased radius 

Heart failure 

With progression of the disease process, the adaptive changes will also fail to provide adequate compensation. 
This is usually described through the cardiac function curves. These show that the increased contractility from 
neurohormonal and adaptive changes eventually prove inadequate and increased end diastolic volume and 
pressure ensue. 

Figure 16-9 Concentric hypertrophy. 

Figure 16-10 Eccentric hypertrophy. 
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There are several key ideas represented in cardiac function curves: 

o The shape of the normal curve, in black, reflects the Starling effect. As the atrial pressure increases on the      
X axis, reflecting the preload, cardiac output increases due to the increase in contractility from the increased 
stretch of the myocardial fibers. 

o With any chronic progressive disease, there is a decrease in the function curve (i.e. the normal curve of the 
black line drops to the lower function seen in the “B” line). 

o The resulting decrease in cardiac output can be corrected by the neurohormonal effects of the SNS, the RAAS 
and remodeling through cytokines such as IL-1. 

This is seen in the increase in CO from B1 to B2. 

 
Figure 16-12 Cardiac function curve: decompensation in disease. 

Figure 16-11 Cardiac function curves. 
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o Note that compensation requires an increase in preload (seen in the increase in atrial pressure) and an 
increase in afterload (i.e. TPR, not illustrated). 

o Heart failure, the presence of symptoms at rest occurs when the progressive loss of function cannot be 
corrected, as seen with the flat response of the CO. Note that there is an increase in atrial pressure due to an 
increase in ventricular end diastolic pressure. When atrial pressure exceeds 10 mmHg in the right atrium, 
patients develop pitting edema. When pressure exceeds 20 mmHg in the left atrium, patients develop 
pulmonary edema and shortness of breath. 

o “D” represents the goal of treatment, which is to decrease the atrial/ventricular pressure back to a point 
where there is some Starling effect. Too severe a diuresis results in hypotension. A common way to assess 
diuresis is by following renal function (i.e. eGFR). 
 

Irreversible progression: 

o Without treatment, the long term increased stimulation by the SNS and cytokines leads to apoptosis of 
myocytes and interstitial fibrosis. 

o The lost myocytes cannot be replaced by regeneration. This places an increased burden on the remaining 
myocytes, hastening their loss in a negative spiral. 

o Fibrosis leads to a loss in contractility from a stiff wall, leading to a decreased diastolic filling. 
o Prevention of irreversibility is a key component of therapy and is only seen with those drugs that target 

homeostatic mechanisms (i.e. neurohormonal). 
§ β blockers. 
§ Anti-aldosterone drugs (e.g. spironolactone). 
§ ACE-I /ARB. 
§ Inhibitors of natriuretic peptide inhibitors (e.g. neprilysin). 

Etiology of chronic heart failure: 

1. Ischemia 
2. Hypertension 
3. Valvular disease 

 
 

4. Cardiomyopathy 
a. Dilated 
b. Hypertrophic 
c. Restrictive 

5. Pericardium 
a. Restrictive pericarditis 
b. Tamponade  

6. High output (e.g. anemia, AV shunt, beriberi, hyperthyroidism) 

 

Classification of heart failure 

There are multiple ways to think about heart failure. Clinicians will use the category that best fits a particular patient: 

o Time: acute (hours to days) or chronic (> 1 week) 
o Reduced ejection fraction (HFrEF) versus preserved ejection fraction (HFpEF)  

§ This is the classification most used in studies as it is based on reproducible ECHO cardiograms. If the EF   
< 40%, then it is called HFrEF and if the EF > 50% then it is called HFpEF. 

§ HFrEF used to be called systolic failure. Pathologically, it is associated with a dilated ventricle with an increased 
preload, eccentric hypertrophy and is commonly seen post-MI. 

} 80% 
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Heart Failure 16§ HFpEF used to be called diastolic failure. It is associated with an increased afterload, concentric 
hypertrophy, and increased filling pressures. It is commonly seen in hypertension and old age.  

§ The pathophysiologic difference between the two is in ventricular compliance (i.e. the increase in volume 
for a given increase in pressure). HFpEF has stiff ventricles and the stroke volume is decreased due to 
decreased filling in diastole. An effect of this is dilation of the atria. 

§ HFpEF is characteristic of the restrictive cardiomyopathies (e.g. amyloidosis, hemochromatosis) and 
hypertrophic cardiomyopathy (HCM). For the medical student, the most important association is with 
hypertrophic cardiomyopathy (HCM). 

§ HFrEF and HFpEF have roughly the same symptoms and signs. They are differentiated by ECHO. 
§ HFrEF should be treated as a conventional HF with anti-neurohormonal drugs. There is no consensus on 

the best management of HFpEF. 

 
o Systolic failure versus diastolic failure.  

§ Older nomenclature now replaced by the ECHO cardiographic classification based on ejection         
fraction (see above). 

o Left-sided versus right-sided. 
§ While right-sided failure is usually secondary to left-sided failure, this is a useful way of thinking about 

signs and symptoms. LV-CHF presents with shortness of breath; RV-CHF presents with edema. 
o Forward versus backward failure. 

§ Forward failure refers to the ability of cardiac output to meet tissue demand. This is mostly used for left 
ventricular output, as pure right-sided failure is much less common (in the US due to cor pulmonale in 
COPD or a right ventricular infarct). Common clinical manifestations of forward failure include fatigue, 
poor exercise tolerance, mental confusion, and renal compromise. 

§ Backward failure refers to congestive changes. In the left side, pulmonary edema causes dyspnea. In the 
right side, it causes pitting edema and hepatomegaly. 

 

 

 

 

 

 

“CHF”, the catchall term for heart failure. 

Clinical medicine is notoriously undisciplined in its use of terminology. This is certainly 
true in heart failure. Left ventricular failure is much more common than right-sided 
failure, which itself mostly follows left-sided failure. Shortness of breath caused by 
pulmonary edema is the most common symptom of heart failure. For these reasons, 
congestive heart failure or “CHF” is commonly used as a category term for the spectrum 
of disease seen in heart failure. 

Figure 16-13 Systolic (HFrEF) versus diastolic heart failure (HFpEF). 
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Left ventricular heart failure (LV-CHF) 

Pathophysiology: 

o With progressive disease, once neurohormonal mechanisms do not sustain blood pressure, the heart 
remodels by hypertrophy (i.e. adaptation). This will either be concentric or eccentric hypertrophy 
depending on the nature of the problem: concentric for ↑afterload and eccentric for ↑preload. 

o When remodeling becomes inadequate, the heart dilates, and the EF decreases as a common              
end-stage pathology. 

o The ↑end diastolic volume and pressure (EDV/P) is transmitted back through the left atrium                       
à pulmonary veins àalveolar capillaries. 

o When the capillary pressure is >20 mmHg, an alveolar transudate forms, called pulmonary edema. This 
decreases diffusion of gases and also causes a V/Q mismatch, both leading to dyspnea. 

Pictorial model of LV-CHF: 

Presentation: 

o Symptoms 
§ Shortness of breath (SOB): pulmonary edema causes both an increased diffusion barrier and V/Q 

mismatching from consolidation. SOB can be precipitated by exertion (SOBOE). 
§ Orthopnea: SOB when lying flat is caused by an increase in preload from lower limb volume, usually 

considered to be about 10% of blood volume (i.e. 500 mL in an adult male). This tips a borderline heart 
into pulmonary edema. 

§ Paroxysmal nocturnal dyspnea. This is dyspnea that wakens a patient during sleep with not only air 
hunger, but also cough and wheezing. It is most likely due not only to the orthopnea, but also may be 
due to edema in the interlobular septae that causes bronchospasm.  Respiratory symptoms associated 
with CHF have given rise to the term cardiac asthma. 

§ Fatigue, weakness, confusion due to ↓CO. 
o Physical examination 

§ Precordial apex displacement lateral of mid-clavicular line due to cardiomegaly (i.e. remodeling)  
§ S3 heart sound (atrial contraction into a dilated ventricle) and S4 heart sound (atrial contraction into a 

stiff left ventricle). Called “gallop rhythms”. 
§ Crackles (aka rales) in lung fields due to pulmonary edema. 

o Testing: any finding that shows remodeling or ↑EDP/V. 
§ EKG: a sensitive test that can be specific for arrhythmias and ischemia. A normal EKG effectively rules out CHF. 
§ Serum BNP: produced by ventricular myocytes when there is increased stretch. Highly sensitive and specific. 

Figure 16-14 Left ventricular CHF: a pictorial model. 
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Heart Failure 16§ Chest X-ray: 
• Redistribution: blood redistributes into the upper lobes with increased left atrial pressure 
• Kerley B lines: seen with edema in peribronchial and interlobular septae. 
• Perihilar consolidation: seen with pulmonary edema 
• Cardiomegaly: when cardiac silhouette is >50% thoracic width. Rule out pericardial effusion.  

Natural history 

o Prognosis 
§ Life expectancy in LV-CHF is assessed using the New York Heart Association classes, which is based          

on function: 
• Class 1: No limitations; no symptoms during ordinary activities 
• Class 2: Mild limitations; comfortable up to mild activity 
• Class 3: Marked limitations; comfortable only at rest 
• Class 4: Any activity is uncomfortable; symptoms at rest 

§ All classes taken together have a 5-year survival of 50%. 
§ Classes 3 and 4, together have a 1-year survival of 40% 

o Complications: 
§ Sudden death (i.e. in < 1 hour): arrhythmia 
§ Progressive pump failure 

o Treatment: 
§ Symptoms: diuresis with furosemide 

Figure 16-15 Chest X-ray findings in LV-CHF. 

Figure 16-16 Natural history and the staging of CHF. 
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§ Prolongation of life: neurohormonal blockade 

Right ventricular congestive heart failure (RV-CHF) 

Pathophysiology 

o Right-sided CHF is defined as an increase in right ventricular end diastolic volume and/or pressure (LVEDV/P), 
so any test that shows this is diagnostic. 

o The right ventricle shares the same diseases as the left ventricle (e.g. ischemia, cardiomyopathy, myocarditis) 
with the additional pathology of increased preload and afterload of congestion behind a failing left ventricle. 

o RV-CHF has congestive changes due to increased pressure in the right atrium that is projected into the inferior vena 
cava (lower limb edema, hepatomegaly) and superior vena cava (JVD). 

Figure 16-17 Cardiovascular pharmacology. 

Figure 16-18 Using Starling forces for the DDx of systemic edema. 
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Heart Failure 16§ Congestion in the liver occurs first around the centrilobular hepatic vein in Zone III. This causes “nutmeg” 
liver and can lead to hepatic fibrosis but not cirrhosis. 

 

 

o Etiology: WHO classification of causes of elevated pulmonary artery pressure 

 

Figure 16-19 Congested “nutmeg” live 

Figure 16-20 Centrilobular congestion of the liver in right heart failure. 

Table 16-1 WHO classification of elevated pulmonary artery pressure. 
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o Model of RV-CHF: 

 

 
 
 
Presentation: 
o Symptoms 

§ Lower limb pitting edema 
• Increased venous pressure transmitted from increased right atrial pressure leads to transudate 

formation from increased hydrostatic pressure. This is most common in the lower legs due to the 
added pressure of standing. 

§ SOB and fatigue. 
• Decreased right ventricular output leads to decreased left ventricular output with the symptoms of 

“forward” failure, including weakness, fatigue, dyspnea, mental confusion, and exercise intolerance. 
o Physical examination 

§ Jugular venous congestion 
§ Hepatomegaly 

Figure 16-21 Right ventricular CHF: a pictorial model. 
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Heart Failure 16§ Hepatojugular reflux 

o Testing 
§ ↑pulmonary artery pressure (i.e. >25 mmHg) 
§ Pulmonary artery dilation (i.e. diameter > 30 mm) 

 
o Treatment of RV-CHF 

§ Treatment of right-sided failure is the same as left-sided failure after correction of any known     
underlying cause. 

 

Natural history  

o Prognosis and treatment of RV-CHF depends upon the nature of the underlying disease.  
 

Jugular venous pressure 

There are no valves between the right atrium and the internal jugular vein, so the top of the jugular 
venous pulsation reflects the right atrial pressure. 
The patient’s upper torso is raised until the jugular venous pulsation is seen (typically starting at a 45° angle). 
The height of the topmost pulsation is measured above the angle of Louis. This is added to the 
presumed height of the angle of Louis above the right atrium, 4-5 cm. 
Jugular venous distension (JVD) is diagnosed if the sum of two is > 8-10 cm of water. This indicates an 
↑right atrial pressure from an ↑RV pressure and therefore RV-CHF. 

 

 

 

 

 

 

 

 

 

 

 

Figure 16-22 Measuring jugular vein pressure. 
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Heart Ischemia and Infarction 17Chapter 17: Heart Ischemia and Infarction 

Introduction 

Ischemia of the heart occurs when there is an imbalance between supply and demand. 

o Hypoxia is a deficiency of oxygen 
o Ischemia is a deficiency of blood supply. It is not only a deficiency of oxygen, but also of nutrients and a lack 

of clearance of metabolic waste products. 
 

In the US, it is commonly stated that >90% of cardiac ischemia is due to atherosclerosis of the coronary arteries 
and so the subject is often referred to as coronary artery disease (CAD). 

o This is a dated idea that comes from a time when disease was mostly identified from autopsies. This meant 
that microscopic pathology, like hyaline arteriosclerosis and functional pathology due to endothelial 
dysfunction went underappreciated. 

o If autopsies are used to establish the cause of death in diabetics, then the commonest cause is atherosclerosis of 
coronary arteries. If diabetics are followed prospectively however, the commonest cause of cardiac death is 
congestive heart failure, which also includes small vessel disease and endothelial cell dysfunction. 

Epidemiology 

Ischemia and its attendant arrhythmias and infarction account for most heart disease inthe US.  

 

                                             
 
 

 

Incidence and mortality due to cardiac ischemia and infarction have been decreasing for decades in the US due to: 

o Prevention: 
§ Screening for hypercholesterolemia and hypertension 
§ Decreased smoking 
§ Drugs (e.g. statins) 

o Treatment: 
§ Angioplasty 
§ Implantable pacemakers and defibrillators 

These trends are now expected to reverse due to the demographic trends of: 

o Aging population (“Baby Boomers”) 
o Obesity
o Inactivity 
o Increasing diabetes mellitus type 2 

 
 

Causes of death in the US (2015) 
1. Heart disease  634,000/yr 
2. Cancer   596,000 
3. Lower respiratory   155,000 
4. Accidents   147,000 
5. Stroke   140,000 

  
Table 17-1 Causes of death in the US. 
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Risk factors for arterial disease: 

o Definition of a risk factor: any attribute or behavior that increases the likelihood of a future event. For 
cardiovascular disease, this is assessed over a 10-year time period. 
§ Precipitating event: any stressor that cannot be compensated well enough to prevent an ischemic event, 

such as anemia or arrhythmia. 
§ Preventative factor: any action that interrupts the natural history of a risk factor and disease. 

• Treatment of hyperlipidemia 
• Treatment of hyperglycemia 
• Treatment of hypertension 
• Exercise 
• Cessation of smoking 
• Moderation of alcohol intake 
• Estrogen replacement in premenopausal females 

o Major risk factors for ischemic heart disease include: 
§ Atherosclerosis (with its risk factors such as hyperlipidemia, hypertension, diabetes mellitus types 1 & 2 etc.). 
§ Metabolic syndrome (any 3 criteria): 

• Insulin resistance (i.e. type 2 diabetes mellitus) 
• Obesity (abdominal) 
• Hypertension 
• Hyperlipidemia (↑TG, ↓LDL cholesterol) 

§ Left ventricular hypertrophy (usually hypertension) 
§ Hyperhomocysteinemia (unknown mechanism) 
§ Elevated CRP 

• CRP (C reactive protein) is an acute phase reactant that serves as a marker of unstable plaques. 
These types of plaques have high levels of inflammation. 

Screening for coronary artery disease: coronary artery calcification (CAC). 

o This special type of CT scan is the single best test for evaluating a patient’s risk for CAD. 
o Dystrophic calcification occurs in any tissue with degenerative disease. In arteries, this is overwhelmingly         

due to atherosclerosis 
o Absence of calcification rules out significant CAD. Presence requires further evaluation (e.g. coronary angiogram) 

 
Classification of risk for atherosclerotic cardiovascular disease (ASCVD). 

Risk 10-year risk of 
an event 

Treatment 

Low  < 5% Routine  
Intermediate  5 -7.5%  
High >7.5% Aggressive  

 

 

Structure and function in cardiac ischemia. 

Anatomy of blood flow to the heart (homeostasis) 

Blood supply of the heart (for further discussion, see: Chapter 15: Heart: Structure and function) 

o It is important to differentiate the muscular arteries with a pathology of atherosclerosis and small vessels 
(arterioles) with hyaline arteriolosclerosis. 

o Large vessel disease can cause ischemia to a large enough volume of tissue to cause pain (i.e. angina). 

Table 17-2 Classification of risk for ASCVD. 
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Heart Ischemia and Infarction 17o Small vessel ischemia tends to be asymptomatic until there is enough myocardial damage to cause heart 
failure (e.g. dyspnea). 

o Perfusion of the left ventricle: 
§ ECHO cardiography is widely used in medicine today and perfusion of the ventricular wall can be well 

understood by the ECHO short axis view. 
§ The short axis view shows the anteroseptal wall perfusion by the LAD, the lateral wall by the LCX, and the 

posteroinferior wall by the RCA. 
§ Note that the posteromedial papillary muscle has a single artery blood supply while the anteromedial 

muscle has a dual supply by the LAD and LCX. This explains the finding that 90% of post-infarction papillary 
muscle necrosis involves the posteromedial muscle. 

§ This view also correlates with the EKG in which the nearest leads to the anteroseptal walls are V1-V4 and 
the inferior wall to the leads II, III and aVF. 

                                       

 
  
 
 
 
    

 

Ischemic heart disease is typically caused by atherosclerosis of the arteries and/or hyaline arteriolosclerosis of the 
arterioles. Infarction of the small amount of tissue served by an arteriole leads to a subclinical necrosis. It takes 
numerous numbers of these small infarcts to compromise the myocardium. Presentation is shortness of breath 
from heart failure with reduced ejection fraction (HFrEF). 

o Occlusion of a coronary artery causes ischemia of a large enough volume of tissue to exceed clinical 
threshold, and this presents as pain. 

o With complete occlusion of the coronary artery (i.e. ST elevation myocardial infarction), the ventricular wall 
does not undergo necrosis at a uniform rate 
§ The subendocardium starts dying within 1-2 hours, while transmural infarction takes 3-4 hours. This 

forms a key tenet of treatment that “time is muscle”. 
§ The subendocardium is more vulnerable to occlusion as it has the longest period of systole when there is little 

perfusion, and it is the furthest from the origin of the blood supply.  

1 LAD 
2 LCX 
3 RCA 
4 Posteromedial 

papillary 
5 Anterolateral 

papillary 

Figure 17-1 Blood supply of the heart and left ventricle. 
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Regulation of blood flow to the heart. 

Perfusion of myocardium occurs mostly during diastole 

o Subendocardial tissue is subject to systole longer than subepicardial tissue, making it more vulnerable to 
ischemia. With acute occlusion, subendocardium dies hours before subepicardial tissue. After 3-4 hours, 
opening of an occluded coronary artery offers no benefit. 

o Oxygen extraction is maximized at rest, therefore any increase in blood supply must come from increased 
perfusion.This is achieved through vasodilation, mostly in the arterioles, which can increase flow 4-5 fold. 

Autoregulation of blood flow in coronary arteries: 

o Metabolites 
§ There are multiple endogenous agent sand they are not well understood. Adenosine is used as the model 

for this action. With ischemia, ATP is converted to adenosine, which causes vasodilation in the smooth 
muscle cells of the vessel wall.  

§ Adenosine is also a major signal for pain in ischemia. 
o Endothelial cell 

§ Shear stress and pulsatile stretching induce the release of NO by the endothelial cell. This diffuses into 
the adjacent smooth muscle cells, causing vasodilation. 

§ Endothelial cells can also release endothelin, which causes vasoconstriction. 

Systemic neurohormonal regulation of the coronary arteries: 

o Smooth muscle cells of the coronary arteries (in distinction from cardiac myocytes), have both α and β 
adrenergic receptors, with the α receptors causing vasoconstriction and the β receptors causing vasodilation. 

o α receptor-induced vasoconstriction predominates over β-induced vasodilation. 

Figure 17-2 Blood supply of the left ventricular wall. 
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Adaptation of the heart to ischemia 

Although only poorly understood, the myocardium develops resistance to ischemia after recurrent episodes. This 
is best illustrated by the findings of “stunned” and “hibernating” cardiomyocytes with reperfusion. 

1. Stunned myocardium: acute coronary artery occlusion demonstrates areas of the wall with loss of motion that 
is restored with reperfusion. This is the key target of revascularization within 1 hour of the onset of STEMI. 

2. Hibernating myocardium: in chronic CHF, restoration of blood flow with bypass graft surgery will show wall 
motion improvement in areas that had prior dyskinesis.  

Ischemic Heart Disease 

Coronary artery has 2 pathophysiologic patterns, stable angina from stenosis of a stable plaque and acute 
coronary syndrome from thrombosis of an unstable plaque. Both plaque types are often found together in any 
artery and there is overlap of the plaque pathology. 

Stable angina 

Pathophysiology: 

o Demand ischemia arises during exercise when the increased need for oxygen and nutrients is unmet when 
atherosclerotic stenosis in the coronary artery limits arterial dilation.  

o Arteries can normally increase blood flow 4-6 times resting levels, called the “flow reserve”. This is not 
possible when the lumen has a stenosis >70%. 

 

 

Figure 17-3 Regulation of regional blood flow. 
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o Stenosis is most commonly due to a stable plaque 

 
 
 

o Determinants of tissue perfusion (in a typical outpatient with CAD):  

 

 

 

§ O2 content: 
• Hemoglobin is the only variable that is likely to be significant acutely. 

 

§ Blood flow: 
• Pouiselle’s Law states that flow is proportional to r4. A 70% stenosis leads to a decrease in flow that 

causes a demand ischemia with exercise. A 90% stenosis causes ischemia at rest. 

 
 

Figure 17-4 Atherosclerosis: stable plaque. 

Figure 17-5 Ischemia: determinants of regional blood supply and demand. 
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• Laplace’s Law for the heart states that the force needed in the ventricular wall to exceed the 

resistance of the aortic valve is proportional to the radius of the ventricular chamber and the inverse 
of the thickness of the wall. 

 

 

 

 

• Wall tension is proportional to left ventricular end-diastolic pressure and/or volume (LVEDP/V). 
o The pressure needed to open the aortic valve is proportional to blood pressure. 
o With cardiac remodeling for increased afterload (e.g. hypertension), wall tension and its 

increased metabolic demands can be decreased by increasing the thickness of the ventricular 
wall through concentric hypertrophy, at the expense of stroke volume and increased demand. 

o With increased afterload (e.g. mitral regurgitation), there is eccentric hypertrophy to increase 
the chamber volume. This comes at the expense of increasing the chamber radius, which 
increases wall tension and demand. 

• Cardiac demand can be estimated clinically by multiplying the HR X BP, giving a double product. For most 
patients, this is well-defined and is called the angina threshold. 

§ Contractility 
• The force of contraction is determined by the interaction of myosin heads with the actin active sites, 

regulated by troponin C and calcium. 
• Intracellular calcium is regulated by the autonomic nervous system. The SNS system stimulation of 

the β1 receptor increase of PKA leads to increase calcium through the voltage-gated calcium 
channels and increased storage of calcium in the smooth endoplasmic reticulum. This latter occurs 
by increased activity of the SERCA and inhibition of phospholamban.  

o Pain with cardiac ischemia occurs when ATP is metabolized to adenosine, which stimulatesA1 cardiac sensory 
afferent nerves. These travel to the brain via the sympathetic chain ending in the sympathetic ganglia in the 
neck. As the sympathetic ganglia also innervate the arms and jaw, anginal pain is referred into the arm and jaw. 

Presentation: 

o Symptoms: 
§ Stable angina is characterized by a “crushing” or “squeezing” pain in the retrosternal with radiation to 

arms and jaw. 
§ The pain can be induced by exercise and relieved by rest or nitroglycerin. 

• Onset of pain can be predicted by the angina threshold (i.e. the double product of HR X BP). 
o Physical examination: 

§ Non-contributory except for ruling out other causes of chest pain, especially chest wall pain (palpation), 
pericarditis (rub) and pleuritis (rub). 

o Testing: 
§ EKG shows ST depression with increased demand (i.e. exercise EKG) 

 
 
 
 
 
 

 

ST depression must be greater 
than 2mm (i.e. 2 squares) and 
flat or downward sloping. 

Figure 17-6 Myocardial ischemia: ST segment depression. 
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Natural history: 

o Stable angina is the commonest presentation of CAD and it is a progressive disease. 
o Prognosis can vary 10-fold depending on baseline characteristics. Risk factors are used calculate the risk of a 

cardiovascular event over the next 10 years (ASCVD is the commonest acronym: atherosclerotic 
cardiovascular disease). In general, a risk < 5% /10 years is low risk and a risk >10% /10 years is high risk. 
§ The most powerful risk factors are: male gender, ↓EF, diabetes mellitus (DM), previous MI and ↑CRP 

• Modifiable risks include: smoking, hyperlipidemia, DM, hypertension, inactivity, diet low in fruits & 
vegetables, and high alcohol use. 

o Treatment: 
§ Medical treatment is as effective long term as angioplasty. 

• Acute angina:  
o Sublingual nitrates (venous vasodilation with ↓preload is its most important mechanism of 

action) 
• Prevention of angina: 

o β blockers 
o Calcium channel blockers 
o Long- acting nitrates 

• Prevention of disease progression: 
o Anti-platelet drugs 
o Control of diabetes 
o Control of hypertension 
o Control of hyperlipidemia 
o ACE inhibitors /ARBs 
o Modification of lifestyle 

Acute coronary syndrome (ACS) 

Pathophysiology: 

o The thin fibrous cap of an unstable plaque is prone to tearing, with thrombosis starting from the exposure     
of the underlying collagen. Unstable plaques have central necrosis that is prone to hemorrhage, leading to 
rapid occlusion. 

o Abundant inflammation is a key feature of unstable plaques. This explains why CRP, a marker of 
inflammation, is a powerful predictor of risk for a cardiac event. 

 

 
 
  

Figure 17-7 Atherosclerosis: unstable plaque. 



181

Heart Ischemia and Infarction 17

 
Presentation: 
o Symptoms: 

§ The clinical presentation of unstable plaques is not related to the size of the plaque but its likelihood of 
thrombosis or hemorrhage. Symptoms are not related to myocardial demand. 

§ Acute occlusion presents as chest pain (i.e. angina): 
• Unrelated to exercise or rest 

o Duration longer than 20 minutes and often progressive. 
• The family of acute occlusion in unstable plaques is called acute coronary syndrome (ACS). 

o ACS is further classified by the presence or absence of necrosis and the extent of the necrosis 
(subendocardial or transmural). 

 
 

Acute coronary syndrome (ACS) is the standard model for cell injury 
(For further discussion, see Chapter 4: Cell injury and death) 

 
- Pathophysiology: acute thrombotic occlusion of a coronary artery from atherosclerotic plaque         

leads to ischemia. 
o Muscle contractility is lost in < 1 minute 
o Cell death occurs in 15-20 minutes 

- Homeostatic mechanisms that occur in hypoxia: 
o Shift to glycolysis; the resulting production of lactate leads to a ↓pH, which leads to ↑Na+/H+ 

exchanger. 
o Myocytes release adenosine, which is increased with ↓ATP production. 

§ Adenosine induces arterial vasodilation (A2a receptor, Gs→ cAMP→↓Ca+2) 
§ Adenosine depresses myocardial function (A1 receptor, Gi/q)  
§ Pain (A1 receptor in unmyelinated sympathetic sensory nerves). 

- Stressor state (i.e. exceeds homeostatic changes), reversible injury: 
o ↓ATP production leads to failure of cellular ATPases: 

§ Na+/K+ ATPase → ↑Na+ (swelling) 
o ↑intracellular calcium ATPase → 

§ Plasma membrane calcium ATPase → ↑intracellular calcium (dysregulation of kinases, 
phosphatase, and others) 

§ Smooth endoplasmic reticulum calcium ATPase (SERCA) → ↑intracellular calcium 
- Adaptive mechanisms (with recurrent episodes of ischemia) 

o Ischemic preconditioning: 
§ “Stunned” myocyte: with short duration ischemia, the myocyte stops contracting but 

function is restored with reperfusion. 
§ “Hibernation”: long-standing dyskinetic cardiac wall, as seen by ECHO, can regain motion 

with reperfusion following coronary bypass surgery. 
§ Collateral circulation: hypoxia suppresses VHL protein production which leads to ↑HIF-1α, 

which leads to ↑VEGF and angiogenesis. The vessels that grow in from surrounding arteries 
can be a significant source of blood flow to the ischemic regions. 

- Regulated cell death (irreversible injury) 
o At some ill-defined tipping point of ↓ATP, ↑intracellular calcium and release of lysosome 

proteases, the cell crosses the viability threshold. 
o In ischemic heart, the death pathway will be MPT-driven necrosis. 

§ ↑intracellular calcium and ROS (reactive oxygen species) cause the opening of an inner 
mitochondrial membrane pore, allowing the release of cyclophilin D. 

§ Cyclophilin D causes membrane permeability of the mitochondria and loss of all ATP production. 
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o Physical exam: 

§ Non-contributory, unless there is heart failure. 
§ Testing: 

• EKG: ST segment elevation with evolution of Q waves with necrosis. 

• Cardiac troponins (cTn) 
o These are sensitive markers of myocyte injury but can be seen in diseases other than ischemia, 

such as myocarditis. This means that diagnosis of infarction also requires characteristic EKG 
findings in the right clinical setting. 

o The time from infarction to detectable cTn depends on the sensitivity of the test. The newest assay, 
so-called high sensitivity cTn (hs-cTn) can rule out MI with testing 1 hour after onset of chest pain. 

o cTn can be used to assess size of infarction (↑levels αsize of infarction), prognosis (better with 
less infarction) and re-infarction. 

 
Natural history: 
o Prognosis: 

§ This depends on variables that can be made into a risk profile. The key factors 
fall into 3 general categories: 
• Extent of necrosis: larger infarcts do worse. Size correlates with EKG findings 

(degree of ST change, Q wave evolution), cTn levels and evidence of failure 
• Extent of arteriosclerosis: more is likely with previous events, risk factors 

such as hyperlipidemia, diabetes, and hypertension,  
• Age: older patients are at higher risk 

o Complications: 
§ CAD is not a primary disease of heart but a disease of the heart’s blood supply, 

hence the broader term of “cardiovascular” heart disease. Atherosclerosis is 
likely in other arteries and evaluation is warranted: 

 

 

Table 17-3 Clinical pathology correlation of acute coronary syndrome. 

Figure 17-8 Evolution of the EKG in an STEMI. 

Figure 17-9 Important 
arteries that develop 

atherosclerosis. 
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§ Timeline of STEMI: clinical pathologic correlation 

 

1. Free wall rupture and papillary muscle rupture  

o Treatment: 
§ Unstable angina: 

• Pain management: nitroglycerin, morphine 
• β-blockers 
• Plaque stabilization: statin, anti-platelet (X2), heparin 

§ Non-STEMI: 
• Treatment depends upon risk stratification. Low risk patients treated as unstable angina. High risk 

patient treated as STEMI (i.e. reperfusion). 
§ STEMI: 

• Reperfusion:  
o Benefit decrease with time, ending at 4 hours post-occlusion 
o PCI (percutaneous cardiac intervention): angiogramà angioplasty and stenting 
o Fibrinolysis: tPA 

• Anti-thrombosis: 
o Anti-platelets: aspirin and clopidogrel (anti-P2Y12) 
o Anti-factor: heparin à coumadin and others 

• Anti-neurohormonal: 
o β-blocker (anti-ischemia & anti-arrhythmia), ACE inhibitor (anti-remodeling) 

Time (post-MI) Pathology Clinical correlation 
Day 1 Normal appearance, microscopic edema ·Arrhythmia 

·Cardiogenic shock 
Day 3 Color changes grossly; peak neutrophils ·Mechanical: rupture1 

·Inflammation: pericarditis Day 7-10 Necrosis; granulation tissue with 
macrophages and granulation tissue 

Weeks 2-8 Scar formation; collagen, type I à III ·CHF 
·Aneurysm 
·Dressler syndrome 
·Mural thrombus 

STEMI: clinical pathologic correlation 

Table 17-4 Clinical pathology correlation of atherosclerosis. 

Table 17-5 Clinical pathologic correlation of the evolution of a STEMI. 
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Introduction: 

Arrhythmias are diseases of the conducting myocytes and occur as defects in 
automaticity and/or conduction.  

Arrhythmias are divided into those of rate (i.e. <60 or >100 /min) and those    
of rhythm. 

Arrythmias are one of the 4 basic pathophysiologies of heart failure: 

o Pump failure (contractile myocyte) 
o Arrhythmias (conducting/automatic myocyte) 
o Afterload (↑hypertensive emergency, ↓shock) 
o Filling (restrictive cardiomyopathy, pericardial disease) 

Presenting symptoms of arrhythmia include palpitations and syncope. These 
have multiple benign causes. 

 

Pathophysiology: 

Arrythmias are abnormalities of rate (<60 or >100bpm) or rhythm. 

They are caused by: 

A. Abnormal impulse formation: 
1. Abnormal automaticity: 

• Conducting myocytes have inward Na+ channels        
(If current) that raise the membrane potential from -
60mV to the threshold potential of the voltage gated 
Ca+2 channels (-40mV). 

 

Catecholamines (changes in red) increase 
the depolarization rate of conducting cells 
by increasing the inflow of Na+ through 
the pacemaker If Na+ channels and 
decreasing the threshold potential of the 
voltage- gated Ca+2 channels. 

Pathophysiology of Arrhythmias 
A. Abnormal impulse formation 

1. Abnormal automaticity 
2. Triggered activity 

B. Abnormal conduction 
1. Blocks 
2. Accessory pathways 
3. Re-entry 

In the investigation of syncope, the critical function is to identify those symptoms that are cardiac in 
origin as these have a high probability of underlying pathology. 

 

Figure 18-1 Anatomy of the 
conducting system. 

Figure 18-2 Effect of sympathetic stimulation of the SA node myocyte. 
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• Physiologic regulation through the autonomic nervous system (ANS) can increase the rate 
(sympathetic nervous system (SNS) or decrease the rate parasympathetic nervous system (PNS)). 

2. Triggered activity: 
• These occur when repolarization gets interrupted and membrane potential re-crosses the threshold 

potential, triggering a new depolarization. 
• These create extrasystoles that devolve into tachyarrhythmias 
• Triggered activity occurs at two different points in depolarization: 

a. Early after depolarization (EAD) occurs in phase 2/3 and is associated with SNS stimulation, 
hypoxia, electrolyte abnormalities and Class III anti-arrhythmics. 

b. Late after depolarizations (LAD) occurs after depolarization is complete and 
is seen with increased intracellular Ca+2, for example digitalis toxicity and SNS stimulation. 

B. Abnormalities of conduction: 
1. Conduction blocks: 

• SA node determines the heart rate (i.e. natural pacemaker) as it has the fastest rate of 
depolarization. This is called overdrive suppression. 

• If the SA node fails to start the depolarization wave, then the other cells will spontaneously fire, 
creating an escape rhythm. 

• Different cells have different rates of firing (SA node = 60-80 bpm, AV node 30-40 bpm, Purkinje cell 
20-30 bpm). 

2. Accessory pathways: 
• Congenital tracts of conducting cells can penetrate the annulus fibrosis, causing depolarization of the 

ventricle from a pathway other than the AV node → Bundle of His. 
• Wolff-Parkinson-White with its Bundle of Kent is a model disease (more on this later) 

3. Re-entry pathways 
• Typically seen in myocardial infarction, two pathways that depolarize at different rates can create 

retrograde depolarizations that can start monomorphic ventricular tachycardias. 

Figure 18-3 Triggered activity in a contractile myocyte. 
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Presentations: 

Palpitations: 

o Definition: an unpleasant awareness of the beating of the heart. The beat can be too forceful, too rapid or 
irregular. 

o Symptoms: 
§ Has it been present since childhood? (congenital e.g. Wolff-Parkinson-White syndrome) 
§ Is there a family history of heart disease? (hereditary heart diseases are commonly autosomal dominant 

and should be found in every generation e.g. channelopathies, hypertrophic cardiomyopathies, dilated 
cardiomyopathies) 

§ Does the rhythm seem rapid and irregular? (suggestive of atrial fibrillation) 
§ Do the irregular beats seem instantaneous and random? (suggestive of premature ventricular contractions) 
§ Do these beats result in a pounding in the neck? (suggests a Cannon A wave of the atrium contracting 

against a closed tricuspid valve e.g. PVCs) 
§ Are the palpitations associated with faintness? (suggests aventricular arrhythmia) 

o Physical Examination 
§ Pulse: An irregularly irregular pulse is characteristic of atrial fibrillation 
§ Auscultation: A systolic murmur that decreases with increased flow and increases with decreased flow is 

suggestive of hypertrophic cardiomyopathy. 
§ Hyperthyroidism: cardiac symptoms may be the only manifestation of hyperthyroidism in the elderly 

o Investigation 
§ EKG is the cornerstone of diagnosing cardiac causes of palpitations 

 
 

Figure 18-4 Re-entrant pathway arrhythmias. 
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§ Laboratory: 
• TSH: R/O hyperthyroidism 
• CBC: anemia (high output can unmask borderline cardiac function, resulting in an arrhythmia) 
• Electrolytes: K+, Ca+2, Mg+2 (electrolytes associated with myocyte function) 

o Natural history: 
§ Prognosis: 

• Most outpatients have a benign process and the initial challenge is identifying high risk patients. 
• If the patient is male, the pulse is described as irregular, there is a known history of heart disease and 

the event lasts >5 minutes, there is still only a 50% chance that the palpitation is cardiac in origin. 
• Age is not particularly useful in identifying palpitations that are cardiac in origin.  

§ Treatment: 
• Most difficult to manage are ectopic beats in a sinus rhythm (supraventricular or ventricular). It is 

important to note that they are benign. 
• Sustained supraventricular arrhythmias and some ventricular tachycardias are being treated 

increasingly with radiofrequency ablation. 

 

Syncope: 

o Definition: transient loss of consciousness associated with collapse and spontaneous return to normal. 
o History: 

§ Single episodes are unlikely to represent significant disease 
§ Associated with: 

• Sweating and nausea & vomiting: vasovagal event 
• Shortness of breath and rapid breathing: pulmonary embolism 
• Incontinence and slow, confused recovery: seizure 
• Exertional: cardiac arrhythmia 
• Headache: subarachnoid hemorrhage 

o Physical examination: 
§ Directed by the history but should emphasize the cardiovascular and neurologic systems 

o Testing: 
§ Directed by the history but should emphasize the cardiovascular and neurologic systems 

o Natural history:  
§ Diagnosis is often not possible on the first presentation and so management should focus on risk stratification. 
§ Life-threatening conditions include cardiac syncope, internal hemorrhage, pulmonary embolism, and 

subarachnoid hemorrhage 

 

 

 

A patient is “low risk” in syncope if: 
 

- <50 years old 
- Symptoms of neurally-mediated disease (i.e. N&V, sweating, compatible history) 
- Negative history of cardiac disease 
- Negative history for PE (no hypercoagulability, normal respiratory rate) 
- Normal EKG (note: this is the only test that needs to be performed initially) 
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1. Neurally-mediated syncope (aka vasovagal syncope) 

Also called neurocardiogenic syncope and reflex syncope, the family of neurally-mediated syncopes also includes: 

o Orthostatic hypotension 
o Carotid sinus hypersensitivity 

They all stem from decreased blood pressure leading to global cerebral hypoperfusion 

These are usually due to a mixed effect of increased parasympathetic stimulation (M2 receptor) and decreased 
sympathetic stimulation (β1 receptor) leading to a decreased heart rate and peripheral vascular pooling (α1 
receptor). Multiple factors combine to decrease cardiac output: 

 

 

 

Symptoms  

o Typically associated with a trigger:  emotional or orthostatic stress, painful or noxious stimuli, fear of bodily 
injury, prolonged standing, heat exposure, or after physical exertion. 

o Patients describe light-headedness, often with a “whooshing” sound and “whiting-out” of vision 
o There is nausea & vomiting, together with sweating and pallor 

 

Physical examination: 

o Should be normal 
 

Investigation:  

o EKG: normal 
 

Management 

o The key is to have ruled out a patient with high risk for a life-threatening event. 
o Diagnosis: A single event in an otherwise normal person with no significant prior history and a typical 

presentation and negative EKG. 
 

2. Atrioventricular Blocks (AV Blocks) 

Any disease process that degrades the pathways between the SA node and AV node can affect the normal heart 
rhythm. With the loss of the SA node impulse (i.e. overdrive suppression), there will eventually be escape beats 
from the AV node (automaticity of 50-60 bpm) or Purkinje cells (30-40 bpm) 

Pathologic processes include: 

o Ischemia 
o Inflammation: sarcoidosis, connective tissue diseases (e.g. SLE, RA) 
o Fibrosis: scleroderma, RA 
o Medications 

 

BP = CO X TPR 
CO = HR X SV 
SV ≈ preload, afterload & contractility 

Syncope is benign if the patient is: 
• < 50 years old 
• No history of heart disease 
• Symptoms consistent with ANS 

effects 
• Negative P/E 
• Normal EKG 
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Classified as: 

o 1st degree: prolongation of PR interval (i.e. >200mSec) 
o 2nd degree: progressive increase in PR interval leading to a dropped P wave 
o 3rd degree: complete lack of connection of P waves to QRS complexes 

Presentation 

o Symptoms: most patients will have some degree of fatigue, but symptoms depend upon the rate of the 
escape rhythm. At 30 bpm, there is syncope. 

o Physical examination: bradycardia 

Investigation: EKG 

o 1st degree block: PR interval > 120 mSec 
o 2nd degree block: missed beats 
o 3rd degree block: P waves independent of QRS complexes 

Treatment: pacemaker for 2nd and 3rd degree blocks 

 

Selected Tachycardias 

Present with palpitations, syncope, or dyspnea from heart failure can be classified by EKG as: 

A. Narrow QRS complex = supraventricular tachycardias 

1. Wolff-Parkinson-White syndrome 

Definition:  

o A condition with congenital accessory pathways between the SA node and the ventricle that bypass the AV node 
o WPW condition: typical EKG pattern, but no arrhythmias 
o WPW syndrome: typical EKG pattern with symptomatic arrhythmias 

Pathophysiology: 

o A congenital accessory pathway, also known as the Bundle of Kent, extents through the annulus fibrosis, 
allowing for pre-excitation of the ventricle 

o Depolarization can also proceed backwards from the ventricle, allowing for a re-entrant arrhythmia.  
 

 

   

Figure 18-5 Accessory pathway in WPW syndrome. 
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o Symptoms: palpitations, syncope, SOB 
o Physical examination: non-contributory 
o Investigation: EKG 

§ The short PR interval reflects the bypassing of the slow AV node/bundle of His 
§ The delta wave reflects the fusion of the early depolarization from the accessory pathway with the 

normal ventricular depolarization 
 

Natural history: 

o The accessory pathway can be destroyed by radiofrequency ablation. 
o WPW is not associated with a high risk of fatal arrhythmia, so it is not 

known if treatment affects longevity. 

 

 

 
 
 

2. Atrial fibrillation 

Introduction: 

o Definition: a supraventricular tachycardia characterized by the EKG findings of loss of P waves and variable R-
R wave intervals 

o Epidemiology: the commonest serious arrhythmia, it occurs in 5-10% of adults, increasing with age. One-half 
of all cases occur after age 80 years. 

Pathophysiology: 

o The etiology of AF is not well understood, but it has well known associations of 
hypertension and ischemia 

o There appears to be fibrosis of the atria which can be caused by 
§ Dilation: valvular disease e.g. mitral valve stenosis 
§ Inflammation: sarcoidosis, rheumatoid arthritis, SLE 
§ Uncertain: hypertension, cor pulmonale, hyperthyroidism 

o Depolarizations occur from multiple re-entrant foci throughout the atria 
§ These may be destroyed by radiofrequency ablation for treatment 

 

Presentation: 

o Symptoms:  
§ Palpitations, heart failure 
§ Right-sided thrmboembolism, especially stroke 

o Physical examination 
§ Pulse is irregularly irregular 

o Evaluation 
§ EKG: 
§ No P wave formation 
§ “Sawtoothed” PR interval 
§ Irregular R-R intervals 

Figure 18-6 EKG in WPW syndrome. 

Figure 18-7 Atrial fibrillation. 
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§ ECHO cardiogram: to look for atrial thrombosis 

 

Natural history: 

o Classification: acute versus chronic have now been further divided from intermittent (i.e. paroxysmal) 
to permanent. 

o Management: 
§ Rhythm versus rate control: 
§ Rhythm:  

• Conversion to sinus rhythm is usually attempted in new onset AF. 
• It can be accomplished by drugs, electric cardioversion or ablation. 

§ Rate: 
• Achieved by slowing conduction through the AV node. 
• Drugs include β-blockers, calcium channel blockers and digitalis. 

§ Anticoagulation: 
• The risk of stroke must be compared to the risk of bleeding 
• Anti-factor medications are used. Direct oral anticoagulants (e.g. direct thrombin inhibitors,  

anti-factor X) are replacing warfarin. 

B. Wide QRS complex = ventricular tachycardias 

1. Long QT syndrome 

Introduction:  

o Model disease for the “channelopathies” of hereditary arrhythmia of the young. 
o Other families in this group include the dilated cardiomyopathies and hypertrophic cardiomyopathies. 
o Acquired long QT syndromes can be seen with medications, electrolyte disturbance and disease states (see above). 

Pathophysiology: 

o Caused by mutations in ion channels, mostly K+ channel. 
o Long QT interval results in triggered after polarizations. 

Presentation: 

o Symptoms: syncope. 
o Physical examination: normal. 

  

Figure 18-8 The EKG in atrial fibrillation. 
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§ 3 generational family tree: these are mostly 

autosomal dominant and so should involve every 
generation. As a cause of death is not usually 
known, look for death before age 40, unexpected 
car accidents and drownings. Epilepsy is a        
typical misdiagnosis. 

§ EKG:  
i. prolonged QT interval (adjusted for HR,  

but >400 mSec at 60 bpm)  
ii. associated with torsade de pointes  

Natural history / treatment: 

o Tailored to the specific mutation 
o Universal β-blockers 
o Implantable cardioverter defibrillator for those who have had life-threatening events 

 

2 Ventricular Tachycardia / Fibrillation 

These are considered malignant as VT can evolve into VF, with no cardiac output  and sudden death. 

VF results in pulseless electrical activity an correlates with sudden cardiac death. 

o EKG shows irregular wave with varying shape and amplitude. 
o There are no P waves, QRS complexes or identifiable heart rate. 

These usually occur in patients with underlying structural abnormalities of the heart. 

VT is defined as ≥ 3 consecutive PVCs and a heart rate > 120 bpm. 

VT is classified into paroxysmal and sustained (lasts > 30 sec or hemodynamic compromise). 

Pathophysiology by EKG: 

A. Monomorphic VT 
o Most commonly seen post-MI and due to re-entrant circuits 
o Uniform pattern as arising from a single focus 

B. Polymorphic VT 
o Associated with ion channel defects from many pathologies, due to triggered activity (early and late 

after depolarizations) 
o An important subtype is torsade de pointes, which is seen with prolonged QT segment, including long 

QT syndrome. 
o As there are multiple foci, the QRS complexes vary in shape and amplitude 

Torsade de pointes (Fr. “braiding or twisting 
of the points”) is a type of stitch in knitting 
made by twisting wool around the knitting 
needles. In English, it is a cable stitch. 

 

 

Figure 18-9 EKG pattern of monomorphic V. tach. 
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Presentation: 

o Symptoms: vary widely from relatively few to palpitations, syncope and heart failure 
o Physical examination: not central to the diagnosis 
o Testing: EKG 

Natural history / treatment: 

o Urgency depends upon cardiac status. If there is hemodynamic compromise, then treatment is urgent 
o Monomorphic VT is considered more stable that polymorphic VT, but both can go into fibrillation suddenly 

and without warning 
o Treatment of unstable patients: cardioversion with IV anti-arrhythmic drugs 

The EKG 

This is a foundational test in heart disease and books are written on its use and interpretation.            
A medical student should know the following: 

A. Correlation of the EKG to depolarization and the heart sounds. 
B. Correlation of the components of the EKG to pathophysiology (see Figure 18-11). 
C. EKG findings in the following diseases: 

 
• Atrial fibrillation 
• Ventricular fibrillation (monomorphic and polymorphic) 
• Wolff-Parkinson-White syndrome 
• AV blocks 
• Myocardial ischemia 

                     

Figure 18-10 EKG pattern of polymorphic V. tach. 

Figure 18-11 The normal EKG. 
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Chapter 19: Heart: Valvular Disease 

Topics: 
A. Abnormalities of the valves 
B. Rheumatic heart disease 
C. Infectious endocarditis 

Abnormalities of the Valves 

Anatomy of the valves 
o Auscultation of the valves is best heard where the flow 

of blood through the valve is directed. Understanding 
this blood flow shows where to place the stethoscope 
for auscultation. 

o The two most important valves, the aortic and mitral 
valves, can be imaged from the long axis view. 

  

٠S1: closure of mitral and tricuspid valves.  

٠ S2: closure of aortic and pulmonary valves. P2 
follows A2 in inspiration due to pooling of 
blood in pulmonary veins. Fixed split in ASD. 

٠ S3: in adults, a pathologic sound heard from 
the filling of a dilated ventricle in early diastole 

٠S4: a pathologic sound heard when atria 
contract against a stiff left ventricle. 

Figure 19-2 Correlation of anatomy with heart sounds and the EKG. 

Figure 19-1 Auscultation of the heart and valve blood flow. 

S1 

S2 
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Pathophysiology: 
 
o Associated with rheumatic fever, which is not seen in the USA and so patients are immigrants.  
o Note that the acute rheumatic fever occurs in childhood, but the typical age of presentation is in the 30’s, a 

natural history of decades.  

o There is progressive thickening of the valve ring, leaflets and chordae tendinae. The appearance is described 
as a “fish-mouth”. This is like a carp’s mouth. 

o Elevated left atrial pressure leads to left atrial dilation, pulmonary artery hypertension and right-sided     
heart failure. 

 
 
Presentation: 
o Symptoms: 

§ Shortness of breath: ↓CO, pulmonary edema, right-sided failure 
§ Palpitations: atrial fibrillation 
§ Stroke: left-side thromboembolism 
§ Dysphagia and hoarseness: the dilated atrium can compress the esophagus or left recurrent  

laryngeal nerve 
o P/E: 

§ Decreased pulse pressure 
§ Soft diastolic murmur  

Figure 19-3 Mitral stenosis. 

Figure 19-4 Mitral stenosis: hemodynamics. 

Figure 19-5 Mitral stenosis: heart sounds. 
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o Testing: 
§ ECHO to assess valve anatomy, flow and pressure gradients 

 
Natural history / treatment: 
o Atrial fibrillation: β-blockers, calcium-channel blockers, digitalis 
o Anticoagulation 
o Percutaneous balloon valvoplasty: dilation cracks open the commissures 
o Commissurotomy and replacement: open surgical procedures 

Mitral Regurgitation (MR) 

Pathophysiology: 

o Mitral valve function requires the coordinated actions of the multiple structures around the two leaflets. Defects 
in any of these can result in leakage. 

o commonest pathologies are myxoid degeneration of multiple components leading to mitral valve prolapse 
and rheumatic fever. 

o Other causes include: 
§ Connective tissues disease: Marfan and Ehlers-Danlos syndromes 
§ Degeneration: dystrophic calcification of annulus in the elderly 
§ Infectious endocarditis 
§ Ischemia: papillary muscle rupture in STEMI 
§ Ventricular chamber dilation 
§ The backward flow of the left ventricle’s stroke volume leads to increase in atrial volume and pressure 

and decreased cardiac output. 
§ Compensation by the left ventricle leads to increased left ventricular end-diastolic volume and pressure. 

Figure 19-6 Mitral valve anatomy. 
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Mitral valve prolapse 

- MVP is a common and usually asymptomatic bulging of the mitral valve leaflets that may have 
mitral regurgitation.         

- It is seen in 2% of Americans, especially tall lean females. 
- It is seen in connective tissue diseases e.g. Marfan syndrome and Ehlers-Danlos syndrome. 
 

 
 

 
- Pathophysiology: Enlargement of the valve leaflets due to degenerative myxoid changes allows 

them to bulge into the left atrium at peak systole (so-called “parachute effect”). 
- Presentation: 
- Symptoms: incidental murmur, palpitations, syncope, failure. 
- Signs: mid-systolic click with late systolic murmur      
 

                                                                                   
 

 

- Diagnosis: ECHO 
- Natural History: benign 

 

 

Figure 19-7 Mitral valve prolapse: pathophysiology. 

Figure 19-8 Mitral valve prolapse: heart sounds 

Figure 19-9 Mitral regurgitation: hemodynamics. 
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Presentation:  

o Symptoms: 
§ Acute MR (e.g. papillary muscle necrosis in STEMI) presents with dyspnea from pulmonary edema 
§ Chronic MR presents with symptoms of decreased cardiac output (CO): fatigue, weakness, 

low exercise tolerance. 
o Signs: 

§ Pulse: bounding 
§ Auscultation: blowing pan-systolic murmur in apical region 

Diagnosis: 

o ECHO to assess structure of the mitral valve, changes in the 
chambers and severity of the regurgitation 

Treatment: 

o Reconstruction of the damaged part of the valve. Valve 
replacement has not been shown to change natural history. 

Aortic Stenosis (AS) 

Pathophysiology: 

o 2 main causes 
§ Age-related dystrophic calcification: seen in ≈5% of population >65 years, 80% males. Considered to be a 

“wear and tear” process. 
§ Congenital bicuspid aortic valve: seen in 1-2 % of population. 

o Left ventricle compensates by concentric hypertrophy 
(for more, see: Heart, Structure: cardiovascular regulation). 
Increasing the thickness of the wall decreases wall tension 

o The thickening of the wall decreases stroke volume 
and compliance. 

 

Presentation: 

o Symptoms: 
§ Angina: due to increased demand and decreased coronary artery perfusion as there is less of a gradient 

between the aorta and left ventricle. 
§ Exertional syncope: cardiac output cannot increase due to the stenosis and there is vasodilation of 

muscle with exercise → ↓cerebral perfusion. 

Wall tension α Pressure X R/2T 

Tension ≡ End Diastolic Pressure/Volume 
Pressure ≡ afterload 
R = radius; T = wall thickness 

Note: 
1. ↑ atrial pressure: the 

atrium may provide up to 
25% of filling due to 
↓compliance. 

2. ↑LV pressure means less 
of a gradient between 
chamber and aorta. 

Figure 19-10 Mitral regurgitation: 
heart sounds. 

Figure 19-11 Aortic stenosis: hemodynamics. 
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o Signs: 

§ Pulses: weak and delayed upstroke. 
§ Auscultation:  crescendo-decrescendo systolic murmur. 

o Testing: 
§ ECHO: can assess severity of the stenosis and 

LV wall thickening 
 

Natural history: 

o Survival for symptomatic patients is poor (<60% survive 1 year). Treatment is valve replacement. 
o Mild disease has very slow progression (<20% symptomatic over 20 years). There is no treatment known to 

slow progression. 

Aortic Regurgitation 

Pathophysiology: 
o 2 main causes: 

1. Valve leaflet abnormalities: bicuspid valve, infection, rheumatic fever. 
2. Dilation of the aortic root: 

• Aneurysm (see Chapter 23. Blood vessels, Structure and function). 
o Hypertension (>50 years old) 
o Connective tissue disease (Marfan and Ehlers-Danlos syndromes, <50 years old) 
o Syphilis 

• Rheumatic disease, especially ankylosing spondylitis 
o The left ventricle must pump both the normal volume plus 

the regurgitant volume. This increased preload leads to 
eccentric hypertrophy and ventricular chamber dilation. 
This allows for the volume but at the price of increased wall 
tension and its resulting stress. (For further discussion, see: 
Chapter 15. Heart: Structure and function) 

o The large stroke volume back flow leads to a wide pulse pressure from increased in systolic pressure and 
decreased diastolic pressure 

 
 

Presentation: 

o Symptoms: 
§ Heart failure: fatigue, weakness, exercise intolerance, dyspnea 
§ Sensation of the forceful heartbeat 

Wall tension  α  Pressure X R/2T 

Tension ≡ End Diastolic Pressure/Volume 
Pressure ≡ afterload 
R = radius; T = wall thickness 

Figure 19-12 Aortic stenosis: heart sounds. 

Figure 19-13 Aortic regurgitation: hemodynamics. 



202

Clinical Pathophysiology

o Signs: 
§ Pulse: “bounding” pulse from the wide pulse pressure 

§ Auscultation: “blowing" early diastolic murmur 

 
 

o Diagnosis: ECHO to evaluate valve, ventricle and may determine cause 

 

Natural history: 

o Progression is slow, so asymptomatic patients can be followed with ECHO 
§ Symptomatic patients have a life expectance <4 years and so get surgical correction 

Summary of Valvular disease 

 

  

There are more than 8 eponyms associated with the pulse of AR. The best known is Corrigan’s sign or “water 
hammer” sign. This describes the pulse pressure when a tap suddenly shuts off water flow in a pipe. In 
domestic plumbing, this can be heard as “knocking”. 

Figure 19-14 Aortic regurgitation: heart sounds. 

Table 19-1 Summary of valvular disease. 
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Introduction:  

There are three basic types of infections. 
1. Pathogenic:  

§ This is the default type of infection. An organism is a “pathogen” when it can infect a normal person. It 
gets past the innate and adaptive immune systems, with virulence factors. These are mechanisms that 
include things like adhesion, masking of antigenicity, cytotoxicity etc. 

§ The infections are by single organisms and have well-defined clinical patterns of infection. 
2. Opportunistic: 

§ These have an abnormality in the host, unrelated to their immune system. A good example is obstruction 
and the aphorism, “Obstruction leads to infection”. 

§ These infections usually involve organisms from the normal flora and are often multiple. Treatment 
requires correction of the underlying abnormality. 

3. Immunodeficiency: 
§ These are infections that arise because of a defect in 

the host immune system. 
§ They can be classified by: 

i. Congenital versus acquired 
ii. General (e.g. marrow toxicity) versus specific 

cell lines 
iii. Innate system versus adaptive immune system 

§ Infection patterns are complex and can involve 
normal flora, pathogens or reactivation of 
latent organisms.  

 

 

Classification of infectious endocarditis (ID): 

1. Clinical course 
a. Acute IE 

o Presents with the rapid onset of fever, shakes and chills and heart failure over 1-2 days 
o Commonest organism is the pathogenic bacteria S. aureus, which is introduced by IV use, usually 

in drug addicts 
o The underlying valve is normal, right side valves often infected 

b. Subacute IE 
o Non-specific presentation of fatigue, anorexia and 

night sweats over days to weeks (i.e. chronic SIRS). 
o Embolic events occur because the time frame of the 

infection is long enough to develop large thrombi on 
the valve leaflets (e.g. Janeway lesions, splinter 
hemorrhages and Roth spots on the retina). 

o Immune complex events of vasculitis (e.g. Osler nodes) 
and glomerulonephritis  can occur due to the longer 
time frame of the infection. 

2. Valve normality 
a. Endocarditis by normal flora requires an endothelial injury 

(due to turbulence in an abnormal valve) which allows 
surface thrombosis to which the organism can adhere. 

Systemic Inflammatory Response 
Syndrome (SIRS) 

The symptoms can be attributed to the 
high levels of cytokines: 
• Fever / night sweats…IL-1 
• Weight loss………………TNF 
• Malaise…………………….TNF 

Laboratory testing is for the acute 
phase reactants CRP and ESR 
(fibrinogen) from IL-6. 

Figure 19-15 Types of infections. 
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b. Note that rheumatic fever is not seen in the US and so the only 2 abnormal valves found in native-born 
Americans are aortic stenosis (congenital bicuspid and degenerative calcification) and mitral valve prolapse. 

3. Organism 
a. S. aureus is pathogenic and can adhere and infect a normal valve 
c. Abnormal valves can be infected by normal flora which enter the vascular space by a breach in  

the epithelium. 
o S. epidermidis…………. cut or abrasion of skin 
o S. viridans……………….. dental procedure 
o Enterococcus………….. colonoscopy 
o S. bovis………………...… colon cancer 

 

Testing /diagnosis: 

o These are based on the modified Duke criteria. Diagnosis is established by 2 major criteria or 1 major and 
3 minor criteria. 

 

 

 

 

 

o Culture-negative IE 
§ 2% of IE is caused by bacteria that do not easily grow in routine blood culture medium. 
§ These fastidious organisms require much longer incubation periods to be identified 
§ When culture results are reported “Negative” by the laboratory in a patient with many of the 

criteria of IE, the lab should be asked to incubate the blood cultures for a period > 1 week. 
§ The organisms collectively go by the acronym “HACEK” 

• The best one to know is Eikenella corrodens (the “E”), as it is seen in bites or lacerations from teeth, 
acquired in fighting. E. corrodens has a distinctive 
“bleach-like” odor in culture. 

Natural history: 

o 100% mortality without treatment and 20% mortality within 6 months with treatment 
o 4-6 weeks of IV antibiotics 
o Prophylaxis: patients with abnormal valves require antibiotic coverage during procedures that can introduce 

bacteria into the blood (e.g. dental procedure). 

 

Major criteria Minor criteria 
Murmur (regurgitation) Abnormal valve 
Vegetation (by ECHO) Fever 
Blood culture (+) Emboli 

Immune complex disease 
Equivocal blood cultures  

Table 19-2 Classification of infectious endocarditis. 

Table 19-3 Diagnosis of infectious endocarditis: Duke criteria. 
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Acute Rheumatic Fever (ARF) 

Pathophysiology: 

o This has disappeared in the US since the introduction of penicillin in the 1950’s but is still the most common 
acquired heart disease in children in the developing world. 

o It follows about 3% of cases of Streptococcal pharyngitis, with symptoms after 2-3 weeks 
§ Two-thirds of children with ARF will develop mitral valve disease and 25% will develop aortic valve disease. 

o It is presumed to be due to cross-reactivity of cardiac and bacterial antigens. 
o Inflammation involves all three layers of the heart (endocarditis, including valves, myocarditis and pericarditis) 
o Histopathology of the myocardium shows areas of fibrinoid necrosis, often miscalled granulomas, called Aschoff 

bodies. Note that these have not been seen by American pathologists as rheumatic fever is not present. 
§ There is a distinctive macrophage called an Anitschkow cell in these foci. 

Presentation and diagnosis: 

o These are known collectively as the Jones criteria. ARF is a clinical diagnosis that can be made if there are 2 
major criteria or 1 major and 2 minor criteria. 
 

Major criteria Minor criteria 
Carditis Migratory arthralgias 
Polyarthritis Fever 
Sydenham chorea ↑APRs1 (CRP, ESR, leukocytosis) 
Erythema marginatum ↑ P-R interval on EKG 
Subcutaneous nodules Evidence of a streptococcal infection (ASOT, culture) 

1. Acute phase reactants 

 

Natural history: 

o Treatment during the acute attack consists of penicillin to clear any streptococcal infection and high dose 
aspirin to reduce inflammation 

o Symptoms from valvular damage take decades to manifest 

Table 19-4 Diagnosis of rheumatic fever: Jones criteria. 

Non-bacterial thrombotic endocarditis (NBTE) 

In hypercoagulable states, vegetations can form on valve leaflets. These are composed of platelets 
and fibrin and have no infecting bacteria. They are asymptomatic unless they embolize, the major 
complication being stroke. The commonest cause in hospital patients is malignancy. NBTE is seen 
in 30% of SLE patients and the valve vegetations are called Libman-Sacks endocarditis. 
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Definition: 

o Usually described as a “complex and heterogeneous” group of diseases, which tells one that they are only 
partially understood. 

o As there is no strict definition, the term cardiomyopathy is sometimes used for any process that affects the 
myocyte. For example, ischemic cardiomyopathy and alcoholic cardiomyopathy are commonly used terms. 

o In 1980, the WHO defined cardiomyopathies as idiopathic diseases of heart muscle, not from ischemia, 
hypertension, valvular abnormalities or congenital defects. 

o In 2008, WHO defined them as structural abnormalities of heart muscle with associated abnormal function, 
often due to genetic defects 
§ Some classifications include the channelopathies, some do not. 

 

Classification: 

o Phenotypes based on ECHO findings, with a specific etiology (e.g. mutated protein) if known: 
A. Dilated cardiomyopathy (DCM) 

• Ventricular dilation with decreased ejection fraction (<40%). Pathophysiology is systolic dysfunction. 
B. Hypertrophic cardiomyopathy (HCM) 

• Left ventricular hypertrophy with preserved ejection fraction. Pathophysiology is diastolic 
dysfunction (i.e. decreased filling). 

C. Restrictive cardiomyopathy (RCM) 
• Normal left ventricle with decreased filling (identified by atrial dilation). Pathophysiology is 

diastolic dysfunction. 

Dilated cardiomyopathy (DCM) 

Hereditary DCM 

o Serves as a model disease process for DCM 
o Accounts for about one-third of cases; most commonly cytoskeleton proteins, (e.g. titin and dystrophin). 
o Presentation: CHF in middle-age 
o Diagnosis 

§ Diagnosis of exclusion, as dilation is the common end pathway for all chronic progressive heart disease. 
§ Positive family history; usually an autosomal dominant inheritance. 

• A major problem is that genotype only roughly correlates with phenotype. Patients with mutated 
proteins may have normal cardiac function. 

Dilated Cardiomyopathy: Other causes that must be excluded 

80% of CHF is caused by three diseases: 

1. Ischemia  Exclude with angiography 
2. Hypertension Exclude if blood pressure is normal 
3. Valvular disease Exclude with auscultation and ECHO 

Other, less common causes include: 

1. Toxicity  Ethanol, chemotherapy (especially doxorubicin), cocaine 
2. Viral myocarditis History of recent viral illness, EKG, biopsy 
3. Infiltration Hemochromatosis, amyloidosis 
4. Fibrosis  Exclude with gadolinium MRI, cardiac biopsy 
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Infectious myocarditis 

o Second most common cause of DCM (about 10% of cases). 
o In the USA, usually viral; in South America, T. cruzi (trypanosomiasis). 
o Pathophysiology: systemic viruses  

§ E.g. Coxsackie B, adenovirus, Parvo B19, influenza. 
§ Unclear how much damage is direct cytotoxicity versus immune damage of infected cells by cytotoxic 

lymphocytes. 
§ Viral myocarditis has wide spectrum of clinical manifestations, from benign self-limited disease to dilated 

CHF over days to weeks. 
o Diagnosis: 

§ CHF developing within weeks of systemic viral illness 
§ Evidence of myocyte death (increased CK or troponins) 
§ Heart biopsy (gold standard; available in transplant centers) 

 

 

 

 

 

 

 

Hypertrophic cardiomyopathy (HCM) 

Introduction: 

o HCM is the model for genetic heart disease as two-thirds have identifiable gene. 
o ECHO phenotype of left ventricular hypertrophy with preserved EF. 

Pathophysiology: 

o Mutations in sarcomere contractile proteins. 
§ > 10 proteins with >1500 mutations have been described to date. 

Figure 20-1 Myocarditis (Cardiac biopsy). 

Figure 20-2 Proteins of the sarcomere mutated in hereditary HCM. 
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o There are a wide variety of morphologies The most common leads to left ventricular outflow obstruction due 

to hypertrophy of the high septum, which interferes with the mitral valve. 
o Myocytes form an abnormal architecture called “myocyte disarray” with irregular fiber orientation and fibrosis. 
o There is hypertrophy in the walls of the blood vessels in the septum associated with fibrosis. 

§ Fibrosis is highly correlated with arrhythmias. 

Presentation: 
o Most patients are asymptomatic, so HCM is usually identified by family genetic testing or a systolic murmur. 

§ The finding of a genetic abnormality (1/200 prevalence) only correlates roughly with symptomatic 
disease (1/500 prevalence). 

o Symptoms: 
§ Dyspnea/CHF: due to LVOT, arrhythmias or myocyte dysfunction. 
§ Chest pain: not due to coronary artery disease but increased demand (hypertrophy) with decreased 

supply (small vessel disease). 
§ Syncope: conduction defects. 

o Physical examination: 
§ The upper septal hypertrophy causes outflow tract obstruction and abnormal motion of the mitral valve, 

resulting in a systolic murmur, similar to that heard in aortic stenosis. Unlike most murmurs, the loudness 
decreases with an increase in preload and increases with a decrease (many opinions as to why).            
The murmur also decreases with an increase in afterload (e.g. handgrip maneuver). 

                                                        

 

o Testing: 
§ EKG: abnormal >90% of cases, usually LVH. 
§ ECHO: LVH (> 15 mm anywhere localized or generalized). 
§ Genetic testing not used for diagnosis because of the poor correlation between genotype and 

clinical expression. 

Table 20-1 Maneuvers in systolic murmurs. 

Figure 20-3 Architectural disarray in HCM. 
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Natural history: 

o Prognosis: Symptomatic patients have a 1 %/year mortality. 
o Treatment: 

§ Medical: β-blockers to minimize sympathetic effects. 
§ Implantable defibrillator for ventricular arrhythmias. 

Restrictive cardiomyopathy (RCM) 

Introduction: heart failure showing normal left ventricle on ECHO exam with decreased filling (confirmed by 
bilateral atrial enlargement) 

Pathophysiology: 

o Infiltration:  
§ Amyloidosis: 

• Hereditary: transthyretin (TTR) 
o TTR is a transport protein made in the liver {Transporter of 

Thyroxine and Retinol (i.e. Vitamin A)}. It easily β-pleats to 
form amyloid (called ATTR). This is seen commonly as an 
incidental finding in old age, called senile cardiac amyloidosis. 

o Numerous SNPs lead to a mutant TTR that accumulates 
rapidly as amyloid and can cause a life-threatening restrictive 
cardiac disease, familial amyloid cardiomyopathy. 

• Acquired: multiple myeloma 
o The β-pleating light chain forms amyloid (AL) which can be found in all organs. Heart is involved 

about 50% of cases and is symptomatic in about 25%. 
§ Hemochromatosis 

• Increased absorption of iron leads to systemic organ damage, with heart damage late in the process. 
 

o Fibrosis: 
§ In the USA, cardiac fibrosis is usually secondary to inflammatory diseases such as scleroderma, 

rheumatoid arthritis, and sarcoidosis. 
o The decreased compliance of the ventricle leads to decreased filling from the diastolic dysfunction. This is 

difficult to measure directly and so it is inferred from the secondary atrial enlargement. 

Diagnosis: 

o RCM can be difficult to differentiate from constrictive pericarditis as both have decreased ventricular filling. 
o ECHO 
o Biopsy 

Amyloid proteins are 
designated “A” with an 
abbreviation of the fibril 
protein that is β-pleating, 
e.g. ATTR. 

Figure 20-4 Hypertrophic cardiomyopathy: heart sounds. 
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Chapter 21: Heart: Congenital Disease 

Development 

o Organogenesis occurs between weeks 3 to 5. Note that this is 1 week earlier than most other organs. 
o A single vascular tube develops into 2 atrial and 2 ventricular chambers by dilation, looping and septation. 

§ Few people understand how this works. It is not worth the effort to learn; understanding septation 
is enough. 

o The heart is formed by a complex mixture of somatic and neural crest cells. The neural crest cells have key 
roles in the formation of the heart and the pharyngeal arches.  
§ In the 23q11 deletion syndrome, abnormalities in migration lead to defects in the thymus (DiGeorge 

syndrome), parathyroid glands (agenesis and hypocalcemia), the heart (tetralogy of Fallot) and the face 
(velocardiofacial syndrome). 

§ The endocardial cushion is formed by neural crest cells and has key functions noted 
in figure 21-1. Cushion defects are seen in Trisomy 21 causing atrioventricular malformations.  

                                         

 

o The ventricle is divided by a muscular septum and a membranous septum. The latter is the site of most 
ventricular septal defects (VSD’s). 

o The atrium is divided by two different membranes: 
§ First, the septum primum forms, connecting to the endocardial cushion and developing a foramen for 

bypassing the pulmonary circulation 

Figure 21-1 Migration of the cardiac neural crest cells. 

Figure 21-2 Th endocardial cushion in cardiac development. 
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crest cell migration failure) and so are now referred to as atrioventricular defects (aka endocardial 
cushion defects). 

• These are the defects seen in Trisomy 21 (Down syndrome) and are more clinically severe than 
secundum ASD’s. 

§ The septum secundum then forms together with the mitral valve leaflet in the endocardial cushion.  The 
septum develops the foramen ovale to allow bypass of the pulmonary system. 
• Most atrial septal defects (ASD’s) occur in the septum secundum as a patent foramen ovale (PFO). 

They tend to be asymptomatic, although they are associated with a paradoxical embolus (when a 
right-sided thromboembolus passes through the PDA to cause left-sided occlusion). 

Fetal circulation and clinical pathology correlations (see Figure 21-4). 

o Uterine-placental insufficiency ① is the commonest pathology in the third trimester. 

Trimester Commonest pathology 
First Chromosomal 
Second Mechanical (maternal and fetal malformation) 
Third Fetal-placental insufficiency 

o The ductus venosus ② involutes after birth to become the ligamentum teres. Residual vascular spaces can 
dilate with portal hypertension to form the portal-systemic anastomosis of the caput medusa. 
Lymphovascular structures are also presumed to provide the channels for Sister Mary Joseph nodules, which 
are periumbilical subcutaneous metastases. 

o The internal thoracic artery (aka internal mammary artery) ③ is the proximal vessel for the upper to lower 
body anastomosis seen in coarctation of the aorta (common in 
Turner syndrome). 

Figure 21-3 Atrial septation. 

Table 21-1 Commonest pathologies by trimester. 
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Commonest congenital malformations of the heart: 

o These five conditions account for >80% of congenital malformations: 

Figure 21-4 Clinical pathology correlation of prenatal circulation. 

Table 21-2 Summary of the commonest congenital heart diseases. 
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o Cyanosis in congenital heart disease 
§ A condition in which the skin has a bluish color due to desaturation of hemoglobin. 

• This occurs whenever more than 3-5 gm/dL of hemoglobin is deoxygenated. When compared to 
oximetry, it can be seen at 85% saturation (respiratory failure = 92%) at a hemoglobin of 15 mg/dL. 

• Peripheral cyanosis is seen in vasoconstriction due to increased extraction of oxygen with decreased 
blood flow (e.g. Raynaud phenomenon, shock, cold temperature). 

• Central cyanosis is due to a decrease in PaO2 and is most commonly seen in respiratory failure. In 
congenital heart disease, it is due to a right-to-left shunt. 

§ In children, cyanosis is classified as congenital or acquired. 
• Congenital cyanosis: due to a right-to-left shunt; commonest cause is Tetralogy of Fallot. 
• Acquired cyanosis: caused by Eisenmenger syndrome. 

o High volume left-to-right shunt leads to pulmonary arteriolar hypertension in small vessels 
(i.e. not arterial). 

o High pulmonary vascular resistance leads to right ventricular hypertrophy (RVH) and right 
heart failure. 

o When right ventricular pressure is greater than left ventricular pressure, the shunt reverses and 
unsaturated right-sided blood causes cyanosis. 

• Onset and natural history are widely variable, but typical onset for simple disease is mid-20’s with 
death in the mid-30’s. 
o 50% of VSD’s but only 10% of ASD’s develop Eisenmenger syndrome. 

• Once established, the pulmonary hypertension is irreversible and lung transplantation is required.  

Disease Associated heart defect 
Trisomy 21 Atrioventricular defects 
22q11 deletion syndrome Tetralogy of Fallot 
Turner syndrome (XO) ·Bicuspid aortic valve 

·Coarctation of aorta 
Rubella Patent ductus arteriosus 

Table 21-3 Disease associations with congenital heart disease. 
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Structure 

The early embryo has a central cavity called the coelom that gets divided by 
the diaphragm into the abdomen and the thorax. The cavities are lined by a 
single flat layer of cells called the mesothelium. Grossly, this is seen as a 
smooth shiny surface called a serosa. 

The heart, lungs and gut invaginate into the space, forming three cavities.  

1. Pericardium 
2. Pleura 
3. Abdomen 

The pericardium limits the free movement of the heart, which swings from the 
pedicle of the great vessels. 

The parietal pericardium is a tough fibrous capsule with limited 
elasticity but can stretch with chronic pressure. 

Acute pericarditis 

Pathophysiology:  an acute inflammation of the serosa that leads to a fibrinous exudate. 

• The exudate allows the leakage of high molecular weight proteins, most importantly fibrinogen, which forms 
long, sticky adhesions between the roughened surface of the epicardial visceral pleura and the parietal 
pleura. When the two layers are peeled apart, they have the appearance of a peanut butter sandwich.  

• Effusion is not a significant part of part of the pathophysiology of acute fibrinous pericarditis and ECHO 
examination is often normal. Imaging by CT scan is more sensitive as it consistently shows the thickening of 
the pericardium from edema. 

 

o Etiology: this is usually ascribed to aggressive viruses (e.g. Coxsackie B and ECHO viruses) and is not 
investigated. These special situations do require investigation: 
 Post-myocardial infraction: transmural (i.e. STEMI), occurs first week post-MI (i.e. time frame of innate 

inflammation from damage-associated molecular patterns, DAMPs) 

Figure 22-1 Cavities of the coelom. 

Figure 22-2 The pericardium. 
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 Malignancy: metastatic seeding of mesothelium, especially breast 
and lung cancer. The effusion will be an exudate with malignant 
cells by cytology. 

 Connective tissue diseases: seen in 1/3 of SLE, 10% of RA. This is due to 
immune complex disease activation of the complement system. Testing 
for ANA and RF will be positive. 

 Uremia. Unknown mechanism. 
 Tuberculosis.  

Presentation: 

• Symptoms: 
 Acute onset of sharp chest pain that is retrosternal, worse lying 

down/better sitting up and leaning forward, radiates to the 
trapezial ridges 

• Physical exam: 
 Friction rub 

• Testing: 
 EKG: diffuse ST elevation 
 Imaging: 

• ECHO is often normal as there is little effusion. 
• CT/MRI are diagnostic as they show pericardial thickening 

from edema. 

Natural history: 

• Etiology is usually not established, and these patients have a benign self-
limited course 

• Treatment is symptomatic (NSAIDs) 

Pericardial effusions & tamponade 

Hemodynamic significance (i.e. restricted filling) depends upon both rate of 
accumulation and volume of fluid. As much as 1.5 L of fluid may accumulate 
chronically without symptoms. 

A. Chronic (accumulates over weeks to months) 
 Symptoms: asymptomatic 
 P/E: decreased or “muffled” heart sounds 
 Testing: 

• EKG: low amplitude QRS complex 
• ECHO: fluid accumulation 
• Pericardiocentesis: transudate versus exudate 

B. Acute (≡ Tamponade) 
 Etiology: hemorrhage (trauma, post-STEMI) or malignancy 
 Symptoms: dyspnea, right-sided congestion (e.g. edema) 
 P/E: 

• right-sided congestion (JVD, pitting edema, hepatomegaly) 
• diminished heart sounds 
• pulsus paradoxus: systolic BP decreases more than 10 mmHg with inspiration 

- negative intrathoracic pressure increases venous return to right side of heart → increased right 
ventricular volume and decreases return to left side of heart → decreased left ventricular volume 

Figure 22-3 Acute pericarditis. 

Figure 22-4 Pain of acute pericarditis. 

Figure 22-5 Pericardial effusion. 
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- right ventricle overrides the left ventricle, giving a decreased stroke volume 
- there can be a diminished peripheral pulse 

 Imaging:  
• CXR: enlarged cardiac silhouette 
• ECHO: shows the pericardial fluid and compression of the chambers 

 Treatment: pericardiocentesis (transudate versus exudate) 

Constrictive pericarditis 

Introduction: Rigid fibrosis of the pericardium, usually of unknown cause, but most commonly post-cardiac 
surgery or post-radiation in the US. 

Pathophysiology: 

 Normally, intrapericardial pressure equals intrathoracic pressure. On inspiration, the increase in blood 
volume to the right side expands the compliant right ventricle without pushing into the left ventricle because 
the pericardium can stretch. 

 With a rigid pericardium, the increased right ventricular volume from inspiration cannot expand the rigid 
pericardium so it pushes the septum into the left ventricle, decreasing its volume, already lower from 
decreased blood return from the lung (as the negative thoracic pressure expands the lungs, pooling the 
pulmonary venous blood). 

 This leads to right-sided congestion and decreased left-sided output due to ↓ stroke volume (CO = HR X SV). 

Presentation: 

 Symptoms: 
• Right-sided congestion: edema 
• Dyspnea, fatigue, weakness (decreased cardiac output). 

 Signs 
• JVD 
• Kussmaul sign (lack of a decrease in JVD with inspiration). 
• Pulsus paradoxus does occur in constrictive pericarditis but is uncommon. 

 Diagnosis 
• ECHO:  
• Thickening of the pericardium. 
• Abnormal filling of the ventricles. 

Treatment: pericardiectomy 

Figure 22-6 Pulsus paradoxus: inspiration. 
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Summary of the clinical-pathologic correlation of pericardial disease: 

Symptom Organ Differential diagnosis Testing 
Chest pain ٠Pericardium 

٠Chest wall 
٠Pleura 
٠Myocardium 
٠Esophagus  

٠Acute pericarditis 
٠Costochondritis 
٠Acute pleuritis 
٠Angina 
٠Esophagitis 

٠P/E: friction rub 
٠EKG: ST elevation all leads  
٠ECHO: fibrinous exudate 

Dyspnea ٠Heart 
 
 

٠CHF 
٠Impaired filling 
     - Tamponade 
     - Restrictive pericarditis 

٠P/E: distant heart sounds 
٠EKG: low voltage 
٠ECHO: effusion, fibrosis 

٠Lung M٠ ultiple causes  
 

Table 22-1 Presentations and differential diagnosis of pericardial disease. 
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Chapter 23: Blood Vessels: Structure and Function 

Structure of the circulatory system: 

The circulatory system should be clinically classified as: 
o Arterial:  

 Elastic (>1 cm): 
• Ascending aorta 
• Abdominal aorta 

 Muscular arteries (>1 mm, named) 
 Small (arterioles, >10 um) 

 
o Capillaries 

 
o Veins  

 

Clinical Pathologic Correlation of Macrovascular disease  

The pathology of the abdominal aorta and muscular arteries is atherosclerosis.  

Atherosclerosis is a systemic disease. Its presence in one location means that the other key arteries should also be 
evaluated for plaque. 

 

 

 

 

 

 

  

  

          1. Clinical pathologic correlation. 

 

 

 Artery CPC1 

 Elastic   
A Ascending aorta Aneurysm: chest pain 
B Abdominal aorta Aneurysm: abdominal pain 
 Muscular  
1 Coronary Plaque: chest pain 
2 Internal carotid Plaque: ischemic stroke 
3 Renal Plaque: hypertension 
4 Femoral/popliteal Plaque: claudication 

Macrovascular 

Microvascular 

No precise dividing line 

Figure 23-1 Key sites of large artery macrovascular disease. 
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Brain 

Heart 

Kidney 

The pathology of small arteries is hyaline arteriolosclerosis. Its damage to the vessel wall can result in either 
occlusion (e.g. kidney and heart) or aneurysm and rupture (e.g. brain).     

  

 Clinical pathologic correlation of microvascular disease 

“Microvascular” does not refer to a specific blood vessel. It is a clinical-pathological term that is used for the 
damage of hyperglycemia to the smallest arterioles and capillaries. The clinical evaluation of microvascular 
disease in diabetics is made through the triad of  retinopathy, glomerulopathy and neuropathy. 

o Microvascular pathology involves all organs but these 3 organs have well-defined criteria for diagnosis         
and progression. 

The functional definition of microvasculature is those vascular structures that are small enough to have exchange 
with the interstitium. Capillary walls allow free exchange of all substances except proteins.  

o Diffusion: Substances move down concentration gradients (i.e. Brownian motion). This includes electrolytes, 
glucose amino acids and oxygen. 

Figure 23-2 Key sites of small artery/arteriolar macrovascular disease. 



224

Clinical Pathophysiology

o Bulk flow: exchange depends on Starling forces, mostly hydrostatic pressure out and oncotic pressure in. 
o Transcytosis: vesicles cross the membranes. Used mostly for larger lipid-insoluble proteins such as insulin. 

Damage caused by hyperglycemia is through a combination of:  

o Polyol pathway causes an accumulation of sorbitol resulting in osmotic injury. 
o Advanced glycosylation end-products (AGE).  
o Reactive oxygen species (ROS).  

Damage occurs in endothelial cells, basement membrane and pericytes. Arteriolar pathology occurs at the level of 
arterioles that regulate local circulation. 

Structure of a model artery 

The closer an artery is to the heart, the higher its elastic 
content. This allows for the necessary stretch for the systolic 
bolus of the stroke volume. As the vessels get further from 
the heart, there is a relative increase in smooth muscles, 
which allow for regional and local control of blood flow. 

The layers of an artery, from inside out are: 

o Intima: delimited by the internal elastic membrane 
(IEM) it includes the endothelium, basement 
membrane and the subendothelial connective tissue 
and extracellular matrix (ECM). 
 The endothelium regulates local vasodilation and 

constriction as well as other functions (see Figure 17-3). 
o Media: between the IEM and the external elastic membrane (EEM), it is mostly smooth muscle cells, which 

regulate the ECM mixture of elastin and collagen. 
 Site of regional vasodilation and constriction. 

o Adventitia: a loose connective tissue layer 

There are no sharp transitions between the different sizes of arteries. 

o For comparison, a typical sewing thread is ≈35 um, and an RBC is 7 um. 
 

Anatomical name Size Key feature Architecture 
Aorta > 1 cm Elastic MLUs2; collagen mesh 
Named1 > 1 mm Muscular IEM3, ≈40 smooth muscle layer 
Arteriole > 10 μM Small No IEM, 1-10 smooth muscle cells 

thick in media 
                 1. E.g. Coronary, carotid, renal, ileofemoral etc., 2. Medial lamellar units, 3. Internal elastic membrane. 
 

 

The aorta 

Structure: 

The aorta can be divided into four segments, each with its own structure and pathology:  

o Aortic root 
o Ascending aorta 
o Aortic arch 
o Descending aorta (aka thoracoabdominal) 

Figure 23-3 Histology of an artery. 

Table 23-1 Classification of arteries. 
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o The aortic root bridges the cardiac skeleton (i.e. annulus fibrosis) and the 
arterial wall of the ascending aorta. Abnormalities of valve formation are 
commonly associated with other abnormalities of the proximal aorta 
(e.g. Turner syndrome). 
 The attachment of the semilunar aortic valves leaflets is the site of 

transition to the fibroelastic wall. 
 The various layers and attachments become important in aortic valve 

replacement. 
o The root has a complex embryology and is composed of multiple cell 

lineages, including the neural crest, endocardial cushions and the 
mesodermal mesenchyma. 

o Pathology:  
 Congenital: bicuspid aortic valve 

• Seen in 1-2% of children, commoner in males. 
• Associated with: 

- Congenital: Coarctation, Turner syndrome, patent ductus 
arteriosus. 

- Adult: ascending aortic aneurysm. 
 Acquired:  

• Aortic stenosis from dystrophic calcification. 
• Aortic regurgitation due to dilation of the fibroelastic skeleton. 

- Inflammation: rheumatic fever, ankylosing spondylitis. 
- Degeneration: Marfan syndrome, Ehlers-Danlos syndrome. 

 

Ascending aorta: 

o This is designed to absorb the bolus from left ventricular contraction with elasticity that allows for 
continuous pressure in the circulatory system during cardiac diastole. 
 Ascending aorta has a large diameter (2.5-3.0 cm) 
 The wall is thick: 

• Typically, 60 MLU (see Figure 23-6) 
• The thick wall requires a blood supply (the vasa vasorum) 

 The elastic: collagen ratio = 2:1 

Figure 23-5 Anatomy of the aortic root. 

Figure 23-4 Aortic segments. 
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o Histology of the ascending aorta: 
 The smooth muscle cell (SMC) regulates the enlarged tunica media. 

 

 The media is formed by plates of elastin, connected to the SMC. These plates form the so-called medial 
lamellar units (MLU), which compose the majority of the wall in all aortic segments. 

 There is a separate collagen system produced by the SMC, which forms a mesh throughout the media. 
This mesh contains more type I than type III collagen. 

 SMC produces TGF-β as a key regulator of the ECM. It is bound by fibrillin in the ECM in a protein, 
creating a “sink”, that acts as a reservoir.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23-6 Histology of the aorta and the medial lamellar unit. 

Tunica media 

MLU

Syphilitic aneurysms 

- T. pallidum preferentially infects small arteries and arterioles. 
- The inflammation and ischemia lead to distinctive type of necrosis called a 

gumma, which is both granulomatous and necrotic. 
- Gummas are found in all organs, including the ascending aorta, which has the 

small arterial vasa vasorum. 
- There is no aneurysm formation in the abdominal aorta as its thinner walls do 

not have their own blood supply 
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 Low pressure changes in aortic pressure are handled by the elastic system of the MLUs. 
 High pressure is handled in the collagen system. 
 This gives a non-linear response of the aortic wall compliance to luminal pressure. 

 

 
 

 
o Pathology of the ascending aorta 

 The ascending aorta undergoes cystic medial degeneration (CMD). 
This consists of elastic fiber fragmentation, loss of smooth muscle 
cells and accumulation of acid mucopolysaccharides in pools. 

 CMD most likely represents shear stress injury of the aortic wall 
from hypertension leading to apoptosis of SMC and dysregulation 
of the ECM. 
• CMD is also seen with congenital defects of fibrillin (Marfan) 

and collagen (Ehlers-Danlos) 
 The weakened wall leads to aneurysmal dilation. 
 In CMD, the defect is in the tunica media. Small tears in the 

intima allow the pressurized blood to dissect along the 
central plane. 

 

 

 

 

Cystic medial degeneration (CMD) in Marfan syndrome 

- Unlike hypertension, the CMD in Marfan syndrome is not due to injury but instead is 
due to a dysregulation of the extracellular matrix (EMC). 

- Normal ECM is regulated by the smooth muscle cell (SMC) through the key cytokine 
TGF-β. This is normally pooled in the ECM by binding it to the ECM protein fibrillin.  

- Marfan syndrome has defective fibrillin, so that there is an inability to store and 
release TGF-β. This leads to an abnormal ECM and catabolism of elastin.  

- The lack of elastin leads to rapid degeneration in those tissues requiring a high level 
of stretch (tendons, lens of the eye and large blood vessels). 

Figure 23-7 Aortic wall tension-pressure relationship. 
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Wall tension 

Figure 23-8 Cystic medial degeneration. 
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Aortic arch: 

o This has no distinctive structural features, but it is important in clinical medicine as it is the origin of the 
vessels to the head and arms. 

o There are two diseases that notably involve the aortic arch 
 Dissecting aneurysm of the ascending aorta (Type A aneurysm) 

• Involvement of the arch represents life-threatening occlusion of the cerebral vessels. Treatment is 
usually some type of emergency surgery. 

 Vasculitis 
• Takayasu vasculitis and temporal arteritis are granulomatous vasculitidies that involve the aortic 

arch and its vessels. 

 

Descending aorta (aka thoracoabdominal aorta): 

o This has a meaningfully different structure than the ascending aorta: 
 Smaller diameter (2.0-2.5 cm)  
 Thinner wall (30 MLU)  

• This is perfused from the lumen and does not have vasa vasorum.  
 Elastin: collagen ratio = 1:2 

o Pathology of the abdominal aorta 
 Atherosclerosis (abdominal aortic aneurysm, AAA) 

• This is an inflammatory process that weakens the wall due to dysregulation of the ECM by chronic 
inflammatory cells. 

• The weakened wall dilates (i.e. aneurysm formation) and ruptures 
- By comparison, the ascending aorta dissects. 

• The major risk factor is smoking. 

 

Muscular arteries (1mm-1 cm, many have names) 

Compared to large, elastic arteries, there is a marked decrease in elastic tissue which is replaced with smooth 
muscle cells (SMC). 

o There is significant elastic tissue in the internal elastic membrane (IEM). 
o The SMCs are up to 40 cells thick. 
o The thick walls make them resistant to collapse, which is important as they extend over joints. 

The muscular arteries regulate regional blood flow. 

Normal shear stress is important in endothelial cells health. 

o Laminar flow creates a fluid drag force called shear stress that is protective of endothelial cells. 
 Shear stress is similar to the friction when the surfaces of 2 solid structures are moved across each other. 
 It is concentric, with faster central flow and slower peripheral flow. 

o Disturbed or oscillating cycles creates an injury signal. This is most commonly seen along the inner walls of 
curves (e.g. LAD) and the outer walls of vessel bifurcations (e.g. carotid artery). 

  

Screening for AAA by ultrasound is recommended 
for all men ages 65-75 years who have ever smoked. 
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fibrous cap and an unstable plaque with risk of thrombosis. 

 

Pathology of muscular arteries: 

o Atherosclerosis: 
 Coronary artery disease (CAD) is the model disease. 
 The 4 most important arteries in the US are (see Figure 23-1, above): 

• Coronary artery 
• Carotid artery 
• Renal artery 
• Femoral-popliteal artery 

o Vasculitis: 
 Kawasaki disease (coronary artery) 
 Polyarteritis nodosa 
 Granulomatosis with polyangiitis (aka Wegener disease) 

 

Arterioles and small arteries (10 μM to 1 mm). 

There are no abrupt divisions in the arterial tree. The segments blend into one another, as do their pathologic 
processes. 

o Arteriole:  
 In the size range of 10-100 μM (for comparison, an RBC is 7 um) 
 1-3 layers of smooth muscle 
 Site of peripheral vascular resistance (PVR). 

o Small artery: 
 Size range of 100- 1000 μM 
 3-10 layers of smooth muscles 

Physiology of the arteriole vessels: autonomic nervous system 

o Systemic: 
 Neural: 

• Sympathetic (α1A receptor →Gq) 
 Hormonal: 

• Epinephrine (adrenal gland) 
• ATII (ATII receptor  Gq) 
• ADH (vasopressin (V1) receptor  Gq)) 

Figure 23-9 Shear stress and endothelial health. 
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o Local 
 Metabolites (in the coronary artery, this is adenosine) 
 Endothelial cells (see Figure 17-3): 

• Dilation: NO, PG, others 
• Constriction: endothelin 

Pathology: 

o In coronary artery disease, there is dysregulation of the endothelial cells and sympathetic stimulation from 
increased demand such as exercise and cause vasoconstriction. 

o Small arteries and arterioles develop hyaline arteriolosclerosis. This degenerative change weakens the wall. 
This can lead to stenosis and occlusive ischemia (e.g. heart and kidney) or aneurysm and rupture (e.g. 
hemorrhagic stroke). 

 

Capillaries 

The diffusion distance of oxygen and nutrients is effectively limited to 1-2 mm, which is why capillary networks 
are necessary. 

Composed only of endothelial cells and the underlying basement membrane, together with patchy pericytes. 

o Thin walls allow for the diffusion of gases and metabolites in both directions 

Collectively have a large cross-sectional area, which results in slow blood flow, optimizing diffusion. 

Tissues with the highest metabolic rates (e.g. heart, brain) have the highest capillary density. 

Pathology: 
o While it is understood that there is endothelial dysfunction in disease, especially diabetes mellitus with 

advanced glycosylation end products (AGEs), reactive oxygen species (ROS) and osmotic damage from 
sorbitol, there is no routine clinical test available yet for its evaluation. 

 

Venous system 

Increase in size and thickness towards the heart: 

o Post-capillary venules > venules > veins (small/medium/large) 

Veins are a low pressure system and so they have thinner walls and larger diameters than arteries. 

The venous system holds 2/3 of the vascular volume. 

Pathology: 

o Vulnerable to dilation, compression and infiltration by tumors and pathogens due to their thin wall and low 
internal pressure. 

o Most acute inflammation in tissue occurs in the post-capillary venule 
o Site of thromboembolic disease (For further discussion, see Chapter 99.  Hypercoagulable states and 

thromboembolic disease). 
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Chapter 24: Blood Vessels: Atherosclerosis and Peripheral Vascular Disease (PVD) 

Atherosclerosis has 2 key pathophysiologic processes: 
1. Inflammation: 

§ The inflammatory process is driven by macrophages and lymphocytes. This is why blood tests such as 
CRP that reflect inflammatory cytokines are better predictors of atherosclerotic cardiovascular disease 
(ASCVD) than serum cholesterol levels. 

2. Progression through the pathologic stages: 
1. Fatty streak 
2. Plaque progression 
3. Plaque disruption 

                   

 

 

Fatty streak 

o Endothelial dysfunction: 
§ This is the first step in the formation of an atherosclerotic plaque. 
§ Every risk factor of ASCVD causes injury to the endothelial cell: 

• Reactive oxygen species (ROS): cigarettes, diabetes mellitus (DM), high LDL levels. 
• Mechanical: loss of protective shear stress (see Chapter 23 Blood vessels: Structure and function). 

Lamellar flow has a protective effect, which is why atherosclerosis starts in areas with turbulent flow 
such as bifurcations (e.g. carotid arteries) or the take-off of major branches (e.g. renal artery stenosis). 

• Barotrauma: hypertension 
o Insudation of LDL: 

§ The damaged endothelium allows the LDL to pass through into the 
underlying extracellular matrix (ECM), where it gets trapped by 
proteoglycans. Over time the LDL is oxidized. 

 
 
 
 

 Gross Pathophysiology 
1  Endothelial cell damage 
2  Fatty 

streak 
LDL insudation 

3   mLDL (modified →DAMP) 

4  Macrophage response 
5  Foamy macrophage 
6  Plaque  Smooth muscle cell 

phenotypic switching 
7   Necrosis 

Insudation: the accumulation of a fluid in an arterial wall. Compare this to “exudate” where fluid 
collects outside of the vessel wall, seen in inflammation and malignancy. 

Figure 24-1 Pathophysiologic progression of atherosclerosis. 

ASCVD = atherosclerotic 
cardiovascular disease 
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§ Oxidized LDL, called modified LDL (mLDL) acts as a 

damage-associated molecular pattern (DAMP). 
§ DAMPs trigger the pattern-recognition receptors 

(PRR) on resident macrophages and mast cells, 
starting the inflammatory response. 

§ Responding macrophages phagocytize the mLDL 
through scavenger receptors (SR-B1) and not LDL 
receptors. There is also pinocytosis of the mLDL 
apolipoprotein with digestion by lysosomes. 
• Note that this is also true in the liver, where 

plasma LDL interacts with the LDL receptor 
(to apoproteins B and E), while plasma HDL, 
which recovers cholesterol, interacts with 
SR-B1 receptor. 

• The macrophages filled with cholesterol have a 
characteristic cytoplasm and are called foamy macrophages. 

Plaque formation 

o Smooth muscle cells of the tunica media undergo phenotypic switching under the influence of inflammatory 
cell cytokines and growth factors (e.g. PDGF, TGF-β). They lose their contractile properties and become 
secretory. They alter the ECM and produce the fibrous cap over the plaque. 

Plaque disruption: 

o When the rate of ECM exceeds its synthesis, a necrotic lipid core is formed. This is the “athero” portion of 
atherosclerosis (etymology Gr, “athere”, porridge). 

o The formation of the plaques disrupts the lamellar flow of the vessel, leading to further remodeling and 
pathologic responses to normal physiologic signals. For example, sympathetic stimulation can lead to 
vasoconstriction of the coronary artery. This is the opposite of the usual sympathetic response in the 
coronary arteries, in which β > α stimulation, leading to a net effect of vasodilation.  

o Stability of a plaque is proportional to the thickness of the fibrous cap. 
o Plaques are most commonly disrupted by tearing of the fibrous cap, leading to thrombosis, or hemorrhage 

into the necrotic center. This leads to vessel occlusion. 

Pathology of atherosclerotic plaques 

Stable plaques 

o Fixed, obstructing plaques give symptoms in relation to the degree of stenosis. 
o These plaques are called stable because they are not prone to thrombosis. The thick fibrous cap does not tear 

(i.e. activating platelets) and there is little inflammation, which weakens the plaques as the inflammatory cell 
enzymes disrupt the extracellular matrix. This enzymatic action leads to central liquefactive necrosis of the plaque. 
§ This necrotic material has a gross appearance of porridge, hence its name, as “atheroma” is 

Greek for gruel. 
§ Plaques can hemorrhage into the necrotic center. This also causes vessel occlusion. 

o At >70% obstruction, increased demand from exercise exceeds the ability of arteriolar vasodilation to 
increase flow, due to the upstream stenosis of the artery. At >90%, ischemia is present even in the rest state. 
Tissue undergoes atrophy and necrosis. 

o The point at which any given stenosis leads to symptoms is called the fixed-threshold angina as the degree of 
stenosis changes only slowly and patients know how much activity they can undertake before they get angina.  

Figure 24-2 Formation of foamy macrophages. 
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o Demand by the myocardium depends on wall stress, heart rate and contractility. Although there is no test to 
estimate of contractility, wall stress can be estimated by blood pressure. Angina threshold, the point at which 
angina occurs, can be predicted by BP X HR, called the double product. 

o The relationship is not exact as there is unpredictable response to sympathetic stimulation due to endothelial 
dysfunction. On the supply side, flow also depends on the length of obstruction (i.e. Pouiselle’s law). This 
variation in flow leads to variation in symptom onset, called variable-threshold angina, as the vasospasm 
varies on any given day. 

o Stable angina is a model disease of demand ischemia in a stable plaque. The chest pain is characterized by: 
§ Induced by exercise and relieved by rest. 
§ Is present longer that 1-2’ (non-specific chest wall pain) but less than 15’ in duration. 

 

Unstable plaques: 

o Unstable plaques have a thin fibrous cap that is prone to tearing. This activates platelets and leads  
to thrombosis. 

o Severe inflammation leads to weakening of the plaque and causes large areas of necrotic debris. These areas 
are prone to intraplaque hemorrhage. 

o The occlusion of the vessel by unstable plaques is not due to the size of the plaque but its predilection to 
thrombosis and hemorrhage. 

 

 
o The relationship of inflammation and an acute occlusive event is one of the best predictors of risk. 

Figure 24-3 Atherosclerosis: stable plaque. 

Figure 24-4 Atherosclerosis: unstable plaque. 
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produced by inflammatory cells. CRP levels are as good a predictor of atherosclerotic cardiovascular 
disease (ASCVD) events as serum LDL levels.  

 

§ Dystrophic calcification occurs in areas of degeneration. It occurs in the areas of vessel wall damage caused by 
the inflammatory cells. The presence of this is measured in the coronary artery calcification test.   
• This requires a specialized CT scan and currently is the best predictor of a patient’s ASCVD risk. 

o The clinical presentation of unstable plaques is not related to the size of the plaque but thrombosis over the 
plaque or hemorrhage into the plaque. Symptoms are not related to myocardial demand 

 
o Acute occlusion of the coronary artery is a model disease for unstable plaque. This presents as chest pain   

(i.e. angina): 
§ Unrelated to exercise or rest 
§ Duration longer than 20 minutes and often progressive 

Figure 24-5 Coronary artery calcification. 

ASCVD Risk assessment 

Calculating the risk of an atherosclerotic cardiovascular event (i.e. CAD, stroke/TIA, 
aortic aneurysm and PVD) can be made by using the risk factors of: 

- (+) family history 
- Hypertension 
- Hyperlipidemia 
- Diabetes mellitus 
- Cigarette smoking 
- Chronic kidney disease 
- Obesity 

These are adjusted for age and the result used to guide the need for aggressiveness of 
therapy. While there is variation between centers, a common standard for risk is: 

- Low risk …………….<5% chance of an event over 10 years 
- High risk…………….> 20% chance of an event over 10 years 
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Clinical pathologic correlation of arterial disease: 

Peripheral vascular disease (PVD) 

Introduction: 

There is no consensus definition of the term PVD. The most precise usage would be disease of any blood vessel 
other than those of the heart. If the heart is also involved, then the patient is described as having 
cardiovascular disease. 
o Some authors use the term PVD for all atherosclerotic disease, so this would include both aorta, most 

commonly abdominal aortic aneurysms (AAA) and muscular arteries, especially coronary, carotids, renal and 
femoral/popliteal arteries. 

o Many surgeons used PVD as a synonym for peripheral artery disease (PAD), which is atherosclerosis of the 
limbs, particularly the legs. 

Atherosclerotic risk factors: 

Non-modifiable (aka constitutional): 

o Hereditary: 
§ The most important risk factor. 
§ It is usually polygenic and related to other hereditable risk factors such as hypertension and 

diabetes mellitus. 
§ Secondary risk factors include inflammation. For example, the commonest cause of death in rheumatoid 

arthritis is coronary artery disease. The mechanism is not well understood. 
§ While only a small proportion of patients have Mendelian inheritance, autosomal dominant familial 

hypercholesterolemia is due to LDL receptor mutations and is one of the most underdiagnosed 
conditions in the US. 

o Increasing age:  
§ Although atherosclerosis may be present in adolescence, seen as a fatty streak, it does not manifest until 

middle age (40-60 years). 
§ There is a near linear increase in atherosclerotic vascular disease with age >50 years.  

Table 24-1 Clinical pathologic correlation of macrovascular and microvascular disease. 



237

Blood Vessels: Atherosclerosis and Peripheral Vascular Disease (PVD) 24o Gender:  
§ Females have a lower risk of atherosclerosis, presumedly due to the protective effects of estrogen. 

Estrogen is only protective when present in younger women.  
§ Female rate of risk rises similarly to that of the male after menopause. Note that the risk of organ disease 

varies by organ. There is more heart disease in males. There is more cerebrovascular heart disease in 
females after age 80 years. This may be a survivor effect, as females live longer than males. 

  

 

 

 

 

 

 

 

 

Modifiable risk factors: 

o Hyperlipidemia: 
§ Hypercholesterolemia alone is sufficient to start atherosclerosis. 
§ Elevated low density lipoprotein cholesterol (LDL) is atherogenic and high density lipoprotein cholesterol 

(HDL) is protective. 
§ Metabolic syndrome is characterized by: 

• Abdominal wall fat 
• Insulin resistance 
• Hypertension 
• ↑triglycerides, ↓HDL 

 
o Hypertension (see Chapter 26. Hypertension). 
o Cigarette smoking. 

§ An independent variable, cigarette smoke accelerates atherosclerotic disease both by the 
sympathomimetic effect of nicotine and endothelial dysfunction from CO and other toxins in the smoke. 
• Smoking is multiplicative with other risk factors. 
• Smoking is prothrombotic. 

§ Diabetes mellitus (DM) 
• DM accelerates atherosclerosis by complex mechanisms that include endothelial dysfunction, vascular 

smooth muscle alteration of extracellular matrix (ECM) and cytokines from inflammatory cells. 
• DM is a prothrombotic state. 

 

Triglycerides and atherosclerosis 

For years, the risk of atherosclerosis in hypertriglyceridemia was felt to be due to low HDL levels. It is 
now thought that the atherosclerosis is due to triglyceride-rich lipoprotein remnants (TGRL). Therapy 
has shifted from trying to raise the HDL level to lowering triglyceride levels. 

 

Figure 24-6 Atherosclerotic risk by age and gender. 
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§ Inflammation 
• Present at all stages of progression, inflammation is intimately linked to plaque formation and rupture. 
• Markers of systemic inflammation like C reactive protein (CRP) can be used for risk stratification and 

are more predictive than cholesterol levels. 
§ Hyperhomocysteinemia 

• An independent variable, hyperhomocysteinemia is most commonly seen as an inborn error 
of metabolism. 

• Hyperhomocysteinemia may be acquired with low levels of Vitamin B12. 

 
 

 

Peripheral artery disease (PAD) 

Definition:  

o In common usage, PAD refers to atherosclerosis of the leg. 
There is so little incidence of PAD in the upper limb that this is a 
practical usage in clinical care. 

Epidemiology: 

o PAD has the same risk profile as atherosclerosis in any artery. 

Presentation: 

o Symptoms: pain. 
§ The level of pain roughly correlates to the anatomy of  

the stenosis: 
§ Intermittent claudication: 

• This is a demand ischemia, seen when the plaque 
stenosis is >70% of the lumen. 

• Symptoms include pain and loss of function that 
resolves with rest.  

  

Figure 24-7 Hyperhomocysteinemia in Vitamin B12 deficiency. 

Figure 24-8 Correlation of arterial 
anatomy site of pain in stenosis. 
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§ Ankle: brachial index (ABI): 

• A blood pressure ratio <0.9 is characteristic of obstruction. 
• Increasing stenosis has increasingly severe findings. 

o Claudication: Exercise testing may be necessary to reveal symptoms of claudication when the 
stenosis is <50%. 

o Tissue loss: 
i. Skin is cool, with poor reperfusion after pressure. 

ii. With chronic occlusion >90%, skin is shiny and thin with loss of leg hair. 
iii. With leg raising, the skin becomes pale (it stays pink with normal perfusion). 

§ Necrosis: 
o This starts with ulceration of the tips of the toes and progresses to gangrene. 

 

o Testing: 
§ Diagnosis is based on history and physical examination. Vascular studies are not usually indicated. 
§ PAD is part of the systemic process of atherosclerosis and other at risk arteries should be evaluated 

(especially the coronary, carotid and renal arteries, see Figure 23-1). 

 

Pathophysiology: 

o PAD has the same pathology of atherosclerosis as any other artery. 
o It is useful to compare the clinical pathologic correlation of stable and unstable plaques in the four arteries 

most commonly involved: 

 
 

 

  

 

o Note that the following clinical syndromes have the same underlying pathophysiology: 
§ Stable angina and intermittent claudication = stable plaque. 
§ Ischemic stroke and ACS = rupture of an unstable plaque. 
§ Brain has no demand ischemia even in moments of intense concentration. 
§ Renal ischemia tends to be asymptomatic. 

Pathology Clinical syndrome 
 Coronary artery Carotid Renal PAD1 

Stable plaque 
>70% 

Stable angina None none Intermittent 
claudication 

Stable plaque 
>90% 

Pain at rest (cardiac 
cripple) 

None2 Renal 
atrophy 

Tissue loss 

Unstable plaque ACS3 Ischemic 
stroke 

Renal 
necrosis 

Acute limb ischemia 

Table 24-2 Clinical pathologic correlation in stable and unstable plaques. 

Acute limb ischemia (“Critical” limb) 

- Onset of symptoms (e.g. pain, paresthesias) and signs (coolness, loss 
of pulses) in <2 weeks is considered acute disease. 

- While usually thromboembolic in origin (e.g. atrial fibrillation), it can 
occur with plaque rupture. 

- There is a high risk of limb loss, and the event is life-threatening. 
- Revascularization is indicated. 
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Natural history: 

o Claudication:  
§ Most patients are stable, especially if they stop smoking. 

§ Initial treatment is lifestyle alteration (i.e. exercise, diet, smoking cessation etc.) and risk factors for 
atherosclerosis (anti-hypertensives, lipid-lowering and anti-platelet). 

§ Cilostazol (a phosphodiesterase type 3 inhibiter). 
§ Surgical intervention can be considered if medical treatment fails and there is significant impairment 

of the quality of life. Surgery carries a significant risk of failure and limb loss. 
o Chronic limb-threatening ischemia: 

§ This is characterized by pain at rest and/or necrosis (ulceration and gangrene). 
§ Testing shows an ankle-brachial index (ABI) ratio < 0.4. 
§ Bypass grafting is the gold standard, but endovascular procedures are rapidly improving and are 

currently the first choice for single, short occlusions. 
 

Degenerative diseases of the aorta 

Segments of the aorta. 

o There are 4 segments of the aorta, each with its own pathophysiology. 
1. Aortic root:  

• Encompassing the aortic valve leaflets, this region has the common end pathway of aortic valve 
dilation. this is most commonly associated with aneurysms of the ascending aorta 

• Diseases include bicuspid aortic valve, the hereditary connective diseases (e.g. Marfan syndrome, 
Ehlers-Danlos syndrome) and aortic calcification. 

2. Ascending aorta: 
• Aneurysm formation occurs in 2 different pathophysiologies 

A. Inflammatory (vasculitis): 
§ Takayasu aortitis / temporal arteritis. 
§ Syphilis (inflammation of the vasa vasorum, not aortic wall itself). 

B. Cystic medial degeneration: 
§ Hypertension (30%) 
§ Congenital (i.e. bicuspid aortic valve) (25%): this is not flow related 
§ Hereditary (10%) (e.g. Marfan syndrome, Ehlers-Danlos) 
§ Idiopathic (30%) 

3. Aortic arch: 
• This does not have any unique pathologies but is significant because it is the takeoff of the carotid 

arteries with their critical blood supply to the brain. 
4. Thoracoabdominal aorta: 

• Fatty streaks, the earliest manifestation of atherosclerosis, are first seen in the abdominal aorta. 
• Aneurysm formation is atherosclerotic in origin, most commonly seen below the renal arteries. 
§ Pathology of ascending aorta is cystic medial degeneration. This is prone to dissection. Pathology of the 

abdominal aorta is atherosclerosis. These are prone to rupture. 
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Thoracic aortic aneurysm 

Definition: true aneurysms involve the full thickness of the vessel wall and have a dilation that is >50% of the 
normal vessel diameter (for the ascending aorta, normal range is 3.0-3.5 cm, aneurysmal dilation starts at 4.5 cm) 
§ A false aneurysm (aka pseudoaneurysm) is a contained collection of blood outside of the vessel wall. It is 

usually due to a prior rupture. 

Epidemiology: 

o Age > 65 years:  
§ Degenerative risk factors parallel those of atherosclerosis, the most important of which is hypertension.  

• Aortitis is seen in temporal arteritis in this age group. 
§ Age < 60 years:  

• Hereditable diseases such as Marfan syndrome and Ehlers-Danlos syndrome.  
• Aortitis is seen in Takayasu aortitis.  

§ Prevalence: this is difficult to assess as most aneurysms are asymptomatic. Most patients die with their 
aneurysms and only occasionally die from them. 

Presentation: 

o Symptoms: 
§ Pain: ascending aortic aneurysms tend to be large before they become symptomatic. The commonest 

symptom is pain from rupture or dissection. Dissection is described as a “tearing pain” that may radiate 
into the back. 
• Rupture is usually catastrophic. Rupture into the pericardium causes tamponade. 
• Involvement of the branches of the aortic arch can involve the arms or the CNS. 
• Involvement of the aortic root can lead to aortic regurgitation (CHF) or occlusion of the coronary 

arteries (angina). 
o Physical exam: look for differences in pulse rate or pressure between brachial and carotid arteries ( i.e. if one 

is cut off by dissection). 

Figure 24-9 Comparison of ascending and abdominal aortic aneurysms. 
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o Testing:  
§ Diagnosis is made by imaging which shows the aneurysm (↑diameter >50%. The ascending aorta ~3 cm 

in diameter, so > 4.5 cm) and the dissection (double lumen). 
§ D-dimer: there is enough clotting in the typical dissection that a low D-dimer level rules out the diagnosis. 

Pathophysiology: 

o Degenerative versus genetic: 
§ Elderly: degenerative, associated with the same risks as atherosclerosis, hypertension is the 

most important 
§ Young adult: genetic, associated with Marfan syndrome (fibrillin) and Ehlers-Danlos (Type III collagen, 

vascular variant) 
o Pathology: cystic medial degeneration (see Figure 23-8). 

§ Breakdown of the extracellular matrix leads to loss of integrity of the medial smooth muscles which are 
replaced by amorphous degenerative mucopolysaccharides. 

§ The weakened wall progressive dilates, with aneurysm formation. 
§ Intimal tears lead to dissection or rupture. 

Natural history: 

o Treatment: 
§ Aneurysm formation.  

• Dilation is progressive over years. 
• Risk of rupture depends upon the size of the aneurysm. 
• When >6cm, annual rupture rate goes to 7%/year and surgical treatment is indicated. 

§ Dissection: 
• Treatment depends upon the location and extent of the dissection. 
• When a presumptive diagnosis of dissection can be made (tearing chest pain, symmetric pulses, 

widened mediastinum on chest X-ray), IV β-blockers are indicted while waiting for diagnostic 
imaging or surgery. 

• Stanford system (replaces the DeBakey system) 
o Type A: ascending and aortic arch: emergency surgery 
o Type B: medical treatment 

• Surgery consists of tethering the intimal flap back to the wall of the aorta or replacing the whole 
aortic segment.  
 
 

Figure 24-10 The CT scan in a dissecting ascending aortic aneurysm. 
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§ Type A: 20% surgical mortality 
§ Type B: 75% 5 year survival. 

 

Abdominal aortic aneurysm (AAA) 

Definition: 

o AAA is the most common arterial aneurysm. 
§ True aneurysms involve all the layers of the vessel wall.  
§ > 3.0 cm in diameter (>50% of normal vessel diameter).  

Epidemiology: 

o 4-8% of men >50 years old (about 1 million men in the US!) 
o Rupture and death = 7000/ year in 2010 

Presentation: 

o Symptoms: 
§ Asymptomatic: this is the majority of patients, with the AAA found by screening or as an incidental finding 
§ Symptomatic: usually associated with rupture but may come from pressure on an adjacent structure if 

the aneurysm growth is rapid. 
o Physical examination: 

§ Pulsatile mass (found in 50% when AAA > 6 cm) 
§ Bruit 

o Testing: 
§ Imaging:  
§ Asymptomatic: US >99% when diameter >3cm. 
§ Symptomatic: CT scan is used to diagnose rupture 

• Identifies breaks in the vessel wall and extravasated blood 
• Visualization of the anatomy allows of planning of surgery. 

 

Figure 24-11 Ultrasound of an abdominal aortic aneurysm. 
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Pathophysiology: 

o Due to atherosclerosis in >95% of cases in the US 
o Risk factors: smoking > male gender > age >50 years. 

§ Smoking is such a powerful risk factor that screening for AAA is recommended for all male smokers 
65-75 years old. 

§ Most AAA occur between the renal and inferior mesenteric arteries. 

Natural history: 

o AAA have progressive enlargement, but the rate is variable. Smokers have the most rapid rates. 
o Treatment is based on diameter: 

§ < 5.5 cm is managed medically (altering life-style and risk factors) 
§ >5.5 cm undergoes surgery (open or endovascular) 
§ Symptomatic AAA is a surgical emergency. 
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Chapter 25 Blood Vessels: Arteriolosclerosis and Aging 

Clinical pathologic correlation of arteriolar disease: 

 

 

Definition: 

Arteriolosclerosis is a legacy term that does not translate well into the 
molecular era. It literally means “arteriolar hardening”, based on the 
loss of vessel wall compliance. This correlates to the microscopic 
findings of “hyaline” changes in the vessel wall, and the underlying 
pathology of hyaline arteriolosclerosis. 

Arteriolosclerosis is part of the spectrum of degenerative changes seen in the circulatory system seen in aging, 
hypertension and diabetes mellitus. These are collectively labeled arteriosclerosis, and consist of: 

o Atherosclerosis 
o Arteriolosclerosis 
o Mönckeberg medial sclerosis: this is an archaic term that refers to dystrophic calcification in the medial 

arterial wall. It was thought to be benign for many years. Now it is appreciated that dystrophic calcification 
occurs in areas with degenerative or necrotic pathology. The finding of calcification in the wall of any artery, 
even breast, indicates an increased risk of atherosclerosis systemically, warranting further screening for 
vascular disease. 

                   

 

Table 25-1 Clinical pathologic correlation of arteriolar disease. 

The term “hyaline” means “glassy”, 
referring to the shiny appearance of 

the vessel wall in H&E staining. 
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Atherosclerosis is the typical pathology found in arteries and hyaline arteriolosclerosis in arterioles. The problem 
with this designation is that there is no sharp division between the large elastic aorta, medium-sized muscular 
arteries, small arteries and the arterioles. For this reason, the anatomical pathologic correlation in diabetes 
mellitus is designated: 

o Macrovascular: 
• Elastic and muscular arteries: atherosclerosis 
• Small muscular arteries and arterioles: hyaline arteriolosclerosis  

o Microvascular: 
• Small arterioles and capillaries (clinically evaluated in the retina, glomerulus and peripheral nerves). 

Hypertension and aging only develop macrovascular disease. 

Pathology of arteriolosclerosis 

Hyaline arteriolosclerosis: 

o Diagnosed as a thickening of the wall of small arteries and arterioles due to a 
homogenous smooth material, seen only by microscopy. It has a time frame 
of years to decades. 

o It represents a degenerative process that allows the buildup of plasma proteins 
from the plasma, mostly complement, and extracellular matrix from smooth 
muscle cells in the arteriolar wall. 

o There is weakening of the vessel wall that can lead to either: 
 Dilation → microaneurysm formation with rupture  

(e.g. hemorrhagic stroke) 
 Stenosis →occlusion (e.g. CHF, glomerulosclerosis) 

Hyperplastic arteriolosclerosis: 

o Thickening of the arteriolar wall by proliferating smooth muscle 
cells and matrix. 

o It results in stenosis of the lumen. 
o It is seen in chronic severe hypertension, particularly in the kidney. 

Figure 25-1 Normal 
arteriole. 

Figure 25-2 Hyaline 
arteriolosclerosis. 

Figure 25-3 Hyperplastic arteriolosclerosis. 

Table 25-2 Classification of the arterial system. 
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Fibrinoid necrosis: 

o The buildup of proteins in the small artery/arteriole wall appears as amorphous pink material by H&E 
microscopy. It has a time frame of weeks to months. 

o It can be seen in 2 pathologic processes: 
 Immune complex (IC) vasculitis (e.g. polyarteritis nodosa): The protein is the immune complexes. 
 Hypertensive emergency: Barotrauma damages the endothelial cells, allowing plasma proteins to 

leak into the vessel wall. The protein is mostly fibrinogen.  

o Fibrinoid necrosis is a misnomer as it is not “fibrin-like”. The protein is fibrin or IC. It is not necrosis, but a 
buildup of proteins in the vessel wall due to endothelial damage. 

Pathophysiology of arteriolosclerosis: 

o It is seen in 3 conditions: 
 Aging: considered a “wear and tear” degenerative process, the mechanisms are not 

well understood. 
 Hypertension: high blood pressure accelerates the aging processes. 
 Diabetes mellitus: there are 3 pathologic processes described: reactive oxygen species from 

increased ETC activity due to hyperglycemia, toxicity of advanced glycosylated end-products and 
osmotic damage from ↑sorbitol produced by the aldose reductase pathway. 

 

Arteriolosclerosis in specific organs: 

Kidney (nephrosclerosis): see Chapter 43. Vascular disease and hypertension. 

Heart (congestive heart failure): see Chapter 16. Heart failure  

Hyaline arteriolosclerosis affects unnamed small arteries and arterioles in the myocardium.  

 

Pathophysiology:  

o Hyaline arteriolosclerosis: stenosis to occlusion. 
o Volume of tissue lost with any given occlusion is subclinical 

for ischemic pain. 
o There is progressive loss of cardiac output over years-decades. 

 

Figure 25-4 Fibrinoid necrosis. 

Figure 25-5 Blood supply of the ventricular wall. 
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Brain (hemorrhagic stroke, vascular dementia): see Chapter 80. Cerebrovascular disease. 

Aging as a chronic progressive disease 

Disease is defined a decrease in function that impairs an individuals desired integration into their environment. 

Chronic progressive diseases follow a timeline in which there is no symptoms in early disease as the loss of 
function can be compensated for by homeostasis and then adaptation. (See Figure 3.1 in Chapter 3. Chronic 
progressive disease). 

During the period of functional reserve, diagnosis depends on screening tests. Examples include renal function 
testing with eGFR (Stages 1-3), type II diabetes mellitus (GTT) and thyroid testing in Hashimoto thyroiditis (↑TSH 
with a normal T4). 

Increasing age is associated with a decrease in functional reserve. In advanced old age, frailty is the term to 
describe the status in which the smallest challenge leads to failure. This is comparable to chronic disease and 
correlates with severe disease. 

Organ systems in old age: 

o Kidney: 
 1/3 of glomeruli are lost by age 75 years. There is a decrease in GFR of 1 mL/min/year after age 30. 

• The most immediate clinical application of this is in that prescription of medications must be 
modified in the elderly. 

 Pathology: nephrosclerosis (i.e. arteriolosclerosis, glomerulosclerosis, and interstitial fibrosis). 
o Heart: 

 Left ventricular ejection fraction decreases from its young adult maximum of 80% to 70% at age 80 years. 
 Pathology: decreased compliance, usually associated with fibrosis. An S4 is considered a normal finding 

after age 75 years. There is increasing dependence on the atrial component. The elderly usually have left 
atrial dilation and ↑wall thickness. Atrial fibrillation is seen in 5-10% of individuals > 80 years old. 

o Brain: 
 There is a decrease in brain volume after age 65 years. This is matched with a decrease in blood flow to 

the brain of 10-20%. 
 No test yet is sensitive enough to detect mild cognitive decline. 
 Pathology: shrinkage is greater in white matter than grey matter. No specific pathologic process is 

described for aging, but the hippocampus shows an increase in senile plaques and tau bodies. 

Figure 25-6 Progression of small vessel disease in the heart. 
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Tissue changes with aging: 

o Skin:  
 ↓  melanocytes 
 ↓  elasticity            Pale and wrinkled 
 ↓  fat 

o Immune system: 
 Dysregulation      ↑autoimmune diseases in middle age 
 ↓ responsiveness    ↑risk of infection 
 Oligoclonal expansion   ↑risk of neoplasia 

Cellular changes with aging: 

o Pigment accumulation  lipofuscin 
o ↑ DNA mutations   
o ↓ P53 functionality     

Is aging an inevitable and “natural” process, or is it a disease? 

 

Figure 25-7 Loss of function of major organs with age. 
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Chapter 26 Blood Vessels: Hypertension 

Definition: 

This has changed over time, with the most recent US criteria published in 2017. 
 

There is no “safe” or normal blood pressure; lower pressure has a lower risk of atherosclerotic cardiovascular 
disease (ASCVD). 

o A lower limit of 115 mmHg systolic pressure is necessary to avoid postural hypertension. 
o In the elderly, a higher than optimal systolic pressure may be necessary due to their age-related decrease in GFR. 

 

2017 definition and staging of hypertension (AHA/ACC) 
 

                             
Elevated blood pressure must be demonstrated at least twice and in two different settings  
(to avoid the “white coat effect” of anxiety from testing). 

  

When this author graduated from medical school in 1976, the definition of hypertension was a diastolic 
pressure > 105 mmHg, with consideration of treatment with a diastolic pressure > 90 mmHg. Systolic BP 
was not used for treatment decisions. 

Figure 26-1 The risk of increasing blood pressure. 

Table 26-1 2017 classification of hypertension. 
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Blood pressure is regulated by neurohormonal pathways (for further discussion, see Chapter 15 Heart: Structure 
and function).   

                                        

 
Factors associated with primary hypertension: 

 
o Age: loss of arterial wall compliance is common with aging. This leads to an increase in systolic pressure (not 

diastolic pressure) due an increase in peripheral resistance. 
o Obesity: an estimated 2/3 of hypertension in the US is due to obesity. The mechanism is unknown. 
o Genetics: an estimated 30% of hypertension in the US is due to family predisposition. The mechanism 

is unknown. 
o Ethnicity: hypertension is more common and more severe in African Americans. It is attributed to 

hypervolemia from renal sodium regulation. 
o High sodium diet: certain individuals have inadequate renal clearance of sodium when there is high intake. 

This is presumed to lead to increased blood volume. 
o Alcohol: while moderate alcohol intake decreases cardiovascular risk, heavy drinking of >6 drinks/day is 

associated with hypertension and alcoholic cardiomyopathy. 
o Inactivity: exercise is an established method of decreasing high blood pressure. 

Drugs associated with hypertension: in addition to the well-known effects of nicotine and cocaine, oral 
contraceptives are known to cause hypertension in about 5% of users. 

Pathology of hypertension: 

o Damage is due to macrovascular disease:  
§ Ascending aorta (cystic medial degeneration) 
§ Abdominal aorta (indirectly through atherosclerosis. Smoking is the major risk factor) 
§ Arteries (atherosclerosis) 
§ Arterioles (hyaline arteriolosclerosis) 

Figure 26-2 Neurohormonal regulation of blood pressure. 
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Clinical pathologic correlation of hypertension: 

Presentation of hypertension (HT): 

Symptoms:  

o HT is asymptomatic until there is organ damage from the macrovascular pathology. 

Physical exam: 

o Hypertension 
o Bruits from atherosclerotic stenoses in arteries 

Testing: 

o While a diagnostic workup is not indicated for primary hypertension (this is reserved for resistant HT), most 
doctors will order: 
§ Chemistry panel (creatinine, K+, glucose) 
§ Lipid profile (atherosclerosis risk) 
§ TSH/T4 (hyperthyroidism) 
§ EKG (left ventricular hypertrophy) 

o Resistant HT 
§ Definition: persistent hypertension while on 3 medications. 
§ 3 diseases cause 80% of cases: 

• Chronic renal failure (45% DM, 25% HT, 15% glomerulonephritis) 
• 1° hyperaldosteronism (hyperplasia, adenoma) 
• Renal artery stenosis (atherosclerosis) 

§ Diagnostic approach: 
• Serum creatinine /eGFR: rules out chronic renal failure 

Table 26-2 Clinical pathologic correlation of macrovascular disease in hypertension. 
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Disease Aldosterone Renin A/R ratio 
Renal artery stenosis ↑ ↑ <25 
1° hyperaldosteronism ↑ ↓ >25 

• Imaging:  
- Renal artery (stenosis >70%) 
- Adrenal cortex (bilateral hyperplasia or mass of adenoma) 

§ Rare causes of resistant HT: 
• Pheochromocytoma (at least 1 of: headache, HT, palpitations, sweating) 
• Hypercortisolism (fat, thinning of skin (e.g. striae), HT, ↑glucose, ↓K+  etc.) 
• Coarctation of the aorta (brachial BP > ankle BP) 

Treatment of hypertension: 

There is no data to prove that one class of drugs is better than another. β-blockers are falling out of favor as a  
first line drug. 

o Thiazides and thiazide-like (i.e. chlorthalidone) 
o Calcium channel blockers (CCB) 
o ACE inhibitors / ARBs 
o β-blockers 

Special groups for treatment 

o Congestive heart failure: thiazides (β-blockers contraindicated) 
o African Americans: thiazides, CCBs 
o Diabetics: ACE-I 
o Elderly: CCBs 

 
A good way to think about the pharmacology of hypertension is by correlating the drugs to the neurohormonal 
action that they inhibit in regulating blood pressure. Each must affect one of the following parameters: 
 
o See Chapter 16. Figure 16-18: Cardiovascular pharmacology. 

 

Hypertensive crisis 

Definition:  

o Severe hypertension (BP: systolic >180; diastolic >120 mmHg) 
o Classified as hypertensive emergency (evidence of organ damage) or hypertensive urgency (no evidence of 

organ damage). 
o Historically called malignant hypertension, because when it was first described in the 1920’s, it was seen to 

have the same prognosis as aggressive cancers (1 year survival 
of <20%, as there were no effective treatments) 

Pathophysiology: 

o Pathologic damage occurs to small arteries and arterioles: 
§ Fibrinoid necrosis: barotrauma to the endothelial cells allows leakage of fibrin into the vessel wall. 

Table 26-3 Differentiating renal artery stenosis from 1° hyperaldosteronism. 

Figure 26-3 The factors 
affecting blood pressure. 
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§ Hyperplastic arteriolosclerosis: cellular proliferation of smooth muscle cells in the vessel wall with 
increased extracellular matrix. 

o Key organ damage (many other organs can be affected): 

§ Heart failure: due to increased afterload 
§ Cerebral edema: autoregulation is overwhelmed, leading to cerebral edema. The raised intracranial 

pressure leads to headache > encephalopathy > coma. Papilledema is seen on physical examinaiton. 
§ Renal failure: autoregulation is overwhelmed and the intraglomeruli pressure equals systemic pressure. 

There is hemorrhagic necrosis of the glomeruli, seen on the cortical surface as a “flea-bitten” kidney 

Treatment: 

o ↓BP to < 180/120 within first hour 
o ↓BP to < 160/120 within first day 
o Pharmacology: 

§ Short-acting IV medications in continuous infusion (no preferred drug) 
§ Exceptions: 

• Ascending aortic dissection: reduce BP in <10 minutes 
• Ischemic stroke: only if BP > 220/140 mmHg. 

Hypertensive urgency (aka Asymptomatic severe hypertension) 

Usually a chronic hypertensive patient who has stopped taking medications (i.e. non-adherent) 

Decrease in blood pressure should take place over days as a rapid drop in pressure has the significant risk of an 
ischemic event as the organs are compensated to the high blood pressure. 

o Short term (days): BP < 160/100 mmHg 
o Long term: BP < 140/90 

Pharmacology: 

o May use oral medications taken as an out-patient 
o Resumption of prescribed medications is usually satisfactory. 

Figure 26-5 Hyperplastic arteriolosclerosis. 

Figure 26-4 Fibrinoid necrosis. 



27
Blood Vessels: 

Vasculitis

www.mscmeded.com



258

Clinical Pathophysiology

Table 27-2 Clinical pathologic classification of vasculitis. 

Chapter 27 Blood Vessels: Vasculitis 

Definition:  

An immune process with inflammation of blood vessels. Inflammatory damage manifests in two major      
disease patterns: 

o Ischemia from vessel stenosis and occlusion. 
o Hemorrhage from aneurysmal rupture. 

Nomenclature: 

The 2012 Chapel Hill Consensus Conference (CHCC) emphasizes nomenclature for primary vasculitidies based on 
pathophysiology and a move away from eponyms. 

Traditional  CHCC recommended 
 ANCA1-associated vasculitis (AAV) 
Wegener  ٠Granulomatosis with polyangiitis (GWP) 
Churg-Strauss ٠Eosinophilic GWP (E-GWP) 
 ٠Microscopic polyangiitis (MPA) 
Henoch-Schöenlein IgA vasculitis (IgAV) 

1. Anti-neutrophil cytoplasmic antibody 

 

Secondary vasculitidies include: 

o Systemic immune disease: 
§ Systemic lupus erythematosus (SLE). 
§ Rheumatoid arthritis (RA). 
§ Sarcoidosis. 

o Known etiology: 
§ Infection: Hepatitis B, Hepatitis C, syphilis (aortitis). 
§ Drugs. 
§ Cancer. 

Classification and definitions: 

Vessel Disease Criteria 
Large  Takayasu Aorta & major vessels, granulomas, age < 50 

Temporal arteritis (aka 
GCA1) 

Aorta & carotid arteries, esp. temporal artery, granulomas, age >50, assoc. 
with PMR2 

Medium Polyarteritis nodosa Medium and small arteries, immune complexes with acute inflammation, no 
granulomas or ANCA3  

Kawasaki disease Child with 5 days of fever and 4/5 mucocutaneous lymphadenopathy 
findings, 20% involve coronary arteries 

Small AAV4 Intra-organ vessels (small arteries →venules), necrotizing inflammation, 
ANCA+ (MPO5, PR36) 

٠GPA7 Granulomatous vasculitis, PR3-ANCA, upper & lower respiratory tracts, 
RPGN8 

٠E-GPA9 Respiratory tract (sinusitis & asthma) and eosinophilia 
٠MPA10 Non-granulomatous vasculitis, MPO-ANCA, otherwise similar to GPA 
IgA vasculitis (aka HSP11) Child with lower body purpura and 2/3 of: abdominal pain, arthritis or GN12 

1. Giant cell arteritis, 2. Polymyalgia rheumatic, 3. Anti-neutrophil cytoplasmic antibody, 4. ANCA     associated vasculitis, 5. 
Myeloperoxidase, 6. Proteinase-3, 7. Granulomatosis with polyangiitis, 8. Rapidly progressive glomerulonephritis, 9. 
Eosinophilic GPA, 10. Microscopic polyarteritis, 11. Henoch-Schöenlein purpura 12. Glomerulonephritis (IgA). 

 

Table 27-1 Classifications of vasculitis. 
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The vasculitidies are all considered to be immune diseases. They arise from 3 basic processes: 

A. Immune complex formation: 
• Immune complexes in the vessel wall activate complement, leading to the formation of anaphylatoxins 

C3a and C5a.These attract inflammatory cells, neutrophils and macrophages, with tissue destruction 
resulting from their extracellular proteases. 

• Model diseases include SLE, PAN in hepatitis B infection and cryoglobulinemia vasculitis in 
hepatitis C infection. 

B. Anti-neutrophil cytoplasmic antibodies (ANCA): 
• Although MPO and PR3 are found in the cytoplasm of neutrophils, the proteins become accessible to the 

ANCA once the neutrophils are “primed”, presumptively by cytokines like TNF. 
• These primed neutrophils cause vasculitis either because they aggregate and get stuck in small arterioles or 

because they adhere to the endothelial cells. The predilection for specific organs is of unknown etiology. 
• Diseases include GPA, E-GPA and MPA 

C. Pathologic T-cell response with granuloma formation: 
• Granulomas represent activation of macrophages by IFN-γ, produced by T cells and so any disease with 

granuloma formation has presumptive T cell involvement. 
• Diseases include Kawasaki disease, temporal arteritis and GPA. 

 

Takayasu aortitis 

Pathophysiology: 

o An immune arteritis of large vessels, which includes the entire aorta and its main branches and the peripheral 
arteries of the limbs. Symptoms reflect the vessels involved. 
§ Left subclavian artery is usually the first involved. 
§ Constitutional symptoms (i.e. fever, malaise)  often precede vascular symptoms. 

o Inflammation is mostly cytotoxic T cells, with granuloma formation. 

Presentation: 

o Epidemiology: 
§ Young women, ages 20-40 years. 
§ Commoner in Asia and ethnic Asians. 

o Symptoms: 
§ Constitutional symptoms are common: fever & night sweats (IL-1), fatigue, malaise and weight loss (TNF). 
§ Stenosis of main arteries: 

• Subclavian artery (93%): arm claudication 
• Common carotid (60%): vision changes, stroke 
• Abdominal aorta: aneurysm, pain with rupture 
• Renal: hypertension, renal failure 

o Physical examination: 
§ Decreased pulses and bruits in affected vessels: carotid, temporal, femoral, brachial. 
§ Blood pressure: 

• Hypertension. 
• Differential BP:  left:right side and arm:leg, difference >10 mmHg. 
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o Testing:  
§ Systemic immune process activity (i.e. IL-6):  

↑CRP, ↑ESR 
§ Imaging for stenosis /occlusion. 

Treatment: 

o Re-establish patency of obstructed arteries 
§ Immune modulation: Glucocorticoids 

(e.g. prednisone) 
§ Steroid-sparing drugs (e.g. methotrexate) 
§ Biologic disease modifying anti-rheumatic drugs (DMARD) 

(e.g. anti-TNF and anti-IL-1) 

 

Temporal arteritis (aka giant cell arteritis) 

Epidemiology:	

o Age >50 years 
o Female >male incidence (3:1 ratio) 
o Association with polymyalgia rheumatic (50%). 

 

Pathophysiology: 

o Immune arteritis of the carotid arteries, especially the temporal artery, in woman > 50 years. 
o T cell activation by unknown causes leads to cytokine release, granuloma formation and vessel wall injury 

with stenosis. 

Presentation: 

o Symptoms:  
§ New onset of a unilateral headache 
§ Involvement of the maxillary artery may cause pain in the masseter muscle when chewing creates a 

demand ischemia. 
§ Constitutional symptoms like fever may predominate. 

o Physical exam: 
§ Tenderness over the temporalis or masseter muscles. 

o Testing: 
§ High ESR 
§ Biopsy of temporal muscle showing granulomas 

  

Temporal arteritis may involve the aortic arch and Takayasu arteritis involves the carotid 
arteries. The distinction in overlap cases is made by age (i.e. Takayasu < 40 years; Temporal 
arteritis >50 years). 

Figure 27-1 Takayasu aortitis: CT 
angiogram. 

Polymyalgia rheumatica is characterized by aching and morning stiffness of the shoulder 
and pelvic girdle bursae and tendons. It is a clinical diagnosis. 
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o Complications: 
§ Blindness: involvement of the ophthalmic artery, which arises from the internal carotid artery, may cause 

blindness due to ischemia of the retina. 

o Treatment: 
§ Corticosteroids immediately after emergency biopsy of temporal artery. 
§ Steroid therapy may be needed for years. 

 

Kawasaki disease (formerly mucocutaneous lymphadenopathy) 

Epidemiology: 

o The commonest cause of acquired heart disease in American children. 
o Commonest in East Asia and individuals of Asian ethnicity 
o Significant family risk factor 
o Disease of childhood, ages 1-6 years. 

Pathophysiology: 

o An immune vasculitis occurring in children, with widespread involvement of medium-sized arteries It 
typically has a benign self-limited course of < 2 weeks except for the 20% who develop involvement of the 
coronary arteries. 

o Aneurysms develop after 10 days, with possible rupture or occlusion.  

Presentation: 

o Symptoms and signs: 
§ 5 consecutive days of high fever (i.e. >38.5 °C) and 4 /5 of the following:  

• Conjunctivitis 
• Red oral mucosa 
• Rash 

Figure 27-2 Arteries of the head and neck. 
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• Erythema and edema of palms and soles 
• Lymphadenopathy 

§ The acute changes of the palms & soles desquamate 
after 2 weeks 

o Testing: 
§ Kawasaki disease is a clinical diagnosis.  
§ Testing with cardiac ultrasound is to look for coronary 

artery involvement. 
§ CRP & ESR can be used to establish a systemic immune 

response. 

Natural history: 

o >20% of patients will get involvement of the  
coronary arteries. 
§ Aneurysms do not develop for at least 10 days. 

o Treatment 
§ Infusion of intravenous immunoglobulin (IVIG) before 

day 10 reduces the risk of coronary artery aneurysm to <5%. 
§ Aspirin is usually given also but does not have proven benefit. 

 

Polyarteritis nodosa (PAN) 

Epidemiology: 

o Commonest in middle-age (e.g. male in his 50’s). 
o Significant association with hepatitis virus (HBV and HCV), then called 2° PAN. 

Pathophysiology: 

o A systemic immune vasculitis of medium-sized arteries that is granuloma and ANCA negative. 
§ Distinctively, there is sparing of the pulmonary vessels. 

o It is mostly an immune complex disease with necrosis from an acute neutrophilic infiltration of the 
vessel wall. 
§ Close association with hepatitis B infection (seen in 30% of cases). 

o Weakening of the wall leads to aneurysms and rupture or to stenosis and occlusion. 

Presentation: 

o Symptoms: 
§ Constitutional: fever, night sweats (IL-1) and weight loss, malaise & fatigue (TNF) 
§ Local symptoms reflect the involved artery: 

• Renal arteries: hypertension and failure 
• Mesenteric arteries: abdominal pain, often 1-2 hours after eating (demand ischemia) 
• Skin: tender red nodules, livedo reticularis 
• PNS: polyneuropathy 

Natural history: 

o Prognosis: 80% 5 year survival (<15% 5 year survival without treatment) 
o Treatment: 

§ Mild disease (no involvement of a major organ): steroids 
§ Severe disease (major organ involvement): steroids + cyclophosphamide 

Figure 27-3 Kawasaki disease. 



263

Blood Vessels: Vasculitis 27ANCA-Associated Vasculitis (AAV) 

There is considerable overlap between GPA and MPO. There is a growing appreciation that the type of 
autoantibody, anti-MPO versus anti-PR3, provides more clinical and prognostic value than clinical pattern. Some 
experts now refer to MPO-AAV and PR3-AAV disease. 

 

Granulomatosis with polyangiitis (GPA) 

o Epidemiology:  
§ Peak incidence in ages 65-75 years. 
§ No gender difference. 

o Pathophysiology: 
§ A small to medium vessel necrotizing vasculitis with granuloma formation. 
§ Classic clinical-pathologic triad involving the: 

1. Lower respiratory tract (i.e. lungs) 
2. Upper respiratory tract (i.e. sinuses) 
3. Kidney (i.e. rapidly progressive glomerulonephritis). Only 20% have kidney disease at presentation, but 

85% will develop renal disease through the course of the illness. 
§ Anti-PR3 antineutrophil antibodies (PR3-ANCA), formerly known as c-ANCA. 

o Presentation: 
§ Symptoms: 

• Constitutional symptoms weeks to months before organ symptoms. 
• Bloody sinusitis (upper airway ischemia). 
• Hemoptysis (lower airway necrosis). 
• Hematuria (glomerulonephritis). 

§ Physical examination: 
• No specific findings. 

§ Testing: 
• Biopsy:  

- Granulomatous vasculitis in an affected organ. 
- Kidney biopsy (RPGN): 

§ H&E: Glomerular crescents. 
§ IF: pauci-immune. 

 
• PR3-ANCA (+) 
• Chest X-ray: cavitary lesions from ischemic necrosis of lung tissue 

o Natural history: 
§ Prognosis: 80% 5 year survival (90% mortality within 2 years without treatment) 
§ Treatment:  

• Induction therapy: steroids + cyclophosphamide or rituximab 
• Maintenance therapy: methotrexate 

 

Microscopic Polyangiitis (MPA) 

o A necrotizing vasculitis that has overlapping features with GPA. Features of MPA include: 
§ MPO-ANCA+ (not PR3-ANCA) 
§ No granuloma formation 
§ Involvement of kidneys is commonest presentation 
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Eosinophilic granulomatosis with polyangiitis (aka Churg-Strauss syndrome) 

o An AAV disease characterized by: 
§ Allergic rhinitis. 
§ Asthma. 
§ Peripheral eosinophilia. 

o All 3 findings are usually necessary for diagnosis, but the vasculitis typically starts 8-10 years after the asthma. 
o Only 40% of patients are ANCA (+) 

 

Henoch-Schöenlein Purpura (HSP, aka IgA vasculitis) 

The commonest vasculitis of childhood, unique in being self-limited.  

Pathophysiology: 

o A small vessel leukocytoclastic vasculitis due to immune 
complexes with IgA. Mostly in post-capillary venules. 

o >50% have a preceding infection and HSP may follow  
MMR vaccination. 

Presentation: 

o Epidemiology: 
§ Children (peak age = 6 years) 
§ Boys > girls 
§ Seasonal (not summer) 

o Symptoms and signs (diagnostic criteria): 
§ Palpable purpura and 2 of 3 of the following: 

1. Arthralgia /arthritis 
2. Abdominal pain 
3. Glomerulonephritis 

o Testing: 
§ None. HSP is a clinical diagnosis (see above) 

Natural history: 

o Benign self-limited disease, usually resolving within 2 months. 
o Treatment: NSAIDs for pain, reassurance 

 

Thromboangiitis obliterans (Buerger disease) 

A smoking-related vasculitis of medium to small arteries and veins that leads to thrombotic occlusion and sparing 
of the vessel wall. 

Pathophysiology: 

o A hypersensitivity response to tobacco products leads to inflammation of the vessel walls of the limbs. 
o Inflamed luminal thrombi lead to occlusion and ischemia of the limb. 

Presentation: 

o Epidemiology: 
§ Young males with heavy cigarette use. 
§ Marijuana can cause the disease. 

 

Figure 27-4 Henoch-Schöenlein disease 
(IgA vasculitis). 
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§ Digital ischemia: progression from pain > cyanosis > redness > ulceration. 
§ Raynaud phenomenon. 

o Physical exam: 
§ Digital ischemia: skin discoloration to breakdown and ulceration 
§ Venous nodules from thrombosis 
§ Patency of radial artery: compression of a normal radial artery causes skin pallor of the hand with 

hyperemia on release 
o Testing: Buerger disease is a clinical diagnosis that requires exclusion of other causes of peripheral ischemia 

(i.e. hypercoagulable states, scleroderma, illegal drug use (cocaine, methamphetamines, cannabis)). 

Natural history: 

o Disease progresses proximally without smoking cessation 
o Treatment: smoking cessation. 

 

 

Raynaud Phenomenon 

- An exaggerated response of peripheral arteries and arterioles to cold temperatures and emotion. 
- The affected digit develops pallor (white) or cyanosis (blue), followed by vasodilation on 

resolution (redness). 
- 1° Raynaud phenomenon is idiopathic. 
- 2°Raynaud phenomenon is due to an underlying cause, most importantly scleroderma, including 

the CREST syndrome.  
- Coronary artery vasospasm (aka Prinzmetal angina) is an exaggerated response to sympathetic 

stimulation is called “cardiac Raynaud” disease. 
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Definition: 

The term dyslipidemia is often used interchangeably with hyperlipidemia, lipid disorders, apoprotein disorders 
and hypercholesterolemia. There are differences in meaning however: 

o Dyslipidemia: disorders of lipids that lead to disease and require treatment. 
o Hyperlipidemia: elevation of triglyceride or cholesterol 
o Lipid disorders: also includes lipid storage diseases and lipodystrophies 
o Apoprotein disorders: mostly refers to the hereditary disorders of the apoproteins such as Apo C-II deficiency 

in familial chylomicronemia. 
o Hypercholesterolemia: elevated cholesterol was the first risk factor connected to disease and may be used to 

broadly infer, “and all the rest of the dyslipidemias”. Context matters. Usually the subfraction, such as LDL 
cholesterol is given. 

Epidemiology: 

Even though there is a well-established relationship between LDL-cholesterol and coronary artery disease, there is 
no study showing that population screening has a health benefit. 

There are 2 schools of thought about cholesterol screening: 

o It should not start before age 40-50 years, when disease manifests.  
o It should start at a young age so that the natural history can be interrupted.  

> 50% of Americans have an elevated LDL cholesterol 

Lipid metabolism: 

Lipids are insoluble in water and so must be transported in the blood as lipoproteins. 

 

 

 

 

 

 

 

Lipoproteins are spheres composed of a single layer of phospholipids (compared to a cell membrane that has a 
bilayer of phospholipids). 

o Like cell membranes, lipoproteins have structural blocks of cholesterol. 
o Proteins, called apolipoproteins are embedded in the wall. They have both structural and signaling functions. 

Colloid versus suspension 

- Colloids are particle systems in which the particles are so small that they 
do not settle out but too large to pass through a ultrafiltrate membrane. 

- Suspensions have larger particles that do settle over time. 
- Suspensions are turbid while colloids are clear to the eye. 
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Classification of lipoproteins: 

o Lipoproteins are classified by density and then subclassified by physicochemical properties. 
§ Subclassification is beyond the scope of this discussion. 

o The 5 major lipoproteins are HDL, LDL, IDL, VLDL and chylomicrons. 
 

 
 

Note that chylomicrons have a density <1.00, the density of water. This means that they float. After meals, they 
can form a supernatant in blood tubes. They also form a supernatant in familial chylomicronemia. 

Higher density lipoproteins are smaller. IDL is the VLDL remnant of VLDL and is small enough to fit into the space 
of Disse in the liver. This is the site of hepatic lipase action that converts IDL into LDL. 

Higher density lipoproteins have less lipid content. 

o HDL is 50% lipid; chylomicrons are 90% lipid 

The proteins built into the wall of lipoproteins, called apolipoproteins, perform essential signaling in addition to 
structural support. 

o Apoprotein CII activates lipoprotein lipase in those cells that store triglycerides (i.e. muscle and fat). This 
allows for triglyceride release in those tissues that use it. 

o Apoproteins B and E activate the LDL receptor (also called the B/E receptor) for pinocytosis of the lipoprotein.  

Figure 28-1 Lipoprotein structure. 

Figure 28-2 Lipoprotein size versus density. 
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The exogenous pathway (fat absorption):  

            

 

1. Enterocyte absorption (Figure 28-3 #1):  

- Triglycerides (TG) cannot be absorbed intact and must be broken down into monoglyceride and free fatty 
acid by lipase. They are passively absorbed into the cell and reconstituted into TG by acyltransferases. 

- Cholesterol is absorbed through the Niemann-Pick C1-like channel (NPC-1), which is an inhibition target       
for Ezetimibe. 

- Nascent chylomicrons are assembled in the small intestine. The triglycerides are  in the endoplasmic 
reticulum as the apolipoprotein B48 is being assembled (called lipidation). 

o ApoB-48 is 48% of the length of apoB-100 apoprotein made in the liver.  
o Synthesis of apoB-48 from RNA is inhibited by Mipomersen. 
o The assembly of the chylomicron is regulated by the microsomal triglyceride-transfer protein (MTP), a 

target of Lomitapide. 

- ApoB-48 is a necessary signal for the exocytosis of chylomicrons into the intestinal lymphatics. 

o Abetalipoproteinemia is caused by mutations in the MTP protein. It has neurologic defects due to the 
malabsorption of Vitamin E and failure to thrive due to malabsorption. Small bowel biopsy shows lipid-
laden enterocytes. 

Figure 28-3 Fat absorption (exogenous pathway). 

Table 28-1 Apoprotein lipoprotein association and function. 
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2. Distribution (Figure 29-3 #2): 

- Intravascular metabolism first requires the addition of apoC-II and apoE from HDL. 

- In tissues that store triglyceride (TG) (i.e. fat and muscle cells, including heart), insulin induces the release      
of lipoprotein lipase into the surrounding interstitium. It is transported and anchored on the endothelial     
cell surface.  

- ApoC-II activates lipoprotein lipase on the endothelial cell surface. This breaks down TG into FFA and 
monoglyceride which diffuses through the vessel wall into the underlying muscle cells or lipocytes. They are 
reconstituted into TG once in the cells. 

o The muscles cell is an end-user cell and retains the TG until it is metabolized for energy. 
o The fat cell is a storage cell. In the fasting state, there is a decrease in insulin and an increase in glucagon 

and the other counter-regulatory hormones (i.e. GH, cortisol and catecholamines). These activate 
hormone-sensitive lipase in the lipocyte, which breaks the TG down into FFA and monoglycerides that 
are released into the blood. 

o The FFAs and monoglycerides are picked up by the liver, reformed into TG and released as VLDL. 

 

3. Chylomicron remnant removal (Figure 28-3 #3): 

- When about 50% of the TG is hydrolyzed from the chylomicron, it detaches from the LPL on the       
endothelial surface. 

- ApoC-II is exchanged for apo-E from HDL 

- The chylomicron remnants have to be small enough to enter the space of Disse where they are taken up by 
pinocytosis with the B/E receptor (aka LDL receptor). 

- Unlike the LDL remnants, chylomicrons are completely cleared from the blood, within 
<30 minutes. 

 

  

Lipases of the body 

Lipase Production Triglyceride target 
Pancreatic Exocrine pancreas Dietary micelles in small bowel 
Lipoprotein Lipocytes, myocytes (insulin) Chylomicrons and VLDL 
Hepatic Hepatocytes Chylomicron and VLDL remnants 
Hormone-sensitive Glucose-regulatory hormones Lipocyte release of storage TG 

 
Table 28-2 The lipases of the body. 
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Figure 28-4 Pathology and pharmacology of fat absorption (exogenous pathway). 
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Lipid distribution (endogenous pathway) and cholesterol reabsorption. 

 

 

Endogenous distribution of lipid (Figure 28-5 #1): 

o VLDLs are 50% TG and 25% cholesterol. TGs are synthesized in the liver from FFA from lipocytes or 
synthesized de novo. For this reason, distribution of TG and cholesterol through VLDL is called the 
endogenous pathway. 

o Similar to chylomicrons, VLDL is assembled with MTP in the endoplasmic reticulum by lipidation of apoB-100 
to form nascent VLDL particles. 

o VLDL is synthesized in response to FFA flux in the blood, itself in response to fasting. 
§ FFAs are released from lipocyte TG after activation of hormone-sensitive lipase in the lipocyte by 

↓insulin and ↑glucagon and the other counterregulatory hormones. 
o When released into the blood, VLDL acquires apoC-II and apoE from HDL. 

Triglyceride transfer to tissues and lipoprotein metabolism (Figure 28-5 #2): 

o Similar to chylomicrons, LPL is produced and released by insulin stimulation of myocytes and lipocytes. LPL 
diffuses to and is exposed on the endothelial cells surfaces of capillaries in these tissues. LPL is activated by 
apoC-II and releases the TG of VLDL as FFA and monoglycerides, which can be taken up by the muscle cells 
and lipocytes. 

o When about 50% of the TG has been hydrolyzed, the VLDL releases from the LPL. The remnant VLDLs return 
apoC-II to HDL and about 50% are taken up by the hepatocyte through the B/E receptor (aka LDL receptor). 

Formation of LDL from IDL (Figure 29-5 #3): 

o The VLDL particles that are not eliminated by the hepatocytes undergo modification by interaction with HDL, 
forming intermediate dense particles (IDL). IDL still has apo-E and so 50% of IDL is cleared by the hepatocytes.  

o IDL particles not cleared are modified by hepatic lipase to LDL with 30% TG and 30% cholesterol. 

Figure 28-5 Lipid distribution and cholesterol recovery. 
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o LDL has no apoE and can only be cleared by the LDL receptor. 
§ This gives LDL a long T1/2 of 2-3 days, which is why LDL composes 70% of serum cholesterol. 
§ High serum LDL levels promote insudation of LDL into the blood vessel wall, a key step in atherosclerosis. 
§ 70% of LDL receptors are found on hepatocytes. Other cells include gonads (for sex hormone 

production) and macrophages. Macrophages accumulate LDL through scavenger receptors (SR-A & B), 
forming foamy macrophages.  

Cholesterol recovery from the periphery (Figure 29-5 #4): 

o While all cells can make cholesterol, only liver can eliminate cholesterol, by excreting it in bile or by 
converting it into bile acids.  

o HDL plays a key role in removing excess cholesterol from cells and transporting it to the liver. This process is 
called reverse cholesterol transport. 

o HDL is mostly produced in the liver, with a small contribution from the enterocyte. ApoA-1 is excreted by the 
hepatocyte and in the space of Disse incorporates phospholipids and unesterified cholesterol to form nascent 
apoA-1. 

o HDL matures by  
§ binding to a plasma protein LCAT (lecithin: cholesterol acyltransferase) which forms a hydrophobic core  
§ accepting the excess membrane phospholipid from the apo-B particles as they shrink from TG loss. 

o Mature HDL particles interact with the SR-BI receptor on hepatocytes. When HDL binds to the SR-BI, it 
releases cholesterol, which is taken up in the liver. 

HDL ↔ VLDL cholesterol/triglyceride exchange (Figure 29-5 #5): 

Cholesterol ester transfer protein (CETP) facilitates the transfer of cholesterol to VLDL particles in exchange for 
triglycerides. This decreases the number of HDL particles and increases the cholesterol content of VLDL. 

o The clinical significance of CETP is unclear. It is established that HDL clears peripheral cholesterol and that low 
levels of HDL are associated with atherosclerotic cardiovascular disease (ASCVD). 

o Medications that inhibit CETP and elevate HDL have not been effective in preventing ASCVD. 
o The probable explanation lies in the fact that hypertriglyceridemia from increased VLDL is associated with 

increased triglyceride-rich lipoprotein remnants (TRLR). It is the TRLR that are atherogenic and not CETP and 
low HDL levels (see 2 below). 

Figure 28-6 Formation of foamy macrophages. 
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Clinical correlation of lipid distribution and cholesterol recovery: 

                       

 

Dyslipidemias (disorders of lipid metabolism) 

Classification (there is no consensus) 

There are 3 general approaches to classifying the dyslipidemias:  

o Frederickson classification: type of lipoprotein accumulated. 
o Genetic: single gene mutations (1° disease). 
o Pharmacologic: hypertriglyceridemia, hypercholesterolemia, mixed. 

Figure 28-7 Pharmacology and disorders of lipid distribution and cholesterol recovery. 
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Type Lipids Lipoprotein Protein 
I Chol & TG Chylomicron LPL, apoC-II 
IIa Chol LDL LDL-R 
IIb Chol & TG LDL, VLDL LDL-R 
III Chol & TG IDL apoE 
IV TG VLDL Unknown 
V Chol & TG VLDL, chylomicrons Unknown  

Most hyperlipidemias are polygenic or secondary (e.g.  obesity, diabetes mellitus, alcohol etc.) 
 

Abetalipoproteinemia. 

Introduction: a rare autosomal recessive disease due to defects in the MTP gene. 

Presentation: 

o Malabsorption: children present within several months with failure to thrive and steatorrhea 
o Neurologic defects: spinocerebellar ataxia and other neurologic defects are mostly due to Vitamin E deficiency. 
o Routine testing: 

§ PBS: acanthosis of red blood cells 
§ Small bowel biopsy: lipid-laden enterocytes 
§ Lipids: low triglyceride and cholesterol levels 

Pathophysiology: 

o The microsomal transfer protein (MTP) is necessary for the production of the apoB apolipoproteins. 
§ ApoB-48 is necessary for chylomicron formation. MTP is necessary for the lipidation process in 

chylomicron formation 
• Lack of chylomicron formation leads to triglyceride accumulation in enterocytes and malabsorption 

of fat soluble vitamins.  
§ ApoB-100 is necessary for VLDL formation. MTP is necessary for the lipidation process of VLDL synthesis. 

• Lack of VLDL leads to lack of triglyceride and cholesterol transport and failure to thrive. 

Natural history: 

o Homozygotes now live into their 30’s 
o Treatment: 

§ Restriction of long chain lipids for steatorrhea. 
§ Fat soluble vitamin supplements, especially vitamin E. 

Familial chylomicronemia. 

Pathophysiology: 

o An autosomal dominant disease usually due to lipoprotein lipase (LPL) deficiency. 
§ Rarely it can be due to apoC-II deficiency, which has the same phenotype. 

o The protein defects lead to an inability to extract TG from chylomicrons in the fat 
storing tissues (i.e. lipocytes, myocytes). 

Presentation: 

o Symptoms: pancreatitis, xanthomas in childhood. 
o Signs: xanthomas, hepatosplenomegaly (due to fat accumulation). 

 

Table 28-3 Frederickson classification of hyperlipidemias. 

Figure 28-8 Chylomicronemia. 
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o Testing:  
§ Gross: turbid serum with creamy supernatant. 
§ Very high TG, low IDL and LDL. 

Natural history: 

o Treatment: low fat diet. 
o No significant atherosclerotic risk. 
 

Familial hypertriglyceridemia. 

Pathophysiology: 

o Autosomal dominant disease with increased production of VLDL. 
§ Unknown mechanism of disease. 
§ Some patients are heterozygote for LPL deficiency. 

Presentation: 

o Usually identified by screening for lipid disorders. 
o May present with pancreatitis. 

Natural history: 

o Not highly associated with atherosclerosis. 
o Treatment is by lifestyle alteration. 

§ Very high TG levels can be treated with fibrates. 
 

Familial hypercholesterolemia 

Pathophysiology: 

o An autosomal dominant disease due to defects in the LDL receptor (aka B/E receptor). 
§ Increased risk starts with LDL-R function of <50%. 
§ Rare other causes include: 

• Apolipoprotein B defects with decreased affinity to the LDL-R. 
• PCSK9 gain-of-function mutations. 

o Marked elevated cholesterol levels result in increased risk for atherosclerotic cardiovascular disease (ASCVD). 
o It has a prevalence of 1 in 250 in the US, making it a common missed diagnosis. 

Presentation: 

o Homozygotes: 
§ >1600 different defects in the LDL-R have been described, with a wide spectrum of clinical severity. 
§ Most severe disease is not a true homozygote state but rather “compound heterozygotes”, with 2 

different inherited defects. 
§ Patients have very high cholesterol levels (>700 mg/dL) and ASCVD before age 20 years. 

The LDL receptor: 3 key concepts it introduced in biochemistry 

- Receptor endocytosis: LDL binds to the receptor via the apoB protein and the complex is 
internalized by endocytosis of a clathrin-coated pit. 

- Receptor recycling: after the cholesterol is separated from the receptor in the acidic lysosome, 
the receptor returns to the cell surface. A round trip takes about 10 minutes. 

- Receptor regulation: when there is abundant cholesterol in a cell, there is decreased synthesis of 
the LDL-R. In addition, PCSK9 protein prevents the return of the LDL-R to the surface. 
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§ Suspect with ASCVD event <60 years old. 
§ Positive family history. 
§ 70% have xanthomas of the Achilles tendon. 

• Usually, the xanthoma cannot be identified visually but can be palpated as a thickening in the tendon. 
§ Serum LDL cholesterol (LDL-C) > 200 mg/dL. 

Natural history: 

o High risk for ASCVD (i.e. >10% likelihood of an event within 10 years). 
§ Untreated, 50% of males will have a myocardial infarction by age 50 years; 30% of females by age 60 years. 

o Aggressive treatment for lowering LDL-C. 
§ High-intensity statin + non-statin. 

Polygenic familial hypercholesterolemia: 

o This is the commonest type of inherited hypercholesterolemia, seen in 5-10% of the population. 
o As its name implies, multiple abnormalities of LDL-C metabolism are present. 
o Patients have lower elevations of LDL-C and develop atherosclerosis at an older age than monogenic 

hypercholesterolemia. 
o This is a clinical diagnosis that starts with a (+) family history. 

 

Secondary hyperlipidemias 

Metabolic syndrome 

Pathophysiology: 

o This is classified as a mixed hyperlipidemia as it typically consists of 
↑TG, ↑total cholesterol and ↓HDL. 

o Metabolic syndrome is characterized by:  
§ Insulin resistance (hyperglycemia) 
§ Centripetal fat (aka ↑abdominal girth) 
§ Hypertension 
§ Dyslipidemia (↑TG and ↓HDL) 

o Molecular mechanism is not settled, but it is thought that the insulin 
resistance leads to ↑FFA from lipocytes, resulting in ↑VLDL from liver. 
§ The ↓HDL is due to the exchange of TG and cholesterol between 

HDL and VLDL through CETP. 
o The increased risk of ASCVD is not apparently due to the ↓HDL, as 

improving HDL levels and inhibiting CETP has not shown clinical benefit. 
It is now thought that the atherosclerotic risk is due to the cholesterol 
in the triglyceride-rich lipoprotein remnant (TRLR) (see image). 

Presentation: 

o Metabolic syndrome is asymptomatic. It is diagnosed by the constellation of physical findings and lipid profile. 

Natural history: 

o The increased risk of ASCVD is no greater than the risk for each of the components of the syndrome  
(although risk is closest to that of diabetes). 

o Treatment: 
§ Aggressive alteration of lifestyle 
§ Treatment for each component is the same as if it was present alone. 

  

Figure 28-9 HDL-VLDL lipid 
exchange. 



278

Clinical Pathophysiology

2° hypertriglyceridemia. 

While there is clear epidemiologic correlation between hypertriglyceridemia and ASCVD, direct causal relationship 
has not been established. 

o Atherosclerosis may be due to triglyceride-rich lipoprotein remnants (TRLR) or ↓HDL 

Important primary diseases include: 

o Obesity 
o Diabetes mellitus 
o Alcohol 
o Nephrotic syndrome 
o Hypothyroidism 

 

2° hypercholesterolemia. 

The 2 most important causes of 2° hypercholesterolemia are: 

o Hypothyroidism  
o Nephrotic syndrome 

The molecular basis of these dyslipidemias is not well established. 

 

Principles of treatment of hyperlipidemias (see Figure 28-7). 

- The decision to treat dyslipidemia is mostly based on the ASCVD risk calculation. Different societies have 
developed therapy guideline algorithms. 

- There is no lower limit to the optimal LDL-C. Recent studies using PSCK9 inhibiters has shown that LDL-C 
levels <70 mg/dL have better outcomes. Lower is better. 

- The key to lowering cholesterol is to increase the LDL-C clearance by increasing the LDL-R on the hepatocyte. 
This can be achieved by lowering intracellular cholesterol level. 

- Statins not only decrease LDL-C levels, but also stabilize plaques, including a decrease in inflammation.  

- Omega-3 fatty acids (aka fish oils) decrease TG but are protective only when taken in large doses            
i.e. >4 gm/day). They appear to decrease TGRLs. 

 

 

 



29
Blood Vessels:

Veins, Neoplasms 
& Other Selected 

Disorders

www.mscmeded.com



280

Clinical Pathophysiology

Chapter 29: Blood Vessels: Veins, Neoplasms and Other Selected Disorders 

Varicose veins 

Introduction: 

o A venous varicosity is a pathologically dilated vein. Customary usage is for the superficial saphenous veins of 
the lower legs. These are grossly visible beneath the skin surface. 
§ Other venous varicosity of importance include: 

• Esophageal varices (portal hypertension).  
• Hemorrhoids (anorectal from intraabdominal straining 

and portal hypertension). 
• Varicocele (left testicle due to vertical insertion 

into renal vein). 
o Anatomy: 

§ The superficial saphenous veins connect to the deep veins 
via perforators. 

§ Valves in the perforators prevent reversal of blood flow. 

Pathophysiology: 

o Valve incompetence allows reversal of blood flow from the 
higher pressure deep venous system into the superficial system. 

o Risk factors: 
§ Family history of varicose veins. 
§ Females. 
§ Activities with increased deep venous pressure: 

• Pregnancy. 
• Prolonged standing. 
• Obesity. 
• Old age. 

Presentation: 

o Symptoms and P/E: dilated tortuous superficial veins that may be painful. 
o Testing: clinical diagnosis. 

Natural history: 

o Complications: 
§ Stasis dermatitis: secondary ischemia from venous congestion leads to discoloration and eventual break 

down of the skin. 
§ Thrombosis: superficial venous thrombi rarely embolize. They are associated with an increased risk of 

deep vein thrombosis (DVT) of 2.5% within 3 months and pulmonary embolism (1%). 
o Treatment: 

§ Relief of venous pressure: elevation of lower leg, compression stockings.   
§ Obliteration of veins: sclerotherapy, endovenous destruction (radiotherapy, laser), ligation and stripping. 

 

Thrombophlebitis 

Introduction: 

o A clinical pathologic entity with venous thrombosis and inflammation. 
o It is most commonly associated with DVTs (deep vein thrombosis) 

Figure 29-1 Venous anatomy of 
the lower limb. 
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o Non-infectious: thrombosis activates innate inflammation. There usually are multiple prothrombotic risk factors: 
§ Immobilization. 
§ Hereditary hypercoagulability. 
§ Paraneoplastic event (all mucinous adenocarcinomas, especially the pancreas). 

o Infectious: 
§ Usually iatrogenic. Indwelling cannulation of veins get infected over time. S. aureus can be introduced 

with IV drug use. 

Presentation (lower limb DVT): 

o Symptoms: pain and swelling 
o P/E: 

§ Hallmarks of inflammation. 
§ Homan sign: dorsiflexion of foot increases the pain. 

o Testing: 
§ Doppler ultrasound to show the thrombus and obstruction of flow. 

Natural history: 

o Complications: pulmonary embolism. 
o Treatment: 

§ Anticoagulation and antibiotics. Any foreign material must be removed. 

 

Superior vena cava syndrome 

Pathophysiology: 

o Compression of the superior vena cava. 
o 90% due to carcinoma of lung, often a right apical location (aka superior sulcus tumor, Pancoast tumor). 

§ Most often a small cell carcinoma, as it has such rapid growth that there is no time for dilation. 

Presentation: 

o Symptoms: Headache and blurry vision. 

 
o P/E: suffusion of the face (meaning prominent redness, also called plethora). 
o Testing: imaging of the SVC. 

Natural history: 

o Prognosis: a medical emergency. 
o Treatment: radiation of chemotherapy of the neoplasm. 

Vascular lesions and neoplasms: see Chapter 104. Skin: Neoplasms. 

The differential diagnosis of headache and blurry vision 

These are seen in SVC syndrome (lung cancer),  hyperviscosity syndrome (Waldenstrom 
hypergammaglobulinemia) and polycythemia (when the hematocrit is >60%). Both SVC 
syndrome and polycythemia have plethora. 
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Presentation and differential diagnosis of lung disease:  

Sx1 DDx2 P/E Testing Acute (< 1 wk) Chronic (> 8 wks) Testing 
Dyspnea CHF Wheezing 

(rhonchi) 
·PFT3 
·ABG4 
·Imaging 

·Asthma  
·Acute bronchitis 

·Asthma 
·COPD5 

·Challenge or 
dilation test 

Crackles 
(rales) 

·ARDS6 

·Hypersensitivity 
·Pulmonary embolus 
·Drug reaction 
·Pneumothorax 

·Pneumoconiosis 
·Emphysema 
·Pulmonary fibrosis 
 
·Cystic fibrosis 

·PFTs 

·Diffusion 
·Imaging 
·Biopsy 
·Sweat Cl- 

Cough •GERD 
•CHF 
•Nasal 
drip 
 

Hemoptysis 
 

·Imaging 
·Sputum7  

 ·Carcinoma 
·TB 

·Imaging 
·Biopsy 
·Organism ID8 

 
Productive  ·Bact pneumonia 

·Aspiration pneum 
 

Non-prod  ·Viral pneumonia 
·Atypical pneumonia 

·Pulmonary fibrosis 

1. Symptoms, 2. Differential diagnosis, 3. Pulmonary function testing, 4. Arterial blood gases, 5. Chronic obstructive pulmonary 
disease, 6. Acute respiratory distress syndrome, 7. Cytology & culture,8. Identification & antibiotic sensitivity 

Symptoms of lung disease: 

Dyspnea: 

o The perception by the patient of uncomfortable or difficulty breathing. Perception of breathing is a complex, 
multifactorial function that include central and peripheral receptors. A satisfactory breath stretches the J 
receptors (aka pulmonary C-fiber receptors), which are sensory nerves found in the alveoli and are central to 
perception of breathing. 

o If dyspnea is not worsened by exercise, it is unlikely to be cardiopulmonary in origin. 
o “Air-hunger” is seen in most acute processes. 
o “Chest tightness” is described in bronchoconstriction of asthma. 
o “Inability to take a deep breath” is seen in COPD. 
o “Suffocation” is described in CHF. 
o Paroxysmal nocturnal dyspnea has both dyspnea and cough with “tightness” from bronchoconstriction. It is 

specific for CHF. 

Cough: 

o Cough receptors respond to a wide variety of stimuli and are found not only in the respiratory tree, but also 
the esophagus, pericardium and diaphragm. The afferents travel up through the vagus nerve to the cough 
center in the medulla. 

o Nocturnal cough 
§ GERD, as gastric contents get into the bronchial tree when lying flat. Patients often mention a metallic 

taste in their mouth.  
§ CHF, the cough is associated with “tightness” and SOB (i.e. PND). 

o Medications: 
§ ACE-I, due to an increase in bradykinin. 
§ NSAIDs, due to an increase in leukotrienes C4, D4 & E4, leading to bronchoconstriction. 

o Family atopy: 
§ The atopic progression in allergic families is: infant: eczema > childhood: asthma > adult: chronic sinusitis.  
§ The commonest cause of childhood cough is asthma. 

Table 30-1 Presentation and differential diagnosis of lung disease. 
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§ A common cause of adult cough is post-nasal drip. from chronic sinusitis. 
§ If the physical examination and imaging are negative, post-nasal drip should be suspected in someone 

under age 50 years. 
o Hemoptysis: 

§ Blood indicates necrosis. In a chronic cough (> 4-8 weeks), look for tuberculosis (especially in immigrants) 
and cancer (especially in smokers). 

o Productive cough: 
§ This can be mucus from the glands in the bronchi (causing rhonchi) or fluid in the alveolus. Alveolar  

fluids include: 
• Pus: greenish-yellow from the myeloperoxidase of the inflammatory cells. Inflammatory cells 

containing bacteria can be seen on direct microscopic examination. 
• Rust-streaking: due to blood, which can leak through the alveolar wall with high pressure from CHF 

or endothelial contraction in acute inflammation.  
• Frothy-pink fluid is seen with the transudates of CHF. 

o Non-productive coughs are non-specific and can be seen with upper bronchial irritation or interstitial  
alveolar pathology. 

 

The physical examination in lung disease: 

Vital signs:  

o An increase in respiratory rate is the most specific vital sign finding for lung disease. It may be the only finding 
in pulmonary embolism, a diagnosis that requires a high degree of clinical suspicion. 

Breath sounds: 

o Vesicular: normal sounds 
o Crackles (aka rales): especially in late inspiratory phase, these occur with the opening of distal airways and 

alveoli which are partially occluded due to increased interstitial pressure.  
§ Crackles from fibrosis can be differentiated from edema by experienced clinicians. The crackles of fibrosis 

sound like the tearing of “Velcro” 
§ When crackles are due to alveolar fluid, the fluid transmits sounds better than air, called ”transmitted” 

breath sounds. 

 

o Wheezing: musical sounds heard in expiration. They are caused by bronchoconstriction of the lower airways. 
o Rhonchi: low pitched “snoring” sounds heard in in the upper airways due to accumulation of secretions. They 

can be cleared by coughing. 
o Stridor: high pitched, upper airway sound due to obstruction in the larynx, trachea, or main stem bronchi segment. 

 
 

  

Transmitted breath sounds 

- Egophony (pronounced ē gŏfʹ ŏnē): a patient saying, “ē……” will be heard as “ahh……”. 
- Whispered pectoriloquy: patient can whisper words and they can be heard by auscultation. 
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Spirometry (office testing) 

o Use in diagnosis:   
§ Air flow (Obstructive disease):  

• FEV1 < 80% 
• Asthma: reversibility (in acute: short-acting β agonists) 

§ Lung volumes (Restrictive disease):  
• ↓FVC. FVC correlates to clinical status as well as other tests, such as the 6’ walk test, DLCO and 

CT scan. All are used, but each has limitations. 
o Use in disease progression:  

§ Obstructive: decrease in FEV1 can be used to monitor progression: 
 

§ Restrictive: FVC is a good test for assessing disease progression.  A decrease in  FVC > 10% over 6 months 
is predictive of high risk of death in most disease processes. 
 
 

Figure 30-1 Relationships between lung volumes and capacities. 

Figure 30-2 Correlation of FEV1 and blood gases in COPD. 
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2nd order pulmonary function tests: 

o Measurement of lung volumes is important when there is a ↓FVC, because restrictive lung disease is defined 
as a ↓total lung capacity (TLC) of <5% expected. FVC alone is not diagnostic as it can be decreased by air 
trapping in COPD. 

o TLC can be measure by plethysmography, Helium dilution or imaging. 
 

Gas Exchange:  

o Diffusing capacity (DLCO). 
§ While a simple test, it must be performed in a pulmonary function testing laboratory. The patient inhales 

a trace amount of CO, holds their breath for 10 seconds and then exhales. Exhaled [CO] reflects dead 
space plus the uptake of the CO across the capillary-alveolar membrane. 
• The amount of uptake reflects the capillary blood volume in the alveolar wall, rather than the 

diffusion and surface area, as suggested in older textbooks. 
§ Use of DLCO in diagnosis:  

• In restrictive diseases, can detect early, preclinical disease. ↓FVC with normal DLCO indicates 
extrapulmonary disease. 

• In COPD, ↓DLCO reflects the amount of anatomical emphysema 
• In pulmonary embolism, there is dyspnea with a normal DLCO and normal PFTs (i.e. FEV1 & FVC). 

§ Use of DLCO in progression: 
• DLCO <50% expected equates to desaturation of blood with exercise. DLCO <40% in COPD equates 

to total disability. 
 

Classification of chronic lung disease by spirometry and DLCO: 

 

               

 

 

 

Figure 30-3 Algorithm of pulmonary function tests in the diagnosis of lung disease. 
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o In acute respiratory distress syndrome (ARDS), there is acute (i.e. days) respiratory failure (i.e. PaO2 < 60 mmHg). 
The commonest cause is sepsis. Pathologically, this is due to an exudate that results in a hyaline membrane. 
This process is called diffuse alveolar damage. 

o The hyaline membrane creates a diffusion barrier that can be proven by comparing the PaO2 to the O2 in the 
inspired air (FiO2). 

o In a normal person, the PaO2 ≈100 mmO2, and the FiO2 = .21 (i.e. 21% of atmospheric air). This means that a 
normal PaO2 / FiO2 = 500. A P/F ration < 300 is characteristic of a hyaline membrane (i.e. ARDS). 

Pulse oximetry 

2 light sources are used, red, absorbed by HbO2 and infrared, absorbed by deoxyhemoglobin. These are timed to 
“pulses” so that only arterial blood is assessed. 

There are limitations to this tool: 

o COHb and metHb are read with HbO2 
o HbCO2 is not read, so there is no measure of ventilation as one gets with PaCO2 of blood gases. 
o It is insensitive to mild hypoxia, as this is on the flat part of the oxygen binding curve 
o It does not measure O2 carrying capacity, which decreases in anemia 

Arterial Blood Gases (ABGs) 

PaO2 

o Hypoxia is a deficiency of 02, and is different from ischemia, which is insufficient blood supply. Ischemia is 
more harmful as there is also a decrease in nutrients and decreased clearance of toxic metabolites. 

 
                   
 

o Respiratory failure, Type I:  
§ Defined as PaO2 < 60 mmHg or SaO2 < 90%.  
§ These points are chosen as lower levels fall on the steep side of the oxygen binding curve and indicate 

tissue hypoxia. They are referred to as “ICU points” because patients will be sent to the ICU for 
intubation for ventilatory support with supplemental oxygen. 

o Respiratory failure Type II:  
§ PaO2 < 60 mmHg and PaCO2 > 50 mmHg. The elevated PaCO2 indicates that there is also hypoventilation. 
§ AaDO2: used in this setting to differentiate pulmonary from extrapulmonary causes of 

hypoventilation. If <10, extrapulmonary cause; if >10 (>30 in elderly), then pulmonary cause.  

Figure 30-4 Correlation of SaO2 and PaO2 in respiratory failure. 
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PaCO2 

o Indicates ventilatory status. ↓PaCO2 = hyperventilation; ↑PaCO2 = hypoventilation . 
o Hypocapnia is the commonest abnormality of blood gases in a hospital because it is a common epiphenomenon in 

diseases of lung, heart, CNS and acidosis. Mild ↓PaCO2 is associated with tingling, cramps and palpitations. Severe 
↓PaCO2 has ill-defined pathologic effects. 

o Hypercapnia is most commonly due to increased alveolar dead space (i.e. ventilation without perfusion) in lung 
disease (e.g. COPD, pneumonia, interstitial lung disease). Hypercapnia depresses the CNS and raises ICP with 
vasodilation. This leads to CO2 narcosis with seizures, coma and death. Hypercapnia also leads to cardiac 
dysfunction with arrhythmias. 

pH    

An in-depth discussion of pH is beyond the scope of this series. For the STEP 1 student, only a few key concepts 
are required: 

o PaCO2 is driven by ventilation. See: PaCO2 (above). 
o Compensation of acute metabolic acidosis should result in a decrease in PaCO2. 
o The colonic mucosa is important in absorption of bicarbonate. Diarrhea results in metabolic acidosis, the 

opposite of vomiting. 
o The commonest cause of lactic acidosis is hypoxia from severe cardiac or respiratory disease. 
o The commonest cause of ketoacidosis is fasting. This is often seen in children with acute viral illnesses. 
o Aspirin is the commonest poisoning associated with acidosis. 

      

Oxygen-induced hypercapnia in COPD 
Acute bronchitis in COPD can lead to respiratory failure. When oxygen is administered, there is a rise in the 
PaCO2, which can lead to a dangerous hypercapnia. There are 3 basic causes: 
1. V/Q mismatching: the administration of O2 decreases the vasoconstriction associated with the usual 

COPD-induced hypoxia. 
2. Haldane effect: the administered O2 displaces the CO2 bound to hemoglobin, increasing the free CO2. 
3. Decreased ventilation: this is only of minor importance and loss of hypoxic drive is mostly transient 

over 10-15 minutes. 
The recommended treatment is to only give oxygen until the SaO2 ≈ 90%.    

Figure 30-5 Algorithm of blood gases and other tests in the diagnosis of disease. 
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The chest X-ray (CXR) can resolve to a 1-2 cm size, compared to the 1-2 mm of a high-resolution CT scan (HRCT). 
The CXR should be thought of as a screening test and the HRCT as a diagnostic and staging test. 

At the pathophysiologic level, there are four basic patterns: 

o Consolidation: any pathologic process that fills the alveoli with fluids. This can be edema (i.e. transudate or 
exudate), pus, blood or even tumor cells. 

o Reticular / nodular: any process that thickens the alveolar septae, including edema or fibrosis. In CT scans, 
this pattern is called “ground glass” appearance. 

o Mass: any discrete aggregate of cells or material. Malignancy must be excluded. 
o Atelectasis: collapse of the lung due to loss of alveolar air. This can be absorptive, compressive or  

contraction in origin.  

     

 

Figure 30-6 CXR: basic pathologic patterns. 
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Lung: Structure and Pathophysiology 31Chapter 31: Lung: Structure and Pathophysiology 

Regional anatomy 

Chest X-ray (CXR) 

o This is a good way to think about the structures that surround the lung and the diseases processes associated 
with them 

o There are 4 basic pathologic patterns of the lung on CXR (for more, see Lung: CPC) 
 Consolidation: fluid filling the alveolar spaces 
 Reticular: thickening of the alveolar septae 
 Mass: cells or material (R/O neoplasm) 
 Atelectasis: loss of alveolar air by absorption, compression, or contraction. 

CT scan 

o High resolution CT scan (HRCT) can identify structures down to a size of 1-2 mm. It can not only identify small 
structures, but also can stage diseases like emphysema and calculate lung volumes. It has replaced much of 
lung biopsy in non-neoplastic disease. 

o There are no clear rules for the use of CT scan versus MRI. The latter has somewhat better detail but is 
technically more difficult.  

o The CT scan can be combined with nuclear tags to identify and localize specific disease processes. A common 
example is PET/CT scan for staging malignancies. 

Figure 31-1 Chest X-ray: clinical pathologic correlation. 
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Internal structure: Bronchial versus Alveolar units 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

 

 

Structure Histology Air flow CPC1 P/E2 

LTB3 ٠Cartilage; mucus 
  glands 
٠Larynx: squamous 
  mucosa 

 ٠Laryngeal edema 
٠Croup 

Stridor 

Bronchus 
 

٠Cartilage 
٠Mucus glands 

٠Narrowest cross 
  section; most 
 airflow restriction 

٠Chronic bronchitis 
٠Carcinoma 
٠Bronchopneumonia 

Rhonchi 

Bronchiole ٠Goblet cell (no glands) 
٠Smooth muscles 

٠Variable 
  (bronchospasm) 
٠Start of 
  mucociliary sheet 

٠Asthma 
٠RSV4 

Wheezing 

TRU5 

٠Bronchiole  
٠Alveolar duct 

A٠ lveolus 

٠Club (aka Clara) cell  
٠Type 1 & 2 
  pneumocytes 

٠Gas exchange 
٠Start of 
  lymphatics 

٠Emphysema  
٠Pneumonia 
٠Adenocarcinoma 

Crackles 

1. Clinical Pathologic Correlation, 2. Physical examination, 3. Larynx/trachea/main stem bronchus, 4. Respiratory syncytial virus,   
5. Terminal respiratory unit  

 

Figure 31-2 Clinical-anatomical correlation of the lung. 

Larynx/ trachea/ main stem bronchi 
- The upper airways 
- Stenosis leads to stridor 

 

Bronchi 
- Cartilage rings, no stenosis from bronchospasm 
- Mucus glands undergo hyperplasia with irritation  

(i.e. smoking), with productive cough 
- Squamous metaplasia can be precursor to carcinoma  
- Site of rhonchi 

Bronchioles (non-respiratory) 
- No cartilage or mucus glands 
- Site of bronchospasm from 

smooth muscle contraction 
- Site of wheezing 
 

Terminal respiratory unit 
- Respiratory bronchiole, alveolar duct 

and alveolus 
- No lymphatics, clearance requires 

macrophages 
- Site of gas exchange 
- Site of crackles 
 

Larynx 

Table 31-1 Lung structure: correlation of structure to pathophysiology. 
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The alveolar-capillary membrane (#6 in the figure) is designed for maximum thinness to optimize efficient            
gas exchange. 

o The type 1 pneumonocyte is a terminally differentiated cell with minimal thickness. It is renewed from  
type 2 pneumocytes. 

o Interstitial lung disease (ILD) thickens the interstitium between the type 1 pneumocyte and the endothelial 
cell. Thickening is usually edema or fibrosis. On CXR, this gives a reticular pattern 

o Increased capillary pressure results in a transudate in the alveolar space. This occurs in left ventricular failure 
when the capillary pressure exceeds 20 mmHg. On auscultation, there will be crackles and on CXR “bat wing” 
consolidation around the hila. 

                  

 
o Injury to either the endothelial cell (e.g. sepsis) or pneumocytes (e.g. smoke inhalation) disrupts the 

membrane, resulting in exudate in the alveolar space. When the water and electrolytes are reabsorbed, the 
remaining high molecular weight proteins form a hyaline membrane characteristic of diffuse alveolar 
damage, the pathognomonic pathology of acute respiratory distress syndrome (ARDS). 

 

Figure 31-3 Structure of the alveolar wall. 

Figure 31-4 Chest X-ray findings in congestive heart failure. 



294

Clinical Pathophysiology

 

There is an intimate relationship between the endothelial cell and neutrophils as there is no circulating pool. This 
makes ARDS one of the commonest pathologies in processes that cause endothelial injury. 

 

The type 2 pneumocyte is not only the active replicating cell of the alveolus, but it also produces surfactant. This is 
seen as granules in its cytoplasm, call lamellar bodies. These can be counted in amniotic fluid to assess lung 
maturity in premature babies. 

Pathophysiology of breathing 

A. Ventilation 
a. Inspiration 

o Lung expands from negative intrathoracic pressure generated by the voluntary muscles of the chest 
wall and diaphragm 

o Expansion generated by 
 Central medullary signal………opioid overdose 
 Peripheral nerves…………………ALS 
 Neuromuscular junction………myasthenia gravis, botulism 
 Skeletal muscle……………………Duchenne muscular dystrophy 
 Loss of pleural seal………………pneumothorax 

o AaDO2 is useful in differentiating intrapulmonary from extrapulmonary causes of respiratory failure 
with elevated PaCO2. 

o Work of inspiration 
 Tissue resistance (only seen in severe pleuritis) 
 Elastic recoil 

• Tissue elasticity: 
o Deformable structure returning to its resting state 
o Decreased in pulmonary fibrosis (↑work) and increased in emphysema 

(leads to air trapping) 
• Surface tension:   

o The attraction between liquid particles on the alveolar surface is greater than that of 
the liquid: air interface. This causes collapse of the alveoli (i.e. atelectasis).  

o Surfactant reduces the surface tension and is maximal with decreasing diameters as it 
gets thicker. 

o Lack of surfactant leads to infant respiratory distress syndrome in premature infants. 
o Loss of surfactant is also an important component of acute respiratory distress 

syndrome (ARDS). 

The Coronavirus and ARDS 

Covid 12 virus attaches to angiotensin II (ATII) proteins on the cell membrane of Type II pneumocytes. 
The subsequent damage to the infected cells and the release of DAMPs leads to ARDS in the second week 
of the infection. While it is not unexpected that the most serious infections occur in the elderly with an 
underlying condition, the infection is also more severe in patients with hypertension. It is thought that 
antihypertensive medications such as ACE inhibitors lead to upregulation of ATII on the cell surface. 

Endothelial injury syndromes: the “Endotheliopathies” 

1. Shock (dysregulation of blood pressure)     3. Renal failure 
2. DIC (dysregulation of coagulation)  4. ARDS  
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• In the normal lung, this is greatest in the bronchi, which have the smallest net diameter. 
• It becomes greatest in the bronchioles in asthma due to the bronchospasm. 

b. Expiration  
o At rest, expiration is a passive collapse of the chest wall that requires no energy. The expiration flow 

can be increased with chest wall effort but has what is called flow limitation. This is due to collapse 
of the trachea and large bronchi, despite their cartilage rings, when the pleural pressure exceeds 
endobronchial pressure. 

o At rest, there is slight narrowing of the vocal cords to increase endobronchial pressure for more 
efficient expiration.  

o Flow limitation is more prominent in chronic obstructive lung disease as tissue destruction decreases 
elastic recoil and there is loss of radial traction. In COPD,  resistance in expiration moves from the 
large airways, which remain unaltered, to the bronchioles. 

o Asthma also has maximal expiratory resistance in the bronchioles, but this is due to thickening of the 
bronchiole wall from edema and remodeling and increase viscosity from mucus. 

B. Gas exchange 
o Limitation of diffusion is seen in pulmonary fibrosis (↑thickness) and emphysema (↓surface area). 

 These are described in Fick’s Law 
o CO2 diffuses at 20 times the speed of O2, so build up of CO2 is not seen before hypoxia intervenes 

 Hypoxia causes pulmonary vasoconstriction through poorly understood mechanisms. 
This means that all lung pathology with hypoxia will have V/Q mismatches. 

 Dead space: ventilation without perfusion (e.g. pulmonary embolism) 
 Shunting: perfusion without ventilation (e.g. consolidation, bronchial obstruction). 

o O2 supplements will raise PaO2 in dead space defects, but not with shunting, as O2 saturation is 
maximal in those areas perfused. 

Regulation of Ventilation  

A. Central 
 Medullary neurons respond to CSF pH. This derives from CO2 which diffuses across the blood brain barrier 

(BBB). The central medullary neurons are not affected by blood pH, as H+ ions do not cross the BBB. 
 

 
 

B. Peripheral 
 Chemoreceptors in the carotid bodies and aorta respond to levels of PaCO2, pH and PaO2 
 These are most sensitive to PaCO2 levels, generally described as 90% CO2 and 10% O2. 
 They signal at PaO2 <60 mmHg, with an increasingly strong signal as PaO2 decreases. 

 

Figure 31-5 Regulation of central respiratory ventilation rate. 
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Lung: Chronic Obstructive Pulmonary Disease (COPD) 32Chapter 32: Lung: Chronic Obstructive Pulmonary Disease (COPD) 
 
Definition:  
Obstructive lung disease includes any disease of lung with air-flow limitation. The term obstructive lung disease 
includes two common clinical entities: 
 
1. Chronic Obstructive Lung Disease (COPD) 

 Pathology of small airways and alveoli caused by noxious particle and gases, overwhelmingly caused by 
cigarette smoking. 

 Bronchiectasis is a destructive chronic inflammation of bronchi and bronchioles from repeated episodes of 
inflammation. Loss of cartilage and elastic tissue lead to their dilation. There is fibrosis and loss of surrounding 
lung parenchyma. It is seen in any disease with impaired clearing of mucus and is a complication of COPD and 
of cystic fibrosis. 

2. Asthma 

 A disease of airway hyperresponsiveness with two underlying pathophysiologies: hyperreactiveness and 
hypersensitivity. Bronchoconstriction is reversible until there is remodeling of the airways. 
 

Asthma- COPD overlap 

o Earlier definitions distinguished between the different types of pathology seen in COPD (i.e. chronic 
bronchitis, emphysema, asthma). There is considerable overlap between these entities, however. They all 
have air flow obstruction in common. 

 

o Patients with chronic bronchitis (i.e. productive cough) and/or emphysema (i.e. septal loss or ↓DLCO) are not 
considered to have COPD unless there is air flow obstruction 
(i.e. FEV1/FVC <80%). 

o Patients with asthma with air flow obstruction that is completely reversible are not considered to have COPD. 
 
 
Pathology of cigarette smoking: 
There is hardly any organ in the body that is not affected by cigarette  
smoking, from dental gum disease to aging of the skin of the face. 
There are, however, 3 major systems that have life-threatening complications: 

Figure 32-1 The spectrum of obstructive lung disease. 
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o Circulatory system: 

 Capillaries: endothelial damage: there is no direct test for this,  
but it does show up as organ dysfunction and macrovascular disease  
(i.e. arteries and arterioles). 

 Arterioles: hyaline arteriolosclerosis. This can manifest as stenosis in the 
heart (CHF) and kidney (nephrosclerosis) or rupture and hemorrhage 
(hemorrhagic stroke). 

 Arteries: atherosclerosis. The 4 major sites (see Figure 25-2) 
are 1. coronary, 2. carotid, 3. renal and 4. femoral-popliteal arteries. 

 Aorta: atherosclerosis. This is the major risk factor for abdominal  
aortic aneurysm and justifies screening for AAA in all smokers 
over 60 years of age. 
 

o Carcinogenesis: 

 There is an increased risk of carcinoma from smoking in many systems, but there 
are 5 major cancers for which smoking is the #1 risk: 
• Lung 
• Head & neck squamous cell carcinomas (HNSCC) 
• Pancreas 
• Bladder 
• Esophagus 

 

o Lung: 

 

 

Figure 32-2 Important sites of 
atherosclerosis. 

Figure 32-3 Clinical pathologic correlation of smoking in the lung. 
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 There is a dose-response relationship between FEV1 and intensity of cigarette smoking, often expressed 
as “pack-years” (packages of cigarettes smoked/day X number of years smoked). A “pack” of cigarettes 
contains 20-25 cigarettes. 

 There is a high variability of response to smoking between individuals. Only 15% of FEV1 changes are explained 
by pack-years, although 25% of ≥2 packs/day smokers will get COPD. 

 Exposure to cigarette smoke in childhood, including second-hand smoke, negatively affects lung 
development with ↓FEV1 in adulthood. 

 

Pathophysiology of COPD 

Bronchus 

o Chronic irritation by the smoke causes mucus gland hyperplasia with 
increased mucus production. This hyperplasia can be measured in the 
bronchus, called the Reid Index. If the mucus gland is >50% of the bronchial 
thickness, then there is pathologic bronchial hyperplasia (in the Figure 25-5, 
if AB / CD >50%). 

o Squamous metaplasia. Metaplasias are inherently unstable and are 
considered a precursor lesion to carcinoma. 

o Ciliary dyskinesia. Loss of movement of the muco-ciliary ladder leads to 
pooling of the mucus, predisposing the patient to bronchopneumonia and 
acute bronchitis exacerbations. 
 

Bronchiole 

o Chronic smoke irritation leads to chronic inflammation. Over years, this leads 
to fibrosis and respiratory bronchiolitis. This loss of bronchioles is 
irreversible and can lead to death by respiratory failure. 
 

Alveolus 

o Smoke acts as an inflammatory anaphylatoxin with a mixed inflammatory response that includes neutrophils. 
Their release of destructive enzymes, especially elastase, causes damage to the extracellular matrix. 
Inadequate repair leads to destruction of the alveolar wall and emphysema. 

Figure 32-5 Calculation of 
the Reid index. 

Figure 32-4 Correlation of smoking intensity to lung cancer risk. 
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o Most tissue loss occurs in the proximal region of the functional unit, the acinus, therefore the loss is 
centriacinar or centrilobular. 

o Loss of tissue results in loss of radial traction and collapse of small airways in expiration with air trapping. 

Presentation of COPD: 

Symptoms: 

o Productive cough 
o Shortness of breath (SOB) 

 This is a late symptom that occurs when the FEV1 is <30%. 

Physical exam: 

o There are 2 clinical terms to differentiate where the maximum pathology is found: 
 “Blue bloater” is seen in bronchial disease in which the mucus production obstructs the airways, leading 

to V/Q mismatching. The resulting cyanosis gives the patient a bluish hue. The “bloater” name is of 
uncertain origin. It has been ascribed to the edema from the right ventricular failure of cor pulmonale. 

 “Pink puffer” is seen in disease with alveolar loss. The loss of septae is matched by the proportionate loss 
of blood supply, so there is no V/Q mismatching and no cyanosis, hence a “pink” patient (there is 
polycythemia as well). The loss of gas exchange membrane can be compensated for with 
hyperventilation, hence “puffer”. 

o The classical description of wasting, barrel chest and pursed lips is only seen in late disease. 

Testing: 

o Chronic bronchitis is a clinical diagnosis defined as a productive cough for more than 3 months of 2 
consecutive years. 

o Emphysema is defined by PFT’s: 
 FEV1/FVC <80% 
 DLCO <80% predicted 
 CBC: polycythemia 
 Blood gases /oximetry are useful to diagnose failure 
 CT scans can accurately assess alveolar loss and may be used to establish a diagnosis. 

Natural history: 

Prognosis 

o This is usually judged by stage, using the GOLD 
criteria, based on the FEV1: 

o Prognosis is not severely altered until severe 
disease (i.e. GOLD stage 3 & 4) 

Figure 32-6 Pathology of smoking-related emphysema. 

Table 32-1 Staging of COPD (GOLD criteria). 
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Lung: Chronic Obstructive Pulmonary Disease (COPD) 32o Note that survival is judged over 12 years, and this is affected by whether or not the patient stops smoking. 
     

Complications: 

o Acute exacerbations are presumed to be due to infections (viral and bacterial). They are significant, as the 
treatment of hypoxia leads to hypercapnia (see inset box). 
 

o Chronic complications: 
 Respiratory bronchiolitis: chronic inflammation of the bronchioles leads to fibrosis and loss of 

terminal bronchioles. 
 Cor pulmonale: hypoxia causes vasoconstriction of the pulmonary arterial system. The resulting pulmonary 

artery hypertension leads to right ventricular hypertrophy and eventually right ventricular failure. 
 Carcinoma is seen in 10-20% of smokers and is dose dependent. 
 Bronchiectasis can be found in chronic bronchitis with recurrent pneumonias. 

 
o Treatment 

 Lifestyle and smoking cessation. 
 Bronchodilators: 

• Anti-cholinergic (target: M3 receptor (Gq)): Ipratropium. 
• Beta agonists (target B2 receptor (Gs)): salmeterol (long-acting). 

 Inhaled steroids (anti-inflammatory). 
 O2 supplementation for failure 

Figure 32-7 Survival rates of COPD by stage (GOLD criteria). 

Gold Stage 
3 or 4 
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α1-antitrypsin deficiency 

o An autosomal recessive disease of a serine protease inhibitor, α1-antitrypsin, a key protector of the 
alveolar wall from inflammatory proteases, especially elastase. This damage occurs when the α1-
antitrypsin level is < 15% of normal. 

o Pathology is a panacinar emphysema that is seen on CT scan as an extensive bilateral lower lobe 
loss of lung tissue. 

 

 

 

 

 

o There are over 200 variants of the protein, the normal variant called PiMM (Pi for Protease 
Inhibitor) 
 The commonest variant is PiZZ, a misfolded protein that cannot clear out of the endoplasmic 

reticulum. This leads to hepatocyte damage from the endoplasmic reticulum stress response in 
the first decade of life and emphysema in adulthood from lack of protection in the alveolus. 

 Rare variants with null genes do not make any α1-antitrypsin. The patients get lung disease, 
but do not get liver disease, as there is no accumulation of the protein in the hepatocyte to 
induce apoptosis. 

α1-antitrypsin should be suspected any non-smoker developing emphysema or emphysema in a smoker 
< 40 years old. The deficiency is the commonest cause of hepatitis in infants. 

o The only curative treatment is transplantation 

 

 Figure 32-8 Panacinar emphysema of α1-antitrypsin deficiency. 
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Chapter 33: Lung: Asthma 

Introduction 

Asthma is a heterogeneous group of inflammatory diseases of the bronchial tree. These are characterized by 
airway hyperresponsiveness that goes on to remodeling if the disease is severe and chronic. 
o Hyperresponsiveness has 2 elements: 

 Hypersensitivity: response to a low signal 
 Hyperreactivity: exaggerated response to a normal signal 

o Remodeling refers to adaptive structural changes such as:  
 Mucous cell hyperplasia 
 Increased mucus production 
 Hyperplasia/hypertrophy of the smooth muscle and epithelium 
 Collagen deposition (i.e. fibrosis) of the basement membrane. 
 Increased inflammatory cells in the submucosa 

Remodeling leads to an increased wall thickness of the bronchiole. This can be identified on a CT scan by the 
narrowing of the bronchiolar lumen 

Epidemiology 

Asthma is a common disease, seen in 8% of the population of the US. 

75% is in children <7 years old. 

Classification and legacy nomenclature 

Type 2 asthma 
o In 1977, an article described “brittle” asthma. This was a type of severe asthma with highly variable attacks, 

called “chaotic” with marked variability in peak expiratory flow and significant morbidity and mortality. No 
reproducible definition of brittle could be reached but consensus eventually settled on: 
 Type 1 (brittle)  

• Daily periods of breathlessness occurring over more than 5 months. An event was defined as a 
change in FEV1 > 40% 

• There are frequent attacks despite maximum treatment (>1500 mg/day beclomethasone) 
 Type 2 

• Well controlled disease with a sudden onset of attacks, defined as developing in <3 hours, leading to 
respiratory failure (e.g. loss of consciousness). 

• These are patients who must carry EpiPens on their person. 
o Currently, only the term “Type 2” asthma is used. It describes any severe asthma with intermittent attacks 

(i.e. there are sustained periods without symptoms). 
 

Atopic versus Non-atopic asthma 

o Atopy refers to a hereditary condition of families with IgE type allergies to organic compounds. They typically have 
the atopic progression characterized by eczema (baby) > asthma (childhood) > rhinitis/sinusitis (adulthood). 

o Non-atopic asthma has negative skin testing to allergens. Irritant triggers are common (smoke, dust, fumes) 
and occupational exposures are common. Non-atopic asthma can be referred to as “intrinsic”, as it is not due 
to an “extrinsic” allergen. 
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Lung: Asthma 33Asthma defined by the type of inflammatory cell 

o The three patterns are identified: eosinophilic, neutrophilic and pauci-granulocytic. Each cell type matches to 
a corresponding molecular/immune classification. 

 

Immune / molecular classification: 

o Allergic / TH2 pattern:  
 Pathophysiology: allergen > TH2 induction > IL-4, 5, 9, 13 → mast cell recruitment, eosinophil activation, 

IgE production 
o Non-allergic / TH1 & TH17 pattern:  

 Pathophysiology: viral damage to epithelial cells > PAMPs > innate inflammation > TH1 (IFN, TNF-α) and 
TH17 (IL-17) → neutrophils, airway sensitization remodeling. 

 

Pathophysiology of asthma 

Sensitization (see Figure 33-1): 

o In normal individuals, an antigen phagocytosed by an antigen presenting cell such as a macrophage will 
stimulate a low-level TH1 response and an appropriate response of IgG antibody directed against the antigen.  

o In atopic individuals, the same antigen induces a strong TH2-mediated response through the release of IL-4, 
which induces an exaggerated B-cell production of IgE directed 
against the antigen. 
 These IgE antibodies bind to high-affinity IgE-receptors on mast 

cells with degranulation 
o The TH2 cells also produce IL-13 that causes mucous gland 

hyperplasia, smooth muscle hyperplasia and greater IgE production. 
o The TH2 cells also recruit eosinophils through IL-5 production, 

together with other cytokines. 

 

 

 

1. Antigen presenting cell (APC) presents allergen to naïve 
TH0 lymphocyte (signal 1, signal 2, IL-4) 

2. Naïve TH0 lymphocyte becomes TH2 lymphocyte 
producing IL-4, 5, 6, 9, 10, 13 

3. IL-4 induces immunotype switching of B lymphocytes to 
IgE, regulation of  TH2 differentiation 

4. IL-9 induces local increase of basophils 
5. IL-5 causes eosinophil production and recruitment 
6. IL-13 increases mucus production, with smooth muscle 

proliferation, and enhanced effects of IL-4 and IL-5. 

                                 

For the rest of this discussion, “asthma” refers to Type 2 asthma. This means severe 
asthma with intermittent attacks. This is the allergic / TH2 immune pattern of 
disease with IgE, mast cells and eosinophils.             

Figure 33-1 Sensitization in asthma. 
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 Pathology of an acute asthmatic attack: 

 

o The primary symptoms of wheezing and shortness of breathing are due to bronchoconstriction from the 
underlying inflammatory process. 
 

 
Pathophysiology of an acute asthmatic attack: 

                                   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 Smooth muscle hyperresponsiveness 
2 Vascular dilation and leakiness with edema 
3 Inflammation: mast cells, eosinophils and 

lymphocytes 
4 Increased mucus secretion 

1. Allergen binds to IgE and this complex to 
the IgE receptor on the mast cell. Mast 
cells degranulate. 

2. Key mast cell products include the: 
i. Leukotrienes: synthesized from arachidonic  

acid by arachidonate 5’ lipoxygenase, this 
family is responsible for 75% of smooth  
muscle contraction, as well as vasodilation  
and edema.  

ii. Histamine: responsible for 25% of smooth  
muscle contraction as well as vasodilation 

iii. Cytokines: there are several, including  
TNF-α, IL-1, 4, 5, 6, and 13. 

iv. Enzymes: Tryptase which is an important  
mediator of the delayed phase. Tryptase  
is important in the recruitment and  
activation of eosinophils 

3. Eosinophils release major basic protein (MBP)  
and other mediators that result in epithelial  
damage and edema. 

4. TH2 lymphocytes and other cells release cytokines that potentiate the inflammatory response. IL-13 
enhances the effects of other cytokines, induces mucus production and smooth muscle proliferation. 

5. Vasodilation and swelling from edema further narrow the bronchiolar lumen.  

 

 
Figure 33-3 Pathophysiology of an acute asthmatic attack. 

Figure 33-2 Pathology of an acute asthmatic attack. 
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Lung: Asthma 33Chronicity leads to remodeling (see image) 
 

    

 

 

 

 

 

 

Presentation: 

There is no universal definition of asthma. The symptoms of shortness of breath and wheezing are surprisingly 
non-specific. Diagnosis of asthma is currently based on identifying the foundational pathophysiology of airway 
hyperresponsiveness and the pattern of inflammation. These are associated with a variable decrease in 
expiratory airflow.  

Symptoms: 
 
o The classic pattern of symptoms is: 

 Intermittent dyspnea, often described as, “chest tightness”. 
 Cough. 
 Wheezing. 

o Supportive findings: 
 Identifiable triggers (e.g. allergens, workplace exposure).  
 Family history of atopy. 

 
o Less likely if: 

 Age >50 years. 
 Cigarette smoking. 
 Lack of response to medications, especially glucocorticoids. 

Physical examination: 

o Widespread, high-pitched musical “wheezes”. 
o Respiratory rate: correlates with severe occlusion (loudness of wheezing does not). 

Testing: 

o Acute disease: 
 Spirometry: FEV1/FVC < 80%. 
 Reversibility: improvement of FEV1 with bronchodilator (e.g. albuterol). 
 Blood gases / oximetry: useful in severe disease when there is concern of respiratory failure. 
 Imaging: useful in ruling out other underlying disease. 

 

 

1 Smooth muscle hyperplasia and 
hyperresponsiveness 

2 Neovascularization and leakiness 
3 Inflammation, especially mast cells 
4 Fibrosis of basement membrane 
5 Goblet cell metaplasia and ↑mucus production 

Figure 33-4 Features of remodeling in chronic asthma. 
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o Chronic disease 
 Sputum:  

• Eosinophils. 
• Charcot Leyden crystals (protein products from eosinophils). 
• Curschmann spirals: characteristic mucus plugs. 

 Bronchoprovocation 
• Useful with atypical presentations or isolated symptoms like cough only. 
• Methacholine is an acetylcholine analogue that stimulates muscarinic receptors, inducing 

vasoconstriction. Airway hyperresponsiveness is demonstrated if FEV1 drops to <70%. 
 Exhaled nitric oxide 

• Airway eosinophils upregulate nitric oxide synthase, giving elevated nitric oxide in the breath. 
• Not widely available but seen in many studies on asthma. 

 

Treatment 

Treatment is a complex subject that is divided into relief during acute attacks (i.e. bronchodilators) and control 
management (i.e. Anti-inflammatories). Short acting β2 agonists such as albuterol are the cornerstone of symptomatic 
relief and inhaled corticoid steroids for control. 

Figure 33-5 Charcot Leyden crystals. 

 

Figure 33-6 Curschmann spirals. 
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Figure 33-7 The pharmacology of asthma. 
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Lung: Interstitial Lung Disease (ILD) 34Chapter 34: Lung: Interstitial Lung Disease (ILD) 
 
Definition:  
ILD is an umbrella term for any pathologic process that scars the lung through a process of inflammation and 
fibrosis that leads to a gas diffusion defect. Over 200 different diseases   have been described. 
 

Classification 

o There are 6 major classes of ILD: 
1. Occupational 

a. Coal miner’s pneumoconiosis 
b. Silicosis 
c. Asbestosis 
d. Berylliosis 

2. Connective tissue diseases 
a. Rheumatoid arthritis 
b. Scleroderma 
c. Sjogren disease 

3. Medications 
a. Chemotherapy: methotrexate, bleomycin 
b. Anti-arrhythmic: amiodarone 
c. Antibiotics: nitrofurantoin 

4. Hypersensitivity pneumonitis 
5. Sarcoidosis 
6. Idiopathic pulmonary fibrosis (IPF) 

ILDs all have the same clinical findings. The key clinical differences at presentation are in epidemiology. 

Presentation: 

Symptoms:  

o Cough and progressive shortness of breath (SOB) 

P/E:  

o Auscultation: crackles at end-inspiration, basal, bilateral, do not clear with cough, “ripping Velcro-like” sound 
o Clubbing of fingernails. 

Testing: 

o PFTs 
§ Spirometry: ↓FVC, normal FEV1/FVC ratio 
§ DLCO: <80% expected 

 

Known etiology 

Granulomatous 

The most common ILDs in the US 

1. IPF (especially if >50 years old) 
2. Sarcoidosis (especially if African American in their 30’s) 
3. Hypersensitivity pneumonitis (episodic symptoms presenting after exposure) 
4. CT diseases (previously established diagnosis) 

For all of their attention in lectures, the pneumoconioses are rare in America due to 
workplace safety conditions. 
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o Serology to exclude CT diseases: 
§ Scleroderma   : Scl-70 
§ RA:     : Anti-CCP, RF 
§ SLE:     : ANA 
§ DM/PM:      : Anto-Jo1 synthetase, CK 
§ Sjogren:     : Anti-SSA, anti-SSB 
§ MCTD: anti-U1       : (RNP) 

o Imaging 
§ CXR: reticular-nodular infiltrates 
§ High resolution CT scan: ground glass → honey-comb 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Comparison of ILD and COPD 
 

 Finding ILD COPD 

Physical exam Inspiratory crackles Yes No 
Wheezing No Yes 

Clubbing Yes No 

PFTs ↓FEV1/FVC No Yes 

↓TLC Yes Yes 

DLCO ↓ Normal 

Imaging  Abnormal Normal 

 
 
 

  

Finger Clubbing 

Seen in both lung and heart disease, it 
is identified by the loss of the 
fingernail-to-finger angle and 
thickening of the distal phalanx. It is of 
unknown cause, but the best 
explanation is hypoxia-induced release 
of cytokines PDGF and VEGF from 
platelets and megakaryocytes trapped 
in the nail bed. 

Figure 34-1 Clubbing. 

Table 34-1 Comparison of ILD and COPD. 
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Definition:  

o A clinical-pathologic syndrome of unknown origin that has progressive interstitial pulmonary fibrosis leading 
to respiratory failure. 

 

Pathophysiology: 

o This is a TGF-β disease. TGF-β is a key cytokine that induces fibrosis.  
 

 

 

o Pathology: 
§ Bilateral and basilar fibrosis with honeycomb “cyst” formation 
§ Histology shows normal and fibrotic tissue within a single biopsy. 

 

 
 
Natural history: 
o Variable prognosis with a median survival of 3 years 
o Treatment: anti-fibrotics (e.g. pirfenidone, nintedanib) 

  

Any patient over 50 years with a non-productive cough for > 3 months 
and a negative chest X-ray has IPF until proven otherwise.              

Figure 34-2 Pathophysiology of idiopathic pulmonary fibrosis (IPF). 

Figure 34-3 CT scan in IPF. 
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Sarcoidosis 

Definition: A systemic granulomatous disease of unknown origin. 

Epidemiology: 

o Peak age: 30’s. 
o Ethnicity: increased in African Americans. 
o Gender: may be increased in females. 

Pathophysiology: 

Organ Incidence Comments 

Lungs 90% Granulomas in peribronchial lymphatics 

Lymph nodes 90% Especially hilar and mediastinal groups 

Liver 25% Abnormal enzymes, especially alk phos 

Eyes 30-70% Anterior uveitis (varies by ethnicity) 

↑Ca+2 10% Vitamin D toxicosis (see text) 

 
 

Presentation: 

o In addition to the usual findings of ILD, there are abundant cytokines from the granulomas, so that patients 
also present with: 
§ Fever and night sweats (IL-1) 
§ Fatigue, malaise and weight loss (TNF-α) 
§ Laboratory: ↑CRP and ESR (IL-6) 

o Macrophages, the key cell of granulomas, have abundant 1α-hydroxylase. This converts 1-(OH)Vitamin D to 
1,25-(OH)2Vitamin D, resulting in the symptoms of hypercalcemia (“moans, stones, bones and psychic groans”). 

o Testing: 
§ Imaging: hilar and mediastinal lymphadenopathy, variable reticular-nodular lung fibrosis. 
§ Biopsy: granuloma formation. 

Natural history: 

o 70% have a benign, self-limited disease with resolution over 2-5 years 
§ 20% get permanent damage to involved organ 
§ 10% get progressive pulmonary fibrosis 

o Treatment: steroids and anti-TNF-α 

Table 34-2 Pathology of sarcoidosis. 

Figure 34-4 Chest X-ray in sarcoidosis. 
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Hypersensitivity pneumonitis 

Definition: an immunologically-mediated inflammation of airways in response to inhaled antigens, mostly   
organic dusts. 

 

Pathophysiology: 

o Small particles get to the alveolar space where they are phagocytized and taken in lymphatics to the terminal 
bronchioles. The resulting adaptive immune response leads to the formation of immunoglobulins (not IgE). 

o Re-exposure induces an acute inflammatory response. 
o Over months, the immunologic process changes from TH2 lymphocyte mediated antigen-antibody interaction 

(i.e. Type III hypersensitivity) to a TH1 mediated lymphocytic response with granulomas 
(I.e. Type IV hypersensitivity).  

o With chronic disease, the chronic inflammation leads to airway remodeling and fibrosis. 
o Antigens in hypersensitivity pneumonitis commonly found in the US: 

 
Class of antigen Name or source Antigen 

Infectious Farmer’s lung Thermophilic actinomyces 
Hot tub MAC1 

Humidifier & A/C Many 
Proteins Bird fancier’s lung Bird feathers and feces 
Low MW2 chemicals Isocyanates Polyurethane, paints, glues 

 1. Mycobacterium avium complex, 2. Molecular weight. 
 

 

Presentation:  

o Symptoms (see Table 34-4): 
o Symptoms change as the disease process changes over time: the immunopathology evolves from antigen-

antibody production to cell-mediated immunity. 

 Pathology Time Symptoms P/E HRCT1 

Acute Severe acute 
exposure à ICs2 à 
PMNs3 

Hours Flu-like Negative Negative 

Subacute Granulomas Days-weeks Dyspnea Negative ·Centrilobular nodules 
·Multifocal opacities 
·Uniform distribution 

Chronic Low grade 
exposure à fibrosis 

Month-years Restrictive lung 
disease: SOB, 
cough 

·Crackles 
·Clubbing 

Reticular nodular fibrosis à 
honey-combing 

    1. High resolution CT scan, 2. Immune complexes, 3. Polymorphonuclear cells (i.e. neutrophils). 

This disease family is also called “Extrinsic Allergic Alveolitis”.  This is a 
misnomer as the process is not allergic (there is no involvement of IgE)  and it is 
not localized in the alveolar septae but in the airways. 

Table 34-3 Antigens in hypersensitivity pneumonitis. 

Table 34-4 Clinical pathologic correlation in hypersensitivity pneumonitis. 
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o Testing: 
§ Key is the recognition of antigen exposure 
§ Bronchoscopy  

• Cytology washings show a lymphocyte/monocyte inflammation (and not the eosinophils of 
allergy/asthma) 

• Bronchial biopsy shows granulomas 
§ Imaging (CT scan) 

• Multifocal ground-glass opacities 
• Granulomas can be seen as nodules in a centrilobular location 
• Abnormalities are distributed uniformly throughout the lung. 

 

Natural history: 

o Avoidance of exposure to the antigen both prevents progression and symptoms 
o Steroids can be used for acute symptoms. 

Pneumoconioses (Occupational lung disease) 

Coal Worker’s Pneumoconiosis (CWP) 

Epidemiology: 

o Affects about 10% of coal workers. 
o 50% will show symptoms after >20 years on the face due to dust exposure. 
 

Pathophysiology: 

o Clinically significant disease is usually associated with an additional harmful exposure such as cigarette 
smoking or silica dust. 

o Simple CWP: 
§ Pigment-laden macrophages localize in the upper lobes and induce mild fibrosis. 
§ Chest X-ray (CXR) shows nodules adjacent to the bronchioles, where they are localized in lymphatics 
§ Patients are asymptomatic 

o Complicated CWP: 
§ A small proportion of the simple CWP will develop progressive, massive pulmonary fibrosis over years. 
§ These have significant morbidity and mortality from cor pulmonale and respiratory failure. 

 

      

 

 

 

  

Coal workers lung: there is extensive black pigmentation from the coal dust. The 
amount of black color does not correlate with severity of underlying disease which is 
due to idiosyncratic fibrosis. Hilar lymph nodes have similar black discoloration. 

Figure 34-5 Gross pathology of coal worker’s lung. 
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Epidemiology: 

o This is the commonest pneumoconiosis. 
o Occurs with exposure to SiO2 dust, which comes from processing rock and sand. 

§ Mining and blasting. 
§ Grinding and carving stone (e.g. head stones). 
§ Glass (which is melted sand). 
§ Cement processing (e.g. construction trades). 

 

Pathophysiology: 

o SiO2 is toxic to the macrophages that phagocytize the dust particles. In addition to fibrosis, this leads to 
immune dysfunction: 
§ Increased risk of tuberculosis. 
§ Increased risk of autoimmune disease and probably cancer. 

 

 
 
 
 
 
 
 
 
 
 
 

o Simple silicosis: 
§ Rounded discrete fibrous nodules in the upper lobes 
§ “Egg-shell” calcification in the hilar lymph nodes 
§ Patients are asymptomatic 

  
o Complicated silicosis: 

§ Development over years of massive pulmonary fibrosis. 

Asbestosis 

Epidemiology:  

o Asbestos is a generic term for silicates that form fibers. Once widely used for thermal insulation, they have 
now been mostly replaced by synthetic fibers. 

o Exposure now is seen in: 
§ Immigrants. 
§ Deconstruction of old building and ships. 
§ Auto repair shops where asbestos is still used in brake pads. 

 

Silica nodule. A. H&E stain. B. Polarization shows the silica crystals in the tissue 

A B 

Figure 34-6 Histopathology of silica nodules. 
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Pathophysiology: 

o Fibers are inhaled and get trapped at the level of the respiratory bronchiole. 
o There are 2 major types of fibers: 

§ Chrysotile fibers (90%): these are long and curvy (hence they are also called serpentine). They fragment 
in the body after which they are phagocytized and cleared over 1-2 weeks after internalization. 

§ Amphibole fibers (10%): these are short and straight and persist in the body for years after ingestion. 
They have a much higher association with disease. 

o The fibers are absorbent and after phagocytosis they bind iron and protein, forming ferruginous bodies. 
§ Ferruginous bodies must be identified in tissue to establish a diagnosis of asbestosis.  
§ Iron forms reactive oxygen species (Fenton reaction) in the macrophages with their release of cytokines. 
§ Fibrosis starts in the alveolar septae beside the bronchiole wall. Eventually forming honeycomb cysts 

throughout the lung fields. 
§ Progressive fibrosis leads to symptoms 10-20 years after exposure. 

 

Clinical-pathologic correlation: 

o Asbestosis: diffuse pulmonary fibrosis in basal, subpleural lung parenchyma. 
o Pleural plaques: 

§ Thickening of the parietal pleura in the lower thorax. 
§ May cause pleural effusions. 
§ Is not a precursor lesion for mesothelioma. 

Figure 34-7 Ferruginous bodies in asbestosis. 

Figure 34-8 Pleural plaques in asbestosis. 
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Lung: Interstitial Lung Disease (ILD) 34o Non-small cell carcinoma of lung (NSCCL) 
§ The most common malignancy associated with asbestos. 
§ Synergistic with smoking. 

• The asbestos fibers absorb the carcinogens in the smoke. 
o Mesothelioma 

§ Most specific malignancy associated with asbestos. 
§ Not smoking related. 
§ Aggressive malignancy with a dismal prognosis. 

Berylliosis 

Epidemiology:  

o Found in high-tech manufacturing (e.g. electronics, ceramics, alloys) and nuclear power industry. 

Pathophysiology: 

o Beryllium (Be) induces granuloma formation after phagocytosis. 

Presentation: 

o Presents as a sarcoidosis-like syndrome, with interstitial infiltration of inflammation and fibrosis, and 
hilar lymphadenopathy. 
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Lung: Atelectasis, ARDS, Pulmonary Embolism and Pulmonary Hypertension 35Chapter 35 Lung: Atelectasis, ARDS, Pulmonary Embolism and Pulmonary Hypertension. 

Atelectasis: 
 
Definition: collapse of previously aerated lung 
 
Pathophysiology: 
 
o Resorptive: 

§ When any airway is completely obstructed, the alveolar gases continue to be absorbed by the blood, but 
they are not replenished. This leads to collapse of the alveolus. The volume of collapsed lung depends 
upon the size of the airway 

§ There are 2 common scenarios: 
• Elderly smoker: obstruction is by a proximal 

invasive carcinoma. 
• Child <4 years old: poor coordination of swallowing 

leads to aspiration of mouth contents. A common 
problem is a peanut. 

o Presentation: 
§ Symptoms:  

• If the loss of volume is large enough, the patient 
develops shortness of breath  

§ Testing:  
• Imaging: The trachea deviates towards the side of 

the absorption. 
 
Loss of a small volume of air is seen as a plate-like area. This is a 
common finding in post-operative patients with mucus plugging from shallow respiratory breathing. 

 

 
 

 

Figure 35-1 Resorptive atelectasis. 

Figure 35-2 Atelectasis: Chest X-ray in small volume loss. 
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Atelectasis: loss of a large volume of air is seen as a white-out. This can be seen with a large central obstruction 
like a cancer. 

o Compressive: 
§ Accumulation of any fluid in the pleural space can compress the 

air out of the lung. 
• The fluid can be edema (pleural effusion), air (pneumothorax, 

including post-traumatic tension pneumothorax), blood, 
lymph (chylous effusion). 

§ Common scenarios: 
• Spontaneous pneumothorax: a tall, slightly built male feels a 

sharp pain while exercising and becomes short of breath over 
hours. CXR is characteristic. Thought to be due to a ruptured 
bleb. Small pneumothoraces spontaneously resorb; large 
pneumothoraces require a chest tube. 

• Tension pneumothorax: chest trauma fractures a rib, leaving 
a sharp edge. This lacerates the chest wall in such a way that 
that the soft tissue creates a flap-valve. Inspiration allows air 
into the thorax, but the flap of tissue prevents its egress in 
expiration. The pressure buildup leads to shortness of breath 
and then vasomotor collapse. The key to diagnosis is 
recognition of hypotension and tachycardia. This is a medical 
emergency requiring immediate thoracostomy. 

• Pleural effusion: a patient with shortness of breath has 
abnormal physical exam of thorax: there is dullness to 
percussion on the affected side with no breath sounds. CXR 
shows the effusion. Thoracentesis is the next step for the 
critical distinction of transudate from exudate: 
o Transudate: congestive heart failure 
o Exudate: malignancy or inflammation. 

Cytology readily diagnoses malignant cells. 
o Contraction: 

§ Pulmonary or pleural fibrosis can form traction scars that 
prevent full expansion. The history usually explains the cause 
of scar formation. 

 
  

Figure 35-3 Atelectasis: Chest X-ray in large volume loss. 

Figure 35-4 Pneumothorax. 

Figure 35-5 Pleural effusion. 
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Definition: an acute onset, non-cardiogenic hypoxia due to an inflammatory process with pulmonary edema. 
Acute means over several days but less than 1 week. Hypoxia means respiratory failure with PaO2< 60 mmHg / 
SaO2< 92%. Edema can be identified as patchy consolidations on chest X-ray. 

Pathophysiology: 

o Etiology: alveolar injury that results in diffuse alveolar damage (DAD) has multiple causes including: 
§ Sepsis and/or pneumonia (80% of causes in US) 
§ Trauma 
§ Transfusion (Transfusion-related lung injury or TRALI) 
§ Aspiration of gastric contents 
§ Drug overdose 

o Pathogenesis: 
§ Exudative phase (days 1-7): 

• Injury to pulmonary endothelial cells or pneumocytes leads to leakage of an exudate into the 
alveolar space. 

• The exudate is rich in cytokines, which results in an acute inflammatory response, especially of 
neutrophils. This leads to vascular obliteration with intrapulmonary shunting and hypoxemia. 

• Water is resorbed by Type 1 pneumocytes through AQ channels, leaving the proteins behind as these 
can only be cleared by macrophages and phagocytosis. The proteins form hyaline membranes, which 
act as a diffusion barrier to blood gases. 

• There is loss of surfactant. 

 

 

§ Proliferative phase: 
• When the inflammation stimulus ends, macrophages clear the intra-alveolar debris and proteins. 
• Macrophages release growth factors (e.g. TGF-β, PDGF), which leads to: 

o Septal fibrosis 
o Regrowth of pneumocytes from Type II pneumocytes. 
o Endothelial regrowth and capillary replacement. 

§ Fibrotic phase (3-4 weeks): 
• This is variable, but some patients develop extensive alveolar duct and septal fibrosis. 
• The fibrosis causes restrictive lung disease with excess morbidity and mortality. 

Figure 35-6 ARDS / diffuse alveolar damage (DAD). 
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Presentation: 

o Symptoms:  
§ Onset of dyspnea over hours to days in an appropriate clinical setting (e.g. sepsis) 

o Physical exam:  
§ No evidence of heart failure, patchy crackles over lung fields 

o Testing: 
§ Respiratory failure: PaO2< 60 mmHg / SaO2< 92% 
§ Edema: Patchy consolidations (CXR) or ground glass opacities (CT scan). 

 

 
§ Diffuse alveolar damage: P/F ratio < 300 
§ No evidence of CHF: normal BNP 

 

  P/F ratio 

The PaO2, measured by blood gas, is normally 97%. The FiO2 (i.e. inspired 
[O2] of room air is .21 (i.e. 21%). This means that a normal P/F ratio is bout 
500. In ARDS, the hyaline membranes impair diffusion with a ration <300 
being diagnostic. Severe ARDS has a P/F ratio <100. 

Figure 35-7 Pathogenesis of ARDS. 

Figure 35-8 Chest X-ray in ARDS. 
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o Prognosis: highly variable, depending on the underlying etiology 
§ Young: 20% mortality 
§ Old: 60% mortality 

o Treatment:  
§ Treatment of underlying pathology 
§ Ventilatory support 
§ Fluid management to keep left atrial pressure low (i.e. avoid CHF) 

 

Pulmonary embolism (PE) 

PE is a consequence of venous thromboembolism (VTE).  VTE is one of the 3 major causes of cardiovascular death 
(i.e. myocardial infarction, stroke and PE).  

  

Venous thromboembolic disease 

A. Venous obstruction: Thrombi form in veins when there is a defect in Virchow’s triad (flow, endothelial 
cell function, hypercoagulable state). Most common disease is DVT à PE. Treatment is anticoagulation 

B. Arterial obstruction: Mural thrombi form in the heart when there is abnormal flow due to dysmotility 
(atrial fibrillation and ventricular ischemia). These dislodge into the aorta. The commonest end arteries 
are the carotid (stroke) and SMA with small bowel infarction. Treatment is anticoagulation. 

 

Figure venous thromboembolic disease 

Left-side: DVT à PE 

Figure 35-10 Arterial thromboembolic disease 

Left-side: mural thrombus à infarction 
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VTE has 2 major clinical diseases: 

o Deep vein thrombosis (DVT): any thrombus that forms in the larger veins of the legs or pelvis 
o Pulmonary embolus: a DVT that has broken free and traveled to the lungs. The pulmonary veins are the first 

structures with a diameter smaller than that of the deep veins of the legs/pelvis 

Pathophysiology: 

o VTE occurs when there is pathology of one of the legs of Virchow’s triangle. There typically needs to be more 
than one problem and risk of thrombosis increases with multiple abnormalities. 

 

 
o About ½ of DVTs (pelvis >iliac vein > femoral vein > popliteal vein) 

will have pulmonary embolism, but most of these are asymptomatic. 
§ Distal DVT refers to thrombosis of a vein below the knee  

(i.e. below the popliteal vein) These present with pain, 
swelling of the lower leg and a positive Homan sign 
(dorsiflexion of the foot induces the pain). 

o Thrombosis of the superficial veins of the leg (i.e. the saphenous 
vein and it branches) rarely embolize but do cause varicose ulcers. 

o Acute pulmonary embolism (PE) goes through 2 phases of 
pathophysiology. 
§ Initial: dead space 

• Dead space is lung that is ventilated but not perfused as 
the embolus occludes the blood flow. 

• There is some degree of hypoxia, and this can be 
compensated for with hyperventilation 

• There is an increase in the AaDO2 as there is 
intra-pulmonary pathology. 

§ Later (hours): V/Q mismatch 
• Local release of histamine leads to bronchospasm and platelet release of serotonin leads 

to vasospasm. 
• V/Q mismatching can occur remote to the site of embolism 
• V/Q mismatching is the most important cause of hypoxia 
• V/Q mismatching is exacerbated by atelectasis due to decreased production of surfactant. 

  

Figure 35-11 Virchow triangle. 

Figure 35-12 Veins of the lower leg. 
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o Symptoms 
§ There is no “typical” presentation of PE because it has a broad spectrum of disease: 

• Time frame: acute versus chronic 
• Central (pulmonary artery à lobar) versus peripheral (segmental à subsegmental arteries) 
• Massive (results in hypotension) 
• Solitary versus multiple emboli 
• Non-infarctive versus infarctive (seen with underlying lung disease) 

§ The “classic” presentation of pleuritic chest pain, shortness of breath and hypoxia is seen in <10%           
of patients. 

§ PE should be suspected in any patient with risk factors of hypercoagulability, respiratory symptoms 
(shortness of breath; pleuritic chest pain) and tachypnea (respiratory rate > 16/min) 

o Physical examination: usually non-contributory 
o Testing: 

§ Investigation is based on the likelihood of disease. A common way to assess this uses the Wells criteria: 

 

 

§ Low risk (rule out PE): D-dimer 
• D-dimers are the smallest of the fibrin split 

products made from the cleavage of cross-linked 
fibrin (i.e. fibrinolysis). They are found in >95% of 
PE but are non-specific. They are also found in 
inflammatory conditions, cancer and post-
operatively. A low D-dimer level rules out PE, but 
a high D-dimer does not establish a diagnosis. 

§ High risk (rule in PE): CT angiogram 
• Spiral CT scanners can resolve to the 2-3 mm 

level, the 6th order branches of the pulmonary 
vascular tree. This is a level sensitive for PE. CT 
angiograms can also identify right ventricular 
enlargement, a sign of hemodynamic 
compromise requiring clot removal or lysis. 

• Spiral CT can also identify thrombi in the deep 
veins of the pelvis and lower limbs. 

 

 

Table 35-1 Modified Wells criteria for pulmonary embolism. 

Figure 35-13 Pulmonary embolism in a CT 
angiogram: Note that fresh blood in the aorta 

and pulmonary artery is hyperdense (i.e. white). 
Thrombus becomes hypodense (i.e. dark) over 

2-3 weeks as it organizes. 
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§ Venous ultrasound: 
• The most common test used to diagnose DVTs. No DVT is identified in 50% of cases with proven PE 

and the entire thrombus is presumed to have embolized. 
 

Natural history: 

o Prognosis: Risk of death in PE is not from hypoxia, but hypotension/ shock. This is due to hemodynamic 
compromise of the right ventricle. When the stroke volume from the right side is small due to the obstruction 
of the pulmonary artery, there is decreased left side cardiac output. 

o Complications: 
§ Sudden death: Massive PE (defined as PE with hypotension) occurs secondary to right ventricular failure. This 

occurs when there is obstruction of >60% of pulmonary circulation. 
§ Recurrence: If untreated, 30% of patients will die of a subsequent PE (5% if treated). 
§ Infarction: Normal lung is difficult to infarct as there is a second source of blood supply from the 

bronchial arteries which arise from the systemic system. This second system can be lost if there is 
underlying lung disease such as COPD. Infarction is usually due to a smaller embolus affecting peripheral 
lung. This results in a wedge-shaped infarct and is associated with pleuritic chest pain and hemoptysis. 

§ Pulmonary hypertension (WHO class 4: see Table 35.3) 
• Usually from recurrent, asymptomatic smaller emboli. 

 
o Treatment: 

§ The basic decision is whether revascularization is necessary (i.e. fibrinolytics or embolectomy). This is 
decided by hemodynamic status: can the right ventricle push enough blood past the embolus to sustain 
cardiac output? This can be assessed by showing right ventricular dilation or hypotension  
(i.e. systolic BP <90 mmHg). 

§ Hemodynamically stable: anti-coagulation 
• This does not affect the embolus which will be dissolved by the body’s fibrinolytic system. It prevents 

the formation of further thrombi. 
§ Hemodynamically unstable: thrombolytics or embolectomy 

• Current fibrinolytics are a recombinant t-PA that activates plasminogen. Administration of these 
fibrinolytics within 3 hours of embolism decreases mortality by 50% while administration within 12 
hours only decreases mortality by 10%. 

• T-Pas carry a 1-3% risk of intracranial bleeding. 

  

Figure 35-14 Pulmonary infarct. 
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 Diagnosis 
A Low risk of PE1 D-dimer 
B High risk2 of PE CT angiogram 
 Treatment 
A Hemodynamically stable Anticoagulation 
B Hemodynamically unstable3 Thrombolysis or embolectomy 

1. Pulmonary embolism 
2. High risk: HR >100 /min, age >65 yrs, previous DVT/PE, hypercoagulable 
3. Unstable: Systolic BP < 90mmHg, right ventricular dysfunction 

 

 

Pulmonary vascular disease 

Classification (WHO): 

Pathophysiology: 

o Class 1: 
§ This group is called pulmonary artery hypertension (PAH), while all the classes together are collectively 

called pulmonary hypertension (PH). 
§ The members of Class 1 have a proliferative vasculopathy that involves all 3 layers of the wall of small 

muscular pulmonary arteries. There is fibrosis and micro thrombosis. 
§ This leads to pulmonary artery hypertension. 
§ In hereditary PAH, there is mutation in the BMPR (bone morphogenetic protein receptor). 
§ In Eisenmenger syndrome, the increased blood flow from a left to right shunt leads to vascular smooth 

muscle and intimal proliferation with gradual occlusion of the vascular lumen. 
§ In the other diseases, the mechanism of proliferation is poorly understood. 
§ The increased TPR leads to right ventricular hypertrophy and eventual failure. In late disease, the 

vascular remodeling is irreversible, and the only treatment is heart-lung transplant. 
o Class 2, PH with left heart disease 

§ This is the commonest cause of pulmonary hypertension and right heart failure. 
§ Passive back transmission of hydrostatic pressure leads to pulmonary hypertension 

o Class 3: PH with hypoxia/chronic lung disease 
§ Hypoxic pulmonary artery vasoconstriction is a normal regulatory mechanism designed to limit blood 

flow to hypoxic alveoli and preserve ventilation-perfusion matching.  

Table 35-2 Pulmonary embolism: diagnosis and treatment. 

Table 35-3 WHO classification of pulmonary hypertension. 
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§ While short term hypoxia is reversed by oxygen, chronic hypoxia is only partially reversible. Over time, 
there is muscular remodeling. The mechanisms of complex and not well understood.  
         

o Class 4: PH with pulmonary artery occlusion 
§ 1-5% of patients with acute PE go on to have PH. 
§ It is not known why patients fail to completely clear the embolus. 

Presentation: 

o Symptoms: 
§ Dyspnea and fatigue due to decreased cardiac output 

o P/E: 
§ Increased pulmonic component of the second heart sound due to the effect of PH on the pulmonary valve 

o Testing 
§ Pulmonary artery hypertension is usually diagnosed by ECHO cardiogram based on flow through the 

tricuspid valve. Catheterization is the gold standard but is invasive. 
§ Imaging can show right ventricular hypertrophy or dilation of the pulmonary artery (> 29-31 mm). 

Natural history: 

o Median survival of untreated Class 1 PAH is 3 years. 
o Treatment varies according to the cause. 



36
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Chapter 36: Lung: Selected Infections  

Classification of pneumonia: 

Community-acquired pneumonia (CAP): Occurs in an outpatient setting or within 48 hours of admission to hospital.  

Healthcare-acquired pneumonia (HCAP): acquired in an outpatient setting with exposure to multiple drug resistant 
(MDR) organisms, such as a nursing home, dialysis center or contact with someone with a cared-for wound. 

Hospital-acquired pneumonia (HAP) or ventilator-acquired pneumonia (VAP): infection      starts >48 hours after 
admission to hospital or after intubation.  

Lobar pneumonia  

Introduction: 

o Bacterial infection of lung by an encapsulated organism. 
§ S. pneumonia is the most common. Incidence is decreasing with better vaccination  
§ H. influenza. Less common since the development of childhood vaccines (1992). 
§ Moraxella catarrhalis 
§ S. aureus 

Epidemiology: 

o Risk factors: 
§ Age: exponential increase with age, most marked after age 65 years 
§ Co-morbidities such as COPD 
§ Viral infection, especially influenza virus 
§ Smoking and alcohol use 

Pathophysiology: 

o Bacteria are present in the oropharynx and gain access to the alveolar space through aspiration of small droplets. 
This probably most often occurs during sleep, especially in the elderly. 

o These bacteria must be cleared by the resident macrophages as the mucociliary sheet stops at the level of 
terminal bronchioles. 
§ This initiates the classic innate inflammatory response à Gram (+) PAMPs (e.g. capsule, lipoteichoic acid, 

formylmethionine) and DAMPs. 
§ Neutrophils and RBCs cross the leaky alveolar-endothelial barrier to fill the alveolus with an exudate. 

• CPC: fever (lL-1), productive cough with purulent rust-colored sputum, rales, and consolidation on 
CXR. Consolidation causes V/Q mismatch with shortness of breath. 

§ Bacteria spread from alveolus to alveolus through the pores of Kahn. These pores connect alveoli within 
a given lobe, hence the anatomical limitation of the infection.  

o Pathology: 
§ Edema: early vasodilation and leakiness cause a proteinaceous exudate that rapidly progresses into the 

next phase of red hepatization. 
§ Red hepatization: named for the liver-like gross appearance caused by the edema and numerous RBCs. 
§ Gray hepatization: the appearance of the lung after lysis of the RBCs, which leaves only the neutrophils 

and fibrin in the alveoli. The bacteria have disappeared, and the “crisis” has passed with restoration of 
the V/Q matching. 

§ Resolution: macrophages are the dominant cells with fewer neutrophils and evidence of organization of 
alveolar contents. 
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o Symptoms:  
§ Sudden onset of fever (IL-1) 
§ Cough productive of rust-colored sputum (red hepatization) 
§ Chest pain (inflammation) 
§ Dyspnea (V/Q mismatching from alveolar exudate) 

o Physical examination: 
§ Tachypnea (RR >20 /min) and tachycardia (HR > 100 /min) 
§ Rales (exudates are liquids and conduct sound better than air-

filled alveoli. This exudative consolidation is identified as 
egophony and whispering pectoriloquy. 

§ Dullness to percussion (alveolar exudate) 
o Testing: 

§ Imaging: consolidation of a segment or lobe; air bronchograms 

§ Laboratory:  
• Microbiology: Gram stain of sputum, sputum culture, urine antigen for pneumococcus 
• Inflammation: granulocytosis with left shift, ↑CRP, ↑procalcitonin (DDx viral infection) 

Natural history: 

o Prognosis: depends upon the status of the patient (e.g. age, disability) and the severity of the infection  
(see below). 

o Complications: lung abscess, empyema, septicemia 
o Treatment: antibiotics 

§ The location of treatment is based on risk criteria.  
• If the only abnormal vital sign is fever, the patient can be treated as an outpatient.  
• If SaO2< 92% on room air (i.e. respiratory failure), or the are other factors such as old age and 

comorbidities, the treatment should be inpatient. 
• ICU care is indicated if the patient requires ventilation or blood pressure support. 

§ Empiric antibiotic treatment (β-lactam plus macrolide dual therapy or fluoroquinolone monotherapy) 
until culture and sensitivity results can be used. 

 

Egophony: a patient saying, 
“ē……” will be heard as “ahh……”. 

Whispered pectoriloquy: patient 
can whisper words and they can 
be heard by auscultation. 

 

Figure 36-1 Chest X-ray: lobar pneumonia with RLL consolidation. 
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Atypical pneumonia 

Introduction: 

o Infection by an organism that does not elicit a strong innate immune system response results in an interstitial 
pathology (i.e. alveolar septae)  in the lung. 
§ Mycoplasma pneumonia (no cell wall à no PAMPs) 
§ Intracellular infection 

• Legionella pneumophila 
• Viruses 
• Coxiella burnetii  

Pathophysiology: 

o There is minimal acute inflammatory response as there are 
few PAMPs and little DAMP signaling. The adaptive immune 
response occurs in the alveolar septae and therefore 
imaging shows reticular changes and not the consolidation 
of alveolar exudates. 

o The adaptive immune response occurs over a longer period 
and with prominence of  constitutional symptoms from low 
grade cytokine release.M. pneumonia is the model disease. 

Presentation: 

o Symptoms: 
§ Constitutional symptoms are prominent: headache, 

myalgias, low grade fever, malaise (cytokine mediated). 
§ Non-productive cough (no alveolar space exudate). 
§ Insidious onset over days. 
§ Protracted clinical course over weeks 

(adaptive immunity). 
o Physical examination: 

§ Generally non-contributory (it is interstitial disease). 
o Testing: 

§ Imaging: reticular-nodular infiltrates (interstitial 
pathology). The X-ray abnormalities can be prominent 
relative to the minimal findings of the physical exam. 

§ Laboratory: for identification of the specific organism 
(nucleic acid testing, serology). 

Natural history: 

o Prognosis: highly variable, depending on status of host and nature of organism. 
o Complications: 

§ Virus: superimposed bacterial pneumonia (especially influenza) 
§ M. pneumonia: cold agglutinins and hemolysis 

o Treatment: usually empiric 

  

Figure 36-2 Chest X-ray: atypical pneumonia. 
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Introduction: 

o A bacterial infection of lung characterized by the infection of multiple lung lobules centered on the airways 
and surrounding interstitium. 

Pathophysiology: 

o Usually seen with compromise of the defenses such as impaired immunity of old age and childhood or decreased 
clearance of mucus seen with immobility and smoking.  Often superimposed on other underlying diseases. 

o Bacteria come from the surrounding flora: 
§ S. aureus 
§ K. pneumonia 
§ E. coli 
§ P. aeruginosa 
§ H. influenza 

o Acute inflammatory exudate starts in the airways with extension into surrounding lung tissue developing 
alveolar exudates (and consolidation on CXR). 

Presentation: 

o Symptoms: slower onset with headache and myalgias. Productive purulent cough. Fever. 
o Physical exam: scattered rales 
o Testing: CXR: Bilateral, asymmetric patchy areas of consolidation found mostly in the lung bases, 

 

Natural history: 

o Prognosis depends on the severity of the infection and the vitality of the host. 
o Treatment is empiric with broad spectrum antibiotics and respiratory toilette. 

  

Figure 36-3 Chest X-ray: bronchopneumonia. 
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Aspiration pneumonia 

Introduction: 

o Pneumonitis (i.e. inflammation of the lung) due to inhalation of oropharyngeal or gastric contents. 

Pathophysiology:  

o There are 3 major consequences of aspiration: 
§ Chemical pneumonitis: chemicals in the inoculum, such as gastric acid, cause injury and inflammation 
§ Infection: organisms from the oropharyngeal flora cause a mixed flora pneumonia that includes anaerobes. 
§ Obstruction: food particles and fluids trigger bronchospasm without inflammation of the distal alveoli. 

o Predisposing conditions include: 
§ Abnormalities of swallowing, common in neurodegenerative diseases such as multiple sclerosis, 

amyotrophic lateral sclerosis and stroke. 
§ Impaired consciousness such as drugs, alcohol, and seizures. 
§ Old age 

o The area of lung involved will be that most dependent at the time of aspiration. 
o Infection is typically necrotic with abscess formation. There is a mixed flora from oropharyngeal flora. 

Anaerobes give a distinctive foul odor to the patient’s breath. 

Presentation: 

o Symptoms: quite variable depending on the nature of the aspirated fluid and the possible effects of 
pneumonitis, infection and obstruction.  

o Physical examination: rales over the affected area. Foul breath from anaerobes. 
o Testing: CXR. The involved area is the most dependent area during the aspiration. Most common is the RLL as 

the right main stem bronchus is more vertical. 

 

 

  Figure 36-4 Chest X-ray: Aspiration pneumonia. 
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Introduction: 

o Tuberculosis refers to the spectrum of disease caused by Mycobacterium tuberculosis.  
o TB is one of the three leading causes of infectious disease mortality worldwide, along with malaria and AIDS.  
o The human host serves as a natural reservoir for M. tuberculosis. The ability of the organism to efficiently 

establish latent infection has enabled it to spread to nearly one-third of individuals worldwide.  
 

Microbiology:  

o Mycolic acid is the major constituent of the cell envelope (cell membrane + cell wall). The mycolic acid 
structure is key to virulence and elicits granuloma formation. It confers the ability to resist destaining by acid 
alcohol after being stained by certain aniline dyes, leading to the term acid-fast bacillus. 

o M. tuberculosis has a slow growth rate (T1/2 = 24 hours), and cultures take 2-6 weeks to grow. 
o Identification of infection is most commonly by microscopic examination (Ziehl-Neelsen acid-fast stain) but 

this is insensitive. 

Pathogenesis: 

o Inhalation of aerosol droplets containing M. tuberculosis has four possible outcomes: 
§ Immediate clearance of the organism. 
§ Primary disease: immediate onset of active disease. 

• Miliary tuberculosis: spread of infection as small deposits throughout the lung fields in hosts with 
poor immunity, especially children. 

§ Latent infection 
§ Secondary (reactivation) disease: onset of active disease years following a period of latent infection. 

Seen in about 5-10% of normal adults. 
o Primary disease: 

§ Definition: infection of a host without previous exposure to the bacteria. 
§ Infection is by droplets small enough to reach the alveolar space. 

• More likely to occur in the lower lungs due to their greater air flow. 
§ It takes > 3 weeks for the TH1 immune response due to initial killing of resident macrophages after 

phagocytosis in the lung. 
§ If there is progressive disease, it has a similar appearance as bacterial pneumonia. 

• Lobar consolidation. 
• Hilar lymphadenopathy. 
• Pleural effusion. 

Figure 36-5 Mycobacterial cell envelop: 1. Outer lipids, 2. Mycolic acids, 3. Polysaccharide (arabinogalactan), 
4. Peptidoglycan, 5. Cell membrane. 
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§ If there is a deficient host immune response, there is 
lymphohematogenous spread of the bacteria throughout the lung. There 
are multiple small (2mm) small areas of consolidation. These have the 
appearance of millet seeds, hence the namemiliary tuberculosis. 
• Extrapulmonary spread is common and 25% will develop meningeal 

tuberculosis. A second common organ is bone, especially the vertebrae, 
called Pott disease. 

§ Pathology of primary TB: Ghon complex 
• The original site of infection in the lung leaves a scar that often calcifies, 

called the Ghon focus. It typically has granulomas which contain viable 
bacteria. The hilar lymph node to which it drains undergoes 
hyperplasia with the adaptive TH1 Immune response. Together, the 
Ghon focus and hilar lymphadenopathy are called the Ghon complex. 

 
 

 
 
o Secondary (reactivation) disease: 

§ Defined as reactivation of a latent infection in a host with decreased immune resistance. 
§ Over years, the mycobacteria relocate to the upper lobes of the lung, which become the site 

of reactivation. 
• The reason for this relocation is poorly understood.  

§ Normal individuals with latent infection have a lifetime risk of reactivation disease of 5 to 10 percent. 
• There is a 5% risk in the two to five years following infection and another 5% risk over the 

remaining lifetime. 

§ Immunosuppression is associated with reactivation TB. It is not clear what specific host factors maintain 
the infection in a latent state and what triggers the latent infection to break containment and become 
active. Immunosuppressive conditions associated with reactivation TB include: 

• Age 
• HIV /AIDS 
• Diabetes mellitus 
• Immune modulating drugs (corticosteroids, TNF-α inhibitors) 
• Lymphoma 

§ Reactivation TB tends to be localized with little regional lymph node involvement and less caseation. The 
lesion typically occurs at the lung apices, and disseminated disease is unusual unless the host is severely 
immunosuppressed. 

Figure 36-6 Millet seeds. 

Figure 36-7 Chest X-ray: 1° tuberculosis: the Ghon complex. 
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for droplet spread and a contagious host. If this involves blood vessels, there is hemoptysis. 

§ Patients may be asymptomatic or the insidious symptoms of elevated cytokines (fever, night sweats, 
weight loss, malaise). 

Standard Tuberculosis Prophylaxis Regimens 

For high-risk patients exposed to tuberculosis or patients with recent PPD conversion (positive skin test) 
o Isoniazid for 6 months 
o Rifampin + pyrazinamide for 2 months  
Exposure involves close contact with patients who have confirmed active TB. High-risk patients include health 
care workers, immunocompromised patients,  the very young and very old, the incarcerated, others 
 
TB Treatment 

For patients with known TB infection (from culture or stain) 

o CDC recommends initial four-drug regimen until sensitivity of strain is known 

§ INH, rifampin, pyrazinamide + (ethambutol or streptomycin) 
o After sensitivity is known, treatment must include at least two drugs to which the TB strain is sensitive  

in vitro 
o Common regimens: 

§ INH, rifampin, pyrazinamide for 6 months (most common regimen) 
§ INH, rifampin for 9 months 
§ Choice depends upon patient tolerance and sensitivity of the bug 
§ These drugs are generally considered safe in pregnancy and are given commonly in patients 

with active infection 

Figure 36-8 Caseating granuloma 
From: Mi-Leong Kim, et al in: PMID 20597103 
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Lung Cancer 37Chapter 37: Lung Cancer 

Introduction 

Lung cancer is the leading cause of the 600,000 cancer deaths/year in the US (2019). 

Organ Deaths Male Female 
Lung 140,000 75,000 65,000 
Colorectal 52,000 28,000 24,000 
Pancreas 46,000 24,000 22,000 
Breast 42,000 n/a 42,000 
Prostate 32,000 32,000 n/a 

 
 

 

80-90% of lung cancer is cigarette smoking related. 
 

 

 

 

 

 

 

 

 

 

 Epidemiology: 

Lung cancer is rare before age 40 years, peaking at age 70 years. 
While the incidence of lung cancer in males is decreasing due to decreased smoking, it has remained constant in females. 
While ethnic variation in cancer rates can be identified, this appears to reflect intensity of smoking. 

Risk factors: 

o Smoking: 
 This accounts for 80-90% of risk and is proportionate to intensity of smoking. This is typically quantified 

as pack-years, calculated by the packs of cigarettes smoked each day X number of years smoked. 

The pathology of smoking 

Smoking has deleterious effects in all organ systems. The most important diseases include: 

A. Vascular: 
a. Aorta: abdominal aortic aneurysm (pathology: atherosclerosis) 
b. Arteries: CAD, CVD, RVD, PVD (pathology: atherosclerosis) 
c. Arterioles: brain (hemorrhagic stroke), heart (CHF), kidneys (nephrosclerosis) 

(pathology: hyaline arteriolosclerosis). 
B. Lungs: 

a. COPD 
b. Cancer 

C. Neoplasia: 
a. Smoking is the #1 risk factor in 4 other important cancers (Head & neck, pancreas, 

bladder, and esophagus (squamous)). 
 

Table 37-1 Most common causes of death by cancer (US). 

Figure 37-1 Relationship of lung cancer to 
intensity of smoking. 
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 Only 10% of heavy smokers will get lung cancer. 
 Risk of cancer decreases with smoking cessation but never gets back to a nonsmoker level of risk. 
 Environmental tobacco smoke (ETS) or second-hand smoke causes an increased risk of lung cancer. 
 Risk of cancer in smokers is synergistic with other risk factors such as uranium mining and asbestos. 

o Age: 
 Risk of lung cancer increases from age 40 to age 80 years. 

o Occupational exposure: asbestos. 
o Ionizing radiation: natural exposure occurs with radon, commonly found in granite. Radon is an α emitter. 
o Hereditary disease: 

 There are no discrete family patterns. Increased risk is seen in Li-Fraumeni syndrome and retinoblastoma. 

Pathophysiology: 

Molecular pathology: 

o Lung cancer cells harbor multiple chromosomal abnormalities, without any consistent pattern. 
o Noteworthy mutations include: 

 MYC-L: a powerful transcription factor that activates over 200 genes. 
 EGFR: commonly found in adenocarcinomas. These are target of tyrosine kinase inhibitors (TKIs). 
 EML4-ALK: a unique fusion protein. 

Pathology: 

o The term lung cancer is used to refer to carcinomas that arise in the respiratory epithelium. It does not include 
mesotheliomas (pleura), lymphomas (B lymphocytes) or sarcomas (stroma). 

o Cancers overwhelming arise from environmental carcinogens, especially the polycyclic aromatic amines 
(PAH) of cigarette smoke. Smoke related lung cancers are most common in the hilum where the bronchus is 
exposed to the greatest concentration of carcinogens. 

o Histopathologic types: 
 Non-small cell lung cancer (NSCLC): 

• This is the name used for the varying squamous, glandular and undifferentiated patterns found        
in most cancers.  

• In the past, these histologic subtypes were used in diagnosis, but this proved to be clinically unhelpful. 
• Early identification allows for a good stage and surgical resection. 
• Associated with the paraneoplastic syndrome of PTH-rP. 

 Small cell carcinoma (SCC): 
• These are poorly differentiated neuroendocrine neoplasms. 
• Immunohistochemistry is used in diagnosis as these tumors are positive for chromogranin             

and synaptophysin. 
• Paraneoplastic syndromes are common (10%) and include ACTH and ADH. 

Figure 37-2 Relationship of lung cancer to age. 
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Lung Cancer 37• These are aggressive malignancies not typically amenable to surgery. They are treated by 
chemotherapy and radiation. 

 Adenocarcinoma: 
• These are peripheral. 
• They most commonly arise in females and are not associated with smoking. 
•  They have well defined precursor lesions: 

o Atypical adenomatous hyperplasia. 
o Adenocarcinoma in situ (aka bronchioloalveolar carcinoma). 

• They cause no local symptoms and so tend to present late. 
 Carcinoid tumors: 

• These are low grade neuroendocrine neoplasms. 
• 20-40% arise in non-smokers. 
• They often present before age 40 years. 
• Paraneoplastic syndrome occurs in 10% (carcinoid syndrome). 
• They have a wide range of behaviors. 

Presentation: 

Symptoms: 

o More than 50% present with advanced disease. 
 Cough (75%) 
 Weight loss (45%) 
 Chest pain (45%) 
 Dyspnea (20%). 

o Local invasion: 
 Direct invasion: 

• Hoarseness (invasion of recurrent laryngeal nerve). 
• Dysphagia (invasion of esophagus). 
• ↓exercise tolerance (diaphragmatic paralysis from loss of phrenic nerve). 
• Chest wall pain and/or mass (direct invasion of chest wall). 
• Superior vena cava syndrome (occlusion of superior vena cava). 
• Superior sulcus syndrome (aka Pancoast tumor). Apical tumor that invades the structures of the 

thoracic outlet: 
o Horner syndrome: invasion of the cervical sympathetic ganglia. 

 Ptosis 
 Miosis 
 Anhidrosis. 

• Weakness and/or numbness of the hand (invasion of the brachial plexus).  

 Structure Presentation 
1 Brachial plexus Ulnar nerve palsy 
2 Sympathetic chain Horner syndrome 
3 Superior vena cava SVC syndrome 
4 Recurrent laryngeal Hoarseness 
5 Phrenic nerve Hemidiaphragm paralysis 

Figure 37-3 Correlation of thoracic outlet anatomy and a Pancoast tumor. 
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 Metastases: 
• Effusions: pleural and pericardial. 
• Lymph nodes: lymphadenopathy especially supraclavicular fossa. 

 Paraneoplastic syndrome: 
• SIADH (SCC) 
• ACTH (SCC) 
• PTHrP (NSCLC). 

 

Physical examination: 

o Reflects the pattern of local invasion, metastases and paraneoplastic syndromes. 

Testing: 

o Pathologic confirmation: 
 Cytology: bronchial washings, brushing and FNA 
 Biopsy: transbronchial or percutaneous biopsy using image guidance. 

o Imaging: essential for identifying masses and for staging.  
 Chest X-ray (CXR): a good screening test but only resolves to 1-2 cm in size. 
 CT scan: excellent resolution to 2-3 mm. 

 

Natural history: 

Prevention: 

o Low dose CT scans are recommended for anyone >50 years old with >20 pack-year history of smoking. 
 

Prognosis depends on stage: 

o Physiologic staging: 
 Lung cancer patients often have co-morbid conditions due to their smoking. Most important are COPD 

and CVD. COPD often has borderline lung function that cannot tolerate loss of a lobe. Myocardial 
infarction in the past 6 months is a relative contraindication for surgery. 
 

o Pathologic staging: 

Stage Tumor (T) Nodes (N) Metastasis (M) Survival (5 yr) 
I T1 or T2 N0 M0 60-70% 
II T2 or T3 T2N1 M0 35-45% 
III T3 or T4 N + M0 25-35% 
IV Any Any M(+) <15% 

 T1 <3 cm, T2 3-5 cm, T3 5-7 cm. T4 >7 cm or invasion of adjacent structure. 
N1 intrapulmonary nodes to hilum, N2 ipsilateral carinum or mediastinum,  
N3 contralateral or supraclavicular. 

 
 Table 37-2 Staging of lung cancer and prognosis. 
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Lung Cancer 37 Staging of lymph nodes: 

 
                        

 
 Surgery is possible for Stages I and II. Stage III requires a multimodality approach. 
 Staging of metastases using the PET scan. 

    

Treatment can be 
 Palliative: for symptoms only 
 Curative: usually involves complete resection by surgery 

Treatment modalities 

  Surgery 
 Radiation (high energy X-rays) 
 Medical 

• Chemotherapy 
• Biologics 

o Growth inhibition 
o Immune regulation 

Figure 37-4 Staging of lung cancer and lymph node anatomy. 

Figure 37 -5 (+) PET scan. 
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Kidney: Clinical Pathologic Correlation 38Chapter 38. Kidney: Clinical Pathologic Correlation 

Introduction: 

There are 6-7 basic presentations of kidney disease. There are no short cuts to learning them; this requires 
repetition and effort. 

 

 

 

 

 

 

 

 

 

 

 

As with most organ systems, it is best to start with chronic progressive disease that leads to organ failure. 

Chronic progressive renal disease has a gradual decrease in GFR (for further discussion see: Chapter 41.          
Renal function testing and renal failure). 

o The first manifestations of chronic renal failure occur when the GFR is <30 mL/min (i.e. Stage 4).       
These are hypertension and fatigue of anemia. 

o When the GFR is < 15 mL/min, there is multiorgan failure that manifests as the uremic syndrome (Stage 5). 
Without dialysis, death follows within months. 

 

Table 38-1 Clinical pathologic correlation of kidney disease. 

Figure 38-1 Chronic kidney disease: function over time. 
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Uremia and hypertension (Chronic kidney disease, Stages 4 and 5) 

Chronic renal failure is defined as failure over a time period > 12 weeks. Failure occurring over 1-11 weeks is 
called “rapidly progressive”, rather than the more common term of “subacute”. While “acute” renal failure occurs 
over hours to days, it is defined by oliguria (defined as urine production <400-500 mL/24 hour). 

In the developed world, chronic renal failure most commonly presents at Stage 4 as fatigue from the anemia that 
develops from the lack of erythropoietin. The second commonest presentation is the development of 
hypertension that is resistant to medical treatment. 

Uremia is a syndrome, that is, a collection of signs and symptoms from a single pathology. Most of the patient 
complaints are non-specific and require laboratory testing to establish a renal origin.  

o Cardiomyopathy ..………………………..    shortness of breath 
o Pericarditis ………………………………….    chest pain 
o Gastrointestinal …………………………..    abdominal pain, constipation 
o Mental changes …………………………..    confusion → coma 
o Anemia ……………………………………….     fatigue 
o Muscle wasting ……...…..………………    weakness 
o Increased plasma volume ……………    edema 
o Platelet dysfunction …………………….    bleeding disorder 

The abnormal laboratory findings of increased urea (BUN) and creatinine are called azotemia. 

The key laboratory test used for testing is the eGFR, which is calculated from the serum creatinine             
(for further discussion, see: Chapter 41. Kidney: Renal function testing & Renal failure) 

Stage 5 chronic renal failure is called End Stage Kidney Disease, (ESKD) or end stage renal disease. Patients require 
dialysis or kidney transplant to survive. 

Oliguria (acute renal failure) 

There is no consensus on the definition of oliguria. It is present with a urine production < 400-500 mL/24 hours.    
It can usually be recognized within 6-12 hours of injury. 

Acute kidney injury (AKI) is the term preferred by some authors rather than acute renal failure 

The differential diagnosis for post-operative oliguria also includes the syndrome of inappropriate antidiuretic 
hormone (SIADH). This should be suspected when there is hyponatremia. 

There is no strict difference between hypoperfusion oliguria (i.e. pre-renal) and acute kidney injury (i.e. renal). 
Severe hypoperfusion can progress into AKI. 

Acute kidney injury may be due to renal hypoperfusion, called prerenal failure, acute tubular necrosis, called renal 
failure and obstruction, called post-renal failure. 

o Pre-renal and renal disease can be differentiated by four basic tests of BUN/creatinine ratio, FENa+, Urine Na+ 
and Urine osmolality. 

AKI can result from toxicity to the renal tubules. This does not occur in one instant and so renal tubular cells may die 
over a period of days or more. This means that there may not be the oliguria that is caused by plugging of the renal 
tubule by a collective sloughing of necrotic tubular cells. The only way to recognize the renal failure of AKI is a rising 
serum creatinine over several days. 

Non-oliguric acute renal failure (acute kidney injury, AKI): 

o AKI is defined as an increase in serum creatinine >0.3 mg/dL over 48 hours.  
o Common tubular toxins include the aminoglycosides, NSAIDs, amphotericin and radiocontrast dyes. 
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Hematuria (nephritic syndrome) 

Blood in the urine can arise from disease anywhere along the urinary tract. Urinary 
casts can only arise in the renal tubules, so RBC casts prove that hematuria is arising in 
the kidney. RBCs can only be present in the tubules when there is severe damage to 
the glomerulus, and this is most commonly due to inflammation in acquired disease.  

o RBC casts are pathognomonic of glomerulonephritis. 

Significant protein can only be present in the urine if there is significant damage to the 
glomerulus. Therefore, hematuria with proteinuria indicates glomerulonephritis. 

o Marked proteinuria indicates glomerular disease. 

The etiology of the glomerular disease is made by renal biopsy.  

Renal biopsy is not indicated in children as the commonest cause 
of glomerulonephritis is post-streptococcal in origin and this is self-limited. 

Edema (nephrotic syndrome) 

Edema, abnormal interstitial fluid, is usually due to an abnormality of Starling’s forces. 

In an outpatient setting, these diseases can be ruled in and ruled out by the physical examination and simple tests: 

1. Congestive heart failure, 2.  Chronic kidney disease. 

Pathophysiology Diagnosis 
Nephrotic syndrome Urinalysis: 4+ proteinuria 
CHF1 Auscultation: lung crackles and S3 heart 

sound 
Cirrhosis Portal hypertension: ascites, splenomegaly, 

caput & hemorrhoids. 
Hyperestrogenism: feminization, palmar 
erythema, spider angioma. 

 

CKD2 Elevated serum creatinine 

Anuria 

Anuria, the complete absence of urine production, has a differential diagnosis than 
oliguria. Anuria is due either to a complete obstruction (e.g. Foley catheter 
obstruction, prostate or both ureters) or extensive necrosis of the renal cortices. 

 

Figure 38-2 The urinary tract. 

Figure 38-3 Starling forces. 

Table 38-2 The differential diagnosis of edema in an outpatient setting. 
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Diagnosis of primary glomerular disease is established in adults by renal biopsy. The most common 1° cause is 
membranous glomerulopathy; the most common 2° cause is diabetes mellitus (biopsy is not required if diabetes 
has been present > 5-10 years). 

o Biopsy is not performed on children as minimal change disease is the most common cause of nephrotic 
syndrome and it is a benign, self-limited disease. 

Fever with costovertebral angle tenderness. 

Pyelonephritis, a urinary tract infection (UTI) of the kidney, is likely in a setting of fever and costovertebral angle 
tenderness. It can be confirmed by urine dipstick which will be positive for leukocytes esterase (i.e. pyuria) and 
nitrites (i.e. bacteria). 

WBC casts are pathognomonic for acute pyelonephritis 

Lower UTI is common in women, as colonization of the distal urethra occurs easily due to its proximity to the 
anus. Acute pyelonephritis occurs when there is reflux of urine up the ureter due to fibrosis around the ureter’s 
insertion through the bladder wall. Fibrosis follows the chronic inflammation of recurrent cystitis. 

UTI is seen in males only when there is an outflow obstruction. In old males, this is due to benign prostatic hyperplasia. 
In male children, it is due to congenital anomalies such as vesicoureteral reflux and posterior urethral valves. 

Colicky flank pain: 

Colic is intermittent pain that waxes and wanes. 

Colic is associated with obstruction of a hollow organ. This includes: 

o Small bowel obstruction: there are periods with no pain between attacks 
o Acute cholecystitis: colic occurs in early disease in the obstruction phase. It is epigastric in location. When the 

inflammatory phase follows in 4-6 hours, the pain moves to the RUQ and becomes steady in nature. 
o Ureteric obstruction: the pain can radiate into the groin if the stone obstructs in a more distal location. The 

stone surfaces are sharp and traumatize the mucosal surface of the ureter. Hematuria is an expected finding. 

Ultrasound is used in the emergency room to identify the stone as it is easy, convenient and emits no radiation.   
It only has a sensitivity of about 70%. CT scan is considered the gold standard, with a sensitivity >95%. 

It is important to filter the urine so that the type of stone can be established by crystallography. 

Resistant hypertension: 

Resistant hypertension is defined as hypertension (HT) while on 3 anti-hypertensive medications. 

The clinical significance lies in the fact that these patients should be investigated for a secondary cause. 

Table 38-3 Clinical pathologic correlation of kidney stones. 
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Kidney: Clinical Pathologic Correlation 38o >90% of hypertension is of unknown cause, hence the various terms used to describe the condition:   
essential HT, 1°HT and idiopathic HT. 

Most resistant hypertension is due to 1 of 3 causes: 

o 1° hyperaldosteronism 
o Renovascular hypertension 
o Chronic renal failure (Stages 4 & 5) 

Other rarer causes include: 

o Endocrine: pheochromocytoma, Cushing disease, hyperthyroidism, hyperparathyroidism 
o Medications 
o Coarctation of the aorta 

 

Tests used in the diagnosis of kidney disease (in Table 38-1): 

Chronic renal failure can be diagnosed by using the serum creatinine to calculate the eGFR. Hypertension arises 
when the eGFR <60 mL/min (i.e. Stage 4 and 5 disease). In the US, the majority of chronic renal failure is secondary 
to diabetes mellitus (40%) and hypertension (25%). 

Aldosterone / renin ratio: 

o 1° hyperaldosteronism is due to non-suppressible secretion of aldosterone by the adrenal cortex                 
(2/3 bilateral hyperplasia, 1/3 adenoma). The resulting hypertension from hypervolemia suppresses 
production of renin by the juxtaglomerular apparatus. 

o Renovascular hypertension is due to a >70% stenosis of the renal artery. In the elderly, this is usually due to proximal 
atherosclerotic plaque. In younger women it is more likely to be due to fibromuscular dysplasia. The decrease in 
perfusion pressure of the glomerulus causes and increase in renin release and an increase in aldosterone release. 

 

 

 

Imaging: 

o 1° hyperaldosteronism: CT scan and MRI scan are equal in diagnosing hyperplasias and adenomas.               
The distinction of the two matters as adenomas can be cured by resection while bilateral hyperplasias         
are treated medically with a mineralocorticoid receptor antagonist (e.g. spironolactone). 

o Renal artery stenosis: diagnosis is established by demonstrating stenosis >70% of the renal artery diameter. This can 
be achieved by ultrasound, CT scan arteriography which uses dye injection and magnetic resonance angiography. 

Renal vein renin: 

o Measurement of renin levels in the renal veins can be used with borderline findings in other tests used in 
assessing renal artery stenosis. It provides direct measurement of renal output and comparison of the 
affected kidney to the unaffected kidney. 

Disease Aldosterone Renin A/R 
ratio 

1° hyperaldosteronism ↑ ↓ >30 
Renovascular hypertension ↑ ↑ <30 

Obstructive Sleep Apnea 

There is a clear association between sleep apnea and hypertension, especially resistant HT. The challenge 
is to identify an independent effect of the OSA, which, like hypertension, is common in obesity and old age. 
The current consensus is that effective treatment of OSA has a direct effect of decreasing blood pressure 

Table 38-4 The A/R ratio in resistant hypertension. 
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Regional anatomy 

CT scan, coronal view (posterior): 

o It is easy to overlook the fact that the GI tract has its own venous drainage via the portal vein. This blood will 
all filter through the liver, re-entering the venous system through the 2-3 hepatic veins. The portal vein also 
drains the visceral peritoneum. 

o The superior mesenteric artery has a relatively acute angle of take-off. This can pinch the left renal vein as it 
courses under the angle, raising renal vein blood pressure. This can cause the nutcracker syndrome with 
variable expression of hematuria and abdominal pain. As the left testicular vein empties into the renal vein, 
this pressure can manifest as a varicocele and testicular pain.  

§ Left renal vein pressure can also increase with thrombosis. This is seen in 5% of patients with nephrotic 
syndrome as this results is a hypercoagulable state due to urinary loss of antithrombin III. Pressure can 
also increase with invasion of the vein by renal cell carcinoma. 

o Most of the peritoneal fluid reabsorption occurs in lymphatics in the diaphragm, especially beneath the liver. 
In Meigs syndrome, an ovarian mass, usually a fibroma, there can be enough mechanical irritation of the 
peritoneum to cause ascites. This fluid ends up in the right thorax through lymphatic channels that connect 
the subhepatic space to the pleural space. A left-sided pleural effusion can also form. In extragenital spread 
of gonococcal or chlamydial infection, there can be an acute perihepatitis with adhesion formation.             

Figure 39-1 Abdomen, CT scan, coronal view. 

Figure 39-2 Nutcracker syndrome. 
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The infection presumably gets to the liver capsule through peritoneal flow past the distal ends of the   
fallopian tubes. This is called the Fitz-Hugh Curtis syndrome.  

CT scan, transerse view, T12-L2. 

o This is a key view of the abdomen as it encompasses the pancreas 
§ T12: level of the celiac axis. The IVC (Figure 39-4 #5) shows the splenic vein. There is prominent liver tissue 

and the right kidney is smaller as it is pushed down by the liver mass and only the superior portion is seen.  
§ L1-2: level of the SMA. Liver is usually absent. 

 
 
 

Figure 39-3 Blood vessels and lymphatic flow of the abdomen. 

Figure 39-4 Abdomen: transverse view at L2. 
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Kidney: Structure and Function 39o Stomach (Figure 39-4 #4) is identifiable by its gas bubble from swallowed air. 
o The vertebral pedicle (Figure 39-4 #7a) is important in cancer complications. Boney metastases can cause a 

pathologic fracture that will collapse and compress the spinal cord. 
o The vertebral lamina (Figure 39-4 #7b) forms the roof of the spinal canal. Laminectomy is used to allow for 

shaping of the intervertebral disc in herniation or to relieve pressure in diseases like spinal stenosis. 
o The ribs angle obliquely from the thoracic vertebrae and so only the ends are seen in transverse section. 
 

The kidney in the retroperitoneum: 

o The retroperitoneum can be divided into anterior (Figure 39-5 “A”) and posterior (Figure 39-5 “B”) compartments. 
o Note that the term perinephric refers to tissue around the kidney within the perinephric fascia, while 

paranephric refers to tissue outside of this layer. 
o The perinephric fascia is not well defined. It is referred to as Gerota’s fascia in the anterior plane, important 

because it can be defined in radical nephrectomy surgery. 
o Renal capsule and perirenal fascia are important in cancer staging: 

§ T2 (within renal capsule)………………..… 82% 5 year survival 
§ T3 (through capsule, within fascia)…... 64% 
§ T4 (through fascia)………………………….... 23%  

o There are no structures surrounding the kidney that could cause symptoms if invaded by a renal cell 
carcinoma (RCC). For this reason, most RCCs present as metastases except for the small number (<10%)      
that have a paraneoplastic syndrome (e.g. PTHrP, EPO)  

Gross structure of the kidney 

  

Figure 39-5 Anatomy of the retroperitoneum. 

Figure 39-6 Internal anatomy of the kidney. 



356

Clinical Pathophysiology

Kidney divides into cortex and pelvis 

o The cortex and medulla are the parenchyma of the organ. That is, they are the portion that performs the 
specialized function of filtration etc. Neoplasms from the tubular cells are renal cell carcinomas. It is 
uncommon for these cancers to invade into the pelvis, so they do not commonly present as hematuria. 

o The pelvis is usually referred to as the pelvicocalyceal system. A single pyramid drains into a minor calyx, 
while several minor calyces form a major calyx. This system is lined by urothelium, and so it forms     
urothelial cell carcinoma (aka transitional cell carcinoma). As these connect to the bladder, they usually 
present as painless hematuria. 

The pelvis connects to the ureter at the ureteropelvic junction (UPJ,“F” in Figure 39-6). This is a site of congenital 
narrowing, causing stenosis. It is also the first narrowing of the urine drainage system and is a common site for 
kidney stones to lodge. 

The pyramid (Figure 39-6 “D”) is named for its gross shape. It is mostly composed of the loop and collecting tubules. 

The column is the tissue found between the pyramids. It has no particular clinical distinction and is mostly 
composed of elements of the nephron. 

In CT scans of the kidney, it is possible to get tangential “cuts” or sections. These have a distinctive appearance 
that needs to be correlated to the conventional autopsy view (Long and Short axis views in the image). 

Internal Structure of the Kidney: Blood supply 

The kidneys are not usually involved in aortic atherosclerosis (A in the image). More than 80% of abdominal aortic 
aneurysms occur below the level of the renal arteries. 

The renal arteries (Figure 39-7 “B”) are commonly involved by atherosclerosis 
(RAS), which usually occurs near the proximal end, at the origin form the aorta. 
When there is >70% occlusion, patients develop resistant hypertension. 

Arterioles form at the level of the arcuate arteries at the corticomedullary 
junction (Figure 39-7 “C”). They develop hyaline arteriolosclerosis which causes 
nephrosclerosis. The natural history of nephrosclerosis is one of gradual decline 
in GFR, resulting in chronic renal failure. The first presentation of this is when 
GFR is <30 mL/min (i.e. Stage 4 failure) and patients develop anemia due to 
decreased erythropoietin (fatigue) or increased blood volume due to 
decreased filtration, with resistant hypertension). 

 

Figure 39-7 Blood supply 
of the kidney. 

Figure 39-8 Clinical pathologic correlation of the renal pyramid. 
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Strictly defined, the papilla refers to the grossly visible triangular tissue seen in the medulla. Including the 
overlying cortex and its nephrons, however, lets one appreciate the architecture of the kidney. Glomeruli can be 
seen with the naked eye in fresh kidney; they look like small carnations. This matters in assessing the adequacy of 
kidney biopsies, although dissecting microscopes are used to enhance the magnification. These glomeruli rupture 
in hypertensive emergency and their gross appearance on the renal cortex is called “rat-bitten”. 

Clinical pathologic correlation of the pyramid 

o Hyaline arteriolosclerosis, a pathologic process of small arteries and arterioles, occurs in 
the kidney at the level of the radial artery (aka intralobular artery). Stenosis and occlusion 
are subclinical events as the amount of tissue lost is so small. Enough tissue loss, over a 
period of years to decades, results in chronic renal failure. This pathologic process is called 
nephrosclerosis, from the fibrosis following cell death. 

o The tubules and interstitial tissue are perfused by arterioles downstream from the 
glomerulus. This means that damage to the glomerulus, which results in 
glomerulosclerosis, will inevitably cause ischemic damage to the tubule and 
progression of renal failure. This pathologic process is called tubulointerstitial 
fibrosis. The glomerulus and tubules are inseparably linked, and pathology of the 
glomerulus will result in damage to the tubules. 

o The tubules secrete Tamm-Horsfall protein. This is of uncertain function, but when there is slow urine flow in 
the tubule, it forms a gel (as does any protein in a high enough concentration in water). This gel takes on the 
shape of the tubule, forming a cast. Any cell present in the lumen is trapped in the cast, forming a cellular cast. 
These are highly useful in renal disease, functioning as an indirect “biopsy” of the kidney. 
§ RBC cast…………………   glomerulonephritis 
§ WBC cast……………….    pyelonephritis 
§ RTC cast………………..     acute kidney injury (aka acute tubular necrosis) 
§ Muddy brown cast are degenerating renal tubular casts. 

o Urinary tract infections start with colonization of the distal urethra. This occurs commonly in females as the 
urethra is close to the anus in the perineum. In males, there is usually some obstructive process: BPH in old 
males and congenital defect in children. The E. coli ascends the tract and enters the kidney via the orifice       
of the collecting tubule in the papilla. In the distal convoluted tubule, it incites acute inflammation.               
The responding neutrophils move into the lumen where they get trapped in casts. Leukocytes casts are 
pathognomonic of acute pyelonephritis. 

o The papilla of the pyramid is vulnerable to necrosis because it is at the distal end of perfusion and it has a 
hyperosmolar environment. Papillary necrosis is seen in diabetes mellitus, pyelonephritis, sickle cell anemia and 
with NSAID use. It presents with pain and hematuria. 

Cellular structure and function of the kidney 

The nephron 

Self-regulatory mechanisms 

There are 2 reflexes that monitor glomerular blood flow, which determines GFR: 
A. Myogenic reflex (Figure 39-10):  

§ The smooth muscle cells of the afferent arterioles respond to systolic 
pressure. As systolic pressure increases, smooth muscle vasoconstriction 
maintains a constant glomerular pressure. 

§ In hypertensive emergencies, systolic pressures >180-200 mmHg 
overwhelm this protective mechanism. Intraglomerular pressure 
becomes the same as systolic pressure, rupturing the glomeruli.     
These hemorrhagic glomeruli can be seen on the surface of the kidney, called “flea-bitten” kidney. 

1 mm 

Figure 39-9 Kidney 
needle core biopsy. 

Figure 39-10 Self-regulatory 
mechanisms of the nephron. 
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B. Tubuloglomerular reflex: 
§ The macula densa of the distal convoluted tubule monitors both the luminal urine flow and chloride 

concentration of the filtrate through a modified NaK2Cl channel. When flow and chloride decrease, the 
macula densa cells release adenosine, prostaglandins and renin to maintain intraglomerular pressure and 
GFR (see below: Regulation of urine production). 

Structure of the nephron 

Each segment of the nephron has a specialized function with different regulatory mechanisms. Each should be 
considered separately. 

The Glomerulus 

The site of filtration, it filters all components except proteins and cells. The tubules then reabsorb or secrete the 
filtered components according systemic and local regulation. 

Cellular structure (see image below): 

o The afferent arteriole (Figure 39-12 #3) is surrounded by smooth muscle cells (Figure 39-12 #4). These effect 
the myogenic reflex (see above) and local vasoconstriction for regulation of GFR (see below). 

o The smooth muscles surrounding the efferent arteriole (Figure 39-12 #6), have numerous ATII receptors while 
the smooth muscle cells of the afferent arteriole (Figure 39-12 #4) do not. This underlies the tubuloglomerular 
reflex in which the GFR can be increased by increasing the intraglomerular pressure (see below). 

o The cells that line Bowman’s space are called parietal cells of Bowman’s capsule. When stimulated by 
fibrinogen in rapidly progressive glomerulonephritis, they proliferate, forming crescents. The podocytes 
(Figure 39-12 #8) form the visceral layer. 
 
 

 

 

 

 

 

 

 

 

Figure 39-11 Functional segments of the nephron. 

Figure 39-12 Structure of the glomerulus. 
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A. Central (CNS): sympathetic nervous system (Figure 39-12 #7 in image) 
o The nucleus tractus solitarius (NTS) in the medulla is stimulated by the baroreceptors in the aorta          

(CN X afferents) and carotid sinus (CN IX afferents). 
o The hypothalamus is stimulated by volume receptors in large veins and atria. The hypothalamus signals 

the NTS and releases ADH. 
B. Local: 

o The macula densa measures both flow rate through non-motile cilia and [Cl-] through a modified    
NaK2Cl transporter. 

o Low GFR is identified in the macula densa when there is a ↓flow and a ↓[Cl-], due to increased 
absorption upstream. 

o GFR is increased by increasing hydrostatic pressure in the glomerulus. This is accomplished by 
vasodilation of the afferent arteriole and vasoconstriction of the efferent arteriole. 

o The cells of the macula densa release PGE2, which signals the renin-secreting cells to release renin. This starts 
the cascade that increases ATII and aldosterone (RAAS).  
§ The afferent endothelial cells release NO and decrease adenosine production. Together with the PGE2, 

NO causes vasodilation of the arteriole through relaxation of the smooth muscle cells. 
§ The efferent smooth muscle cells have abundant ATII receptors (Gq), which together with the endothelin 

(also Gq), cause vasoconstriction. 
o The resulting increase in the intraglomerular pressure increases the GFR.  
o ATII also causes peripheral vasoconstriction through the ATII receptor and the production of aldosterone 

increases blood volume. 
C. Clinical pathologic correlation: 

o Patients with borderline renal function: this is common in diabetes mellitus. These patients should not 
take over-the-counter NSAIDs, which inhibit COX enzyme necessary for PGE2 synthesis. The decrease in 
PGE2decreases the vasodilation of the afferent arteriole, which then decreases the intraglomerular 
pressure, with a decrease in GFR leading to renal failure. 

o Patients with GFR < 60 mL/min (i.e. Stage 3 failure) develop inevitable progression due to focal segmental 
glomerulosclerosis from the elevated intraglomerular pressure (see compensatory hypertrophy in    
Chapter 40. Kidney: Renal function Testing and Renal Failure). To slow this process down, these patients are 
placed on ACE-I. The decreased vasoconstriction in the efferent arterioles lowers intraglomerular pressure. 

The glomerular filtration barrier 

This trilaminar structure functions as a single functional unit. It is composed of: 

o Endothelial cells (Figure 39-15 #1): these are fenestrated, which means that there are tunnels through the 
cytoplasm, filled with a glycocalyx. These pores account for about one-half of the resistance to filtration.  
They are selective and help exclude albumin from perfusion. 

  

Figure 39-13 Regulation of urine production. 
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§ Dysregulation of fenestrae is well characterized in preeclampsia 
§ Damage to endothelial cells is part of the cause of albuminuria in diabetes mellitus. 
§ Fenestrated endothelium is also found in the vasculature of endocrine glands 

o Basement membrane (Figure 39-15 #2): this is negatively charged, making it a key structure in selective 
filtration of albumin. 
§ Thickening of the basement membrane is the first visible pathology of diabetes mellitus and is associated 

with albuminuria. 
§ Defective Type 4 collagen gives rise to an abnormal basement membrane in Alport disease. 
§ Antibodies to the α3 chain of Type 4 collagen is seen in Goodpasture disease. 

o Slit membranes (Figure 39-15 #3) between the pedicels of  
the podocytes: the foot processes of the podocyte (also called 
pedicels) form tight junctions around the capillaries of the 
glomerulus. There are slit membranes between these processes 
made of multiple proteins, including nephrin, that are selective for 
macromolecules, especially globulins. 
§ Abnormal foot processes are seen in minimal change disease. 
§ Immunoglobulins are too large to filter through the slit membranes of the glomerulus. Light chains do 

filter through. In multiple myeloma, the immunoglobulin is found in the plasma, but not the urine.      
90% of myelomas produce an excess of light chain and these can be found in the urine, where they are 
called Bence-Jones protein. 

§ Light chains are not detected by dipstick, which only identifies albumin. One must order a separate urine 
protein assay.  

The Tubules 

A Model Tubular Cell 

 

 

 

 

 

 

 

 

 

1 Na+ channel 
2 Vesicles 
3 Cotransporter 
4 Exchanger 
5  Paracellular  

Figure 39-14 The podocyte. 

Figure 39-15 The trilaminar glomerular filtration unit. 

Figure 39-16 A model tubular cell. 
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o All substances that are absorbed against the electrochemical gradient require active transport that depends 
on the energy of the Na+/K+ ATPase 
§ Symporter (Figure 39-16 #3): absorbed with sodium, this is seen on the apical membrane for glucose, 

amino acids, and lactate 
§ Antiporter or exchanger (Figure 39-16 #4): the substance is exchanged for an electrolyte such as     

sodium or potassium 
o Substances that can be absorbed down a gradient use facilitated diffusion that requires no energy. 

§ Channels (Figure 39-16 #1): common for glucose (GLUT 2) and with gated electrolytes that are used to 
signal, like calcium 

§ Paracellular (Figure 39-16 #5): divalent cations, such as Mg+2 and Ca+2, have complex regulation, but a 
significant component of their absorption occurs between cells (i.e. it is paracellular). This space is 
regulated by specific proteins, the claudins. The paracellular space is permeable to water, accounting for 
the “leakiness” of the tubule. 

The Proximal Convoluted Tubule (PCT) 

Sodium: 2/3 of sodium is absorbed, in 2 steps: 

o From the lumen into the cell via symporters, H+ exchanger and a Na+ channel (minor). 
o From the cell into the peritubular capillary via the Na/K ATPase 

Glucose: sodium-glucose linked cotransporter (SGLT-2) is a 2° active transport. 

o SGLT-2 is saturated at ≈180 mg/dL. Glycosuria suggests diabetes mellitus. 
o SGLT-2 (Figure 39-17 #1) can be inhibited by the gliflozins in Type 2 diabetes.  

Phosphorus-sodium transporter Type 2A (NaPi-2channel (NPC), 
Figure 39-17 #2) regulates most of the phosphorus reabsorption.  
It is inhibited by PTH and FGF 23 and activated by Vitamin D3.  
NaPi transporter dysfunctions early in chronic renal disease.        
The resulting increase in serum PO4

-2 leads to an increase in PTH 
and starts the process of renal osteodystrophy that ends in   
osteitis fibrosa cystica. 

Bicarbonate: The H+-Na+ exchanger leads to the resorption of    
90% of the bicarbonate filtered. Type 2 renal tubular acidosis        
(Figure 39-17 #3) is seen in children with congenital defects in 
transporters or the more global Fanconi syndrome. Acquired RTA 
type 2 is seen in myeloma kidney. Carbonic anhydrase can be 
inhibited with acetazolamide, used in the treatment of glaucoma. 

Removal of solutes from the urinary filtrate creates an osmotic 
gradient with the blood that promotes passive water absorption 
through the “leaky” tubule (Figure 39-17 #4). This leakiness is 

ATPases 

Plasma membrane ATPases are not common in the body. In addition to the universal Na+/K+ ATPase, there is: 

§  Ca+2 ATPase in the cardiac myocyte 
§ H+ ATPase in the intercalated cell of the collecting duct 
§ H+/K+ ATPase in the parietal cell of the stomach. 

 

Figure 39-17 Proximal convoluted tubular cell. 
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through aquaporin channels and the paracellular space. Urea, measured as blood urea nitrogen or BUN, passively 
follows the water. The BUN/creatinine ratio  

can be used to differentiate acute tubular necrosis (ATN) from pre-renal hypoperfusion in acute renal failure. 

The family of dibasic amino acids (cystine, ornithine, arginine, and lysine) have a specific protein transporter 
(Figure 39-17 #5) that is defective in cystinuria. The ↑ [cystine] in the urine leads to the formation of stones          
at an early age. 

The Loop & Thick Ascending Limb (TAL) 

Sodium: 20-30% is absorbed in this segment through the NaK2Cl 
transporter (Figure 39-18 #1). There is little resorption of water in this 
segment as there are no aquaporin channels. This is the essential element 
of the countercurrent multiplier system (CCM). The NaK2Cl transporter is 
the target of furosemide in the diuresis of the edema in treating CHF. 

o Without a CCM, there is no concentration of urine, measured as 
urinary osmolality (UOsm). UOsm is a useful test in many situations, 
including differentiating ATN from pre-renal failure (#1in the image). 
 

Potassium: the continued import of Na+ and Cl- creates and electrogenic 
environment that drives 

K+ out into the tubular lumen through selective apical K+ channels. 
The resulting positivity in the lumen drives the passive resorption of 
divalent cations Ca+2 and Mg+2 through the paracellular space. This means 
that furosemide can be used in treating hypercalcemia as the decrease in 
K+ driven lumen positivity results in a decrease in calcium resorption. 

The Distal Convoluted Tubule (DCT) 

Sodium: the DCT reabsorbs 5-10% of sodium through the NaCl 
cotransporter. This transporter is inhibited by thiazides. 

Calcium: the DCT is the major site for calcium regulation. Uptake is via a 
Vitamin D-dependent calcium binding protein and a calcium channel. 
Extrusion is through a calcium / sodium exchanger and a calcium ATPase. 
The first three are the most important and all are upregulated by PTH. 

The PTH receptor is Gs. Abnormal Gsα is the defect in 
pseudohypoparathyroidism. The defective receptor               
leads to hypocalcemia. 

The Collecting Duct: Principal Cell 

Sodium: the final 2-3% of reabsorption occurs in the principal cell, but this is enough for aldosterone and 
natriuretic peptides to regulate blood volume via the epithelial sodium channel (ENaC). 

o Aldosterone is lipid soluble and does not need a membrane receptor. It proceeds directly 
to the response elements of the nucleus for transcription. 

o The natriuretic peptides have a Gs receptor that acts through GMP.  
o ANP/BNP downregulate the ENaC, but natriuretic peptides do not affect K+ excretion. 
o 1° hyperaldosteronism is one of the commonest causes of resistant hypertension. 
o The natural history of CHF (i.e. ↑life span) can be altered by using drugs that act on this mechanism. 

Figure 39-18 The thick ascending limb. 

Figure 39-19 The distal convoluted tubule. 
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the aldosterone receptor sites in the nucleus. 

§ Neprilysin inhibitors (Entresto®) increase the T1/2 of the 
natriuretic peptides as neprilysin catalyzes their degradation. 

ADH has a Gs receptor that acts through cAMP and PKA. This V2 
receptor is different from the V1 receptor on blood vessels that 
mediates vasoconstriction in blood vessel, which is Gq. This latter 
effect gave rise to ADH’s other name, vasopressin. 

o Vasopressin inhibitors are the “… vaptans” (e.g. conivaptan) 

The aquaporin 2 channels are preformed and can be increased and 
decreased over minutes to regulate water reabsorption. 

The Collecting Duct: Intercalated cell 

The intercalated cells are responsible for acid-base balance.               
There are 2 types: 

o Type A: secretes acid 
o Type B secretes bicarbonate6 

Diet determines net acid or base gain. Meats, grains and dairy products generate acids; 

Fruits and vegetables generate alkalis. 

The biochemistry is complex and probably not worth the effort to learn. 

Renal tubular acidosis Type 1 is a defect in acidification and patients cannot get urine pH below 5.5.  

Symptoms are related to the resulting hypokalemia (i.e. weakness). 

o In children there is a defect in the H+ ATPase or the HCO3
-/Cl- exchanger 

o In adults, it usually autoimmune, especially Sjogren’s syndrome. 

 

 

 

 

 

  

Figure 39-20 The collecting tubule 
principal cell. 

Figure 39-21 The intercalated cell. 
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Summary of the pharmacology and diseases of the nephron 

 

Diseases: 

 

Drugs: 

Figure 39-22 Summary of the pharmacology and diseases of the nephron. 
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Chapter 40. Kidney: Renal Function Testing and Renal Failure 

The Nephron: testing the functional components 

Serum creatinine is a “good enough” test of overall kidney function as well as glomerular function. Any disease 
that affects the glomerulus also causes glomerulosclerosis and that impairs blood flow in the efferent arteriole, 
which supplies the tubules (for more, see: Chapter 39. Kidney, Structure &function). 

Serum creatinine level depends on a patient’s muscle mass. Serum creatinine, therefore, should be converted into 
the eGFR to compensate for an individual’s difference in musculature. 

Pathology of the glomerulus causes impairment of the filtration unit, allowing for albuminuria. This is critically 
important in diabetes mellitus, as the advanced glycosylation end products (AGEs)from glycosylated proteins 
cause damage to the filtration membrane. DM causes 40% of end stage kidney disease in the US. 

Damage that is restricted to the tubules occurs with hypoperfusion and results in acute renal failure, which 
presents as oliguria. The most metabolically active tubules, the proximal convoluted tubule (PCT) and the thick 
ascending limb (TAL), are the most severely affected. The differential diagnosis of oliguria includes prerenal, renal, 
and post renal causes. There are 4 tests used to establish whether to give or restrict fluids. 

Urine pH testing has 2 important applications. In renal tubular acidosis (RTA) type 1 urine pH does not go below 
5.5. Urine pH is also used in preventing recurrent kidney stones. Patients with uric acid stones need to maintain 
an alkaline pH while those with struvite stones need to maintain an acidic pH. 

Urine osmolality (UOsm) is not only used in acute renal failure (i.e. oliguria) to differentiate prerenal from renal 
causes, but also in the differential of hyponatremia. UOsm is compared to the normal serum osmolality of ≈300 
mOsm/mL. Polydipsia has a UOsm < 100 while in SIADH, UOsm is> 300 mOsm/mL. 

General Renal Function 

1. Serum creatinine and eGFR 
o Creatinine is the metabolic breakdown product of creatine. Creatine is the protein that stores high 

energy phosphates in muscle cells for replenishment of ATP via creatine kinase. 
§ Ingestion of creatine supplements will increase serum creatinine levels. 

o Creatinine is 100% filtered and 10% secreted by tubules. It can be used to calculate GFR, but the          
10% secretion gives a slightly elevated level. 

Figure 40-1 Renal function testing of the nephron. 
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Renal Function Testing & Renal Failure 40o Serum creatinine levels reflect the creatine levels found in muscle. Muscle mass varies by age (↓ in elderly), 
gender (lower in females), ethnicity (higher in African Americans) and size (usually estimated using weight). 
Complex formulas are used to standardize these factors for individuals, giving an estimated glomerular 
filtration rate (eGFR). 

o Serum creatinine levels only rise slowly in acute renal failure, which can be diagnosed when levels increase: 
§ > 0.3 mg/dL over 48 hours 
§ > 1.5X baseline over 7 days. 

o Serum creatinine is specific but not sensitive      
to renal failure. It will not rise until there is    
<50% GFR (i.e. <60 mL/min). An elevated serum 
creatinine level is diagnostic of renal failure. 

o GFR decreases with age, about 1mL/min/year 
after age 30 years. This does not give an  
elevated creatinine. 

2. Blood Urea Nitrogen (BUN) 
o Urea is produced in the liver during the 

deamination of amino acids in the liver transported on: 
§ Alanine - gluconeogenesis. 
§ Glutamine - ammonia clearance. 

o Urea is mostly passively absorbed and so it generally follows water in the tubules. 
o BUN starts to rise when GFR < 50% (about 60 mL/min). 
o BUN adds little in evaluating general renal function while having significant limitations: 

§ It rapidly rises in dehydration, as it follows water. 
§ It is affected by diet. It increases with ingestion of meat, as meat has high amounts of amino acids 

that end up in gluconeogenesis. 
§ It is elevated in catabolic states due to increased amino acid metabolism and gluconeogenesis. 
§ Bleeding in the gut causes a rise in BUN due to bacterial metabolism of the proteins. 

3. Urine dipstick 
o Dipsticks are a dry chemistry that use colorimetric changes. It is only a screening technique that is 

often corroborated by fluid chemistry. There are many different assays available by dipstick, of which 
five are crucial: 

o Specific gravity (SG) 
§ SG measures the density of a fluid and so it correlates with concentration and osmolality. 
§ SG does not allow one to know the patient’s state of hydration but rather whether they are 

conserving or eliminating water. Normal serum has a SG of 1.010, so a SG<1.010 denotes            
water clearance. 
• In the prevention of recurrent kidney stones, patients can confirm overhydration by keeping 

their urine SG < 1.010. 
§ The density of water is 1.000 and the highest achievable SG is 1.035. 

 
 
 

§ Knowing the concentration of urine (i.e. SG) is important in assessing the significance of other 
dipstick findings. For example, does a finding of 1+ proteinuria denote disease? 
• Normal protein loss is <150 mg/day (or 30 mg/day of albumin) 

  

Figure 40-2 Serum creatinine and the GFR. 

Figure 40-3 Urine specific gravity and the state of hydration. 
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• Dipsticks are calibrated to: 
o “trace” = 150 mg/L 
o “1+”     = 300 mg /L 

• Scenario A: dilute urine in kidney disease 
o 600 mg/day of protein indicates a disease state. 
o 2 L of water intake = 2 L/day of urine 
o 600 mg/day ∕ 2 L/day = 300 mg/L = dipstick 1+ 

• Scenario B: concentrated urine in normal patient 
o 150 mg/day of protein 
o 500 mL of water intake = 500 mL/day of urine 
o 150 mg/day ∕ 500mL = 300mg/L = dipstick 1+ 

§ This problem of concentration effect is usually avoided by measuring a protein/creatinine ratio. 
o Protein 

§ A sensitive and specific marker of glomerular disease.  
• >2 gm/day can only be due to glomerular disease 
• >3.5 gm/day is diagnostic of nephrotic syndrome. 

§ Screening for protein is routine in: 
• Pregnancy: pre-eclampsia 
• Diabetes mellitus after >5-10 years 

o Normal urine has less than 30 mg/day of albumin. Regular dipsticks are set to be                    
1+ at 300 mg/day. 

o Diabetics should be screened using special dipsticks with a sensitivity of 30-300 mg/L,        
the range of microalbuminuria 

o Even these dipsticks underestimate the albumin, as much of it is fragmented on filtration and 
not detected by dipstick. Patients should also be routinely screened using quantitative assays. 

o When proteinuria is detected, aggressive management is indicated: ACE-I and strict control 
of LDL, BP and HbA1c. 

o Blood 
§ DDx of upper urinary tract (i.e. kidney and ureters) and lower urinary tract (i.e. bladder). 
§ RBC casts are pathognomonic of glomerulonephritis. 
§ Commonest causes of lower urinary tract hematuria are: 

• Infection 
• Stone 
• Neoplasm  

o Leukocyte esterase (LE) & nitrite 
§ LE is found in neutrophils, a positive test = pyuria. 
§ Nitrites indicate anaerobic bacteria = bacteriuria. 

• In anaerobes, nitrate is the final electron receptor in energy 
metabolism (as opposed to O2). Nitrate is converted to nitrite by 
nitratase, found in anaerobes. Enterobacteriaceae are the commonest 
anaerobe, and E. coli the commonest of these. 

4. Urine Sediment 
o Fresh urine can be centrifuged, and the resulting sediment examined by a microscope. This morphology, 

compared to the chemistry of the dipstick, is the same as the peripheral blood smear (PBS) compared to 
the complete blood count (CBC). 

o Cells: 
§ RBCs: DDX hematuria; look for hemoglobin by dipstick 
§ WBS: DDx pyuria; look for LE+ by dipstick 
§ RTC: renal tubular cells are seen acutely with acute tubular necrosis and chronically in kidney 

transplant rejection. 

Figure 40-4 The 
urinary tract. 
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convoluted tubule when slowing of urine flow allows for gel formation. 
§ Hyaline cast:  commonly seen when there is any slowing of urine 

flow. Are not pathologic. 
§ Broad waxy cast: seen in chronic renal failure due to the atrophic 

dilation of tubules (see: Chronic Renal Failure, to follow) 
§ Cellular casts: these are the most significant findings in renal 

function testing as they are can only be formed in the kidney and 
are equivalent to a mini-biopsy. 

§ RBC cast: glomerulonephritis. 
§ WBC cast: pyelonephritis. 
§ RTC cast: acute tubular necrosis (acute renal failure). Muddy brown 

casts represent degenerating RTC casts. 
o Crystals: 

§ Only the hexagonal crystals of cystinuria are pathognomonic for stones. 
5. Imaging 

o Ultrasound is the usual screening tool used in the emergency room. It is cheap, convenient, and readily 
available. It has adequate sensitivity for stones, about 70%. 

o CT and MRI scans are diagnostic and staging tools for neoplasms. 
o Magnetic resonance angiography (MRA) is the present test for renal 

artery stenosis and other vascular pathologies. 

Chronic Renal Failure 

This is the common end pathway for all chronic progressive kidney diseases. 

o “chronic” is defined as failure over > 3 months. 

In the USA, the commonest causes are: 

o Diabetes mellitus (44%) 
o Hypertension (25%) 
o Glomerulonephritis (15%) 

Autosomal dominant polycystic kidney disease (ADPKD) is the commonest hereditary cause of end stage kidney 
disease (ESKD), accounting for as much as 5-8% of cases. 

Progression of kidney disease is staged by the eGFR. 

The normal eGFR is about 125 mL/min in males and 100 mL/min in females. 

Serum creatinine will not start to rise until Stage 3 disease (i.e. creatinine is specific but not sensitive). 

Symptoms do not appear until Stage 4 disease (<30 mL/min) 

o Fatigue arises from the hypo proliferative anemia of decreased erythropoietin. 
o Hypertension arises from hypervolemia. 

A cast is defined as a tubular 
structure with 2 parallel sides 
and a right-angled end. These 
are RBC casts 

 
Figure 40-5 Cellular casts. 

Figure 40-6 Cystine crystals. 

Table 40-1 The stages of chronic renal failure. 
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Inevitable progression starts in Stage 3 disease (<30 mL/min) 

o With the progressive loss of glomeruli, the GFR is initially sustained by compensatory hypertrophy of the 
remaining glomeruli. 

o When fewer than one-half of the glomeruli remain, GFR can only be sustained by increasing the intraglomerular 
pressure. Over years, this leads to patchy rupture of the functioning glomeruli, a pathologic process called     
focal and segmental glomerulosclerosis (FSGS). 

o FSGS leads to further loss of GFR, with a pathologic feedback loop 
o Progression due to FSGS can be slowed using ACE inhibitors, which cause vasodilation of the efferent 

arteriole, leading to a decrease in the intraglomerular pressure. 
o Tubulointerstitial fibrosis follows glomerulosclerosis due to the loss of blood supply to the tubules. Tubules are 

perfused by the continuation of the flow from the efferent arteriole. This is lost when the glomerulus is fibrotic. 

End Stage Kidney Disease (ESKD) 

This is diagnosed when the GFR < 15 mL/min (i.e. Stage 5). 

It leads to death within months if not treated by dialysis or transplantation. 

Pathophysiology: 

o This is a common end pathway for all causes of chronic progressive kidney disease. 
o There is a shrunken, scarred kidney by imaging. 
o Biopsy shows sclerotic glomeruli and dilated tubules (see image). 

 

 

 

 

 

 

Figure 40-8 Histology of the kidney 
in end stage renal failure. 

Figure 40-7 Focal and segmental glomerulosclerosis. 
Sclerosis (i.e. fibrosis) affects only some glomeruli (focal) and part of the capillary tuft (segmental). 

Broad waxy cast (aka renal failure cast) 
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o Testing:  
§ The elevation of BUN & creatinine is called azotemia. 
§ Urine sediment shows broad waxy casts. 
§ Once azotemia is recognized, renal function is staged by the eGFR. 

Natural history: 

o Patients with chronic renal disease have an increased risk of cardiovascular disease independent                             
of underlying diabetes or hypertension. 

o Most patients will have hypertension, due in part to hypervolemia. 
§ Hypertension should be treated with ACE inhibitors for their additional benefit in the glomerulus        

(they decrease intraglomerular pressure). 
§ Aggressive treatment of hypertension leads to a drop in eGFR. Most treat the systolic pressure to a point 

that maximally decreases the proteinuria. 
o Renal replacement therapy (i.e. dialysis or transplant) should be planned for starting in Stage 4 disease.          

It should be implemented with any symptoms from uremia. 

Table 40-2 The pathophysiology of uremia. 
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Kidney: Glomerular Disease 41Chapter 41. Kidney: Glomerular Disease 

Introduction: 

Chronic kidney disease (CKD) is defined as an estimated glomerular filtration rate (eGFR) of <60 mL/min persisting 
more than 3 months. 

End stage renal disease (ESRD, aka end stage kidney disease, ESKD) is defined as Stage 5 failure with an eGFR   
(<15 mL/min). For further discussion see Chapter 40 Kidney: Renal function testing and renal failure. 

Epidemiology: 

o CKD is common, with an incidence of >120,000 cases/year, > 500,000 Americans on dialysis and > 250,000 
Americans with a kidney transplant. 

Causes are mostly secondary: 

o Diabetes mellitus: ≈45% (90% Type 2 DM) 
o Hypertension: 25% 
o Glomerulonephritis: 10% (80% primary) 
o Autosomal dominant polycystic kidney disease (ADPKD): 3% 

Pathophysiology: 

Glomerular disease is usually immune-mediated, in contrast to tubulointerstitial disease that is mostly due to 
infection or toxicity. 

There are 3 types of immune pathology: 

o Immune complex mediated: 
§ IgG: ICs deposit in the glomerulus. If the deposits are subendothelial, then with activation of the 

complement cascade, C3a and C5a act as anaphylatoxins and attract inflammatory cells (neutrophils and 
macrophages). These cells cause damage severe enough to the glomerular filtration unit to allow leakage 
of red blood cells. Patients can have systemic cytokine symptoms of malaise and low grade fever.        
This is a nephritic pattern of disease. 

§ If the IC deposits are subepithelial, then the C3a and C5s do not diffuse back across the basement 
membrane to attract and activate inflammatory cells from the blood. The IC injury is confined to the 
basement membrane and slit membranes of the foot processes, resulting in loss of protein only.          
This is a nephrotic pattern of disease. 

 

  

 

 

 

 

 

 

 

41-1 Immune complex deposition in the glomerulus. 
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§ IgA: The antibodies form in gut mucosa and bind to cells in the mesangium where they cause mesangial 
cell hyperplasia. There is active inflammation with the production of cytokines. These result in damage to 
the podocytes. The heightened mucosal IgA response occurs simultaneously with infection of the 
mucosa, called synpharyngitic, as viral upper respiratory tract infections are so common. The reason for 
an aberrant IgA response is not known. 

o Anti-glomerular basement membrane (anti-GBM) antibodies: 
§ It is likely that environmental triggers initiate pathogenic autoantibodies against the 

α3 chain of type IV collagen found in the basement membrane. 
§ These autoantibodies bind to the GBM and activate the classical pathway of the complement system, 

which starts neutrophil-dependent inflammation. The antibodies may also bind to the GBM in the lung.  
§ This is a Type II hypersensitivity pathology. As the antigen is fixed in the tissue, activation of complement 

and subsequent inflammation damage is restricted to the tissue. 
o Anti-neutrophil cytoplasmic antibodies (ANCA): 

§ The trigger for the antibody production is unknown. Both environmental and genetic factors have 
been implicated. 

§ ANCA is a primary pathogenic factor, acting mainly by augmenting leukocyte- endothelial interactions. 
• ANCA IgG activates neutrophils by interacting with myeloperoxidase (MPO) or PR3 at the surface     

of the neutrophil. 
• There is endothelial injury by the ANCA-activated neutrophils with disruption of glomerular capillary walls 

 

The type of immune mediation can be identified by immunofluorescence and electron microscopy of kidney biopsies.  

 

              

 

 

 

 

 

 

 

 

 

 

 

 

Clinical correlation of glomerular disease. 

Presenting symptoms: 

o Edema: proteinuria à nephrotic syndrome 
o Hematuria: RBCs and RBC casts à nephritic syndrome 

Figure 41-2 Correlation of immune complex pattern with immunofluorescence. 
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o Children: No biopsy as >90% of disease is MCD/PSGN 
§ Nephrotic syndrome: minimal change disease (MCD). 
§ Nephritic syndrome: poststreptococcal glomerulonephritis (PSGN) 

o Adults: Biopsy is necessary (except diabetics with >10 years of disease) 
§ Nephrotic syndrome: membranous glomerulopathy (most common cause) 
§ Nephritic syndrome: Berger disease (most common cause) 

Time of progression: 

o Acute renal failure: oliguria (<400-500 mL/day) 
o Chronic renal failure: > 3 months 
o Rapidly progressive: failure over 1-12 weeks 

Primary versus secondary disease: 

o 2° nephritic pattern: SLE (most common) 
o 2° nephrotic pattern: diabetes mellitus > 5-10 years (most common) 
 
Natural history of glomerular disease 

Prognosis: 

o Measured by the prevalence of ESRD at 10 years (i.e. patients on dialysis). 
 

Glomerulopathy Dialysis (%) 
IgA nephritis (Berger disease)  10 
SLE nephritis 20 
Membranous glomerulopathy 30 
Membranoproliferative GN 40 
FSGS1 80 

                          1. Focal and segmental glomerulosclerosis. 

Treatment: 

o There are no effective treatments for primary glomerular diseases. Outcome in secondary disease depends 
on the course of the underlying disease. 

o All patients with CKD benefit from ACE inhibitors as these slow the rate of progression due to FSGS. (For 
further discussion see: Kidney: Renal Function Testing & Renal Failure). 

Nephrotic syndrome 

Definition: 

o Massive proteinuria (>3.5 gm/24 hours) 
o Hypoalbuminemia (< 3.0 gm/dL). 
o Generalized edema 
o Hyperlipidemia and lipiduria 

Pathophysiology: 

o Damage to the glomerular filtration barrier makes it permeable to proteins, but not cells. While there is 
proteinuria in nephritic syndrome, the protein leakage is not as great (i.e. 1.0 – 3.5 gm/day). 

1. ESKD ↔ dialysis 
2. Compare to cancer, where 

prognosis is 5-year survival. 

Table 41-1 Natural history of 1° glomerular diseases (ESKD at 10 years). 
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o Proteinuria is sometimes classified as highly selective proteinuria in which only small proteins are lost             
(e.g. albumin, transferrin) and nonselective in which all proteins, including globulins, are lost. This is clinically 
significant in 2 ways. Highly selective proteinuria is mostly albumin and reflects a loss of the basement 
membrane negative charge. This is typical of minimal change disease. Nonselective proteinuria is associated 
with tubulointerstitial damage, presumably due to the toxicity of luminal protein on tubular cells. 

o The etiology of the hyperlipidemia is unclear. It is mostly due to decreased clearance of VLDL due to decreased LPL 
activity in fat and muscle tissues and decreased hepatic lipase. The hyperlipidemia accelerates atherosclerosis. 
§ The degree of dyslipidemia correlates with the level of albuminuria. It is likely that the dyslipidemia is 

directly harmful to the glomerulus. 

Presentation: 

o Symptoms: edema. This is gravity dependent, causing puffiness of the face after sleeping and of the feet after 
standing. Eyes are most prone to swelling due to the low level of interstitial tension in the skin and soft 
tissues of the orbit. 

o Physical examination shows pitting edema in dependent areas. The physical exam is most useful in the 
differential diagnosis and exclusion of cirrhosis, right ventricular heart failure and chronic renal failure. 

                             

 

o Testing: 
§ Urine: proteinuria >3.5 gm/day. 
§ Kidney biopsy (not in children or diabetics who have had the disease >5-10 years). 

Natural history: 

o Complications: 
§ Immunodeficiency due to loss of immunoglobulins 
§ Hypercoagulation due to loss of antithrombin III (AT III). >5% of patients with nephrotic syndrome 

develop renal vein thrombosis. 

Minimal change disease 

Epidemiology: disease of childhood (peak at 2-6 years) 

Pathophysiology: 

o Presumed to be a T-cell mediated immune hypersensitivity disease as no immune complexes are detected. 
o Pathology:  

§ Light microscopy (LM): normal 
§ Immunofluorescence (IF): negative 
§ Electron microscopy (EM): foot process fusion 

  

Figure 41-3 Edema and the pathophysiology of Starling forces. 
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Presentation: nephrotic syndrome (see above)  

Natural history: 

o Prognosis: benign, self-limited 
o Complications: 

§ Hypovolemia due to osmotic diuresis from proteinuria. 
§ Immune deficiency from low immunoglobulins. 
§ Hypercoagulation from loss of AT III. 

o Treatment: steroids. Lack of response requires kidney biopsy to confirm the diagnosis. 

Membranous glomerulopathy 

Pathophysiology: 

o Primary disease (75%) is caused by an autoantibody to the phospholipase A2 receptor on the foot processes. 
o Secondary causes include paraneoplastic syndrome from cancers of the lung, colon, and melanoma. 

§ Other 2° causes include drugs, especially rheumatoid arthritis, such as gold and penicillamine, SLE and 
chronic infections (e.g. hepatitidies, malaria, schistosomiasis). 

Presentation: 

o Symptoms: Insidious onset of edema 
o Physical exam: pitting edema; rule out CHF and cirrhosis. 
o Testing: 

§ Massive proteinuria 
§ Anti-phospholipase A2 receptor antibodies: seen in primary disease. 
§ Rule out 2° causes. 
§ Kidney biopsy: 

• H&E: diffuse capillary wall thickening; “spikes” on silver stain 
• IF: granular pattern 
• EM: subepithelial deposits 

  

Kidney biopsy (EM): Normal 

Kidney biopsy (EM): MCD with foot process fusion 

Figure 41-4 Electron microscopy of the glomerulus: normal and minimal change disease.                            
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Natural history: 

o Prognosis: intermediate. 30% ESKD (i.e. dialysis) after 10 years. 
o Complications: thromboembolism, immunodeficiency. 
o Treatment 

§ None for 1° disease 
§ Slowing of progression to ESRD with ACE inhibitors 
§ Resection of tumor in paraneoplastic disease 

Focal and segmental glomerulosclerosis (FSGS). 

There are primary causes of FSGS such as HIV infections and IV drug use. Most cases, however, represent the 
common end pathway of chronic progressive glomerular disease. 
o Secondary or adaptive FSGS is due to the sustained high intraglomerular 

pressure required to maintain the GFR by the functioning glomeruli. Over 
years, glomerular capillaries rupture and show specific pathologic pattern. 

Pathology: 

o “Focal” means that only some glomeruli are affected, “segmental” means 
that only a portion of the glomerulus is affected, and “sclerosis” means 
fibrosis or scarring. 

Natural history: 

o Most cases go onto to ESRD over 10 years. 
o There is no treatment. ACE inhibitors can slow down the rate of 

progression by decreasing the intraglomerular pressure by blocking 
constriction of the efferent arterioles from AT II (ARBs work as well as ACE-I). 

Nephritic syndrome: 

Definition: hematuria due to acute inflammation of the glomerulus. It is associated with proteinuria and 
hypertension. There can be constitutional symptoms such as malaise and low-grade fever. Rising creatinine levels 
occur due to ↓GFR and may progress to renal failure. 

Pathophysiology: 

o Usually due to immune-mediated acute inflammatory damage to the glomerular filtration unit (see discussion 
of immune pathology, above). 

o The most important non-immune cause of nephritic syndrome is the X-linked recessive Alport syndrome 
which has an abnormal type 4 collagen. 

o The damage to the filtration unit causes proteinuria at a sub-nephrotic range (i.e. <3.5 gm albumin/24 hours).  
o Hypertension is presumed to be caused by sodium retention due to a poorly understood tubular damage. 

Edema is usually present. 
o Constitutional symptoms such as fatigue, malaise and low grade fever are due to cytokines such as IL-1 and TNF-α. 
o Renal dysfunction is common with an elevation of creatinine due to a decrease in GFR. In severe cases there 

can be oliguria. 

Presentation: 

o Symptoms: hematuria, edema and possibly malaise 
o Physical examination: hypertension, edema 
o Testing:  

§ Urinalysis: 
• Chemistry: hematuria, proteinuria (<3.5 gm/day) 

Figure 41-5 Focal and 
segmental glomerulosclerosis. 

Source: NIDDK 
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§ Biopsy (not in children as they are overwhelmingly PSGN). 

Natural history: 

o Prognosis: depends on the specific diagnosis 
o Complications: ESRD 
o Treatment: ACE inhibitors by Stage 3 to minimize focal and segmental 

glomerulosclerosis as well as treatment of underlying disease in 2° GN. 

Post-streptococcal glomerulonephritis. 

Epidemiology:  

o Occurs in children (ages 2-14 years) 
o Mostly in developing nations. 

Pathophysiology: 

o Follows infection by Streptococcus Group A bacteria. Pharyngeal infections develop GN after about 2 weeks; 
soft tissue infections develop GN after about 4 weeks post-infection. 

o Presumed to due to molecular mimicry of glomerular proteins to bacterial antigens found in nephritic strains 
of Group A β-hemolytic streptococci. 

o Immune complexes form in the glomerulus. If subendothelial, they activate complement with inflammatory 
damage and a nephritic pattern. If subepithelial (called “humps” on EM), where they cause a nephrotic     
pattern of damage. 

Presentation: 

o Nephritic syndrome presents 2-4 weeks after streptococcal infection. 
o Flank pain may be present due to inflammatory stretching of renal capsule. 
o Testing: 

§ PSGN is a clinical diagnosis in children. 
§ Anti-streptolysin antibodies can confirm recent streptococcal infection. This is not necessary to establish 

the diagnosis. 
§ Complement levels are low in early disease. 
§ Kidney biopsy is not indicated in children, but would show: 

• H&E: hypercellularity with increased glomerular cells (i.e. “proliferative”) and inflammatory cells 
• IF: granular pattern 
• EM: subepithelial “humps” and subendothelial deposits 

Natural history: 

o Children: benign self-limited; adults: 65% spontaneous recovery. 

IgA nephropathy (Berger disease). 

Epidemiology: 

o Commonest cause of GN worldwide. 
o Peak incidence in young adults (i.e. teens and 20’s) 

Pathophysiology: 

o Thought to be an autoimmune response to IgA that creates a polymeric IgA that deposits in the 
glomerular mesangium with activation of inflammation. 

Henoch-Schönlein purpura (HSP) 

HSP also has IgA deposition in the 
glomerulus in 1/3 of patients. HSP 
also has IgA vasculitis with systemic 
symptoms of purpura, arthralgia, 
and abdominal pain. 

Figure 41-6 RBC casts. 
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Presentation: 

o Symptoms: hematuria follows an acute infection within 1-2 days, called “synpharyngitic”. Hematuria may be 
episodic over years. 

o Testing: 
§ Nephritic pattern urinalysis (i.e. RBCs and RBC casts, moderate proteinuria) 
§ Kidney biopsy: 

i. H&E: variable, but mesangial widening. 
ii. IF: mesangial deposits of IgA. 

iii. EM: mesangial deposits of immune complexes. 

Natural history: slow progression to ESKD over decades. 

Rapidly progressive glomerulonephritis (RPGN) 

Pathophysiology: 

o A nephritic syndrome characterized by progression to renal failure in <12 weeks. 
§ Model diseases are GPA and Goodpasture syndrome (GP). 

o Due to an inflammatory damage so severe that there is leakage of high MW proteins like fibrinogen into 
Bowman’s space. These induce parietal cell hyperplasia with formation of crescents. 

 
                             

Presentation: Nephritic syndrome with features of renal failure, including oliguria. 

o Goodpasture syndrome (GP, anti-GBM disease) 
§ Presents as nephritic syndrome and hemoptysis. 
§ Has antibodies to the α3 chain of type IV collagen, found 

in the basement membrane of the lung and glomerulus. 
§ Biopsy: IF shows a linear pattern of IgG and C3.  
§ Treatment include plasmapheresis and immune suppression. 

o Granulomatosis with polyangiitis (GPA, formerly known as Wegener disease). 
§ Triad of bloody sinusitis, hemoptysis and RPGN. 
§ Autoantibodies to neutrophil’s cytoplasmic protein PR3 (formerly called c-

ANCA). The sensitized neutrophils cause a necrotizing vasculitis most 
prominent in the glomerulus, lung, and upper airways. 

§ Treatment starts with rituximab or cyclophosphamide. 
o Immune complex mediated disease 

§ Includes any of the other glomerulonephritidies that have a renal failure in < 12 weeks. 

  

Figure 41-7 Rapidly progressive glomerulonephritis. 

Figure 41-8 Kidney biopsy 
(IF) linear pattern. 
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o X-linked recessive defect in the synthesis of Type IV collagen. 
o Pathology: Affects the basement membrane in the glomerulus, cochlea, and eye. Kidney biopsy shows 

splitting and thinning of the basement membrane. 
o Presents in childhood with hematuria. Recognition requires family history and associated deafness              

and visual defects. 
o Natural history is progression to ESRD by early adulthood. 

Secondary glomerular disease 

Diabetes mellitus (DM) 

o The kidney is severely affected by both microvascular (i.e. glomerulus) and macrovascular                                 
(i.e. arteries and arterioles) pathology in chronic DM. 
§ Glomerulus: advanced glycosylation end-products (AGE) damage the endothelial cell and basement 

membrane. Glomerular hyperfiltration causes damaging imbalances in intraglomerular pressure.     
The mesangium expands with amorphous pink material of a complex nature called         
Kimmelstiel-Wilson nodules. 
• Tubular atrophy and fibrosis follow glomerulosclerosis. 
• Associated with albuminuria progressing to nephrotic syndrome (late). 

§ Arteriolosclerosis leads to nephrosclerosis. 
§ Atherosclerosis leads to renal artery stenosis (RAS). 

 

o The presentation of renal disease in DM includes: 
§ Edema: loss of albumin can be severe enough to cause nephrotic syndrome. 
§ Hypertension: this can be due to Stage 4 renal failure (i.e. GFR < 30 mL/min) or renal artery stenosis (RAS). 
§ ESRD (i.e. uremia in Stage 5 disease, GFR < 15 mL/min) 

 

o Natural history: 
§ Progression is highly variable, but screening for albuminuria should start after 5 years of disease. 
§ Treatment is based on regulation of the hyperglycemia. 

Amyloidosis: 

o Caused by the accumulation of β-pleated protein. Over 30 different proteins have been identified.              
With the effective treatment of chronic joint disease like rheumatoid arthritis, multiple myeloma is              
now the commonest cause.  

o Diagnosis is made by biopsy. This can be in the organ of interest, such as the kidney, or by biopsy of any organ 
that allows for visualization of blood vessels (usually skin or colon).  

Figure 41-9 Progressive glomerular disease in Diabetes mellitus. 
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§ Amyloid can be differentiated from other pink or hyaline material by the Congo red stain, which gives it 
an “apple-green” birefringence with polarization.  

o In the kidney, amyloid accumulates in the glomerulus. This causes albuminuria which presents as nephrotic syndrome.                 
 
 
 
 
 
 

 

 

 

 

o Classification of amyloidosis: 

 
                                                                              
 

Systemic lupus erythematosus (SLE) (see Chapter 89. Chronic arthritis) 

o Epidemiology: Lupus nephritis typically develops early in the disease course. Clinically evident kidney disease 
eventually occurs in up to one-half of patients with SLE, and up to 10 percent of patients with lupus nephritis 
will develop end-stage kidney disease (ESKD). 

o Pathogenesis: most of the antibodies are to double-stranded DNA (anti-dsDNA). Where these immune 
complexes deposit in the glomerulus determines the clinical expression. Subendothelial deposits will incite 
inflammation (nephritic syndrome), while subepithelial deposits do not (albuminuria and nephrotic syndrome). 
The pathology can be very complex. 

o Natural history is highly variable. Treatment is based on kidney biopsy findings. 

H&E stain Congo red stain 

Figure 41-10 Amyloid in the glomerulus (H&E and Congo red stains). 

Table 41-2 Classification of amyloidosis. 
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Chapter 42. Kidney: Tubulointerstitial Disease (ATN, UTIs and Papillary Necrosis) 

Introduction: 

The nephron is the physiologic unit of the kidney, and it is used 
to classify kidney pathology into glomerular, tubular, and 
vascular disease. The interstitium, defined as everything that is 
not glomerular, tubular, or vascular, is generally overlooked. The 
reason for this is that the interstitium has few primary diseases 
and assumes importance only in chronic kidney disease (CKD) 
arising in the other components. Interstitium contains the 
endocrine cells of the kidney, namely the interstitial fibroblasts 
that produce erythropoietin (EPO) and the specialized cells of 
the juxtaglomerular apparatus that produce renin. 

In CKD, the interdependence of the glomerulus, tubule, 
vasculature and interstitium can be seen in the progression of 
chronic failure. First, the blood supply to the tubules comes 
from the efferent arterioles flow out of the glomerulus. End 
stage glomeruli have global sclerosis and little blood can pass 
through. Glomerular disease therefore causes tubular damage. 
As well, the blood in the vasa recta in the medulla must first past 
by the metabolically active proximal convoluted tubule and thick 
ascending limb. The blood in the vasa recta is depleted of oxygen 
and nutrients, making the tubules in the inner cortex vulnerable to ischemia. 

Injury of the glomerulus and tubules leads to changes in the interstitium. Interstitial fibroblasts produce the 
collagen-laden extracellular matrix (ECM). With chronic disease, the volume of ECM increases from 5-10% of 
kidney volume to 60% of volume. This process is called interstitial fibrosis. It accounts for the finding that even 
with effective control of glomerular pathology, there is still progression of disease. The extent of interstitial 
fibrosis is the single best predictor of outcome, even in glomerular disease. Loss of interstitial EPO-producing 
fibroblasts leads to anemia. 

 

Acute interstitial nephritis 

Definition: a pattern of acute (i.e. < 12 weeks) kidney inflammation localized to the tubule-interstitium and 
usually caused by medications. 

Pathophysiology: 

o Hypersensitivity response to medication. Less commonly due to underlying autoimmune disease. 
 

o Common drugs include: 
§ Antibiotics: Beta-lactam and fluoroquinolone antibiotics,  
§ Proton-pump inhibitors 
§ Non-steroidal anti-inflammatory drugs (NSAIDs) 
§ Cancer immunotherapy agents. 

o Pathology: mixed inflammation in the renal interstitium that includes lymphocytes, macrophages, and eosinophils. 

Presentation: 

o Symptoms, if present, arises within 8-12 weeks of starting the medication. Severer symptoms include fever, 
arthralgias and rash. 

o The classic “hypersensitivity triad” of fever, rash and eosinophilia is seen in <10% of cases. 

Figure 42-1 Blood supply of the nephron. 
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§ Urinalysis: the presence of eosinophils is specific but is seen in <15% of cases. 
§ CBC: eosinophilia is seen in 15-20% of cases. 
§ Chemistry: rising creatinine levels with severe tubular injury. 
§ Biopsy: the gold standard for diagnosis. 

Natural history: 

o May progress to renal failure 
o Resolves with cessation of medication. 

Acute tubular necrosis and acute renal failure. 

While it occurs over a time frame of hours to days, acute renal failure is defined by the decrease in urine output   
of < 400-500 mL / day. 

o There is a range in the volume as different institutions use different numbers. 
o Chronic renal failure is defined as failure occurring over > 3 months. 
o Rapidly progressive renal failure occurs in < 3 months. This is associated with glomerular crescents on renal 

biopsy and is most often seen in granulomatosis with polyangiitis (formerly known as Wegener syndrome) 
and Goodpasture syndrome. 

There are 2 major patterns of injury: 

1. Ischemia: decreased blood flow from hypovolemia or cardiogenic shock. 
2. Toxicity: 

i. Endogenous: myoglobin, hemoglobin, light chains, bilirubin, others. 
ii. Exogenous: Drugs (e.g. aminoglycosides), heavy metal, organic solvents, others. 

Oliguria occurs when there is simultaneous tubular injury and the tubular cells all detach (i.e. slough) together, resulting 
in luminal occlusion. This occurs in a setting of vasoconstriction from pathologic tubuloglomerular feedback. 

  

 
o If the tubular dysfunction occurs over days, such as with IV aminoglycoside toxicity, there is no oliguria. The 

renal failure can only be appreciated by measuring eGFR (i.e. serum creatinine). 
 

Figure 42-2 Histopathology of acute tubular necrosis. 
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o Acute tubular injury is classified into 3 patterns: 
§ Pre-renal azotemia: caused by an inadequate renal blood flow without underlying damage to the kidney. 

Function can be restored to normal by correcting the hypoperfusion. Commonest causes include: 
• Hypovolemia 
• ↓ cardiac output 
• NSAIDS (due to loss of prostaglandin signal à dilation of the 

afferent arteriole, ↓ renin production in mesangium) 
§ Renal azotemia 

• Due to intrinsic renal tubular damage. Tubular injury, usually 
acute tubular necrosis (ATN), occurs in the most metabolically 
active segments: the proximal convoluted tubule (PCT) and thick 
ascending limb (TAL). 

• The commonest causes of damage are ischemia, infection and nephrotoxins. 

Postrenal obstruction 

• As the obstruction must involve both kidneys, it usually occurs in the bladder neck                            
(e.g. anticholinergic drugs or benign prostatic hyperplasia) or the urethra 
(e.g. obstruction in the Foley catheter). 

• Diagnosis is usually by imaging.  
o The key differential diagnosis lies between prerenal and renal azotemia, as obstruction can be excluded by 

ensuring that the Foley catheter is patent. Prerenal azotemia requires fluids to increase blood pressure while the 
renal azotemia requires fluid restriction to prevent overload. 

o Tests to differentiate prerenal from renal azotemia.  
§ Urine sediment 

• Sloughing of the tubular cells results in the formation       
of renal tubular cell casts if fresh and granular        
muddy brown casts if there is degeneration. 

§ BUN/creatinine ratio 
• In kidney hypoperfusion, there is avid recovery of 

electrolytes and water. Urea passively follows this 
reabsorption within hours, raising the serum urea level 
(i.e. BUN or blood urea nitrogen). 

• By comparison, creatinine is still produced by breakdown of creatine and does not rise for days. 
• In prerenal azotemia, the BUN/creatinine ratio with be > 30, while in renal azotemia, it will remain ≈ 15. 

§ Urine electrolytes: 
• Urine sodium (UNa+) 

o Prerenal azotemia has avid resorption of water and electrolytes and the urine [Na+] will be 
<10mEq/L (reference range U[Na+] > 20 mEq/L) 

• FENa+ 
o This measures the percentage of sodium excreted compared to amount filtered. It is calculated 

by this formula, which few remember: 

                                                              Where V =urine volume and  !⋅#
$

= creatinine clearance 

o Most doctors just remember that if FENa+ < 1%, most of the sodium has been removed from the urine, which 
means that the tubules are functioning and it is a prerenal problem, therefore give fluids. 
 

Post-operative oliguria can 
occur due to serum 
inappropriate ADH syndrome. 
This can be recognized by the 
patient’s hyponatremia and 
will not be a further part of 
this discussion.  

 

Figure 42-3 Muddy brown cast. 
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• Normal serum osmolality is 285-295 mOsm/L. Urine becomes concentrated when water is extracted 

by ADH stimulation of aquaporin 2 channels in the collecting tubules. This allows passive flow of 
intratubular water to the hyperosmolar medulla. The high osmolality of the loop is created by the 
countercurrent multiplier system created by the NaKCC channel of the TAL. 

• For the urine osmolality to be > 300 mOsm/L, there must be a working TAL segment, therefore the 
oliguria is prerenal in origin. 

o Natural history: 
§ The course of the injury is typically broken into 3 phases: 

• Initiation phase: this is characterized by the inciting injury, such as surgery, cardiogenic shock, or 
blood loss. There is dropping urine output and rising BUN. Serum creatinine will not rise for days. 

• Maintenance phase: characterized by oliguria, hypervolemia, hyperkalemia, and metabolic acidosis. 
Management is supportive with fluid restriction and maintenance of a normal potassium level. 

• Recovery phase: characterized by rising urine output, up to 3 L/day (polyuria). Management consists 
of fluid replacement and monitoring of hypokalemia. There is restoration of renal function, but not 
to the original level. 

§ Outcome is unpredictable and management consists of watchful waiting with supportive care including dialysis. 

Urinary tract infections (UTIs) 

Introduction: 

o UTIs are best approached by age and gender: 
§ Females are much more prone to UTIs, usually ascribed to their short and wide urethra.  
§ Children are prone to UTIs because of anatomic malformations and bladder dysfunction. Complete 

control of urination occurs by ages 4-6. Incontinence and enuresis may reflect physiologic dysfunction 
and are associated with higher risk of UTIs. UTIs in children are also related to bowel dysfunction such as 
constipation and behavioral problems such as the bladder retention of voluntary holding. 

§ Recurrent male UTIs suggest underlying obstructive pathology: 
• Adult: benign prostatic hyperplasia 
• Childhood: vesicoureteral reflux, UPJ stenosis, posterior urethral valves. 

§ Cystitis in adult female highly correlates with sexual intercourse. 
o It can be difficult to differentiate upper tract disease 

(i.e. pyelonephritis) from lower tract disease (i.e. acute cystitis).  
 

WBC casts are pathognomonic of pyelonephritis. 
 

Pathophysiology: 

o Colonization of the periurethral area by uropathogenic enteric pathogens is the first step in the 
development of a UTI. Pathogens attach to the uroepithelial cells via an active process mediated by 
glycosphingolipid receptors on the surface of epithelial cells. The best-studied virulence factors in E. 
coli are pili, hair-like appendages on the cell surface. Bacteria possessing pili can adhere effectively to the 
uroepithelium and ascend into the kidney. Bacterial attachment recruits toll-like receptors (TLR), a family 
of transmembrane coreceptors involved in the recognition of pathogen-associated protein patterns. TLR 
binding triggers a cytokine response, which generates a local inflammatory response. 

o A variety of virulence factors enable bacteria to ascend into the bladder and kidney. In the kidney, the 
bacteria generate an intense inflammatory response, which may ultimately lead to renal scarring. 

o Microbiology: 
§ Escherichia coli is the most common bacterial cause of UTI (80 percent of UTIs in children).          

Other gram-negative pathogens include Klebsiella, Proteus, Enterobacter, and Citrobacter. Gram-positive 
bacterial pathogens include Staphylococcus saprophyticus, Enterococcus, and, rarely, Staphylococcus aureus. 

Figure 42-4 WBC cast. 
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Acute simple cystitis in women 

Pathophysiology: 

§ In women, the pathogenesis of UTIs begins with colonization of the vaginal introitus by uropathogens 
from the fecal flora, followed by ascension via the urethra into the bladder. 

§ The most important risk factor for cystitis is recent sexual intercourse. Important comorbidities include 
diabetes mellitus and structural or functional urinary tract abnormalities. 

 

Presentation: 

§ Symptoms: dysuria, urinary frequency, and urinary urgency 
§ Important in the differential diagnosis are: 

• Acute pyelonephritis: fever/chills, flank pain, CVA tenderness 
• STI: vaginal discharge, pyuria without bacteriuria, pelvic examination tenderness           

(i.e. cervical motion tenderness). 
§ Physical exam: suprapubic tenderness 
§ Testing: 
§ Urinalysis:  

• Leukocyte esterase (+): pyuria 
• Nitrite (+): bacteriuria 

o Anaerobes use nitrate as the final electron receptor in energy production 
(i.e. they are oxidase negative). This uses the enzyme nitrase, which is tested for in the dipstick 
test. Nitrase converts nitrate to nitrite. 

o Enterobacteriaceae are the commonest anaerobes and E. coli is the commonest. 
• Hematuria. 

§ Urine sediment: White blood cells but no cellular casts. 
§ Urine culture: quantitative culture (>105 colony forming units of a uropathogen) is the gold standard but 

is not necessary in the typical setting. 

Natural history 

§ Prognosis: benign self-limited 
§ Complications: recurrent cystitis is a risk for acute pyelonephritis as the chronic inflammation leads to 

bladder wall fibrosis and vesicoureteral reflux. 
§ Treatment: empiric antibiotics such as nitrofurantoin or trimethoprim/ sulfa. 

  

Figure 42-5 Pathogenesis of urinary tract infections. 
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Presentation: 

§ Symptoms: sudden acute flank pain, fever/chills, and malaise. 
§ Physical exam: costovertebral angle tenderness 
§ Testing: 
§ Urinalysis: LE and nitrite (+) 
§ Urine sediment: neutrophils and WBC casts (pathognomonic) 
§ Urine culture: quantitative culture (>105 colony forming units of a uropathogen) is the gold standard. 

Natural history: 

§ Complications: sepsis and papillary necrosis 
§ Treatment: Antibiotics, usually parenteral, adjusted to sensitivity results of the urine culture. 

Chronic pyelonephritis 

A condition in which tubulointerstitial inflammation and scarring involve the renal calyces and pelvis. 

Presentation: 

§ Onset is silent unless there is an episode of acute pyelonephritis. 
§ Severe disease can lead to renal failure with hypertension (stage 4), fatigue from anemia (stage 4)         

and uremia (stage 5). 

Pathophysiology 

§ Reflux nephropathy is the most common cause. 
§ In adults, reflux may be acquired when persistent chronic inflammation from recurrent cystitis leads to 

fibrosis. This fixes the intramural ureter in an open state. 
§ In children, vesicoureteral reflux is usually due to the structure of the intramural ureter through the 

balder wall. A direct implantation of the ureter does not allow for compression of the ureteric tube with 
rising intracystic pressure of voiding. 
                                

  

Figure 42-6 Pathology of acute and chronic pyelonephritis. 

Note that the cortical scar is the shape of the pyramid as 
this is the basic unit of infection because bacteria ascend 
into the kidney through the opening of the papillary ducts. 

By comparison, infarcts are wedge-shaped and occur 
randomly on the cortical surface. 



390

Clinical Pathophysiology

• Treatment consists of surgical reimplantation of the ureter with a longer intramural track. 
§ Chronic obstruction leads to pressure atrophy of the kidney and recurrent infection due to poor clearance. 
§ Commonest causes of obstruction: 
§ Bilateral: 
§ Male children: Posterior urethral valves: membranes persist at the level of the verumontanum of the 

prostatic urethra probably due to faulty insertion of the Wolffian ducts into the cloaca. These cause 
bilateral obstruction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
§ Male adults: benign prostatic hyperplasia 
§ Female adults: gynecologic pelvic cancer 
§ Unilateral: kidney stones 

  

Figure 42-7 Ureteric insertion in vesicoureteral reflux. 

Figure 42-8 Chronic obstruction in posterior urethral valves. 
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Papillary necrosis is the coagulative necrosis of the renal papilla, usually due to toxicity or hypoxia. 

Commonest causes include diabetes mellitus, sickle cell anemia, analgesia abuse and acute pyelonephritis, 

Presentation can range from asymptomatic to flank pain with gross hematuria. 

Diagnosis is established by urinalysis and imaging. 

Complications include an inability to concentrate urine due to loss of the nephron loop resulting in dehydration. 

 

 

 

Figure 42-9 Papillary necrosis (CT scan and drawing). 
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Kidney: Vascular disease and Hypertension 43Chapter 43. Kidney: Vascular Disease and Hypertension 

Renal vascular anatomy: 

The key vessels involved in renal vascular disease are the arteries (atherosclerosis) and the arterioles           
(hyaline arteriolosclerosis). 

o  Aortic disease rarely involves the kidney as abdominal aortic aneurysms occur below the level of the renal arteries.  
o The small vessels of the glomerulus are affected by both 1°and 2°diseases such as diabetes, but these 

manifest as nephritic and nephrotic syndrome, developing CKD only late in the disease course. 

There are no primary vascular diseases of the kidney. Renal artery stenosis (RAS) is seen as part of the systemic 
diseases of atherosclerosis and fibromuscular dysplasia. Hyaline arteriolosclerosis is seen as part of the systemic 
diseases of hypertension and diabetes. 

Hypertension: 

Regulation of blood pressure: 

 

BP = mean arterial pressure (MAP) = 2/3 diastolic pressure + 1/3 systolic pressure 
 

o Intravascular volume is the major determinant of blood pressure over the long term. 
o Sodium is the primary determinant of extracellular fluid volume (i.e. interstitial + intravascular volume). 

                      
 

Figure 43-1 Blood supply of the kidney. 

Figure 43-2 Water compartments of the body. 
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o When sodium intake exceeds renal excretion, plasma volume expands and cardiac output increases,      
raising the BP. 

o Over time, the ↑CO is replaced by an ↑TPR. 
 
Definition of hypertension: 
o This has changed over time, with the most recent US criteria published in 2017. 

 
o There is no “safe” or normal blood pressure; lower pressure has a lower risk of atherosclerotic cardiovascular 

disease (ASCVD). 
o A lower limit of 115 mmHg systolic pressure is necessary to avoid postural hypotension. 
o In the elderly, a higher than optimal systolic pressure may be necessary due to their age-related decrease in GFR. 

o 2017 definition and staging of hypertension (AHA/ACC) 

o Elevated blood pressure must be demonstrated at least twice and in two different settings (to avoid the 
“white coat effect” of anxiety from testing). 

 

When this author graduated from medical school in 1976, the definition of 
hypertension was a diastolic pressure > 105 mmHg, with consideration of treatment 
for a diastolic pressure > 90 mmHg. Systolic BP was not used for treatment decisions.    

Figure 43-3 Clinical pathologic correlation of blood pressure. 

Table 43-1 Classification of blood pressure (2017). 
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o Due to renal artery stenosis (RAS) 
o The hypertension is initially due to the activation of the renin-angiotensin-aldosterone system, but over time, 

salt retention becomes the major factor.  
o Pathology: 

§ Atherosclerosis: the commonest cause, especially in patients with risk factors for atherosclerosis.         
The plaque is most commonly in the proximal segment of the artery. 

§ Fibromuscular dysplasia: most common in women, especially < 45 years. There is involvement of the entire 
arterial tree and 2/3 of patients with renal artery disease also have involvement of the carotid arteries. 

o Testing: 
§ Imaging: ultrasound and CT angiogram 
§ A/R ratio: renin is only elevated in 50-80% of RAS, so the test lacks sensitivity. It is useful in 

differentiating resistant HT due to RAS from 1° hyperaldosteronism. 
 

Disease Aldosterone Plasma renin 
activity 

A/R ratio 

RAS ↑ ↑ Low 

1° hyperaldosteronism ↑ ↓ ↑ 

§ Renal vein renin: useful in evaluating borderline stenosis seen on imaging. If the affected side has a renal 
vein renin >1.5 times the other side, then surgical correction is indicated. 

 

Nephrosclerosis 

o Ischemia due to stenosis of small arteries and arterioles in the renal cortex. 
o Vessel stenosis is due to hyaline arteriolosclerosis, which has degenerative changes 

in the arterial media and thickening of the intima.  
o Highly associated with diabetes mellitus, hypertension and aging. 

§ Diabetes has pathologic processes: reactive oxygen species from increased ETC 
activity due to hyperglycemia, toxicity of advanced glycosylated end-products 
and osmotic damage from ↑sorbitol produced by the aldose reductase 
pathway. Diabetes affects both the afferent and efferent arteries. 

§ The barotrauma of hypertension causes the hyaline arteriolosclerosis, and the 
progressive renal disease causes hypertension in an accelerating process. 
Hypertension affects only the afferent artery. 
• Normal aging has a ↓GFR of 1 mL/min per year after age 30 years. Aging is considered a “wear and 

tear” degenerative process. The mechanisms are not well understood. 
 

o Pathology: 
§ There is a fine, even granularity to the surface of the cortex due to the underlying ischemic atrophy. 
§ There is a progressive reduction in renal mass that does not typically lead to uremia but leaves the 

kidney vulnerable to any superimposed insult.  

Figure 43-4 Hyaline 
arteriolosclerosis. 

Table 43-2 The A/R ratio is resistant hypertension. 
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§ Presentation of nephrosclerosis: 
• Symptoms: None until stage 4 renal failure with fatigue from anemia due to ↓ erythropoietin. 
• Physical exam: Hypertension due to hypervolemia. 
• Testing: ↑creatinine and ↓eGFR. 
 

Chronic kidney disease: 

o Chronic kidney disease (CKD) is both a common cause of hypertension and CKD is also a complication of 
uncontrolled hypertension. The interaction between hypertension and CKD is complex and increases the risk 
of adverse cardiovascular and cerebrovascular outcomes.  
§ Hypertension appears in chronic kidney disease at Stage 4 (15-29 mL/min). 

§ Resistant hypertension (i.e. hypertension while on 3 antihypertensive drugs) is commonly seen in          
patient with CKD.  

o The pathophysiology of CKD associated hypertension is multi-factorial with different mechanisms 
contributing to hypertension. These pathogenic mechanisms include sodium dysregulation, increased 
sympathetic nervous system and alterations in renin angiotensin aldosterone system activity. 

o Standardized blood pressure (BP) measurement is essential in establishing the diagnosis and management of 
hypertension in CKD. Use of ambulatory blood pressure monitoring provides an additional assessment of diurnal 
variation in BP commonly seen in CKD patients.  

o The optimal BP target in the treatment of hypertension in general and CKD populations remains a matter of debate. 

Figure 43- 5 Nephrosclerosis. 

Table 43-3 Staging of chronic progressive kidney disease. 

Normal kidney: smooth cortical 
surface 

Nephrosclerosis: granular cortical 
surface 
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o Definition:  
§ Hypertensive crisis is severe hypertension (BP: systolic >180; diastolic >120 mmHg) 
§ HT crisis is subclassified as hypertensive emergency (evidence of organ damage)                                                   

or hypertensive urgency (no evidence of organ damage). 
§ Historically called malignant hypertension, because when it was first 

described in the 1920’s, it was seen to have the same prognosis as 
aggressive cancers (1 year survival of <20%, as there were no 
effective treatments) 

o Pathophysiology: 
§ Pathologic damage occurs to small arteries and arterioles: 

• Fibrinoid necrosis: barotrauma to the endothelial cells allows 
leakage of fibrin into the vessel wall. 

• Hyperplastic arteriolosclerosis: cellular proliferation of smooth 
muscle cells in the vessel wall with increased extracellular matrix. 

§ Key organ damage (many other organs can be affected): 
• Heart failure: due to increased afterload 
• Cerebral edema: autoregulation is overwhelmed, leading to 

cerebral edema. The raised intracranial pressure leads to    
headache > encephalopathy > coma. Papilledema is seen on 
physical examinaiton. 

• Renal failure: autoregulation is overwhelmed and the 
intraglomeruli pressure equals systemic pressure. There is 
hemorrhagic necrosis of the glomeruli and small vessels, causing 
small petechiae on the cortical surface, called a “flea-bitten” kidney 

 

o Treatment: 
§ ↓BP to < 180/120 within first hour 
§ ↓BP to < 160/120 within first day 
§ Pharmacology: 

• Short-acting IV medications in continuous infusion (no preferred drug) 
• Exceptions: 

o Ascending aortic dissection: reduce BP in <10 minutes. 
o Ischemic stroke: only if BP > 220/140 mmHg.  

Figure 43- 6 Fibrinoid necrosis. 

Figure 43- 7 Hyperplastic 
arteriolosclerosis. 

Figure 43- 8 “Flea bitten” kidney. 
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Embryology 

The kidney and the urinary tract form as part of the urogenital system. There are 3 different kidneys that form in 
the embryo, a pronephros, which is vestigial and disappears, a mesonephros that briefly filters and then forms the 
Wolffian duct and the metanephros from which the ureteric bud will arise and form the ureters, pelvicocalyceal 
system and induce the renal cortex. 

By week 4 the mesonephros is formed and by week 5 the ureteric bud develops from the metanephros. It advances 
into the mesoderm and secretes growth factors that will cause the formation of nephrons in the nephroblasteme.  

 

 

The ureteric bud divides as it advances into the mesoderm, called branching morphogenesis. The number of branches 
determines the number of nephrons as each bud tip induces nephron formation in the surrounding metanephric 
mesenchyme (aka metanephric blastema). By week 32, there will be 1 million nephrons. 

Week 4 

Week 8 

Figure 44-1 First trimester embryology of the urogenital tract. 

Branching morphogenesis 

In branching morphogenesis, a dividing tube forms a complex tree structure. In addition to 
the ureter (≈8-9 divisions), this method is also seen in the vasculature, breast (≈4 divisions), 
and lungs (≈24 divisions). 

 
Figure 44-2 Formation of the pelvicalyceal system and collecting tubules. 
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Growth factors produced by the terminal bud induce a 4-5 cell condensate in the adjacent metanephric 
mesenchyme called an aggregate. This hollows out to form a vesicle, which grows into an S-shape. This joins to 
the ureteric duct (aka metanephric duct) at one end with a cup-shape at the other end that recruits surrounding 
endothelial cells to form the glomerular tuft. 

The collecting tubule is formed from the ureteric tubule and the rest of the nephron from the mesenteric mesenchyme. 

o Carcinomas of the collecting tubule are rare. This means that the 2 important carcinomas of the kidney arise 
from 2 different embryological cell lines. Renal cell carcinomas arise from the nephrogenic mesenchyma-derived 
cells, and urothelial cell carcinomas (aka transitional cell carcinomas) arise from the metanephros-derived cells. 

Development of the nephron is completed by weeks 28-32. 

 

Renal agenesis 

Pathophysiology: 

o Only significant if bilateral (unilateral loss patients have a 
normal life span). 

o Caused by a defect in growth factor induction of the 
mesonephric mesenchyme resulting in a failure to   
develop nephrons. 
§ Over 50% are due to mutations in the RET or GDGF 

gene. RET defects are also common in Hirschsprung 
disease where RET is also important in signaling 
migration of the gut autonomic nervous system. 

o Most cases are sporadic. Bilateral agenesis has no other 
significant clinical associations. 

o Without kidneys, there is no urine formation which leads      
to oligohydramnios. This leads to the Potter sequence       
with mechanical distortions of the body and             
pulmonary hypoplasia. 

Presentation: 

o Over 90% are diagnosed during prenatal ultrasound. 

Natural history: 

o Death typically occurs within a few days of birth due to 
respiratory failure. 

o There is no treatment. 

  

Figure 44-4 Potter sequence. 

Figure 44-3 Development of the nephron. 
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Pathophysiology: 

o The most common cause of chronic renal failure in early childhood. 
o Thought to arise as an intrinsic defect (i.e. malformation) of renal parenchyma formation. The defect lies in 

nephron patterning, a term used to describe the formation of nephrons (discussed above): mesonephric cell 
aggregates à vesicle à S-shape bodies / glomeruli à connected nephron. 

o Kidneys are small, with primitive tubules, fibrosis, cysts, and cartilage. 
o The decreased number of nephrons leads to the progression sequence of focal segmental glomerulosclerosis 

(FSGS) and ESKD. 
o Associated with multiple syndromes, most notably VATER syndrome (vertebral defect, anal atresia,                

TE fistula and renal dysplasia). 

Presentation: 

o May be diagnosed during antenatal ultrasound, during physical examination with a mass from cyst formation 
or as chronic renal failure. 

Natural history is highly variable, depending on the amount of residual functioning kidney. 

Horseshoe kidney 

Caused by fusion of the lower poles of the kidney while it is still in the pelvis. The connection is called the isthmus. 
The adult position of the kidneys is caused by differential growth of the lower body so that the kidneys “ascend” to 
their adult location in the thoracolumbar retroperitoneum. In a horseshoe kidney, the isthmus “hangs up” on the 
inferior mesenteric artery. 

The fusion of the poles is commonly attributed to a mechanical defect in development. The teratogenic theory 
of abnormal growth of posterior metanephric cells better explains the association with syndromes such as 
Turner syndrome (30%) and trisomy 18 (aka Edward syndrome, 20%) as well as the increased risk of neoplasms 
such as Wilms tumor. 

Figure 44-5 Ascent of the kidneys. 
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Diagnosis is typically by ultrasound. 

One-third of patients go through life without symptoms. Common complications include: 

o Obstruction at the ureteropelvic junction (UPJ) 
o Kidney stones 
o Infections 
o Neoplasms (the majority occur in the isthmus). 

Bladder exstrophy- epispadias complex. 

Pathophysiology: 

o Abnormal formation of the lower abdominal wall, dorsal penis, and pelvis 
lead to a spectrum of defects in the extrophy-episadias complex. 

o Mesenchymal ingrowth forms the urogenital septum that will separate the 
urogenital organs from the rectum and anus. 

o A defect in mesenchymal ingrowth leads to an abnormal cloacal 
membrane with abnormal formation of the anterior abdominal wall, 
external genitals, and pelvis. 

o At birth the internal bladder structure is exposed. 

Figure 44-6 Horseshoe kidney (US) and drawing. 

Figure 44-7 Urogenital tract 
at week 6-7. 

Figure 44-8 Exstrophy of the bladder and epispadias. 
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o Often diagnosed antenatally by ultrasound. The defect must be differentiated from gastroschisis and omphalocele. 
o Often diagnosed antenatally by ultrasound. The defect must be differentiated from gastroschisis and omphalocele. 

Natural history: 

o There is a wide spectrum of severity, from epispadias to cloacal exstrophy and abnormal pelvic bones. 
o Typically treatment is primary closure of the abdominal wall with later correction of epispadias. 
o The bladder mucosa must be protected until surgery. 

Urachal abnormalities: 

Pathophysiology: 

o The urachus is the fibrous remnant of the allantois. The fibrous cord that runs between the bladder and the 
umbilicus is called the median umbilical ligament.  

o Remnants can cause the following conditions: 
§ Urachal fistula: the urachus is patent and urine can be expressed from the umbilicus. 
§ Urachal diverticulum: there is connection to the bladder. 
§ Urachal sinus: there is a single connection to the umbilicus. 
§ Urachal cyst: there is a fluid-filled space that does not connect to any other structure. These can become 

infected, with the symptoms of inflammation. 

 

Presentation: 

o Signs and symptoms: draining fluid from umbilicus, abdominal wall mass, pain from infection. 
o Testing: imaging. 

 

Natural history: 

o Urachal diverticulae can develop carcinomas. These are adenocarcinomas, unlike the urothelial cell 
carcinomas (aka transitional cell) of the bladder. 

o Treatment is surgical. 

  

Terminology 

- Cyst: a fluid-filled space, without an outlet. A true cyst is lined by an epithelium; a pseudocyst 
has no lining. All epithelial secrete: glandular epithelium secretes liquid; squamous epithelium 
secretes keratin. This means that true cysts are likely to recur after simple drainage and must be 
completely excised. 

- Diverticulum: a blind-ended outpouching from a hollow organ. A true diverticulum carries all of 
the layers of the organ (e.g. Meckel diverticulum). A pseudodiverticulum has only some layers, 
usually the mucosa (e.g. sigmoid diverticulae). 

- Sinus: in pathology, a connection from a connective tissue space to an epithelial-covered 
surface. They are common when abscesses “point” to a surface, such as osteomyelitis of bone. 
They can also be seen when a ruptured true cyst drains to a surface, such as epidermoid cysts to 
the skin surface. 

- Fistula: a tract that connects 2 epithelial surfaces (i.e. 2 organs). Common in Crohn disease 
when the full thickness involvement allows inflammatory tracts to connect 2 loops of bowel or 
bowel to skin, such as fistula in ano. 
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Ureter defects:  

Obstruction of the ureter: 

o Obstructions are caused by stenosis, most commonly found at the ureteropelvic junction (UPJ) and the 
ureterovesical junction (UVJ). 

o Present as hydronephrosis and chronic kidney failure. 
o Surgical treatment. 

Vesicoureteral reflux (VUR): 

o Pathophysiology: 
§ Urine is expressed from the bladder when contraction raises the intracystic pressure higher than the 

resistance in the urethra. Reflux up the ureter is prevented by a long intramural segment of ureter that creates 
a flap valve. This is compressed during voiding. 

§ In VUR, too short an intramural segment of ureter allows reflux. 

 

 

 

 

 

 

 

 

             

                                                               
 

o Presentation:  
§ 1/3 of children will experience a UTI. 
§ More common in males. 
§ Testing:  

• US on first infection to look for hydronephrosis. 
• Voiding cystoureterogram (VCUG) with recurrent infection to prove reflux. 

 

o Natural history: 
§ Prognosis: 10-20% go on to chronic kidney disease without treatment. 
§ Surgical correction by ureter reimplantation, creating a long intramural tunnel. 

  

Figure 44-9 Implantation of the ureter, normal and in VUR. 

Too short a transmural 
insertion of ureter: 
vesicoureteral reflux Anatomy of the ureters’ 

insertion into the bladder 

Normal transmural 
insertion of ureter: good 
flap valve action 
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Posterior urethral valves 

o Epidemiology: 
§ The commonest cause of lower urinary tract infection in male neonates. 
§ Accounts for 10-15% of childhood renal transplants. 
§ 1/3 diagnosed antenatally by ultrasound (bladder distension and hydronephrosis), 1/3 in the first year   

of life and 1/3 later. 
 

o Pathophysiology: 
§ The ureter separates from the mesonephric duct which forms the internal male gentalia (ejaculatory 

duct, seminal vesicles, vas deferens and epididymis). The posterior urethral valves form early, in the 
period when the mesonephric duct joins to the urogenital sinus.  

 

§ The prostate develops as outgrowths of the urethra above and below the insertion of the ejaculatory 
duct, forming the verumontanum. 

§ If the urethral valves fail to resorb, they can cause mild to severe obstruction early in development. The 
occurrence of the obstruction in this early, critical period can also affect the development of the bladder, 
ureters, and kidneys. 

  

Figure 44-10 Embryology of the male urogenital tract. 

Figure 44-11 Posterior urethral valves. 
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o Presentation: 
§ One-third are identified by antenatal screening.  
§ Symptoms include an inability to urinate and abdominal masses. 
§ Testing: 

• Endoscopy to visualize the valves. 
• VCUG to look for VUR. 
• Kidney function testing. 

o Natural history: 
§ Prognosis: 50% mortality by adolescence for severe disease 

without treatment. Currently, there is only a 3% mortality. 
§ Treatment: endoscopic destruction of valves.  

Hypospadias and epispadias: see Chapter 62. Male reproductive system: 
Developmental and hereditary disease. 

Autosomal dominant polycystic kidney disease (ADPKD) 

Introduction: 

o A hereditary disorder with effacement of the renal parenchyma by multiple expanding cysts 
o Accounts for 5-10% of chronic renal failure. It is the most common inherited kidney disease. 

Pathophysiology: 

o Autosomal dominant mutations in the polycystin genes (PKD) result in abnormal protein polycystin       
(there are several different polycystins). 

o Polycystins have multiple different functions that include cell-cell 
and cell-matrix interactions.  

o The mechanism of cyst formation is not understood but     
cysts form in the tubules, from which they detach by 2-3 mm 
in size and then continue to grow by fluid secretion and    
lining cell hyperplasia. 

o Progression is highly variable, but hypertension is seen in 
the 30’s and ESKD by the 50’s. 

o Pathology: 
§ There is effacement of the kidney by thin-walled cysts.  
§ Cysts are found in other organs. 

• Liver cysts are found in 40% of patients   
(also in pancreas, spleen and lung) 

• Berry aneurysms are found in 10% and subarachnoid    
hemorrhage is a major risk. 

Presentation: 

o Symptoms: 
§ Incidental finding by imaging. 
§ Screening of family members. 
§ Flank pain ± hematuria from hemorrhage into a cyst 
§ Renal failure: hypertension à uremia 

o Physical exam: the enlarged kidneys are palpable through the       
abdominal wall in advanced disease. 

o Testing:  
§ Diagnosis is by imaging, usually ultrasound. 
§ Genetic testing is only necessary in atypical cases. 

Figure 44-12 Pattern of obstruction 
with posterior urethral valves. 

Figure 44-13 ADPKD: cyst formation. A. 
abnormal proliferation (arrow), B. 

distended tubule, C. cyst is pinched off. 

Figure 44-14 ADPKD: kidney in 
cross-section. 
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o Prognosis: rate of progression can be calculated based on age and total kidney volume 
o Treatment:  

§ Rate of progression can be slowed using V2 receptor inhibitors such as tolvaptan. 
§ Kidney transplantation 

Autosomal recessive polycystic kidney disease (ARPKD) 

Pathophysiology: 

o An autosomal recessive disease with effacement of renal parenchyma by 
cysts arising in the collecting tubules. 

o Mutations in the protein fibrocystin lead to ectasia in the collecting tubules 
with microcysts that radiate from the medulla to the cortex. 

o There is biliary dysgenesis with dilation and hepatic fibrosis. 

Presentation: 

o Age of presentation is variable (>750 different mutations have been 
described). Severe disease presents in neonates with Potter syndrome and 
pulmonary hypoplasia. 

o Testing: ultrasound shows cyst formation from the medulla to the cortex. 

Natural history: 

o Prognosis: for those who survive the 1st month, 80% will live past 15 years. 
o Treatment: management of complications.  

Figure 44-15 ARPKD: cyst 
formation. 
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 Kidney: kidney stones 45Chapter 45. Kidney: Kidney Stones (Nephrolithiasis) 

Introduction: 

Kidney stones affect 5-10% of the population, with peak age of onset at 20-30 years. 

80% are unilateral. 

70% are calcium stones, oxalate > carbonate. 

Pathophysiology: 

As with all stone formation, there are 4 steps to clinical significance:  

o Supersaturation (i.e. electrolyte urine concentration exceeds its solubility)  
o Nidus: crystallization requires a physical structure on which to form. For calcium stones, this is thought to 

start as dystrophic calcification in the basement membrane of the loops of Henle in the renal papilla. These 
form the nidus for calcium oxalate crystals which grow into the ECM and erode through the urothelium into 
the renal pelvis. The early plaques can be seen grossly and are called Randall’s plaques. 

o Slow urine flow: crystal aggregation, necessary for growth, is more rapid with slow flow in urine. 
o Lamination: there must be repeated layering of the crystals to reach a size too big to pass through the ureter 

There are 4 significant stones: 

o Calcium stones (oxalate > phosphate): 
§ These comprise >80% of kidney stones. Most are calcium oxalate stones with a 

calcium phosphate center (see Randall’s plaques, above). 
§ Risk factors include anything that increases the absorption of oxalate, including ↓ 

dietary calcium (which binds oxalate in the bowel to ↓ absorption), ↑ dietary oxalate 
(many food sources), others. 

o Struvite (magnesium/ammonium/phosphate): 
§ Supersaturation occurs with ↑ammonia production in an alkaline urine. This only 

occurs when there is a urea-splitting bacterium, namely urease (+) bacteria like Proteus. 
§ Commoner in women as they are more likely to have an upper UTI. 
§ Staghorn calculus formation is an important complication. The calculus must be 

removed as it is associated with life-threatening UTI. 
§ Prevention of stones requires high urine flow and an acidic urine. 

o Uric acid 
§ Uric acid is the end metabolic product of purine metabolism and so it is found in all urine. 
§ The key finding in uric acid stones is an acidic urine (all have a pH <6.0). Most patients with uric acid 

stones have normal purine metabolism. 
§ Two common pathologic conditions at risk for uric acid stones: 

• Gout: gout is associated with an elevated serum uric acid level. 15% of gout sufferers will get uric 
acid stones, 40% before developing arthritis.  

• Tumor lysis syndrome: any bulky neoplasm with rapid breakdown due to chemotherapy can 
produce enough uric acid from the DNA purines to get gout and uric acid stones. Most common are 
acute lymphoblastic leukemia, lymphomas, and small cell carcinoma. 

§ Prevention of uric acid stones requires high urine flow and alkaline urine. 
o Cystine stones: 

§ Cystine stones result from an autosomal recessive defect in an amino acid transporter. In the kidney,   
this is found in the proximal convoluted tubule. 

§ In some variants, the transporter is also defective in the small bowel. 
§ Other amino acids carried on this transporter include ornithine, alanine and leucine. A commonly used 

mnemonic is “COAL”. 

Figure 45-1 Stone 
formation. 
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Table 45-1 Clinical pathologic correlation of kidney stones. 

§ The disease should be suspected in child with stone formation, although the stones can present at any age. 
§ The hexagonal crystal is pathognomonic on urinalysis. 
§ Treatment is by increased urine flow. 

Presentation 

Symptoms: 

o Acute onset of colicky flank pain 
o Hematuria should be present with a ureteric stone as the stones are 

sharp and lacerate the urothelium with peristalsis. 
o Chronic stones may be asymptomatic but can cause partial or complete obstruction that leads to hydronephrosis. 

Signs: physical exam is non-contributory 

Diagnosis: 

o Hematuria 
o Imaging: ultrasound is convenient but not sensitive, especially for        

stones <3mm in diameter. CT scan is very sensitive. 
§ The 3 sites of ureteric narrowing are:  

1. Ureteropelvic junction (UPJ) 
2. Brim of the pelvis 
3. Insertion into the bladder 

Natural history 

Treatment: 

o Stones < 5mm and in the distal ureter are likely to pass spontaneously. 
Treatment with hydration, pain control and smooth muscle relaxants like 
the α-blocker tamsulosin are usually adequate. 

o Stones > 1 cm or those that do not pass after 2 weeks require mechanical 
treatment (e.g. lithotripsy, ureteral basket endoscopy, surgery). 

o Prevention centers on: 
a. Hydration 
b. Urine pH (acidify for struvite stone; alkalinize for uric acid stones) 

Complications 

o All stones are foreign bodies, which means that they will form a nidus for infection. Infection is difficult to 
treat without the removal of the stone. 

o Stones may cause obstruction. Unilateral obstruction may be asymptomatic and lead to the loss of that 
kidney’s function due to pressure atrophy which manifests as hydronephrosis. 

Summary of kidney stones:  

                           

Figure 45-2  

 
Cystine crystals. 

Figure 45-3 Common sites of 
kidney stone arrest. 
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Chapter 46. Kidney: Neoplasms 

Introduction 

Carcinomas of the kidney arise in 2 different epithelia: the urothelium of the pelvicocalyceal system and the tubule.  

o Carcinomas arising in the urothelium are called urothelial carcinoma or 
transitional cell carcinoma. The entire transitional cell epithelium, from the 
kidney to the proximal urethra, behaves in a common way, called a “field 
effect”. This means that carcinogenesis has the same risk in the renal pelvis as 
the bladder. Synchronous and metachronous neoplasms are common and the 
finding of carcinoma in one region requires evaluation of the entire surface. 
§ A patient with a urothelial carcinoma of the renal pelvis has a 50% of also 

having a carcinoma of the bladder.  
o While the urothelium arises from the embryologic endodermal mesonephros,       

the renal parenchyma arises from the mesenchymal renal blastema. Hereditary 
carcinomas of the cortex, most commonly von Hippel-Lindau syndrome, do not 
affect the urothelium. 

 

Renal cell carcinoma (RCC). 

Introduction: 

o The commonest malignancy of the kidney (90%). RCCs are notable for their 
lack of early warning signs, variable clinical behaviors, and resistance to therapy. 

o Clear cell carcinoma accounts for ≈80% of cases and serves as the model disease.  

Epidemiology:  

o Commoner in males than females 
o Incidence is dropping, most likely due to decreased rates of smoking. 
o Median age of presentation is 64 years, younger in familial clusters. 

Pathophysiology: 

o Most are sporadic, with <10% hereditary. 
o Most RCCs have deletions of chromosome 3, which contains the tumor suppressor VHL (see below). 
o The most important environmental risk factor is cigarette smoking, which accounts for 1/3 of cases 
o The most important hereditary disease is von Hippel-Lindau syndrome. 

 

Von Hippel-Lindau syndrome 

- Autosomal dominant defect in the VHL gene. The VHL protein is a tumor suppressor involved 
in multiple proliferation pathways including mTOR and the angiogenesis factor VEGF.  

- In the renal interstitial cells, VHL also regulates the hypoxia inducible factor (HIF-α) that is 
responsible for the production of erythropoietin (EPO). 

- Features: 
o Hemangioblastomas in retina, cerebellum, and brain stem. 
o Angiomatosis. 
o Pheochromocytomas 
o Clear cell renal cell carcinomas 

Figure 46-1 Carcinomas of 
the urinary tract. 
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Presentation: 
o Symptoms & signs: 

§ Local: the classic triad of hematuria, flank pain and a palpable 
mass is found in <10% of patients. 
• A rare presentation is the development of a varicocele.  

RRCs can invade the renal vein and, on the left side,      
occlude the testicular vein, causing congestion. 

§ Metastatic (30% of presentations): 
• Organs: lung (75%), bone, brain 
• Advanced disease: weight loss, anorexia, malaise,           

low grade fever. 
§ Paraneoplastic (2 most common): 

• Hypercalcemia (PTHrP) 
• Polycythemia (EPO). 

 
o Testing:  

§ Imaging 
§ Biopsy for microscopic confirmation. 

  

Figure 46-2 Clear cell carcinoma of the kidney. 
Image courtesy of Radiopedia, Jian-Hua Qiao MD, LA, CA 

Figure 46-3 Varicocele formation 
with invasion of the left renal vein. 
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Natural history: 

o Prognosis: staging 
 
 
                                                    
 
 
 

T1: tumor < 7cm; T2: > 7cm; T3: through capsule;  
T4: through Gerota fascia. 

 

 
 

o Treatment: 
§ Surgery: radical nephrectomy offers the only chance for cure. 
§ Targeted therapy:  

• Current drugs targeting check point inhibition, VEGF and TKIs to VEGF are showing benefit. 

Upper tract urothelial carcinoma (UTUC; aka urothelial carcinoma of the renal pelvis and ureters) 

Introduction: 

o UTUC have the same epidemiology and pathophysiology as urothelial carcinomas of the bladder. Of all UCCs, 
10% are found in the renal pelvis and 5% in the ureters. The major difference from bladder neoplasms is that 
80% bladder neoplasms are non-invasive compared to only 40% of UTUCs. 

Epidemiology: 

o Median age at diagnosis is 65 years. 
o Males 2X the incidence of females. 
o Smoking is the #1 risk factor. 

Pathophysiology: 

o Risk factors: 
§ Smoking: 70% of risk in males, 40% of risk in females 
§ Analgesic overuse (especially phenacetin) 
§ Industrial chemicals: 

• Aryl amines (e.g. naphthylamine): dyes 
• Aniline (e.g. aminobenzene): plastics 

§ Cyclophosphamide. 
§ Stones and chronic inflammation cause squamous cell carcinoma. 

o No specific molecular pattern has been identified. Increased risk in hereditary neoplasias like Lynch 
syndrome, retinoblastoma gene and Li-Fraumeni syndrome. 

o Urothelium has a field effect. >50% of UTUC will have a synchronous urothelial carcinoma of the bladder. 
>20% of high grade neoplasms of the bladder will develop UTUC. 

Presentation: 

o Symptoms: hematuria (gross and microscopic) 75% 
o Physical exam: non-contributory 

  

Stage TNM 5 year survival 
I T1 N0 M0 90% 
II T2 N0 M0 70% 

 III T3 or N1 M0  40-70% 
IV T4 or M1 ≈10% 

Figure 46-4 Anatomic landmarks 
in staging RCC.  

Table 46-1 Staging RCC. 
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§ U/A : hematuria 
§ Cytology: malignant cells (only sensitive in high grade neoplasms) 
§ Ureteroscopy: allows for confirmatory biopsy and grading and evaluation of synchronous lesions. 
§ Imaging: for staging. 

Natural history: 

o Prognosis is assessed by stage (TNM) 
§ T3: invasion through muscularis (<50% 5 year survival) 
§ M (+) (i.e. stage 4): median survival 18 months 

o Treatment:  
§ Surgery: radical nephroureterectomy with a cuff of bladder around ureteric insertion. 
§ Medical: chemotherapy (cis-platinum); checkpoint inhibition drugs are showing positive effect. 

Wilms tumor 

Introduction:  

o The most common of the 3 childhood neoplasms that presents as an abdominal mass (also nephroblastoma 
and non-endemic Burkitt lymphoma). 

o The multimodality treatment has given an 80-90% survival rate from a 10% survival 50 years ago. This is 
considered one of the great success stories in oncology, along with ALL. 

Epidemiology: 

o Not common (<500 cases /year). 
o Median age of diagnosis is 3-4 years. 

Pathophysiology: 

o WT1 gene deletions (chromosome 11) 
§ WT1 encodes a transcription factor critical to normal renal and gonadal development. 

o Associated with WAGR syndrome (Wilms tumor, aniridia, genitourinary abnormalities and retardation). 
o Pathology: 3 lineage malignancy: epithelial, blastemal and stromal. 

Presentation: 

o Symptoms: painless abdominal mass (80%). 
o P/E:  

§ Abdominal mass 
§ Association with WAGR syndrome:  

o Testing: 
§ Imaging: US > CT & MRI (no radiation) 
§ Chromosome analysis:  

Natural history: 

o Prognosis: 
o Treatment: 

§ Immediate nephrectomy. 
§ Followed by chemotherapy + radiation for unfavorable stage or grade. 
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Endocrinology: The Hypothalamus & Posterior Pituitary Gland 47Chapter 47. Endocrinology: The Hypothalamus & Posterior Pituitary Gland 

Presentation and differential diagnosis: Hypothalamus & Neurohypophysis 

Introduction: 

Any discussion about endocrinology should start with the hypothalamus. Usually, however, endocrinology is 
traditionally organized by an anatomical classification that started over a century ago when there was very limited 
knowledge: 

o Pituitary gland 
o Thyroid gland 
o Adrenal gland 
o Gonads 
o Parathyroid gland 
o Pancreatic islet cells 

This is a deeply flawed view. The hypothalamus is the central controller of our endocrine system because it regulates 
the internal functions in response to changes in the external environment. Every major influence of the outside world 
gets signaled to the hypothalamus. It is the hypothalamus that will then make the necessary adjustments to our internal 
environment using neurohormonal signals. Consider these core functions that hypothalamus is involved in regulating: 

o Temperature (sympathetic nervous system) 
o Osmolality / Blood volume (ADH) 
o Basal metabolic rate (thyroid) 
o Growth (GH) 
o Stress (cortisol) 
o Reproduction (sex hormones, prolactin, oxytocin) 
o Appetite / weight (leptin, ghrelin) 
o Sociability (prolactin, oxytocin) 

Table 47-1 Presentation and differential diagnosis of disease of the 
hypothalamus and posterior pituitary. 
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The hypothalamus is the central regulator of endocrinology and much else. The pituitary gland is merely the 
amplifier that allows the hypothalamus to send signals from its location in the CNS to the body. It is striking, 
therefore, to find any key endocrine functions that are not regulated by the hypothalamus. There are two: 
glucose (β cells of the pancreas) and the minerals calcium / phosphorus (PTH). 

This idea that the hypothalamus connects the outside world to our internal functions is best understood by the 
idea of homeostasis (for more detail, see: Chapter 2. Homeostasis, Adaptation and Disease). 

In this chapter, only the conventional endocrine functions of the hypothalamus are reviewed: 

o Basal metabolic rate (BMR) / temperature: thyroid. 
o Growth: growth hormone. 
o Stress: cortisol. 
o Reproduction / sociability: sex steroids, prolactin. 
o Osmolality: ADH. 

Structure: 

The key to understanding the relationship between the hypothalamus and its amplifier to the body, the pituitary 
gland, is to compare the blood supply of the anterior pituitary (adenohypophysis) to that of the posterior pituitary 
(neurohypophysis) 

The adenohypophysis arises from Rathke pouch, derived from the oral ectoderm. The neurohypophysis derives 
from the neuroectoderm of the diencephalon. 

 
The anterior and posterior pituitary have different blood supplies:  

 

Figure 47-1 Embryology of the pituitary gland. 

Figure 47-2 Blood supply of the hypothalamus and pituitary gland. 
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A portal system connects 2 capillary beds. The portal system connecting the 
viscera to the liver is well known. This is a second important portal system. 

 
 

 

The superior hypophyseal artery supplies the lower hypothalamus and then forms 
a vascular plexus at the median eminence. This forms a venous connection to 
another capillary plexus in the adenohypophysis. 

The neurons of the arcuate nucleus end in the portal plexus in the median 
eminence. The releasing factors secreted by these nerves then diffuse into the 
capillary plexus. 

o The median eminence has no blood brain barrier and the capillary endothelial 
cells are fenestrated. This allows for immediate and direct diffusion of the 
releasing hormones into the systemic portal system. 

o The slow venous flow of the portal system allows for maximal contact of the 
hypothalamic releasing hormones to the receptors of the anterior pituitary cells. 

The pituitary gland with its 2° signal is an amplifying organ from the hypothalamus 
in the CNS to the cells of the body. 

The inferior hypophyseal artery supplies the posterior pituitary gland.                   
The venous drainage goes out into the inferior petrosal vein 

o The neurons of the hypothalamus, especially the supraoptic and 
paraventricular nuclei end in the capillary plexus of the 
neurohypophysis. ADH and prolactin diffuse from there directly           
into the systemic circulation. 

The inferior petrosal vein / sinus empties into the internal      
jugular vein. In Cushing disease, the inferior petrosal vein              
can be catheterized and directly sampled for ACTH. In tertiary 
medical centers, this has replaced the high dose dexamethasone 
test for differentiating pituitary adenoma from an ectopic source    
of ACTH production. 

Sheehan syndrome: in pregnancy, there is hyperplasia of the anterior 
pituitary gland cells. This causes some degree of increased pressure 
in the bony sella turcica together with an increased demand for 
blood. With significant hypotension such as a post-partum bleed,   
the anterior pituitary infarcts, as it only has venous pressure from  
the portal system. The posterior pituitary does not infarct as it has 
arterial blood pressure and no increase in demand.  

Regulation: 

The feedback regulation of the endocrine system through the 
adenohypophysis is seen in the image. In any clinical situation with an 
increase or decrease in hormone level, the next determination is the level of the defect: 1°, 2°, 3° or the target cell. 
Using this feedback model of homeostasis, the endocrine systems regulated by the hypothalamus can be 
summarized in a table (see below). Note that the glucose and Ca+2 /PO4

-2 systems are not regulated through the 
CNS The hypothalamus releases hormones in a pulsatile fashion with very short half-lives 

Figure 47-3 The hypothalamic-
anterior pituitary plexus. 

Figure 47-4 The hypothalamic 
posterior pituitary plexus. 
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o This allows for precise signaling 
o Pulses can vary in frequency and amplitude, allowing for a different signal for a single hormone. For example: 

§ Frequent, low amplitude GnRH pulse…………………….LH 
§ Slow, high amplitude GnRH pulse…………………………..FSH 
§ Leuprolide is a gonadotropin agonist but suppresses production of FSH/LH because it has a continuous signal. 

The neurohypophysis does not work by a negative hormonal feedback system. 

o Anti-diuretic hormone (ADH), aka vasopressin (AVP) 
§ Released from neurons of the supraoptic and paraventricular nuclei in response to hypotension and 

decreased osmolality (BP > osmolality) 
§ Target cells: 

• Principle cell (kidney): Gsα receptor, upregulation of AQ2 channels for resorption of water 
• Smooth muscle cell (arterioles): Gq receptor, vasoconstriction 

§ ADH has other complex effects in the CNS 

Figure 47-5 The hypothalamic-pituitary-gland axis. 

Table 47-2 Cells and hormones of the hypothalamus-anterior pituitary-gland axis. 
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§ Released from neurons of the supraoptic and paraventricular nuclei in response to input from other 

neurons (e.g. milk let-down reflex) 
§ Target cells: 

• Peripheral: breast myoepithelial cells (milk let-down reflex), uterine smooth muscle (myometrial 
contraction, cervical dilation)  

• CNS: pro-social behavior 

 

Diseases of the Hypothalamus & neurohypophysis 

Failure of puberty (1° amenorrhea) (See: Chapter 56. Amenorrhea and infertility). 

o Kallman syndrome: 
§ A syndrome of hypogonadotropic hypogonadism due to a deficiency of GnRH together with anosmia.      

It is also called isolated GnRH deficiency (IGD). 
§ Due to a failure of hypophyseal neurons to produce GnRH. The classic defect is in anosmin, a protein 

involved in the migration of olfactory neurons. The hypophyseal GnRH neurons migrate to the 
hypothalamus from the olfactory placode (the ectodermal thickening for olfactory neurons). 

§ Commoner in males than females (4:1). 
§ Presentation:  failure of puberty. 
§ Diagnosis:  

• ↓sex hormones (testosterone in males, estradiol in females) 
• ↓FSH & LH 
• DDx: constitutional delay of puberty 

§ Treatment: 
• Phenotypic gender: sex hormone replacement 
• Fertility: gonadotropins (gonads and genitalia are normal) 

Secondary amenorrhea. (See: Chapter 56. Amenorrhea and infertility). 

o Functional Hypothalamic Amenorrhea (aka Hypothalamic Amenorrhea) 
§ A condition of hypogonadotropic hypogonadism due to decreased release of hypothalamic gonadotropic 

releasing hormones 
§ Responsible for as many as 1/3 of 2° amenorrheas (PCOS causes about 40%) 
§ Usually due to an energy intake/expenditure mismatch as seen in the caloric deficiency of anorexia 

nervosa and expenditure of extreme athletes. The malabsorption of 
celiac sprue has a uniquely high association with amenorrhea. 

§ Stress severe enough to alter the adrenal axis and cortisol levels is associated with a decrease in 
gonadotropin releasing hormones. 

§ Some authors do not include systemic inflammatory disease in this category as functional disorders do 
not include underlying organic diseases. 

§ See Figure 56-5 Laboratory investigation of 2° amenorrhea. 
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Hyponatremia and mental changes 
 

o SIADH (Syndrome of inappropriate ADH secretion) 
§ Introduction: Hyponatremia due to excessive ADH either released from the hypothalamic osmotrophs or 

ectopically from a neoplasm, usually a bronchogenic small cell carcinoma.  
§ Pathophysiology:  

• ADH upregulates aquaporin 2 channels with absorption of water from the collecting tubule. The 
water distributes through the whole body, resulting in intracellular dilution with swelling and 
extracellular dilution. There is no extracellular volume increase due to isotonic diuresis from 
↑ANP/↓aldosterone. Neuron dysfunction is the first symptom, manifesting as mental changes. 

• Etiology: there are numerous causes for release, most commonly CNS disorders (basically any 
pathology), medications (many), lung disease (10% of pneumonias and surgery (mediated by pain). 

§ Presentation:  
• Sx: mental confusion > coma 
• P/E: no evidence of edema (i.e. pitting or ascites, or dehydration). The patient is euvolemic. 
• Testing: 

- Hyponatremia (Na+ < 135mEq/L). 
- Urine sodium > 40mEq/L. 

 

§ Natural history / Treatment: 
• Chronic, no symptoms: water restriction 
• Acute, symptomatic: hypertonic saline (beware central pontine myelinosis); ADH inhibitors        

(e.g. conivaptan) 

 

  

Post-op oliguria, hyponatremia and acute SIADH 

Post-operative oliguria may be due to an acute release of ADH. The hypothalamus is a key regulator of 
the limbic system, where behavior is mediated. It is thought that limbic system activation by stresses 
such as pain, trauma and major surgery leads to the release of ADH. ADH-mediated oliguria should be 
differentiated from the pre-renal, renal and post-renal causes, which do not have hyponatremia 

Figure 47-6 Causes and investigation of hyponatremia. 
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o Physiology 

 

 

 

o Differential diagnosis 
§ Diabetes insipidus: abnormality of ADH function 
§ Psychogenic polydipsia: ingestion of >3 L/water /day, usually associated with schizophrenia 
§ Osmotic diuresis: glucose, urea with protein-enriched diets 

Figure 47-7 Physiology of water regulation and ADH. 
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o Investigation: Water deprivation test 

1. Central Diabetes insipidus: 
§ Diuresis is caused by a lack of production of ADH (aka vasopressin or arginine vasopressin -AVP). 
§ Etiology: 

• 50% idiopathic, probably autoimmune. 
• 40% due to infiltration by tumor or destructive inflammation. 

- In children, craniopharyngioma 
• Seen in 10-20% of patients post-excision of pituitary adenoma 

§ Treatment: vasopressin (intranasal spray) 
 

2. Nephrogenic Diabetes Insipidus 
§ Caused by dysregulation of the AQ2 channel or abnormal ADH receptor.  
§ Etiology: 

• Hereditary: abnormalities of the ADH receptor or AQ2 channel 
• Acquired: lithium toxicity (20%), hypercalcemia, primary renal disease 

§ Treatment: 
• Diuretics and a low sodium diet. 

 

Diuretics in Nephrogenic DI 

Thiazide diuretics are more effective than loop diuretics. Thiazides decrease the plasma 
volume which leads to more sodium resorption in the proximal tubule and decreased water 
delivery to the collecting tubule. By comparison, loop diuretics lead to a decrease in the 
osmolality of the medulla by inactivating the NKCC cotransporter, leading to a decreased 
counter-current multiplier. This lack of osmotic gradient makes the problem worse. 

Figure 47-8 Investigation of polyuria/polydipsia with the water deprivation test. 
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Chapter 48. Endocrine System: Adenohypophysis 

Chapter 47. Endocrine: Hypothalamus & Posterior Pituitary should be read first. 

Presentation and differential diagnosis of diseases of the anterior pituitary: 

 
 

Structure  

The pituitary gland is not a regulatory organ, but the connection between the hypothalamus in the CNS and body. 
The gland projects through the dura mater, surrounded by a fold of the dura. It should be considered the 
amplifier of the hypothalamic signals. 

o It is confined by the bony sella turcica and cannot expand without increasing the pressure in its space. 
o Any action expanding the pituitary gland compresses the gland. The anterior pituitary is the more vulnerable 

portion, as it has only venous pressure in its blood supply (see below). Panhypopituitarism can be caused by a 
macroadenoma (i.e. >1 cm) in adults, craniopharyngiomas in children and apoplexy (i.e. hemorrhage into an 
adenoma, which tend to be very vascular). 

§ For a pituitary mass to compress the optic chiasma, it must project through the dural fold and then 
expand to fill the 0.5 to 1 cm distance to the nerve. 

Table 48-1 Presentation and differential diagnosis of adenohypophysis disease. 

Figure 48-1 Structure of the pituitary gland and sella turcica. 
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Endocrine System: Adenohypophysis 48Blood supply (for more detail, see: Chapter 47. Endocrine: Hypothalamus and posterior pituitary gland). 

o The superior hypophyseal artery supplies the lower hypothalamus and then forms a vascular plexus at the 
median eminence. This forms a venous connection to another capillary plexus in the adenohypophysis. This 
means that the adenohypophysis is supplied at venous and not arterial pressure. This makes is vulnerable to 
hypotension, as, for example, in Sheehan syndrome. 
§ The posterior pituitary (aka neurohypophysis) is supplied by the inferior hypophyseal artery. This has arterial 

pressure and is less vulnerable to hypotension. The neurohypophysis does not infarct in Sheehan syndrome. 
o Venous drainage of the pituitary gland is through the inferior petrosal sinus / vein. This empties into the 

internal jugular vein. In Cushing disease, the inferior petrosal vein can be catheterized and directly sampled 
for ACTH. In tertiary medical centers, this has replaced the high dose dexamethasone test for differentiating 
pituitary adenoma from an ectopic source of ACTH production. 

Regulation of the anterior pituitary gland (see Chapter 47) 

The feedback regulation of the endocrine system through the adenohypophysis is seen in the image. In any 
clinical situation with an increase or decrease in hormone level, the next determination is the level of the defect: 
1°, 2°, 3° or the target cell.  

There are several important clinical pathologic correlations in the hypothalamic-pituitary axis regulatory pathway: 

o ① Prolactin is the only hormone under inhibitory control. Conditions that sever the pituitary infundibulum 
cause a decrease in the production of all pituitary hormones except prolactin, which increases. In the 
pharmacology of hyperprolactinemia, inhibition of the lactotrophs is with a dopamine agonist. 

o ② In severe 1° hypothyroidism, TRH levels can get high enough to stimulate lactotrophs and cause 
hyperprolactinemia. This is important in infertility. 

o ③ Cortisol is a critical hormone in protecting the body against stress. CRH is not only subject to inhibition by 
cortisol, but also inflammatory cytokines such as IL-1, IL-6 and TNF-α as well as having a diurnal variation. 

o ④ Growth hormone is counterregulatory in glucose regulation. GHRH is inhibited by hyperglycemia. 
o ⑤ GnRH acts on a single cell, the gonadotroph and yet stimulates 2 different hormones, FSH and LH. It does this  

by having a high amplitude, low frequency to stimulate FSH and low amplitude, high frequency to stimulate LH. 
o ⑥ The inferior petrosal sinus drains into the internal jugular vein. This can be catheterized and ACTH levels 

sampled in the investigation of Cushing syndrome. 

  

Figure 48-2 Clinical pathologic correlation of the hypothalamus and adenohypophysis. 
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Diseases of the anterior pituitary gland: 

Pituitary Insufficiency (Panhypopituitarism) 

Pathophysiology: 

o Tumors and their treatment are the commonest cause, mostly macroadenomas. In children, 
craniopharyngiomas are the commonest tumor. 

o Other causes include radiation, infiltrative disease like sarcoidosis and inflammation of unknown causes. 

Presentation: 

o Symptoms: These are highly variable depending on: 
§ Rapidity of onset: rapid onset disease such as apoplexy (hemorrhage into a macroadenoma) will manifest 

as acute cortical insufficiency due to a loss of ACTH. 
§ Severity of deficiency: complete loss of a hormone will present as its deficiency picture, while partial loss 

while only manifest during times of stress. 
§ The cells lost: types of anterior pituitary cells do not have to be lost at the same rate. With chronic 

disease, the gonadotropins tend to be the first lost. If all cells are lost, then panhypopituitarism results. 
• ↓ACTH: 

o Severe: vascular collapse and death 
o Moderate: postural hypotension and tachycardia 
o Mild: fatigue, lassitude, hypoglycemia, eosinophilia 

• ↓TSH: hypothyroidism 
• ↓FSH/LH: 

o "#: infertility, menstrual disorders 
o $%: decreased libido, decreased muscle mass 

• ↓Growth hormone: none acute, decreased muscle mass 
• ↓Prolactin: no symptoms 

o Physical exam: see individual hormones 
o Testing: 

§ ACTH 
§ TSH 
§ Gonadotropins 

• Females: no testing is needed if there is a normal menstrual cycle. For oligo/amenorrhea,                 
an FSH or LH, together with serum estradiol is enough testing for the differential diagnosis. 

• Males: a low serum LH and low testosterone are enough to establish a diagnosis. 
§ Growth hormone: IGF-1 for screening with a growth hormone glucose tolerance test (GH-GTT)               

for confirmation. 
§ Prolactin: failure to lactate after delivery is the only known effect of hypoprolactinemia. 

Treatment: hormone replacement 

Special causes: 

Sheehan syndrome 

o The anterior pituitary doubles in size in pregnancy. Within the rigid confines of the sella turcica there is  
raised pressure. There is no increase in the blood supply, which has the low venous pressure of a portal 
system (see above: Structure, Blood supply). 

o Hypotension from acute hemorrhage (i.e. enough to require transfusions) leads to ischemic infarction. 
o Over the next several weeks, the patient fails to lactate. There is general lassitude, and the greatest risk         

is acute decrease in cortisol. 
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o Pituitary adenomas are vascular tumors. Hemorrhage into an adenoma can lead to necrosis of the pituitary gland. 
o Patients complain of sudden headache and visual alterations from pressure on the optic chiasm or CN III.   

The greatest risk is rapid decrease in cortisol. 

Adenoma of the pituitary isthmus 

o Even a microadenoma (i.e. <1 cm) can cause panhypopituitarism if it compresses the pituitary stalk. This cuts 
off the hypothalamic releasing hormones. 

o Note that prolactin is under inhibition by hypothalamic dopamine. With loss of inhibition from the stalk 
compression there is hyperprolactinemia. This has different symptoms in males versus females. In general, 
galactorrhea is not seen in males. 

Pituitary neoplasms 

Pathophysiology: 

o Pathology: 
§ Size: microadenoma (< 1 cm) or macroadenoma (> 1 cm). Microadenomas are common, with a 

prevalence of 14% at autopsy of otherwise well people. The finding of a microadenoma by imaging, 
therefore, does not necessarily explain a patient’s presentation.  

§ Function: Non-functioning (mass effects only) or functioning (i.e. hormone production). Most pituitary 
adenomas are described as “functioning”. This means that hormone production can be identified in 
resected tumor. The amount of hormone production does not usually rise above the clinical threshold 
that causes symptoms. 

§ Behavior: invasive or noninvasive (much better 5 year survival) 
o Molecular basis of neoplasm: 

§ MEN 1: Loss of function mutations in menin is seen in 3-5% of pituitary adenomas. Menin is a          
nuclear protein that regulates transcription. 90% of MEN 1 patients present with hyperparathyroidism  
by age 40 years. The pituitary adenomas most commonly secrete prolactin. 

§ The most common mutation is a loss of GTPase activity, seen only in somatotropinomas                         
(i.e. adenomas secreting GH). This leads to a continuous growth signal and acromegaly in adults. 

Presentation: 

o Mass effect: this typically requires a large tumor in the range of > 3 cm in diameter. 
§ Headache 
§ Panhypopituitarism 
§ Visual defects, most commonly bilateral, bitemporal hemianopsia 

o Hormone secretion 
§ This can be any hormone in the anterior pituitary axis but is most commonly prolactin > growth hormone > ACTH. 

Prolactinoma 

These represent the majority of functioning adenomas. 
Pathophysiology: 
o Lactotrophs are unique in that they are inhibited by dopamine. Adenomas can therefore cause 

hyperprolactinemia two ways: 
§ LH secreting macroadenoma 
§ Adenoma compressing the pituitary isthmus 

o Prolactin (PL) physiology should be separated into pregnancy and non-pregnancy status. 
§ Pregnancy: the high levels of estrogen and progesterone induce an increase of PL of 10-20 X.                    

At delivery, the stimulation of these hormones is replaced by mechanical stimulation of the nipple 
signaling to the hypothalamus. 
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§ Non-pregnant: PL has many complex functions and is produced by many different cells. The first function 
is suppression of GnRH from the arcuate nucleus resulting in ↓FSH & LH, with 2° amenorrhea. PL also 
acts as a cytokine, with effects on the immune system and hematopoiesis. PL also has growth effects. 

Presentation: 

o Premenopausal female 
§ Inhibition of hypothalamus (↓gonadotropin releasing 

hormone) 
• Amenorrhea 
• Infertility 
• Galactorrhea (this is only seen in 25% of cases) 

§ Mass effect 
• Headache 
• Bilateral bitemporal hemianopsia 

o Postmenopausal female 
§ Mass effect only 

o Males 
§ Inhibition of hypothalamus (hypogonadotropic hypogonadism) 

• Decreased libido 
• Erectile dysfunction 
• Galactorrhea is rare 

o Testing: 
§ Serum prolactin for hyperprolactinemia 
§ Imaging for mass 

 

Natural history / treatment: 

o Medical: especially for microadenomas (i.e. <1 cm): dopamine agonists (cabergoline > bromocriptine) 
o Surgical: after failure of cabergoline, especially for macroadenomas with neurologic symptoms: 

transsphenoidal resection 

Somatotroph adenomas (growth hormone) 

Pathophysiology: 

o 40% of somatotroph adenomas have activation of Gsα that inhibits ATPase, resulting in a sustained activation 
signal. This results in both an increase in size and production of GH. 

o Growth hormone (GH) is regulated by the arcuate nucleus of the hypothalamus. 
§ The somatotrophs of the anterior pituitary are under positive control by growth hormone releasing 

factor (GHRF) and inhibition by growth hormone inhibitory factor (GHIF), also called somatostatin. 
• Inhibition: GH, IGF-1, leptin and hyperglycemia 
• Stimulation: ghrelin (hunger hormone from the gut), hypoglycemia 

Causes of Hyperprolactinemia 

1. Physiologic: pregnancy, nipple stimulation 
2. Pituitary stalk damage: hypothalamic disease, adenoma compression 
3. Prolactinoma 
4. Hypothyroidism (TRH stimulates lactotrophs) 
5. Drugs: dopamine receptor blockers (e.g. anti-psychotics) 

 

Figure 48-3 Loss of dopamine 
inhibition at the pituitary isthmus. 
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Endocrine System: Adenohypophysis 48§ GH is pulsatile and varies throughout the day (increasing in non-REM sleep) and stage of life           
(highest in puberty). 

§ GH has a short half-life of 10-20 minutes. 
§ GH effects: 

• Acute metabolic stress effects:  
o anti-insulin 
o lipolysis 
o protein synthesis 

• Anabolic growth effects through insulin-like growth factor (IGF-1). 
§ GH receptor is mostly found in the liver. Defects in the GH-R result in Laron dwarfism. 

o Insulin-like growth factor 1 (IGF-1) 
§ It is a receptor tyrosine kinase similar to other growth receptors like insulin. There is an extra 

membranous component and an intracellular component. 
§ The ligand, GH, causes a conformational change that phosphorylates intracellular tyrosines. These 

activate to different major pathways. 
• PI3-K: this activates the Akt system that affects many downstream systems. Central to this is mTOR that 

regulates mRNA translation and thereby cell growth and proliferation. 
• RAF-MAPK: this canonical pathway regulates the cell cycle and cell growth.  

Figure 48-4 Growth hormone physiology. 
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Presentation: 

o Children: Gigantism 
§ One-half are associated with hereditary conditions (McClune-Albright, MEN 1 etc.) 
§ While pituitary adenomas in children are associated with genetic conditions, abnormal production GHRH 

from the hypothalamus is the commonest pathology in children (compared to sporadic adenomas in adults) 
§ Presentation: rapid linear growth 
§ Diagnosis: 

• Screen: serum IGF-1 
• Diagnosis: GH-GTT suppression of GH 
• Imaging: pituitary MRI 

§ Treatment: surgery, medical, radiation 
 

o Adults: Acromegaly 
§ Presentation: 

• Symptoms: 
o Slow growing: time to diagnosis averages 12 years (based on picture review) 
o Mass effect: headache (60%), panhypopituitarism (50%) and visual field defects (10%) 
o GH/IGF-1:  

§ thickening of hands and feet (change in size, carpal tunnel syndrome) 
§ sleep apnea 
§ joint pain 
§ heart failure 

• signs: 
o enlarged jaw (macrognathia) with gaps between teeth, swollen hands and feet. 
o Median nerve compression 

§ Testing: 
• Screening: IGF-1 (a normal IGF-1 rules out acromegaly) 

Figure 48-5 Molecular pathways of the IGF receptor. 



433

Endocrine System: Adenohypophysis 48• Diagnostic: GH-GTT. Serum glucose should markedly drop by hour 2 of the glucose tolerance test. 
• Pituitary MRI: note that 10-20% of normal individuals will have a pituitary adenoma. MRI does not 

distinguish between a functioning and non-functioning adenoma. 

Natural history: 

o Prognosis: 2-3 times the usual mortality rate. 
o Complications:  

§ Cardiomyopathy 
§ Diabetes mellitus 
§ Arthropathy  

o Treatment: 
§ Transphenoidal resection 

 

Masses of the Sella: Craniopharyngioma 

These are neoplasms that arise in the pituitary stalk from remnants of Rathke pouch. 

 

        

 
 
 
 
 
 
 

 
Epidemiology: 
o Bimodal age group: children and elderly (i.e. >65 years old) 

Pathophysiology: 

o Epithelial neoplasms that may be benign or malignant 
o Calcifications are common and useful in X-ray findings. 
o Often cystic. The cyst fluid contains cholesterol that makes is shiny. The fluid is typically described as “machine oil”. 

Presentation: 

o Symptoms: headache, hypopituitarism, abnormal vision, most commonly bilateral hemianopsia. 
o Signs: visual field defects, hypothyroidism, Hypocortisolism 
o Testing: imaging 

Natural history: 

o Treatment: surgery 
o Prognosis: excellent in children, poor in the elderly, as the tumor are more likely to be invasive. 

Figure 48-6 Craniopharyngioma: embryology of Rathke pouch. 

Rathke pouch 
Embryo Week 4-5 
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Presentation and differential diagnosis of diseases of the thyroid gland 

Disorders of the endocrine system do not have just one symptom as hormones affect many different cells in many 
different systems. Any given hormone disorder should be considered when there is a constellation of symptoms in 
a recognizable pattern. 

Structure:  

The thyroid gland forms at the base of the tongue in the foramen cecum and migrates down the thyroglossal 
duct to its normal position below the cricoid bone 

Although the thyroglossal duct involutes, there are residual structures that connect the tongue to the thyroid 
gland. In the pharyngeal stage of swallowing, the back of the tongue rises, pulling up any thyroid-related 
structures in the neck. 

Other important clinical pathologic correlations seen in this regional anatomy are covered in Figure 49-2. 

                             

               

Figure 49-1 Anatomy of the tongue. 

Table 49-1 Presentation and differential diagnosis of diseases of the thyroid gland. 
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Figure 49-2 #1: Foramen cecum 

§ At the division of the oral and pharyngeal tongue 
§ Site of the lingual thyroid if the gland fails to migrate down the thyroglossal duct. 

o Figure 49-2 #3: Hyoid bone 
§ Important in forensic pathology as its fracture in unexplained death indicates strangulation. 

o Figure 49-2 #7: Pyramidal lobe 
§ Seen in about 50% of patients. Thought to be residual tissue from 

thyroid migration down the TGD 
o Figure 49-2 #8: Cricothyroid ligament (or membrane) 

§ Site of emergency cut-down tracheostomy for angioedema or foreign 
body aspiration. 

o Figure 49-2 #9: Thyroglossal duct (TGD): 
§ Embryologic structure for thyroid gland migration 
§ Connects tongue to the thyroid gland (see: Swallow test) 
§ Failure of regression leads to a thyroglossal duct cyst.  

Regulation of thyroid hormone 

Regulation is through the hypothalamic > pituitary > thyroid axis.  

o Hypothalamus: input from the thermoregulatory center and other parts of 
the nervous system determine the level of thyroid releasing hormone (TRH) 
from the paraventricular nucleus. 

Figure 49-2 Thyroid-related anatomy of the neck 

Figure 49-3 The cricothyroid 
ligament. 
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Endocrine System: Thyroid Gland 49o Pituitary: the TRH travels to the thyrotrophs of the anterior pituitary via the portal system, which connects 
the median eminence to the adenohypophysis (for more, see: Chapters 47 and 48. Endocrine: Hypothalamus 
and pituitary gland). The thyrotrophs release TSH. 
§ Sustained stimulation by TSH induces both hyperplasia and hypertrophy of the thyroid cells. 

o Thyroid gland: TSH regulates all aspects of thyroid hormone synthesis (discussed below). 

In the adult, thyroid hormone is the key hormone in regulating body temperature which is established by the 
basal metabolic rate 

The hypothalamus regulates body temperature by establishing the set point of 98.6 °F and then maintaining 
homeostasis through the SNS control of skin vasodilation, supplemented by sweating with excessive heat and 
shivering with excessive cold. 

o Sensory input from the periphery comes from thermosensory neurons in the skin (unmyelinated C fibers and 
thinly myelinated A δ fibers) and spinal cord. 

o The temperature regulatory center in the anterior hypothalamus has thermoregulatory neurons for hot and cold. 

The set point can be varied by several different factors: 

o Individual variation: normal individual temperatures can vary ±3 °F from 98.6 °F 
o Diurnal variation: temperature is 1 °F lower at 4 A.M. 
o Cytokines: IL-1 and other cytokines are well established causes of fever. They induce the release of 

prostaglandins from hypothalamic endothelial cells (as cytokines cannot cross the blood brain barrier). 
o Hormones, progesterone: the basal temperature rises > 0.4 °F post-ovulation. This has been used in fertility 

manipulation for decades, called the “rhythm method”. It is better than nothing, but not reliable. 
o Glucocorticoids not only have widespread anti-inflammatory effects, but also neurohormonal effects.       

They cause a decrease in temperature and a decrease in TRH. 

Figure 49-4 The H-P-T axis. 
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Thyroid hormone synthesis 

Correlation to the pharmacology of thyroid metabolism: 

o Thioamides (e.g. methimazole): inhibition of TPO. 
o Propylthiouracil (PTU): 2 actions, 1. Inhibition of TPO and 2. Inhibition of the deiodinase that produces T3. 
o Supersaturated KI (SSKI): saturates NIS, blocking I- uptake. 

Thyroid hormone action 

Thyroid hormone has the dual role of regulating normal development and metabolism. This discussion                  
only covers metabolism. 

T4 should be considered a prohormone, as its effects on the nucleus are via T3 

T4 is bound tightly to protein in the blood and only free T4 is active. The large pool of bound 

T4 acts as a reservoir, making for a steady state. 

① Iodine is actively absorbed through the Sodium-Iodine symporter (NIS) and passively excreted into the colloid. 

② Thyroglobulin (TG) is actively synthesized in the follicular cell and secreted   into the colloid. 

③ Thyroperoxidase (TPO) uses peroxide to put iodine into an active state that can be covalently linked to                   
the tyrosine amino acid in thyroglobulin.   

a. Organification: TPO forms single iodine tyrosines, monoiodotyrosine, MIT or double iodine tyrosines, 
diiodotyrosine (DIT). 

b. Coupling: TPO combines two DITs to form T4 bound to TG or a DIT and a MIT to form T3 bound to TG. 

④ Endocytosis: TSH stimulation induces endocytosis of the TPO-modified TG.  

⑤ The endocytosis vesicles fuse to lysosomes whose serine proteases release T4 and T3 from the TG. 

⑥ T4 / T3 are released into the blood through the basolateral cell membrane and are bound to their 
carriers:  thyroglobulin (80%), transthyretin and albumin. 

⑦ All the steps of synthesis are upregulated by TSH. 

 Figure 49-5 Thyroid hormone synthesis. 



439

Endocrine System: Thyroid Gland 49In the cell, T4 is converted to T3 by 3 different deiodinases, Types 1, 
2 and 3. These are present in different proportions in different 
tissues and respond to complex signaling. Types 1 and 2 create    
the active form, T3. Type 3 produces reverse T3 which is inactive. 
Type 3 deiodinase increases in sickness, to decrease the body’s 
metabolic demands.  

o The different deiodinases are found in different proportions    
in different tissues. This allows for a given T4 signal to have       
a different response in different tissues. This is referred to       
as peripheral modulation. 

o The complex changes in illness make thyroid status difficult         
to assess in sick patients. Thyroid testing should not be 
performed without a clear indication. 

In the nucleus, T3 binds to thyroid receptors (TR), which 
complexes with retinoic acid receptor (RXR of acute 
promyelocytic leukemia) and other proteins. 

This complex binds to thyroid response elements (TRE)           
in the DNA, with transcription activation or repression. 

Thyroid hormone transportation 

T4 and T3 are not water soluble and so have carriers in the blood, but do not then need receptors in the 
membranes of target cell. 

The 3 carrier proteins are thyroid-binding globulin, TBG, (75%), transthyretin, TTR, (20%) and albumin (5%.) 

T4 and T3 are highly bound, with <0.5% free. As only free T4 can enter the cell; the bound T4 serves as a storage pool. 

o In monitoring acute thyroid hormone changes, TSH, with a T1/2 of 1 hour, is a better test than T4 which takes 
up to one week to change due to the large storage pool.  

TBG is increased by estrogen, for example, with the birth control pill or pregnancy. Measurement of serum total 
T4 will be elevated, although the patient will be euthyroid as free T4 is still normal. 

System Test Change in pregnancy Physiologic response 
Thyroid gland TSH ↓ 1st trimester Due to ↑β-HCG 

Total T4 &T3 ↑ ↑TBG from ↑estrogen 
Adrenal gland Total Cortisol ↑ ↑CBG from ↑estrogen 
Cardiovascular Plasma volume ↑50% 1st trimester heart failure 

PVR ↓50% Effect of progesterone, NO 
Heart rate ↑15 /min  

Lungs Respiratory rate ↑20 /min  
RBCs Hgb/Hct ↑25% Physiologic anemia (hemodilution) 

Testing in thyroid disease 

Signs and symptoms of thyroid dysfunction have low sensitivity and specificity, so laboratory testing is the 
foundation of diagnosis. 

o Only 40% of clinically overt hypothyroidism is recognized clinically. 
o The group with the highest prevalence of all thyroid disease is females >50 years of age. 

Figure 49-6 Intracellular action of T4. 

Table 49-2 Pregnancy changes and their effects on laboratory testing. 



440

Clinical Pathophysiology

“TSH only” is a common testing strategy compared to ordering a panel of tests such as TSH/total T4/total T3        
or TSH/free T4/free T3, which are more expensive 

o TSH levels show significant variability, comparable to body temperature: 
§ Individual set-points: it is difficult to establish population reference ranges 
§ Diurnal variation: TSH increases 50% at night 
§ Illness: the hypothalamus connects the internal body environment to the external environment. 

Inflammation, starvation, and stress can all decrease TSH 
§ Medications: corticosteroids, dopamine and amiodarone all affect thyroid metabolism 

o “TSH only” testing assumes that the disease will be in the thyroid gland (i.e. 1° disease). Pituitary disease     
(i.e. 2° disease) will not be identified. 

o In an otherwise normal patient, a normal TSH rules out hypothyroidism. 
 

The TSH-T4 relationship 

o The is a tight non-linear inverse correlation between TSH and free T4 
o As free T4 decreases, there is an exponential increase in TSH and an increase in the amplitude of TSH pulses, 

which follow TRH pulses. 
o The set-point of the TSH-T4 response is individual. This means that comparing the trend of a patient’s results is 

more accurate than a reference range derived from a broad population. 
o The cellular and tissue response to changes in T4 are slower than the changes in the HPT axis. There is no test 

at this level, and one is left with clinical evaluation. 

Subclinical thyroid dysfunction 

o This refers to patients with an increase in TSH but normal T4/T3 
o It is common, seen in 10% of women over 60 years 
o There is some large population data that both subclinical hypothyroid and hyperthyroid dysfunction are associated 

with chronic disease, including heart, lipids, bone and other organs. 
o Due to the variability of TSH, subclinical thyroid dysfunction should only be diagnosed after several 

measurements over 3-6 months. 
o In infertile and pregnant women, TSH levels in subclinical hypothyroidism should be treated. 

Analyte Indication Interpretation Limitations 
TRH1 injection 2° disease Pituitary failure Serum TRH = TSH2 

TSH Key thyroid test 1° thyroid dysfunction ٠Individual variation 
٠Medications 

Total T4 1° thyroid disease ↓ and ↑ function TBG3 variation 
Free T4 1° thyroid disease ↓ and ↑ function Difficult to standardize 
Total T3 Clinical hyperthyroidism with 

↓TSH & normal T4 
T3 thyrotoxicosis Same as T4 

Thyroglobulin ٠Thyroid cancer marker 
٠Factitial ↑T4 

TG is elevated in 1° 
hyperthyroid states 

Nonspecific.  

Anti-TPO4 Ab  ↑TSH, normal or ↓T4 Hashimoto thyroiditis  
Anti-TSH-R5 Ab Hyperthyroidism Graves disease  

1.Thyroid releasing hormone, 2. Thyroid stimulating hormone, 3. Thyroid binding globulin, 4. Thyroid peroxidase, 5. Thyroid 
stimulating hormone receptor. 

 

 

  

Table 49-3 Thyroid function tests. 
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This is more accurately called thyrotoxicosis because an increase in thyroid hormone activity can come from 
extrathyroid sources such as factitial use and β-HCG from choriocarcinoma. The effects of increased T4/T3 are  
the same, regardless of source. 
o Graves disease causes 80-90% of hyperthyroidism. Only Graves disease has the extrathyroid symptoms of 

exophthalmos and cutaneous myxedema. 

Etiology of thyrotoxicosis: 

 

 

Presentation of thyrotoxicosis: 

o Increased basal metabolic rate 
§ Weight loss, despite increased appetite 
§ Heat intolerance 
§ Warm, flushed, sweaty skin (a cool dry handshake rules out thyrotoxicosis). 

o Increase sympathetic system response 
§ Anxiety, overactivity, insomnia 
§ Tremor, hyperactive reflexes 
§ Staring gaze, wide palpebral gap, infrequent blinking 
§ Hypertension, tachycardia 

o Cardiovascular 
§ Cardiomegaly and CHF secondary to increased output 
§ Arrhythmias, especially atrial fibrillation 

 
 

 
 

o Muscles 
§ Weakness and wasting 

o Bone 
§ Osteoporosis (pathologic fractures) 
§ Hypercalcemia  

 
  

The elderly may only manifest the cardiac abnormalities of 
thyrotoxicosis, especially atrial fibrillation. Also, rather than 
agitation, they may be depressed. 

Table 49-4 Clinical pathologic correlation of thyrotoxicosis. 
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Testing in thyrotoxicosis:  

RAI = radioactive iodine, TSH٠R = Thyroid stimulating hormone receptors, Ab = antibodies 

 

Graves disease is the commonest cause of hyperthyroidism, about 80-90% of cases. It can be clinically diagnosed 
if there are moderate to severe symptoms, a diffusely enlarged thyroid gland and exophthalmos. 

o If any of these findings is equivocal, the presence of anti-TSH receptor antibodies is diagnostic. 

If the physical examination reveals a nodular thyroid, then radioactive 123I uptake and scan is the next best step 
(see Figure 49-7). 

o ↑ uptake with a suppressing nodule = functioning adenoma 
o ↑ uptake with a diffuse pattern = Graves disease 
o ↓ uptake = Hashimoto thyroiditis 

Radioactivity cannot be used in pregnancy. Blood flow ultrasound (i.e. color flow Doppler) shows ↑flow in Graves 
disease, normal flow in thyroiditis and localizing flow in adenomas. 

  

Figure 49-7 Investigation of hyperthyroidism. 



443

Endocrine System: Thyroid Gland 49Graves disease 

Epidemiology: 

o Commonest in females ages 30-50, typical for autoimmune disease 

Pathophysiology: 

o Type II hypersensitivity disease with anti-TSH receptor antibodies 
§ Hereditary association with HLA-DR proteins (MHC 2 related) 
§ Part of the polyendocrinopathy syndrome 

o Thyroid gland: hyperplasia and hypertrophy of all cells leads to diffuse enlargement of the gland 
o Extrathyroid involvement: 

§ Exophthalmos: expansion of periorbital soft tissues is thought to be due to the presence of TSH-R           
on fat cells and fibroblasts leading to their proliferation and GAG accumulation. 

§ Pretibial myxedema: the causes a non-pitting edema due to an increase in glycosaminoglycans in                 
the soft tissue. 

o Other organs: pathology is due either to increased metabolic rate or to increased demand in response to 
sympathetic stimulation.  

Presentation: 

o Symptoms: thyrotoxicosis (discussed above). 
o Signs: thyrotoxicosis, diffusely enlarged gland, exophthalmos and pretibial myxedema 

Natural history: 

o Diagnosis: see algorithm (Figure 49-7). 
o Treatment: 

§ Surgical: total thyroidectomy. 
§ Medical: methimazole (anti-TPO), β-blockers. 
§ 131I (may worsen exophthalmos). 
§ Periorbital decompression if vision is threatened. 

Hypothyroidism 

This is overwhelmingly due to the primary disease of Hashimoto thyroiditis. 
When due to hypothalamic-pituitary disease, the hypothyroidism is usually masked by hypogonadism                 
and adrenal insufficiency. 
Pathophysiology of hypothyroidism: 
A. General slowing of metabolic processes.  
B. Accumulation of glycosaminoglycans (GAG) in the extracellular matrix of organs. 

§ Thought to be due to lack of suppression of connective tissue cells by thyroid hormone. 

Hashimoto thyroiditis 

Pathophysiology: 

o Type IV hypersensitivity. 
o There is a strong genetic link: 

§ Identical twin concordance is 30-50%. 
§ Associated with HLA-DR genes (like all autoimmune diseases). 
§ Associated with polyendocrinopathy syndrome (diabetes mellitus type I, adrenal insufficiency, 

myasthenia gravis, connective tissue diseases). 
o Destruction of gland by cytotoxic lymphocytes. These can be used to establish the diagnosis by fine needle 

aspirate (FNA) and biopsy. 
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o Destruction may lead to release of premade T4/T3 in the colloid. This causes transient hyperthyroidism early 
in the disease. 

o Natural history correlates to the level of thyroid hormone. 

                               
 
 

Presentation (in hypothyroid stage): 

o Symptoms: 
§ General: 

• Weight gain. 
• Weakness and fatigue. 
• Constipation (commonest complaint). 

§ Neurologic: 
• Slowed mentation to myxedema coma. 
• Depression.  

§ Heart: 
• Heart failure (infiltrative cardiomyopathy). 

§ Reproductive: 
• Menstrual irregularity. 
• Infertility. 
• Hyperprolactinemia (hypogonadism, galactorrhea in females). 

o Physical exam: 
§ Skin:  

• Dry and cool. 
• Generalized myxedema with periorbital edema. 
• Hair loss. 

§ Neurologic: 
• Slowed reflexes. 
• Flat facial expression, passive demeanor. 
• Carpal tunnel syndrome (GAG accumulation). 

  

Figure 49-8 Hashimoto thyroiditis: T4/TSH levels over time. 
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§ ↑TSH, ↓T4, anti-TPO Ab and anti-TG Ab. 
§ Other metabolic abnormalities: 

• Hypercholesteremia (↓LDL receptors in liver). 
• Hyponatremia (↓free water clearance). 

Natural history: 

o When defined as the presence of anti-TG and anti-TPO antibodies, the disease is very common (up to 10% of 
adult women). Progression to destruction from this point takes years, so most patients will have subclinical 
disease (i.e. ↑TSH; normal T4). 
§ Treatment in this group is controversial. 

o Increased incidence of MALToma (as with all diseases with increased B lymphocytes, including Sjögren 
syndrome and chronic gastritis). 

o Treatment:  thyroid replacement with T4 (levothyroxine). 

Neck Masses 

Neck masses are a common complaint in clinical practice. They often present in otherwise asymptomatic patients 
and may be the sole manifestation of a serious underlying disease. The “age, gender and time frame” of the mass 
directs the approach to the investigation. 
o Time frame: if present < 2 weeks = benign. 
o Age: children = benign; adult > 40 years = rule out cancer 

Differential diagnosis of neck masses: 

A. Thyroid: 
§ Multinodular goiter. 
§ Cyst. 
§ Nodule: 

• Adenoma. 
• Neoplasm. 

B. Non-thyroid: 
§ Lymph node. 
§ Thyroglossal duct cyst. 
§ Branchial cleft cyst. 
§ Paraganglioma (rare). 

The physical examination in neck masses: the water swallow test: 

The physical exam is the most critical element in the evaluation of neck masses as it separates thyroid masses 
from non-thyroid masses. The P/E centers on the Water swallow test. 

o The thyroid gland forms in the foramen cecum and migrates down the thyroglossal duct (TGD) to its adult 
position in the anterior neck. Although the TGD involutes, residual fibers remain that connect the thyroid 
gland to the tongue. 

o Swallowing involves a forward lifting of the tongue. All structures related to the thyroid gland or TGD are 
dragged up the neck. This can be palpated on the physical exam.     
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Investigation of thyroid nodules 

Any enlargement of the thyroid is called a goiter. This term should always have the qualifying adjective of: 

o Diffuse: usually Graves disease. 
o Multinodular:  a multinodular goiter, minimal investigation. 
o Nodular (which by custom infers a single nodule): neoplasm must be excluded. 

Thyroid nodules are common. Their prevalence depends upon the thoroughness in which they are sought. 

o Palpation: 4% adults 
o Ultrasound: 50% adults. Nodules found by ultrasound should not be investigated unless > 1 cm in size and solid. 

While nodules are common, thyroid neoplasm is not. In the typical patient (female 25-45 years) the incidence of 
neoplasm is <5% and 75% of neoplasms are papillary carcinomas, which have a benign behavior. This means that 
investigation has a “rule out neoplasm” prevalence with the least invasive testing (as contrasted with “rule in 
neoplasm” in which neoplasm is suspected and invasive testing is warranted). 

o Thyroid nodules with a high risk for malignancy include: 
§ Solitary 
§ Young age (i.e. childhood) 
§ Male 
§ History of irradiation (e.g. Hodgkins disease in the neck) 
§ Familial MEN syndrome 

Functioning nodules, i.e. those that secrete T4, are overwhelmingly thyroid adenomas, and are therefore benign. If a 
patient has a ↓TSH, it will be due to suppression by an ↑T4, and the nodule can be considered to secrete. This makes it 
benign and further investigation is not warranted. 

The 3 phases of swallowing 

1. Oral phase (voluntary): after chewing and saliva get the food into the right consistency, the bolus is 
pushed to the hard palate and then “milked” back to the vallecula, the space between the tongue 
and the epiglottis. 

 

A. Bolus pushed to hard palate         B. Milking back of bolus      C. Bolus sealed into vallecula 

 
 
 

2. Pharyngeal phase (involuntary): the tongue and the pharyngeal walls squeeze the food bolus over 
the closed epiglottis and force it past the open upper esophageal sphincter. 

3. Esophageal phase (involuntary): peristalsis, orchestrated by the myenteric plexus, carries the bolus 
past the relaxed lower esophageal sphincter into the stomach. 

Figure 49-9 Voluntary phase of swallowing. 
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Endocrine System: Thyroid Gland 49o Suppression of TSH is more likely with larger nodules. They need to be >1 cm before there is adequate          
T4 secretion. At 2.5 cm in diameter, about 20% of adenoma secrete enough T4 to show a ↓TSH. 

o Treatment is usually medical initially. 
o RAI scans can also be used to show that a nodule is functioning. Increased uptake of 128I is usually called “hot” 

in the convention of nuclear terminology. “Cold” nodules that do not have increased uptake are of 
indeterminate status and neoplasm still must be excluded using fine needle aspirate (FNA). 

Multinodular goiter 

A clinical term used to describe an irregular enlargement giving rise to palpable nodules. In cultures other than 
the US, iodine deficiency is the commonest cause.  

Pathophysiology:  

o Thought to be due to an uneven response of follicular cells to external stimuli that results in uneven      
growth throughout the gland. Accumulation of colloid leads to rupture, hemorrhage and fibrosis,                 
with nodule formation. 

Testing: 

o TSH, anti-TPO antibodies (i.e. Hashimoto thyroiditis) 
o Ultrasound: no features are diagnostic, although microcalcifications and internal blood flow suggest 

malignancy. Best used to localize FNA sampling. 

Treatment: 

o Generally, “benign neglect”, unless the thyroid gets large enough to compress surrounding structures        
such as the trachea. 

Figure 49-10 Investigation of a thyroid nodule. 
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Thyroid Neoplasms 

 

Papillary carcinoma 

Epidemiology:  
o Most common thyroid neoplasm, constituting 75-80% of thyroid malignancies. 
o Reproductive age females; associated with radiation exposure. 

Pathology:  

o Usually papillary architecture; 50% have psammoma bodies. 
o Diagnosed by nuclear features. 

Presentation: asymptomatic neck mass.  

Natural history: Indolent neoplasm. 10 year survival is unchanged, even with cervical lymph node metastases. 

  

Adenocarcinoma: the architecture of glandular neoplasms 

Adenocarcinomas arise from glandular epithelium. This epithelium has a primary function of absorption 
(e.g. colon, Type 1 pneumocytes) or secretion (e.g. pancreas, parietal cells of stomach). Neoplasms of 
glandular epithelium have a papillary architecture (i.e. finger-like) or are gland forming (i.e. with a lumen). 
With ongoing secretion, the glands form cystic structures. 

 

 

Figure 49-11 
Psammoma body. 

Figure 49-12 The architecture of glandular neoplasms. 

The Surgical Pathology of Endocrine Neoplasms 

Cytologic appearance does not predict behavior in endocrine neoplasms. Adenomas, which are benign, 
can have an anaplastic appearance, and aggressive carcinomas can have a bland cytologic appearance. 
This means that diagnosis must be based on behavior. Malignancies have invasion and metastasis, 
adenomas do not. 

In clinical practice, this means that cytology, such as FNA, cannot differentiate a follicular adenoma from 
a follicular carcinoma. FNA reports will read, “Follicular lesion” which is indeterminant. Follow up 
requires open biopsy (usually a thyroid lobectomy). 
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Epidemiology: reproductive age females. 

Presentation: asymptomatic thyroid mass. 

Pathology: follicular architecture, vascular metastasis to lung and bone. 

Natural history: 

o Wide range of life expectancy that varies with size and invasion. 
o May have avid uptake of iodine and can be treated with 131I. 

Medullary carcinoma       

Epidemiology: 

o Rare tumor (1-2% of thyroid neoplasms).  
o 30% associated with MEN 2A & 2B. 

Presentation: 

o Commonest is during a directed search in MEN families. 
o Mass in 50 year old. 

Pathology: 

o Neoplasm of the C cells (parafollicular cell) that secretes calcitonin. 
o Calcitonin β-pleats to form amyloid. 
o Calcitonin does not affect calcium levels but can be used as a tumor marker. 
o Molecular pattern: point mutation in RET receptor tyrosine kinase (RTK) oncogene. 

Natural history: 

o Aggressive neoplasm (50-75% 10 year survival). 
o Family MEN members get prophylactic thyroidectomies. 

Non-thyroid neck masses 

The major differential diagnosis of neck mases is “infectious” or “malignant”. History is helpful in               
establishing probabilities: 

1. Age: 
o < 16: infectious or congenital. 

§ Lymph nodes of the neck drain the soft tissues of the head and the oropharynx (see below: 
Lymphadenopathy). Infections are symptomatic and visible.  

o > 40 years: malignant until proven otherwise. 
2. Time frame: 

o Change over <2 weeks: infection (some lymphomas in adults). 
o Fluctuating: congenital cysts. 
o Stable over years: benign neoplasm. 

The most important causes of neck masses include: 

1. Lymph node. 
2. Thyroglossal duct cyst. 
3. Branchial cleft cyst. 
4. Paraganglioma (rare). 

Figure 49-13 Histology of 
parafollicular C cells. 
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Lymphadenopathy of the head and neck 

Rule of 80’s states that of neck masses in adults >50 years of age: 

o 80% will be lymph nodes. 
§ Of these, 80% will be malignant. 

• Of these 80% will be squamous cell carcinoma of the head and neck (HNSCC). 
 

In smokers and drinkers, the commonest site of the carcinoma is the floor of the mouth and the side of the tongue. 

In HPV-related cancers, the commonest site will be the palatine tonsils. 

Different groups of lymph nodes drain different regions. One must know how to stage a cancer’s most likely 
draining lymph nodes and to identify the site most likely to be the origin of a given lymphadenopathy. 

Presentation: 

o Symptoms: neck mass 
o Physical exam: 

§ Soft, tender and <1.5 cm: inflammatory (the lymph node has an innervated capsule that is stretched by 
the edema of inflammation, making it tender). 

§ Firm, rubbery, > 1.5 cm: lymphoma. 
§ Stony hard, >1.5 cm: metastatic carcinoma (the hardness comes from stromal fibrosis, in which normal 

connective cells are induced to produce collagen by the malignant carcinoma cells). 
 

o Testing: 
§ Screening: fine needle aspirate (FNA)  

• Diagnostic: Biopsy. This is mostly needle core biopsy as excisional biopsy carries risks: 
o Paraganglioma: trauma to carotid artery 
o Schwannoma: nerve damage 
o HNSCC: risk of tumor seeding, and scarring makes subsequent lymph node dissection difficult  

§ Imaging is used to evaluate surrounding tissues in infiltrating processes such as invasive carcinoma 
 

Figure 49-14 Lymphatics of the head and neck. 
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A congenital cyst arising from incomplete involution of the thyroglossal duct (see discussion at the            
beginning of the chapter). 

It is found anywhere between the foramen cecum and the thyroid cartilage, roughly in the midline.              
Positive swallow sign (i.e. it moves up with swallowing). 

They most commonly present in childhood or adolescence. 

Treatment is surgical. 

Branchial cleft cyst 

A congenital cyst arising from incomplete 
involution of a branchial arch (aka pharyngeal 
arch), usually the second branchial cleft. 

The pharyngeal arches in humans are 
considered to be homologous to the branchial 
arches that form gills in fish. 

The cyst presents as a painless mass anterior 
to the sternocleidomastoid muscle. 

Most common in late childhood / early adulthood 

Diagnosis: clinical with negative FNA 

Treatment: surgical 

Paragangliomas 

Extra-adrenal tumors of the autonomic nervous 

system that can secrete catecholamines 

o Cells derive from the neural crest 
o Same cell as pheochromocytomas of the 

adrenal medulla, which have been referred 
to as intra-adrenal paragangliomas 

1/3 are associated with syndromes: MEN 2, neurofibromatosis        
type 1 and von Hippel-Lindau 

Are found anywhere along the sympathetic chain. Carotid angle is 
most common in the head and neck. 

o Abdominal paragangliomas usually present with symptoms of 
catecholamine secretion, just like adrenal pheochromocytomas 

o Head and neck paragangliomas present as masses 

Physical examination reveals a solid mass with a “bow-string” sign. The 
tumor will move laterally, but not vertically, as it is tethered by the 
carotid artery 

Treatment: surgical  

Figure 49-15 The branchial arches origin of branchial 
cleft cysts. 

Figure 49-16 Bow string sign: lateral 
but not vertical movement. 
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Figure 50-2 Steroid synthesis in the adrenal cortex. 

Chapter 50. Endocrine System: Adrenal Cortex: Structure, Function and Diseases 

Structure of the adrenal cortex 

The adrenal gland sits atop the superior pole of the kidney, outside of the renal capsule but beneath Gerota fascia. 
o The adrenal gland is usually removed with the kidney in a radical nephrectomy, which is usually performed 

for a renal neoplasm. 

The adrenal gland is two separate, unrelated organs: 

o Cortex: an endocrine organ formed from mesothelial cells 
o Medulla: part of the sympathetic nervous system, it is neuroectodermal in origin and provides a systemic 

signal from the nucleus tractus solitarius (NTS). 

The cortex has three regions that produce three different hormones from cholesterol. 

o Zona glomerulosa (L. “ball of yarn”) Figure 50-1 ①: lacks 17α-hydroxylase 
and so produces aldosterone. It is under regulation by AT-II and potassium. 

o Zona fasciculata (L. “bundle”) Figure 50-1 ②: produces cortisol under 
regulation by ACTH. 

o Zona reticularis (L. “small net”) Figure 50-1 ③: produces DHEA, a weak 
androgen precursor. DHEA is pleiotropic (i.e. affects many different cells), 
including skin (converted to testosterone), vagina (converted to estrogen) 
and the CNS (many complex effects). 

Steroid hormone synthesis  

Figure 50-1 #1: The steroid hormones are made from cholesterol. While the cells 
can make cholesterol de novo, most is derived from LDL. 
o The LDL is taken in from pinocytosis of the LDL / LDL receptor complex. 

Figure 50-1 #2: Aldosterone is regulated by angiotensin II (ATII) activated by 
the juxtaglomerular apparatus of the kidney and potassium.  

  

Figure 50-1 Histology of 
the adrenal cortex. 

Medulla 
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o Glomerulosa cells are hyperpolarized through K+ leak channels. When these are inhibited, voltage-gated       
Ca+2 channels open and calcium becomes the signal. 

o The ATII receptor is Gq. It inhibits the K+ channel and the IP3 effects the release of Ca+2 from the       
endoplasmic reticulum.  

 

o Increased [K+] in the serum / interstitial fluid can also decrease the polarity of the cell membrane, which 
opens the voltage-gated Ca+2 channels. 

o Aldosterone synthesis is increased acutely by increasing the transfer of cholesterol into the mitochondria 
through StAR transporter and chronically by increasing aldosterone synthetase (aka 11β2). 

Figure 50-1 #3: ACTH receptor is a Gsα with ↑CAMP and PKA phosphorylation cascades. 

Figure 50-1 #4: As with all steroidogenesis, the rate limiting step is the transfer of cholesterol into the 
mitochondria through the StAR transporter. 

Figure 50-1 #5: 3β hydroxylase is mostly absent from reticularis cells. This means that the 17OH-pregnenolone 
cannot be converted into aldosterone or cortisol. 

Figure 50-1 #6: The cells of the zona glomerulosa lack 17-OH and therefore cannot convert pregnenolone or 
progesterone into their 17-OH derivatives in the cortisol or DHEA pathways. 

Figure 50-1 #7: 21β hydroxylase deficiency causes >90% of congenital adrenal hyperplasias. 

Figure 50-1 #8: Aldosterone synthase (AKA 11β2) is only found in the zona glomerulosa and is responsible for the 
sequential 3 hydroxylation needed to make aldosterone. 

Figure 50-1 #9: DHEA is only mildly androgenic. It is considered to be a prohormone as there are no receptors in 
the peripheral body. In females, it is converted in peripheral tissue to testosterone and this to estrogen by 
aromatase. In males, it is converted to testosterone. 

Congenital Adrenal Hyperplasia: 21-Hydroxylase deficiency 

Introduction: there are 2 key ideas to keep in mind in this disease: 

o Female newborns have ambiguous genitalia; males are phenotypically normal. 
o The immediate risk to the newborn infant is lack of aldosterone, seen in 2/3 of cases. These babies suffer 

cardiovascular collapse within 1-2 weeks of delivery from hyponatremia and hypovolemia. 

Epidemiology: 

o This is a common enough disease that it is now screened for at birth with 17OH-progesterone (≈ 1/15,000 births). 
o Autosomal recessive with significant ethnic variation (e.g. ↑ Ashkenazy Jews). 
o There is a wide spectrum of disease. 

  

Glomerulosa cell activation has a similar use of K+ channel inhibition to open voltage-gated 
Ca+2 channels as the β cell of the pancreas release of insulin. 

 



455

Endocrine, Adrenal Cortex: Structure, Function and CAH 50

Figure 50-4 CAH: Ambiguous genitalia. 

Pathophysiology: 

o The enzyme defect results in:  
§ ↓cortisol production with ↑ACTH to compensate in partial defects. 
§ Overabundance production of DHEA with peripheral conversion to testosterone and masculinization       

of female fetuses. 
§ In 2/3 of cases, there is ↓aldosterone production with possible vasomotor collapse from                   

↓Na+, ↑K+ and hypovolemia. 

Presentation: 

o The genotype does not correlate precisely with the phenotype, suggesting that other factors are involved. 
o “Classic” presentation means that it presents at birth. “Non-classic” presentation occurs later in life, such as early 

puberty in school age children or abnormal menses in young women. 
o Females: 

§ Severe (salt-wasting): 
• Ambiguous genitalia 
• Hypotension from hypovolemia, 

↓Na+ & ↑K+, 1-2 weeks post-delivery.  
§ Mild (simple virilizing) 

• Ambiguous genitalia. 
o Males 

§ Severe: salt-wasting. 
§ Mild : early puberty. 

 

Figure 50-3 CAH: biochemistry of 21-0H deficiency. 



456

Clinical Pathophysiology

Figure 50-5 Aldosterone effect in the 
principal cell of the collecting tubule. 

o Testing: 
§ 17-hydroxyprogesterone is the usual screening test. 
§ This test has surprisingly poor sensitivity and other tests are often used to confirm the diagnosis. 
§ Ultrasound will show enlarged adrenal glands. 

Natural history / treatment: 

o Inhibition of CRH / ACTH with cortisol. 
§ ACTH increases all parts of synthesis, including the rate-limiting step of cholesterol transport into the 

mitochondria through the StAR (Steroid Acute regulatory protein). 
§ The deficiency in 21-OH leads to a shift of synthesis to DHEA, which has peripheral conversion  

to testosterone. 
o Aldosterone if there is severe deficiency. 

 

Physiologic actions of steroids 

Mineralocorticoids (aldosterone) 

Regulation: The RAA system 

o Renin is produced by specialized cells in the mesangium of the juxtaglomerular apparatus (JGA) of the 
glomerulus under regulation of the macula densa (via prostaglandins) and sympathetic nervous system. Renin 
cleaves angiotensinogen to angiotensin I, which converted to angiotensin II by angiotensin converting enzyme 
(ACE), produced by endothelial cells in the lung and in local tissues, especially the kidney. 

o ATII stimulates the ATII-R of the cells of the zona glomerulosa. 
o The ATII receptor is Gq. It inhibits the K+ channel and the IP3 effects the release of Ca+2 from the    

endoplasmic reticulum.  
§ Glomerulosa cells are hyperpolarized through K+ leak channels. When these are inhibited, voltage-gated 

Ca+2 channels open and calcium becomes the signal. 
§ Note that this is similar to the use of K+ channel inhibition in the β cell of the pancreas to release insulin. 

o Serum potassium (K+): 
§ Increased [K+] in the serum / interstitial fluid decreases the polarity of the cell membrane, which 

activates the voltage-gated Ca+2 channels. 

Physiologic effects: 

o Aldosterone regulates sodium reabsorption in the kidney, colon, 
sweat gland and salivary glands. 

o It diffuses across the cell membrane, binds to a cytoplasmic 
mineralocorticoid receptor and the complex is transported 
into the nucleus. 

o In the nucleus, the complex binds to response elements that 
increase and decrease the activity of transcription factors. 

o In the collecting tubule of the kidney, it increases the activity 
of the Na/K ATPase and upregulates the ENaC. This results in: 
§ ↑Na+ resorption. 
§ ↑H2O resorption. 
§ ↑K+ excretion. 
§ ↑H+ excretion. 
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Regulation: 

o Regulated by the hypothalamus / pituitary / adrenal (HPA) axis.     

o The paraventricular nucleus (PVN) of the hypothalamus is the master regulator of the stress response. 
§ It also has a critical role in regulation of metabolism and diurnal variation. 
§ There are other systems that also respond to stress, including the sympathetic nervous system (SNS), 

prolactin, cytokines and gonadal steroids. 
§ Hypothalamus response is divided into: 

• Reactive response: physiologic stress such as hypovolemia or infection (i.e. homeostasis) 
• Anticipatory response:  polysensory anticipation of a future stressful event from the environment 

(i.e. psychosocial). 
§ There are many different inputs to the hypothalamus, including: 

• Nucleus tractus solitarius: inputs from the SNS directly connect to the paraventricular nucleus. 
• Neuropeptides from viscerosensory systems such as osmolality, blood pressure, metabolic 

imbalance, etc. 
• Limbic, hippocampus and prefrontal cortex, responsible for psychologic stress. 
• Cytokines from systemic inflammation. 

o The PVN releases corticotropin releasing hormone, CRH, (aka corticotropin releasing factor) in a pulsatile rhythm. 
§ The neurons release CRH into the interstitium of the median eminence where it diffuses into the 

fenestrated capillaries. 
§ CRH travels down the portal system into the anterior pituitary which is outside of the blood brain barrier. 

o The corticotropes (or corticotrophs) of the anterior pituitary have a Gs receptor and release ACTH in a 
pulsatile fashion into the blood. 
§ ACTH is a cleavage product of POMC that not only produces ACTH, but also 

melanin-stimulating hormone (MSH). 
§ ACTH in high enough doses can also stimulate the MSH receptors, resulting in hyperpigmented skin. 

• This is seen in chronic adrenal insufficiency, but not Cushing disease.  

Figure 50-6 The HPA axis. 
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o ACTH stimulates the cells of the zona fasciculata to produce cortisol (see below: Steroid hormone synthesis) 
o Cortisol inhibits synthesis of both CRH and ACTH (i.e. negative feedback). 

Physiologic effects: 

o Cortisol has physiologic effects on most cells and affects 10% of all human genes. 
o It diffuses across the cell membrane and binds to a cytoplasmic glucocorticoid receptor and is transported 

into the nucleus. 
o The complex binds to glucocorticoid response elements that regulate transcription factors. 
o Effects of cortisol can be considered in three groups: 

1. Metabolism: increase nutrient availability. 
• ↑glucose: antagonize insulin, ↑gluconeogenesis. 
• ↑amino acids: muscle catabolism. 
• ↑fatty acids: ↑hormone-sensitive lipase. 

2. Inflammation: profoundly anti-inflammatory. 
• Neutrophils: inhibits diapedesis. 
• Eosinophils: inhibits IL-5 effect with eosinopenia. 
• Macrophages: ↓interleukin production and ↓eicosanoids. 
• Trafficking: inhibition of adhesion molecules à neutrophilia. 
• B lymphocytes: inhibits IL-4 and ↓isotype switching; ↓IgA and ↓IgG; IgM not affected. 
• T lymphocytes: inhibits IL-2 à lymphopenia. 

3. CNS 
• There are extensive connections of the hypothalamus to many regions of the brain in stress regulation, 

resulting in profound mental effects of increased cortisol in the CNS. 
• Memory: loss of short term and intermediate term memory. 
• Mood: depression. 
• Cognition: one-half of Cushing syndrome patients have a psychiatric disorder. 
• Sleep: disruption of REM cycles. 

Sex steroids (DHEA) 

Regulation: 

o There is no known central regulation of DHEA, although it has some response to ACTH. 

Physiologic effects: 

o The sex steroids produced in the adrenal gland are of uncertain significance in the human. 
§ They are known to be involved in puberty. 
§ They have significant affects in the CNS. 

o DHEA has no known peripheral receptor. 
o DHEA can be considered to be a prohormone as it is converted to testosterone in peripheral tissues. 

Hypercortisolism (Cushing syndrome) 

Introduction: 

Cushing syndrome is hypercortisolism that results in clinically evident disease 

o Cushing disease is hypercortisolism due to an ACTH-secreting pituitary adenoma. 
o While severe disease is obvious, cortisol is the stress-response hormone and there are many conditions in 

which one finds a mild elevation of serum cortisol (e.g. psychiatric conditions, alcoholism. diabetes, obesity, 
hypertension). There is overlap between physiologic and pathophysiologic states. 
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o There are several unexpected exogenous sources of glucocorticoids, including skin creams, herbal 
medications and synthetic progesterones. 

Untreated Cushing syndrome is dangerous, with a 5 year survival of 50% 

o Commonest causes of death are cardiovascular (there is associated dyslipidemia, diabetes and hypertension), 
thromboembolic disease (hypercoagulable state) and infection (with severe disease). 

Pathophysiology 

The commonest causes are: 

o Pituitary adenoma (called Cushing disease in honor of the describing doctor)……………………………………………70% 
o Ectopic ACTH (in 1% of small cell carcinomas, of which there are ≈30,000/yr)……………………………………………15% 
o Adrenal neoplasm: 

§ Adenoma…………………………………………………………………………………………………………………………………………….10% 
§ Carcinoma……………………………………………………………………………………………………………………………………………5% 

Cushing disease is commonest in women ages 25-45 years old. 

Cortisol affects >10% of the genome, so almost every organ system is affected. The key effects of clinical 
importance are: 

o Catabolism, with decreased collagen synthesis leads to easy bruising, proximal muscle weakness and osteoporosis. 
o Anti-regulatory anti-insulin effect: hyperglycemia (i.e. diabetes mellitus Type II). 
o Mineralocorticoid effect (it is more complex than just this): hypertension. 
o Anti-immune effects (seen in severe disease): recurrent infections. 
o Other symptoms are not well explained (e.g. mental changes, fat distribution etc.). 

Presentation 

The main challenge in establishing a diagnosis is that the most specific findings in hypercortisolism are 
uncommon, but the most common findings are common in non-disease. 

o Symptoms (most common): 
1. Weight gain. 
2. Easy bruising. 
3. Weakness and fatigue. 
4. Psychological changes (depression, insomnia). 

o Signs (correlated to symptoms): 
1. Moon facies, buffalo hump, abdominal pannus. 
2. Abdominal striae that are >1 cm across & red/blue in color (i.e. the vasculature is seen); skin on back of 

hand <1.8 mm (not useful in the elderly). 
a. These are both due to thinning of the subcutis. 

3. Proximal muscle weakness. 
o Testing: 

§ In addition to the above pattern of signs and symptoms, testing is also warranted in patients with 
unusual behavior of diabetes mellitus Type II, osteoporosis or thromboembolic disease. 
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§ A challenge in diagnosis is that cortisol has a marked diurnal variation and baseline changes with chronic 
stress conditions. 

 

§ There are 3 testing strategies for dealing with this problem: 
• 24 hours urine free cortisol: 24 hours is one full cycle. This is the gold standard test. 
• Midnight saliva: saliva levels correlate well with serum levels. Using an absorbent device to collect 

saliva just before midnight should show a low level in a normal individual. 
• Dexamethasone suppression test: a low dose of dexamethasone (e.g. I mg) will suppress a normal 

hypothalamus enough to give a low 8 AM level. 
o Investigation of Cushing syndrome 

   Testing is based on feedback control: HPA 

§ Estrogens, especially pregnancy, increase cortisol-binding protein, raising total serum cortisol. 24 hour 
urine free cortisol measures filtered cortisol (i.e. it is unbound) and therefore avoids this problem. 

§ An elevated ACTH indicates 1° disease and should be followed by imaging, looking for an adrenal mass. 
§ Pituitary adenomas, the commonest cause of 2° disease, are suppressed overnight by high doses of 

Dexamethasone (e.g. 8 mg). Ectopic sources such as small cell carcinoma are not suppressed. 
§ Petrosal sinus sampling is now performed in tertiary medical centers. The sinus can be catheterized from     

the internal jugular vein. 

Figure 50-7 Diurnal variation of serum cortisol. 

Figure 50-8 Investigation of hypercortisolism. 
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identifies about 50% of secreting pituitary adenomas. If a larger 
adenoma is identified (i.e. >6 mm), it can be considered the 
source of the ACTH. 

Natural history 

Cushing syndrome has a poor prognosis with a 5 year survival of 50%. 

o Commonest causes of death are cardiovascular (there is associated 
dyslipidemia, diabetes and hypertension), thromboembolic disease 
(hypercoagulable state) and infection (with severe disease). 

Treatment: 

o Treatment of choice for pituitary microadenomas is transphenoidal 
resection. 

o Treatment of choice for ectopic production is resection of tumor, or its 
destruction if small cell carcinoma of lung (e.g. irradiation, chemotherapy). 

o Treatment of choice for adrenal neoplasms is adrenalectomy. 

Adrenocortical Insufficiency 

Introduction 

The commonest is cause is too sudden a withdrawal of cortisol drug therapy. 

There is a spectrum of disease that depends upon the rate and degree of loss. 

o Acute adrenal insufficiency is usually called adrenal crisis. If this is due to hemorrhagic infraction form 
meningococcemia, it is called Waterhouse-Friderichsen syndrome. 

Adrenal crisis also may be precipitated by acute stress in a patient with borderline cortisol levels (including those 
on cortisol treatment). 

Chronic insufficiency is usually due to autoimmune destruction of the adrenal gland, autoimmune adrenalitis,  
aka Addison disease and so there is associated hypoaldosteronism as the entire cortex is lost. 

Figure 50-9 The HPA axis and 
level of disease. 

Figure 50-10 Patterns of adrenal insufficiency. 
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Adrenal Crisis 

Pathophysiology: Adrenal crisis, or acute adrenal insufficiency, occurs due an acute stress on the adrenal gland. 

o Normal gland:  
§ Primary destruction of the adrenal gland is usually due to infarction, most commonly a hemorrhagic 

infarction from infection. Although this can occur with many bacterial infections, it is best described in 
meningococcemia (see insert), when it is called Waterhouse-Friderichsen syndrome. 

§ Secondary disease is seen with infarction of the pituitary gland due to hemorrhage into a pituitary 
adenoma, which are vascular tumors. The tumoral bleed, called apoplexy, is associated with a headache. 

o Abnormal gland: 
§ Crisis may seen with a partial adrenal insufficiency due to evolving disease, or patients on cortisol 

treatment. Common stresses include surgery and dental work, as well as acute infections 
§ Patients on cortisol treatment typically have their daily dose increased three-fold during the period of 

stress, which is continued for two days after the conclusion of the episode. 
o Withdrawal of cortisol treatment: 

§ Any patient who has received treatment for more than 3 weeks or a dose of >10 mg, will have 
suppression of their hypothalamic/pituitary/adrenal axis. 

§ Tapering regimens may take months and are judged on clinical criteria. 
 

Presentation: 
o Symptoms and P/E: Vasomotor collapse with hypotension is the main feature. 

§ Other features include abdominal pain, nausea & vomiting, mental confusion, weakness and fatigue. 
o Testing: 

§ This is a difficult diagnosis in the absence of prior known disease or steroid therapy. 
§ Laboratory:  

• Electrolytes: ↓Na+, ↑K+. 
• ↓Glucose 
• Cortisol / ACTH levels: these are not available on an acute basis 

§ Imaging: 
• CT abdomen: hemorrhage into adrenal glands 
• CT head: hemorrhage into pituitary adenoma 

 

Natural history: 

o Cortisol therapy should not be withheld pending cortisol/ACTH levels. 
o There is little risk in acute, limited steroid use. 
o Aldosterone replacement may also be necessary. 

Waterhouse-Friderichsen syndrome 
 

- The encapsulated Gram (-) diplococcus secretes a lipo-oligosaccharide    endotoxin (LOS) 
that damages endothelial cells and initiates a cytokine storm. 
o This leads to meningococcemia with shock and coagulopathy (DIC). 

 
- The clinical presentation encompasses the spectrum of meningitis and meningococcemia. 
- The mortality of meningococcemia (25%) is much higher than meningitis (5%), 
- Death may occur in hours and sequelae are common:  

o Hemorrhage into the adrenal glands results in adrenal crisis 
(Waterhouse-Friderichsen syndrome). 

o Ischemic complications of DIC are seen in ~50% of survivors. 
Immune complex sequelae include arthritis, pericarditis, and pleuritis. 

o Neurologic sequelae from the meningitis. 
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When first described by Addison, over a century ago, the commonest cause was tuberculosis. 

Now, over 90% is due to a Type IV autoimmune disease, often referred to as autoimmune adrenalitis. 

Pathophysiology 

o The hereditary pattern is DR 3 and DR4 linked.  
§ Like all cytotoxic autoimmune disease, this is because the HLA-Dr complex is an MHC II receptor of 

antigen presenting cells (APCs). 
§ Over 50% of cases have Type 2 autoimmune polyglandular syndrome (APS). Other organs          

commonly involved are: 
• Autoimmune thyroid (Hashimoto or Graves) 20% 
• Type 1 diabetes mellitus   10% 
• Celiac sprue     10% 
• Hypogonadism    10% 

 
o Anti-21 hydroxylase antibodies appear years before failure, followed by a rising ACTH level. 

§ The entire adrenal cortex is destroyed, including the zona reticularis. An increase in renin                            
is often the earliest finding. 
 

Presentation 

o Symptoms: non-specific, a high degree of clinical suspicion is necessary: 
§ Anorexia. 
§ Weakness and fatigue. 
§ GI symptoms (N&V, abdominal pain, constipation, diarrhea). 
§ Postural hypotension. 

o Signs: 
§ Hyperpigmentation, especially sun-exposed areas. 

• Due to increased production of POMC, a prohormone that results in an increase in ACTH and MSH. 
These both stimulate melanocytes. 

                          

 

§ Hypotension. 
 

o Testing: 
§ A.M. serum cortisol: peak cortisol occurs at 8 A.M. A low serum cortisol at this time is quite specific      

for deficiency, although not very sensitive 
§ Diagnosis of primary disease is confirmed by showing an elevated ACTH. 
§ Equivocal results can be further evaluated by the adrenal response to injected ACTH 

Figure 50-11 Hyperpigmentation in adrenal insufficiency. 
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Natural history / treatment: 

o Short acting hydrocortisone is usually used to try and mimic the normal diurnal variation                          
(highest at 8 a.m., lowest at midnight). 
§ Dose is usually based on clinical assessment of symptoms. 
§ Some doctors use ACTH levels. 

o Mineralocorticoid replacement is usually necessary. 
§ Dose is based on symptoms (postural hypotension, BP). 
§ Some doctors use serum renin levels as well. 

o DHEA replacement is common in women, as it gives a sense of well-being. 
o Stress dosing: during acute illnesses or surgery, doses are often tripled, and this continued for 2 days after 

return to normal. 

Primary Hyperaldosteronism 

Introduction: 

o 1° hyperaldosteronism is one of the 3 most important causes of resistant hypertension (R-HT). 
o Its prevalence is uncertain as it depends upon how aggressive one is in looking. 

 

 

 

 

Pathophysiology:  
o Most commonly due to bilateral adrenal hyperplasia (70%) and adrenal adenoma (30%) 
o Aldosterone upregulates the Na+ channel (ENaC) on the principal cell of the collecting tubule. The increased 

Na+ resorption is followed by increased water reabsorption and increased blood volume (Fig 50-13 ①). 
o The increased Na+ flow increases the negativity of the intracellular charge, leading to luminal K+ excretion and 

systemic hypokalemia. 

Commonest causes of Resistant Hypertension 

• 1° Hyperaldosteronism 
• Renal artery stenosis 
• Chronic renal failure (Stage 4) 

Figure 50-12 Investigation of adrenal insufficiency. 
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exchange in the intercalated cell of the collecting tubule, 
from the hypokalemia. 

o After several days there is a diuresis that partially corrects 
the hypervolemia, called aldosterone escape. This is due to 
increased ANP and other factors (Fig 50-13 ②). 
§ Serum Na+ is normal. 
§ There is also a correction in the hypokalemia with the 

decreased Na+ flow. While hypokalemia persists in 
prolonged disease, it is not usually seen in early,        
mild disease. 

o There is suppression of renin release (as compared to 
conditions with decreased renal blood flow like renal artery 
stenosis, coarctation and diuretics, that have increased 
serum renin levels). 

o Hyperaldosteronism states have an increased cardiac risk 
independent of the hypertension. This has an unknown mechanism. 

 
Presentation: 
o Resistant hypertension. 
o Hypokalemia: may present as weakness. 
o Testing: 

§ Aldosterone / renin ratio (A/R ratio): 

Disease Aldosterone Renin A/R Ratio 
1° hyperaldosteronism ↑ ↓ High 
Renal artery stenosis ↑ ↑ Low 
 
 

 
o Imaging:  adrenal CT scan 
 

Natural history / treatment: 

o Surgery: resection of unilateral mass 
o Medical: mineralocorticoid receptor antagonist (e.g. spironolactone) for bilateral disease. 

 

 

 

 

  

 

 

Figure 50-13 Regulation of the ENaC 
in the collecting tubule. 

Table 50-1 Results of the A/R ratio in resistant hypertension. 

Figure 50-14 Adrenal adenoma. 
 
- Discreet mass. 
- Bright yellow color is typical of fatty tumors 

(steroids). 
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Introduction 

Most of the body calcium, an estimated 99%, is stored in the bone as hydroxyapatite crystals. Bone has an immediately 
available liquid pool for release, after which serum calcium is replenished through osteoclast bone remodeling. 

Serum calcium is mostly bound, 45% to albumin and another 15% to inorganic anions such as phosphates, sulfates 
and citrate. The biologically active form is the free (aka ionized) calcium (40% of total). 

Total serum calcium is a good indicator of the ionized/free calcium. Serum calcium is not a good indicator of 
calcium balance or total body calcium stores. 

o Total serum calcium must be adjusted for hypoalbuminemia and changes in pH that shift the bound to 
unbound calcium. 

 

Serum calcium is highly regulated, normally varying <2% from its set-point. 

There are 3 key hormones that regulate calcium metabolism: 

o Parathyroid hormone (PTH): solely regulates serum calcium, and also regulates formation of active 1,25 
(OH)2-Vitamin D (calcitriol) 

o 1,25 (OH)2-Vitamin D(calcitriol): regulates calcium absorption, hence calcium stores 
o Fibroblast growth factor 23 (FGF 23): not well understood yet, its 

primary effect is phosphorus excretion by the kidney 

Regulation and secretion of calcium: the parathyroid gland 

Fasting serum calcium levels reflect the balance between mobilization from 
bone and excretion by the kidney, both regulated by PTH 

o Vitamin D mostly regulates gut absorption of calcium, which affects the 
body stores of calcium, and these are not closely linked to serum levels. 

Preformed PTH is released from vesicles in the chief cells of the parathyroid gland. 
Regulation is by the calcium-sensing receptor (CaSR). Control is very fast and tight. 

 

Corrected calcium 

- Serum calcium can be corrected for low serum albumin levels with this formula: 

Corrected calcium = Measured calcium + 0.8 (4 – serum albumin) 

- Shift in the bound ⇌⇌  free calcium balance due to changes in pH require direct 
measurement of the ionized/free calcium level by a special instrument. 

Figure 51-1 Calcium compartments. 

Figure 51-2 The parathyroid 
cell and CaSR. 
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PTH is released within seconds to minutes of any decrease in free calcium levels through the actions of the 
calcium-sensing receptor (CaSR), found on the surface of the chief cell of the 

parathyroid gland. PTH has a half-life of 2-4 minutes. 

 

The CaSR has both Gq and Gi functions and the effect of hypocalcemia on the CaSR is to decrease intracellular 
calcium, allowing preformed PTH in cytoplasmic vesicles to be released into the blood. 

o The CaSR is a rare example of a ligand that is as small as an ion, compared to the protein or polypeptides 
required of the typical receptor 

o Calcium is a common second messenger in numerous intracellular 
pathways. Vesicle release of PTH induced by a decreased intracellular 
calcium level is the opposite of the typical pattern 
(e.g. neurotransmitters, insulin etc.) 

The CaSR is exquisitely sensitive to ionic calcium levels, as seen by the 
steepness of the curve in the adjacent PTH-Calcium graph. Small changes in 
serum calcium induce rapid, large responses in the PTH level. 

The CaSR has decreased function in familial hypocalciuric hypercalcemia 
(FHH). This requires a higher level of PTH to keep serum calcium levels in 
the normal range. 

o CaSR also regulates calcium reabsorption in the distal nephron. In FHH,    
this results in increased reabsorption (discussed below). 

Lithium is used as a mood stabilizer in bipolar disorder. It reduces the sensitivity of the CaSR, causing a clinical 
pattern similar to FHH, with hypercalcemia (in 10-25%), increased PTH and hypocalciuria. 

o Other metabolic effects of lithium include nephrogenic diabetes insipidus and hypothyroidism. 

Biologic actions of PTH 

Kidney 

o The regulation of calcium at the level of the kidney is complex and not 
completely understood. There is local control, through the CaSR and 
systemic control through PTH. There is reabsorption both through tubular 
cells (transcellular) via membrane transporters and around the cells 
(paratubular), regulated by gap proteins, the claudins. 
§ Proximal convoluted tubule: most of the filtered calcium is recovered 

through passive paracellular flow, driven by gradients established by the Na/K ATPase pump and charge 
from the Na/H exchanger. 

§ Thick ascending limb: Calcium flow is again paracellular but restricted by claudins 16 & 18 and driven by 
sodium flow through the Na+/K+/2 Cl- channel. The NaK2Cl channel is directly inhibited by the calcium-sensing 
receptor (CaSR) and claudins indirectly by the CaSR through claudin 14. 

§ Distal convoluted tubule: Calcium flow is intracellular, through a calcium channel (called TRPV5) and 
driven by sodium flow of both the sodium/calcium exchanger (NCX) and a minor component from a 
calcium ATPase. PTH increases all aspects of calcium resorption in the DCT. 

The key idea of this long 
discussion is that renal 
regulation of calcium 
excretion is: 
1.local by the CaSR 
2. systemic through PTH. 

The short T1/2 of PTH has application in the surgery of parathyroid adenomas. Proof 
that the excision of a parathyroid mass is curative can be established during surgery 
by showing a drop in serum PTH within 10-20 minutes after excision. 

 

Figure 51-3 PTH response 
to serum [Ca+2]. 
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o A second effect of PTH on the kidney is the upregulation of 1α-hydroxylase in the PCT. 1α-hydroxylase 
converts 25-(OH) Vitamin D (aka calcidiol) to its active form 1,25-(OH)2Vitamin D (aka calcitriol). 

o Calcitriol increases the active transcellular absorption of calcium, mostly through increased             
intracellular transportation. 

 

Bone 

o PTH releases calcium from bone in 2 phases 
§ Immediate: there is a release pool in equilibrium with the extracellular fluid (ECF). 
§ Delayed: sustained PTH stimulation releases calcium through bone resorption. 

o PTH stimulates osteoblasts that then stimulate the formation of osteoclasts through RANK-L. This interaction 
is regulated in turn by osteoprotogerin. 

o Osteoclasts resorb bone through 2 main processes: 
§ Type 1 collagen: proteases 
§ Hydroxyapatite crystals: through acid formed from carbonic anhydrase. 

 

 
 
 

 

 

 

Alkaline Phosphatase (ALP) 

This enzyme is found in all tissues, but especially the bone and biliary tree. In the bone, it is found in 
osteoblasts, where it plays a key role in the mineralization of collagen. ALP inhibits extracellular 
pyrophosphates (themselves inhibitors of mineralization) and increases intracellular phosphorus. 
Both effect an increase in calcium-phosphorus crystallization and the formation of the hydroxyapatite 
crystals that give bone its hardness.  

PTH stimulation of osteoblasts is always associated with an increase in serum alkaline phosphatase. 

 

Hypercalcemia and Vitamin D toxicosis 

The body stores of Vitamin D are mostly in the inactive form of 25-(OH) Vitamin D. The active form, 
1,25-(OH)2 Vitamin D, can only be made by PTH. In the investigation of hypercalcemia, an elevated 
level of 25-(OH) Vitamin D would be caused by an exogenous source, while an elevated 1,25-(OH)2 

Vitamin D would be caused by an ↑PTH or a granulomatous disease like sarcoidosis, as macrophages 
have significant levels of 1α-hydroxylase. 

 

 Figure 51-4 Vitamin D synthesis. 
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Phosphorus 

Most of the body’s phosphorus is found in the hydroxyapatite crystals of bone, but phosphorus is regulated in the 
proximal tubule (PCT) of the kidney. 

Phosphorus is completely filtered and then reabsorbed through sodium / phosphorus transporter channels (NPT). 
The number of NPTs determines the completeness of the reabsorption by the tubule 

An increase in serum phosphorus will cause the release of fibroblast growth factor 23 (FGF 23) from bone. This 
causes a decrease in NPTs and phosphaturia. 

Increased levels of phosphorus will also decrease serum calcium due to complexing. The drop in serum calcium 
will cause a rise in PTH, which also decreases the number of NPTs. 

Absorption of phosphorus from the gut and its release from bone are important in establishing the filtered load of 
phosphorus, but it is the reabsorption in the PCT that determines steady state levels. 

  

 

Serum calcium versus calcium stores 

Serum calcium and calcium stores are largely independent of each other. There are fixed losses of 
calcium in urine and feces and calcium is resorbed from bone in periods of fasting. These must be 
replenished from the diet. A calcium intake that exceeds losses is protective of bone stores, but an 
excessive intake leads to soft tissue deposits. A net negative calcium balance does not cause 
hypocalcemia but rather leads to a measurable loss of bone calcium. 

Many studies have shown that increased dietary calcium is protective of bone calcium in postmenopausal 
women. 

Figure 51-5 Regulation of osteoblasts and osteoclasts. 
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Figure 51-6 Investigation of hypercalcemia. 

Hypercalcemia 

Approach to hypercalcemia 

In the US, > 80% of hypercalcemia is diagnosed in asymptomatic patients when they get a chemistry panel. 

o There was a huge surge in cases in the 1970’s when the first chemistry panels became available. 
o There was a second surge in cases in the 2000’s when screening for osteoporosis became widespread.             

A diagnosis of osteoporosis lead to measurements of Ca+2 and PTH. 

In the US, over 90% of hypercalcemias are due to 1° hyperparathyroidism or malignancy. Any diagnostic 
approach starts by differentiating between these two. 

o In an otherwise well individual, 1° hyperparathyroidism is most likely. 
o In hospital patients or with very high [Ca+2], (i.e. >13 mg/dL), malignancy is more likely. 

Things to note about the diagnostic algorithm below: 

o Familial hypocalciuric hypercalcemia is not included. In these families, the decreased sensitivity of the         
Ca SR leads to an asymptomatic mild hypercalcemia, but PTH is only elevated in about 20% of cases. 
Diagnosis keys on hypocalciuria. 

o Serum phosphate can be useful in establishing a diagnosis. Phosphates are reabsorbed in the PCT by the NPC 
(sodium/phosphate channels), which are inhibited by PTH. Serum phosphate is low in hyperparathyroidism 
and malignancies with PTHrP but increased in Vitamin D toxicities (exogenous and sarcoidosis) and bone 
breakdown diseases like bone metastases (i.e. osteolytic lesions) and hyperthyroidism. 

o 25-(OH) Vitamin D reflects oral ingestion of Vitamin D. 1,25 (OH)2 Vitamin D comes from the action of                
1α-hydroxylase, upregulated by PTH. In the setting of a normal PTH, a chest 
X-ray looking for lymphoma or sarcoidosis as the source of the 1α-hydroxylase is warranted. 
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Primary hyperparathyroidism (i.e. ↑Ca+2/↑PTH see insert box below) 

 

In clinical practice, the term “primary hyperparathyroidism” (1° PHT) is used instead of the actual parathyroid 
gland pathology of hyperplasia, adenoma, or carcinoma. This is because the commonest patient presentation is 
that of an asymptomatic hypercalcemia, which is then shown to have an elevated PTH.  

o The next step in patient management is to decide whether surgical exploration of the parathyroid glands is 
indicated, because no other diagnostic tool is as good as open surgical exploration. Some patients require 
only observation. If investigation is warranted (see Treatment, below), surgical excision is the only cure for 
abnormalities of the parathyroid gland. 

o The decision of whether or not to undergo surgical exploration requires an understanding of the 
pathophysiology and natural history of 1° hyperparathyroidism. 

 

Pathophysiology and presentation: 

A. Hypercalcemia: 
§ Kidney: 

• Nephrocalcinosis: high levels of calcium in the urine lead to deposition of calcium phosphate crystals 
in the medulla and interstitial damage. 

• Nephrolithiasis: the commonest presentation of hypercalcemia, with a 10-20% incidence of stone 
formation. There is no predictive test; urine calcium levels are often ordered, but there is no data to 
prove their worth. In a general population, calcium stones are common, but <5% are associated  
with hypercalcemia. 

§ Neuropsychiatric: 
• Weakness and fatiguability are commonly seen. Other 

symptoms include mood disorders and cognition 
dysfunction up to psychosis. 

§ Gastrointestinal: 
• Abdominal pain, constipation, and nausea 

§ Cardiovascular: there is an increase in mortality in 1° HPT that is 
associated with hypertension, vascular disease, and arrhythmias. 
 
 

The classic mnemonic for the 
symptoms of hyperparathyroidism is: 

• Bones 
• Stones 
• Abdominal moans  
• Psychic groans 

Primary versus Secondary Hyperparathyroidism 

Primary hyperparathyroidism (1° HPT) is defined as abnormal regulation of PTH by calcium. While accurate to 
a fault, this definition does not convey the idea that “primary” means a patient with an ↑Ca+2 and an ↑PTH. 
Secondary hyperparathyroidism means that an ↑ PTH is needed to maintain a normal serum calcium. 
Examples include Vitamin D deficiency, dietary Ca+2 deficiency and renal failure. The usefulness of this 
classification breaks down when applied clinically. Where should one put hypercalcemia from thiazide use? 
Thiazides decrease the sensitivity of the CaSR, mimicking familial hypocalciuria hypercalcemia (FHH), which is 
considered a 1° HPT. Where does malignancy with ↑ PTHrP go? Over years, chronic renal failure, considered 
to be a 2° HPT, can cause parathyroid gland hyperplasia. This is not considered to be a 1° HPT, but a 3° 
hyperparathyroidism. 

The best way to use this classification, then is 
Ø 1° HPT: ↑Ca+2/↑PTH, that is expected to be due to abnormal parathyroid gland production         

(i.e. adenoma, hyperplasia & carcinoma) 
Ø 2° HPT: renal failure 
Ø 3° HPT: when on the renal dialysis service, the only place one should see this. 
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§ Decrease in bone density is associated with HPT, resulting in osteoporosis and insufficiency fractures 

(especially hip, vertebra, and distal radius). 
§ End stage bone disease is called osteitis fibrosa cystica, in which bone loss leaves cystic spaces that can 

hemorrhage. The resulting hemosiderin causes the color of these so-called “brown tumors”. 
• Bone resorption is first seen as subperiosteal resorption in the middle phalanges and distal clavicles. 
• Risk of insufficiency fracture in best evaluated by the bone density studies of DXA                                

(i.e. dual X-ray densitometry). 

Natural history: 

o The majority of patients with 1° HPT (i.e. ↑Ca+2/↑PTH) are women over the 
age of 50 years who are asymptomatic. Complications are due to duration and 
not PTH level. Hypercalcemia is associated with decreased longevity.  

o Surgery is indicated in all patients with symptoms and/or: 
§ Kidney stones 
§ Renal GFR <60 mL/min (i.e. stage 3 renal failure) 
§ Osteoporosis and/or insufficiency fracture 
§ Age < 50 years. 

o Parathyroid surgery includes bilateral exploration of all 4 parathyroid glands, which is necessary to exclude 
multiglandular disease (i.e. hyperplasia). 

 

o The commonest pathology is parathyroid adenoma (85%) 
o Multiple endocrine neoplasia I (MEN I) is seen in 10% of cases and should be excluded. 

Hypercalcemia in malignancy 

Hypercalcemia is common in malignancy (20-30%), but occurs later in the disease, usually after the malignant 
diagnosis has been established. 

The commonest cancers causing hypercalcemia in the US are breast, kidney, lung, and   multiple myeloma. 

Hypercalcemia is marker of poor prognosis. 

Hypercalcemia in cancer has 3 common mechanisms: 

o Secretion of parathyroid hormone related peptide (PTHrP) by non-metastatic neoplasm (80%) 
§ PTHrP mimics the active portion of PTH, with increased bone resorption and decreased renal excretion  

of calcium in the DCT and increased excretion of phosphates in the PCT. 
§ PTHrP is not measured in the usual assays of PTH. It has its own assay. 
§ PTHrP does not usually activate 1α-hydroxylase, so there usually is not an increase in Vitamin D, 

specifically 1,25-(OH)2Vitamin D 

Parathyroid gland surgery: bilateral exploration 

85% of people have 4 parathyroid glands, which means that 1 of 7 patients will have >4. In 
addition, it is common for parathyroid glands to migrate with an organ other than the thyroid 
gland during embryology. This includes the thymus gland, and so parathyroid glands can be found 
in the mediastinum. 

A typical parathyroid adenoma, the source of the ↑PTH in 85% of patients, is about 1 cm in 
diameter. This is too small to detect by palpation. Imaging techniques lack the necessary 
sensitivity, hence the need for exploratory surgery. Intraoperative confirmation of cure is achieved 
by showing that the serum PTH level has dropped to normal within 15-20 minutes of the excision 

Figure 51-7 The parathyroid 
glands Calcium compartments. 
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o Boney metastases with local secretion of cytokines that activate osteoclasts. (15%) 
§ Activation of osteoclasts can be by multiple proteins, including RANK-L and various cytokines. 
§ Rapid resorption of bone leads to lytic lesions, with weakening of the bone resulting in pain and 

pathologic fractures.  
§ The model disease for this is multiple myeloma, which commonly presents with bone pain in the lumber spine. 

o 1,25 (OH)2Vitamin D toxicity from tumoral 1α-hydroxylase 
§ Seen in lymphomas. 

Treatment 

o Severe hypercalcemia (i.e. >13 mg/dL) requires treatment to prevent coma, arrhythmia,  
and metastatic calcification. 

o Treatment consists of: 
§ Hydration 
§ Calcitonin 
§ Bis-phosphonates 

Vitamin D toxicity 

Vitamin D regulates calcium absorption in the gut, with minor effects on bone and kidney. 

o In the gut, it increases all aspect of calcium absorption, but especially intracellular transport 
o Vitamin D has widespread effects though out the body, including the immune system, but these are              

not yet well defined. 

Vitamin D is produced in the skin when exposed to ultraviolet or is absorbed from plant sources in the diet        
(see Figure 51-3) 

Vitamin D toxicosis cannot come from overexposure of the skin to UV light. 

Vitamin D3 toxicosis can occur by excessive use of vitamin pills, but it requires high doses taken over months 

1,25(OH)2Vitamin D toxicosis is most commonly due to an increase in 1α-hydroxylase in the macrophages of 
granulomas (e.g. sarcoidosis) and rarely in lymphomas.  

Hypercalcemia with medications 

Thiazides 

Hypercalcemia is a well-recognized association with thiazide use 

Its mechanism is not clear, as the hypercalcemia typically appears after 5 years of use, too late to reflect an 
alteration in renal tubular function. Serum calcium levels will often not decrease with cessation of the medication. 

If it is investigated, over 70% of patients will have 1° hyperparathyroidism from a parathyroid adenoma. 

Lithium 

Lithium, used in the treatment of bipolar disorder, has a well-known association with hypercalcemia and 
hyperparathyroidism. 

o Lithium decreases the sensitivity of the calcium sensing receptor (CaSR), requiring a higher level of PTH to 
maintain serum calcium levels 

o This is a similar pattern to familial hypocalciuric hypercalcemia. 

Lithium has significant renal toxicity, including nephrogenic diabetes insipidus, and interstitial nephritis. 
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A. Hereditary 

22q11.2 Deletion syndrome (Parathyroid aplasia) 

Introduction: 

o The 22q11.2 ds is the commonest microdeletion syndrome, seen in 1/4000 births. 
o It is now screened for routinely in pregnancy. 
o It is characterized by the triad of findings: 

§ Heart defects  
§ DiGeorge syndrome 
§ Hypocalcemia  

Pathophysiology: 

o Most of deletions in chromosome 22 are spontaneous, as the genes in the region have few copy repeats, 
making it vulnerable to deletion events.  

o The 30 genes in the 22q11.2 region are responsible to the organization of the pharyngeal (aka branchial) arches. 
o The thyroid, thymus and parathyroid glands develop from the 4th arch. The aortic arch and lower face and 

neck develop off the arches as well. 

Presentation:  

o DiGeorge syndrome 
§ There is a wide spectrum of severity and most patients do not have immunocompromise. 
§ When there is <1% of the thymus formed, there is a critical loss of T-cells (i.e. CD3(+) lymphocytes)      

with a severe combined immunodeficiency that presents with recurrent sinopulmonary infections           
in the first years of life. 

o Hypoparathyroidism 
§ Hypocalcemia is seen in 60% of 22q11.2ds, presenting in a spectrum from jitteriness to tetany and seizures. 
§ Patients have a ↓PTH, ↓Ca+2 and an ↑phosphorus 

o Heart defects 
§ Seen in >80% of patients, most have a defect that causes congenital cyanosis. The most common of these 

is Tetralogy of Fallot (ToF). As many as 25% of ToF have 22q11.2 DS. 
o Characteristic facial features 

§ Elongated face, with the not-so-obvious findings of low set ears, hypertelorism, broad bridge of nose, 
down-turned mouth, and other abnormalities. These are referred to as the velocardiofacial syndrome.  

Pseudohypoparathyroidism 

A disease caused by a loss of function defect in the G-coupled receptor for PTH in the renal tubules. 

o A defect in the Gsα unit fails to stimulate adenyl cyclase with lack of cyclic AMP. 
o This leads to a failure of signal transduction and decreased calcium recovery in the distal convoluted  

tubule and increased recovery of phosphorus in the proximal 
convoluted tubule. 

o The defect is in the GNAS gene, and all Gsα organs may show organ 
hypofunction (TSH, ACTH, FSH/LH, ACTH, GHRF and glucagon). 

The elevated level of PTH can lead to osteoporosis and osteitis fibrosa cystica. 

Patients have a distinctive phenotype with short stature, moon facies, dental hypoplasia, and most memorable, 
short fourth metacarpal bone. This leads to the “dimple sign” when making a fist. 

McClune-Albright syndrome is due 
to a gain-of-function mutation in the 
GNAS gene with overproduction of 
hormones in addition to skin and 
skeletal abnormalities. 

Figure 51-8 Branchial arches. 
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Diagnosis: 

o Serum: ↓ calcium, ↑PTH, ↑alkaline phosphatase 
o Urine PTH → cAMP test. In a normal person, an injection of PTH will cause an ↑cAMP in the urine as the G-coupled 

PTH receptor has a working Gsα subunit. Patients with pseudohypoparathyroidism will show no response. 
 

B. Acquired 

Post-total thyroidectomy 

Total thyroidectomy is most commonly indicated for differentiated thyroid cancers >4 cm in diameter. 

During surgery, identification of all four parathyroid glands is mandatory. Also identified is the recurrent laryngeal nerve. 

Post-operative monitoring for hypocalcemia is indicated 

 

Vitamin D deficiency  

(For more, see: Bone, Acquired disorders, osteomalacia and rickets) 

In developed countries, many foods have Vitamin D supplementation, This, together with Vitamin D production 
from the skin, means that deficiency is only seen in specific groups. See Figure 51-3. 

o Elderly: they make less Vitamin D in their skin; they absorb less and the often have poor diets. 
o Northern climates with winter: 1/3 of people living in a Northern latitude will have Vitamin C deficiency by March. 
o Chronic renal failure: see below 
o Malabsorption: this can be seen in malabsorption conditions like celiac sprue, cystic fibrosis, and gastric       

by-pass surgery for obesity. 
o Advanced liver disease: the cholecalciferol produced in the skin or ingested is converted to 25-(OH) Vitamin D 

in the liver. Decreased synthesis can occur in cirrhosis. 

Acute pancreatitis 

Lipolysis by free lipase produces free fatty acids that form soaps from available metals. This includes calcium. 

Hypocalcemia is common in acute pancreatitis and is considered to be a poor prognostic marker. 

Presentation of Hypocalcemia 

Symptoms: Initially, starts as perioral tingling, followed by cramping. Severe manifestations include seizures. 

Signs: 
i. Trousseau sign: application of upper arm pressure with a blood pressure cuff causes carpopedal spasm 

ii. Chvostek sign: tapping of the facial nerve causes ipsilateral twitching of the facial muscles. 
 

Figure 51-9 Pseudohypoparathyroidism: shortened 4th metacarpal. 
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Magnesium is necessary for the proper functioning of PTH. 

Magnesium deficiency is seen in malabsorption and alcoholism. 

Chronic renal failure: see Chapter 91. Bone: selected diseases with medical therapy. 

Summary of calcium metabolism and PTH and their disorders 

Figure 51-10 Summary of calcium metabolism and its disorders. 
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Introduction 

Hyperglycemia is a better term than diabetes mellitus (DM). Hyperglycemia reflects the pathophysiology, while 
the term ”DM” suggests Type 1 or Type II disease, which leaves out other hyperglycemic states that will have the 
same pathology. “Hyperglycemia” should be the chief complaint and “diabetes mellitus” is part of the differential 
diagnosis. (See: Classification of DM, below). 
It is hard to overstate the importance of DM and its association with our increasing rates of obesity. DM and its 
complications are one of the top causes of disease in our society. 
A complete review of the subject is beyond the scope of the article. Rather, it will show a way to organize one’s 
approach to the subject. 

 

Glucose physiology and pharmacology 

Absorption (Figure 52-1 A) 

o The enterocyte can only absorb monosaccharides, but the major source of carbohydrates is starch. This is first 
broken down into disaccharides by amylase (10% salivary, 90% pancreas). Disaccharidases in the brush border 
for sucrose, lactose, and maltose then create the monosaccharides that can be absorbed. 

o Glucose is actively absorbed through the sodium-glucose linked transporter, SGLT-1.  

 

o Glucose is passively passed into the portal vein through GLUT-2 channels. GLUT-2 does not have to be 
upregulated like the GLUT-4 transporters. 

o Pharmacology: disaccharidase inhibitor (e.g. acarbose). 
o Glucose and fat in the small intestine also stimulate the release of incretins by endocrine cells in the mucosa. 

The 2 most important are GLP-1 (glucagon-like peptide) and GIP (glucose inhibitory peptide). These stimulate 
the release of insulin. 
§ Incretin mimetics (the …gliptins and …tides) not only reduce hyperglycemia but also interrupt the natural 

history of DM II by preserving β-cell mass. 

Liver (Figure 52-1 B) 

o The liver absorbs glucose passively through GLUT-2 transporters, 
which are not insulin dependent. 

o Glucose follows the glycolytic pathway only at high glucose levels 
because its glucokinase has a high Km. This keeps systemic 
glucose at high enough levels for the glucose-only cells of 
neurons and RBCs.  

o Hepatocytes have glucokinase, a specific hexokinase found in 
regulatory cells. Glucokinase has a high Km and is only active 
after a meal, when portal vein glucose levels rise, reportedly as high as 360 mg/dL. 

o Insulin activates storage pathways in the hepatocytes (e.g. glycogen, triglycerides). 

Etymology of  “Diabetes mellitus” 

Diabetes was known to the ancient Greeks, who coined the term “diabetes”, meaning “passing through” 
or “siphon”  in recognition of the large urine flow due to the osmotic diuresis. “Mellitus”, Greek for honey, 
was added in 1798 in recognition of the urine’s sweetness to the taste. This was to differentiate it from 
urine that had no flavor, that is “insipid”. 

The glucose transporter of the enterocyte, SGLT-1, is different from that found in the proximal convoluted 
tubule of the kidney (SGLT-2). This allows SGLT-2to be selectively targeted by drugs (the …gliflozins). 

The lipocyte is a storage cell and releases 
glucose and fatty acids when stimulated 
by glucagon. The myocyte is an end user 
cell and does not have a glucagon 
receptor. Instead, it has an epinephrine 
receptor to increase usage in acute stress. 
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Figure 52-1 Glucose metabolism and pharmacology. 

Lipocytes and myocytes (tissue cells, Figure 52-1 D) 

o Glucose is first conserved for neurons and RBCs, so most tissues cells can only uptake glucose in the            
“fed state”, which has the signal of a high insulin level. 

o Insulin upregulates the GLUT-4 transporter and synthesizing enzymes through the PI3K receptor. 
o Resistance of these cells to insulin is the basis of DM Type 2. 

Insulin, the pancreatic β-cell, and glucose regulation (Figure 52-1 E): 

o Insulin release is regulated by an ATP signal that closes the KATP channel, often referred to as,                        
“ATP-dependent KATP”. This results in a membrane depolarization that opens the Ca+2 channels. Intracellular 
calcium induces fusion of insulin-containing vesicles to the cell membrane, resulting in release of insulin. 

o The ATP signal is proportional to serum [glucose] as it enters by a passive gradient through GLUT-2 
transporters. The glucose then undergoes glycolysis by glucokinase (the same found in the liver).                   
This enzyme has the unique attributes of: 
§ A high Km 
§ Positive cooperativity (higher [glucose] causes higher activity) 
§ No inhibition by its metabolic product (glucose-6-phophate). 

o Mutations in this glucokinase account for roughly one-half of the hereditary diseases of the β-cell                 
(aka maturity-onset diabetes of the young (MODY)). 

The kidney (Figure 52-1 C) 

o Glucose is freely filtered by the glomerulus and is recovered in the proximal convoluted tubule by SGLT-2. 
o SGLT-2 is saturated at a serum [glucose] of about 180 mg/dL. The presence of glycosuria therefore infers 

glucosemia and therefore diabetes mellitus. 
o SGLT-2 is inhibited by the gliflozin drugs. 
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1 Disaccharidase inhibitor Acarbose Bloating, diarrhea 

2 ↓gluconeogenesis, ↑insulin 
sensitivity 

Metformin GI upset, lactic acidosis(?) 

3 SGLT-2 inhibitor …gliflozins UTI, dehydration 

4 ↑insulin sensitivity (PPAR-γ) TZDs …azones ↑ weight 

5 KATP channel closure ٠Sulfonylurea Hypoglycemia  

٠Meglitinides  

6 Amylin analog Pramlintide Not widely used 

7 GLP-1 analog …tides Nausea & weight loss, 
pancreatitis 

8 DPP-4 inhibitor …gliptins Weight loss 

Etiology of hyperglycemia  

Diabetes mellitus Type 1: Type IV hypersensitivity 

Diabetes mellitus Type 2: insulin resistance followed over years by failure of β Cells. 

Hereditary defects of the β cell. 

Endocrine: a high level of a counter-regulatory hormone, either endogenous or therapeutic (i.e. cortisol). 

1. Cortisol. 
2. Catecholamines. 
3. Growth hormone. 
4. Glucagon. 

Pancreatic failure (e.g. cystic fibrosis, chronic pancreatitis). 

Pregnancy: placental-derived insulin antagonists (e.g. human placental lactogen). 

Type I Diabetes mellitus 

Introduction: Immune destruction of pancreatic β-cells leading to complete insulin-dependency 

Pathophysiology: 

o There is a strong genetic component, HLA-D linked (these are the HLA MHC-2 antigens) 
§ Identical twin concordance = 50% 
§ Associated with autoimmune polyglandular disease type II 

o Insulin is considered to be a pathogenic (i.e. foreign) antigen. Other autoantibodies include GAD          
(glutamic acid decarboxylase) and IA-2 (insulinoma-associated protein) 

o Cytotoxic T-lymphocytes destroy the β-cells and suppress them with cytokines. 
o Typically presents in childhood, more common in males. 

  

Table 52-1 Pharmacology of Type II diabetes mellitus. 
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Presentation: 

o Symptoms: 
§ Polyuria, polydipsia, and polyphagia (the 3 P’s): seen in 90% 

• Polyuria and polydipsia are caused by the osmotic diuresis. 
• Polyphagia is due to the inability to use glucose for energy. 

§ Diabetic ketoacidosis (DKA): seen in 35% 
• In addition to the 3 P’s, there are neurologic symptoms of drowsiness and lethargy. 

o Physical examination: 
§ Dehydration 
§ Fruity breath in DKA from the ketones. 

o Testing: 
§ Usual criteria for hyperglycemia  
§ Autoantibodies (anti-insulin, GAD65, IA-2) 
§ Glycosuria indicates a serum glucose > 180 mg/dL 

• Due to saturation of the SGLT-2 transporter. 
§ DKA: hyperglycemia, ketosis, acidosis (see below) 

Treatment: 

o Insulin replacement 
o Balancing of strict glycemic control versus risk of hypoglycemia 

 

Type 2 DM 

Introduction: hyperglycemia associated with variable degrees of insulin resistance and decreased insulin synthesis. 

Epidemiology: 

o Highly correlated with obesity (>90%), therefore T2DM is rapidly increasing in prevalence. Estimated to be 
present in 8-9% of American adults and expected to increase with the high prevalence of childhood obesity 

o Risk factors: 
§ Genetic: highly correlated to family history, through a complex interaction of polygenic and 

environmental factors. 
• 90% identical twin concordance 

§ Ethnic: Native Indians > African Americans >Hispanics > whites & Asians 
§ Obesity: direct correlation. Obesity is seen in 90% of T2DM, higher BMIs correlate with higher rates of T2DM 
§ Fat distribution: central or abdominal fat has highest risk 
§ Lifestyle factors: 

• Exercise: can lower serum glucose independent of insulin as the depletion of energy (AMPK) 
upregulates GLUT 4 transporters. 

• Smoking: associated with hyperglycemia through uncertain mechanisms 
• Diet: Mediterranean diet best; highly processed food worst. 

Pathophysiology 

o There is no consensus on how obesity leads to insulin resistance. There is felt to be a genetic risk of insulin 
resistance that unmasks an underlying decrease in insulin production. 
§ Insulin resistance may be due to cytokines, called adipokines, released from stressed fat cells. 

o Over years, insulin production continues to decrease until patients become insulin dependent 
o Amylin is a polypeptide produced in vesicles alongside insulin. It builds up over years and forms amyloid 

deposits in the islet cell spaces left by the apoptotic β-cells. It is not known if it is pathogenic or an end product. 
o Patients are asymptomatic until a vascular complication (see Natural History, below). 

Diagnosis of DM 
Fasting………………..>126 mg/dL 
Random……………...> 200 mg/dL 
GTT at 2 hours ….…> 200 mg/dL 
HbA1c…………….…… > 6.5% 

Table 52-2 Criteria for 
diabetes mellitus. 
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o Most patients now are diagnosed by screening for hyperglycemia. 
o Symptomatic presentation is usually from a cardiovascular 

complication (see below).  
o Testing: 

§ Hyperglycemia (usual criteria, see Table 52-2) 
§ There is an increased risk of complications for blood glucose 

greater than 90 mg/dL. This means that there are pre-diagnostic 
states that carry increased risk of complications. 
• Impaired fasting glucose (IFG): defined as glucose                 

levels 110-125 mg/dL 
(>126 mg/dL is diagnostic of DM). 

• Impaired glucose tolerance (IGT): in the standard 75 gm oral 
glucose tolerance test, 2 hour levels of 140-200 mg/dL         
(>200 mg/dL is diagnostic of DM) 

Treatment principles: 

o There are 2 schools of thought in priorities (but are not mutually exclusive): 
i. Strict control of serum glucose:  

• This has the obvious effect of minimizing AGEs and sorbitol production and is of proven benefit in 
decreasing microvascular complications (i.e. retinopathy, glomerulopathy and peripheral 
neuropathy). Macrovascular benefits are probably seen, but this is much less clear. 

• Disadvantages include the risk of hypoglycemic events and the use of multiple medications with 
predictable poor compliance 

ii. Prevention of complications: 
• This includes control of hypertension and hyperlipidemia, together with oral aspirin. 

o Lifestyle choices: exercise, weight loss and diet. 

Hereditary defects of the β-cell 

Formerly known as maturity-onset diabetes mellitus of the young (MODY) 

These are genetic defects in the β-cell regulation of insulin and are typically monogenic and autosomal dominant 

o The commonest defect is hexokinase. The others are mostly in transcription factors 

Their presentation mimics that of DM I  

o They account for 3-5% of childhood diabetes. 

They can be recognized by the lack of antibodies (e.g. anti-GAD 65, anti-IA, anti-insulin). 

Natural history of hyperglycemia 

Acute complications 

Diabetic ketoacidosis (DKA): 

o Epidemiology: 
§ Most commonly seen in Type I DM when there is a failure to take insulin. 
§ 30% of initial presentation of Type I DM is in DKA. 
§ Precipitating factors often include stresses such as trauma or infections that increase epinephrine levels. 

This blocks insulin action and stimulates glucagon. 
  

Figure 52-2 Amyloidosis is 
pancreatic islets in late DM. 

Amyloid 
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o Pathophysiology: 
§ Complete lack of insulin and increased glucagon has 2 effects: 

• Hyperglycemia. 
• Activation of ketogenesis. 

o Hormone-sensitive lipase (inhibited by insulin and stimulated by the 
counter-regulatory hormones) increases lipolysis with the release of free fatty acids (FFA). FFAs 
are converted to acetyl-CoA in the liver. 

o Oxidation of acetyl-CoA in mitochondria produces ketones (acetoacetic acid and β-hydroxy 
butyrate). Metabolic acid ensues. 
 

o Presentation: 

§ Symptoms and signs: 
• Osmotic diuresis: 

o Decrease volume, Na+, K+, and Cl-. 
o Dehydration. 
o Blurry vision. 
o Polyuria, polydipsia. 

• Ketoacidosis: 
o Ketones, especially β hydroxybutyrate induce N&V. 
o Acidosis (K+ exchanges with H+, leading to extracellular K+ lost with diuresis). 
o Acidosis leads to Kussmaul breathing. 
o Ketosis: fruity breath (acetone). 
o Anion gap in electrolytes. 

• Testing: diagnosis is established by: 
o Hyperglycemia (glucose >250 mg/dL). 
o Ketosis (serum ketones > 5 mEq/L). 
o Acidosis (pH<7.3 or bicarbonate < 18 mEq/L). 

Figure 52-3 Glucose metabolism in diabetic ketoacidosis. 
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§ DKA is a medical emergency. Most important is fluid replacement but this must be given judiciously. In 

children, there is a risk of cerebral edema. 
§ Insulin is added to the saline 0.9% after 1-2 hours of fluid replacement. Glucose should be decreased at a 

rate of 50-70 mg/dl/hour to a level of 200 mg/mL. 
§ There is severe K+ depletion despite a finding of normal serum [K+] levels due to lack of insulin, acidosis 

and dehydration. Replacement is given with the IV fluids. 

Hyperosmolar hyperglycemic syndrome: 

o Most commonly seen in Type II DM in adults (90-95%). 
o Most common precipitating factor is infection due to fluid losses and release of endogenous catecholamines. 
o Unlike DKA, there is not an absolute deficiency of insulin and therefore little ketogenesis. 
o Glucose levels can get very high (>600 mg/dL), leading to osmotic diuresis with dehydration and a 

hyperosmolar state (e.g. serum osmolality >320 mOsm/L): 

o Patients present with features of diuresis (i.e. polyuria and polydipsia) and dehydration. 
o Treatment is based on aggressive rehydration with subsequent insulin. 
o The major complication is cerebral edema. 

 
Chronic complications 

There is an increased risk of complications when blood glucose is > 90 mg/dL. This means that there are pre-
diagnostic states that also carry an increased risk of complications. 

o Impaired fasting glucose (IFG): defined as glucose levels 110-125 mg/dL (>126 mg/dL is diagnostic of DM). 
o Impaired glucose tolerance (IGT): in the standard 75 gm oral glucose tolerance test, 2 hour levels of 140-200 

mg/dL (>200 mg/dL is diagnostic of DM)  

Serum osmolality = 2[Na+] + glucose/18 + urea/2.8 

 

Figure 52-4 Serum [glucose] and cardiovascular risk. 
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Molecular basis of hyperglycemic complications: 

o Advanced Glycosylation End-products (AGE):  
§ Non-enzymatic glycosylation of proteins leads to AGE’s that damage the endothelial cell, cross-link Type 

IV collagen of the basement membrane and extends into, and damages, the extracellular matrix. This 
results in macrovascular and microvascular pathology (see Table). 

o Sorbitol accumulation: 
§ In certain tissues, such as nerves and the retina, increased cell glucose gets converted to sorbitol by 

aldose reductase of the fructose pathway. Depletion of NADP-H leads to decrease in reduced 
glutathione, NO and other antioxidants. 

§ Increased glucose leads to increased intracellular glucose in cells that do not have insulin-dependent 
GLUT transporters. The subsequent osmotic swelling and metabolic damage are considered to be the 
cause of diabetic retinopathy and peripheral neuropathy. 

o Reactive oxygen species (ROS): 
§ The increased glucose leads to increased mitochondrial activity in the ETC (electron transfer chain) and 

other metabolic pathways, resulting in an increase in ROSs. 

Macrovascular disease in hyperglycemia: See Chapter 24. Atherosclerosis and PVD. 

Microvascular disease in hyperglycemia: 

Structure: The term microvascular is used to describe the small arteries and arterioles of the pre-capillary, 
capillary, and post-capillary regions. The pre-capillary region consists of terminal arterioles, which have smooth 
muscles and form sphincters to regulate capillary flow. Capillaries have only endothelial cells and pericytes.    
Post-capillary venules regain smooth muscle cells and are the site of acute inflammation. 

Functional definition: the microvasculature can be considered the small vascular structures that have material 
exchange with the interstitium. Capillary walls allow free exchange of all substances except proteins.  

o Diffusion: Substances move down concentration gradients (i.e. Brownian motion). This includes electrolytes, 
glucose, amino acids and oxygen. 

o Bulk flow: exchanges depend on Starling forces, mostly hydrostatic pressure out and oncotic pressure in. 
o Transcytosis: vesicles cross the membranes. Used mostly for larger lipid-insoluble proteins such as insulin. 

Cellular pathology: microvascular disease has endothelial cell dysfunction, thickening of the basement membrane 
and loss of pericytes. 

Molecular pathology is due to osmotic damage from the sorbitol pathway, advanced glycosylation end-products, 
and reactive oxygen species (ROS). 

Eye: (retina): 

o Early disease is due to vessel wall damage and leakage. Most of the vision loss is due to macular edema.     
Late disease is due to ischemia and VEGF. 

o Classified as 
§ Non-proliferative: 

• Macular edema > microaneurysms > hemorrhage > hard exudates 
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• Neovascularization > vitreous hemorrhage > retinal detachment 

 

 

 
 
 
 
 

 

 

 

 

 

Kidney: 

o Diabetic nephropathy accounts for more than one-half of ESRD is the US. It is seen in 25% of Type 1 diabetic 
by 15 years. 

o There is progressive decrease in eGFR. 
o Two different pathophysiologies are present: 

§ Macrovascular disease includes atherosclerosis of arteries (renal artery stenosis) and hyaline 
arteriolosclerosis of arterioles (nephrosclerosis). 

§ Microvascular disease has glomerulosclerosis with thickening of the basement membrane and AGE that 
induce mesangial matrix production of Kimmelstiel-Wilson nodules. It manifests as albuminuria that 
progresses to nephrotic syndrome. 

Figure 52-5 Retina: microvascular pathology in early disease. 

Figure 52-6 Retina: microvascular pathology by ophthalmoscopy. 
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Peripheral nerves (See also Chapter 86, PNS, diabetes mellitus): 

o Distal symmetric polyneuropathy (“stockings and gloves” pattern) is the 
commonest chronic complication of diabetes and is found in 40% of diabetics  
by 10 years of disease. 
§ Other types of diabetic neuropathy include the autonomic nervous      

system and nerve roots (radiculopathy). The most common symptoms     
are gastroparesis and bladder atony. 

§ Both large nerve (proprioception, vibration, reflexes) and small nerves  
(light touch, pain, temperature) are affected, and both should be           
tested for loss of function. 

o Neuropathy is caused by a complex interaction of vascular and metabolic 
pathology. Microvascular stenosis leads to ischemia. Metabolic damage is 
caused by ROS from disordered energy production and AGEs together with 
osmotic damage from the sorbitol pathway. 

 

 

 

Summary of chronic vascular complications of hyperglycemia (i.e. diabetes mellitus) 

See Table 24-1: Clinical pathologic correlation of macrovascular and microvascular disease. 

Figure 52-7 Kidney: glomerular pathology over years. 

Figure 52-8 “Stockings and 
gloves” polyneuropathy. 
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Chapter 53. Endocrine System: Neuroendocrine Neoplasms & Their Paraneoplastic Syndromes 

Introduction: 
 

In clinical medicine, tumors of the endocrine system are divided into the “classical endocrine glands” and the 
“diffuse neuroendocrine glands”. This is an unfortunate classification system that has an historical basis. The 
“classical” system really refers to the grossly obvious, discrete glands, such as the anterior pituitary, thyroid, adrenal 
and parathyroid glands. The pancreatic islets cells are scattered throughout the pancreas and so they are either 
placed in the classic endocrine system as “islet cell tumors” or with the pancreas as the “endocrine pancreas”.  

The term “neuroendocrine” was first used to describe carcinoid tumors. Over time, it became recognized that 
these could arise from gut or lung and that they were part of the spectrum of neoplasms that included small cell 
carcinoma of lung. Carcinoid tumor and small cell carcinomas then became classified as neuroendocrine tumors 
(NET) and neuroendocrine carcinomas (NEC), respectively. NETs and NECs are differentiated by behavior. As it 
became clear that there were many unique endocrine tumors that derived from cells scattered throughout the 
gut, these got added to the neuroendocrine family. 

A second family of neuroendocrine tumors is derived from neural crest cells, which are all regulated by the        
RET gene (see below).  

Pathologists identify neuroendocrine tumors by cell markers, the most important of which is chromogranin. 
Chromogranin is a protein related to the formation of secretory granules. It is found in endocrine cells of both 
neural crest and epithelial embryologic origin (see below). 

This is the current terminology: 

o Endocrine tumors: Any tumor of the grossly identifiable endocrine glands. 
o Neuroendocrine: carcinoid tumors, pancreatic neuroendocrine tumors (formerly known as islet cell tumors) 

and pheochromocytomas.  

General principles 

An endocrine cell is any cell that secretes a product into the blood that acts on distant cells. This means that there 
many endocrine cells in the body and each has a neoplastic counterpart. The neoplasms are characterized by their 
unique proteins and other products. For example, C cells of the thyroid (medullary carcinoma) make calcitonin 
and cells of the adrenal medulla make catecholamines. 

To be “functioning”, an endocrine neoplasm must make its particular hormone. This hormone can be detected in 
the cell or in the blood. Only completely dedifferentiated neoplasms fail to make any hormone. 

Production of a hormone by a neoplasm does not mean that it will cause symptoms. To be symptomatic, the 
blood level of the hormone must exceed a clinically significant threshold. 

 “Functioning” ≠ “Symptomatic” 

The nomenclature is a mess 

 

Figure 53-1 Correlation of [hormone} versus symptoms. 
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o Neural crest tumors 
§ These are all regulated embryologically by the RET gene and include: 

• Sympathoadrenal origin:  
o Pheochromocytomas and ganglioneuromas 
o Neuroblastomas 

• Melanocyte origin: Melanomas 
• Schwann cell origin 

o Neurofibromas (see Chapter 86. Peripheral nervous system) 
§ NF type 1 (von Recklinghausen disease) 

• Loss of function (LOF) in neurofibromin (GTPase activator that inhibits RAS). 
• Neurofibromas, Lisch nodules in the eye, skin and bone abnormalities (see Figure 86-6). 

o Schwannomas (see Chapter 85. CNS neoplasms). 
§ NF type 2 

• LOF of merlin, a promoter of cell contact inhibition and cell-cell adhesion 
• Bilateral schwannomas of CN VIII (see Figure 85-4). 

§ These are the tumors of multiple endocrine neoplasia (MEN) Types IIa and IIb. 
• These all have gain of function mutations in the RET gene. While parathyroid cells are not neural 

crest in origin, they derive from the branchial arches, which express RET in their development. 
o Epithelial endocrine tumors 

§ Epithelial cells derive from the endoderm and ectoderm. 
§ These are associated with MEN type I. These have a defect in the tumor suppressor protein menin, an 

acronym for “multiple endocrine neoplasia inhibitor”. 
 

Proliferations of both types of endocrine cells have one of three pathologies: 

1. Hyperplasia:  
§ In the endocrine system, this is a term used to describe enlargement of the entire gland, due to both an 

increase in the number of cells and/or an increase in their size. If there is more than one gland for that 
system, then they all undergo the same enlargement. In the parathyroid glands, all 4 glands are enlarged: 
in the adrenal gland, both glands. In the thyroid gland, the proliferation is uneven, and so it has the 

Epithelial cells are characterized by their: 

Tight cell-cell adhesion 
o Adherens junctions through epithelial cadherins (E-cadherin) 
o Tight junctions through claudins Polarity (i.e. an apical and basolateral orientation) 

 
 

 

 

 

 

Hirschsprung disease 
A loss of function in the RET 
gene is thought to account 
for the failure in migration of 
the myenteric plexus cells. 

Figure 53-3 Structure of epithelial cells. 
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historically given name of multinodular goiter (i.e. the uneven growth gives a “bumpy” appearance of 
nodules and goiter refers to any increase in the size of the thyroid). 

§ Endocrine hyperplasias can be physiologic, for example, the 2° hyperparathyroidism of chronic renal 
failure, or neoplastic, such as the parathyroid hyperplasia of MEN Type I. 

2. Adenoma 
§ In the endocrine system, these are considered to be benign neoplasms. They are identified by their gross 

appearance of a discrete mass, with a capsule and compression of the surrounding normal tissue 
3. Carcinoma  

§ These are true malignancies, with the ability to invade and metastasize. 

The MEN syndromes can result in any of these pathologies. 

 

Pancreatic neuroendocrine tumors (PNET, aka islet cell tumors) 

These can also be called gastro-entero-pancreatic neuroendocrine tumors because they can be found throughout 
the foregut. For example, 60% of gastrinomas are found in the duodenum. 

PNET (also abbreviated as PanNET) have a clinical classification, depending on whether or not they are symptomatic. 
Non-functioning tumors are called PNET together with their grade (low grade or high grade). If they have hormonal 
symptoms, then the clinical syndrome, insulinoma, gastrinoma etc., is added after the pathologic description. 

Poorly differentiated, aggressive neuroendocrine tumors are designated as neuroendocrine carcinomas. 

Epidemiology:  

o Rare tumors, they are <3% of pancreatic neoplasms 
o Associated hereditary syndromes: 

§ MEN type 1 (80% develop PNET) 
§ Von Hippel-Lindau syndrome (20% develop PNET) 
§ Neurofibromatosis type 1 (10% develop PNET) 

Presentation: 

o Non-functioning: pain, weight loss, anorexia & nausea 
  

Diagnosis of Endocrine Hyperplasias and Neoplasms 

- Endocrine neoplasia becomes evident either because of a mass effect (i.e. palpation or compression of 
local structures) or symptomatic hormone synthesis. 

- Hyperplasias are identified by their involvement of all glands in that system and the uniform proliferation 
of tissue throughout the entire gland(s). 

- Adenoma versus carcinoma 
o The cytologic appearance of neoplastic endocrine cells does not predict the neoplasm’s 

aggressiveness. Anaplastic cells can behave in a benign fashion, while bland cells can invade           
and metastasize. 

o This means that evaluation of endocrine neoplasms must be assessed by behavior. A neoplasm can 
only be called malignant if it shows invasion or metastasis. 

o To assess behavior, the pathologist must have the entire mass. Fine needle aspirate (FNA) will not be 
diagnostic. For example, a thyroid follicular adenoma cannot be differentiated from follicular 
carcinoma. A typical FNA report will read, “Follicular Lesion of Undetermined Significance”. 

o Follow up will require surgical excision of the thyroid mass. 
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NET Active 
peptide 

Location Behavior MEN1 
% 

Symptoms 

Insulinoma Insulin Pancreas Indolent 10 Hypoglycemia 
Gastrinoma Gastrin Duodenum (70%) Aggressive 40 ·PUD2 

·Diarrhea 
Glucagonoma Glucagon Pancreas Aggressive <2 ·Rashes  

·Weight loss 
VIPoma VIP3 Pancreas Aggressive <2 ·Diarrhea 

·Hypokalemia 
1. Multiple endocrine neoplasia, 2. Peptic ulcer disease, 3. Vasoactive intestinal peptide. 

Insulinoma 

o Presentation: hypoglycemia 
§ Neurologic symptoms: confusion, seizure, loss of consciousness 
§ Adrenergic (from sympathetic postganglionic neurons) 

• Palpitation, tremor, anxiety 
§ Cholinergic (from sympathetic postganglionic neurons) 

• Sweating, hunger, paresthesias 
o Investigation of hypoglycemia 

 

§ Symptoms must be present during the period of hypoglycemia. 
§ Imaging is not indicated until there is laboratory evidence of an insulinoma 

Gastrinoma 

o Presentation: 
§ Zollinger-Ellison syndrome: peptic ulcer disease/abdominal pain, esophageal reflux, diarrhea 

o Diagnosis:  
§ Hypergastrinemia with a gastric pH <2 (low pH helps to rule out a physiologic gastrin response) 

• Gastrin level does not rise with secretin stimulation 
§ Imaging for tumor mass (endoscopy, CT scan) 

• 70% of tumors are found in the duodenum. 

Whipple’s Triad 
Investigation for hypoglycemia is 
indicated with: 

1. Typical neuro adrenergic symptoms 
2. Serum glucose <50mg/dL 
3. Symptoms relieved by glucose 

Table 53-1 Neuroendocrine tumors of the pancreas and upper GI tract. 

Table 53-2 Differentiation of causes of hypoglycemia. 
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Pheochromocytomas 

Catecholamine secreting tumors that arise in the adrenal medulla are called pheochromocytomas. 
o Catecholamines stain brown with chromium, and so these cells also have the historical name of      

chromaffin cells (for chromium affinity). 

 

Pathophysiology: 

o 40% are related to a familial mutation:  
§ MEN 2 (50% develop a pheochromocytoma) 
§ VHL (10-20% develop a pheochromocytoma) 
§ NF 1 (3% develop a pheochromocytoma) 

o 10% are malignant 

Presentation: 

o Symptoms and signs: 
§ 60% are now identified as incidentalomas during abdominal imaging 
§ Classic triad: 

• Headache 
• Palpitations 
• Sweating 

§ Hypertension (episodic or constant) 
o Testing: 

§ Biochemical: there is no consensus, but some combination of urine or plasma catecholamines or their 
metabolites (metanephrines). 

§ Imaging for adrenal medullary mass. 
§ Investigation of familial pedigree. 

Natural history/treatment: 

o Surgical excision. 
o Complications: 

There is no need to investigate a patient who 
does not have at least one of these findings. 

Pheochromocytoma Paroxysm 

Pheochromocytomas can suddenly release catecholamines and precipitate a hypertensive crisis 
(i.e. BP >180/120 with organ damage). Prevention requires blockade of α adrenergic receptors. 
A week before surgery, phenoxybenzamine is started and blood pressure normalized. Only after 
this are β blockers given to regulate heart rate. 

β blockers are never given first as this gives unopposed α adrenergic receptors and may 
precipitate the hypertensive crisis. 

Histology of the autonomic nervous system 

- Ganglion: any nerve cell whose body lies outside of the brain or spinal cord. These compose 
the sympathetic chain 

- Paraganglion: a ganglion cell beside the ganglion chain.  
o Sympathetic paraganglia: produce catecholamines (aka chromaffin cells). The adrenal 

medulla has the largest number. 
o Parasympathetic paraganglia: chemoreceptors (e.g. carotid and aortic bodies). 

Composed of glomus cells, they are chromaffin negative. 
- Pheochromocytomas are paragangliomas that secrete catecholamines. 
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Introduction: the nomenclature is still a mess 

o Carcinoid tumors describe a phenotype of neoplasm that has a characteristic microscopic appearance and 
secretes vasoactive amines and peptides like serotonin. They all have markers related to secretory granules, 
such as chromogranin and synaptophysin. 

o Carcinoid tumors are found in all organs, but most commonly lung and tubular GI tract. 
o While the term “carcinoid” is still widely used, there is a strong movement to call them well-differentiated 

neuroendocrine tumors (NET). If they have aggressive behavior (i.e. invasion and metastasis), then they are 
called neuroendocrine carcinomas (NEC). NEC is proposed to be a replacement term for small cell carcinoma. 

o The term carcinoid is usually identified with the organ in which it arises. The most common usage is: 
§ Gastro-entero-pancreatic NET 

• Carcinoid: NET of the GI tract 
• PNET in the pancreas 

§ NET of lung 

Pathophysiology: 

o The cell of origin is not well defined and probably varies in different organs. 
o Behavior depends on stage and grade. It is widely variable and difficult to predict by microscopy. 

Presentation: 

o As with all endocrine tumors, presentation is by local effect (i.e. invasion) or hormone secretion (i.e. paraneoplastic) 
o Lung: 

§ Presentation: 
• Wide variation in clinical behavior, from benign tumorlets found as incidentalomas, to small cell 

carcinoma, with aggressive spread and early metastasis. (SCC is discussed in Lung: Cancer) 
• Most occur in proximal airways and so present as a cough, wheezing or hemoptysis 

§ Diagnosis 
• Imaging 
• Biopsy of mass (endobronchial biopsy at bronchoscopy or FNA) 

§ Treatment & Natural history 
• Well differentiated NETs (aka typical carcinoids) have a 5 year survival >95% and a 10 year survival >80%. 
• Moderately differentiated NETs (aka atypical carcinoids) have a 5 year survival of about 50% 

o Tubular GI tract: 
§ Carcinoid tumors can occur anywhere along the GI tract but are most commonly found in the appendix. 
§ The most aggressive carcinoid tumors of the GI tract are found in the distal small bowel. 
§ Pathophysiology 

• All carcinoid tumors have secretory granules, but 10% of tumors secrete enough hormone to cause 
clinical symptoms. 

• Carcinoid syndrome only occurs with liver metastasis. This allows for tumor secretion directly into 
the hepatic vein, bypassing hepatocyte metabolism of the serotonin. 
o There is fibrosis of the right side of the heart, leading to valvular dysfunction. 

§ Presentation: 
• Local effect: usually obstruction or blood loss, the same as a typical adenocarcinoma 
• Carcinoid syndrome 

o (<10%), only after hepatic metastasis (see above) 
o Symptoms: 

- Cutaneous flushing (seen in 85%, upper body, lasts up to 30 minutes) 
- Diarrhea (seen in 80%, watery, up to 30 times/day) 
- Bronchospasm (seen in 10-20%) 
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o Signs: 
§ Jugular venous distension: due to regurgitation of tricuspid and pulmonic valves (seen in 50%). 
§ Diagnosis: 

• Imaging: Tumor localization and staging. Carcinoids are often multiple in the GI tract. 
• 24 hour urine 5’ HIAA. This is the major metabolic product of serotonin. 

§ Treatment & Natural history: 
• Treatment: surgical resection. 
• Natural history is highly variable. Prognosis is best estimated by tumor grade and stage. 

Multiple endocrine neoplasia 

A group of hereditary diseases with proliferations in multiple endocrine glands. These proliferations include 
hyperplasia, adenomas, and carcinomas. 

o Hyperplasias often precede the neoplasias. 
o Neoplasias occur at an age 10-20 years earlier than sporadic neoplasms 
o MEN carcinomas have a generally more aggressive behavior.  

MEN type 1 

An autosomal dominant defect in the tumor suppressor protein menin (for multiple endocrine neoplasia 
inhibitor). The function of menin is not well understood. 

Defined by the occurrence of tumors in 2 of 3 glands: parathyroid, pituitary and pancreatic islet cells (although 
most gastrinomas occur in the duodenum). 

Most commonly presents as 1° hyperparathyroidism, with 100% penetrance by age 50. 

o Usually MEN type 1 involves multiple glands, unlike sporadic 1° hyperparathyroidism, which is 90% isolated 
parathyroid adenomas. 

Pituitary adenomas, seen in 20% of MEN type 1, usually secrete prolactin 

Gastro-intestinal-pancreatic NET are seen in 30% of MEN 1. 

o Most secrete gastrin, causing Zollinger-Ellison syndrome. 
o Surgical treatment is usually unsuccessful as there are 

numerous small tumors throughout the duodenum. 

MEN type 2A and 2B 

MEN type 2 is an autosomal dominant disease with a gain of 
function mutation in the RET receptor. 

o The RET gene is responsible for neural crest cell migration. 
While the parathyroid glands are of epithelial origin  
(i.e. not neural crest), they arise in the branchial clefts that 
are regulated by the RET gene. 

MEN type 2A 

o Characterized by: 
§ Parathyroid hyperplasia 
§ Pheochromocytomas 
§ Medullary carcinoma of the thyroid C cells 

  

Remembering the MEN Syndromes 

MEN 1…………….”3 P’s” 

• Parathyroid (90%) 
• Pancreatic NET (gastrinoma) 
• Pituitary adenoma (prolactinoma) 

MEN 2A……….....”2 P’s” 

• Medullary carcinoma of thyroid (100%) 
• Pheochromocytoma (50%) 
• Parathyroid (25%) 

MEN 2B……………“1 P” 

• Medullary carcinoma of thyroid (100%) 
• Pheochromocytoma (50%) 
• Mucosal neuromas 
• Marfanoid habitus 
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o Characterized by:  
§ Pheochromocytoma 
§ Medullary carcinoma of the thyroid C cells 
§ Multiple mucosal neuromas and intestinal paragangliomas 
§ Marfanoid body habitus 

Screening for germline mutations in carrier families is indicated so that prophylactic thyroidectomy                             
can be performed. 
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Female Reproductive System: Clinical Pathologic Correlation 54Chapter 54. Female reproductive system: Clinical pathologic correlation 

Introduction 

The female reproductive system is best approached anatomically by following the order of the physical 
examination.  

Vulva and vagina: 

o Vulva and vagina have 3 different types of squamous epithelium.  
 The labia majora is skin, which means that it has a stratum corneum, subcutaneous fat and adnexal 

structures like sweat glands, apocrine glands and hair. Any of the skin diseases, including rashes and 
neoplasms, can occur here. Labia majora will also have infections that are restricted to skin such as 
molluscum contagiosum. 

 The vagina is a squamous mucosa. Infections such as candidiasis, trichomonas and bacterial vaginosis are 
mucosa restricted. 

 The labia minora is a combination histology of both skin and mucosa called mucocutaneous epithelium. 
It can have diseases of both skin and squamous mucosa. 

o The distinction between the labia and vagina often starts to blur after several deliveries and for this reason, 
the region is often called “vulvovaginal” and the area entering the vagina is the introitus. 

o Diseases of the labia can be clinically divided into rashes (red and white) and masses 
(rule out neoplasm). 
 Rashes can be acute (days) or chronic (months – years). The commonest acute rashes are infections, 

which hurt and the contact dermatitides, which itch. 
• Acute infections of the labia tend to be benign and self-limited. Treatment is mostly comfort related. 
• Contact dermatitisdes can be seen as papules (< 1cm) or patches (>1 cm). With stimulation by    

the underlying inflammation or rubbing, there is epidermal hyperplasia, which gives a raised       
area or plaque. 

 The distinction between red and white abnormalities is not particularly useful in diagnosis. An abnormal 
lesion will be seen as white whenever there is hyperkeratosis (i.e. thickening of the stratum corneum).   
In a moist environment, hyperkeratosis absorbs water and appears white. 

 A key clinical distinction is between hyperplasia and dysplasia. Hyperplasia represents a physiologic 
response to pathologic stimulation such a rubbing an area of pruritis. Remove the stimulus and the skin 
will go back to normal. Dysplasia represents precancer. These should be destroyed to prevent 
progression into invasive carcinoma. 

Table 54-1 Chief complaint and its differential diagnosis of the female genital tract. 
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 Just as there is squamous carcinoma in situ, the vulva has adenocarcinoma in situ, which has the 
historical name of extramammary Paget disease. 

 Masses require biopsy or cytology to exclude neoplasm. 
• On physical examination, a solid mass is much more likely to be a neoplasm than a cyst. 

o Vaginal discharges are a common problem in clinical medicine and mostly represent infections. 
 

Cervix: 

o Cervical neoplasia is important in countries with limited resources. Cervical carcinoma is a common cause       
of cancer death in reproductive age women. 
 Cervical cancer is not a common disease in the US. Of the 600,000 cancer deaths per year in the USA, 

cervical cancer accounts for fewer than 5,000 deaths /year. These occur mostly in older women who 
have avoided screening tests. 

 This decline in cervical cancer represents the most successful cancer reduction effort in history. 
o Bleeding can arise from the cervix, and cervical cancer must be excluded as a cause.  

 
Uterus: 

o Uterus has a mucosal endometrium lining the uterine cavity. This is surrounded by the myometrium. Most of 
the significant disease arises in the endometrium and presents with abnormal bleeding. Carcinoma must be 
ruled out. 
 The commonest pathology of the myometrium is a leiomyoma. These are common, benign and most 

commonly present as bleeding. 

Ovary and fallopian tube: 

o On physical examination, these 2 structures cannot be differentiated by palpation and so are together        
called the adnexae. 

o Symptoms from these organs are mostly abdominal pain and infertility. 
o Pain of fallopian tube origin is due to rupture of an ectopic pregnancy or the inflammation of acute pelvic 

inflammatory disease (PID) due to the sexually transmitted infections of chlamydia and gonorrhea. 
o Pain of ovarian origin can be due to a ruptured cyst or ovarian torsion. Torsion usually has an underlying 

ovarian mass such as a benign cystic teratoma. 
o Diseases of the ovary and tube are commonly implicated in infertility. This is its own subject, discussed             

in Chapter 56. Amenorrhea and infertility. 

Pelvic pain 

o There is overlap in the presentation of acute abdominal pain and acute pelvic pain. For further discussion of 
the differential diagnosis of acute abdominal pain see Chapter 65. GI tract CPC. 

  

Figure 54-1 An approach to acute abdominal pain. 
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Female Reproductive System: Clinical Pathologic Correlation 54o The differential diagnosis of acute pelvic pain includes: 
 

Organ Disease Diagnosis 
Ovary Ruptured cyst Imaging 

Torsion 
Fallopian tube Acute PID1 NAAT2, P/E3, 

Imaging 
 Ectopic pregnancy ٠β-HCG 

٠Imaging 
Appendix Appendicitis Imaging 
Peritoneum, 
myometrium 

Endometriosis 
Adenomyosis 

٠Laparoscopy 
٠Imaging 

                            1. Pelvic inflammatory disease, 2. Nucleic acid amplification testing, 
                                                 3. Physical exam. 

 

 

 

Table 54-2 The differential diagnosis of acute pelvic pain. 
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Female Reproductive System, Endocrinology: Structure and Function 55Chapter 55. Female reproductive system, Endocrinology: Structure and function 

For further discussion, see Chapter 48. Anterior pituitary gland 

Introduction 

Endocrinology works as a feedback control system of regulation. The hypothalamus is the controller, the anterior 
pituitary connects the central nervous system to the body and ovary produces the hormones. The endometrium is 
a second end organ. 

o The reproductive system is unique in endocrinology: 
 There are 2 pituitary hormones and 2 gonadal hormones 
 There are 2 different embryologic systems (male/female) 
 The female system has a secondary organ, the endometrium. 

 

 

  

 

 

 

Other types of control mechanisms 

Signal driven: In the immune system, a PAMP or DAMP initiates cellular and humoral responses that die out 
2-3 weeks after the signal ends. This is followed by repair. 

Constitutional (direct): the liver and kidney produce a set amount of thrombopoietin (TPO) that binds to the 
TPO receptor (aka MPL receptor). In megakaryocytes, it stimulates proliferation and production of platelets. 
With platelets, TPO is internalized and destroyed. Rising and dropping numbers of platelets regulate platelet 
levels. TPO is an acute phase reactant and increases in inflammation with increased IL-6. 

Figure 55-1 The endocrine feedback control model. Figure 55-2 The female reproductive 
endocrine system. H>P>O>E. 
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Structure of the female endocrine system (HPOE) system 

Hypothalamus and pituitary 

Figure 55-3 #1: There are only about 7000 neurons in the hypothalamus that 
secrete gonadotropin releasing hormone (GnRH). The majority of these are 
found in the arcuate nucleus. These neurons derive embryologically from the 
olfactory placode. In Kallman disease, the failure of olfactory formation due to 
mutation in the protein anosmin leads to 1° amenorrhea as well as anosmia. 

Figure 55-3 #2: GnRH neurons release GnRH into a capillary plexus at the top of 
the pituitary stalk in the median eminence. The capillaries are fenestrated and 
have no blood brain barrier, allowing the GnRH to passively enter the vascular 
space. This plexus collects into a portal vein which flows into a second capillary 
plexus in the anterior pituitary. This allows the sequestered central nervous 
system to connect to the body. It is important to note that it is the hypothalamus 
that controls most of the endocrine system. The anterior pituitary gland serves 
only as an amplifier. The hypothalamus receives extensive input from the 
external environment, which is why emotional stress, illness, starvation, and 
other challenges affect the menstrual cycle. Decreased GnRH from the 
hypothalamus is a common cause of secondary amenorrhea, about the same as 
polycystic ovary syndrome (PCOS) at 40%. 

Figure 55-3 #3: The direct and slow flow of blood from the hypothalamus to the 
anterior pituitary allows for precise connection and therefore tight regulation of 
pituitary stimulating hormone production. This low venous pressure accounts for 
Sheehan syndrome. In pregnancy, there is hyperplasia of the anterior pituitary 
which not only increases metabolic demand, but also increases pressure in the bony confines of the sella turcica. 
With a significant drop in blood pressure due to hemorrhage during delivery, the venous pressure in the anterior 
pituitary drops to zero (3a) and there is infarction. The posterior pituitary has arterial pressure from the inferior 
hypophyseal artery (3b) and so it does not infarct. 

Ovary: 

Primordial follicles (an oocyte and single layer of flat granulosa cells) are present in childhood and develop into 
primary follicles (oocyte and cuboidal, proliferative granulosa cells) at puberty. Under intrinsic programing, 
several are developed into secondary follicles (oocyte, multiple layers of granulosa cells, thecal cells) at any given 
time. When they express FSH receptors and surrounding thecal cells have LH receptors, the follicles enter the 
menstrual cycle under control of the gonadotropins. 

After ovulation, residual granulosa cells in the ovary form 
the corpus luteum, which is grossly obvious due to its bright 
yellow color. If there is no pregnancy, the corpus luteum 
involutes and leaves a small white body, the corpus albicans. 

o If there is a pregnancy, the corpus luteum proliferates 
under the stimulation of β-HCG. This larger corpus 
luteum of pregnancy can be recognized clinically as it 
gets to be > 1 cm in diameter. 
 
Under stimulation of FSH, the granulosa cells produce 
estrogen from the androgen produced by the thecal 
cells under LH stimulation.  

Figure 55-3 The female 
hypothalamus and 

pituitary gland. 

Figure 55-4 The ovary through a menstrual cycle. 

 
3a 
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Female Reproductive System, Endocrinology: Structure and Function 55Endometrium (and fallopian tube and cervix) 

Histology of the epithelium of the internal genitalia 

o Ovary (Figure 55-5 #1): a modified peritoneum. Important as the site 
of carcinomas and implantation of endometrium (i.e. endometriosis) 

o Fallopian tube (Figure 55-5 #2): ciliated columnar epithelium that 
secretes serous fluid to support the fertilized egg. Increased activity 
with progesterone stimulation. Vulnerable to infection by gonococcus 
and chlamydia. 

o Endometrium (Figure 55-5 #3): glandular epithelium that proliferates 
with estrogenic stimulation (i.e. mitoses present) and secretory        
with progesterone stimulation (i.e. glands dilate with fluid). Site            
of blastocyst implantation. 

o Cervix (Figure 55-5 #4): mucus production. This varies through   
the cycle. Mostly it is viscous and acts as a barrier to bacteria. 
Mid-cycle it becomes watery for sperm penetration. Not     
present during menstrual flow when its absence allows            
entry of gonococcal and chlamydia into the cervix. 

o Ectocervix and vagina (Figure 55-5 #5): squamous mucosa gives                                                                      
mechanical strength. Infected by HSV, yeast, trichomonas and Gardnerella. 
 

The menstrual cycle: 

1. The hypothalamus receives extensive input from the 
external environment. Significant stress of any kind 
affects GnRH release, making hypothalamic output a 
common cause of 2° amenorrhea after PCOS. Note that 
a single neuron with a single signal can produce 2 
different hormones from the pituitary gonadotroph.  
It does this by producing a high frequency, low 
amplitude pulse for LH production and a low frequency, 
high amplitude pulse for FSH (Figure 55-6 #1). 

2. FSH stimulates folliculogenesis and the granulosa cells to 
increase estrogen synthesis (Figure 55-6 #3). A rapid rise 
in estrogen (Figure 55-6#2a) stimulates a spike in LH (2b) 
that induces ovulation. The LH surge occurs about 36 
hours before ovulation. LH is a small enough protein to 
appear in the urine and is a useful test for timing 
intercourse in infertility. 

3. The thecal cells make androstenedione from cholesterol 
and most diffuses into the granulosa cells. These convert 
it into estradiol using aromatase enzyme. After 
ovulation, granulosa cells upregulate their LH receptors 
and become progesterone producing luteal cells. 

4. The endometrium proliferates under the influence of 
estrogen, characterized by abundant mitotic activity 
(Figure 55-6 #4). Progesterone increases gland secretion 
in preparation for implantation. Luteal cells lose their 
sensitivity to LH over time. If not stimulated by β-HCG, 
the dropping levels of estrogen and progesterone leads        
to death of the endometrium and menses. 

Figure 55-5 Epithelia of the internal 
female reproductive system. 

Figure 55-6 The menstrual cycle. 
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Using clinical pathologic correlation to learn female reproductive endocrinology 

The basics of female reproductive endocrinology can be understood through the clinical application of the 
following tests and drugs: 

o Drugs: 
 Leuprolide. 
 Oral contraceptive pill (OCP). 
 Clomiphene and spironolactone in PCOS. 

o Testing: 
 Day 3 serum FSH 
 Urine LH 
 Day 21 serum progesterone 
 β-HCG (urine and serum) 

Leuprolide 

o This is a gonadotropin agonist that decreases estrogen and androgen levels. 
o It suppresses gonadotropin production because the pituitary gonadotrope receptor is stimulated by a 

pulsatile signal. The drug is non-pulsatile and so is inhibitory to the gonadotrophs of the anterior pituitary. 
o Uses: 

 Female:  
• Estrogen-dependent carcinomas (i.e. breast and endometrium). 
• Endometriosis. 

 Male: 
• Prostate carcinoma. 

Combined oral contraceptive pill (COCP) 

o Combined oral contraceptive pills have both estrogen and progesterone and suppress ovulation by 
decreasing GnRH, FSH, LH and decreasing the LH surge. Decreasing FSH and folliculogenesis is felt to be the 
most important action. 
 Estrogen also stabilizes the endometrium and allowing for cycle control and the timing of withdrawal 

bleeding that mimics menses. 
 COCP are contraindicated in those with increased risk of venous (DVT/PE) or arterial (atherosclerosis) 

thrombosis and smokers. 
o Progesterone-only pills (POP)do suppress FSH and ovulation, but pregnancy prevention is more likely due to 

their effect on the epithelium of the internal genitalia with decreased fallopian tube motility, thinning of the 
endometrium and thickening of the cervical mucus which prevents sperm penetration. 
 They have no increase in risk for DVT/PE. 
 Often have break-through bleeding 

Treatment of polycystic ovary syndrome (PCOS). 

o This is a complex disease with hereditary and environmental risk factors. It has 3 consistent findings: 
ovarian hyperandrogenism, insulin resistance /obesity and elevated luteinizing hormone. 
 The elevated LH can lead to increased androgen synthesis due to stimulation of thecal cells. 
 Increased androgens interfere with the menstrual cycle at multiple points, including normal follicle 

development and the inhibition of GnRH by progesterone. 
 It is not clear how insulin resistance /obesity causes the increase in androgens. 
 PCOS can be treated with insulin sensitizers like metformin. 

o Diagnosis requires 2 of 3 findings: 
 Hyperandrogenism. 
 Oligomenorrhea/amenorrhea. 
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Female Reproductive System, Endocrinology: Structure and Function 55 Polycystic ovaries (by ultrasound). 
o Treatment of common presentations: 

 General: weight loss. 
 Infertility: 

• Clomiphene: blocks the estrogenic inhibition of GnRH neurons in the hypothalamus. 
 Hirsutism: 

• COCP: suppression of GnRH with decrease in LH effect on thecal cells. 
• Spironolactone: inhibition of testosterone receptor on hair shafts. 

 

FSH 

o Used in vitro fertilization: induces folliculogenesis for egg capture 

Testing: 

Day 3 serum FSH: 

o This is the first test done in an infertility investigation as it is a measure of ovarian reserve. When FSH levels 
are >25 mIU/mL, it suggests premature menopause. Levels in the 10-20 mIU/mL suggest a diminishing reserve. 
 

Urine LH:  

o LH is a small enough protein to clear the glomerulus. The LH surge occurs about 36 hours before ovulation. 
Sperm can live up to 5 days and the egg 12 hours. The LH surge is a good time to introduce sperm for optimal 
chance of fertilization. 
 

Day 21 serum progesterone level: 

o After a Day 3 FSH test has proved that there are follicles present, the next step in infertility testing is 
assessment of ovulation. 

o If ovulation occurs on day 14, then a well-formed corpus luteum should be present one week later  
(i.e. day 21). An elevated serum progesterone level is evidence of a corpus luteum and this is               
evidence of ovulation. 

o The commonest cause of failure to ovulate is PCOS, followed by other endocrinopathies like 
hyperprolactinemia and hyperthyroidism. 
 

β-HCG: 

o Without pregnancy, the corpus luteum stops responding to LH. Human chorionic gonadotropin (HCG) is 
produced by the implanting chorionic cells to sustain hormone production by the corpus luteum for the first 
trimester. Thereafter, the placenta produces steroid hormones in sufficient quantities to sustain the pregnancy. 

o Urine β-HCG is a semi-quantitative test used as a screening test for pregnancy. The test detects pregnancy   
10 days after ovulation (about 4 days prior to expected menses). 

o Serum β-HCG is a sensitive quantitative test used to monitor the health of a pregnancy (doubling every             
2-3 days) or loss of pregnancy (halving every day). 

o Neoplasia: β-HCG is used to diagnose and follow treatment effects of germ cell tumors (choriocarcinoma)  
and hydatidiform mole. 
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Female Reproductive Endocrinology: Amenorrhea and Infertility 56 Chapter 56. Female Reproductive Endocrinology: Amenorrhea and infertility 

 

Primary amenorrhea 

Normal puberty: 

o Puberty refers to the transition from sexual immaturity to maturity that typically occurs in adolescence. The 
mechanisms for its start are not well understood and so the ages of normal onset are established from 
“normal” populations. Onset varies by ethnicity and family so that assessment requires clinical judgement. 
The Tanner stages are commonly used as systematized descriptions.  

o There has been a trend for earlier onset of menarche over the past 20 years, probably due to the increased 
estrogen from the increased aromatase associated with obesity. Early onset is now considered to be 
menarche before age 11 years. Premature puberty is defined as breast development before 8 years. Delayed 
puberty can be considered after age 14 years and certainly after age 16 years, but this should be correlated 
with family history, as genetics accounts for 50-75% of variation. 

 

Diagnostic approach to 1° amenorrhea: 

 
 
 

  

Puberty and 2° sexual characteristics 

Puberty is determined by clinical judgement as there is no single defining feature. 
It is a process that occurs over years. The general sequence of menarche is: 

First:  Thelarche (breast development), usually before age 13 years 

Second:   Adrenarche (hair) 

Third:  Rapid growth spurt, usually ages 13-14 

Last:  Menarche (menstruation), before age 16 years 

 

 

The female reproductive endocrinology system should be reviewed before reading this chapter.                 
See: Chapter 55. Female reproductive endocrinology: Structure and function. 

 

 

Figure 56-1 Investigation of 1° amenorrhea. 
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Kallman syndrome: 

Pathophysiology: 

o A hereditary disease of the GnRH neurons in the hypothalamus. A mutation in the protein anosmin causes a 
defect of migration of the neurons from the embryologic olfactory placode. This includes the GnRH neurons 
and the olfactory neurons. 

o Lack of GnRH leads to deficiencies of FSH and LH and “idiopathic” hypogonadotropic hypogonadism (IHH). 
 

Presentation: 

o Males > females (4:1). 
o Affects multiple organs including bones, kidney, and heart 
o Symptoms: anosmia, failure of puberty (1° amenorrhea in females) 
o P/E:  

 Anosmia. 
 Males have decreased testosterone which gives developmental defects in penis (microphallus) and 

testicles (cryptorchidism). 
 Pubic hair is not a reliable feature of puberty as it can develop from adrenal estrogens and androgens. 

o Testing: 
 Low FSH/LH levels; low sex hormones. 
 Difficult to differentiate from constitutional delay without (+) family history. 

 

Natural history: 

o Treatment:  
 Induction of puberty: 

• Females: estrogen 
• Males: testosterone 

 Fertility: 
• Gonadotropins or pulsatile GnRH 

 

Turner syndrome: 

Pathophysiology: 

o A monosomy condition of females (i.e. XO). There is a spectrum of disease as there can be partial loss of the X 
chromosome or rearrangement (I.e. mosaicism) 

o It is not inherited as it is due to a non-disjunction 
o Multiple organs are affected: 

 Heart: obstruction of the left ventricular output (bicuspid aortic valve >coarctation) 
 Bones 

• Decreased growth (↓GH) 
• Osteoporosis (↓estrogen) 

 Kidney: horseshoe kidney  
 Endocrine: 

• 1° amenorrhea 
• Autoimmune disease (Hashimoto thyroiditis, diabetes mellitus type 1) 

 Ovaries: streak ovaries without eggs. 
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Presentation: 
o Symptoms: 

 Antenatal by screening ultrasound 
• IUGR, heart defects, horseshoe kidney, cystic hygroma (a malformation of lymphatics that forms a 

sponge-like tissue in the neck) 
• Increased nuchal translucency 

 Childhood: 
• Size: all Turner syndrome patients are small in size 
• Neck web (cystic hygroma) and abnormal facial features 
• Heart: coarctation 

 1° amenorrhea 

Natural history: 

o Treatment: 
 Growth hormone at ages 4-5 years (for small size) 
 Estrogen at ages 12-15 years for normal phenotypic female development (they have streak ovaries      

and cannot ovulate). 
 

Androgen insensitivity syndrome: 

Pathophysiology: 

o An X-linked recessive disease with a loss of function mutation in the androgen receptor, which is found on   
the X chromosome. Over 1000 variants have been identified. 

o Internal male genitalia do not develop from the mesonephros, as this requires androgen effect. 
 Female internal genitalia do not develop as the testicle is normal and its Sertoli cells produce MIF 

(Mullerian inhibition factor) that cause involution of the paramesonephros (i.e. Mullerian duct). 
o Testicles are normal and have normal descent to the inguinal region. They can usually be palpated in           

the labia or groin. 

Figure 56-2 Turner Syndrome. 
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Presentation: 

o Symptoms: 
 Infant: groin masses (the normal testicles go through first stage of descent) 
 Adolescence: primary amenorrhea. 

o Physical exam: 
 Palpable groin masses. 
 Sexual development: 

• Normal breasts (peripheral fat aromatase conversion of testosterone to estrogen) 
• Scant secondary hair. 
• Short vaginal canal (proximal 1/3 comes from the Mullerian system). 

 Testing: 
• Karyotype: XY (rules out masculinized female) 
• Endocrine:  

o Normal testosterone/DHT ratio (rules out 5α-reductase deficiency). 
o Normal 17OH-progesterone (rules out CAH). 

• Androgen receptor mutation 
• Ultrasound: no internal genitalia. 

 

Natural history: 

o Treatment: 
 Estrogen at puberty to establish a normal female phenotype. 
 Psychological support. 

o Normal life expectancy with no unique complications.  
o Gonadectomy (increased risk of seminoma). 

Figure 56-3 Androgen insensitivity syndrome. 
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Female Reproductive Endocrinology: Amenorrhea and Infertility 56Mullerian agenesis (Mayer-Rokitansky-Küster-Hauser syndrome) 

There is complete lack of fallopian tubes, uterus and proximal third of the vagina. 

Etiology is unknown. It is considered to be sporadic in nature. 

Ovaries are normal so that puberty progresses normally until menarche. 

Presentation is usually primary amenorrhea. 

Physical examination is normal but for a vaginal dimple or a short vaginal pouch. 

Diagnosis: confirmation by imaging. 

 

Treatment 

o Psychological support. 
o Vaginoplasty. This can usually be achieved using progressive dilation. 
o Fertility can be achieved using invitro fertilization and surrogacy for the pregnancy. 

 

 
 

  

Figure 56-4 Mullerian agenesis (Mayer-Rokitansky-Kauster-Hauser syndrome). 

 

 

Common causes of 1°amenorrhea 

#1. Turner syndrome: many features, but always short 

#2. Mullerian agenesis: foreshortened vagina. 

#3. Androgen insensitivity syndrome: testicles in groin region. 

Mullerian agenesis and AIS have similar features. AIS lacks 2° hair (pubic, axillary) and has groin masses.                  
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Outflow obstructions: 

Imperforate hymen: 

Pathophysiology: 

o The hymen is a thin layer of squamous epithelium that covers the vaginal introitus.  
o After fusion of the paramesonephric /Mullerian ducts at 8 weeks, the caudal ends form the upper vagina. This 

abuts the vaginal plate of the urogenital sinus that forms the lower part of the vagina. They fuse in the 5th month. 
o The vagina forms through canalization of this structure. It is commonly thought that an imperforate hymen 

forms from incomplete canalization. Perforation normally occurs around birth. 
o There is wide variation in the hymen from complete occlusion, to micro perforations, to stranding, and to        

a vaginal ring. 
 

Presentation: 

o Symptoms: typically presents at the menarche as primary amenorrhea 
(within 3 years of breast formation; no later than age 16) or cyclic pain 
from hematocolpos. 

o P/E: there are many variations in hymenal structure, and some experience 
is necessary. After menarche, a bulging purple hymen may be seen. 

o Testing: imaging can be used to diagnose hematocolpos and hematometra. 

Treatment is surgical, usually after menarche to minimize the risk of scarring. 

Transverse vaginal septum (see further discussion in: Imperforate hymen): 

Occurs when there is failure of complete canalization of the contact point 
between the urogenital sinus /vaginal plate and the fused Mullerian duct. 

Presents as primary amenorrhea or cyclic pain after the start of menarche. 

Diagnosis is by physical examination and imaging. 

Treatment is surgical. 

 
 

 

 

 

 

Secondary amenorrhea 

2° amenorrhea is defined as absence of menstruation for more than 3 cycles in a woman with previously regular 
cycles. 
Its commonest causes in young women are: 
o Polycystic ovary syndrome (PCOS)………………………..   40% (including oligomenorrhea) 
o Functional hypothalamic GnRH deficiency……………   35% 
o Hyperprolactinemia……………………………………………..   15% 
o Intrauterine adhesions (Asherman syndrome)……..   7% 

Figure 56-5 Uterine outlet 
obstructions. 

Transverse vaginal septum can be compared to the posterior urethral valves 
of males. Urethral valves represent a failure of resorption of the junction of 
the Wolffian (paramesonephros) with the urogenital sinus. 
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Female Reproductive Endocrinology: Amenorrhea and Infertility 56Laboratory approach to 2° amenorrhea: 

o Note that pregnancy is a common cause of amenorrhea even when sexual activity is denied. Every 
investigation must start first with a β-HCG. 

 

 

Hyperprolactinemia: 

Prolactin is only secreted by the lactotrophs of the anterior pituitary and so elevation must arise from alterations 
in secretion by this cell. 

Pathophysiology: 
o Physiologic causes include pregnancy, nipple stimulation and stress. 
o Pathologic causes involve the hypothalamic-pituitary axis: 

 Destruction of the pituitary stalk: surgery, neoplasm 
 Functioning pituitary adenoma 
 Hypothyroidism  
 Medications: especially anti-psychotic medications. 

Figure 56-6 Laboratory investigation of 2° amenorrhea. 

 

 

Figure 56-7 Hyperprolactinemia and the hypothalamic-pituitary axis. 
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Presentation: 

o Symptoms: 
 Female: galactorrhea, menstrual irregularity including amenorrhea, infertility 
 Male: decreased libido, erectile dysfunction 

o P/E: 
 Pituitary adenoma: bilateral bitemporal hemianopsia 

o Testing: 
 Serum prolactin 
 CT/MRI scan of brain 

 

Natural history/ treatment: 

o Hyperprolactinemia is usually treated medically with a dopamine agonist. Cabergoline is preferred           
over bromocriptine. 

 

Polycystic ovary syndrome (PCOS): (also discussed in Chapter 55. Structure and function)  

Epidemiology: the most common endocrine disease of women, affecting 5-12 %. 

Pathophysiology: 

o Significant genetic component; 70% concordance with diabetes mellitus type 2. 
o Pathologic associations: 

 Pituitary: elevated LH. 
 Ovary:  

• Increased synthesis of testosterone. 
• Hyperresponsiveness to LH. 

 Insulin resistance. 
• Can be corrected with insulin sensitizing drugs like metformin. 

 Obesity: association is more than the association of obesity with insulin resistance. 
 

Presentation: 

o Diagnosis: 
 Clinical: history of oligomenorrhea and masculinization (i.e. hirsutism, acne, baldness). 
 Laboratory: 

• Elevated total testosterone. 
• Normal: β-HCG, prolactin, TSH, FSH (for ovarian failure). 

  

- Figure 56-6#1: Loss of the pituitary stalk: Prolactin (PL) is the only stimulating hormone that is 
regulated by inhibition, in this case by dopamine. Any process that prevents dopamine from 
reaching the lactotroph in the pituitary disinhibits production. Causes include pituitary adenomas 
and surgical destruction of the stalk in the surgical treatment of pituitary adenomas. 

- Figure 56-6#2, Pituitary adenoma: Most functioning pituitary adenomas produce prolactin 
- Figure 56-6#3: Thyroid releasing hormone stimulates the lactotroph when at high levels. This can 

be seen in 1° hypothyroidism (e.g. Hashimoto thyroiditis) 
- Figure 56-6#4: Prolactin suppresses the hypothalamic production of GnRH,  causing 2° amenorrhea. 
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o Masculinization (most significant in adolescents). 
 Hirsutism, acne and male-pattern baldness. 
 Treated with COCP which decreases GnRH and FSH/LH and spironolactone to antagonize the skin effects 

of testosterone. 
o Infertility (young married women). 

 May present in a spectrum of oligomenorrhea  amenorrhea. 
 Treated with clomiphene which blocks the estrogen inhibition of the hypothalamic neuronal release of GnRH. 

 

Functional hypothalamic GnRH insufficiency 

Pathophysiology: 

o There is decreased GnRF production with inadequate calorie intake either from decreased nutrition, for 
example anorexia nervosa or the malabsorption of celiac sprue. Inadequate calories can occur with increased 
exercise, seen in high performance athletes. A third cause of GnRH deficiency is stress. This includes any 
stress that could increase CRH and cortisol levels, as both inhibit the HPOE axis. Stress can be emotional, 
physical or disease. 
 

Presentation: 

o Women with GnRH insufficiency present with estrogen deficiency effects, which include osteoporosis, 
infertility, and sexual dysfunction which can include dyspareunia from vaginal atrophy. 
 

Natural history: 

o Management is based on restoration of normal BMI through a balance of diet and exercise. Evaluation for 
osteoporosis is indicated. 
 

Intrauterine adhesions (Asherman syndrome) 

Pathophysiology: 

o Intrauterine adhesions (aka synechiae) occur after an intrauterine curettage that is deep enough to damage 
the basalis layer of the endometrium. This bottom layer is necessary for endometrial proliferation and is 
retained through menses. With its loss, the denuded surface can attach to the opposite side, with scar 
formation. The resulting adherence and scarring can lead to obliteration to the endometrial cavity. 
 The commonest procedure causing adhesions is post-miscarriage curettage when the endometrium is 

particularly vulnerable. 
 

Presentation: 

o Symptoms: amenorrhea or infertility 
o P/E: non-contributory 
o Testing: hysteroscopy is the gold standard.  

 

Natural history: 

o Treatment: hysteroscopic resection of adhesions. 
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Infertility 

The definition of infertility has changed over the past few decades, as men and women have started marrying at 
older ages. It now diagnosed when there is no pregnancy after 1 year of monthly unprotected intercourse.           
In women over age 35 years, it is diagnosed after 6 months. 

Fecundity refers to the likelihood of getting pregnant in one cycle. 80% of couples will achieve pregnancy over 1 year.  
Of the less fecund couples, 10% will achieve pregnancy in the second year. 

Fecundity is most closely correlated with female age. 

Infertility can be due to problems with the female, the male or the couple. Proportion of each varies widely across 
different studies. 

A functional assessment of estrogen status 

Another approach to the investigation of 2° amenorrhea uses the ambiguously named progestin withdrawal 
test to assess estrogen status. Progestin is given and if the patient has adequate estrogen levels, they will 
bleed several days after the dose is administered. Bleeding indicates that there is estrogen stimulation of the 
endometrium. The most common cause is PCOS. If there is no bleeding, then estrogen is given for 30 days 
followed by the progestin challenge. Bleeding now indicates normal underlying endometrium consistent with 
an abnormality of the HPO axis, either functional hypothalamic GnRH insufficiency or ovarian failure.    
An absence of bleeding suggests endometrial failure such as endometrial adhesions (Asherman syndrome). 

 

 

 

 

Pharmacology of progesterone 

- Progestogen: any steroid hormone that binds to the 
PR (i.e. progesterone receptor) 

- Progesterone: a natural progestogen 
- Progestin: a synthetic progestogen 

Figure 56-8 Functional investigation of 2° amenorrhea. 
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Female Reproductive Endocrinology: Amenorrhea and Infertility 56The commonest causes of female infertility in the US are: 

o PCOS 
o Blocked fallopian tube 
o Endometriosis  

 
Investigation of infertility: 

 

 
 
 
 

Premature ovarian failure: 
Introduction: hypergonadotropic hypogonadism (i.e. ↑FSH/LH; ↓estrogen) before age 40 years. 

Pathophysiology: 

o Natural menopause occurs at a median age of 51 years in the US and is diagnosed by a cessation of menses 
for > 1 year. 

o It is associated with a near complete exhaustion of eggs. 
o Premature failure is usually of unknown cause but may be autoimmune or hereditary. 

 Diminished ovarian reserve is used in infertility work-ups when there is an elevation of FSH in a woman still 
menstruating. It suggests that there is only a small number of eggs left. 

Presentation: 

o Symptoms of menopause 
o Testing (rule out): β-HCG, prolactin, TSH 

Natural history: 

o Prevention of osteoporosis. 

Figure 56-9 Investigation of infertility. 

 

 

Patient 
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Blocked fallopian tube 

The commonest cause of fallopian tube occlusion is chronic pelvic inflammatory disease (PID) from chlamydia (#1) 
or gonorrhea. 

o Endogenous salpingitis may arise from the vaginal microbiome following surgery or pregnancy. 

These infections are sexually transmitted (STI) and ascend from the cervix to the fallopian. 

o Over 70% are asymptomatic.  
o The acute inflammation is followed by chronic inflammation and its fibrosis, with tubal scarring.  
o Complications include PID and ectopic pregnancy. 

Diagnosis: 

o Identification of organism (usually by nucleic acid testing (NAT)) 
o Hysterosalpingogram: radiopaque dye is injected through the cervix and the internal genitalia lumens can be 

visualized by X-ray. 
 

 

Endometriosis / adenomyosis: see Chapter 60. Uterus, fallopian tube, and ovary. 

Figure 56-10 The hysterosalpingogram. 
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Pathophysiology

Chapter 57. Female reproductive system: Structure & function: prolapse and incontinence 

Regional anatomy: the pelvis 

There are 3 key organs of the female pelvis: the bladder, the internal genitalia and the rectum. These are supported by 
the pelvic floor diaphragms, suspensory ligaments and the perineal body. 

 

 

- Figure 57-1 A: Levator ani complex: a group of muscles that form the pelvic floor, shaping a “hammock” 
for the pelvic organs. 
o A1: External urethral sphincter: formed where the levator ani wrap around the urethra. The EUS is a 

voluntary muscle regulated by nicotinic receptors for the pudendal nerve. 
o A2: Puborectal sling formed where the floor wraps around the rectum. It creates an acute angle in 

the rectum. This helps retain the feces in the rectum prior to defecation. The flooroverlies the 
pectinate line that separates the rectum, an endodermal organ, from the anus, which is an 
ectodermal organ formed from the body wall. 

- Figure 57-1 B: Urogenital diaphragm (aka triangular ligament): a second diaphragm that connects the 
pubis and ischial tuberosities to the perineal body (C). It is mostly used now as a landmark for urethral 
injuries. Injuries deeper than the diaphragm are clinically more severe.  

 
- Figure 57-1 C: Perineal body: this is a fusion point of multiple connective tissue elements of the 

perineum. It can be stretched during delivery, leading to herniation or protrusion into the vagina by the 
bladder (cystocele) or rectum (rectocele). 

- Figure 57-1 #1: Round ligaments: arising off the uterine fundus, these are more important in giving the 
uterus anteversion (bending forward over the bladder) and anteflexion (curvature forward) than support. 
A round ligament can be confused with the fallopian tube during laparoscopy. 

- Figure 57-1 #2: Cardinal ligaments: major suspensory ligament of the uterus. 
- Figure 57-1  #3: Uterosacralligaments: major suspensory ligaments of the uterus. 

Figure 57-1 Structures of the pelvic floor. 

Figure 57-2 Urogenital triangle. 
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Female Reproductive System: Structure & function: Prolapse and Incontinence 57A common approach to examination of the pelvis is laparoscopy. The laparoscope is inserted just below the 
umbilicus and illuminates the pelvis from a superior location.  

o An 2ndinstrument is inserted through a more inferior location in the lateral abdominal wall. This is used for 
manipulation and surgery. 

o Note that the round ligament can be difficult to differentiate from the fallopian tube. 
o The ureter runs posterior to the uterine artery in laparoscopic hysterectomy (“water under the bridge”). 

 

Anatomy of the pelvis can be seen through 2 standard CT scan images in transverse views: 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 57-3 The laparoscopic view of the pelvis. 

Figure 57-4  A, B CT scan, transverse views: Structures of the pelvic. 



524

Pathophysiology

Function 

Micturition: 

Normal micturition starts with afferent signaling of the voluntary control center in the brain in the periventricular 
gray matter. 

o In normal pressure hydrocephalus (NPH), expansion of the ventricles compromises these tracts, causing 
reflex overflow incontinence in addition to dementia and ataxia (“wet, wacky & wobbly”). 

Regulation is coordinated by the pontine micturition center in the pons 

 

 

 

Clinical pathologic correlation of structure and function 

Uterine prolapse: 

Laxity of the pelvic floor and stretching of the supporting ligaments allows the uterus to herniate into the vagina. 

o The perineal body provides support for the distal 1/3 of the vagina. Laxity leads to protrusion of the bladder 
(cystocele) and rectum (rectocele). 

o The protrusion of the uterus past the introitus is called procidentia. 

- Figure 57-5A: Voluntary decision to urinate starts in the CNS periaqueductal gray matter, which signals to 
the pontine micturition center (PMC). 

- Figure 57-5B: The PMC coordinates the multiple nerve pathways involved. 
- Figure 57-5C: Nerve pathways involved in urination: 

1. 1st: Relaxation of the external urethral sphincter. This is voluntary through the pudendal nerve 
(nicotinic Ach receptor). 

2. 2nd: Relaxation of the internal urethral sphincter. Requires inhibition of the sympathetic nervous system 
(α1 receptor). There also is inhibition of the SNS relaxation of the detrusor muscle (β3 receptor). 

3. 3rd: Parasympathetic stimulation causes contraction of the detrusor muscle (i.e. the tunica muscularis 
of the bladder wall). The smooth muscle receptor is M3. 

 

Figure 57-5 Micturition. 
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Female Reproductive System: Structure & function: Prolapse and Incontinence 57Risk factors are parity and age. 

Prolapse is a common finding on physical exam (as many as 1/3), but only 3-5% of women complain of symptoms. 

Prolapse interferes with sexuality, including body image, and exercise. 

Natural history: 

o Prolapse is considered progressive until menopause, after which the course is variable 
o Treatment is not necessary unless the symptoms are bothersome. 
o Non-surgical treatment: pessary and pelvic floor exercises (Kegel exercises) 
o Surgery: many different techniques have been tried. 

 

Incontinence: 

Epidemiology:  

o Found in 10-20% of females 
o Risk factors include age, obesity and parity, especially vaginal delivery 

Classification: 

o Stress incontinence: 
 Occurs when the pressure in the bladder exceeds pressure in the urethra 
 Symptoms: leakage with increased intra-abdominal pressure (e.g. coughing, laughing) 
 Usually due to a loss of pelvic floor muscle strength and connective tissue tone. 
 Treatment: strengthening of pelvic muscles (Kegel exercises). 

o Urgency incontinence: 
 Due to detrusor overactivity or increased sensitivity, usually of unknown etiology 
 Symptoms: a sense of urgency associated with urine leakage. The amount of leakage is often small and 

may occur at night 
 Treatment is anticholinergic (M3 inhibitor) 

o Overflow incontinence: 
 Leakage often occurs without warning and may be small or large. 

A. Outlet obstruction: 
• Not commonly seen in females compared to males who get benign 

prostatic hypertrophy. 
B. Denervation of detrusor muscle: 

• Flaccid bladder:  
o Peripheral nervous system: diabetes mellitus 
o Sacral ganglia: trauma 

• Reflex bladder:  
o Spinal cord: trauma 
o Pontine micturition center: stroke 
o Periventricular gray matter: NPH, multiple sclerosis. 

 

Testing: 

o Bladder stress test:  
 With a moderately full bladder, the patient increases intra-abdominal pressure 

(e.g. coughing or Valsalva maneuver). 
 If there is leakage, this is stress incontinence 

o Post-void residual volume: 
 A residual volume >150 mL is seen in overflow incontinence. 
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Female Reproductive System: Developmental Defects and Congenital Syndromes 58Chapter 58. Female reproductive system: Developmental defects and congenital syndromes 

Embryology 

The female reproductive system can be divided into 3 main structures: 

o Ovary (gonads) 
o Internal tubular organs (Mullerian derived) 
o External genitalia (somatic) 

For the first 10 weeks, the fetus can become either male or female. With XX chromosomes, the fetus will develop 
into a female phenotype. In the XY fetus, secretion of the SRY protein causes development of male genitalia and 
the secretion of anti-Mullerian (AMH) from the Sertoli cells which inhibits the paramesonephros/Mullerian ducts. 

From week 4 to week 7, there is development of the urogenital system. The mesonephros /Wolffian duct develops, the 
metanephros develops the ureteric duct with reciprocal induction of the mesonephric parenchyma into the kidney and 
the paramesonephros /Mullerian duct develops. 

 

 

 

 

 

 

 

 

 

 

After week 8, the paramesonephric/Mullerian ducts fuse to form the uterus. The septum resorbs by week 20. 

            

Week 4: organogenesis 

Figure 58-1 Organogenesis of the internal genitals (1st trimester). 

Figure 58-2 Organogenesis of the uterus (weeks 8-20). 
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The external genitalia are formed from the genital tubercle and the urogenital sinus. The genital tubercle forms 
the clitoris. The urogenital membrane perforates around week 7 and the urogenital sinus forms the urethra and 
distal one-third of the vagina. The labia form from external folds. 

 

 
Vestigial embryologic structures: 
 

Hydatid cyst of Morgagni and Gartner duct cyst 

Cysts develop from incomplete involution of the mesonephros/Wolffian duct and can occur anywhere along        
the original tract. 

Hydatid cysts of Morgagni are incidental findings found at the 

end of the fallopian tube during surgery. 

Gartner duct cysts are found along the lateral vaginal wall, where they are usually asymptomatic but can        
present as a mass. 

Imperforate hymen: see Chapter 56. Amenorrhea and infertility. 

Transverse vaginal septum: see Chapter 56. Amenorrhea and infertility. 

Mullerian agenesis (Mayer-Rokitansky-Küster-Hauser syndrome): see Chapter 56. Amenorrhea and infertility. 

Congenital syndromes 

Malformations of the uterus 

After week 8, the paramesonephric/Mullerian ducts fuse to form the uterus. The septum resorbs by week 20 
(further discussed above). 

Failure of fusion can lead to duplication of both the uterus and vagina (didelphys) or just the uterine corpus 
(bicornuate). Failure of resorption can lead to a variable septation. Failure of one of the paramesonephric ducts 
can lead to a unicornuate uterus. 

Patients can have infertility or miscarriage if the uterus cannot expand enough to hold a 3rd trimester fetus. 

o Unicornuate uterus: abortion rate is increased (20% versus 8% for normal) 
o Unicornuate uterus: preterm delivery is increased (20% versus 4%) 

Treatment is surgical, with limited success. 

Figure 58-3 Urogenital development at week 7. Figure 58-4 Mesonephric remnants. 
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Turner syndrome: see Chapter 56. Amenorrhea and infertility. 

Androgen insensitivity syndrome (AIS): see Chapter 56. Amenorrhea and infertility. 

Congenital Adrenal Hyperplasia: 21-Hydroxylase deficiency and ambiguous genitals: see Chapter 50. 
Endocrinology: Adrenal cortex. 

 

Figure 58-6 Malformations of the uterus. 
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Female Reproductive System: Vulva and Vaginal Diseases 59Chapter 59. Female reproductive system: Vulva and vaginal diseases 

Introduction: 

The female reproductive system is organized anatomically in clinical medicine as presentations correlate well with 
the pelvic examination. This chapter covers the pathology of the external genitalia and also includes acute pelvic 
inflammatory disease (PID) as a majority of infections present with a vaginal discharge. 

 

 

Plaques and patches (white and/or red): 

Dermatitides (i.e. rashes, for further discussion, see Chapter 103. Skin: Selected rashes) 

o The skin of the vulva is susceptible to the same rashes as skin elsewhere in the body. Common diseases include: 
o Allergic contact dermatitis: 

 Cosmetics and fragrances are commonly applied to the area and can act as allergens 
o Irritant contact dermatitis: 

 Commonly seen with excessive hygiene leading to dryness as well as maceration due to incontinence. 
o Lichen planus: 

 A systemic mucocutaneous disease. Involvement of squamous mucosa shows the reticular pattern of 
Wickham striae. Skin areas show the typical 5 “P’s”: papules (3-5 mm), planar (flat-topped), purple, 
pruritic, and polygonal. 

o Psoriasis: 
 Presumptive diagnosis is the appearance is the same as psoriasis elsewhere on the body. Biopsy is 

indicated if the vulva is only area it is found. 
o Tinea cruris: 

 Dermatophyte infection that involves the upper thighs but spares the vulva. 
 

Lichen simplex chronicus 

o Chronic rubbing induces hyperplasia of the epidermis with hyperkeratosis. Initially, this is red in color. With 
sufficient thickness of the stratum corneum, the hyperkeratosis absorbs water in the moist environment of 
the external genitalia and turns white. 

 

Figure 59-1 Histopathology of lichen simplex chronicus. 

Table 59-1 Presentation and differential diagnosis of disorders of the vulva and vagina. 
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Pathophysiology

o Rubbing is part of the “itch-scratch” cycle of pruritis. Pruritis is most commonly associated with “eczema”, a 
term that overlaps with atopy and is due to an endogenous allergen such as a food. Exogenous allergens 
generally fall under the clinical term contact dermatitis. 

o Diagnosis: biopsy not only confirms the hyperplasia, but also rules out dysplasia/neoplasia. 
o Treatment: identification of allergen, topical steroids 

Lichen sclerosis: 

o An idiopathic chronic progressive inflammatory disease of the mucocutaneous vulva. 
o Epidemiology: a bimodal distribution involving 

prepubertal girls and perimenopausal women. 
o Presentation: 

 Symptoms: itching and dyspareunia as the dermal 
fibrosis is inelastic 

 Gross: white patches that look like parchment of 
cigarette paper 

o Pathophysiology: 
 Pathology: replacement of the dermis by a band of 

homogeneous collagen with underlying chronic 
inflammation.  

o Natural history: 
 Complications: there is an increased risk of  

squamous cell carcinoma (5%). 
 Treatment: no satisfactory treatment is known 

 

Vulvar intraepithelial neoplasia (VIN): 

o There are multiple different classifications for premalignant squamous disease of the vulva. The system most 
familiar to this author and most widely used in the US is the ISSVD (2015) classification 
 Vulvar LGSIL (low grade squamous intraepithelial lesion, flat condyloma and HPV effect) 

• This is not considered a precancer, although up to 10% result from HPV type 16, which can  
cause neoplasia. 

 
 Vulvar HGSIL (high grade squamous intraepithelial lesion, VIN usual type). 

• These are considered to be pre-neoplastic and so require treatment (i.e. destruction) 
 Differentiated VIN: 

• This is clinically distinct as it occurs in post-menopausal women and is associated with lichen      
simplex not HPV. 

• It is usually found in the epithelium surrounding a vulvar squamous cell carcinoma (SCC). 
o Epidemiology: SIL is associated with HPV infection and therefore smoking and immunodeficiency are risk 

factors. Differentiated VIN is associated with increasing age and lichen sclerosis. 
o Presentation: 

 Symptoms: pruritis, visible lesion (red/white) 
 P/E: multiple papules or plaques 
 Testing: biopsy 

o Treatment is most commonly surgical excision. 
 

Exophytic condyloma acuminatum is not considered to be a VIN. 

Figure 59-2 Histopathology of lichen sclerosis. 
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Female Reproductive System: Vulva and Vaginal Diseases 59Extramammary Paget disease: 

o Epidemiology: post-menopausal women (median age 60-70 years) 
o Presentation: 

 Symptoms: pruritis (70%), red rash 
 P/E: red, eczematoid patch 
 Testing: biopsy 

o Pathophysiology: 
 Adenocarcinoma in situ. The primary source is unknown. 
 Pathology: infiltration of the epidermis by neoplastic 

glandular cells 
o Natural history: 

 25% have an underlying invasive adenocarcinoma and 10% will 
develop invasion over 10 years 

 Treatment: complete excision with wide resection margins. 

 

Masses 

Bartholin gland cyst: 

o Pathophysiology: 
 The glands are found in the vaginal vestibule at the 4 and 8 o’clock  

locations and secrete mucus for general lubrication of the area. 
 Obstruction leads to cyst formation, and this may infect, causing  

an abscess. 
o Presentation: 

 Mass, tender if infected 
o Natural history: 

 Rarely resolves spontaneously 
 Treatment: surgery is curative but may be mutilating for a large  

cyst. Large cysts can be drained by re-creating the duct with a                    
Worth catheter that then re-epithelializes 

 

Invasive squamous cell carcinoma: 

o Pathophysiology: 
 Premenopausal: HPV-related associated with smoking and HIV immunosuppression 
 Post-menopausal: seen in lichen sclerosis 

o Presentation: 
 Symptoms: mass 
 P/E:  

• Solid mass 
• Metastases are to superficial inguinal lymph nodes (then deep femoral to obturator lymph nodes) 

 Testing: biopsy 
o Natural history: 

 Prognosis: 
• Depends upon staging: 

a. Lymph nodes (-) for metastasis: 86% 5 year survival 
b. Lymph nodes (+) for metastasis: 54% 5 year survival 

 Treatment: surgical excision with regional radiation if needed 

Figure 59-3 Extramammary 
Paget disease. 

Figure 59-4 Bartholin glands. 
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Vulvovaginal infections 
Introduction: 

The numerous infections of this region present as rashes, itching, pain, including dysuria with the STIs,                
and discharges. 

Infecting organisms tend to prefer a specific type of epithelia. An understanding of female reproductive tract 
epithelia is a helpful way to clinically understand the infections. 

 

 
 

Organism Location and pathology 
 Skin1 Muco- 

cutaneous 
Vagina & 
ectocervix 

Endocervix Endometrium Salpinx 

M. contagiosum       
Herpes virus       
HPV2       
C. albicans       
T. vaginalis       
G. vaginalis       
C. trachomatis       
N. gonorrhea3       

1.Labia majora & perineum, 2. Human papilloma virus, 3. Fitz-Hugh-Curtiss perihepatitis  

 

 Table 59-2 Infection of the female genitalia by anatomy. 

Figure 59-5 Epithelium of the female genitalia. 
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Female Reproductive System: Vulva and Vaginal Diseases 59Molluscum contagiosum 

A member of the pox viruses, a family of large DNA viruses 

Pathophysiology: 

o Infects only squamous epithelium of skin 
o Spreads by direct contact 

Presentation: 

o Symptoms: multiple tan papules 
o P/E: the papules have a central umbilicus 
o Testing: biopsy 

Natural history: benign self-limited, resolving over months 

Herpes simplex virus 

Pathophysiology: 

o Member of the Herpesviridae genus, a DNA virus 
 All of the family has latency in the basal ganglia connected to 

the peripheral nerves serving the infected surface. The virus 
persists in the host indefinitely. 

o Spread by direct contact on squamous epithelium 
 Skin, mucocutaneous, squamous mucosa 

o Mostly HSV-2 on the genitals 
 Cervix > vagina > skin 

Presentation: 

o Grouped blisters on the skin surface. These rupture easily, leaving painful ulcers. 
o If infection involves only internal genitalia, it may be asymptomatic. 
o Testing: 

 Direct exam of blister fluid (Tzanck smear) 
 May be an incidental finding on Pap smear. 
 Nucleic acid testing (NAT) for virus DNA 

Natural history: 

o Benign self-limited course with recurrences 
at site of original infection from latency 

o Significant risk to the newborn child if 
disease is active during delivery. 
 Active disease may be asymptomatic if 

only the cervix is involved. Screening 
pregnancy for infection is useful. 

o Treatment: 
 Acyclovir is a nucleoside analogue that 

inhibits DNA polymerase 

 

 

Figure 59-6 Molluscum 
contagiosum papule. 

Figure 59-7 HSV (direct exam, Tzanck 
smear) A multinuclear cell with nuclear 

molding and smooth chromatin. 

Figure 59-8 Pharmacology 
of acyclovir. 
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Candidiasis 

Pathophysiology: 

o Candida albicans can be part of the normal flora. Infections occur when 
there is an imbalance in the normal flora which can occur in pregnancy, 
diabetes mellitus, with antibiotic use and immunosuppression. 

o Candidiasis is not considered an STI. 

Presentation:  

o Symptoms: vaginal discharge of “cottage cheese-like” curds, pruritis. 
o Testing: direct examination shows yeast spores and pseudohyphae. 

Natural history: 

o Benign self-limited course. 
o Treatment: topical nystatin, which binds to ergosterol in the fungal cell membrane and creates a pore. 

 

Trichomoniasis 

Pathophysiology: 

o Infection by a flagellated protozoan Trichomonas vaginalis. 
o Acquired sexually. 

Presentation: 

o Symptoms:  
 Yellow-green “frothy” discharge. 
 Pruritis and/or dyspareunia. 

o P/E: frothy discharge with inflamed “strawberry” cervix. 
o Testing: direct exam. On fresh exam, organisms are motile. 

Natural history: 

o Benign self-limited course. 
o Treatment: metronidazole, a pro-drug that gets metabolized by micro-organisms to a reduced form that 

binds proteins, cell membrane and DNA. 
 This is an STI and the partner must be treated as well. 

 

Bacterial vaginosis 

Pathophysiology: 

o A change in the acid pH of the vagina from lactobacillus to an alkaline       
pH allows for proliferation of Gardnerella vaginalis that is permissive        
for an overgrowth of normal flora. 
 The fishy smell is from bacterial production of amines 

Presentation: 

o Symptoms:  
 Watery green fishy-smelling discharge; pruritis  

Figure 59-9 Candida. Spores 
& pseudohyphae. 

Figure 59-10 T. vaginalis. 

Figure 59-11 Bacterial vaginosis, 
“clue cell”. 
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Female Reproductive System: Vulva and Vaginal Diseases 59o P/E: 
 A drop of KOH into the discharge fluid generates a “fishy” odor 
  Direct examination: “Clue” cells, squamous epithelial cells with adherent coccobacilli forming a biofilm. 

Natural history: 

o Benign self-limited course 
o Treatment: Metronidazole, a pro-drug that gets metabolized by micro-organisms to a reduced form that 

binds proteins, cell membrane and DNA. 

Acute pelvic inflammatory disease (PID): N. gonorrhea and C. trachomatis 

Pathophysiology: 

o These organisms prefer glandular epithelium, and so infection typically starts as an endocervicitis. In a 
minority of patients, infection ascends up the endometrium to the salpinx where acute salpingitis causes the 
clinical syndrome of acute PID. 
 N. gonorrhea can infect glandular mucosa in Bartholin glands, with abscess formation, urethra with 

urethritis and dysuria and the squamous epithelium of the oropharynx. 
 C. trachomatis is confined to the internal genitalia. 

o Acute PID can be caused by normal flora from the vagina if it is introduced into the endometrial cavity by 
delivery or surgical procedure. 

Presentation: 

o Symptoms:  
 A majority of infections are asymptomatic even with significant pathology.  

• Chronic presentations include infertility and ectopic pregnancy 
 Several days post-menses: dull pelvic pain of < 1 week’s duration, vaginal discharge (70%)                            

and low grade fever 
 Dysuria from urethritis. 

o P/E:  
 Adnexal tenderness with a (+) “chandelier” sign (patient pain is reproduced by movement of the cervix). 

o Testing: 
 Nucleic acid testing (NAT) on fluids (vaginal discharge, urine) 
 Imaging: tubal dilation from pyosalpinx 

 

Natural history: 

o Complications: 
 Acute (gonococcus):  

• Infection can spread beyond the fallopian tube to cause a peritonitis involving the liver                     
(i.e. perihepatitis of Fitz-Hugh-Curtiss syndrome) 

• Involvement of oropharynx can cause a pharyngitis 
• Sepsis can result in septic arthritis and involve other organs. 

 Chronic: 
• Chronic PID with hydrosalpinx, adhesions and tubal obstruction. 

o Pelvic pain and dyspareunia 
o Ectopic pregnancy 
o Infertility 

o Treatment (acute): 
 3rd generation cephalosporin (e.g. ceftriaxone), which binds to penicillin-binding proteins of cell wall and 

doxycycline, which binds to 30S unit of the ribosomal RNA. 
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Female Reproductive System: Uterus, Fallopian Tube and Ovary 60Chapter 60. Female reproductive system: Uterus, fallopian tube and ovary 

Introduction: 

The female reproductive system is organized anatomically because this correlates well with patient presentations. 
This discussion will cover the pathology of the internal genitalia. It does not include acute pelvic inflammatory 
disease (PID). Acute PID is discussed in Chapter 59. Female reproductive system, Vulva & vagina, as it commonly 
presents as a vaginal discharge.  

Uterus 

Introduction: 

The uterus is a pear-shaped organ with two functional parts.  

o The cervix has mucus-producing glands that form a mucus plug at the endocervical os. This acts as a barrier 
to the vagina. The mucus barrier is under endocrine regulation so that it can be permissive to sperm in the 
ovulatory period of the menstrual cycle. 

o The corpus uteri has an endometrium, the glandular epithelium that supports the embryo and fetus and a 
myometrium that supports a large gestational sac and can contract to expel the fetus at term. 

Adnexa includes both the ovary and fallopian tube. They can be difficult to tell apart on the physical exam and so 
any abnormality palpated beside the uterus is referred to as “adnexal”. 

There are 2 key pathologies of the cervix, both from sexually transmitted infections. There is endocervicitis from 
gonorrhea and chlamydia and cervical neoplasia arising at the squamocolumnar junction from HPV infection.      
As noted above, the former diseases are discussed in other chapters. 

Table 60-1 Presentation and differential diagnosis of disorders of the internal genitalia. 

Figure 60-1 Anatomy of the internal genitalia. 
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Pathophysiology

The endometrium has two dividing lines of clinical significance. In the figure below: 
o Figure 60-2 #1. Shows the dividing line between the basal layer and the functional layer. The latter is 

responsive to estrogen and progesterone, each stimulating proliferative and secretory changes, respectively. 
With menstruation, the complete functional layer is shed down to the basalis. Damage to the basalis during 
surgical manipulation not only causes permanent loss of endometrium, but the denuded areas can form scars 
that obliterate the endometrial cavity, called synechiae. This is the pathophysiology of Asherman syndrome. 

o Figure 60-2 #2. There is a second dividing line between the endometrium and myometrium. If this breaks 
down, then the endometrium can extend down into the myometrium. If this extension is deeper than ½ the 
thickness of the myometrium, the blood and necrosis of menses is trapped in the myometrium and causes 
scarring and pain. This is the pathophysiology of adenomyosis. 

 

 

 

 

 

 

 

 

 
 
 

 

Abnormal bleeding per vaginum 

Age profoundly effects the prevalence of any given pathology found in the uterus. Age in females should be 
viewed by reproductive stage rather than chronologic age in years. 

Terminology: 

o Menorrhagia………………….…… Excessive blood loss (>80 mL) at regular intervals 
o Metrorrhagia………………………. Excessive blood loss at irregular intervals 
o Menometrorrhagia (MMR)…. Irregular menses 
o Polymenorrhagia………………… Bleeding intervals <28 days 
o Oligomenorrhea…………………. Bleeding intervals >35 days 
o 1° amenorrhea………………….... Absence of menses by age 16, consider at 14 years 
o 2° amenorrhea……………………. Absence of menses for 3-6 months 

  

Figure 60-2 Architecture of the uterine wall. 
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Age group Most common pathology 
Premenarchal Precocious puberty 
Adolescence ٠ DUB (anovulatory cycles) 

  ٠ Coagulation disorder (#1 von Willebrand disease) 
Reproductive   ٠  Complications of pregnancy 

- Abortion 
- Ectopic pregnancy 
- Trophoblastic disease 
  ٠ Dysfunctional uterine bleeding (DUB) 
- Anovulatory cycles 
- Inadequate luteal phase 
  ٠  Anatomic lesions 
- Leiomyoma 
- Adenomyosis 
- Polyps 
- Endometrial hyperplasia 
- Endometrial carcinoma 

Perimenopausal   ٠  DUB 
  ٠  Anatomical lesions 
- Carcinoma 
- Hyperplasia 
- Polyps  

Postmenopausal   ٠  Endometrial atrophy 
  ٠  Anatomical lesions 
- Carcinoma 
- Hyperplasia 
- Polyps 

 

 

Dysfunctional uterine bleeding (DUB) 

Abnormal menstrual bleeding is very common and usually no cause is identified. A cause with identifiable gross 
pathology is referred to as “structural”, “anatomical” or “organic”. If no gross pathology is found by physical 
exam, colposcopy with endocervical & endometrial biopsy and imaging, then the cause is ascribed to “hormonal” 
causes. No endocrine evaluation is warranted in this setting and the bleeding is described as dysfunctional uterine 
bleeding (DUB). 

The commonest cause of DUB is anovulatory cycles. These are particularly common in adolescence and the 
perimenopausal period. 

o A failure to ovulate results in unopposed estrogen for the second half of the cycle. The glands continue to 
proliferate and develop a complex, dilated architecture, called a “disordered proliferative pattern” on biopsy. 

o Over several cycles, the thickened endometrium becomes unstable. The superficial layer breaks down with 
shedding and bleeding. 

o This is called “disordered proliferative pattern with shedding” on biopsy. 

Table 60-2 Differential diagnosis of menorrhagia by age. 

Endometrial biopsy pathology reports 

A common clinical description given as the “Reason for biopsy” is written: EMB for 
MMR R/O Ca. This stands for: “Endometrial biopsy for menometrorrhagia, rule out 
cancer”. The commonest diagnosis is: “Disordered proliferative pattern with shedding”. 
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Endometrial polyps 

A polyp is any protrusion from an epithelial surface. The term is generally used to describe a benign growth that 
has a surface epithelium with underlying stroma. 

o Sessile: a polyp with a broad base 
o Pedunculated: a polyp with a stalk. 

Polyps can undergo necrosis if they outgrow their blood supply or suffer mechanical stress. This can manifest      
as bleeding. 

Endometriosis and adenomyosis:  

Introduction: the presence of normal endometrial tissue, including both glands and stroma, outside of the 
endometrial cavity (i.e. it is an ectopia / heterotopia). 

Pathophysiology: 

o The most straightforward understanding is to see it as the implantation of viable islands that float free during 
menstruation. This does not, however, explain all of the disease findings. 

o The implanted glands function as normal tissue: they proliferate under stimulation of estrogen, have 
secretory function under progesterone and then collapse and undergo apoptosis with bleeding (i.e. menses) 
with the withdrawal of hormones. 

o The blood is irritating and is associated with pain during active bleeding. The blood induces fibrosis in the 
surrounding tissue. This can lead to scarring with traction and adhesions. These cause a wide range of 
complications including dyspareunia and bowel obstruction. 

o Commonest sites of implantation: 
o Peritoneum: implants: ovary > broad ligament > cul-de-sac > bowel serosa  
o Ovary: Endometrioma (aka chocolate cyst): accumulation of altered blood over many cycles. 
o Myometrium: called adenomyosis, with endometrial glands and stroma in the outer half of the myometrium. 

 
 
 
 

Figure 60-3 Pathology of uterine polyps. 
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Presentation: 

o Symptoms: 
o Dysmenorrhea (pain is cyclic): pain corresponds to local internal bleeding during menses. 
o Dyspareunia: from scarring 
o Infertility: the etiology is unclear, but the islands of tissue secrete substances such as prostaglandins that 

have inhibitory effects. 
o P/E: usually non-contributory, cervical motion may be tender is there are adhesions of the internal genitalia 
o Testing:  
o Peritoneum: laparoscopic visualization (focal hemorrhagic nodules) 
o Ovary: imaging of blood-filled cyst (i.e. “chocolate cyst”) 
o Myometrium: imaging of uterus. (intramural nodules) 

Natural history (treatment): 

o Treatment depends upon the symptoms: 
o Pain: NSAIDs, COCP 
o Hormonal suppression (of estrogen): 

 Pregnancy 
 COCP 
 Leuprolide 

o Surgery: for selected cases including masses, cysts and adhesions. 

  

Figure 60-4 Endometriosis. 
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Endometrial neoplasia 

Endometrial hyperplasia: 

o There are multiple classifications for the pathologic entities that cause proliferation of endometrial glands. These 
can all be divided into 2 pathophysiologic groups: estrogen stimulation without opposing progesterone and 
chromosomal mutations causing unregulated growth. Chromosomal mutations usually have associated nuclear 
abnormalities and this nuclear atypia is called dysplasia. Whether one uses the WHO classification (simple 
hyperplasia, complex hyperplasia, nuclear atypia) or the EIN classification (benign hyperplasia, endometrial 
intraepithelial neoplasm), the implications are the same. 

o Hyperplasia (i.e. proliferating glands) has a low enough risk of developing carcinoma (about 2-3%) that it can 
be treated with progesterone to shed the endometrium present. 

o Atypia denotes a precancer with a high enough cancer risk (15-20%) that hysterectomy is appropriate if there 
is no consideration of fertility. There is a significant risk of co-existent endometrial carcinoma in hyperplasias 
with atypia (20-25%). 

Endometrial carcinoma: 

Epidemiology: 

o Most common gynecologic cancer in the US (endometrium > ovary > cervix) 
 In resource-poor countries, cervical cancer is most common 

o 4th highest incidence cancer overall (breast > lung > colon > endometrium > thyroid) 
 1-2% lifetime risk in women 

o Risk factors: 
 Age: median age of diagnosis is 60 years 
 Prolonged exposure to elevated estrogen levels (same as breast) 

• High BMI (↑aromatase activity) 
• Early menarche / late menopause 
• Nulliparity  
• Unopposed oral estrogen 
• Repeat anovulatory cycles (e.g. PCOS) 

 Hereditary: 
• Lynch syndrome (2-5% of cases) 

- Autosomal dominant loss of function in mismatch repair genes (MMR) leading to microsatellite 
instability (MSI). 

- 60% lifetime risk of endometrial carcinoma. 

Presentation: 

o Symptoms: abnormal bleeding 
o P/E: non-contributory 
o Testing: endometrial biopsy 

Pathophysiology:  

o There are 2 main types of endometrial carcinoma 
1. Endometrioid (Type 1 in some classifications): 80%. 

 Stimulated by estrogen, arises in hyperplasia, presents early and has a good prognosis. 
 Commonest chromosomal defect is loss of function mutation in tumor suppressor PTEN.  

2. Serous (Type 2 in some systems) 20%. 
 Arises in very elderly, aggressive, presents late with metastasis, poor prognosis. 
 Chromosomal defect is loss of function mutation in tumor suppressor p53. 
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Natural history: 

o Prognosis: staging (TNM). Depth of invasion into the myometrium is a key factor. 
o Complications: progression is local, into pelvic structures 
o Treatment: surgical. 

 

Myometrium:  

Leiomyomas (“Fibroids”) 

Epidemiology: 

o Commonest pelvic neoplasm of  
the pelvis, they can be found in 60%  
of middle-aged Black women and 40% 
of white women. 

o They are hormone sensitive and are  
more common in patients with an  
increased lifetime exposure to estrogen 

Presentation: 

o Symptoms:  
 Abnormal bleeding 
 Pelvic pressure 
 Infertility 

o Signs: may be palpable 
o Testing: imaging 

Pathophysiology: 

o Classified by location (see image): 
o Pathology: a benign monoclonal proliferation of 

smooth muscle cells. 

Natural history: 

o Benign, with variable growth, but typically    
regress after menopause as the tumors are 
hormonally-dependent. 

o Treatment: 
 Medical: ↓estrogen (COCP, leuprolide) 
 Surgical: 

• Myomectomy (preserves fertility) 
• Hysterectomy  

  

See Chapter 13. Figure 13-7. Neoplasia, The molecular basis of neoplasia. 

Figure 60-5 Pathology of endometrial carcinoma. 

Figure 60-6 Classification of leiomyomas by location. 
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Fallopian tube 

Acute pelvic inflammatory disease (PID):  

Pathophysiology: 

A. Sexually transmitted disease: N. gonorrhea and C. trachomatis 
o These organisms prefer glandular epithelium, and so infection typically starts as an endocervicitis. In a 

minority of patients, infection ascends up the endometrium to the salpinx where acute salpingitis causes 
the clinical syndrome of acute PID.  
 N. gonorrhea can infect glandular mucosa in Bartholin glands, with abscess formation, urethra with 

urethritis and dysuria and the squamous epithelium of the oropharynx with pharyngitis. 
 C. trachomatis is confined to the internal genitalia. 

B Endogenous: 
o Acute PID can be caused by normal flora from the vagina if it is introduced into the endometrial cavity by 

delivery or surgical procedure. 

For further discussion, see Chapter 59. Female reproductive system: vulva and vagina. 

Ectopic pregnancy: 

Introduction: implantation of the fetus outside of the uterus. 96% are in the salpinx. 

Epidemiology: 

o Leading cause of maternal death, due to hemorrhage 
o Risk factors: 

 PID due to chlamydia and gonorrhea 
 Smoking 

Presentation: 

o Symptoms:  
 Vaginal bleeding 6-8 weeks after last menses 
 Pelvic pain 

o P/E: not useful except to show that the bleeding is from the uterus and to assess hemodynamic stability. 
o Testing: 

 β-HCG (serial β-HCGs show a slower rise than a normal pregnancy and this can be diagnostic) 
 Imaging: usually a transvaginal ultrasound 

Natural history: 

o Prognosis depends on which of the 3 clinical courses the pregnancy takes: 
 Rupture: life-threatening hemorrhage 
 Abortion: may be associated with severe pain 
 Spontaneous resolution: in 50-60% 

o Treatment:  
 Methotrexate (competitive inhibition of dihydrofolate reductase to block thymidine synthesis from uracil) 
 Surgery: for hemorrhage or rupture 
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Polycystic ovary syndrome (PCOS): discussed further in Chapter 55. Female reproductive endocrinology: 
Structure and function and Chapter 56. Female reproductive endocrinology: Amenorrhea and infertility. 

This is a complex disease with hereditary and environmental risk factors. It has 3 consistent findings: ovarian 
hyperandrogenism, insulin resistance /obesity and elevated luteinizing hormone. 
o The elevated LH can lead to increased androgen synthesis due to stimulation of thecal cells. 
o Increased androgens interfere with the menstrual cycle at multiple points, including normal follicle 

development and the inhibition of GnRH by progesterone. 
o It is not clear how insulin resistance /obesity causes the increase in androgens. 
o PCOS can be treated with insulin sensitizers like metformin. 

Diagnosis requires 2 of 3: 

o Hyperandrogenism 
o Oligomenorrhea /amenorrhea 
o Polycystic ovaries (by ultrasound) 

Treatment of common presentations: 

o General: weight loss 
o Infertility: 

 Clomiphene: blocks the estrogenic inhibition of GnRH neurons in the hypothalamus 
o Hirsutism: 

 COCP: suppression of GnRH with decrease in LH effect on thecal cells 
 Spironolactone: inhibition of testosterone receptor on hair shafts 

 

Ovarian torsion: 

Epidemiology: 

o Can occur at any age, most commonly in the 20-30’s 

Presentation: 

o Symptoms: acute onset of pelvic pain 
o P/E: adnexal mass 
o Testing: imaging, usually ultrasound, shows an enlarged ovary with edema and hemorrhage. 

Pathophysiology: 

o Torsion of the ovary around its ligaments first compresses the veins as they have a lower internal pressure. 
Hemorrhagic venous congestion causes progressive compression of the arteries, leading to ischemic necrosis. 
 90% of cases have a pre-existing ovarian mass that predisposes the ovary to torsion (e.g. most common 

is a benign cystic teratoma). 

Natural history: 

o Viability of the ovary depends upon whether or not there has been severe enough arterial occlusion to cause 
ischemic necrosis. Gross appearance is not a good predictor as the hemorrhage is due to venous congestion. 

o Treatment: 
 Laparoscopy for viability assessment. Detorsion, if possible 
 Surgical excision for necrotic ovary.  
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Ovarian masses 

Ovarian cysts: 

Ovarian masses are common findings on physical examination and imaging. 

The critical decision is to differentiate malignant causes from benign causes: 

o Cysts < 3cm in diameter in reproductive age women are presumed to be physiologic follicular cysts. 
 They are thought to be formed when the fluid space left after the capsular rupture from ovulation  

seals over. 
 These cysts can be followed by imaging. They should rupture and disappear within months. 

o Cysts that have a high risk for malignancy: 
 Post-menopausal age group 
 Complex architecture and solid areas. 

 

o The nature of cysts can be reliable judged by their gross appearance at ultrasound: 

 
       

 

Ovarian neoplasms 

Introduction: 

A general principle of neoplasia is that every neoplasm derives from a specific cell and every cell can cause a 
neoplasm. Identification of the common cells of the ovary provides the basis of classification. Note that while 
there are dozens of different ovarian neoplasms, only a few are worth learning for anyone other than a specialist.  

o Surface epithelial cells 
 Serous carcinoma (the model neoplasm for ovarian malignancies) 

Figure 60-7 Appearance of ovarian cysts. 
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 Granulosa cell tumor (can produce estrogen) 
 Thecal cell tumor (can produce androgen) 
 Fibroma (can cause Meigs syndrome) 

o Germ cells 
 Benign cystic teratoma (most common neoplasm of the ovary) 

o Metastases 
 Classic example: metastatic gastric adenocarcinoma (Krukenberg tumor)  

 

Serous carcinoma of the ovary 

95% of ovarian cancers are epithelial (i.e. they are carcinomas) and 75% of these are serous carcinomas. Serous 
carcinomas serve as the model for all ovarian malignancies. 

Epidemiology: 

o Prevalence: 
 Ovarian malignancies are the 5th commonest cause of cancer death in females. 

• Lung > breast > colon > pancreas > ovary 
o Median age at time of diagnosis is 63 years. 
o Risk factors: 

 Environmental: infertility, PCOS, cigarette smoking 
 Hereditary: BRCA 1 & 2 

Pathophysiology: 

o The covering of the ovary is a modified peritoneum, referred to as a surface epithelium. It has a common 
behavior with the epithelium of the distal fallopian tube and peritoneum. 
 Some authors refer to the neoplasm as “serous carcinoma of the ovary, fallopian tube and peritoneum”. 

o It is not clear where the cancer starts, but there is good evidence that it is the distal fallopian tube, which 
then seeds the surface of the ovary. 

o The tumor can grow on the surface of the ovary as a surface mass, or it can grow beneath the capsule and 
form a cyst. 

o There are 2 different patterns of disease: 
 High grade serous carcinoma (90%): an aggressive malignancy that is widespread at time of diagnosis  

and is associated with p53 abnormalities 

Figure 60-8 Origins of ovarian neoplasms. 
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 Low grade serous carcinoma (10%): an indolent malignancy that is associated with RAS and RAF mutations.  
 BRCA mutation is seen in about 10% of serous carcinomas 
 Serous carcinomas form psammoma bodies, a helpful feature in diagnosis 
 Serous carcinomas first spread over the peritoneum before they metastasize to solid organs. This seeding 

initially causes only vague symptoms. When it is widespread, it is described as peritoneal carcinomatosis. 
 

 
 

o Presentation: 
 Symptoms: 

• The peritoneal spread only gives vague symptoms such as a change in bowel habit, vague pains and 
with a malignant effusion, enough ascites to increase abdominal girth with a sensation of bloating. 

 P/E: ascites and ovarian mass, usually bilateral. 
 Testing: 

• Cancer is a pathologist diagnosis. 
• Paracentesis: malignant cells by cytology. Psammoma bodies are diagnostic of tissue type. 
• BRCA 1 & 2 with appropriate history. 

 
o Natural history: 

 Prognosis is by stage 
• 60% of patients present as stage 4 (15% 5 year survival) 
• Involvement of the peritoneum is stage 3 (40% 5 year survival) 

 Treatment: 
• Surgery and chemotherapy. 

  

Psammoma bodies 

These concretions have an easily identified concentric rings. They are 
helpful in identifying serous carcinoma of the ovary and papillary carcinoma 
of the thyroid. They can also be found in meningiomas of the CNS. 

 

Figure 60-9 Psammoma body. 
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A teratoma contains all three embryologic cell lines (ectoderm, endoderm and mesoderm) 

Skin is commonly present. This makes hair and produces keratin. The keratin has fluid-like properties which form 
cystic masses, hence dermoid cyst. 

There are 2 distinctive pathologic features: 

o Teratomas form teeth. This means that they can be diagnosed by abdominal X-ray 
o They can form functioning endocrine tissue, especially thyroid tissue and carcinoid tumor. These can present 

with endocrine features. 
o Benign cystic teratomas have a characteristic solid area, the Rokitansky nodule, that can be used for diagnosis 

in imaging. 

 

Sex cord-stromal tumors 

Granulosa cell tumors can make estrogen causing precocious puberty. 

Thecal cell tumors can make androgen, causing virilization 

Fibromas can cause mechanical irritation of the peritoneum. This can generate a large enough transudate              
to cause a pleural effusion in the right side as there are channels the abdomen and thorax at this site.                     
This is called Meigs syndrome. 

 

Metastatic carcinoma 

Many tumors metastasize to the ovary in late disease, but most distinctive is the Krukenberg tumor. Diffuse 
gastric carcinomas (i.e. linitis plastica) spread as individual cells because they lack the key desmosomal protein.   
e-cadherin. For unknown reasons, they have a predilection for the ovary and can present as bilateral ovarian 
masses, called Krukenberg tumors. Diffuse carcinomas have a characteristic cell type, the signet cell, which is filled 
with mucin. The diagnosis of gastric metastases can be suggested by the ovarian biopsy. 

 
 

Signet ring cells are named after the signet ring. This 
ring was used as a convenient way for ruler to carry 
their official seal. The seal was impressed on a wax to 
authenticate documents at a time when most people 
were illiterate and could not sign their names. Hence 
this is a signature ring, shortened to signet ring. 

Figure 60-10 Signet ring carcinoma cell with signet ring. 
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Female Reproductive System: Breast 61Chapter 61. Female reproductive system: Breast 

Structure 

Gross anatomy: 

o The breasts are found on the upper chest wall and have variable margins from the edge of the sternum to the 
mid-axillary line. The tail of the breast can extend into the axilla. 

 

      

 
o The breast is composed of 15-25 lobules that all drain into the nipple. They are surrounded by fat, which 

composes most of the volume of the breast. The breast is supported by suspensory ligaments of Cooper that 
extend from the fascia of the pectoralis major to the collagen of the dermis. 
 Breasts with a higher proportion of fat can undergo reduction mammoplasty by liposuction, but reduction of 

glandular tissue requires surgical reduction mammoplasty. The 2 techniques can be complementary. 
 With aging, laxity of the suspensory ligaments leads to sagging of the breasts called ptosis. This is 

cheekily referred to as “Cooper’s droop”. 
 When a pathologic process involves local suspensory ligaments, contracture will cause a dimple in the 

overlying skin. Examples include invasive carcinoma and fat necrosis. 
 In the physical examination of a breast mass, it is important to discover if a mass is freely mobile. If it is 

tethered to the pectoralis fascia, it is “fixed”. This denotes a T4 neoplasm (Stage III) and aggressive 
behavior, with a worse prognosis. 

61-1 Breast structure, lateral and anterior views. 
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o The blood supply of the breast comes from branches of the subclavian artery. Awareness of blood supply has 
importance in reduction mammoplasty for ensuring tissue viability. Preservation of innervation for sensation 
and the nipple-areolar complex for cosmetics is also critical. The commonest approach for preservation of 
these is creation of a central-inferior pedicle.      

o Lymphatic drainage of the breast is of importance in staging carcinomas. Broadly speaking, the deeper and 
more medial the cancer, the more likely that drainage will be to the parasternal lymph nodes. As these are 
deep to the chest wall, they can only be evaluated by imaging. 

Histology of the breast: 

o Just beneath the nipple, collecting ducts dilate to create the lactiferous sinuses, each of which connects to a 
duct draining a lobule. 
 The breast has no true cystic structure in which to store milk. This function is served by the lactiferous 

sinus. When the baby attaches to the breast, he/she bites down, forcing the milk from the sinuses into 
his/her mouth and initiating sucking, which in turn triggers the suckling-hormone reflex arc.  

Figure 61-2 Breast: blood supply and innervation. 

Figure 61-3 Lymphatic drainage of breast, with regional cancers. 
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Female Reproductive System: Breast 61o In the adult breast, the duct subdivides into segmental and subsegmental ducts that terminate in a terminal duct. 
o The functional unit of the breast is the terminal duct and its lobular unit, called the terminal duct / lobular 

unit (TDLU).  Inside the lobule, the intralobular terminal duct joins with the acinus. These acini will form the 
secretory acini during lactation. There is a specialized intralobular connective tissue. 

o The structures of the TDLU have a simple, two-layered luminal epithelium surrounded by myoepithelium. 
 Carcinomas of the breast arise mostly in the germinal cells of the TDLU. 

o The TDLU is a dynamic unit that changes with sex hormone status. In the menstrual cycle, luminal cells 
proliferate, myoepithelial cells accumulate glycogen, and the stroma becomes edematous. Females perceive 
these changes as fullness and tenderness of the breast. 

Lactation 

Mammogenesis: 

o Elevation of multiple hormones starting in the second trimester stimulates growth and differentiation of 
ducts and alveolar cell. Hormones include estrogen, progesterone, prolactin, human placental lactogen, 
growth hormone and thyroid hormone.  

Lactogenesis: 

o Stage 1, production of colostrum: 
 Colostrum is breast fluid that is high in lactose, protein, and immunoglobulins. Only a small amount is 

produced in a watery consistency with low electrolytes. Colostrum is important for hydration. 
 Milk production is inhibited by high levels of progesterone. 

o Stage 2, mild production: 
 Starting day 2-3 and up to day 8 post-delivery, the combination of progesterone decrease due to removal 

of the placenta and loss of progesterone receptors on breast epithelial cells, allows prolactin to induce 
milk production.  

 Milk is complex. There are the expected abundant calories from lipids and sugars, protein, IgA, vitamins, 
and minerals. In addition, there are unique sugars, cells and hundreds of bacteria that establish a 
microflora. Breast milk can be considered probiotic and a living tissue. 

 Regulation shifts to autocrine from endocrine mechanisms. 
o Galactopoiesis (Day 9-40): 

 Volumes of milk production can vary by infant need, but up to 800 mL/day is made. Fat content 
progressively increases. 

 Prolactin is necessary for milk production and oxytocin for milk expression. 

Figure 61-4 Localization of breast pathology. 
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o Involution: 
 Begins at weaning and has decreasing levels of prolactin. Milk production stops ≈40 days after weaning. 
 There are inhibitory peptides. 

The suckling hormone reflex arc. 

o Stimulation of the nipple triggers release of oxytocin from the supraoptic and paraventricular nuclei of the 
hypothalamus via the posterior pituitary. There is decreased release of dopamine to the anterior pituitary 
and loss of inhibition stimulates lactotroph secretion of prolactin. 

 
                                           
 
o Prolactin stimulates the luminal cells for milk production. Oxytocin 

stimulates the myoepithelial cells for contraction and milk expression. 
 Oxytocin release has a significant psychological component. Sights 

and sounds can cause release. 
 Forcible expression of milk is called the “milk let-down” response. 
 Early post-partum, oxytocin-induced contraction of myometrium 

can cause “after pains” in the pelvis. 
 

 

Diseases of the breast 

Polymastia and polythelia 

o Polymastia (aka accessory or supernumerary breast tissue) 
and polythelia (accessory nipples) are considered to be developmental 
heterotopias (aka ectopias). 

o They are found along the embryologic milk line. 
o The breast tissue has normal physiologic response to hormones and  

can enlargen during pregnancy. 
o They are mostly a cosmetic problem and can be treated surgically. 

 

Figure 61-5 Regulation and release of prolactin and oxytocin. 

Figure 61-6 Epithelial cells of the TDLU. 

Figure 61-7 Mammary (milk) line. 
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o An inflammatory process typically seen in peri- or post-menopausal women. 
o Squamous metaplasia of the nipple duct can lead to obstruction and inspissation of debris, with duct dilation 

(i.e. ectasia). This can form a palpable mass beneath the nipple. If there is duct rupture, extravasation of the 
debris incites a foreign-body inflammatory response which may form a sterile abscess. Over time a sinus tract 
to the periareolar skin can form. 

Fat necrosis 

o As the breast stroma is mostly fat, direct trauma to the breast can rupture the lipocytes. The cellular 
contents elicit a foreign-body granulomatous inflammatory response with foamy macrophages, blood, 
and cholesterol clefts. 

o Over time, focal fibrosis can mimic invasive carcinoma on the physical examination and dystrophic 
calcification can be found on mammogram. 

 

 

Fibrocystic changes (FCC) 

o FCC is a descriptive term used by pathologists to correlate biopsy findings with clinical findings such                 
as a “lumpy-bumpy” irregularity on palpation or mammogram findings of areas of increased density            
and cyst formation. 

o FCCs can vary through the menstrual cycle, with the smallest size in the early cycle. 
 Involved areas may be painful. 

Exogenous granulomas 

- Endogenous granulomas form in response to infections in which the organism can survive in 
macrophages (e.g. mycobacteria and systemic fungi) and immunologic aberrations such as the 
vasculitidies and other T-cell mediated pathology. 

- Exogenous granulomas form in response to foreign material such as sutures, splinters, orthopedic 
implants, and glues. Constituents of the body can also be seen by the immune system as “foreign”. 
If the material cannot be digested by the macrophage, a granuloma will form. 

- Notable examples of exogenous granulomas from body constituents include: 
o Skin: ruptured epidermoid cyst (to the keratin) 
o Mouth: rupture mucocele (to the duct debris from obstruction) 
o Eyelid: chalazion (to the lipoprotein of Meibomian glands) 
o Breast: ruptured duct ectasia (to duct debris from obstruction) 
o Breast: fat necrosis (lipocyte cytoplasmic contents) 

Figure 61-8 Duct ectasia of the breast: natural history. 
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o Pathology: 
 A spectrum of changes that includes: 

• Cyst formation: up to several centimeters in diameter. 
• Adenosis: increased numbers of glands 
• Fibrosis: gives firmness to palpation and density 

to the mammogram 
• Apocrine metaplasia: a distinctive histology that correlates 

with “blue-domed” cysts seen at surgery. Often has  
dystrophic calcifications. 

 Often reported as “non-proliferative” as this indicates that the FCC 
have no increased risk of carcinoma. 
 

Proliferative breast disease, with and without atypia 

o Epithelial proliferation is associated with an increased risk of carcinoma. 
o Specific entities with epithelial proliferation but no atypia include: 

 Ductal papilloma: if it grows in a major duct, it can be a cause of bloody nipple discharge. 
 Complex sclerosing lesion (aka radial scar): a lesion with a central fibrosis that mimics carcinoma. 

o Nuclear atypia has an increased risk of breast cancer in addition to that of hyperplasia. The risk increases with 
increased nuclear atypia (i.e. dysplasia). 

o Specific diagnoses of hyperplasia with atypia include: 
 Atypical ductal hyperplasia (ADH) 
 Atypical lobular hyperplasia (ALH) 

o Proliferative breast disease with atypia is considered a pre-cancer and is usually removed surgically.          

Fibroadenoma 

o The commonest breast neoplasm in women <35 years of age. 
o Arises from the specialized stroma of the lobular unit. The nodule contains normal duct epithelium and 

neoplastic stroma. 
 Phyllodes tumor is a stromal neoplasm with a more aggressive behavior. 

o FA presents as a discrete, mobile, “rubbery” marble-like mass. 
o Diagnosed by FNA, needle core biopsy or excisional biopsy. 
o Estrogen-dependent and often involute after menopause.  Dystrophic calcification is common with evolution 

and is seen on the mammogram. 

 

Carcinoma of breast: 

Epidemiology: 

o Environmental risk factors: 
 Age:  

• Life time risk of breast cancer is ≈10% by age 80 years.  
• 20% of breast cancers occur before age 50 years, the recommended age to start screening 

mammograms. 

Figure 61-9 Blue-domed cyst. 

Figure 61-10 Relative risk of invasive carcinoma of breast. 
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Female Reproductive System: Breast 61 Hormone exposure: 
• Hormone replacement therapy (HRT) 

for menopause 
• Early menarche (<12) and late menopause 

(>55), correlating to number of menstrual 
cycles. Luteal phase (progesterone) has 
proliferative effect on ductal cells. 

 Reproductive history: 
• Late first pregnancy and nulliparity have ↑risk. 

Pregnancy changes breast gene expression 
with ↑DNA repair and apoptosis. The 
pregnancy period itself has ↑risk due to 
elevated hormone levels. 
 

 Radiation: 
• Usually iatrogenic. 

 Smoking and alcohol: 
• Alcohol is carcinogenic and smoke has numerous carcinogens 

o Hereditary risk factors: 
 Most of the risk of familial breast cancers is polygenic in nature. Autosomal dominant mutations with 

high penetrance account for 5-10% of breast cancer and BRCA 1/2 account for >50% of these. Hereditary 
factors should be considered in cancers occurring at a young age (i.e. < 50 years), with bilateral disease  
or in males. 

 BRCA 1 & 2: >50% lifetime risk of breast cancer 
• BRCA 1: a pleiotropic DNA damage repair protein. Associated with the high-risk basal cell type 

carcinoma that is triple negative (i.e. ER, PR, Her2) 
• BRCA 2: repair of double-stranded DNA breaks by homologous recombination. 

 Others: 
• Li-Fraumeni (loss of function of P53). 
• Cowden (loss of function of PTEN). 
• Lynch syndrome (loss of function of mismatch repair proteins) 
• Peutz-Jeghers syndrome (loss of tumor suppressor STK-11)  

 

Pathophysiology:  

The traditional classification of a breast cancer is by H&E light microscopy. By this method, >80% will be 
diagnosed as “invasive ductal carcinoma, not otherwise specified” (or “no special type”). Further classification can 
now be made by molecular profiles that have both prognostic and therapeutic significance. 
 
o Estrogen-driven growth:  

 When estrogen enters the cell, it binds the cytoplasmic ER, and the complex migrates into the nucleus          
and leads to the production of transcription proteins that induce changes in the cell.  In patients expressing 
large quantities of these receptors intracellularly, estrogenic stimulation causes cell proliferation and higher 
risk for neoplasia. 
• Tamoxifen is an estrogen receptor antagonist. 
• Aromatase inhibitors are used in postmenopausal women in whom estrogen production comes 

from peripheral fat cells. 
 Estrogen receptor activity is identified in the nucleus. 
 ER(+) tumors tend to spread to bone, be slow growing and are responsive to  

endocrine therapy. 

Figure 61-11 Age-specific rates 
of breast cancer. 
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o ER-independent growth: 
 ER-negative cancers tend to harbor more severe genetic aberrations such as p53 mutations, HER2 

amplifications, BRCA1 dysfunction, and high genomic instability. This suggests that ER-positive and            
ER-negative cancers have 2 distinct pathways of development that do not commonly overlap. 

 ER (-) cancers are more rapidly growing and tend to metastasize to viscera (e.g. lung, liver, brain). 
 HER2 (human epidermal growth factor receptor 2) overamplification is associated with rapid tumor 

growth, shortened survival, increased risk of recurrence after surgery, and poor response to conventional 
chemotherapeutic agents. Paradoxically, as it can be targeted effectively with trastuzumab, these 
patients now tend to have a better outcome than typical cancers. 
• HER2 is a membrane receptor and positive staining is seen in the cell membrane.    

 BRCA 1 & 2: these proteins repair double-stranded breaks in DNA by homologous recombination. 
Patients carry a >50% lifetime risk of breast and ovarian cancer (BROC). 

o Molecular signatures: 
 Gene expression profiles have been developed as a way to decide the need for adjuvant chemotherapy 

in patients with low risk features. Patients with high risk features, such as age < 50 years, lymph node (+), 
ER (-) and high grade cytology benefit from chemotherapy (e.g. taxanes (…taxil), which disrupt 
microtubules and mitosis, cyclophosphamide, which crosslinks DNA or anthracyclines (…rubicin), which 
damage topoisomerase-II).  

 Patients with low risk features can avoid chemotherapy if they have a low risk molecular signature. 

HER2 IHC stain 

Figure 61-12 Her-2 receptor in breast carcinoma (+) stain for membrane receptor and molecular pathway. 

(HER2) 

Figure 61-12 Histochemical stain (+) for nuclear estrogen receptors in a breast carcinoma. 
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 Types of breast cancer: 
• Comedo ductal carcinoma in situ (DCIS): 

o A model disease for carcinoma in situ 
o It is a high grade carcinoma in situ in which the central cells of the 

expanded ducts undergo necrosis. This can be seen grossly. When  
the breast tissue removed at surgery is squeezed, the necrotic  
centers express like toothpaste. 

o Dystrophic calcifications are common and are associated                 
with positive mammograms. 

o Treatment is complete surgical excision 
 

• Invasive breast carcinoma NST (i.e. No Special Type), ductal 
o The commonest type of breast cancer (80%). Its name is a misnomer as it arises in precursor 

cells of the terminal duct lobular unit (TDLU). It is called “ductal” because historically, 
cancers were named by their similarities to the normal cells of that organ. 

o After menopause, about 40% of the risk of breast cancer is due to obesity, inactivity,                
and alcohol use. 

o The cancer forms a gritty, hard mass due to tumoral desmoplasia 
(i.e. the surrounding benign stroma is induced to produce collagen). 

o The central scar produces a characteristic “stellate” appearance on mammogram. 
 

• Lobular carcinoma: 
o 2nd most common breast cancer (10%). 
o Lacks E-cadherin, a key protein of the desmosome. The tumor cells invade as single cells, called, 

“Indian filing”. 
o Cancers do not present as a discrete mass and so they tend to be larger at the time of diagnosis 

as they have indistinct edges. 
o There is a familial association with diffuse gastric carcinomas which also lack E-cadherin. These 

gastric cancers do not form masses either. 

Figure 61-13 Localization of breast pathology. 

Figure 61-14 Comedo has a 
toothpaste-like extrusion. 
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• Inflammatory carcinoma: 
o A ductal carcinoma which widely invades 

overlying dermal lymphatics. This causes local 
edema with the skin dimpling around the 
insertions of the Cooper ligaments, giving the 
appearance of “peau d’orange” (i.e. skin of an 
orange). The skin often has a red color, which 
was initially misinterpreted as inflammation 
and so the diagnosis is a misnomer. 

• Paget disease of breast: 
o Caused by an adenocarcinoma arising in the 

ductal epithelium beneath the nipple. 
Individual cancer cells infiltrate along the 
epidermis of the areola and out onto the 
overlying skin. 

o Patients present with a slow growing, itchy red rash over the nipple alveolar complex. 
 There is often a delay in diagnosis as the appearance is similar to an allergic contact dermatitis. 

o Diagnosis is made by biopsy of the rash. An underlying cancer mass is only identified in                    
50% of cases. 

o Treatment is by surgical excision. 
• Triple negative cancers: 

o These are aggressive carcinomas that lack estrogen receptors, progesterone receptors and Her 2 
overamplification. 

o Histologic appearance is similar to the myoepithelial cell and not the luminal cell of the  
ductular epithelium. 

o More common in BRCA1 mutations. 
o Worse prognosis. 

 

Presentation: 

o Symptoms and signs: 
 Dimpling: this occurs when Cooper suspensory ligaments get 

invaded by carcinoma. Dimpling is also seen with the fibrosis        
of fat necrosis. It is too insensitive a finding to be helpful            
in screening. 

 “Inflammation” and peau d’orange: rare aggressive cancers 
can invade overlying dermal lymphatics, causing local 
obstruction. The resulting edema swells skin except where      
it is tethered by ligaments. 

 Nipple “rash”: in Paget disease of breast, malignant cells can 
invade the epidermis of the nipple, looking like an allergic 
contact dermatitis. Biopsy is necessary to establish the 
diagnosis. 

 Nipple discharge: blood from the nipple is often due to a 
neoplasm, but the tumor mass must be intraductal to make 
a connection to the surface. The neoplasm is usually a 
benign papilloma. 

 Mass  
 Axillary mass from regional metastasis 

Figure 61-15 Peau d’orange appearance of 
dermal lymphatic invasion. 

Figure 61-16 Pathology of “dimpling” from 
invasive carcinoma. 
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• Estrogen-dependent carcinomas are more likely to initially spread to bone. 
• Non-estrogen dependent carcinomas are more likely to spread to solid organs such as lung, brain, 

and liver. 
 Breast carcinomas do not have any paraneoplastic syndromes. 

 

o Testing:  
 Screening: 

• Current recommendation is for biennial mammograms between ages 50-75 years. 
o This is thought to reduce the risk of death by 25-50%. 
o <20% of abnormalities are malignant. 
o 20% of invasive carcinomas occur before age 50 years. The problem with earlier age of 

screening is the high level of false positives. 
o Patients with a known risk factor or hereditary risk should have an earlier start to screening. 

• Abnormal mammogram findings: 
o Focal density (i.e. mass) 
o Microcalcifications (>5 tightly clustered foci with a worrisome shape). 

 

 
 Diagnosis: 

• All cancers are diagnosed by microscopic examination of tumor cells. These can be sampled by 
cytology (e.g. fine needle aspirate, FNA) or tissue (i.e. biopsy). 

• Invasion is defined as extension of a neoplasm into normal tissue with destruction of the tissue. In 
carcinomas, invasion is defined as extension through the basement membrane. 
o Destruction of the surrounding normal tissue is achieved by the secretion of proteases, typically 

MMPs. An invasive carcinoma requires the protease to be effective against type 4 collagen, 
which composes the basement membrane. 

• Ductal carcinoma in situ (DCIS) and invasive ductal carcinoma both have cytologically malignant cells. 
To establish a diagnosis of invasion, biopsy is required. 

Hereditary breast and ovarian cancer (HBOC) and BRCA testing 

- A 3 generational family tree is the cornerstone of genetic evaluation. 
- Genetic testing for BRCA status is indicated if: 
o Known family genetic disease (e.g. Ashkenazi Jews, French Canadians) 
o Early onset of neoplasia (i.e. <50 years) 
o High risk type of cancer (e.g. triple negative cancer) 
o (+) family history (early age of onset, ovarian cancer, male breast cancer) 
o Multiple breast carcinomas. 

- Prevention: 
o Prophylactic mastectomy (↓90% of risk, some breast tissue left) 
o Salpingo-oopherectomy (↓80% of risk, 50% of risk reduction is due to 

↓estrogen production) 
o Tamoxifen (↓50% of risk) 

- Screening: annual mammogram and MRI starting at age 25 years. The increased risk due to radiation 
exposure is unknown. 
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Correlation of neoplastic progression to clinical status: 

 
A. Hereditary risk: 

 Single gene mutations account for 5-10% of carcinomas and >50% are BRCA 1/2. Others include Lynch 
syndrome, Peutz-Jeghers syndrome and the CDH-1 gene for E-cadherin in lobular carcinoma.  
BRCA-related breast cancer is discussed later. 

 Most of the hereditary risk found in families is polygenic. 
B. Environmental risks: 

 Age is overwhelmingly the most important risk factor. Breast cancer increases with age to a 10% lifetime 
risk by age 80 years. 20% of cancers occur before age 50 years but are rare before age 30 years. 

C. Epithelial proliferation doubles the risk of breast cancer while nuclear atypia has progressively higher risk as 
the degree of atypia increases. 

 

D. Cancers present symptomatically as palpable masses. The size for detection depends upon the size of the 
tumor and its location in the breast. Superficial tumors in small breasts can be detected at 1 cm in size. 

E. Metastases to lymph nodes can present as axillary masses. 
F. Metastases to solid organs present with organ-specific symptoms: 

 Bone: pain and/or pathologic fracture. 
 Brain: headache, seizures, or loss of neurologic function 
 Liver: liver failure occurs with a loss of >80% of function. 
 Effusions: breast carcinomas often spread to the pleura or pericardium where they cause malignant 

effusions. These both typically present with shortness of breath. 
o Breast cancers do not have any characteristic paraneoplastic syndromes. 

 

 

Figure 61-17 Natural history of breast cancer. 

Figure 61-18 Relative risk of invasive carcinoma. 
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o Prognosis = Staging 
 Staging is the classical method by which prognosis and therapy are determined in cancer. It is rapidly 

becoming outmoded, especially for breast cancer. 
 Tumor (T): breast has no natural barriers, so T is assessed by size. 

• T1: <2cm (Stage I) 
• T2: 2-5 cm (Stage II) 
• T3: ≥5 cm (Stage II) 
• T4: invades skin or pectoralis fascia (Stage III) 

 When the tumor is immobile or “fixed” it has invaded the fascia of the pectoralis major. 
 Lymph nodes (N): The deeper and more medial the cancer, the more likely the nodal metastases will be 

parasternal. These nodes are deep to the chest wall and require imaging to evaluate. 
• N0: Stage 1 
• N1: ≥Stage 2 

 Metastasis (M): bone is the commonest organ for first metastasis (excluding nodes). 
• M (+): Stage 4. 

 

Stage T N M Prognosis1 

I <2 cm - - 99% 
II <2 cm Positive (≤3 nodes) - 93% 

<5 cm - - 
III <5 cm ≥3 nodes - 86% 

>5 cm or fixed + - 
IV   Positive 26% 

       1. 5 year survival (2015) 

 

A summary of breast cancer staging with prognosis 

Figure 61-19 Lymphatic drainage of breast cancer by region. 

Table 61-1 Breast cancer, staging and prognosis. 
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Problems with TNM staging of breast cancer: 

o It does not include ER/PR/Her2 status or cellular grading. The newest TNM classification system has added 
clinical prognostic stage groups that include these. This is considered to be “biologic” staging. Combining the 
2 systems makes for complex tables for treatment. 

o TNM is designed for surgical treatment but does not lend itself to precision (i.e. biologic drugs) treatments. 
For example, immune check point inhibitors are showing promise in advanced disease, but tumor status is 
not included in staging. 

o Prognosis data is dated. The most recent incidence data in the US is from 2016. This is not keeping up with 
the rapid advances in treatment. 

 

Treatment: 

o Surgery:  
 Breast-sparing surgery such as lumpectomy is used for low stage disease. Surgical margins must be free 

of neoplasm. 
 Mastectomy is used for Stage III disease. 

o Radiation: 
 Chest wall to control local disease 
 Axilla for lymph node metastases. 

o Chemotherapy (adjuvant or neoadjuvant): 
 Typically given for 3-6 months (e.g. taxanes (…taxil)), which disrupt microtubules and mitosis, 

cyclophosphamide, which crosslinks DNA or anthracyclines (…rubicin), which damage topoisomerase-II). 
 May be avoided for low-risk gene expression profiles (e.g. Oncotype DX®) 

o Targeted therapy: 
 Her2: trastuzumab and tyrosine kinase inhibitors (TKIs) 
 Hormonal therapy: 

• Tamoxifen for pre-menopausal patients. 
• Aromatase inhibitors for post-menopausal patients. 

 
 

A more general approach to staging and prognosis is to remember that tumors grow from neoplastic 
stem cells. The degree of malignancy of cancer stem cells is determined by two factors: migration 
ability and proliferation ability. Tumors with extensive lymph node involvement when they are small 
tend to have strong migration ability but not proliferation ability, whereas large tumors with 
extensive lymph node involvement tend to have strong migration and proliferation abilities. Large 
tumors with no lymph node spread have high proliferative ability but low migration and will 
therefore have a better prognosis. 
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Chapter 62. Male reproductive system: Developmental and hereditary diseases 

Hypospadias and epispadias 

In hypospadias, the urethra opens on the ventral surface of the penis (note that anatomical position of the penis 
is in the erect state). 

o It is the most common malformation of the urethral groove. 
o Very distal exits can be difficult to identify in the newborn, especially if there an overlying prepuce. It may 

have a degree of constriction that can cause obstruction and an increased risk of cystitis. 
o Proximal exits may compromise fertility due to inadequate placement of the ejaculate. 

In epispadias, the urethra exits on the dorsal surface of the penis.  

o It is caused by abnormal epithelial-mesenchymal interactions around the genital tubercle. 
o It is associated with defects of the anterior abdominal wall, including dystrophy of the bladder 

Phimosis and paraphimosis: 

Phimosis is the inability to retract the prepuce over the glans. This leads to the accumulation of smegma, which 
causes balanitis. 

o Over years, here is a small increase in the risk of squamous cell carcinoma (SCC) of the penis. 
o Balanitis and SCC can be prevented and/or treated with circumcision. 

 

 
Circumcision has public health significance as it gives a decreased 
risk for the spread of HPV and HIV to female partners. 

Figure 62-2 Bladder dystrophy with epispadias. 

Figure 62-1 Congenital abnormalities of the penis. 
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Male Reproductive System: Developmental and Hereditary Diseases 62Paraphimosis is an acute congestion of the glans caused by retraction of the prepuce over the glans, forming a 
tight ring around the coronal sulcus. 

o It is often iatrogenic in children, occurring when a medical person retracts the foreskin, but fails to return it 
back to normal when the examination of the glans is completed. 

o This is a congestive ischemia. The band of the prepuce initially occludes the low pressure veins, but as venous 
pressure increases in the glans, there is compression of the arteries, leading to ischemia and possible necrosis. 

 
 

Cryptorchidism 

Presentation: 

o Undescended testicles are found in 3% of males at birth, decreasing to 1% at 1 year of age. It is the most 
common urologic condition requiring surgery in infants. 

o Cryptorchidism is present in 30% of premature infants. 

Pathophysiology: 

o The defective mechanism is not known, but factors include heredity, intra-abdominal pressure, and 
testosterone. It is presumed that there is a failure in one of the steps of testicular descent. 

o There is increased risk in Klinefelter syndrome. 
o The cryptorchid testicle is not normal. It is smaller and has fewer germ cells. 

Descent of the testes 

- In the first 2 trimesters, the testicle develops from the urogenital ridge 
and descent in the abdomen is due to differential growth. 

- In the 3rd trimester, the testes are moved down the extraperitoneal  
space of the lateral abdominal wall to the inguinal ring. 

- The gubernaculum has a key role in guiding the testicle into the scrotal sac. 
Intraabdominal pressure is also required for passage through the inguinal 
canal. This pressure is lost in conditions such as gastroschisis and omphalocele. 

- An evagination of the peritoneum travels down into the scrotal sac with 
the testicle. It covers most of the testicular surface and allows for 
friction-free movement. 

    

Figure 62-3 Anatomy of the penis 

Figure 62-4 Descent of the testicles. 
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Natural history: 

o There is a high risk of germ cell neoplasm, which still persists after orchiopexy. 
o Treatment is surgical relocation into the scrotum. Called orchiopexy, it does not improve sperm production or 

decrease cancer risk. 
o If there is bilateral cryptorchidism, then Klinefelter syndrome and diseases with decreased testosterone 

should be excluded.  

 

Scrotal masses 

Hydrocele 

Caused by a failure of the processus vaginalis to involute, leaving   
the bilayer of intact serosa to secrete and form cysts in the        
tunica vaginalis. 

Most common cause of scrotal enlargement in children. 

Testing: evidence of cystic nature by transillumination or ultrasound. 

Treatment: surgical removal 

 

 

Figure 62-6 Transillumination of a scrotal cyst. 

Figure 62-5 Cryptorchidism. 

Figure 62-7 Hydroceles 
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Dilation of veins in the pampiniform plexus can cause a soft mass on the posterior axis of the testicle. Mostly 
found on the left side due to the right-angle takeoff of the left gonadal vein from the left renal vein. 

Found in 15% of males and thought to be a cause of decreased spermatogenesis due to impairment of 
thermoregulation of the testicle. These can be of significance in infertility, the major indication for surgical repair. 

o May cause scrotal pain.  

 

Sudden onset of left-sided varicocele in adult males 

- The left gonadal vein drains into the left renal vein, while the right gonadal vein drains into the 
inferior vena cava. 

- Any occlusion of the left renal vein can cause obstruction and congestion of the gonadal vein. The 
commonest causes are renal cell carcinoma, which has a predilection for invasion of the vein and 
thrombosis in hypercoagulation states. 

 

Figure 62-8 Varicocele. 

Figure 62-9 Anatomy of the left gonadal vein. 
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Spermatocele 

A cyst formed from protrusions of efferent ducts of the rete testis or 
epididymis. They form a fluctuating paratesticular mass. Cyst contents 
are milky and contain spermatozoa. 

Diagnosis:  

o Identification of cystic structure arising from the epididymis 
o Cyst contents show spermatozoa 

Treatment: surgical excision. 

 

Indirect inguinal hernia: 

Pathophysiology: 

o The processus vaginalis is usually patent at birth, involuting over the first 2 years of life. It becomes a hernia 
when there is protrusion of bowel in the lumen. 

o With an increase in intra-abdominal pressure, bowel can be forced into the inguinal ring and down the patent 
processus into the scrotum. The bulging of the scrotum is typically the first symptom of hernia in children. 

o The gut passes lateral to the inferior epigastric vessels.  

Diagnosis: 

o Physical exam allows for the tip of the finger to pass through the inguinal canal from the scrotum. 
o The scrotum may bulge if there are intestinal contents. 

Treatment:  

o Surgical correction is recommended due to the risk of incarceration or strangulation. 
o Surgery in children typically consists of excision of the processus vaginalis. 

Figure 62-9 Anatomy of the left gonadal vein. 

Figure 62-10 Spermatocele. 

Figure 62-11 Indirect inguinal hernia. 
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Klinefelter syndrome (XXY aneuploidy) 

Epidemiology: 

o Present in 1/500 males, although 75% remain undiagnosed through life. 
o Much commoner in male populations with mental disorders. 

Pathophysiology: 

o Non-disjunction in gametogenesis during meiotic division 1 or 2 leading to an extra X chromosome. 
 Mother and father are equally likely sources of the extra X chromosome. 

o X chromosome has important embryologic functions in somatic and cognitive development. 
 Increasing numbers of X chromosomes leads to more severe abnormalities. 

o Pathology: 
 Primary gonadal dysgenesis with extensive fibrosis and hyalinization of seminiferous tubules. Some 

spermatogenesis may be present and can be used for fertilization. 

o  Major problems stem from: 
 Hypogonadism (i.e. decreased androgens): 

• Eunuchoid body proportions/female fat pattern 
• Sparce 2° hair (i.e. facial, axillary, pubic, & body) 
• Decreased muscle mass and strength and endurance 
• Small testes and penis (i.e. microgonadism) 
• Diminished libido 
• Loss of functional seminiferous tubules and Sertoli cells 
• Altered hypothalamic-pituitary-gonadal axis in pubertal boys  

Figure 62-12 Klinefelter syndrome. 
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 Gynecomastia (30%): 
• Due an ↑estrogen/androgen ratio) 

 Abnormal psychosocial development: 
• Difficult to assess but abnormalities especially include expressive speech and muscle tone  

and coordination. 

Presentation: 

o Symptoms: 
 Screening in utero: can be identified by NIPT (non-invasive prenatal testing with cell-free DNA) 
 Difficult to identify before puberty (<10%). Chromosomal studies may be indicated in boys if there are 

developmental delays or language difficulties.  
 Adults: infertility 

o Physical examination: see image. 
o Testing: 

 ↑FSH/LH; ↓testosterone 
 Karyotype: XXY 

Natural history: 

o Prognosis: there is contradictory evidence, but life expectancy approaches normal. 
o Complications: 

 Osteoporosis. 
 Increased risk of breast cancer and germ cell neoplasms. 
 Increased risk for autoimmune diseases. 

o Treatment: 
 Testosterone at puberty can give a normal phenotype. 
 Fertility can be achieved in 50% with in vitro techniques. 

 

Androgen insensitivity syndrome: see Chapter 56. Amenorrhea and infertility. 
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Chapter 63. Male reproductive system: Acquired non-neoplastic diseases 

Mechanical diseases 

Testicular torsion 

Epidemiology: 

o Bimodal age distribution of neonates and adolescent boys. 

Pathophysiology: 

o The tunica vaginalis typically attaches to the tunica albuginea along the posterolateral surface of the testicle. 
This attachment occurs after complete descent into the scrotum, which typically occurs after birth.  
 This allows for torsion in the neonatal period. 

o If the tunica vaginalis attached too high on the testicle, it allows for easy rotation of the testicle. This is called 
a “bell clapper” deformity. 

o Torsion causes compression of the veins in the spermatic cord leading to congestion and pain. If the congestion 
causes compression of the artery, then ischemia and infarction ensue. 

o Testicular salvage is probable until more than 6-8 hours of torsion. 

Presentation: 

o Symptoms: 
 Sudden onset of unilateral scrotal pain followed by swelling. 
 Nausea and vomiting are common 

o Physical exam: 
• Tender scrotal mass that does not transilluminate. 
• There is loss of cremasteric reflex. 
• Relief of pain with elevation of testicle is too insensitive to be useful. 

 Testing:  
• Testing is usually not indicated as no test is good enough to rule the diagnosis in or out and time        

is of the essence. 
• Generally the patient should be taken to surgical exploration. 

Natural history: 

o Prognosis: surgery within 6 hours of the onset of pain has the best chance of salvage of the testicle. 
o Treatment:  

 Orchiectomy if the testicle is necrotic. 
 Orchiopexy if the testicle if viable. The testicle is fixed to the scrotal wall. 

 

Benign prostatic hyperplasia 

Structure and function of the prostate gland: 

o The prostate gland is typically compared to a walnut, although it is 
closer to a chestnut in shape. The base is continuous with the 
bladder and the posterior wall is separated from the rectum by the 
rectoprostatic (Denonvillier’s) fascia. This is thin enough to permit 
sensitive palpation of the prostate, the digital rectal exam (DRE). 
The inferior aspect of the prostate is called the apex. 

  

Figure 63-1 Bell clapper. 

Figure 63-2 Nut shapes. 
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pseudocapsule of fibromuscular tissue that emanates from the anterior fibromuscular stroma (see image) 
and wraps around the gland. This requires sharp dissection in total prostatectomy. 

o The prostate is divided into 4 regions or zones. Each of these has a different embryology, proportion of glands 
to stroma and diseases.            

 

 

 The prostate secretes an alkaline fluid (to buffer the acidic pH of the vagina) with fructose to provide energy 
for the spermatozoa and acid phosphatase to liquify the seminal fluid, this enhances sperm motility. 

Epidemiology of BPH: 

o BPH is a disease of age and testosterone 
 Prevalence of disease roughly equals age after age 40 years. 

• Eunuchs and males with 5α-reductase deficiency do not develop BPH. 

Incidence and prevalence of BPH and cancer of the prostate 

- Incidence ≠ prevalence. Incidence is the rate of getting a disease over time. Prevalence is the 
proportion of a group with the disease at a given point in time. Incidence is helpful in looking 
for etiology. Prevalence is helpful in estimating the burden of disease. 

- There are many different ways of looking for prostate disease. Rates of disease vary greatly 
depending on whether one is using autopsy data (used here), serum PSA levels, imaging of the 
gland or presence of symptoms.       

Table 63-1 Clinical pathologic correlation of prostate anatomy. 

Figure 63-3 Anatomy of the prostate. 
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Pathophysiology: 

o Stromal cells with 5α-reductase convert testosterone to the more potent dihydrotestosterone (DHT). This has 
a paracrine effect on the surrounding tissues, with hyperplasia of gland epithelium and hyperplasia and 
hypertrophy of smooth muscle. 
 The transitional zone of the prostate (see anatomy above) has the highest proportion of stroma cells and 

presumably the increased production of DHT from the stromal cells explains why most of the gland’s 
hyperplasia is found in this area. The growth in tissue volume compresses the urethra. 

 In addition, there is increased sensitivity of the detrusor muscles and other smooth muscle cells of the 
capsule and stroma that leads to other bladder dysfunction, including urgency and incomplete emptying. 

Presentation: 

o    Symptoms: LUTS (lower urinary tract symptoms) 
 Obstructive: 

• Poor stream, dribbling. 
• Hesitancy, straining. 
• Incomplete emptying. 

 Irritative (↑smooth muscle sensitivity, especially the detrusor muscle): 
• Frequency. 
• Urgency. 
• Nocturia. 

o    Physical exam: 
 Digital rectal exam (DRE): the normal prostate is about the width of 2 fingertips. Enlargement has >3 

fingertip widths. Each fingertip width equals about 15-20 gm., with a young prostate having a volume    
of ≈20 gm. of tissue. 

o    Testing: 
 Ultrasound: a good tool for estimating volume. US also can also identify cancer and hydronephrosis   

from obstruction.  

Natural history: 

o Prognosis: a benign disease unless there is renal failure from obstruction. 
o Complications: obstruction leads to infection: prostatitis, epididymitis, cystitis, pyelonephritis. 

  

- Autocrine: self-stimulation. For example 
when TH0 lymphocytes are stimulated into 
TH4 cells, they rapidly reproduce via IL-2. 

- Paracrine: stimulation of cells in the local 
area. BPH is the model disease. 

- Endocrine: remote stimulation.  
E.g. thyroid hormone. 

- Exocrine: outside of the body, including 
internal spaces like the gut. 
E.g. digestive enzymes of the pancreas. 

Figure 63-4 Correlation of BPH and prostate cancer with age. 
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 Medical:  

• Smooth muscle relaxation: α1A receptor blocker (tamsulosin). 
• Decreased testosterone production: 5α-reductase type II inhibitors (finasteride). 

 Surgical: 
• Many different procedures are now used to reduce the volume of prostatic tissue, mostly in the 

transition zone. The gold standard is transurethral resection (TURP). 

Infections of the male genitourinary tract 

Urethritis 

Epidemiology: 

o Age: any sexually active person can be infected, with peak at ages 20-24 years. 
o Gender: more commonly reported in males as they have a greater likelihood of symptoms. 
o Incidence:  

 Increasing.  
 2018 data (USA): 

• Chlamydia: 1.8 million cases 
• Gonorrhea: 580,000 
• Syphilis: 114,000 

Pathophysiology:  

o Urethritis is usually a sexually transmitted disease although it can follow catheterization or other 
instrumentation. 
 
 
 

Figure 63-5 Infections of the male genitourinary tract. 
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o Organisms include: 
 C. trachomatis 
 M. genitalium (although this is the 2nd commonest cause of STIs, there is no routine diagnostic test. 

 M. genitalium should be considered in persistent or recurrent urethritis) 
 N. gonorrheae 
 T. vaginalis 
 Others  

o Pain and discharge of pus from acute inflammation is common in males, but only seen in 30% of females. 

Presentation: 

o Symptoms: dysuria and discharge 
o Physical examination: discharge, especially with “milking” 

of the urethra. 
 Systemic findings such as fever suggest 

disseminated infection. 
o Testing: 

 Urinalysis: leukocyte esterase (+) due to the acute inflammatory 
response, but nitrite (-) as bacteria do not have nitrate. 

 Gram stain: Neisseria are Gram (-), but there are other Neisseria 
species in the vagina, so this is not a useful test in females 

 NAAT (nucleic acid amplification test) for gonococcus  
and chlamydia 

Natural history:  

o Prognosis: there is spontaneous recovery for most infections. 
o Complications:  

 Local: urethral stricture, prostatitis, epididymitis, decreased fertility. 
 Dissemination: sepsis, arthritis (mostly gonococcus) 
 Reactive arthritis: mostly chlamydia 

o Treatment: antibiotics 

  

Penis 

Genital warts 

Pathophysiology: 

o There are >100 types of human papilloma viruses (HPV). These are species specific and infect squamous 
epithelium, both skin and squamous mucosa. Different HPV types have a predilection for different types of 
squamous epithelium. Examples include: 
 Skin:  

• Verruca vulgaris: types 2 and 4 
• Plantar wart: type 1 
• Flat (planar) warts: types 3, 10 

 Mucosal: 
• Anogenital: 

- Condyloma acuminata: types 6, 11, 16, 18 
- Carcinoma in situ (Bowenoid papulosis, erythroderma of Queyrat): type 16, 18. 
- Invasive squamous cell carcinoma (SCC): types 16, 18. 

 

Figure 63-6 N. gonorrheae: Gram 
(-) diplococci. 
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Male Reproductive System: Acquired Non-neoplastic Diseases 63• Oropharynx: 
- Laryngeal papillomatosis: types 6, 11  
- Oral leukoplakia: types 16, 18. 
- Oral SCC: types 16, 18. 

• Esophageal SCC: types 16, 18. 
o HPV infections of squamous mucosa have a clinical classification: 

 Latent: identified by DNA probes of desquamated epithelial cells. 
 Subclinical: identified by enhancing techniques such as acetic acid. 
 Clinical: grossly evident warts. 

o HPV is a double-stranded DNA virus with a circular shape and no envelop. 
 The virus replicates in the host cell nucleus in its ring form. This leads to 

significant nuclear atypia visible by microscopy. 
 High grade viruses such as HPV 16 and 18 can insert in the host DNA. 

This gives a high grade dysplasia and loss of E6 and E7 production 
regulation, leading to a high risk of neoplastic transformation of the infected cell. 

 The lack of envelop leads to physical resistance to drying. Plantar warts can be transmitted by walking 
barefoot on floors. 

o HPV virus infects basal cells of the epithelium as these are the only actively proliferating cells (normal epithelium 
has no mitoses more than one layer above the basal layer). It is presumed that the virus physically gets to the basal 
layer through microcracks in the epithelium. 
 On entering the basal cell, the virus produces “Early” or E proteins to maintain active proliferation. 

• E6 inhibits P53 
• E7 inhibits Rb (retinoblastoma) 

 Production of the capsid via “Late” or L proteins occurs in the superficial epithelium, which minimizes the 
time for immune detection by the host. 
• The HPV vaccine is a VLP (virus-like particle) made from recombinant L1 protein. Initially this 

included L1 from types 6, 11, 16 and 18 (Gardasil®). There is now a Gardasil-9®, which includes 5 
more high risk HPV types. 

 The buildup of viral particles in the superficial epithelial cell can be seen on morphology as a clear area 
(see image above), as the virus particles do not pick up the stain. This is called koilocytosis. 

Presentation: 

o Symptoms and physical exam: 
 Condyloma acuminata: these have the typical appearance of a wart which may be flat or cauliflower in 

appearance. The commonest site is in the coronal sulcus. 
 Erythroplasia: carcinoma in situ has gone by multiple names in the past, including Bowen disease, 

Bowenoid papulosis and erythroplasia of Queyrat. These have a high risk of developing into invasive SCC 

                                            

Figure 63-7 HPV-infected 
squamous cell. 

Figure 63-8 Presentations of HPV-related neoplasia on the penis. 
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o Testing: 
 Diagnosis is usually clinical. Confirmation of carcinoma in situ requires biopsy. 

Natural history: 

o Prognosis: Spontaneous resolution occurs in over 80% of patients over 2 years. Regression is unlikely in high 
grade dysplasia. 

o Complications: Evolution into invasive SCC with high risk types like HV 16 and 18. 
o Treatment: Destruction of the abnormal areas. 

 

 

Prostate 

Acute prostatitis 

Epidemiology: 

o Two peak age groups: 20-40 years (STI) and >70 years (BPH). 
o 3rd commonest urologic complaint (BPH > prostatic cancer > prostatitis). 

Pathophysiology: 

o Most commonly involves the peripheral zone, hence tenderness on DRE. 
o Pathogenesis varies by organism / age group 

 Young males: gonococcus and/or chlamydia ascends the urethral mucosa. 
 Old males: Enterobacteriaceae (especially E. coli) enters the gland via intraprostatic urinary reflux.         

This means that urine washes into the prostatic ducts where they drain into the urethra. 
o Iatrogenic procedures cause a minority of cases, most commonly prostate biopsy. 

Presentation: 

o Symptoms:  
 Characteristic triad is dysuria, pain, and fever. 
 Same spectrum of symptoms as lower urinary tract infection: 

• Obstructive: hesitancy, incomplete voiding, straining to urinate, weak stream 
• Irritative: dysuria, urinary frequency, urinary urgency 

o Physical exam: 
 Tenderness on digital rectal exam (DRE) 

o Testing: 
 Urinalysis: leukocytosis 
 Urine culture and sensitivity can be used to guide antibiotic therapy. 
 Blood cultures with signs of sepsis. 

Natural history: 

o Prognosis: this is a severe infection that requires antibiotic therapy. 
o Complications: prostatic abscess and sepsis 
o Treatment (outpatient): 

 Young males: ceftriaxone/doxycycline (STI protocol) 
 Old males: ciprofloxacin / trimethoprim/sulfa (E. coli protocol) 
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Introduction: this a term that includes a number of ill-defined clinical-pathological entities. These include the          
5% of acute prostatidities that go on to chronic infection, a clinical group that presents with gland pain and 
tenderness and a third asymptomatic group in which inflammation is seen by biopsy or in the investigation of 
infertility which shows ↑PSA or inflammation in the prostatic fluid.  

Epidemiology: 

o Young men (i.e. < 35 years) are more likely to have an identifiable infectious cause, while older men are more 
likely to have chronic pelvic pain syndrome (80-90% of cases). 

Pathophysiology: 

o Pathology: chronic prostatitis shows a mixed inflammatory infiltrate of the gland, but pathologic findings          
do not correlate well with the severity of the clinical symptoms. 

o Infection: 
 E. coli accounts for the majority of cases in which an organism is identified. There are many other 

possible pathogens that are not routinely tested for, including Chlamydia, Ureaplasma, and viruses such 
as CMV. It is unknown if these are clinically significant.  

o Increased sensitivity to stimulation and pain: 
 This may be a subpopulation of patients with chronic pelvic pain syndrome. 

Presentation: 

o Symptoms: pain and LUTS symptoms on urination. 
o P/E: tenderness to palpation. 
o Testing:  

 Urinalysis shows leukocytosis 
 Prostatic secretion inflammation differentiates prostatitis from urethritis and cystitis. 
 Fractional urine culture: 

• The initial 10 mL of voided urine is urethral. 
• Urine after 200 mL of voiding is bladder. 
• Urine after prostatic massage is prostatic in origin. 

Natural history: 

o Prognosis: symptoms usually wax and wane. 
o Treatment (chronic prostatitis/chronic pelvic pain syndrome): 

 Trial course of antibiotics. 
 Alpha blockers 
 TURP. 
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Epididymis 

Acute epididymitis 

Epidemiology: 

o 2 peaks: ages 20-40 years (STI) and >65 (BPH) 

Pathophysiology: 

o Typically infection comes from the prostatic urethra.  
 STI is more commonly C. trachoma than N. gonorrheae. 
 BPH: post-obstruction infection is typically Enterobacteriaceae / E. coli. 

Presentation: 

o Symptoms:  
 Gradual onset over days of scrotal pain.  

• Differential diagnosis of acute scrotal pain: 
o Orchitis (mumps): parotiditis, constitutional symptoms 
o Testicular torsion: onset of pain over minutes. 

o Physical examination: 
 Area of tenderness is separate from the testicle 
 Cremasteric reflex is present. 
 Pain is improved by lifting the testicle. 

o Testing: 
 This is a clinical diagnosis. Imaging can be supportive of the diagnosis. 

Natural history: 

o Prognosis: infections tend to resolve over days. 
o Complications: abscess formation is possible. 
o Treatment: 

 The key is to not mis-diagnose torsion and fail to do early exploration of the testicle for torsion. 
 A trial of antibiotics may be warranted. Treatment is generally directed to C. trachomatis  

(ceftriaxone, tetracyclines). 

 

 

Testicle  

Acute orchitis 

Epidemiology: 

o Mumps vaccination is part of the MMR group, which is given at 1 year and the start of school (4-6 years). 
Vaccination gives about 90% protection. With increasing non-compliance for vaccines, cases of mumps have 
increased from about 200 /yr to several thousand annually. 

Pathophysiology: 

o Usually due to mumps virus infection. In ages 20-40 years, an STI should be considered. 
 Mumps is a negative-sense RNA virus. It has a capsid and envelop. It is a member of the paramyxoviruses 

that includes measles and parainfluenza virus. 
o Orchitis is seen in 20% of prepubertal males with mumps. It follows the parotiditis by several days. 
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Male Reproductive System: Acquired Non-neoplastic Diseases 63o The infection causes edema in the testicle, which cannot expand due to the noncompliant tunica albuginea. 
This leads to pressure necrosis and long term, an atrophic testicle in 60%. 
 Fertility is usually preserved if there is a remaining normal testicle.  
 Mumps does not cause atrophy of the ovary as it does not have a rigid capsule. 

Presentation: 

o Symptoms: testicular pain and swelling. 
o P/E: tender testicle and parotid gland. 
o Testing: 

 Orchitis is a clinical diagnosis. 
 Imaging may be used to rule out torsion. 

Natural history: 

o Prognosis: a benign self-limited viral infection. 
o Complication: testicular atrophy (60%) which may cause infertility if bilateral. 
o Treatment: supportive. 
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Male Reproductive System: Neoplasms 64Chapter 64. Male reproductive system: Neoplasms 

Penis 

Squamous cell carcinoma of the penis 

Epidemiology: 

o An uncommon neoplasm in resource-rich countries. There are  
only 2200 /yr in the USA (2021) with 460 deaths. 

o Increases with age, rapidly increasing at 60 years 
o Uncommon after childhood circumcision. 

Pathophysiology: 

o Associated with hygiene and the buildup of smegma. 
 Does not occur with circumcision at birth. 
 Circumcision as an adult is not protective.  

o 30% have a high risk HPV (HPV types 16 and 18) 
o Pathology: 

 80% occur on the glans or prepuce. 
 Flat ulcerative lesions tend to metastasize early. 
 >90% of penile cancers are squamous cell carcinomas (SCC) 
 Metastases drain to regional lymph nodes: superficial inguinal > deep inguinal > pelvic lymph nodes. 

• There is cross drainage of lymphatics and spread can be bilateral. 

Presentation: 

o Symptoms & physical exam: Mass ± ulceration. 
o Testing: 

 Cancer diagnosis is established by microscopic examination. Biopsy is necessary. 
 Sentinel lymph node biopsy is useful for assessing need for lymphadenectomy. 
 Imaging is useful for staging. 

Figure 64-1 Early SCC of the penis. 

Figure 64-2 Lymphatic drainage of the external genitals. 
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Natural history: 

o Prognosis: 
 Usually fatal within 2 years without treatment. 
 Prognosis is established by staging. Nodal involvement has the greatest prognostic significance. 

• 5-year survival: LN (-) = 66%; LN (+) = 27%. 
o Treatment: 

 The principle of complete destruction of the malignancy applies. The reference standard is penectomy 
with lymphadenectomy. There are many different techniques, including radiation and drugs. 

 

Prostate  

Prostate adenocarcinoma 

Epidemiology: 

o Commonest male cancer and 2nd leading cause of cancer death, after lung. 
o Risk factors include: 

 Age: increases with increasing age, but a younger age (i.e. <55 years) at time of diagnosis is associated 
with more aggressive behavior. 2/3 of cases are diagnosed at age >70 years. 

 Family history: this is mostly a polygenic risk factor. 
• Germline mutations (i.e. Mendelian) are mostly due to DNA repair defects such as BRCA-2. 

 Ethnicity: higher rates in African Americans. 

Pathophysiology: 

o The major clinical problem is differentiating the smaller number of aggressive cancers that pose a risk to 
health from those that are indolent and do not. 

o The cancer is locally invasive and extension through the “capsule” is a major indicator of prognosis, especially 
with involvement of the seminal vesicles. 

o The cancer is osteoblastic and may metastasize to bone before there is lymph node involvement. The bone 
spread is most commonly to the lower vertebra and may present as back pain. This pattern of spread is 
attributed to Batson plexus. 

o Pathology: 
 70% of the cancers are found in the peripheral lobe, which means that they can be palpated (for further 

discussion of anatomy, see “Benign prostatic hyperplasia” in Male reproductive system, acquired         
non-neoplastic diseases.  

 

Figure 64-3 Zones of the prostate. 
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Male Reproductive System: Neoplasms 64 Grading of the tumor has significant prognostic power. The more the tumor is composed of well-formed 
glands, the better the prognosis. Tumor cells in sheets are poorly differentiated and behave aggressively. 
This was originally described by Gleason, and so it is called as the Gleason grading system. The 2 most 
poorly differentiated areas are given a pattern number and the 2 are added together for a total score. In 
the example below, the score is 2 + 5 = 7. 

Presentation: 

o Symptoms and physical exam:  
 Most cancers in the US are identified by screening PSA and are DRE negative. 

• When palpable, tumors typically form a firm discrete nodule. 
• Identification of prostatic cancer by palpation is insensitive (0.51), nonspecific (0.59) and  

operator dependent. 
 When symptoms are the presenting feature the symptoms are 

• Mass effect: lower urinary tract obstruction. 
• Metastases: typically to vertebra, causing low back pain. 

o Testing: 
 Biopsy: cancer is a microscopic diagnosis. Needle biopsy is the usual technique. 
 Serum PSA (used only for screening):  

PSA level Likelihood of cancer 
1 ng/mL 8% 

4-10 25% 
>10 >50% 

• PSA levels increase with age as does BPH. Mechanical effects such as DRE or even bicycle riding      
can increase levels. 

 Imaging: 
• US is useful for guided needle biopsy 
• MRI and CT scans are used for staging. 

Natural history: 

o Prognosis: prostate uses both TNM pathology together with PSA and Gleason score to predict survival. 
 Overall survival is 95% at 10 years. 

• 85% of cancers are detected at stages I-III. 
 

Figure 64-4 Grading of prostatic adenocarcinoma. 

Table 64-1 Risk of prostate cancer by PSA level. 

Low grade (2): well-formed 
glands, no invasion. 

High grade (5): no 
glands, invasive. 
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 Most critical: 
• Stage 3: cancer invades beyond the capsule, especially into the seminal vesicles. Local control is 

difficult and multiple treatment modalities are commonly used. 
• Stage 4: N (+) or M (+). 28% 5 year survival. 

 Prognosis has many possible variables including susceptibility of the tumor to targeted therapies such as 
androgen sensitivity (castration, leuprolide) and immune check-point inhibition. 

o Treatment: 
 Individualized, including surgery, radiation, targeted therapy, watchful waiting. 

 

Testicle 

Germ cell neoplasms: 

Introduction: >90% of testicular neoplasms are germ cell tumors (GCT). These will the focus of this discussion. 
There are 2 other neoplasms of note: 

o Leydig cell tumors: these secrete androgens and therefore have a virilizing effect. 
o Lymphoma: these are found in old males, unlike GCT which are found in young males. The commonest type 

of lymphoma is a DLBCL (diffuse large B-cell lymphoma), just as in other organs. 

Epidemiology: 

o Age: young males in their 20-30’s (median age = 33 years) 
o (+) family history: polygenic effect. 
o Cryptorchidism 

Pathophysiology: 

o Molecular defects: 
 >80% have a defect in the 12p chromosome, usually an isochromosome. 12p regulates cyclin D2. 

Overexpression leads to activation of CDK 2/4 and passage of the proliferating cell through the  
G1/S checkpoint.  

 See Chapter 13. Figure 13-7 Molecular neoplasia. 

Isochromosomes 

An unbalanced abnormality in which the arms of the chromosome are mirror images of each other. The 
chromosome consists of two copies of either the long (q) arm or the short (p) arm. Isochromosome formation 
is equivalent to a simultaneous duplication and deletion of genetic material. Consequently, there is partial 
trisomy of the genes present in the isochromosome and partial monosomy of the genes in the lost arm. Its 
notation is i(12p). It most commonly affects the X chromosome and 15% of Turner syndrome patients are i(Xq).  
                                            

Figure 64-6 Isochromosomes. 
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 GCT are classified as seminomatous and non-seminomatous. 60% of tumors show a mixed pattern. 
 Seminomas are very sensitive to radiotherapy and metastasize to regional lymph nodes, which are para-aortic. 
 Non-seminomas have complex morphology. They tend to be more aggressive, less responsive to 

treatment and have hematogenous spread. 
• Yolk sac tumors produce AFP (alpha fetoprotein). 
• Choriocarcinomas produce β-HCG. 

o β-HCG has TSH-like effects at high concentrations and patients can develop hyperthyroidism. 
o Choriocarcinomas are hemorrhagic and can have bleeds, making intracerebral metastases 

dangerous. 

Presentation:  

o Symptoms: painless scrotal mass 
o P/E: solid testicular mass that does not transilluminate. 
o Testing: 

 Serum tumor markers: 
• LDH: non-specific but elevated in bulky disease. 
• AFP: characteristic of yolk-sac tumor. 
• β-HCG: characteristic of choriocarcinoma. 

 CT scan of abdomen and pelvis (staging for lymph nodes) 
 CXR: staging for lung metastases. 
 US testicle: tumor size and invasion. 
 Histology of tumor is made after radical orchiectomy. 

Natural history: 

o Prognosis:  
 Highly curable, even with metastases. 
 2/3 of cases present with local disease, with a 99.5% 5 year survival. 
 Staging is by the TNM system. GCT are unique in that serum marker levels are also used in staging as they 

reflect the extent of tumor burden.  
o Complications: 

 Treatment leads to premature aging and increased risk of immune impairment and 2°neoplasms. 
o Treatment: 

 Low risk seminoma: radical orchiectomy and radiation of abdominal lymph nodes or single dose 
chemotherapy (carboplatin). 

 Low risk non-seminoma: radical orchiectomy. 
 High risk GCT: radical orchiectomy and individualized radiation and chemotherapy. 
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Gastrointestinal Tract: Clinical Pathologic Correlation 65Chapter 65. Gastrointestinal tract: Clinical pathologic correlation 

The GI tract has 5 major chief complaints: 

o Abdominal pain 
o Dysphagia 
o Nausea & vomiting 
o Diarrhea 
o Bleeding 

a. Hematemesis 
b. Hematochezia/ melena 

Only abdominal pain has a differential diagnosis in which other organs systems must be considered. N&V from 
CNS origin is usually easily differentiated from that of gut origin. 

 

Table 65-1 Presentation and differential diagnosis of disorders of the GI tract. 
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Abdominal pain 

This is best organized by location:  

 
 

For each sector, one can form a differential diagnosis by organ and then establish a specific diagnosis as seen in 
the table below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note that both acute appendicitis and acute cholecystitis have different early and late presentations. 

o Early presentation is due to obstruction, which is visceral pain that is poorly localizing and attributed by the 
brain back to the embryologic origin of the organ, T6 for gallbladder (epigastrium) and T10 for the appendix 
(periumbilical). P/E is negative. 

o It is only with inflammation of the peritoneum that somatic localization occurs, the late presentation, and 
peritoneal signs can be identified on the P/E. 

  

Figure 65-1 An approach to abdominal pain. 

Table 65-2 Presentation and differential diagnosis of abdominal pain. 
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Gastrointestinal Tract: Clinical Pathologic Correlation 65Diseases in the chest can first manifest in the epigastrium. This includes pulmonary embolism and ominously, 
acute myocardial infarction in women. 

It is impressive how many of the diagnoses are established by imaging. In the outpatient and emergency room 
setting, ultrasound is an invaluable tool. 

Small bowel infarction is a very difficult diagnosis as there is only abdominal pain with few physical findings other 
than absent bowel sounds. Bloody diarrhea may take hours to manifest, well after the bowel is infarcted. The 
diagnosis rests on a high clinical suspicion of embolism from the heart (e.g. atrial fibrillation, wall dyskinesia from 
ischemia). Advanced imaging such as CT angiogram is required. 

Gastroenteritis is a clinical diagnosis. The key to identifying a viral infection is to recognize that multiple systems 
are involved, such as the GI tract and respiratory tract. The most specific finding that suggests viral infection is         
an acute rash. 

The most specific finding in acute PID is the “chandelier” sign, in which there is pain from movement of the cervix during 
the P/E. While the table says that the STI is identified by culture, most laboratories use nucleic acid tests (NAT). 

Dysphagia 

Swallowing is divided into 3 different phases: 

o Mouth: this is a voluntary musculature that pushes the food to the top of the oropharynx 
o Oropharyngeal: this is involuntary and controlled by cranial nerve ganglia V, IX, X and XII. These are referred 

to in clinical medicine as “bulbar”, based on the “bulb” shape of the medulla oblongata. 
o Esophageal: this is under the regulatory control of the ANS and the myenteric plexus in the musculature. 

1. Oral (see chapter 49. Thyroid P.13 Neck masses) 
2. Oropharyngeal 

 Neuromuscular: this is the most critical part of swallowing as any abnormality leads to aspiration 
pneumonia. In progressive degenerative diseases like amyotrophic lateral sclerosis and Parkinson 
disease, aspiration pneumonia is one of the commonest causes of death. 

 Mechanical: defects in the wall can lead to diverticulae. Zenker diverticulum is caused by a defect in 
the inferior pharyngeal wall construction. 

3. Esophageal  
 Motor disease: defects cause difficulty swallowing both solids and liquids. With this history, the next 

step in evaluation is barium swallow, which will show the “beaded” or “corkscrew” pattern of spasm 
and the “bird’s beak” pattern of achalasia. Manometry is the gold standard for diagnosis. 

 Mechanical disease: masses cause difficulty swallowing solids only, before there are problems with 
liquids. In a patient > 50 years old, the commonest cause is carcinoma. The best step in evaluation is 
esophageal endoscopy. That not only allows for visualization of any mass, but also a diagnostic biopsy. 

Nausea and Vomiting 

Nausea of gut origin ultimately arises from gastric rhythm disturbances. Sensory feedback travels by vagal 
afferents to the nucleus tractus solitarius (NTS). The NTS is close to the area postrema which contains a 
chemoreceptor trigger zone. This initiates the vomiting reflex. 

Normal gastric myoelectric activity is 3 cycles/minute. Decreased cycling and increased cycling induce nausea.         
For example, motion sickness is due to a tachygastria. 

Vomiting is typically divided into acute and chronic (>4 weeks) 
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The cause of nausea and vomiting is usually apparent form the history. Classic examples include: 

Association Cause 
Mornings pregnancy 
Drug use opioids, chemotherapy 
Abdominal pain organic cause (e.g. cholelithiasis, SBO) 
Heartburn GERD 
Fecal breath fistula 
Nystagmus  vestibular dysfunction 
Hematemesis  GI bleeding 
Multiple associates food poisoning 
Headache  migraines 

 
    

Diarrhea 

A. Acute diarrhea 
o Definition: < 2 weeks duration; ≥ 3 loose bowel movements / day. 
o Time course of hours: most likely due to a preformed toxin from S. aureus (salty foods like mayonnaise) 

or B. cereus (warm rice). 
o C. perfringens is a common source of food poisoning, but the onset is usually 12-24 hours from exposure 

and so it is more difficult to diagnose. 
o Time course of days: 

A. Non-bloody: usually due to a virus (>90%). This is a clinical diagnosis. Systemic virus is likely when 
more than one system is involved. For example, if there is also respiratory disease. Most specific for 
viral infection is concomitant rash. 
• History of travel: Enterotoxic E. coli most likely 
• Young child: Enteroaggregative E. coli likely 
• Ingestion of raw shellfish: V. parahemolyticus 

B. Bloody: these are leukocyte (+), indicating an acute inflammatory response to an invasive bacterium. 
Examples include Shigella, Salmonella and Enteroinvasive E. Coli. 
• Enterohemorrhagic E. coli 0157:H7 produces Shiga toxin that binds to endothelial cells and causes 

a non-inflammatory bloody diarrhea. The endothelial dysregulation leads to hemolytic uremic 
syndrome (HUS) in children. 

B. Chronic diarrhea 
o It is assumed in the algorithm that: 

 Recent history of travel is negative. Travel to the undeveloped world raises a differential diagnosis 
that includes parasites. 

 Recent usage of antibiotics is negative. The use of antibiotics raises the possibility of antibiotic-
related colitis (aka pseudomembranous colitis)  

o Definition: > 4 weeks duration; ≥ 3 loose bowel movements / day. 
A. Dysentery (blood and pain) 

• Chronic inflammatory bowel disease 
• Infection 

a. Bacteria: E. coli, Shigella, Salmonella 
b. Ameba 

B. Watery 
• Secretory 

o Suspect when it occurs during sleep or when fasting 
o Causes include: G. lamblia, Crohn disease, endocrine neoplasms (e.g. gastrinomas, carcinoid 

syndrome), microscopic colitis 

Table 65-3 Causes of nausea and vomiting. 
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Gastrointestinal Tract: Clinical Pathologic Correlation 65• Osmotic 
o Lactase deficiency most common cause 
o Differentiate from secretory diarrheas by stool osmotic gap test. 

 

• Functional 
o Irritable bowel syndrome (IBS) is diagnosed by the presence of abdominal pain related to a 

change in bowel function, both constipation and/or diarrhea. 
C. Fatty (Steatorrhea) 

• Due to malabsorption. The commonest causes in the US are: 
1. Celiac sprue: serum anti-tissue transglutaminase antibodies (TTA) and IgA                                

anti-endomysium antibodies. 
2. Chronic pancreatitis: history, imaging, diabetes 
3. G. lamblia infection: stool ova and parasite exam 

Bleeding 

A. Hematemesis 
• The presence of bright red blood or coffee-ground suggests bleeding proximal to the ligament of Treitz. 

o Bright red blood suggests at least moderate bleeding, coffee-grounds suggest small amounts 
of bleeding 

• Specific causes can be suggested by the history: 
o Upper abdominal pain: peptic ulcer disease 
o Vomiting before bleeding: Mallory-Weiss tear 
o Chronic liver disease: esophageal varices 
o Dysphagia: esophageal cancer 
o Odynophagia, GERD: esophageal ulcer 

• Management:  
o Assess for hemodynamic stability 
o Diagnosis by upper endoscopy. 

B. Hematochezia / Melena 
• Blood from the left colon tends to be bright red, while blood from the right colon is dark and purplish. 

Melena is more commonly upper GI in origin. 
• The commonest causes of lower GI bleeding in the elderly are: 

o Diverticular disease 
o Angiodysplasia 
o Ischemic colitis 

• Colon cancer does not typically present as an acute bleed. Rather, the blood is small and persistent, 
resulting in an iron deficiency anemia and fatigue. 

• Management: 
o Assess for hemodynamic stability 
o Diagnosis by lower endoscopy 

Stool osmotic gap = 290 - 2(Na+ + K+) 

- Osmotic diarrhea >125 mOsm/L 
- Secretory diarrhea <50 mOsm/L 
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GI Tract: Structure and Function 66Chapter 66. GI tract: Structure and function 

Introduction 

The gastrointestinal tract is organized in clinical medicine by anatomy. It is a tube and each segment from the 
mouth to the anus has symptoms that can be localized to its segment of origin (e.g. dysphagia arises in the 
oropharynx / esophagus and bloody diarrhea arises in the colon). 

The diseases for each segment can be summarized as: 

1. Congenital 
2. Infectious / reactive 
3. Autoimmune / degenerative 
4. Neoplastic  

The liver, gallbladder and pancreas are usually lumped in with the GI tract, but they have unique diseases and so 
will be will be considered in separate chapters.  

Regional anatomy 

The importance of regional anatomy is the interaction of adjacent organs from unrelated systems. Here are some 
key examples: 

Head and Neck 

o Mouth and nose: cleft palate 
o Nasopharynx (adenoids) and eustachian tubes: otitis media 
o Pharynx and palatine tonsils: Epstein-Barr virus infects squamous epithelium (acute: sore throat; latency: 

nasopharyngeal carcinoma) and lymphoid tissue (acute: lymphadenopathy; latency: Burkitt lymphoma) 
o Pharynx and metastases: HPV squamous cell carcinoma and neck masses (i.e. lymphadenopathy) 
o Esophagus and trachea: swallowing versus aspiration 
o Salivary glands and teeth: Sjӧgren syndrome and dental caries 

Chest 

o Diaphragm and gastroesophageal hernias (i.e. congenital, sliding and paraesophageal) 
o Left atrium: dysphagia in mitral valve stenosis 

Abdomen (there are many others) 

o Duodenum and pancreas: posterior perforating ulcer and pancreatitis 
o Gallbladder and small bowel: gallstone ileus 
o Ileum and anus: perianal fistula in Crohn disease 
o Liver and fallopian tube: perihepatitis in acute PID 
o Biliary tree and pancreas: gallstone pancreatitis, jaundice in pancreatic cancer 

Pelvis 

Anus and perineum: visceral / somatic junction      

Structure of the lymphoid System: see Chapter 8. Adaptive immunity. 

Venous system of the abdomen 

The abdomen has both a systemic and portal venous system. This matters in portal hypertension with the 
formation of portal-systemic anastomoses. It also gives the liver a dual blood supply so that it is difficult to 
infarct by hypoxia. 
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o Esophageal varices: portal vein → left gastric vein → esophageal veins → azygous vein 
o Hemorrhoids: portal vein → inferior mesenteric vein → superior rectal vein → inferior rectal vein → iliac veins 
o Caput medusa: portal vein → paraumbilical vein (ligamentum teres) → epigastric veins of abdominal         

wall → iliac veins.  

 

Arterial blood supply 

There are distinctive clinical conditions that require specific knowledge of the arterial system   in the abdomen. 

o Perforating peptic ulcers and massive bleeding. 
• Lesser curvature ulcer penetrating into the left gastric artery. 
• Duodenal ulcer penetrating into the gastroduodenal artery. 

The four venous systems of the body 

1. Venous system of the body 
2. Pulmonary veins 
3. Portal vein of the gut 
4. Cerebrospinal venous system: little discussed, the brain and spinal cord have major drainage into this 

system that enters the pelvis where it also drains the bladder, prostate and breast. It re-enters the 
venous system of the body through the azygous vein. It has no valves, resulting in a bidirectional flow. 
This is thought to allow for metastasis from prostate cancer to spread to the vertebrae. 

Figure 66-1 Venous drainage of the abdomen with anastomoses. 
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o Small bowel infarction. 
• Left-sided thromboembolic disease arises in the heart when mural thrombi form from abnormal flow. 

Two common conditions include atrial fibrillation and wall dyskinesis in myocardial infarction. 
• When the mural thrombus breaks free, the 2 commonest arteries involved are the carotid artery, giving 

rise to an ischemic stroke and the superior mesenteric artery (SMA), giving rise to a small bowel 
infarction. 

• The patient develops sudden abdominal pain from the ischemia, but there is little to find on physical 
examination except decreased bowel sounds. Bloody stool from mucosal necrosis may take up to a day 
to appear. The key to the diagnosis is a high index of suspicion for cardiac thrombosis. 

• Diagnosis is made by CT angiogram and surgery is required or there is 100% mortality. 
o Ischemic colitis. 

• Individuals with poor blood flow to the gut are vulnerable to ischemia during periods of hypotension. The 
splenic flexure is most vulnerable as it is at the junction of the superior mesenteric artery and inferior 
mesenteric artery. This is a standard example of watershed ischemia (see Figure 70-8. Ischemic colitis). 

• This can lead to a more gradual onset than with emboli occlusion. While pain is common, patients may 
present with rectal bleeding first. 

• Diagnosis requires a high index of suspicion in patients with atherosclerosis and an episode of hypotension. 
• Diagnosis is by imaging and endoscopy. 

 

Histology of the GI tract. 

Key points of the histology of the GI tract include: 

o Squamous epithelium:  designed to withstand mechanical stress. It is found in the mouth and upper 
esophagus to resist food trauma. Squamous epithelium is found in the anus to resist trauma from hard feces. 
• Carcinomas from these sites are squamous cell carcinomas 
• Squamous epithelium is not chemical resistant. In reflux esophagitis, chronic injury leads to the adaptive 

response of intestinal metaplasia, seen in Barrett mucosa. 
• Squamocolumnar junctions are vulnerable to HPV infection. These infections, with warts and SCC, are 

found at the cervix, pharynx, esophagus and anus. 
o Glandular mucosa: either secretes or absorbs. 

• Gastric mucosa secretes HCl, presumably to sterilize food, and therefore requires a mucosa that 
produces abundant alkaline mucus. This is regulated by prostaglandins, making gastric mucosa 
vulnerable to prostaglandin inhibitors like NSAIDs. Vomiting leads to a metabolic alkalosis. 

• Small bowel mucosa does secrete enough fluid for motility but is more important as an absorptive 
epithelium. The duodenum and proximal jejunum are critical sites for iron, folate and calcium (e.g. celiac 
sprue). The terminal ileum absorbs vitamin B12 and bile salts (e.g. Crohn disease and gallstones) 

• Colonic mucosa absorbs water and bicarbonates. Severe diarrhea leads to a metabolic acidosis. 

Figure 66-2 Celiac artery and its branches. 
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The Anus 

 

 

     
     
     
     
     
     
     
   

 
 

The anus is separated from the rectum by the pectinate line (aka dentate line). This is a critical fact, as the rectum 
derives from the hindgut endoderm and the anus derives from the ectodermal body wall. 

 Proximal (Rectum) Distal (Anus) Disease 
Epithelium Glandular Squamous Carcinomas 
Innervation Myelinated somatic Unmyelinated visceral Hemorrhoids  
Lymphatic Internal iliac chain External inguinal Cancer staging 
Veins Sup rectal → portal Inf rectal → inf iliac Cirrhosis  
Arteries Sup rectal Inf pudendal Anal fissure 
Sphincter Extra-sphincter Intra-sphincter Fistula-in-ano 

Figure 66-3 Epithelia of the GI tract and its function. 

Figure 66-4 Anatomy of the anus. 

Table 66-1 Somatic-gut divide across the pectinate line of the anus. 
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nodes and then internal iliac nodes. The anus has squamous epithelium (image #6 a & b), develops squamous cell 
carcinoma and lymphatic drainage is to the external inguinal lymph nodes. 

Internal hemorrhoids develop in the internal hemorrhoidal plexus (image #5) and therefore have visceral 
innervation. They do not hurt. Their major symptom is bleeding from prolapse. External hemorrhoids develop in 
the external hemorrhoid plexus (image #7) and have somatic innervation. They itch and burn and are very painful 
when there is thrombus of the vein. 

The rectum drains through the superior rectal vein → inferior mesenteric vein → portal vein. The anus drains 
through the inferior rectal vein → internal iliac vein. In portal hypertension, this portal-systemic anastomosis 
forms hemorrhoids. 

The inferior pudendal artery supplies the anus from the anterior surface so there is less blood supply to the posterior 
anus. This makes any injury to the posterior anal wall harder to repair and is felt to be the basis of anal fissures. 
These are mostly found in the posterior location. 

Fistula-in-ano mostly arises from obstruction and infection of anal glands (8b in image above; B in image below). 
These mostly form intra-sphincteric fistulae, although extra-sphincteric drainage is possible. Pelvic abscesses (A in 
image), however, can only form extra-sphincteric fistulae. All extra-sphincteric fistulae must therefore be 
investigated for possible abdominal/pelvic course. Causes of these include diverticular disease and Crohn disease. 

                            

 

 

Gastrointestinal and liver regulation 

Regulation of gastric secretion 

Acid production and regulation by the parietal cell of the gastric mucosa is one of the few physiologic processes in 
GI physiology worth knowing in routine clinical medicine. Peptic ulcer disease and gastroesophageal reflux are 
important, common diseases. Multiple endocrine neoplasia (MEN) Type I has gastrinomas that secrete gastrin.  

The pharmacology of acid production targets one of the steps of acid production. 

o Figure 66-6 #1: proton pump inhibitors (block H+/K+ ATPase). 
o Figure 66-6 #2: H2 receptor antagonist. 
o Figure 66-6 #3: M receptor antagonist (atropine) or vagotomy. 

Figure 66-5 Fistula-in-ano. 
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Neurohormonal regulation of acid production: 

 
           

Figure 66-7 Neurohormonal regulation of acid production. 
 

 
o Vagal stimulation: important for the cephalic stage of digestion, where the sight of food induces acid 

production. In Cushing erosions, trauma to the head can result in stimulation of the vagal nucleus, resulting 
in gastric erosions. Patients in trauma ICUs are often put on prophylactic proton pump inhibitors 
(PPIs, e.g. omeprazole). 

o Decrease in acid production by PPIs leads to an alkaline stomach pH that stimulates the G cell. The resulting 
↑gastrin production does not increase acid production, but it does lead to parietal cell hyperplasia.            
Over years, this hyperplasia forms fundic gland polyps. 

o Pernicious anemia is a Type IV hypersensitivity disease of the parietal cell. This not only causes pernicious 
anemia from Vitamin B12 deficiency, but also atrophic gastritis with loss of acid production. An acid pH helps 
with iron absorption (Fe+2 is more easily absorbed) and these patients are prone to iron deficiency anemia. 

  

Figure 66-6 Gastric mucosal architecture and the parietal cell with acid production. 
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- An understanding of bilirubin metabolism is necessary to differentiate the jaundice of acute hepatitis from 
that of hemolysis. 

- Bilirubin is the breakdown product of 
the heme ring after the RBC is 
phagocytized by the splenic 
macrophage. It is not water soluble 
and so is carried in the blood 
on albumin. 

- In the hepatocyte, the bilirubin has 
transporter uptake, but is bidirectional. 

- Bilirubin is made water soluble by 
conjugation with glucuronide by 
uridine glucuronyl transferase (UGT), 
also known as uridine diphosphate-
glucuronyl transferase (UDPGT) 

- Bilirubin is excreted by transporters into 
the bile canaliculus. This is the rate 
limiting step. Dysfunctional hepatocytes 
will keep conjugating bilirubin that 
cannot be excreted. This conjugated 
bilirubin will reflux back out into the blood causing a mixed pattern hyperbilirubinemia. 

- Conjugated bilirubin is water soluble and can be excreted in the urine, causing a foamy, brown appearance. 

Hemolysis:  

o Increased bilirubin production saturates hepatocyte UGT conjugation. There is a backup of unconjugated 
bilirubin that causes visible jaundice when greater than 2.5-3.0 mg/dL. 

o There is increase in urobilinogen resorption from the gut into the blood. This is water soluble and excreted into 
the urine. This is not grossly visible as it is colorless to weak yellow in color. It can be detected by urine dipstick 
assay. The increase in stercobilinogen, which causes normal stool to be brown, cannot be appreciated clinically, 
as it is brown on brown. 

Acute Hepatitis: 

o The dysfunctional hepatocyte loses excretion before conjugation. The increase in intracellular conjugated 
bilirubin refluxes out into the blood. When the blood level reaches 2.5-3.0 mg/dL, there is clinically 
apparent jaundice. 

o Conjugated bilirubin is water soluble and can be excreted into the urine. It causes the urine to be foamy 
and brown. 

o There is decreased excretion of conjugated bilirubin into the bowel, leading to chalky, pale stools due to the 
lack of stercobilinogen. 

o The classic presentation of acute viral hepatitis is, “a flu-like illness, with jaundice, acholic stools and 
choluria”. The Latin root “chol” means bile.  

 

 

 

 Eyes 
(>3 g/dL) 

Stool Urine Urine 
urobilinogen 

Acute hemolysis Jaundiced Brown Yellow ↑ 
Acute hepatitis Jaundiced Pale, chalky Brown, foamy Normal 

Figure 66-8 Bilirubin metabolism. 

Table 66-2 Differentiating the causes of jaundice in an out-patient setting. 
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Molecular basis of GI neoplasia (for further discussion, see Chapter 13. Neoplasia) 

In general, the molecular basis of neoplasm can be organized as: 

o Growth and proliferation pathways (oncogenes and suppressor genes) 
o Translocations 
o DNA repair defects  

Metabolic pathways are not yet clinically significant enough to learn. One should know the Warburg effect in 
which neoplasms preferentially use glycolysis even in the presence of oxygen. This principle is used in staging  
with the PET scan. 

The essential proliferation pathways can be seen in Chapter 13. Figure 13-7. Those most important in GI tract 
neoplasms are: EGFR (RTK), Ras, NFκB, APC, TGF-β, TNF and p53. 

Colorectal carcinoma (CRC) occurs through two major pathways. 

o The adenoma-carcinoma sequence (60% of CRC neoplasms) 
• This is called the chromosomal instability (CIN) pathway, starting with normal epithelium and 

accumulating mutations, discussed in Chapter 71. Colorectal cancer. 
• If familial (i.e. hereditary or germ line), then this is seen in Familial adenomatous polyposis (FAP) 

syndrome. If acquired, then hypomethylation is seen in the early adenoma stage. 
o Microsatellite instability pathway (15-20%) 

• This is a DNA repair defect disease with loss of mismatch repair proteins (MMR) leading to the 
accumulation of mutations in microsatellite regions of DNA. 

• Microsatellites are areas with sequences of nucleotide repetition. 
• If familial (i.e. hereditary or germ line), this is Lynch syndrome (aka hereditary non-polyposis colon 

cancer, HNPCC). If acquired, then it is due to epigenetic silencing of the repair protein genes. 

NFκB and MALToma’s. 

• NFκB is a key regulatory protein of the inflammatory response and is frequently mutated in MALToma’s 
and classical Hodgkins lymphoma. H. pylori modulates the immune response when infecting the gastric 
mucosa by the release of Cag-A. This may be a factor in MALToma’s of the stomach seen with infection. 

TNF and tumor cachexia. 

o Wasting syndromes, called cachexia, are seen with advanced cancers. This can be because of cytokines like 
TNF, that induce apoptosis. Also implicated is the production of leptin-like substance that decrease appetite. 
 

Natural History of Carcinoma 

Carcinomas go through a predictable progression as they accumulate mutations and develop the capacity to 
invade and metastasize. 

This is the basis of staging carcinomas in the TNM system. 
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Chapter 67. GI tract: Mouth 

Congenital defects: 

Cleft mouth and cleft palate 

The most common congenital disorder of the oral cavity (1/800 births) 

Pathophysiology: 

o A malformation due to failure of midline fusion of the face 
o Most are spontaneous. If first identified by antenatal imaging, up to 30% are syndromic (none are common; 

most involve neuroectodermal abnormalities) 
o Pathology: 

 Cleft lip and palate: 50% 
 Cleft lip alone: 25% 
 Cleft palate alone: 25% 

Presentation: 

o Antenatal imaging: soft tissues of the face cannot be well seen until the second semester. Examination of the 
upper lip is a standard part of the ultrasonography. This allows for search for syndromic origin and possible 
pregnancy termination for severe disease. 

o Post-delivery: visual, self-evident 

Natural history: 

o A significant functional impairment in resource-poor nations as suckling is necessary for the milk let-down 
reflex. Children with palate defects usually require adaptive feeding equipment. If the defect is only a cleft lip, 
the baby can usually generate enough negative pressure to suckle. 

o Complications: 
 Eustachian tube dysfunction leads to recurrent otitis media 
 Speech problems 

o Treatment: surgery 
 Cleft lip after 3 months 
 Cleft palate after 6 months. 

Infectious/inflammatory: HIV-related oral infections 

o Candidiasis (most common) 
o Aphthous ulcers (aka canker sores) 

 Unknown origin 
 Often stress-induced  
 P/E: painful/tender ulcers covered by the necrotic debris of the ulcer base which forms a shaggy 

grey exudate 

 Hairy leukoplakia 
• The presence of white painless plaques along the lateral edges of the tongue is one of the first 

manifestations of HIV infection. 

Membrane versus a pseudomembrane 

A membrane is part of the epithelium and so it does not remove easily. When torn off, there is bleeding. A 
pseudomembrane is the sticky exudate that forms with necrosis, such as the base of an ulcer. It can be 
wiped off with gauze. Oral candidiasis (aka thrush) forms white plaques that are pseudomembranes.  
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with immunodeficiency. 

 Kaposi sarcoma 
• A neoplasm of the endothelial cell due to human herpesvirus 8 (HHV8).  
• Red patches are seen, most commonly on the hard palate 

Pigmentation abnormalities of the mouth 

Peutz-Jeghers syndrome 

o Freckles (aka lentigines) of the lips and oral mucosa 
o Autosomal dominant 
o Loss of a tumor suppressor STK11 leads to formation of hamartomas and a lifetime risk of invasive 

adenocarcinoma of >80%. 
 Cancers can occur in any ductal organ but mostly GI tract. 

 

Hereditary hemorrhagic telangiectasia (HHT, Weber-Rendu-Osler syndrome) 

o Autosomal dominant gene (HHT) with defect in TGF-β, required for vascular remodeling 
o Two basic pathologies: 

 Arteriovenous malformations (50% lung, 10% brain) 
 Telangiectasias (mucocutaneous) 

Figure 67-1 Kaposi sarcoma of the palate. 

Figure 67-2 Lentigines of Peutz-Jeghers syndrome. 

Hamartoma 

A cellular proliferation with benign cells arranged in an abnormal architecture. 
While not neoplastic themselves, they can be associated with an increased risk of 
malignancy. Peutz-Jeghers is a model disease in which numerous hamartomatous 
polyps are found in the bowel and can present in childhood as obstruction. 
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o Presentation: 1. epistaxis, 2. iron deficiency anemia, 3. telangiectasias 
 Diagnosis is made by having 3 of 4 of: any the above findings and/or a (+) family history.  

o Natural history: risk of severe and recurrent hemorrhages 
 

Chronic adrenal insufficiency (aka Addison) disease 

o There is often a diagnosis delay because the onset is insidious, with nonspecific symptoms: 
 Fatigue 
 Weight loss 
 GI complaints (nausea & vomiting, pain) 

o The most reliable finding on physical exam is hyperpigmentation. While this is general, it is most prominent in 
areas exposed to sunlight (e.g. lower lip, seen in image) 
 This is due to stimulation of melanocytes by MSH (melanin stimulating hormone) which is formed from 

the cleavage of POMC, a precursor in ACTH synthesis).                                

 

Lead poisoning: 

o In the past, this had an eponym of Burtonian “lead line” 
o A rare finding 
o Due to interaction of lead with oral bacteria that form lead sulfide, which has a blue-gray color.  

 

 

  

Figure 67-4 Hyperpigmentation in Addison disease.                Figure 67-5 Lead poisoning: gingival lead line. 

 

Figure 67-3 Hereditary hemorrhagic telangiectasia. 



611

GI Tract: Mouth 67Neoplasia of the oral cavity 

Leukoplakia and erythroplakia 

Pathophysiology: 

o Refers to any colored patch (flat) or plaque (raised) 
 Leukoplakia: white 
 Erythroplakia: red 
 Leukoerythroplakia: mixed 

o The critical difference is hyperplasia versus dysplasia 

 
o Etiology: all forms of tobacco, alcohol, HPV infection 

Presentation: 

o Symptoms: none 
o P/E:  

 Alcohol and cigarette induced plaques are most commonly found where there is the highest exposure 
to the carcinogens: side of the tongue and floor of the mouth. 
By comparison, HPV-related plaques are found in the oropharynx, especially the palatine tonsil. 

 These are true membranes and cannot be wiped off 
o Testing: all oral plaques should be biopsied 

Hyperplasia versus dysplasia 

- Hyperplasia is a physiologic increase in the number of cells. The stimulation may be physiologic              
(e.g. callous) or pathologic (e.g. broken tooth edge) but the hyperplasia will regress with removal 
of the stimulus. It has a very low progression to neoplasia. 

- Dysplasia is a precancerous condition with chromosomal abnormalities. It can be recognized on 
biopsy because it has nuclear atypia. Severe dysplasia has a general progression to invasive 
carcinoma of about 10% / decade. Does not typically regress. 

Figure 67-6 Squamous neoplasia of the mouth. 
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Natural history: 

o Prognosis: leukoplakia has a lower likelihood of progression to invasive cancer than erythroplakia. The latter 
has progression to invasive squamous cell carcinoma as high as 60% lifetime.  

o Treatment: the need for complete excision rises with increasing severity of dysplasia. Carcinoma in situ 
requires complete excision. 

Head and neck squamous cell carcinoma (HNSCC) 

Introduction: 

o These arise in the aerodigestive squamous mucosa. The term 
“aerodigestive” describes the shared single tube that separates 
at the epiglottis  (i.e. mouth, nasopharynx and oropharynx). 

 

Pathophysiology: 

o There are 2 major patterns of disease in the US 
 Alcohol and smoking 

• Each alone is carcinogenic and together they 
are synergistic 

• Cancers form where there is the greatest contact 
with the carcinogens, i.e. side of tongue and floor 
of mouth 

 HPV infection 
• There are 10-20 high risk HPV, the most important 

being types 16 and 18. 
• These cancers occur in the oropharynx, most 

commonly the palatine tonsil (50%). 
• HPV vaccination is protective against high risk    

HPV-related carcinomas, including HNSCC 
(as well as cervix, anal verge, and distal esophagus) 

o Uncommon risk factors: 
 Nasopharyngeal carcinomas are found in Southeast Asia from reactivation of EBV. 
 Immunodeficiency: SCCs in all sites increase in incidence with immunodeficiency states 

o Metastases spread first to the cervical lymph nodes 

Neck masses: Rule of 80’s 

A new neck mass in a patient over 50 years old: 

- 80% are lymph nodes 
o 80% of lymphadenopathy is malignant 

 80% of the malignancy are HNSCC 

Figure 67-7 Anatomy of the upper 
aerodigestive system. 
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o Progression of HNSCC 

Natural history:  

o Prognosis: depends on stage. HPV-related HNSCCs have a better prognosis 
o Treatment: surgery with chemotherapy and radiation in advanced cases 

  

Rare 

∙Tobacco 
∙Alcohol 
∙HPV 

Leukoplakia/erythroplakia 

Cervical LN 

Figure 67-8 Lymph nodes of the head and neck and their drainage fields. 

Figure 67-9 Pathophysiology and progression of HNSCC. 
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Salivary gland pathology 

Sjogren syndrome 

Epidemiology: 

o Usually female (20:1 female: male) 
o Peak onset just after menopause 
o Associated with viruses that infect the salivary glands (e.g. EBV). 
o Heredity: associated with HLA-DR, like other autoimmune diseases. 

Pathophysiology: 

o Autoimmune disease of all exocrine glands characterized by decreased function of the lacrimal and salivary 
glands. This results in dry eyes and dry mouth, called sicca syndrome. 

o The current working model is that damage to the glandular epithelium, perhaps by a virus, allows the SS-A 
antigen (aka Ro60 protein) to migrate to the cell membrane surface escaping apoptosis. When bound to an 
SS-A antibody, the immune complex is phagocytosed by an antigen presenting cells where it activates the 
intracytoplasmic TLRs (i.e. it is seen as viral-like). This stimulates an interferon response, giving the 
characteristic interferon signature of Sjogren syndrome. 

o Cycles of innate and adaptive immune response leads to extensive lymphoid infiltration of the glands with 
increasing dysfunction. 

o Characteristic auto-antibodies form: anti-SS-A (aka Ro) and anti-SS-B (aka La) in about 70% of cases. 

Presentation: 

o Symptoms:  
 Sicca (dry eyes and mouth) 
 Dryness of other organs: lung (cough), vagina (dyspareunia) and skin (xerosis and pruritis) 
 Systemic: fatigue, neurologic dysfunction,  

o P/E: dry mouth and eyes 
o Testing: 

 Autoantibodies: 
• ANA (>90%) 
• Anti-SSA (Ro) and anti-SSB (La) 

 Labial salivary gland biopsy: lymphoid infiltrate with gland destruction 

Natural history: 

o Prognosis: decreased quality of life, but probably normal life span 
o Complications: 

 Lymphoma: arises in 5% of cases 
 Pulmonary fibrosis 

o Treatment: 
 Fluid replacement for eyes and mouth 
 Immune modulation 

Salivary gland neoplasms 

o These occur in any salivary gland and present as masses. 
 Neoplasms in the large salivary glands are usually benign 
 Neoplasms in the minor salivary glands are usually malignant.  

o There are numerous different kinds of salivary neoplasms. Individual types are not worth learning for 
general knowledge. 
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Chapter 68. GI tract: Esophagus 

Introduction: 

The commonest presentation of esophageal disease is heartburn from reflux esophagitis. This does not need 
investigation unless there are alarm symptoms, such as new onset after age >60 years, evidence of blood loss, 
weight loss or dysphagia. 

Dysphagia history requires differentiation of difficulty swallowing both solids and liquids (motor disorder) versus 
solids only (mass such as carcinoma). 

Congenital/hereditary disease:  

Tracheal-esophageal fistula (TE fistula) 

Pathophysiology: 

o Embryologic defect in the lateralization of the trachea and the esophagus in the foregut. 

Presentation: 

o Symptoms: 
 Regurgitation with first feed 
 Respiratory distress is found with uncommon variants due to aspiration. 

 

o P/E: non-contributory 
o Testing: imaging 

Natural history: surgical correction. 

Figure 68-1 Tracheoesophageal fistulas. 

Vomiting in the newborn 

Vomiting is the forceful ejection of gastric contents by the reflex of reverse 
peristalsis coordinated with relaxation of the lower esophageal sphincter. 
Regurgitation is the passive upwelling of food as would occur from the esophagus. 

- Tracheoesophageal fistula: regurgitation on first feed 
- Pyloric stenosis: non-bilious vomiting after 4 weeks 
- Duodenal atresia/ annular pancreas: bilious vomiting after 1-2 days 
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Gastroesophageal reflux disease (GERD) 

Presentation: 

Symptoms: 

o Usually heartburn. Other important but less common symptoms include 
 Wheezing 
 Metallic taste in the mouth 
 Chest pain 

Signs: 

o Physical examination is non-contributory 

Testing: 

o For the classic presentation, the diagnosis is clinical, and the patient can be placed on PPI medication. 
o Investigation is indicated with Alarm Symptoms. 
o Endoscopy and biopsy. 

 Inflammatory changes in the deep epithelium 
o Esophageal pH monitoring 

 Episodes of acidosis 

Pathophysiology: 

Gastroesophageal junction incompetence is central to GERD with 3 possible abnormal processes: 

o Abnormal lower esophageal sphincter (LES) relaxation for burping 
 Burping is a complex function that includes esophageal peristalsis to clear acid. Transient esophageal 

relaxation that is not coordinated with other functions fails to clear the acid. 
o Poor tone in the LES 

 This can be associated with medications, certain foods, and obesity. 
 Fibrosis of the esophagus is seen in systemic rheumatic diseases like scleroderma and rheumatoid arthritis. 

o Hiatal hernias 
 There is a ligamentous attachment of the lower esophagus at the LES to 

the diaphragmatic crura. The crura act as a “pinchcock”. With age, laxity 
of the ligament leads to rise of the esophagus into the chest, called a 
sliding hernia. Acid gets trapped in the supradiaphragmatic segment of 
the esophagus between the LES and the diaphragm. Sliding hernias 
constitute 95% of hiatal hernias and have a high prevalence. 

 The second type of hiatal hernia is paraesophageal hernia. In this, the fundus of the stomach slides 
through the diaphragmatic hiatus into the thorax. Acid and gastric contents get trapped in the hernia 
causing inflammation. While only 5% of hiatal hernias, these are more clinically dangerous as the fundal 
segment is at risk of incarceration and necrosis. 

Alarm symptoms for GERD 
- New onset >60 years  
- Weight loss 
- Hematemesis 
- Dysphagia 
- Others… 

Figure 68-2 Pinchcock. 

Figure 68-3 Hiatal hernias. 
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Natural history 

Treatment 

o Lifestyle and diet modification 
 Weight loss as obesity causes an increase in intra-abdominal pressure 
 Raising the head of the bed 

o Acid inhibition: H2 blockers are cheaper; PPIs are more effective but are more expensive and have                  
more side effects. 

Complications: 

o Barrett mucosa, goblet cell metaplasia and the risk of adenocarcinoma 
 Barrett mucosa is a metaplasia in which the squamous mucosa becomes a glandular mucosa. It is diagnosed 

when the histologic squamocolumnar junction, called the Z-line, is > 2 cm above the gastroesophageal 
junction, defined by the end of the gastric folds. 

 Goblet cell metaplasia 
o Barrett mucosa is a glandular metaplasia (i.e. the normal squamous epithelium is regrown as a 

glandular epithelium). 
o Goblet cell metaplasia is a specific type of glandular metaplasia in which the new cell is a mucin-

producing cell with a microscopic shape suggestive of a drinking glass, a “goblet”. It is this type of 
metaplasia that is thought to carry the highest risk of adenocarcinoma. 

 

  

Figure 68-4 Barrett mucosa. 

Figure 68-5 Goblet cell metaplasia. 
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Pathophysiology: 

o Longitudinal tears in the mucosa around the gastroesophageal junction can be caused by forceful vomiting. 
Bleeding is from torn submucosal blood vessels 

o This type of vomiting is seen with alcohol use and bulimia 

Presentation:  

o Symptoms: hematemesis ± pain 
o Physical examination: assess severity of blood loss  
o Testing: endoscopy when stable 

Natural history: 

o Prognosis: rapid healing as tearing only involves the mucosa 
o Complications: hemodynamic instability from acute blood loss 
o Treatment: 

 Endoscopic control of severe bleeding. 
 Proton pump inhibitors 

Boerhaave syndrome 

Pathophysiology: 

o Effort rupture of the distal esophagus seen in vomiting or severe straining. Perforation of the esophagus leaks 
contents into the mediastinum with life-threatening acute mediastinitis. 

Presentation: 

o Symptoms: acute onset of chest pain that may have 
radiate into the back. Less than 50% of patients can 
describe an antecedent event.  

o P/E: tactile crepitus of the chest wall due to 
pneumomediastinum 

o Testing: imaging to identify the perforation 
and leakage. 

Natural history: 

o Prognosis: fatal without treatment 
o Treatment: surgical repair of esophageal perforation, 

antibiotics for mediastinitis. 
 
 
Degenerative / autoimmune diseases 

Achalasia 

Presentation: 

o Symptoms: 
 Dysphagia of both liquids and solids 

• The buildup of food in the esophagus may lead to aspiration. 
• The inability of relax the lower esophageal sphincter (LES) leads to bloating as the patient cannot burp. 

o Signs: the physical examination is non-contributory. 

Figure 68-6 Anatomy of esophageal tears. 
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o Testing: 
 Barium swallow: not widely used anymore as it is 

non-specific. It shows dilation of the proximal 
esophagus and narrow gastroesophageal junction 
(EGJ) causing the “bird’s beak sign”.  

 Esophagoscopy: to rule out other disease such 
as cancer. 

 Motililty studies (manometry): loss of peristalsis in 
the distal 2/3 of the esophagus with inabiliity to 
relax the LES. 

 

Pathophysiology:  

o Achalasia is caused by a loss of neurons in the myenteric plexus of the esophagus. There is selective loss of 
inhibitory neurons, which allow for relaxation. This causes increased resting tone in the LES and its inability  
to relax. 

o Loss of neurons is presumed to be autoimmune. 
 The one known cause of myenteric nerve loss is infection with Trypanosoma cruzi which causes 

Chagas disease. 
o There should be a history of travel to rural Latin America. 

Natural history: 

o Without treatment there is progressive dilation of the esophagus. 
o Treatment consists of manual dilation or Botox injections of the LES. 

The History in Dysphagia 

It is important to differentiate difficulty 
swallowing solids versus difficulty swallowing 
both solids and liquids. 

a. Solids only: mechanical defect. Endoscopy 
to R/O cancer 

b. Solids and liquids: motor defect. Motility 
studies such as manometry. 

Manometry 

The propulsive pressure wave of peristalsis starts in the pharynx and ends with relaxation of the LES.             
In achalasia, there is loss of peristalsis in the distal esophagus and a high pressure LES that cannot relax. 

Figure 68-7 Achalasia: Barium swallow.                              Figure 68-8 Achalasia: manometry. 
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Pathophysiology: 

o Porto-systemic anastomosis arise with portal hypertension. The increased volume and pressure dilate 
submucosa veins in the lower third of the esophagus. These are prone to rupture (for the anatomy of       
portal-systemic anastomosis, see Chapter 66. GI tract structure and function. 

Presentation: 

o Symptoms: hematemesis. 
o P/E:  cirrhosis (portosystemic anastomoses, splenomegaly, and ascites) and elevated estrogen (feminization 

of males, palmar erythema, spider angiomas). 
o Testing: endoscopy. 

Natural history:  

o Prognosis: one-third of patients die with each bleeding episode 
o Treatment: 

 Hemodynamic support (IV fluids, blood transfusion) 
 Urgent endoscopy for bleeding control 
 Drugs to decrease portal blood pressure (e.g. octreotide, vasopressin, somatostatin) 
 

Neoplasia 

Most malignancies of the esophagus arise in the epithelium and therefore are carcinomas. Squamous cell carcinomas 
(SCC) arise from the squamous epithelium and are mostly found in the mid-esophagus. Adenocarcinomas mostly arise 
in Barrett mucosa (see GERD, above) and are found around the gastroesophageal junction. 

 

  

 

  

 

 

 

 

Presentation: 

o Symptoms: dysphagia and weight loss 

 
o P/E: non-contributory 
o Testing: endoscopy for mass with biopsy confirmation 

 Squamous cell carcinoma Adenocarcinoma 
Epidemiology ∙ More common outside of the US 

∙ M > F 
∙ Age > 50 years 

∙ More common in US 
∙ M > F 
∙ Age >40 years 

Risk factors ∙ Smoking & alcohol (synergistic) 
∙ HPV 
∙ Achalasia 

GERD → Barrett mucosa 

Location Mid-esophagus Distal esophagus 

Dysphagia: solids versus liquids 

When the pathology is mechanical, such as a malignant mass, patients describe difficulty swallowing 
solids but not liquids as the fluid can flow around the mass. When the pathology is due to a problem 
with peristalsis, such as achalasia, then both liquids and solids are difficult to swallow. 

Table 68-1 Comparison of carcinomas of the esophagus. 
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Natural history: 

o Prognosis: depends on stage. >50% of patients present with incurable disease due to early spread to 
paraesophageal lymph nodes. 
 Survival drops below 50% 5 year survival when disease is ≥ Stage II (extension into adventitia or lymph 

node involvement). 
o Treatment: surgical resection for early disease. Palliative for the rest. 
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Chapter 69. GI tract: Stomach 

Congenital diseases 

Pyloric stenosis 

Epidemiology: 

o Commonest in premature, first-born males. 

Pathophysiology: 

o Hypertrophy of the gastric pyloric region 
 Note that it is easy to confuse the idea of “region” with the pyloric sphincter. While the sphincter is 

involved, there is a much larger area of gastric involvement. 
o Unknown etiology 

Presentation: 

o Symptoms:  
 Forceful vomiting starting after 4 weeks of age 

• The vomiting is often referred to as “projectile” due to the rapid stream of vomitus seen 
• The vomit is non-bilious as the obstruction is above the ampulla of Vater. 

 
o P/E: The area of hypertrophy can be palpable, described as “olive-like”. 

 

 

 

Vomiting in the newborn 

Vomiting is the forceful ejection of gastric contents by the reflex of reverse peristalsis 
coordinated with relaxation of the lower esophageal sphincter. Regurgitation is the 
passive upwelling of food as would occur from, for example, the esophagus. 

- Tracheoesophageal fistula: regurgitation on first feed 
- Pyloric stenosis: non-bilious vomiting after 4 weeks 
- Duodenal atresia/ annular pancreas: bilious vomiting after 1-2 days 

Figure 69-1 Pyloric stenosis. 
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Natural history: 

o Prognosis: without surgical correction, the obstruction leads to undernutrition and the vomiting leads to 
dehydration and hypochloremic metabolic acidosis. 

o Treatment: myotomy 

Acute diseases 

 

Acute hemorrhagic erosive gastropathy 

Pathophysiology: 

o Hemorrhagic and erosive damage to the gastric mucosa follows shortly after direct toxic injury or severe 
vasoconstriction of the celiac axis. Cushing ulcers from CNS pathology are usually included in this group. 
 

Gastritis 

There is no agreed upon classification of gastritis. Two approaches are: 

A. Gastritis versus gastropathy 
a. Gastritis is typically associated with infection, especially H. pylori, or immune-mediated 

pathology such as pernicious anemia. 
b. Gastropathy is injury to the mucosa without an inflammatory response. This includes 

toxins and ischemia. 
B. Acute versus chronic  

a. Acute refers to a short time frame of hours to days and a neutrophilic inflammation. 
b. Chronic refers to a longer time frame of months to years and a mononuclear 

inflammatory response of lymphocytes and macrophages. 

Figure 69-2 Ultrasound of pyloric stenosis. 

Myotomy versus myomectomy 

Myotomy means to cut into or splitting of the hypertrophic muscle. This is different from 
myomectomy which would be a resection of the abnormal area. 
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o Commonest toxins include: 
 Alcohol: ethanol is directly toxic to the mucosa when present in  >10% concentration. 
 NSAIDs: inhibition of the COX enzyme with ↓ production of prostaglandin E2. PGE2 stimulates multiple 

protective effects in the stomach: ↑ secretion of basic pH mucus, ↑ HCO3
- secretion and ↑ blood flow 

from vasodilation which clears absorbed protons. 
 Iron pills 
 Chemotherapy  

o Ischemia: intense vasoconstriction of splanchnic arteries by α-adrenergic stimulation can cause ischemic 
necrosis of the mucosa. The ulcers have historically been called Curling ulcers. Causes include hypotension, 
cocaine, and sepsis. 

o Cushing ulcers: head injury can cause direct stimulation of the vagus nerve ganglion, leading to ↑  acid production. 

Presentation: 

o Symptoms: abdominal pain, nausea & vomiting or blood from an NG tube 
o P/E: non-contributory 
o Testing: endoscopy 

Natural history: 

o Prognosis: depends on the underlying etiology, blood loss is usually self-limited 
o Complications: blood loss 
o Treatment: supportive, including acid suppression 

  

Figure 69-3 Acute hemorrhagic gastritis: multiple bloody, erosive foci. 
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Introduction: Peptic ulcer disease refers to ulcers in the stomach and/or duodenum. 

Pathophysiology: 

 

o Pathology: an ulcer is a defect in the mucosa that extends through the muscularis mucosa. It can extend 
through the entire wall, resulting in perforation. 

o Etiology is due to: 
 H. pylori 

• Bacterial production of urease creates an alkaline pH in the stomach, increasing gastrin production 
with increased gastric acid production. 

 NSAID use 
• COX inhibitors decrease production of prostaglandins PGE2 and PGI2. These PGs stimulate the gastric 

acid defense mechanisms of ↑HCO3
- production, ↑mucus production and ↑mucosal blood flow. 

 Rare causes include gastrinoma 
• Gastrin stimulates the enterochromaffin-like cells which produce histamine which ↑acid production 

by the parietal cell.  

 

 

Ulcer versus erosion 

This is a significant clinical difference between an erosion and an ulcer. An erosion only involves the mucosa 
(i.e. the epithelium to the level of the muscularis mucosa). As epithelial cells of the gut are replaced every    
2-4 days, an erosion is completely healed within one week after the insult stops. By comparison, an ulcer 
must undergo repair. This requires ground substance such as fibronectin, stimulation of fibroblasts for 
collagen and growth of neovasculature with VEGF. This may take weeks. 

 

 

Figure 69-5 Regulation of acid production. 

Figure 69-4 Pathology of erosion versus an ulcer. 
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o Association with gastrinomas 
 Presentation:  

• Zollinger-Ellison syndrome: peptic ulcer disease/abdominal pain, esophageal reflux, diarrhea. 
• Compared to typical PUD, the ulcers of gastrinoma are: 

i. Multiple 
ii. Extend to the jejunum  

iii. Are refractory to treatment 
 Pathophysiology: 

• 40% are associated with MEN I syndrome (3 P’s: parathyroid, pituitary, pancreas) 
• Most gastrinomas are found in the duodenum, not the pancreas. 
• Tend to have an aggressive behavior 
• Acid production is due to stimulation of the parietal cell. Gastrin causes hyperplasia of parietal cells 

with visible thickening of the gastric mucosal folds (i.e. hypertrophic gastropathy, see below). 
 Diagnosis:  

• Hypergastrinemia with a gastric pH <2 (very low pH helps to rule out a physiologic gastrin response) 
o Gastrin level does not rise with secretin stimulation 

• Imaging for tumor mass (endoscopy, CT scan) 
o 70% of tumors are found in the duodenum. 

 Treatment: 
• Surgical excision. 

Presentation of PUD: 

o Symptoms:  
 Epigastric pain 

• Gastric ulcers typically hurt with eating 
• Duodenal ulcers hurt 2-4 hours after eating 

o Signs: physical examination is non-contributory 
o Testing: 

 Ulceration: endoscopic visualization 
 H. pylori infection:  

• Urease breath test 
• Stool antigens 
• Serology 
• Direct visualization on biopsy 

 
 
 

Figure 69-6  H. pylori infection with chronic gastritis. 
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o Complications: 

 Massive bleeding 
• Penetration into an arteriole of the wall. With perforation, erosion of a major 

artery is possible 
 

 Perforation 
• Presents with a sudden onset of diffuse pain, followed over hours with abdominal wall rigidity. Severity 

of peritonitis depends on the volume of acidotic gastric contents spilled onto the peritoneum. 
• Air under the diaphragm can give referred right shoulder pain. 

 Gastric carcinoma 
• A majority of symptomatic gastric carcinomas present with symptoms of ulceration (hematemesis, 

iron deficiency and abdominal pain). 
• Ulceration occurs in carcinomas because the defective stroma formation in actively proliferating 

malignancies leads the tumor mass outgrowing its blood supply. This leads to ischemia, with tissue 
breakdown and ulceration. 

o Treatment: 
 H. pylori (triple therapy) 

• Clarithromycin: acid-resistant erythromycin (ribosome 50s inhibiter) 
• Amoxicillin: (penicillin binding protein- transpeptidase inhibiter) 
• Acid production inhibition 

o PPIs, H2 inhibitors.  

  

 

Chronic diseases 

Hypertrophic gastropathy 

This is a non-specific term to describe any condition with large gastric folds. It has several causes including 
o Infiltrates: usually chronic gastritis 
o Gastric carcinoma: diffuse invasion by malignant cells 

Figure 69-7 Anatomy of the celiac axis and sites of massive hemorrhage. 

Table 69-1 Decreasing acid production. 
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o Zollinger-Ellison syndrome: gastrin from the gastrinoma stimulates acid production but also induces 
hyperplasia of the parietal cell. 

o Menetrier disease: a rare disorder in which parietal cells overproduce TGF-α, which stimulates the superficial 
epithelial cells. Of unknown cause. There is loss of protein from the mucosa, called protein-losing 
enteropathy, and resulting in edema, but this is a non-specific finding. 
 

Chronic gastritis: 

Introduction:  

o The term chronic gastritis is a term used to describe a 
pathologic process in which the mucosa shows a mononuclear 
inflammatory infiltrate (i.e. lymphocytes and macrophages). 
The 2 most important causes are: 
• Chronic H. pylori infection 
• Pernicious anemia: this specifically refers to the state 

of Vitamin B12 deficiency that occurs with 
autoimmune destruction of the parietal cell. 
Pathologically this disease process is better called 
atrophic gastritis with intestinal metaplasia, in which 
PA is a long term complication. 

 
 

Chronic H. pylori infection: 

Pathophysiology: 

o It is not known what proportion of acute H. pylori infections spontaneously clear. Lymphoid infiltrates start  
to appear one week after infection and typically take as much as one year to clear if there is resolution                   
of the infection 

o H. pylori preferentially infects the gastric antrum. With loss of parietal cells and progressive atrophy, the 
infection shifts to the gastric body mucosa. This latter then undergoes progressive atrophy. 
• Duodenal ulceration is commoner in early infection, while there are still parietal cells that can  

produce acid. 
• Iron deficiency anemia is commoner in later infection due to decreased iron absorption in the duodenum 

with loss of acid production with atrophy. Iron is better absorbed in the ferric state (Fe+3), found with 
acidic pH. 

 Gastric neoplasia (MALToma and adenocarcinoma) is more common in late disease. The 
adenocarcinomas arise in atrophy with metaplasia. 

 

Pernicious anemia (aka Autoimmune atrophic gastritis with metaplasia) 

Pathophysiology: 

o Autoimmune cell-mediated (i.e. Type IV hypersensitivity) destruction of the parietal cells leads to gastric 
atrophy and intestinal metaplasia. 

o With destruction of the parietal cells, there is decreased acid and intrinsic factor production. This affects 
Vitamin B12 absorption by decreasing its release from meat and  loss of the production of intrinsic factor, 
needed for absorption. 

 

Intestinal metaplasia  

Intestinal metaplasia is defined as the 
replacement of the surface, foveolar, 
and glandular epithelium of the gastric 
mucosa by an intestinal epithelium. The 
metaplasia is easily recognized by the 
presence of goblet cells. 

 

Figure 69-8 Goblet cell metaplasia. 
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o Pernicious anemia refers to progression of the gastric atrophy to the macrocytic anemia due to 

malabsorption of Vitamin B12. 
• Iron deficiency anemia due to decreased iron absorption from lack of acid precedes Vitamin B12 

deficiency by years. 
o Neoplasms include both adenocarcinomas and neuroendocrine tumors (i.e. carcinoid tumors).  

• Neoplasia is a complication of all metaplasias. 

Presentation: 

o Symptoms: 
• Fatigue from anemia: iron deficiency anemia occurs before Vit B12 deficiency anemia 
• Neurologic symptoms: CNS, spinal cord (subacute combined degeneration) and PNS. 

o P/E: (+) Romberg sign (loss of dorsal columns) 
o Testing: 

• CBC: pancytopenia 
• PBS: macrocytosis, hyperlobated neutrophils (> 5 lobes) 
• Serum: ↓serum Vitamin B12, ↑ MMA, ↑ serum gastrin 
• Serum: Autoantibodies to intrinsic factor and parietal cells 
• Endoscopy: chronic gastritis with atrophy and intestinal metaplasia 

Natural history: 

o Prognosis: progression to death without treatment 
o Complications: 

• Iron deficiency anemia 
• Neoplasia 

 

Figure 69-9 Vitamin B12 metabolism and its pathology. 
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 Treatment: 
• Parenteral Vitamin B12 
• Screening endoscopy of gastric neoplasia 

 
 

Tumors of the stomach 

Fundic gland polyps 

These are the most common polyps found on gastroscopy 

They are typically due to prolonged use of PPIs such as omeprazole. 

o These drugs block acid production, leading to ↑ gastrin production, oxyntic cell (i.e. parietal cell) hyperplasia 
to the point of mass formation. 

 
 

Gastrointestinal stromal tumor (GIST) 

o Most common connective tissue (i.e. mesenchymal) neoplasm of the GI tract 
o Arises in the interstitial cell of Cajal. These cells are the pacemaker cells responsible for peristalsis. 
o These usually have a mutation in the c-Kit receptor tyrosine kinase (RTK) 
o GISTs are sarcomas with a wide range of behaviors, usually good. 
o Imatinib is an inhibitor of c-Kit (unrelated to its action to BCR-ABL fusion protein in CML) 

 

  

Figure 69-10 Fundic gland polyposis. 

Figure 69-11 GIST tumors: c-Kit receptor. 
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Epidemiology: 

o Decreasing in incidence in the US. This is thought to be due to decreased smoke and preservatives with 
refrigeration and treatment of H.pylori. 

o Geographic association with Japan. Japanese children who move to the US lose their risk of gastric cancer. 
Cancer thought to be due to nitrates found in smoked meats. 

o Highly associated with H. pylori infection rates in a population. 

Pathophysiology: 

o Highly associated with H. pylori infection and diet. More common in developing nations. 
o About 5% arise in hereditary disease, the most important being hereditary diffuse gastric cancer, which is 

associated with lobular carcinoma of breast and loss of E-cadherin (see below). 
o The typical progression of gastric cancer: 

 H.pylori infection > atrophic gastritis > intestinal metaplasia > dysplasia > invasion > metastasis 

 

o Pathology of gastric carcinoma: 
 Intestinal type: 

• This is the commonest histology (85%) and usually develops from the intestinal metaplasia of                   
H. pylori. The neoplasm presents as a mucosal mass. The mass is prone to necrosis with symptoms 
from ulceration, pain and hematemesis, or fatigue from the anemia of iron deficiency. 

 Diffuse type:  
• Not associated with H. pylori. Hereditary diffuse gastric cancer is familial and also a risk for lobular 

carcinoma of breast. 
• Associated with a loss of E-cadherin, a key protein of the desmosome. The malignant cells lose        

cell-cell attachments and therefore infiltrate as individual cells.  
• There is no mucosal mass, rather the malignant cells invade diffusely through the stomach wall.        

The resulting stiff, thickened stomach is called linitis plastica. 
• The individual cells have a characteristic “signet-cell” morphology. 

 

 

Figure 69-12 Pathophysiology and progression of gastric carcinoma. 

Figure 69-13 Signet cell. 
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Presentation: 

o Symptoms:  
 Weight loss and persistent abdominal pain 
 Metastasis: 

• Ovary: Krukenberg tumor 
• Periumbilical skin: Sister Mary Joseph nodule 
• Peritoneal: rectal shelf 
• Left supraclavicular mass: Virchow lymph node 
• Paraneoplastic syndrome: 

i. Leser-Trèlat sign (multiple seborrheic keratosis) 
ii. Migratory thrombophlebitis (hypercoagulable) 

 P/E: usually non-contributory except for metastatic masses 
 Testing: endoscopy with biopsy 

Natural history: 

o Prognosis: depends upon stage, with stage 4 disease (i.e. systemic metastasis) having a median survival of                    
27 months. A recent change in practice has been the use of neoadjuvant therapy (i.e. given before surgery),            
which shrinks the neoplasm, making surgical resection possible. 

o Treatment: surgical resection provides the only long term survival. 

Primary gastric lymphoma 

While lymphomas are uncommon neoplasms in the GI tract, most occur in the stomach. 

o The commonest 1° lymphoma is the diffuse larger B-cell lymphoma (DLBCL), similar to other organs. 
o B-cell marginal zone lymphoma 

 These arise in mucosal-associated lymphoid tissue and are often called MALTomas 
 They are associated with chronic H. pylori infections and chronic gastritis 
 H. pylori secretes CAG-A, a product that modulates the immune response to infection through NFƘB,           

the central regulator of inflammation. 
 The lymphoma has an indolent course. 50% of cases respond to antibiotic treatment. 
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Chapter 70. GI tract: Small bowel 

Congenital diseases 

Duodenal atresia 

Pathophysiology: Atresia (i.e. an embryologic malformation with failure of an organ to form) can occur anywhere 
in the intestine, but 50% are in the duodenum 

o 30% are associated with trisomy 21 
o 10% have other anomalies 

Presentation: 

o 50% have polyhydramnios. Many atresias are missed by antenatal ultrasound as the abnormalities occur       
in the 3rd trimester, after the organ survey scans. 

o Post-partum: bilious vomiting in the first 1-2 days after delivery with other features of obstruction such 
as distension. 

o Testing: double-bubble sign on abdominal X-ray or ultrasound, reflecting accumulation of fluid in stomach 
and the first part of the duodenum, separated by the pyloric valve 

Natural history: 

o Surgical correction is necessary. 

 

Meckel diverticulum 

Pathophysiology: 

o Remnant of the omphalomesenteric duct  
(aka vitelline duct)  

o It is a true diverticulum and forms on the anti-mesenteric 
border of the small bowel 

Figure 70-2 Vitelline duct (embryo at 4 weeks). 

Figure 70-1 Duodenal atresia, Image and AXR. 
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 2 inches long (i.e. 5 cm) 
 2 feet from the ileal cecal valve 
 Found in 2% of the population 
 2% are symptomatic; usually before age 2 years 

o 50% will heterotopic gastric mucosa and this can develop bleeding ulcers 

 

Presentation: 

o Symptoms: 
 Incidental finding at surgery. This is the commonest presentation 
 Abdominal pain and bleeding: the 50% that have ectopic gastric mucosa can develop peptic ulcers. 

o P/E: non-contributory 
o Testing: only for symptomatic disease. Usually arteriography to show an anomalous branch of the superior 

mesenteric artery. 

Natural history: 

o Treatment for symptomatic disease is excision. 

Acute disease 

Acute gastroenteritis 

Introduction:  

o A clinical syndrome characterized by diarrhea (i.e. ≥ 3 loose stools/ 24 hours), with or without fever and/or 
abdominal pain. It usually last < 1 week. After 2 weeks, it is referred to as persistent or chronic. 

Epidemiology: 

o While the infections can occur throughout the year, it is more common in the spring and fall. 
o It usually has a fecal-oral transmission by asymptomatic patients or in the prodrome before symptoms. 

Pathophysiology: 

o The major clinical manifestations of viral gastroenteritis are caused by intestinal infection and destruction of 
enterocytes, which results in transudation of fluid into the intestinal lumen and net loss of fluid and salt in the 
stool. Intestinal injury also decreases the ability to digest food, particularly complex carbohydrates, and to 
absorb digested food across the intestinal mucosa.  

o In children, the usual cause is viral infection: 
• Rotavirus: this used to be the most common cause of viral gastroenteritis in children < 2 years old until 

the introduction of a vaccine in 2006. In temperate climates, it appears in spring and fall. 
• Norovirus: This is becoming the leading cause of viral gastroenteritis. It is highly contagious, affects all 

age groups, and frequently has an identifiable common source causing outbreaks 

Meckel diverticulum as a model disease 

Meckel diverticulum serves as a good example for the principles of: 

1. Heterotopia / ectopia: the presence of normal tissue in an abnormal location. 
Another example is an ectopic pregnancy 

2. True diverticulum: these carry all the layers of the bowel wall. By comparison, the 
diverticulae that develop in the sigmoid colon in diverticulitis have only mucosa and 
submucosa and are pseudodiverticulae. 
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• Enteric adenovirus: typically involves children < 4 years old, with peaking in the summer. 
• Others  

Presentation: 

o Symptoms: diarrhea, vomiting, fever and abdominal pain. 
• Stools are normal in color 
• Incubation of 1-5 days, with symptoms lasting 3-7 days. 
• Pain is due to cramping and so it typically has a colicky pattern. 

o Physical examination: usually non-contributory but important for ruling out other causes and evaluating state 
of dehydration. 

o Testing: viral gastroenteritis is a clinical diagnosis. Testing is warranted for complications like dehydration. 

Natural history: 

o These are benign, self-limited infections and treatment is supportive. 

 

Small bowel obstruction (SBO) 

Introduction: 

o Caused by any process that impairs the flow of luminal contents. The term usually infers mechanical 
obstruction, but obstruction can also be caused by functional causes, which is called ileus. 

Pathophysiology: 

o Can be extrinsic or intrinsic (e.g. cancer, foreign body). 
o The is progressive accumulation of fluid and dilation proximal to the obstruction and decompression distal. 

Swallowed air and food add to the dilation. This leads to progressive damage to the bowel wall with edema, 
mucosal break down and eventual loss of bowel wall integrity with transudate of fluid into the peritoneum. 

o Ischemic damage can be caused by compression of the bowel mesentery (e.g. torsion) which can lead to full 
thickness wall necrosis and perforation. Damage to the submucosal vessels from dilation leads to mucosal 
necrosis, but this does not typically involve the tunica muscularis and perforation. 

o Fluid losses can lead to hypovolemia. 
o Etiology: 

• Adhesions: 
 Most commonly due to previous intra-abdominal surgery. 
 Fibrous bridges bind loops of bowel to each other or 

the abdominal wall. Acute angles or “kinking” lead  
to obstruction. 

 Fibrous bands can form internal “sliding” hernias 
 

• Volvulus: 
 This is caused by the twisting of a loop of bowel around 

its mesentery. Compression, or strangulation of vessels 
in the mesentery leads to obstruction and ischemia. 

 This is most often seen in the sigmoid colon in the elderly 
and the cecum in the young. 

 

Figure 70-3 Peritoneal adhesions. 
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• Intussusception: 
 Caused by “telescoping” of a proximal loop of bowel into a distal segment. This leads to compression 

with ischemia and necrosis. 
i. Necrosis of the mucosa has a distinctive appearance of bloody diarrhea called “currant jelly”.                  

 Most commonly seen in small children and infants with the distal ileum telescoping into the 
ascending colon. 
i. In adults, there is often a mucosal mass causing a leading structure picked up in peristalsis.

   
• Hernia: 

 The protrusion of a loop of bowel through a defect in the abdominal wall. 
 Edema first leads to compressive occlusion of the low pressure veins with engorgement and 

hemorrhagic necrosis. This eventually impairs the higher pressure arteries with ischemic necrosis. 
 Commonest cause of SBO in resource-poor countries.                                                                    

  

Figure 70-4 Volvulus. 

Figure 70-5 Intussusception. 
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• The most common causes of SBO: 
 

 

 

 

 
 
 

Presentation: 

o Symptoms: abrupt onset of colicky abdominal pain, nausea, 
vomiting, and abdominal distention. 
• The pain is periumbilical, and the spasms of pain occur  

in 4-5 minute intervals 
o Physical exam: abdominal distention with tympany   

(i.e. hyperresonance) to percussion and high-pitched 
“tinkling” sounds on auscultation. 

o Testing: abdominal X-ray (>5 air-fluid levels) 
 

                     

 

                                   

Natural history: 

o SBO is a medical emergency. 
o Treatment depends upon the cause of the obstruction,  

but about 25% will require surgery. 
o The presence of ischemic bowel greatly increases the risk 

of death.  

% Etiology  
80 Adhesions (MCC in US) 
 Hernia (MCC undeveloped nations) 
 Volvulus 
 Intussusception 
10-15 Crohn disease 

Plain film of the abdomen detects 
“masses, gases, bones and stones” 

Figure 70-6 Incarcerated hernia. 

Table 70-1 Causes of small bowel obstruction. 

Figure 70-7 Small bowel obstruction (AXR). 
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Introduction: 

o Intestinal ischemia can be caused by any disease process that decreases blood flow. This can be arterial or 
venous in location. Mesenteric vein thrombosis is associated with hypercoagulable states and will not be 
further discussed here. 

o Ischemia of the small bowel is typically referred to as mesenteric ischemia, while that of the large bowel        
as colonic ischemia. 

o Blood supply of the intestines is from the superior mesenteric artery (SMA) and the inferior mesenteric 
artery (IMA). 
• The SMA supplies the entire small bowel except the proximal duodenum (gastroduodenal artery off the 

celiac artery). 
• The SMA and IMA supply the colon. 
• The celiac artery provides collateral circulation. 

Pathophysiology: 

o The major causes of mesenteric ischemia are: 
• Arterial embolism (50%). 
• Arterial thrombosis (25%) 
• Hypotension with watershed hypoperfusion (20%) 

 Splenic flexure (junction SMA and IMA) 
 Rectosigmoid junction (superior rectal and middle rectal arteries). 

                  

 

 
o Most arterial emboli arise in the heart, most commonly due to arrhythmias (especially atrial fibrillation) or 

ischemic dyskinesis (e.g. post infarction).  
o Most arterial thrombosis is due to atherosclerosis. 

  

Figure 70-8 Ischemic colitis: watershed perfusion at the splenic flexure. 
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Presentation (embolism):  "abdominal pain out of proportion to the physical examination."  

o Symptoms:  
• Sudden, severe, periumbilical pain, often with nausea & vomiting 

o Physical exam:  
• Early, there are no abnormalities. There may be no bowel sounds.  

o Testing: 
• CT angiogram (this requires clinical suspicion) 

Natural history: 

o Circulation must be restored as small bowel infarction is fatal. 
o Treatment must be chosen in the context of the patient: 

• Local infusion of thrombolytic > open surgical thrombectomy > resection          
of infarcted bowel. 

 

Chronic disease 

Celiac sprue 

Introduction: 

o An immune-mediated disease of the proximal small bowel mediated by gluten. The mucosal damage leads 
to malabsorption.  

Pathophysiology: 

o Gliadin is the water soluble portion of gluten, found in grains such as wheat, barley, and oats 
o The current best understanding is that tissue transglutaminase (tTG) in enterocytes deamidates amino acids 

in gliadin and the resulting negatively-charged gliadin cannot be broken down in HLA DQ2 and HLA DQ8 
patients. The charged gliadin sensitizes T-cells that then damage the enterocytes. 
• The absence of HLA DQ2 & DQ8 rules out sprue. Presence does not confirm it as only 15-20% will         

have the disease. 
o Pathology: In early disease, there is infiltration of the epithelium of the duodenum by cytotoxic T-cells.  

With progression, there is flattening of the duodenal villi (see below). 
 

Presentation: 

o Symptoms: 
• Bimodal age distribution: in the first year of life, sprue presents as failure to thrive. The next peak age 

group is women ages 20-30 years. 
• Subclinical: there is a broad spectrum of disease and non-specific symptoms may go undiagnosed.  

Early diagnosis allows for prevention of nutritional deficiencies, 
the increased risk of other autoimmune disease with duration of active sprue and risk of malignancy. 

• Malabsorption: (for the differential diagnosis of diarrhea, see Chapter 65. GI tract Clinical  
pathologic correlation). 
 General: steatorrhea, weight loss in the face of increased appetite 
 Fat soluble vitamins (A, D, E, K): Vitamin K is usually the first and presents with coagulation factor 

deficiency pattern (i.e. joint and deep soft tissue). 
 Duodenum: iron (anemia), folate (anemia) and calcium (osteoporosis) 

o Testing 
• Screening: serum tissue transglutaminase (tTG) is both sensitive and specific 
• Criterion standard: small bowel biopsy 

Figure 70-9 Arterial thrombo-embolism 
from a mural thrombus. 

1. Small bowel infarction. 
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GI Tract: Small Bowel 70o Mild disease: cytotoxic lymphocytes infiltrating duodenal enterocytes 
o Severe disease: flattening of villi, crypt gland hyperplasia, severe lymphocytic infiltration of lamina propria. 

 

 

 

Natural history: 

o Complications: 
• Dermatitis herpetiformis 

 

• Malignancy: gastrointestinal, especially lymphomas 
• Associated autoimmune endocrine disease (e.g. DM I, Hashimoto thyroiditis) 

o Treatment: gluten-restricted diet 
 

Neoplasms of the small bowel 

Neuroendocrine tumors (Carcinoid tumor) (see Chapter 53. Neuroendocrine neoplasms and their 
paraneoplastic syndromes). 

Figure 70-11 Dermatitis herpetiformis: clustered groups of vesicles. 

Figure 70-10 Histopathology of duodenal mucosa in severe celiac sprue. 
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GI Tract: Colon and Anus 71Chapter 71. GI tract: Colon and anus 

Colon 

Congenital disease 

Hirschsprung disease 

Pathophysiology: 

o Defective migration of the neural crest cells (i.e. the neuroblasts) that form the ganglion cells of the enteric 
nervous system. This leaves a distal segment of the colon without ganglia. Neither the myenteric plexus 
(Auerbach) nor the submucosal plexus (Meissner) is functioning in the affected segment. 

 

 

 

o The commonest cause of the migration failure is loss of function in the RET gene. 
o The aganglionic segment cannot dilate, causing a functional obstruction. 
o Associated with trisomy 21. 

Presentation: 

o Symptoms: this depends upon the length of the aganglionic segment 
 Long segment: Failure to pass meconium within 48 hours of birth. 
 Short segment: constipation in childhood 

o P/E: digital rectal exam leads to explosive release of meconium (aka “blast sign”). 
o Testing: mucosal biopsy shows lack of submucosal ganglia (see histology image, above) 

 

Natural history: 

o Prognosis: long segment pathology leads to large bowel obstruction and must be treated. 
o Treatment: resection of aganglionic segment. 

  

Figure 71-1 Normal colon: submucosal ganglion cells (arrow). 
These are absent in Hirschsprung disease. 
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Acute disease 

Acute appendicitis 

Presentation: 

o Symptoms: 2 different patterns of abdominal pain over several hours: 
 Early (obstructive phase): diffuse periumbilical pain 
 Late (peritonitis phase): right lower quadrant pain 

o Signs: 
 Early phase: physical exam is negative 
 Late phase: RLQ tenderness at McBurney point with the focal 

peritonitis signs of rebound and guarding 
o Diagnosis: 

 Typical symptoms and signs with laboratory 
testing showing acute inflammation: 
• Leukocytosis with left-shifted maturation 
• Elevated CRP 

 Imaging: ultrasound showing enlarged appendix 
(> 0.6 cm in diameter) 

Pathophysiology: 

o The initial pathology of appendicitis is caused by obstruction of the proximal 
lumen. In children, this is most commonly due to viral infections with 
lymphoid hyperplasia in the Peyer’s patches. In adults, obstruction is usually 
due to a fecalith, a dehydrated, hard fecal mass.  
 
 
 
 
 

 

 

 
o The GI tract only has sensory innervation with non-myelinated C fibers. These detect inflammation and 

pathologic stretching. There is no localization of the pain, instead there is referred pain the brain assigns to 
the periumbilical region. This pattern of referred pain is called “visceral” pain by surgeons. 

o Over time, the obstruction causes break down of the mucosa, with invasion of the wall by gut bacteria, acute 
inflammation of the appendiceal wall and the development of peritonitis. The peritoneum has myelinated A δ 
fibers from the lumbar spine. The pain is now localized to the RLQ, and the physical signs of peritonitis can be 
identified. This pattern is referred to as “somatic” pain by surgeons. 

Figure 71-2 Distal colonic obstruction 
in Hirschsprung disease. 

Figure 71-3 Acute appendicitis: 
shift of pain over hours. 

Figure 71-4 Obstructive pathology of early appendicitis. 
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 Ultrasound: The acute inflammation of 

appendicitis is severe enough for the edema to 
cause an enlargement that is diagnostic on 
imaging. Predictive value (+)  >95% 

 CBC: Leukocytosis reflects the release of stored 
granulocytes from the bone marrow due to          
IL-17/IL-23 cytokine release from the site of 
inflammation. The presence of immature 
granulocytes (i.e. left-shift) rules out 
demargination of circulating granulocytes from stress alone. 
Predictive value (+)  >80% 

 CRP is an acute phase reactant. Its elevation reflects the 
release of IL-6 from the macrophages in the inflamed appendix. Predictive value (+)  >80% 

 

Natural history: 

o Complications: 
 Perforation: 

• This occurs in 10-20% of acute appendicitis and can cause a life-threatening peritonitis. 
• The abscess formed after perforation may be walled-off by the omentum. The loculated pus                    

is called a phlegmon. 
• Treatment requires emergency appendectomy, drainage of the abscess and antibiotics. 

 Unexpected findings: 
• Crohn disease: 80% of Crohn disease is found in the terminal ileum and right colon and  

appendiceal involvement is common. The pain of the granulomatous inflammation may mimic 
that of acute appendicitis 

• Neoplasms: 
i. Mucocele: benign mucinous adenomas of the appendix have a spectrum of disease. Spillage 

of cyst contents may result in seeding of the peritoneal space with growing tumor cells, 
leading to pseudomyxoma peritonei. 

ii. Carcinoid tumor: neuroendocrine tumors are common in the appendix. They have a benign 
behavior if <2 cm in diameter. 

o Treatment: 
 Appendectomy 

• There is some data showing that selected patients can be treated with antibiotics alone. This 
treatment does not have enough data for routine application. 

 

Chronic diseases 

Diverticular disease 

Epidemiology: 

o 60% prevalence at 60 years of age 
o Western nations: left-sided distribution: the sigmoid colon is involved 95% of time. 
o Asia: right-sided distribution 
o Highly associated with lifestyle: low fiber diet, obesity, inactivity, smoking. Incidence can be decreased           

50% by adopting a low risk lifestyle. 

  

Figure 71-5 Inflammatory pathology 
of late appendicitis. 
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Pathophysiology: 

o These are pseudodiverticulae (i.e. there is only mucosa and submucosa). 
o They form where the vasa recta penetrate the circular muscle layer at the site of the tenia colon. 

 
 

 

o The sigmoid colon has the smallest diameter and so develops the highest intraluminal pressure during 
segmentation (re: Laplace’s Law), resulting in the ballooning of the mucosa into the site of wall weakness. 

o With herniation, the submucosal vessels get carried into the diverticulum, protected only by the mucosa. 
They are vulnerable to bleeding. 

o Diverticulitis is presumed due to microperforations in the mucosa leading to fecal leakage. This is probably 
due to hardening of the intraluminal feces as water is absorbed by the colonic mucosa. 

o There is a progression of pathology: 
 Diverticulosis > diverticulitis > pericolonic abscess > fistula 

Figure 71-6 Diverticular disease: formation occurs where the vasa recta penetrate the circular muscle 
layer on each side of the mesenteric tenia and the mesenteric side of the 2 antimesenteric teniae. 

Figure 71-7 Colonic diverticulum. 
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Condition Pathology CPC1 

Diverticulosis Herniation of mucosa and submucosa Asymptomatic 
Diverticulitis Microperforations with inflammation and 

fibrosis 
Intermittent LLQ2 pain 

Pericolonic abscess Fecal leakage with abscess formation Continuous LLQ pain, ± 
intermittent sepsis 

Fistula formation Most commonly to bladder Cystitis, pneumaturia 
            1. Clinical pathologic correlation, 2. Left lower quadrant. 

 

Presentation: 

o Symptoms: depend on severity of underlying pathology (see Table 71-1). 
o Physical exam: LLQ tenderness if inflammation is present 
o Testing: imaging (US, CT, MRI) 

 Colonoscopy: will show diverticulae but not tissues outside of the bowel lumen. It can show the site 
of bleeding. 

Natural history: 

 
 
 
 

 

o Of patients with diverticulosis, about 80% will be asymptomatic over their lifetime. 
o Most patient with diverticulitis will have recurrent symptomatic bouts, but these do not make the patient 

more likely to have complications. A major risk of recurrent bouts is fibrosis of the sigmoid colon leading  
to obstruction. 

Table 71-1 Clinical pathologic correlation of diverticular disorders. 

Figure 71-8 Colonic diverticulosis. 

Figure 71-9 Natural history of diverticulosis. 
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o Uncomplicated acute diverticulitis is usually managed with antibiotics. 
o Complicated acute diverticulitis is a term used patients with diverticulitis and perforation, abscess formation, 

fistula, or obstruction. Along with protracted bleeding, these usually require surgery. 
 

 
Chronic inflammatory bowel disease (CIBD) 

Inflammatory bowel disease (IBD) consists of two major disorders: ulcerative colitis (UC) and Crohn disease (CD). 
These 2 disorders have distinctive and overlapping pathologic and clinical characteristics.  

Crohn disease (CD) 

Epidemiology: 

o Age: bimodal, with peak age 15-30 years and another peak for females at 60-70 years 
o Ethnicity: commoner in Jews 
o Heredity: present, but non-Mendelian 
o Gender: roughly equal 

Pathophysiology: 

o CD is an idiopathic systemic chronic inflammatory disease that involves the GI tract from the mouth to the anus. 
 There is an HLA-B27 association 

o Pathology: 
 Commonest involvement is the ileocecal region 

• Terminal ileum alone: 30% 
• Colon alone: 20% 
• Ileum and colon: 50% 

 There are skip lesions, with normal segments of bowel between affected areas. 
 Inflammation starts in the mucosa and extends through the entire thickness of the bowel                               

(i.e. it is transmural). 
• The patchy ulceration alternating with hyperplastic adjacent mucosa gives a gross appearance called 

“cobblestone” mucosa. 
 Transmural inflammation leads to fistula formation. 

• Fistulas can be internal,to the bladder, other loops of bowel, vagina, and external to the skin. 
o About 1/3 of Crohn patients will have a fistula over the course of the disease. 

• Perianal fistula formation from Crohn disease must be differentiated from fistula arising from alocal 
anal crypt abscess. 

 There is noncaseating granuloma formation. 
 

Presentation: 

o Symptoms: 
 Abdominal pain and diarrhea 

• The abdominal pain is most commonly RLQ and can be crampy or steady. 
• The diarrhea is usually non-bloody and intermittent 

 Cytokine symptoms: fever, weight loss, fatiguability 
o P/E: non-specific findings 
o Testing: 

 Diagnosis requires clinical- pathologic correlation 
 Laboratory: CRP, ESR 
 MRI is the best single test as it can show: 

• Involvement throughout the bowel including skip lesions 
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• Fistula formation 

 Colonoscopy can demonstrate: 
• Skip lesions 
• Chronic inflammatory changes of the mucosa 
• Granulomas 

Natural history: 

o Prognosis: life expectancy is relatively normal. Issues center on quality of life. Disease activity is highly variable. 
o Complications: 

 Malabsorption: 
• Vitamin B12 due to loss of functional terminal ileum. 
• General, if there is loss of >100 cm of small bowel 

 Arthritis, especially ankylosing spondylitis (HLA B27 link). 
 Skin: erythema nodosum 
 Eye: iritis and uveitis 
 Adenocarcinoma 

o Treatment: 
 Surgical resection for fistulae, abscesses, obstruction, and perforation. 50% of patients will require 

surgery in the first decade after diagnosis.  
 Medical treatment: the same as ulcerative colitis (anti-TNFα, azathioprine, 6-MP, antibiotics, 

mesalamine, cortisol) 

Ulcerative colitis (UC) 

Part of the spectrum of chronic inflammatory bowel disease (CIBD), ulcerative colitis is an inflammatory process 
confined to the mucosa 

Pathophysiology: 

o Etiology is unknown. 
 There is a small genetic association (polygenic) and HLA-B27 link. 

o Pathology: 
 UC starts at the anal verge and extends proximally in a confluent manner. 

• Involvement of only the rectum is called ulcerative proctitis. 
 Inflammation is confined to the mucosa (i.e. acute mucositis) with a normal bowel wall                                

(see biopsy findings, below) 
• Grossly, the mucosa is friable and ulcerated. 

 Figure 71-11 Pathology of ulcerative colitis. 
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Presentation: 

o Symptoms: 
 Patients present with frequent small, bloody bowel movements. 
 Tenesmus is the sense of incomplete evacuation of defecation. It is often painful. Tenesmus is a 

nonspecific indication of inflammation. 
 Fatigue and malaise: commonly associated with systemic inflammation 

o Signs: 
 The physical examination is non-contributory except for the extracolonic manifestations. 

o Extraintestinal manifestations:  
 These are seen in 25% of cases of UC over their lifetime. They tend to follow the degree of bowel 

inflammation, with the exception of ankylosing spondylitis and primary sclerosing cholangitis, which are 
chronic and progressive. 
 

Organ Disease 
Joints Arthritis, ankylosing spondylitis 

Eye Uveitis 
Skin Erythema nodosum 

Liver AIH1, PSC2 

Heme Hypercoagulable states 
1. Autoimmune hepatitis, 2. Primary sclerosing cholangitis 

 

 

Testing: 

o Endoscopy and biopsy:  
 Disease starts in the rectum and has confluent proximal extension. 
 Acute inflammation is confined to the mucosa. Neutrophils fill the gland crypts, called crypt 

abscess formation. 
 Glands have distorted architecture, a nonspecific marker of chronicity. 

 

o Exclusion of infection (virus, bacteria, and parasites) 

Natural history: 

o Treatment: 
 Sulfasalazine (aka 5-aminosalicylic acid or by its active metabolite, mesalamine) 

• Usually given topically (i.e. per rectum) 
• While this aspirin-like compound is anti-inflammatory by COX inhibition, its mechanism of action in 

CIBD is unknown. 

Table 71-2 Extra-colonic disease in ulcerative colitis. 

Figure 71-12 Histopathology of ulcerative colitis. 
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• Topically or systemically (the latter for severe disease). 

o Complications: 
 Adenocarcinoma:  

• Risk depends on the extent and duration of the disease (i.e. pancolitis has a higher risk) 
• The dysplasia sequence takes 8-10 years for the first cancer. Cumulative risk is 2.5% at 20 years; 

7.5% at 30 years. 
• Routine surveillance for dysplasia and cancer is necessary. 

 Toxic megacolon: 
• The sudden onset of cessation of bowel function due to panmural inflammation of unknown etiology. 
• Patients present with acute severe, bloody diarrhea and abdominal distension 
• Imaging shows dilation of the entire colon to a diameter > 6 cm. 
• Treatment: Intense supportive care in an ICU can prevent surgery in 50% of patients. If there is no 

improvement over several days, then colectomy should be performed. 
 Primary sclerosing cholangitis: see Chapter 73 and figure 73-8. 

 

Summary of CIBD: Crohn disease versus ulcerative colitis 

The etiology of chronic inflammatory bowel disease is not well understood, but it is generally thought to be an 
inappropriate immune response to the microflora of the bowel. 

There is a genetic component, more marked in Crohn disease that UC. This includes a link to HLA B27. 

Pathology 

o While UC and Crohn disease have distinctive clinical patterns, there is significant overlap, such that 20% of 
patients will have mixed findings. 
 Key ideas: 

• The inflammation in Crohn disease is transmural, this leads to the fistulas that are a major 
complication of the disease. 

• Crohn disease has granulomas that can be found in the mucosa. These are a critical part of the 
diagnosis and an important finding on colonoscopic biopsy. 

• The risk of adenocarcinoma in UC increases over time and proceeds through the dysplasia 
sequence. UC patients need regular colonoscopic surveillance. 

 
 Ulcerative colitis Crohn disease 
Colonoscopy ٠Begins in rectum 

٠Confluent proximal extension 
٠Ileocecal  
٠Skip lesions 

Gross pathology Mucosal inflammation only ٠Transmural inflammation 
٠Involvement of entire GI tract 

Mucosal biopsy ٠Crypt abscess formation 
٠Abnormal gland architecture 

٠Granulomas 
٠Abnormal gland architecture 

Presentation ٠Bloody diarrhea 
٠Tenesmus, ± LLQ pain 

٠Non-bloody diarrhea 
٠RLQ pain 
٠Perianal fistula 

Extraintestinal Arthritis, uveitis, EN1 Arthritis, uveitis, EN 
Complications ٠Toxic megacolon 

٠PSC2 

٠Adenocarcinoma  

٠Fistulas 
٠Gallstones, malabsorption3 

٠Vitamin B12 deficiency 
           1. Erythema nodosum, 2. Primary sclerosing cholangitis, 3. Both due to bile salt loss 

 Table 71-3 Comparison of ulcerative colitis and Crohn disease. 
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Neoplasia 

Non-neoplastic polyps 

Hyperplastic polyps 

These are the most common polyps found on colonoscopy. They have no malignant potential. 

Juvenile polyps 

These are the most common polyps found in children and are usually sporadic. 

They are usually found in the rectum. If large enough, they may prolapse and bleed. 

Juvenile polyposis syndrome 

o Autosomal dominant loss of function in SMAD, part of TGF-β 
signaling pathway. 

o Suspect genetic association when there are >5 juvenile polyps. 
o Polyps are found throughout the GI tract. 
o 70% risk of adenocarcinoma by age 60 years. 

Peutz-Jeghers polyposis 

Autosomal dominant condition with loss of function of tumor 
suppressor STK11. 

Hamartomatous polyp occur in any glandular epithelium; most are found in the small bowel. 

80% lifetime risk of adenocarcinoma. 

o Most common are GI, breast and gynecologic. 

Characteristic lentigines (i.e. freckles) in buccal mucosa (Figure 71-14). 

Benign neoplastic polyps: adenomatous polyps 

Adenomas are true neoplasms and precursors to adenocarcinoma 

They are classified by gross and microscopic appearance. 

o Grossly, polyps are pedunculated (i.e. they have a stalk) or sessile  
(i.e. a broad base) 

Figure 71-13 Comparison of pathology of ulcerative colitis versus Crohn disease. 

Figure 71-14 Peutz-Jeghers disease. 

Figure 71-15 Gross appearance 
of polyps. 
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Risk of malignant transformation increases with: 

o Size: a polyp >2 cm in diameter has a 50% chance of having a malignant focus 
o Architecture: villous polyps have a higher risk of malignancy. 
o Multiple polyps (see discussion of hereditary polyposis syndromes in next section) 

Management: resection prevents malignant transformation. Pedunculated polyps can be snared around the stalk, 
which makes complete excision easier. 

 

 

Colorectal cancer (CRC) 

Epidemiology: 

o 3rdcommonest cause of cancer death (soon to be 2nd most common in women with improved treatment of 
breast cancer) 

o Wide geographic variation, with highest incidence in developed nations 
o Risk factors: 

 Age: increasing risk continuously after age 40 years 
 Hereditary: 

• Familial adenomatous polyposis syndrome 
• Lynch syndrome 
• Peutz-Jeghers syndrome 

 CIBD: UC and Crohn disease 
 Obesity 
 Diet: red meat, perhaps low fiber, and high fat 
 Exercise is protective 

Pathophysiology: 

o Molecular genetics (for general discussion, see, General pathology, neoplasia): 
 Adenoma-carcinoma sequence 

  

Figure 71-16 Microscopic appearance of polyps. 

Figure 71-17 The adenoma-carcinoma sequence. 
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• Invasive CRCs arise in adenomas. With accumulating mutations, invasive and metastatic properties 
are acquired. 

 

 

 Familial adenomatous polyposis syndrome (FAP) 
• Autosomal dominant mutation in APC gene (see 4, in image above). Β-catenin is notubiquitinated to 

the proteosome and instead binds to Tcf to activate the cell cycle. 
• Patients develop thousands of polyps at an early age with 100% chance of CRC by age 50 years. 
• Associated with other cancer clusters: 

o Gardner syndrome: colon polyposis plus other benign neoplasms: osteomas, fibromas, 
epidermal inclusion cysts. 

o Turcot syndrome: colon polyposis plus CNS neoplasms (gliomas) 
 Lynch syndrome (aka hereditary non-polyposis colon cancer, HNPCC) 

• Autosomal dominant defect in repair of DNA mismatches. Mismatch repair (MMR) proteins 
(e.g. MLH1, MSH2) correct base substitution errors (e.g.  A↔G fixed to A↔T). 

• These defects most commonly occur in regions with repetitive base pair sequences called 
microsatellites. Without repair, these regions change in size, called microsatellite instability (MSI). 
The mutations lead to dysregulation of the cell and neoplasia. 

• Cancers occur in other organs, the most common of which is endometrial carcinoma. 

  
Lynch syndrome 

A typical colorectal carcinoma has 70-80 mutations. 
CRCs in Lynch syndrome have 1300-1500 mutations. 

Figure 71-18 Common molecular pathways in cancer. 
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 All CRCs arise in an adenoma 
 Right-sided cancers tend to have MMR repair defects leading to MSI. In sporadic cancers, the defect is 

acquired through methylation. 
 Left-sided cancers are desmoplastic (i.e. they induce fibrosis, see below) which leads to annular constriction 

and obstruction. They most commonly have molecular defects in the APC/β catenin pathway. 

 

 

 

 Staging is by TNM system 
• Tumor: invasion is evaluated relative to the tunica muscularis. If invasion does not reach the 

muscularis, then surgical resection should be curative(T1). Tumor that invades into the muscularis 
(T2) or through it (T3), has increasing risk of metastasis. Invasion into surrounding organs (T4) makes 
prognosis much worse. 

• Nodes: metastasis to lymph nodes is Stage III disease. 
• Metastasis: always Stage IV disease 

Presentation: 

o Symptoms: none of these symptoms is sensitive or specific 
 Right side: fatigue from iron-loss anemia 
 Left side: 

• Abdominal pain from obstruction 
• Hematochezia from bleeding of a distal tumor 

(i.e. rectosigmoid) 
• Fatigue from iron-loss anemia 

 Metastatic disease (liver first) 
o P/E: non-contributory. Tumors at the anal verge may be 

palpated (see discussion of “desmoplasia”, below). 
o Testing: 

 Screening: 
• Iron in the stool (guaiac test) 
• Heme in the stool (fecal immunochemical test, FIT) 
• Oncoproteins in the stool (Cologuard®) 

Figure 71-19 The natural history of carcinomas: Colorectal cancer (CRC). 

Figure 71-20 Biopsy histology of invasive 
adenocarcinoma. 
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 Biopsy: all cancers require pathologic confirmation, usually by biopsy at endoscopy. 
 Adenocarcinoma is diagnosed on H&E morphology by the presence of malignant glands or mucin 

production. In addition, invasive colon cancer has desmoplasia.  

 

Natural history: 

o Prognosis: is established by stage: 
 

Stage TNM status Prognosis1 

I T1 & T2 75% 
II T3 & T4 33-65% 
III N(+) 33-75% 
IV M(+) 6% 

                                                                           1. 5 year survival 

 
 

o Treatment: 
 Surgery: complete resection offers the best chance for cure 
 Metastatic CRC can be treated with EGFR antagonist cetuximab. If the metastases have mutated   

KRAS (30% do), then cetuximab will be ineffective, as this gain of function mutation is downstream of 
the drug effect. 

 Serum CEA levels can be used to monitor tumor regression and recurrence. CEA is too nonspecific to   
use in diagnosis. 

The Anus 

Introduction 

The anorectal region is the junction of the embryologic endoderm and ectoderm. The dentate line is the site at 
which the 2 systems join. Proximal to the dentate line is the rectum, derived from endodermal and connected to 
the gut. Distal to the dentate line is the anus, which connects to the body wall. 

 

Table 71-4 Staging and survival of colon cancer. 

Table 71-5 Clinical anatomic correlation of the anus. 

Tumoral desmoplasia 

Most neoplasms interact with the normal cells in the surrounding stroma. One characteristic change is the 
induction of fibroblasts with production of collagen. This is called desmoplasia. Identifying desmoplasia 
microscopically isused to establish that a neoplasm is invasive. Grossly, desmoplasia makes cancers hard on 
palpation. In addition to colorectal carcinoma, another important clinical example is invasive ductal 
carcinoma of breast. It is the desmoplasia that makes it palpable at the relatively small size of 1-2 cm, as the 
hard fibrosis gives a defining “edge” compared to the soft fatty tissue. An old name for this malignancy is 
“scirrhous” carcinoma, reflecting this gross characteristic. By comparison, lobular carcinoma of breast has no 
desmoplasia and is not usually identified as a mass until 3-4 cm in size. 
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Hemorrhoids 

Introduction: 

o Hemorrhoids are polypoid structures in the anal canal that arise from arteriovenous plexuses that drain into 
the superior and inferior hemorrhoidal veins 
 External hemorrhoids are distal to the dentate line (#7, image above) 
 Internal hemorrhoids are proximal to the dentate line (#5, image above) 

o Symptomatic hemorrhoids are found in 5% of people. 
o Peak incidence in late middle age (i.e. 55 ± 10 years). 

Pathophysiology: 

o More common with advancing age or aggravating conditions. The hemorrhoidal vascular plexuses gradually 
begin to bulge and protrude into the anal canal. 

o Aggravating conditions include increased pressure in the pelvis, such as pregnancy and increased portal vein 
pressure (e.g. cirrhosis) into the superior rectal vein with formation of a portal-systemic shunt.  

Presentation: 

o Symptoms: 
 Internal hemorrhoids have visceral innervation and therefore have no pain or itching. They present as 

painless bleeding. 
 External hemorrhoids have somatic innervation and therefore can have pain and pruritis. 

o P/E: identified by direct visualization. Exclusion of other causes of rectal bleeding, such as cancer and CIBD. 
o Testing: 

 In patients <40 years, anoscopy is adequate.  
 In patients > 50 years or with alarm symptoms (e.g. pain, systemic symptoms, or change in bowel habits), 

colonoscopy is warranted. 

Natural history: 

o Prognosis: the challenge is mostly about quality of life. 
o Complications: thrombosis of a hemorrhoid causes the sudden onset of acute pain. These tend to resolve 

over days. 
o Treatment: 

 Conservative: ↑fiber in diet, topical medications, sitz baths 
 Surgery: rubber band ligation for bleeding internal hemorrhoids. 

Figure 71-21 Anatomy of the anus. 
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Anal fissure 

Pathophysiology: 

o Anal fissures typically start with a tear to the epithelium of the posterior midline distal anus. This fails to heal 
about 40% of the time, progressing to chronicity. Spasm of the internal sphincter adds to the pain and may 
cause ischemia, preventing healing.  

o 90% of fissures are found in the posterior midline as it is a watershed zone with only 50% of the blood supply 
of anterior region. 

o Trauma, such as the hard stool of constipation, is a common trigger. 

Presentation: 

o Symptoms: anal pain most severe with defecation 
o P/E: tear in the posterior anal epithelium 

 
o Testing: none needed 

Natural history: 

o Prognosis: acute fissures should heal within one month. 
o Complications: none 
o Treatment: 

 Acute fissures: topical analgesia, fiber to soften stool, topical vasodilators to relax the internal sphincter 
 Chronic fissures: surgery, internal sphincterotomy or fissurectomy. 

Fistula in ano 

Introduction: 

A fistula in ano is an epithelialized tract that connects the perianal skin to the GI tract. Local fistula in ano 
connects to the rectum. 

 

 

 

 

 

 

Vocabulary: fissure, sinus, and fistula 

- Fissure: a crack in the epithelium 
- Sinus: a track that connects an internal space with an epithelial surface. For example, 

an osteomyelitis abscess draining to the skin 
- Fistula: a track connecting 2 epithelial-lined organs. For example, in Crohn disease, a 

common internal fistula is a colovesicle fistula (i.e. colon to the bladder). 

Figure 71-22 Anal fissure: midline posterior wall of the distal anus. 



661

GI Tract: Colon and Anus 71Pathophysiology: 

o Intrasphincteric (local) fistula in ano: most start with a perianal crypt abscess that drains to the nearest skin. 
 There are 8-10 anal crypt glands found circumferentially in the dentate line region. 

o Extrasphincteric (non-local): Crohn disease, diverticulitis with pericolonic abscess. 
 
 
 
 
 
 
 
 
 
 
 

Presentation: 

o Symptoms: formation of a painful perianal papule that ruptures, draining fecal & 
purulent material 

o P/E: fecal/purulent material can be squeezed from the perianal papule 
o Testing: none is typically needed, as this is a clinical diagnosis  

Natural history: 

o Prognosis: tend to persist 
o Treatment: surgical excision of the entire fistula tract. 

Anal carcinoma 

Epidemiology: 

o An uncommon neoplasm that is increasing in incidence due to HPV infection. 
o Risk factors: 

 HPV infection. 
• Associated with high risk HPV infection elsewhere in the patient. 
• Similar risk factors to other HPV related cancers. 

 Immunosuppression. 
• Squamous cell carcinomas in all areas have an increased incidence with loss of immunity. 
• Increased incidence with HIV infection 

 Cigarette smoking 

Pathophysiology: 

o Pathology: Squamous cell carcinoma 
o Anorectal condyloma acuminatum are also seen in 50% of males and 30% of females 
o Staging: TNM 

 Tumor: as there are no anatomical barriers, “T” is by size. T1 < 2 cm, T2 2-5 cm. 
 Nodes: spread can be external to the external inguinal nodes and from there to the external iliac        

nodes > internal iliac nodes. 

A. Extrasphincteric origin. 
B. Intrasphincteric origin. 

 
Figure 71-23 Fistula in ano. 
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Presentation: 

o Symptoms: anal bleeding, pain, mass 
o P/E:  

 Mass 
 External inguinal lymph nodes can be palpated for metastases. 

o Testing: biopsy 

Natural history: 

o Prognosis: depends on stage 
 

Stage TNM Survival1 

I T1 75% 
II T2 &T3 65% 
III N(+) 40-50% 
IV M(+) 20% 

 1. 5 year survival 

 

 
o Treatment: 

 Concurrent chemoradiation 
 Surgical excision, when possible, for local disease. 

Table 71-6 Staging and survival of squamous cell carcinoma of the anus. 

Figure 71-24 Lymphatic drainage of the anus. 
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Chapter 72. Liver Presentation of Disease, Jaundice, Cirrhosis & Liver Failure 

Presentation and differential diagnosis of liver disease: 

 

 
Liver is an unusual organ in that any major disease can be discovered in its asymptomatic phase by an incidental 
laboratory or imaging finding, as an acute disease with jaundice, in its chronic stage with cirrhosis or end-stage 
when liver failure develops. 

 

 
 
 
 
 
 
 
 
 
 
 

Table 72-1 Presentation and differential diagnosis of liver disease. 

Figure 72-1 The natural history of chronic progressive liver disease. 
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Liver Presentation, Jaundice, Cirrhosis and Liver Failure 72Disease of the liver has 4 basic presentations: 

o Asymptomatic disease…………  incidental finding 
o Acute disease………………………  jaundice 
o Chronic disease…………………... cirrhosis (varices, ascites, splenomegaly) 
o End stage disease………………..  liver failure and hepatocellular carcinoma 

Acute liver disease presents in < 6months, while chronic disease is > 6 months. 

o Fulminant disease is defined as liver failure within 8 weeks from the start of symptoms. 

Any liver disease can present as: 

1. Asymptomatic: an incidental finding is an abnormality is discovered while testing for an unrelated problem. 
o Abnormal laboratory test: 
 ↑ALT: a marker of the hepatocyte, this is seen in “hepatitic” pattern of disease. 

In patients who are otherwise well, the commonest causes are: 
• Alcohol abuse. 
• Hepatitis B and/or C. 
• Non-alcoholic fatty liver disease (NAFLD). 

 ↑Alkaline phosphatase: found in most cells of the body, this enzyme is elevated in diseases of the 
biliary tree (i.e. “cholestatic” pattern), pregnancy (placenta) and bone disease (e.g. Paget disease).  

o Liver mass on imaging 
o In an asymptomatic patient, these will usually be one of the 3 commonest benign masses of the liver: 
o Hemangioma>focal nodular hyperplasia >hepatic adenoma. 

 
2. Acute liver disease (< 6 months): jaundice. 

o An algorithmic approach to jaundice: 

 Figure 72-2 Algorithmic approach to liver disease. 
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o Isolated jaundice is the cardinal manifestation of acute liver disease. It serves as a good model for all liver 
disease because it breaks the liver into its 2 key clinical components: the hepatocyte and the biliary tree. 

o Diseases of the hepatocyte are collectively referred to as the “hepatitidies” because they all manifest the 
same adaptive response to ongoing injury (DAMPs). The immune system first presents in the portal triads  
and then infiltrates out from there into the parenchyma. Over time, TGF-β and other cytokines induce the 
resident stellate cell to become a myofibroblast with production of collagen and eventual progression to 
cirrhosis. This pathophysiologic process is true of all diseases of the hepatocyte. 

o The order of investigation of the hepatitidies is based on prevalence. In the US, alcohol and hepatitis B and C 
are the most common diseases. Although NAFLD/NASH are rapidly rising in importance, they come last in the 
investigation as it is still a diagnosis of exclusion.  

o Alcohol abuse is diagnosed by history. Given that it is a disease of denial, one key clue is the ratio of AST>ALT. The 
greater the ratio, the more specific the test so that an AST 3X greater than the ALT is diagnostic of alcohol abuse. 

Disease Key Test(s) 
Alcohol abuse AST > ALT 

Viral hepatitis IgM anti-HAV Antibody 

HBSAg, IgM anti-HBc  

Anti-HCV 
Autoimmune hepatitis ANA, Anti-smooth muscle, anti-LKM 

Wilson disease Serum ceruloplasmin, urine copper 

Hemochromatosis Serum ferritin 
α1-antitrypsin deficiency Serum α1-antitrypsin 

 
 

 
o Diseases of the biliary tree are collectively referred to as “cholestatic” diseases and they affect the secretion 

of bile (“chole”: Gr for bile; “stasis” Gr for lack of movement). The adaptive immune response to ongoing 
injury starts from the biliary tree and infiltrates out into the parenchyma. This too activates the stellate cell 
resulting in fibrosis that can progress to cirrhosis.  

o The biliary tree is best visualized in an outline form, which can be further divided into intrahepatic and extrahepatic. 
 

o Intrahepatic disease is differentiated from extrahepatic disease by looking for dilation of the common bile 
duct (CBD). Obstruction leads to dilation. If the CBD has a diameter > 1 cm, then it is dilated and there is distal 
obstruction (i.e. extrahepatic). 

o The 2 commonest causes of extrahepatic obstruction are pancreatic cancer (70 year old with pain, weight loss and 
jaundice) or CBD gallstone (50 year old female with painless jaundice). 

Table 72-2 Laboratory testing in liver disease. 

Figure 72-3 Anatomy of the biliary tree. 
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Liver Presentation, Jaundice, Cirrhosis and Liver Failure 72o The commonest cause of chronic intrahepatic cholestasis is primary biliary cholangitis, diagnosed by the 
antimitochondrial antibody test. There are other causes, much less common, which can be suspected by history. 
 

o Presentations of acute liver disease: 
 Acute hepatitis: viral hepatitis is the model disease and presents with jaundice and a “flu-like” illness, 

with RUQ pain from stretching of the liver capsule, pale, “clay-colored” stools and brown foamy urine 
• Serum sickness is seen in only 10% of acute viral hepatitidies and occurs when the antigen-antibody 

complexes are large enough to precipitate into the tissues and activate complement and an immune 
response. This occurs in the so-called “zone of equivalence” seen 1-2 weeks after exposure to the 
antigen. Patients develop rash, arthralgias and fevers. There is usually a small vessel vasculitis. 

 Cholestatic jaundice: Extrahepatic obstruction from a gallstone or cancer is easy to understand. 
Intrahepatic cholestasis requires knowing that excretion of the organic components of bile (bilirubin, 
cholesterol and bile salts) requires functioning transporters to the bile canaliculi. These transporters are 
easily disrupted in systemic disease and result in jaundice. 

 Pruritis: if the bile salt transporter is disrupted, the buildup of bile salts in the tissues manifest as pruritis. 
This is the presenting symptom of primary biliary cholangitis 

 Eruptive xanthomas: if the cholesterol transporters are disrupted, the acute buildup of cholesterol 
manifests as eruptive xanthomas, red-yellow papules in the skin 

 
3. Chronic liver disease (> 6 months): Cirrhosis (discussed in detail below) 

o Portal hypertension gives rise to: 
 Ascites: lymph production can exceed 20 L/day, which exceeds the maximum possible of 1 L/day. 

The excess fluid weeps off the liver capsule as a transudate. 
 Splenomegaly: may lead to hypersplenism and cytopenias such as thrombocytopenia and anemia. 
 Portosystemic shunts: collateral vessels develop in the esophagus (varices), periumbilical region 

(caput medusa) and the rectum (hemorrhoids). Abnormal estrogen metabolism leads to a 
hyperestrogenic state. 
• Feminization of males 
• Palmar erythema 
• Spider hemangiomas 
 

4. Liver failure (discussed in detail below): 
o This is not the same as cirrhosis. If one plots chronic progressive liver disease along its natural history, 

then failure occurs when the vital functions of the liver cannot be maintained at rest. This occurs with 
loss of more 80-90% of normal function. 

 

 Jaundice and bilirubin metabolism 

85% of bilirubin comes from RBC breakdown. 

o Other heme proteins include myoglobin, cytochrome P450 and cytochrome c of the electron transport complex. 

Unconjugated bilirubin is not soluble in water and must be carried on albumin. 

o Albumin is not filtered at the glomerulus and so indirect bilirubin is not normally found in the urine. 
o Any jaundice in a patient with normally colored urine must have an unconjugated hyperbilirubinemia.  
o Both bilirubin and urobilinogen are detected on the typical urine dipstick 

Bilirubin is conjugated in the hepatocyte by uridine glucuronyl transferase, UGT, (aka UDP-glucuronidase). 
Conjugated bilirubin is water soluble. 
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o Congenital deficiency of UGT is seen in: 
 Gilbert disease……………….. 10-35% normal activity 
 Crigler-Najjar Type 2………. <10%  
 Crigler-Najjar Type 1………. <1% (lethal) 

o Breast milk jaundice: 
 Breast milk contains an inhibitor of UGT. Breast fed babies are more likely to develop jaundice in the first 

week post-partum and this jaundice lasts longer than the usual physiologic jaundice of the newborn. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Excretion into the bile canaliculus is the rate-limiting step in bile metabolism. 

o Excretion is affected in hepatocyte injury. The conjugated bilirubin backs up behind the decreased excretion 
and refluxes into the blood. This results in a buildup of both conjugated and unconjugated bilirubin,                   
a mixed pattern. 

Congenital defects in excretion occur with loss of function in the bilirubin transporter. 

o Dubin-Johnson syndrome 
o Rotor syndrome 

Acquired defects in canalicular excretion can occur from multiple causes, including medications and severe 
illnesses such as sepsis. 

Once in the gut, bacteria metabolize the conjugated bilirubin into urobilinogen which is colorless to faintly yellow. 

o Urobilinogen is water soluble and is absorbed into the blood and excreted into the urine, creating an    
entero-renal cycle. 

o Dipstick assays measure urobilinogen. This is detectable in urine when there is an increase in urobilinogen,   
as is seen in hemolysis. 

Direct bilirubin: directly tested in serum  
Total bilirubin: the same test after a 
chemical is added to deconjugate the 

 

Figure 72-4 Bilirubin metabolism. 
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Liver Presentation, Jaundice, Cirrhosis and Liver Failure 72The history and physical examination can differentiate jaundice caused by acute liver disease versus that from 
hemolysis.  

Disease process Stool color Urine color Dipstick urobilinogen 
Hemolysis Normal Normal Elevated  
Acute hepatitis Pale, chalky Foamy brown Normal 

 

Cirrhosis 

Epidemiology: 

o The commonest causes of cirrhosis in the USA are: 
1. Hepatitis B & C 
2. Alcohol 
3. NAFLD/NASH 
4. Hemochromatosis. 

Pathophysiology: 

o Injury to the hepatocytes releases cytokines, especially TGF-β, from the surrounding macrophages               
(aka Kupffer cells in the liver). This transforms the stellate cell (Figure 72-5A) into a myofibroblast.                        
The myofibroblasts produce type III collagen that starts to fill up the space of Disse (Figure 72-5B). 

o Ongoing injury produces progressive fibrosis that starts from the hepatic veins and portal triads (Figure 72-5C). 
Eventually broad fibrous bands form and coalesce around regenerating nodules of hepatocytes. 

o Cirrhosis is defined as effacement of the entire liver by broad fibrous septae that surround regenerating 
nodules of hepatocytes (Figure 72-5D). 

o Distortion of the architecture causes resistance to blood flow with portal hypertension and increased 
lymph formation. 

 

 

 

 

 

Table 72-3 Outpatient findings in acute jaundice: hemolysis versus acute hepatitis. 

Figure 72-5A. Histology of normal liver. Figure 72-5B. Liver: early injury response with 
myofibroblast formation and fibrosis in the             

space of Disse. 



670

Pathophysiology

 

 

 

o 40% of patients with chronic liver disease have no symptoms until the disease is advanced. 
 Hematemesis from esophageal varices is the most common presentation (40%). Each episode of bleeding 

has a 30% mortality. 
 Any acute stress, such as hypotension, will tip advanced disease into liver failure. 

 

Presentation: 

o Portal hypertension: 
 Portal-systemic anastomoses (see Figure 66-4 Venous drainage of the abdomen). 

• Esophageal varices: the commonest presentation of chronic progressive liver disease is hematemesis 
from the portal hypertension of varices. This is very serious as 1/3 of patients will die in each episode. 

• Hemorrhoids: these are so common that they would be more commonly found after the diagnosis 
of cirrhosis. 

• Caput medusa: this would not be a presenting symptom, but a sign found during the physical 
examination. 
 

Figure 72-5D. Cirrhosis: thick bands of fibrosis 
surrounding regenerating islands    of hepatocytes. 

Figure 72-6 Cirrhosis. 

Figure 72-5C. Liver: early fibrosis surrounding 
portal triads and centrilobular veins. 
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Liver Presentation, Jaundice, Cirrhosis and Liver Failure 72o Splenomegaly: due to congestion from increased portal vein pressure, but this correlates only roughly with 
size. Palpation has low sensitivity and specificity (not consistently palpable unless 2X normal size; palpable    
in 3% of normal adults). Ultrasound is the gold standard (normal < 14 cm, long axis). 

o Ascites: presents late with distension that may be uncomfortable. There will be other stigmata of cirrhosis. 
Physical examination shows “flank dullness” which shifts with rotation. In slender patients, this is detectable 
when there is > 500 mL. Ultrasound can detect as little as 250 mL. 

o Hyperestrogenism: 
 Patients with cirrhosis have altered metabolism of sex steroids in complex ways that are poorly 

understood. Thinking of the net effects as “hyperestrogenism” works well in practice. 
• Feminization of males: gynecomastia, testicular 

atrophy, impotence. Females get menstrual 
abnormalities. 

• Spider angiomas (aka spider telangiectasia): a small 
pulsating central arteriole with radiating vessels. It 
blanches with pressure. 

• Palmar erythema: blotchy redness of the hypothenar 
and thenar eminences of the hands, with sparing of 
the palms. 

 

 

Liver failure 

This is not the same as cirrhosis. If one plots chronic progressive liver disease on the diagram of natural history, 
then failure occurs when the vital functions of the liver cannot be maintained at rest. This occurs with loss of       
80-90% of function. 

Failure of any organ has symptoms at rest. Cirrhosis tips into failure when stresses decompensate function.                  
This produces symptoms. The patient is asymptomatic if there is no stress. 

The key symptom of liver failure is hepatic encephalopathy.  

o This has a spectrum of severity from mild confusion to coma. 
o On physical exam it shows asterixis. 

 

 
 
 

 

Figure 72-7. Spider angioma. 

Figure 72-8. Asterixis. 
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o Encephalopathy can be diagnosed using the number connection test. 

 

 

 

The key test for liver failure is an elevated Prothrombin Time (PT). 

o Coagulation factors are essential proteins made by the liver. PT measures factor VII. This works well in an 
acute setting as factor VII has a short half-life (T1/2 = 6 hours) and the test is widely available. 

Figure 72-9. Number connection test. 

The patient is asked to draw a line connecting the numbered dots 
from  1-13 and the letters from A to L. 
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Chapter 73. Liver: Selected disorders 

Alcoholic liver disease 

Chronic liver disease from alcohol requires ingestion of more than 80 gm/day for more than 10 years. 

o 80 gm of ethanol = 6 beers or 8 glasses of liquor (1 oz) 
o Only 10-15% of heavy drinkers develop cirrhosis. 
o Women are more susceptible to alcoholic liver disease than men. 
o Ethnic differences in ethanol metabolism underlie “Oriental flush”. 

 ALD 1B (Han) and ALD 1C (Japanese) have 40-100% greater activity. 
 ALDH2 (HAN) has a 50% decrease in activity. 

Alcohol metabolism: 

 
 

o Note that the 3 acute metabolic complications of alcohol abuse are related in part to the increase in NADH 
production (as well as ↑ROS, ↑acetaldehyde and induction of Cyp 2E1): 

Figure 73-1 Ethanol metabolism and its metabolic disorders. 

Figure 73-2 Alcoholic liver disease. 
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Liver: Selected Disorders 73 Hypoglycemia: the depletion of pyruvate decreases the pyruvate going into the mitochondria. This 
decreases the elements of the TCA cycle, critically oxaloacetate, a key component of gluconeogenesis. 

 Lactic acidosis: due to the increased production of lactate. This metabolic acidosis can be recognized as 
an anion gap (i.e. 2[Na+] – [HCO3-]-[Cl-]> 10) 

 Fatty liver: due to the increase in G3P from the glycolysis pathway and fatty acids from acetate. 

Pathology of liver disease: the 3 patterns of alcoholic liver disease are not mutually exclusion and may be.      
found simultaneously. 

o Alcoholic fatty liver (aka steatosis) 
 Triglycerides accumulate with even mild alcohol consumption. It is reversible with abstinence. 
 Pathophysiology: 

• ↑NADH/ NAD ratio (see above) 
• Abnormal apolipoprotein synthesis 

 Presentation: 
• Asymptomatic, identified by laboratory testing: 

- ↑AST/ALT ratio 
- ↑GGT by induction  

o Alcoholic hepatitis: 
 A subacute syndrome associated with heavy alcohol ingestion and 

characterized by malaise, low grade fever and evidence of liver 
dysfunction (i.e. jaundice, portal hypertension, liver failure). 

 Pathology: hepatocyte degeneration with Mallory bodies and a 
neutrophilic infiltrate. 

 Natural history is highly variable, from resolution to death. 
o Alcoholic cirrhosis: 

 There are no unique features; diagnosis is clinical. 
 Cirrhosis is the common end-pathway of all chronic, progressive liver disease. 

 

Viral hepatitis 

 

Figure 73-3 Fatty liver. 

Table 73-1 The viral hepatitis. 
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Presentation: viral hepatitis can present in any of the four basic patterns of liver disease: 

o Asymptomatic: abnormal LFTs 
o Acute: a flu-like illness with jaundice, acholic stools and choluria 
o Chronic: 
 Non-specific fatigue and malaise 
 Cirrhosis 

• Portal hypertension 
- Splenomegaly 
- Ascites 
- Anastomoses (bleeding varices, hemorrhoids) 

• Hyperestrogenism 
- Feminization of males 
- Palmar erythema 
- Spider angiomas 

o End stage disease: liver failure and hepatocellular carcinoma  

Pathophysiology: 

o Disease manifestations are due to the immune response and not viral toxicity. 
o Cytotoxic T-lymphocytes induce apoptosis in infected hepatocytes (see Figure 4-19). 
 2 processes: transporin/granzyme and FAS-L 
 Apoptotic cells are called Councilman or acidophil bodies on microscopy. 

o Biopsy shows portal inflammation extending into the lobule. 
 Infected cells have a “ground glass” appearance due to viral particles. 
 Biopsy is used for grading of inflammation and progression by fibrosis. 

Testing: 

o HAV:  IgM anti-HAV 
o HBC:  HBsAg.  
 In acute disease, IgM anti-HBc is needed to cover a false negative period when antigen and antibody are 

equal and cannot be identified. This period is called “zone of equivalence” by immunologists and the 
“window” by clinicians. 

o HCV: Anti-HCV antibody 
 There is no IgM antibody available for HCV. Acute disease is identified by the onset of disease within the 

appropriate time frame from exposure (~2 months) and marked elevation of ALT (8-10X normal). 

Natural history: 

o The 10% of hepatitis B infections that go onto chronic infection are generally divided into those that require 
anti-viral treatment due to likelihood of progression (i.e. fibrosis → cirrhosis) and that that can be safely 
watched. There is a greater likelihood of progression with active viral reproduction and a higher immune 
response. Viral reproduction can be evaluated either by viral load or Hepatitis e and anti-e antibody status. 
Hepatitis e is a precure protein that correlates with replication rates. Immune response is measured by ALT 
levels, which reflect hepatocyte cell death. 
 Treatment for Hepatitis B is less than ideal. Nucleoside analogues have to be taken for years and patients 

develop drug resistance and have high relapse rates. Peg-interferon is immune modulating and has 
significant side effects 

 

Transfusion-associated 
viral hepatitis has been 
rare since 1992, when all 
blood units started being 
tested for HCV. 
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Status Immune response (ALT) Viral replication 
Carrier  Low  

٠ ALT < 40 IU/L 
Low 
٠Anti-HBe antibody (+) 
٠Viral copies < 20,000 /mL      

Chronic active hepatitis High 
٠ALT > 40 IU/L 

High 
٠HBe (+) 
٠Viral copies > 100,000 /mL 

With the introduction of the safe and effective direct-acting antiviral agents (protease, nonstructural proteins, and 
polymerase inhibitors), most hepatitis C infections are now treated. 

Jaundice of the newborn 

This is common, and most neonates develop a mild unconjugated hyperbilirubinemia of 1.8 mg/dL (jaundice is 
seen when bilirubin >2.5 mg/dL). 

o 5-10% of infants have a bilirubin level>10 mg/dL. 

The jaundice arises because the fetal UGT level is low and must increase after birth. Normal levels are present by 
the second week post-partum. This is called physiologic jaundice. 

o The jaundice is increased by breast feeding, as breast mild has a glucuronidase. 

Serum bilirubin is not toxic until >25mg/dL. Above this level, enough crosses the blood brain barrier to damage 
the brain in a pathology called kernicterus. 

o Bilirubin accumulates preferentially in the basal ganglia. 
o Physical signs include: 
 Change in muscle tone. 
 Abnormal high-pitched cry 
 Seizures.  
 Premature babies are more vulnerable. 

Pathologic jaundice can be due to increased production (e.g. hemolysis of Rh immune disease) or decreased 
conjugation/excretion in the liver. 

o Liver disease may be cholestatic (especially biliary atresia) or hepatitic (α1-antitrypsin deficiency is the most 
identifiable cause). 

o Biliary atresia requires surgical correction. 

Hereditary hyperbilirubinemias are due to either a defect in conjugation or a defect in excretion. 

o Unconjugated:  
 due to a defect in UGT (uridine glucuronyl transferase, aka uridine diphosphate glucuronyl transferase) 
 identified when unconjugated bilirubin is >80% total bilirubin and hemolysis is excluded. 
 3 clinical phenotypes: 

• Gilbert disease: 10-35% of the normal levels of UGT. Jaundice appears with system stress such as 
illness, fasting or extreme exercise. Seen in 3-7% of population. 

• Crigler-Najjar Type I: 1-10% normal levels. Jaundice is present at birth. Normal life expectancy 
• Crigler-Najjar Type II: <1% normal levels. Incompatible with life and requires a liver transplant for cure. 

  

Table 73-2 Chronic active hepatitis versus carrier status. Viral hepatitis. 
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o Conjugated: 
 Dubin-Johnson syndrome:  

• Due to a defect in the excretion channel protein that 
transports conjugated bilirubin into the bile canaliculus. 

• Patients develop mild jaundice when stressed. 
• LFTs are normal. 
• There is a buildup of a catecholamine pigment in the 

hepatocytes that makes the liver appear black. 
 

Metabolic and immune liver disease 

Autoimmune hepatitis 

o A chronic, progressive autoimmune liver disease targeting the hepatocyte. 
o Presents in middle-aged female with nonspecific constitutional symptoms (i.e. fatigue, malaise, anorexia 

and arthralgias). 
 Increased association with other autoimmune diseases 
 HLA DR association 

o Testing: 
 LFTs: hepatitic pattern (i.e. ↑ALT, periportal inflammation on liver biopsy). 
 Autoimmune antibodies: 

• ANA (+): together with arthralgias, this was called “lupoid hepatitis”. 
• Anti-smooth muscle antibodies 
• Anti-LKM antibodies 

o Natural history is highly variable. 
o Treatment: immune modulation (mostly steroids). 

 

Hemochromatosis 

o Iron plays a critical role in oxygen transport and electron transfer functions in the mitochondria. 
o Iron is continuously recycled through the body with regulation of total body stores at the level of enterocyte 

absorption. Dysregulation of enterocyte absorption is the commonest defect in hereditary hemochromatosis. 
o Pathophysiology 

 Iron regulation: 

 

Figure 73-4 The liver in 
Dubin-Johnson disease. 

Figure 73-5 Iron metabolism. 
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Liver: Selected Disorders 73• Iron stores are regulated at the enterocyte through ferroportin. Iron cannot be released into the 
blood because of inhibition of the ferroportin transporter by hepcidin. 

• Hepcidin is produced by the liver when it senses increased iron stores. This is under the regulation of 
the HFE protein (and HFE gene) 

 Hereditary hemochromatosis (HH): 
• HH has an increase in total body iron stores due to increased absorption in the duodenum.  
• This increased absorption is due to decreased hepcidin. Hepcidin is regulated by the protein HFE.     

In the liver, the decrease in hepcidin due to a mutation in HFE, most commonly C282Y             
(cysteine → tyrosine). This is due to a single nucleotide polymorphism in the HFE gene. 

• This is autosomal recessive, with C282Y/C282Y homozygosity seen in >80% of HH. 
• The increase in iron damages cell through the Fenton reaction (see Figure 4-10). 
• All the organs have excess iron and progressive free radical damage. 

 Presentation: 
• Early manifestations: 

- Arthralgias: due to iron build up in the synovium. 
- Hypogonadism: iron in the anterior pituitary causes a decrease in FSH/LH. Males complain of a 

loss of libido and erectile dysfunction.  
• Later manifestations: 

- Liver disease: cirrhosis, HCC 
- Heart: restrictive cardiomyopathy 
- Skin: bronze color 
- Endocrine pancreas: diabetes mellitus 

 Diagnosis: 
• Iron saturation >45% 
• Serum ferritin (typically 10-20X normal) 
• Liver biopsy: stainable iron and grading fibrosis 

 Treatment: phlebotomy 

Wilson disease: 

Pathophysiology: 

an autosomal recessive disease with a defect in copper transport into the biliary system and copper transportation in 
ceruloplasmin that leads to accumulation of copper in multiple organs. 

Presentation: 

o Bimodal by age: 
 Childhood: hepatitis 
 Young adults: neurological disease with Parkinsonism due to deposition in basal ganglia and psychiatric 

symptoms. 
o Keyser-Fleischer rings are copper deposits in Descemet’s membrane lining the inner side of the cornea in the 

anterior chamber of the eye. These are present by the time of neurologic symptoms. 
 
 
 
 
 
 
 
 
 Figure 73-6 Keyser-Fleischer ring. Image from Wilson Disease Association 
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o Testing: 
 Low serum ceruloplasmin. 
 High urinary copper excretion 

o Treatment: chelation. 
 

Alpha-1 antitrypsin deficiency 

Introduction: 

o One of the three commonest lethal genetics disease; it is 
underdiagnosed in the US. 
 Enzyme deficiency starts when activity is <35% normal range. 

Pathophysiology 

o A1-antitrypsin is an inhibitor of serine proteases. This is a family 
of enzymes that can be found in the serum and α1-antitrypsin is 
critical in inhibiting elastase. 

o Elastase is a product of inflammatory cells, and the lack of protection is first seen in the lung with loss of 
alveolar walls resulting in emphysema. 
 Cigarette smoking activates inflammatory cells in the lung and can cause emphysema in affected  

patients in their 30’s. 
o The damage in the lung is panlobular emphysema. This is a different pattern that that of cigarette smoke 

which has a centrilobular pattern of destruction. 
o A1-antitrypsin is produced in the liver. The commonest defect is in the transport of the enzyme out of the 

endoplasmic reticulum. Failure of transport leads to protein build up in the hepatocyte with subsequent 
apoptosis from the misfolded protein stress response. 

 
 
 
 
 
 

 

o The normal phenotype is PiMM. The commonest disease phenotype is PiZZ. 
 There are over 150 different phenotypes. 

 

 

 

Presentation is bimodal by age: 

o Children: hepatitis before age 10 years 
o Adults: emphysema (dyspnea) 

 Smokers <40 years old. 
 Non-smokers 

o Testing:  
 Serum α1-antitrypsin levels below normal (usually < 100 mg/dL) 
 Phenotype 
 PFT to establish a baseline FEV1. 

Examination testing point 
A rare phenotype has a null allele, which produces no α1-antitrypsin. 
These patients get emphysema but no liver damage 

Commonest lethal genetic diseases 
1. Cystic fibrosis 
2. Trisomy 21 
3. A1-antitrypsin deficiency 
4. Sickle cell disease (African 

Americans). 

Figure 73-7 Accumulation of α1-antitrypsin in hepatocytes. 
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Liver: Selected Disorders 73Natural history 

o In the first few decades, liver disease is the more important. 
o In later life, progression of the emphysema is more important, and this is highly correlated with smoking. 

 Progression of the lung disease can be followed by serial FEV1. 
o There is no treatment other than transplantation. 

 

Non- alcoholic fatty liver disease (NAFLD) and steatohepatitis 

o A spectrum of disorders that all have in common hepatic steatosis (i.e. fatty change) 
 By definition, alcohol must be ruled out as a factor. 

o It is now the most common cause of liver disease in the US. 
o Most consistently associated with metabolic syndrome and central obesity. 

 
o Progressive chronic hepatitis is indicated by fibrosis. 

 With the onset of fibrosis, the condition is called nonalcoholic steatohepatitis (NASH). 
 Histology is indistinguishable from alcoholic liver disease. 

o Presentation: The most common presentation is an increased ALT found on a chemistry panel in an 
asymptomatic patient. 

o Diagnosis: 
 Isolated elevation of transaminase enzymes (ALT and AST) 
 Imaging is not diagnostic but can be strongly suggestive and it rules out other conditions. 
 Biopsy is diagnostic and is used to evaluate extent of fibrosis. 

 

1°Cholestatic disease 

Primary biliary cholangitis (PBC) 

Introduction: 

o A T-cell mediated autoimmune disease of the small intrahepatic biliary ducts. 
o There is a high association with other autoimmune diseases, including autoimmune hepatitis. 

Pathophysiology: 

o Granulomatous destruction of small biliary ductules 
o Without treatment, there is progressive fibrosis to cirrhosis over several years. 

Presentation:  

o Asymptomatic: most patients are now diagnosed because of an abnormal chemistry panel                            
(especially an ↑alkaline phosphatase). 

o Symptomatic: fatigue (80%) and pruritis (70%) 
 

Metabolic syndrome (3 of 5 criteria) 

- Elevated glucose (fasting > 100 mg/dL) 
- Abdominal obesity (waist size: male > 40”, female > 35”) 
- Hypertriglyceridemia (fasting > 150 mg/dL) 
- Decreased HDL (< 40 mg/dL) 
- Hypertension (> 130/80 mmHg) 
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o Testing: 
 Cholestatic pattern on liver function testing (LFTs):   ↑↑↑alk phos/GGT; ↑AST 
 Antimitochondrial antibody (AMA) (+) 
 Liver biopsy (not essential for diagnosis): granulomatous destruction of bile ducts 

- Used to grade and stage disease. 
 

Natural history 

o With the discovery of ursodeoxycholic acid, life expectancy now approaches normal. 
 

Primary sclerosing cholangitis 

Pathophysiology: 

o Autoimmune disease of both the intrahepatic and extrahepatic biliary tree 
o Commonly associated with chronic inflammatory bowel disease. Ulcerative colitis accounts for 70% of cases. 
 PSC occurs in 5-10% of UC patients, often years after the initial diagnosis. 

Presentation:  

o Symptoms:  
 Most commonly identified by screening asymptomatic UC patients. 
 Cholestatic pattern (i.e. jaundice, pruritis, xanthomas). 

o Testing:  
 LFTs: cholestatic pattern (i.e. ↑alkaline phosphatase, ↑GGT) 
 Imaging: “Beading” of the entire tree due to ectasia (wall weakened from inflammation) and narrowing 

from the repair fibrosis. 
 

 

 

 P-ANCA (+) 
 Biopsy: periductal “onion-skinning” in 10% of cases. 

 

Figure 73-8 Primary sclerosing cholangitis, “beaded pattern”. 
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Liver: Selected Disorders 73Natural history/treatment: 

o Liver transplantation. Liver failure typically occurs 10-12 years after diagnosis. 

 

2° cholestasis: 

Pancreatic cancer 

Epidemiology: 

o The fourth leading cause of cancer death in the US 
 Lung > breast/prostate > colorectal > pancreas > ovary (females) 

Pathophysiology: 

o Environmental: smoking is the #1 risk factor 
o Hereditary: 
 Familial melanoma (CDKN2A defects) 
 Lynch syndrome (MMR defects leading to MSI)  
 Peutz-Jeghers syndrome (loss of tumor suppressor) 
 BRCA defects (DNA repair by homologous recombination) 

o Molecular defects: 95% have oncoprotein KRAS. 
o 60% arise in the head of the pancreas. 

Presentation: 

o Symptoms: 
 Non-specific (malaise, weight loss, anorexia) 
 Pain (epigastric, boring into the back, due to local invasion) 
 Painless jaundice (obstruction of the common bile duct) 
 Paraneoplastic (migratory thrombophlebitis) 

o Signs: 
 Painless, palpable gallbladder (i.e. Courvoisier gallbladder) 
 Hepatomegaly, malignant ascites 
 Supraclavicular lymphadenopathy (i.e. Virchow node) 
 Periumbilical skin metastasis (i.e. Sister Mary Joseph nodule) 
 Palpable mass of rectal shelf (i.e. Blumer shelf) 

o Testing: 
 Imaging for mass and staging. 
 Pathologist confirmation (FNA of biopsy). 
 CA 19-9 serum marker (for monitoring, not diagnosis). 

Natural history 

o Treatment: only surgery is curative (not possible if major veins invaded). 
o A very aggressive malignancy (25% 2-year survival). 

 

 

Figure 73-9 RAS oncoprotein in 
pancreatic cancer. 
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Liver: Masses and Neoplasia 74Chapter 74. Liver: masses and neoplasia 

Incidentalomas: hepatic masses and imaging 

Liver masses are a common incidental finding in medicine given the widespread use of imaging in the 
investigation and follow-up of abdominal symptoms. 

o In a large series of 10,000 abdominal ultrasound exams (US) performed at the Mayo Clinic, 20% of patients 
had a liver mass, one-half of which were cysts and one-half were solid. 

o The autopsy incidence of hemangiomas is 4-7% and focal nodular hyperplasia (FNH) 4%. 

An incidental liver mass is either insignificant (cyst, hemangioma, FNH, or fatty nodule) and investigation stops or 
significant (adenoma, malignancy) with further work-up for possible treatment. 

A mass can usually be characterized by its imaging appearance together with the history. 

o Hepatocellular carcinoma (HCC) arises in cirrhosis or Hepatitis B infection. A mass >1 cm in cirrhosis is HCC 
until proven otherwise. 

o In a patient with a history of cancer, multiple liver masses are metastases. 
o Hepatic adenomas arise with increased anabolic steroids (BCP, weightlifters and obesity {aromatase?}) 
o Cholangiocarcinomas arise in primary sclerosing cholangitis, seen in ulcerative colitis. 

 

 
 
 
 
 

 

Diagnosis of a liver mass using contrast imaging is based on an understanding of the phases of liver perfusion. 

o The normal liver is perfused by both the portal vein (80%) and hepatic artery (20%). Neoplasms have only an 
arterial blood supply. 

o When contrast media is injected in a peripheral vein, it distributes in the liver in 3 distinct phases. 
 Arterial phase (≈30 seconds): from the heart. 
 Portal/venous phase (≈60 seconds): blood first goes through the GI tract. before arriving in the liver via 

the portal vein and leaving via the hepatic vein. 
 Equilibrium phase (3-5 minutes): blood passes through the sinusoids into the extravascular space. 

o Masses that enhance in the arterial phase are called hypervascular 
 Benign: hemangioma, FNH, adenoma 
 Malignant: HCC, metastases 

o Hemangiomas are vascular lesions that match the flow in the great vessels  
(i.e. matches the aortic flow in arterial phase and the portal vein in venous phase). 

o Fibrous connective tissue holds contrast media and is positive in equilibrium phase  
(e.g. central scar of FNH and fibrolamellar HCC). 

Biopsy and immunohistochemistry are invasive but provide the gold standard. 

Simple cysts 

Common (5-10% of population) 

Of no significance unless there are more than 20 cysts, which indicates autosomal dominant polycystic          
kidney disease. 

The statistical basis that underlies the importance of history: prevalence 

An incidental liver mass in a patient 

- <40 years with no prior history of cancer  benign 
- >50 years with a prior history of cancer  cancer until proven otherwise 
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Pathophysiology

Pathology: lined by simple flat to cuboidal epithelium  

Diagnosis: simple cyst with water consistency fluid. 

Natural history: benign and stable. 

Hemangioma 

Commonest solid liver mass (4-7% of population). 

Considered to be a malformation. 

Pathology: discrete mass with vascular spaces lined by benign endothelial cells 

 
 

 
 
 
 

 
 
 

 

Diagnosis: commonest in young adult female; imaging findings are characteristic. 

o Biopsy is contraindicated due to risk of hemorrhage 

Natural history: Benign self-limited 

Focal nodular hyperplasia 

Common (4% of population); females > males 

Pathology: 

o Thought to be a hyperplastic growth of hepatocytes around an arterial malformation. 
o Single discrete mass with a central scar. 

Natural history: benign self-limited. No treatment is indicated.  

Figure 74-1 Pathology of a hepatic hemangioma. 

Figure 74-2 Focal nodular hyperplasia. 
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Liver: Masses and Neoplasia 74Hepatic adenoma 

Rare neoplasm associated with anabolic steroids (oral contraception in females, steroid use in weight-lifters, 
obesity (↑aromatase?)). 

Pathology: 

o Single mass, often subcapsular location and prone to hemorrhage. 

 

 

Natural history: 

o Risk of life-threatening hemorrhage due to bleeding in a subcapsular location. 
o Are premalignant with risk of HCC. 
o Treatment: surgical excision if >5 cm. 

Hepatocellular carcinoma (HCC) 

Epidemiology: 

o Third commonest cause of cancer death worldwide and rapidly increasing in incidence in the USA. This is due 
to immigration of individuals with hepatitis and increasing obesity with cirrhosis from steatohepatitis. 
 There are currently 3 million cases of chronic hepatitis C in the USA. Untreated, 20% will develop 

cirrhosis and of these, 20% will develop HCC. 

Pathophysiology: 

o Risk factors: 
 Cirrhosis from any cause is present in 80% of HCC at time of presentation. 
 HBV: Hepatitis B is a DNA virus that can insert into the host genome (similar to HPV). 
 Aflatoxin: the most carcinogenic compound known, this is produced by Aspergillus flavus, a mold that 

grows on poorly stored grains and nuts.  Aflatoxin induces a GT transversion. 
o No specific molecular pattern has been identified. 

Presentation: 

o Symptoms: 
 HCC is asymptomatic until late disease. 
 General symptoms of cachexia and malaise. 
 Symptoms include liver failure, more severe cirrhosis, and jaundice. 
 Paraneoplastic symptoms are rare and include hypoglycemia. 

o P/E: 
 Non-specific 

 

Figure 74-3 Hepatic adenoma. 
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o Testing: 
 Imaging:  

• Liver mass: any nodule >1 cm in a setting of cirrhosis is HCC until proven otherwise. Imaging can be 
specific enough that biopsy is not necessary. 

 

  

 Laboratory: α-fetoprotein is positive in 75% of cases. High levels (e.g. >400ng/dL) are diagnostic. 

Natural history: 

o Prognosis is dismal with a 5 year survival <20%. 
o Treatment: only surgery is curative. This is best with a tumor <2 cm and liver transplantation. 

Cholangiocarcinoma: See Chapter 75. Gallbladder, cholangiocarcinomas. 

Liver metastases 

Liver and lung are the commonest organs for metastasis. 

Liver metastasis are mostly commonly from the GI tract and pancreas. 

Metastasis most commonly are multiple nodules. 

Figure 74-4 Hepatocellular carcinoma (CT scan) and gross appearance. 
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Pathophysiology

Chapter 75. Gallbladder and biliary tree 

Structure and function 

The gallbladder concentrates and stores the bile produced in the liver. 

o It is poorly understood how the bile accumulates in the gallbladder. The process is usually described                
as “sipping”. 

o The gallbladder stores most the body’s bile in the morning and then expels it with the first food which 
stimulates the release of cholecystokinin (CCK) from the enteroendocrine cells (aka I cells) of the duodenum. 
CCK also relaxes the sphincter of Oddi and increases bile acid secretion by the liver. 

 
 

The biliary tract starts with a tube formed from hepatocytes (bile canaliculi) with the first lining epithelial cells at 
the canals of Hering. These flow into the bile ductules which eventually form the left and right hepatic ducts. 
These fuse at the porta hepatis to form the common hepatic duct. The common bile duct is formed after fusion 
with the cystic duct of the gallbladder. 

o The ampulla of Vater is the narrowest point of the extrahepatic ducts and is a common place to find common 
bile duct gallstones. 

o The fusion of the left and right hepatic ducts is the most common place to find cholangial carcinomas (50%). 
Cancers at this site are called Klatskin tumors. 

o Diseases of the biliary tree are typically classified as intrahepatic and extrahepatic. 
 

 

 

 

 

Gallbladder anatomy: 

o There is a high degree of variability in gallbladder anatomy due to variations in embryologic development. 
 

Biliary tract vocabulary 

- “Chole…” refers to bile, aka “gall…” 
- “Cholecyst…” refers to the gallbladder 
- “Choledochal” refers to the common bile duct 

Figure 75-1 Anatomy of the biliary tree. 
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Gallbladder and Biliary Tree 75

 

 

 
Organ part Description Clinical significance 

Fundus Region beyond the liver edge, site 
of maximal contraction 

Site of elicited pain in Murphy sign 

Body Segment with maximum elasticity  
Neck Tapering, aka infundibulum • Hartmann pouch, if present, is useful for 

grasping during surgery 
• Site of obstruction of larger stones 

Cystic duct Tubular connection to CBD1 Spiral valves of Heister are site of small stone 
obstruction 

Calot triangle Borders: cystic duct, common 
hepatic duct, and liver edge 

Site of cystic artery, left hepatic artery and 
lymph nodes 

Liver edge Non-peritoneal surface of GB GB can be completely buried in the liver or 
have a mesentery 

1. Common bile duct, 2. Gallbladder 
 

 
 
 

Histology of the gallbladder 
 
o The gallbladder lacks a muscularis mucosa. This leads to the mucosal invaginations seen in chronic 

cholecystitis called the Rokitansky-Aschoff sinuses. 

 

Figure 75-2 Surgical anatomy of the gallbladder. 

Table 75-1 Surgical anatomy of the gallbladder. 

Figure 75-3 Histology of the gallbladder. 
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Acute cholecystitis 

Pathophysiology: 

o Gallstone formation: 
 All stones require the same conditions: 

• Supersaturation 
- Most stones in the US are cholesterol stones. The cholesterol is held in suspension by micelles 

made of bile salts and phospholipids. 
- Saturation can be due to ↑ cholesterol (estrogen, familial, 

ethnic (Pima Indians)), obesity (aromatase) or ↓ bile salts 
(Crohn disease). 

• Nidus 
- Crystals require a structure upon which to form. In the 

gallbladder, this is usually “sludge”, made of mucus and debris. 
• Decreased fluid flow 

- Hydration is a key to stone prevention. Decreased bile flow    
is seen with dehydration and pregnancy due to the smooth 
muscle relaxation effect of progesterone. 

• Lamellation  
- Stones require repeated episodes of layering (i.e. lamella) to 

become big enough to obstruct the cystic duct, which has a 
normal diameter of 1-5 mm. 
 

o Gallstones are common in adults. The stone must be obstructing 
the cystic duct to explain a patient’s symptoms. 
 

• 16% of adult females and 8% of adult males have gallstones. Most are asymptomatic. 
• Only about 20% of people with gallstone will have symptoms over 10-15 years. 

 
 
 
 
 

Types of gallstones 

- Cholesterol stones: more than 90% of gallstones in the US are composed of cholesterol, which 
has a yellow color. They arise from conditions that cause cholesterol supersaturation in bile. The 
addition of bilirubinate gives them a green to black coloration.  

- Black pigment stones formed of bilirubinate and seen in hemolysis. 
- Brown pigment stones: seen with chronic bacterial or parasitic infections 

                                          
Figure 75-5 Types of gallstones. 

Figure 75-4 Gallstone formation. 
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Gallbladder and Biliary Tree 75o Obstruction of the cystic duct 
 Pain from distention:  

• The GI tract has sensory innervation only for inflammation and rapid distension.  The sensory nerves, 
called C fibers, are unmyelinated and travel to the CNS via the vagus nerve. These are non-localizing, 
and the brain makes an estimation of its likely origin. This is referred pain, called visceral pain by 
surgeons, and for the gallbladder is placed in the epigastrium. 

• Colicky pain is seen when there is obstruction of a hollow organ. This is seen in: 
- Acute cholecystitis 
- Stone in the ureter 
- Small bowel obstruction 

 Pain from inflammation: as the obstruction continues, there is breakdown of the mucosa and invasion   
of the gallbladder wall by bacteria. This causes an acute inflammatory response with edematous 
thickening of the gallbladder wall. When the entire wall is inflamed, the overlying peritoneum is involved. 
Peritoneum is innervated by lumbar nerves. These are myelinated A δ fibers and are localizing, called 
somatic pain by surgeons. The patient’s pain moves to the RUQ and is steady. When the peritoneum     
of the gallbladder fundus travels over palpating fingertips during inspiration, pain increases, called the 
Murphy sign. 

 
 

 

 

 

 

 

 

 

 

 

Presentation: 

o Symptoms: Occur in 2 phases:  
 Early: a colicky epigastric pain 
 Late: over several hours, the pain becomes steady and moves to the RUQ. 

 
 

Acute cholecystitis and the 4 F’s 

The most common patient to have acute cholecystitis is “fat, female, fertile and forty”. 
While a cheeky mnemonic, it is true. Fat (↑aromatase), female and fertile are all states 
with increased estrogen, which increases cholesterol synthesis. Pregnancy also has 
increased progesterone, which relaxes smooth muscle, leading to decreased rates of bile 
flow. An older age is needed to provide the time for lamellation and formation of a stone 
large enough to obstruct the cystic duct. 

Figure 75-6 Acute gallbladder disease: obstruction to inflammation. 

1 
Early 

Late 

2 

1 
2 
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o Signs: no findings during the epigastric phase, (+) Murphy sign when the pain is in the RUQ. 
o Diagnosis: obstruction of the gallbladder neck, usually by a gallstone, with thickening of the gallbladder      

wall due to edema (>3mm), edema in the pericystic space and dilation of the gallbladder. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Natural history: 

o Treatment  
 This varies by country. In the US, acute cholecystitis is treated by cholecystectomy. This is a curative 

treatment that precludes later perforation and cancer. In Europe, patients may be managed with pain 
control over several days, after which there is usually remission of symptoms. 

o Complications 
 Perforation of the gallbladder is life-threatening 
 Gangrenous cholecystitis: Full-thickness necrosis of the gallbladder wall leads to perforation and bile peritonitis. 

Often gas formation can be appreciated in the wall of the gallbladder. This is a life threatening condition.  
 Carcinoma of the gallbladder is a small risk over decades. This is an aggressive malignancy with a        

poor prognosis. 

 

Chronic cholecystitis 

Pathophysiology: 

o A clinical pathologic entity characterized by recurrent abdominal pain from 
bouts of acute cholecystitis due to gallstones 

o It can be identified by imaging which shows a contracted gallbladder with a 
thickened wall from fibrosis or by gallbladder dysfunction. This can be 
identified by a HIDA nuclear scan (see below) with CCK injection. A normal 
gallbladder ejection fraction should be >35%. 

o Pathology:  
 Chronic inflammation of a gallbladder wall thickened by fibrosis. 
 Rokitansky-Aschoff sinuses: the raised pressure in the gallbladder from 

contracting against cystic duct obstruction leads to mucosal pouch 
formation into the submucosa. 

 

Figure 75-7 Acute cholecystitis by ultrasound. 

Figure 75-8 Histology of the 
chronic cholecystitis. 
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Gallbladder and Biliary Tree 75Presentation: 

o Symptoms:  
 Dyspepsia: a non-specific term used to describe disagreeable sensations that occur with eating, including 

pain, gas, and nausea. 
 Recurrent epigastric pain: from episodes of acute cholecystitis 

o P/E: usually non-contributory, although a (+) Murphy sign may be found with acute cholecystitis 
 

o Testing: 
 Imaging:  

• Gallstones 
• Shrunken gallbladder, thickened wall, usually enhanced as it is due to inflammation and fibrosis. 
• Calcification of the wall: this may be seen on an abdominal X-ray 

 HIDA scan with CCK: the tracer is excreted by the liver at a fast enough rate that it outlines the 
biliary tree. If the gallbladder is not visualized, then it is occluded (i.e. acute cholecystitis). If the 
gallbladder is seen, the CCK can be injected, and the contraction of the gallbladder quantitated.     
An ejection fraction <35% is the sign of a dysfunctional gallbladder. 

Natural history: 

o Prognosis 
o Complications (30% lifetime risk): 

 Ascending cholangitis: with a common bile duct stone 
 Gallstone pancreatitis: with common bile duct stone in the Ampulla of Vater. 
 Cancer: a 5-10% risk over decades 

o Treatment: cholecystectomy is curative. 

Cholangiocarcinoma 

Classification: 

o Traditional classifications designated intrahepatic cholangiocarcinomas as primary liver cancers. Extrahepatic 
cholangiocarcinomas were classified as gallbladder, extrahepatic ducts, and Ampulla of Vater. Current 
classification is now: 
 Intrahepatic (10%) 
 Perihilar (50%) 
 Distal (or extrahepatic) (40%) 

• This does not include the gallbladder or ampulla of Vater. 

 Figure 75-9 Cholangiocarcinomas: anatomic classification. 
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Pathophysiology: 

o Risk factors:  
 Primary sclerosing cholangitis 

• Accounts for 30% of cholangialcarcinomas 
• Associated with smoking and drinking 

 Hereditary conditions: 
• Lynch syndrome 
• BRCA 
• Cystic fibrosis 
• Liver flukes, e.g. C. sinensis 

o Pathology: adenocarcinomas arising from dysplasia of the bile duct epithelium. There is no clear 
molecular pathogenesis 

Presentation: 

o Symptoms: 
 Biliary obstruction: jaundice, pale stools, brown foamy urine 
 RUQ pain and weight loss 

o P/E: 
 Biliary obstruction: jaundice, Courvoisier gallbladder 
 Mass in the RUQ 

o Testing: 
 Laboratory: cholestatic pattern: ↑ Alk phos / GGT 
 Imaging: mass and duct obstruction; confirmation by biopsy 

Natural history: 

o Prognosis: typically present late with advanced local disease and survival in months 
o Complications: most of the worst symptoms are caused by biliary obstruction 
o Treatment is palliative with stenting for biliary duct obstruction 

Gallbladder carcinoma 

Pathophysiology: 

o Risk factors: the most significant is cholelithiasis 
o Progression: like other GI adenocarcinomas, this follows the progression of dysplasia to carcinoma over       

years to decades 
o Molecular pathways: these are not well established, although KRAS mutations are common in the 

dysplasia/neoplasia malignancies (compared to the β-catenin mutations of the adenoma/carcinoma sequences). 

Presentation: 

o Symptoms: most commonly are incidental findings at time of symptomatic gallbladder disease. If symptomatic 
due to the cancer, pain is the commonest symptom. 

o P/E: usually non-contributory. A palpable mass is possible. 
o Testing: imaging with biopsy confirmation 

Natural history: 

o Prognosis: while this depends on stage, >90% of symptomatic patients present with advanced disease.        
For these, 5 year survival is <10%. 

o Complications: biliary obstruction 
o Treatment: surgical resection of local disease can be curative (65% 5 year survival). 
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Gallbladder and Biliary Tree 75Ampullary carcinoma 

Pathophysiology: 

o The ampulla of Vater is formed by the duodenal aspect of the sphincter of Oddi muscle, which surrounds the 
confluence of the distal CBD and main pancreatic duct. Ampullary carcinomas are defined as those that arise 
within the ampullary complex, distal to the bifurcation of the distal CBD and the pancreatic duct. 

o Behavior is that of intestinal epithelium, not pancreaticobiliary epithelium. This means that carcinoma 
typically progresses through the adenoma/carcinoma sequence (and not the dysplasia/carcinoma sequence). 

o Molecular pathways are similar to those of other intestinal neoplasms with mismatch repair deficiencies the 
commonest defect. 
 Ampullary carcinomas are increased in the hereditary neoplasias of the intestine: Lynch syndrome and 

familial adenomatous polyposis syndrome.  

 

Presentation: 

o Symptoms: 80% present with obstructive jaundice 
o P/E: usually non0contributory 
o Testing:  

 Laboratory tests: cholestatic pattern (↑Alk phos /GGT) 
 Imaging: US will show the dilated common bile duct but usually not the tumor, as it is too small 
 ERCP (endoscopic retrograde cholangiopancreatogram) is the best procedure as it allows for visualization 

of the mass, biopsy, and injection of the biliary tree. 

 

Natural history: 

o Prognosis: depends on the stage. There is a 75% 5 year survival with complete resection and negative lymph 
nodes. If lymph nodes are positive, 5 year survival is <50%. 

o Complications: biliary obstruction 
o Treatment: only surgery is curative 
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Pancreas 76Chapter 76. Pancreas 

Hereditary/congenital diseases  

Annular pancreas 

Annular pancreas is a rare congenital abnormality characterized by a ring 
of pancreatic tissue surrounding the descending portion of the duodenum. 

Annular pancreas results from failure of the ventral bud to rotate with the 
duodenum, causing envelopment of duodenum. 

It can cause maternal polyhydramnios if there is obstruction. It is 
associated with Trisomy 21 and other gut abnormalities including 
esophageal and duodenal atresia, imperforate anus, and Meckel 
diverticulum.  

About two-thirds of patients are asymptomatic. For symptomatic   
patients, the age of presentation depends upon the severity of     
duodenal obstruction.  

o Two-thirds of children present during the neonatal period, with features 
of gastric outlet obstruction including feeding intolerance, 
vomiting, and abdominal distension.  

o Adults may present with abdominal pain, duodenal 
obstruction, peptic ulcers, acute or chronic pancreatitis, or obstructive jaundice.  

 Diagnosis is by imaging. 
o Like duodenal atresia, annular pancreas will have a “double-bubble” sign on abdominal X-ray. 
 Treatment involves bypass surgery as surgery of the pancreas has a high rate of pancreatitis.  

 

Cystic fibrosis (CF) 

Introduction: 

o Cystic fibrosis is one of the three commonest lethal genetic mutations. It is caused by mutations in the CFTR 
protein (cystic fibrosis transmembrane conductance regulator). 
 The other 2 commonest lethal genetic mutations are Trisomy 21 and α1-antitrypsin disease. Sickle cell 

anemia is the 4th lethal genetic cause in African-Americans 
o CF has an abnormal transport of chloride and sodium across secretory epithelia, resulting in thickened, 

viscous secretions in the bronchi, biliary tract, pancreas, intestines, and reproductive system. Lung disease is 
the major cause of morbidity and mortality for most patients. Over months to decades, there is eventual 
development of chronic infection of the respiratory tract. This has a characteristic bacterial flora, with 
progressive respiratory insufficiency and eventual respiratory failure. 

Figure 76-1 AXR: “double-bubble”. sign. 

Vomiting in the newborn 

Vomiting is the forceful ejection of gastric contents by the reflex of reverse peristalsis coordinated 
with relaxation of the lower esophageal sphincter. Regurgitation is the passive upwelling of food as 
would occur from the esophagus. 

- Tracheoesophageal fistula: regurgitation on first feed 
- Pyloric stenosis: non-bilious vomiting after 4 weeks 
- Duodenal atresia/ annular pancreas: bilious vomiting after 1-2 days 



700

Pathophysiology

Pathophysiology: 

o The CFTR protein’s regulation of chloride across epithelia is organ specific, especially including: 
 Lung: Cl-inhibits the apical ENaC. The retained luminal Na+ retains water in the mucus. 
 Sweat glands: resorption of Cl-leads to resorption of Na+ 
 Glandular cells lining the gut: luminal Cl- creates paracellular Na+/H20 gradient mucus hydration 
 Pancreas: luminal HCO3

-creates a paracellular Na+/H20 gradient and alkaline pH for acinar enzyme secretion 
o The pancreas has 2 basic secretory cells: 

 Acinar cells: these produce the digestive enzymes of the gut. They are produced and released in zymogen 
secretory granules under the regulation of CCK. The granules have an acidic pH and release creates an 
acidic environment in the gland lumen that is conducive to gel formation by the proteins.  

 Ductal cells: these produce bicarbonate and water (1-1.5 L/day). This is regulated by the CFTR, which is in 
turn regulated by secretin. 

o CFTR and ductal cell ion transportation in the pancreatic ductal cells: 
 The CFTR conducts both Cl- and HCO3

-into the lumen. Cl-recycles through the apical anion exchanger (AE) to 
mediate further HCO3

- secretion. Na+ and water move down the osmotic gradient via the paracellular space. 
 The alkaline pH created by the HCO3

-is important in creating an environment not conducive to         
protein gel formation. 

o In cystic fibrosis, the decrease in secretin-mediated flow and formation of tenacious mucus is presumed to 
lead to activation of the proteolytic enzymes and autodigestion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Normal pancreatic 
acinusSecretin-mediated flow 
prevents gel formation and 
activation of enzymes. 

Acinus in cystic 
fibrosis↓Secretin-mediated 
flowallows gel formation + ↓pH 
allows activation of enzymes. 

Figure 76-2 Cystic fibrosis: cellular pathophysiology of the ductal acinus. 

Ductal cell CFTR channel 

Abnormal CFTRhas ↓HCO3
- 

excretion →failure of 
paracellular Na+/H2O and 
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Pancreas 76There are >2000 abnormalities described in the CFTR gene as the CFTR protein is large at 1480 amino acids.      
90% of CF cases are the F508del in which there is loss of the 3 nucleotide codon for phenylalanine (F). 

 50% of F508del are homozygote 
 There is only a rough correlation between the genotype and severity of disease (i.e. phenotype). Certain 

polymorphisms in TGF-β are associated with more severe lung disease. Polymorphisms in MBL (mannose 
binding lectin) of the complement system are associated with early Pseudomonas colonization. 

o Pathology: 
 Mild disease: accumulation of mucus/concretions in small ducts with dilation of glands. 
 Severe disease: obstruction of ducts with atrophy of exocrine tissue leaving islets in a fibrofatty stroma. 

o Clinical pathologic correlation: 
 Pancreatic insufficiency: usually present at birth and will eventually manifest in 85% of affected patients. 
 Acute pancreatitis occurs in variants with mild disease because they still have normal pancreatic tissue. 
 CF-related diabetes: relative insulin deficiency due to gland destruction is seen in 50% of patients                   

by age 30 years. 

Presentation: 

o Symptoms: 
 Newborn screening: now accounts for 80-90% of diagnoses. 
 Meconium ileus: bowel obstruction due to viscus gut mucus 
 Failure to thrive: pancreatic insufficiency 
 Lungs: persistent cough, symptoms of obstructive airway disease (wheezing, shortness of breath) 
 Sinusitis with polyp formation. 

o P/E: reflects the specific pathology causing symptoms 
o Testing: 

 Sweat chloride test: >60 mmol/L 
 Genetics: F508del is most common 

Natural history: 

o Prognosis: 80% of children reach adulthood and most of these will now live past age 40 years. 
o Complications: 

 Lung disease: this is the usual cause of death and includes acute exacerbations and bronchiectasis. 
 Pancreatic insufficiency: 

• Malabsorption. 
• CF-related diabetes 

 Male infertility: males are typically born with absence of vasa deferentia. 
o Treatment: 

 CFTR modulators: these increase chloride flux and are used after age 12 years. They have benefit             
in lung function. 

 Mucus clearing techniques and inhalants 
 Long term antibiotics: (e.g. azithromycin) 

 

Acute diseases of the pancreas 

Acute pancreatitis 

Pathophysiology: 

o Etiology: 
 Gallstones (40-50%) 
 Alcohol (25-30%) 
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 Uncommon causes: 
• Hypertriglyceridemia (especially important are the hereditary defects in chylomicron metabolism 

that can present as abdominal pain in children) 
• Hypercalcemia 
• Hereditary: including defects in the CFTR gene of cystic fibrosis and the PRSS1 gene that regulates trypsin 
• Medications: many 

o Pathology: Activation of enzymes in the pancreas: 
 Trypsin in the body of the pancreas actives the entire family of proteases leading to autodigestion of 

the parenchyma. 
• Necrosis can be seen as visible areas of liquefaction. 
• Enzymes leaking into the circulation cause endothelial damage with hypotension, DIC and ARDS. 
• Necrosis of blood vessels leads to hemorrhage 
• Necrosis of a pancreatic ducts can cause continuous leakage into the area, leading over 3-4 weeks to 

a pseudocyst. 
 Lipase breaks down triglycerides into free fatty acids (FFA) and glycerol. The FFA’s can bind to calcium, 

causing “soaps”, seen as visible, chalky aggregates. 
• Serum calcium must be monitored in acute pancreatitis to avoid hypocalcemia. 

 The severe acute inflammation can have enough fluid loss through edema to cause hypotension and shock. 
Mortality in acute pancreatitis is usually due to systemic inflammatory response syndrome and organ 
failure in the first two-week period, while after two weeks it is usually due to sepsis and its complications.  

o Pathologic classification: 
 Mild disease: Acute interstitial edema without necrosis 
 Severe disease: Pancreatic necrosis 

Presentation: 

o Symptoms:  
 Acute epigastric pain “boring” into the back 
 Nausea & vomiting 

o Signs: 
 General epigastric tenderness without evidence of peritonitis 
 If the inflammation has involved blood vessels, leakage of blood can be seen in the skin. 

• Periumbilical (Cullen sign): blood has tracked down the ligamentum teres into the abdominal wall 
• Flank and back (Grey Turner sign): blood tracking from the retroperitoneum 

 

 
o Testing: 

 Serum amylase & lipase: when >2-3 times normal, the tests are sensitive and specific 
 Imaging: ultrasound is indicated to identify gallstones and look for necrosis 
 Mild disease: elevated enzymes (i.e. lipase and amylase) and interstitial edema by imaging. 

Figure 76-3 Acute hemorrhagic pancreatitis: Cullen and Grey-Turner signs. 
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Pancreas 76 Severe disease: acute pancreatitis with gross necrosis of the pancreas and/or features of endothelial 
damage (i.e. endotheliopathy: shock, DIC, ARDS or renal failure). 

 

Natural history: 

o Prognosis: 
 Mild disease: <5% 
 Severe disease: >25% 

o Treatment: 
 Mild disease: no evidence of systemic organ failure 

• Good prognosis requiring fluids and pain medications.  
 Severe disease: evidence of a systemic organ dysfunction 

• 30% mortality. Admit to the medical ICU for intensive support. 
o Complications: 

 Endotheliopathies: (shock, DIC, renal failure, ARDS) 
 Infection: of necrotic foci, in the second week 
 Pseudocyst: most commonly after week 4. 

 

 

 

  

Pseudocyst versus true cyst 

A true cyst is lined by an 
epithelium. If it is drained by 
aspiration, it will re-form from 
fluid from the epithelium. 

A pseudocyst is a space, with 
its wall formed by connective 
tissue and fibrin. If it can be 
collapsed by aspiration, it not 
necessarily re-form. 

Figure 76-4 Mild acute pancreatitis: 
ultrasound findings. 

Figure 76-6 Acute pancreatitis: pseudocyst (CT scan). 

Figure 76-5 Severe acute pancreatitis: 
ultrasound findings. 
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Chronic diseases 

Chronic pancreatitis 

Pathophysiology: 

o Chronic pancreatitis is the common pathway of an ongoing injury that results in a fibrosis that leads to loss of 
pancreatic parenchymal cells with loss of exocrine and endocrine function. 

o While the mechanisms of this process are not well understood, TGF-β is integral in any fibrotic process. 
o Key causes of chronic pancreatitis include: 

 Alcohol: drinking must be continual. 5% of individuals who ingest >5 drinks/day for more > 5 years will 
develop chronic pancreatitis. 90% of those affected also smoke. 

 Smoking: this works synergistically with drinking. Smoking is also the key risk factor for pancreatic 
adenocarcinoma. 

 Triglyceridemia: the very high levels seen in hereditary hyperlipidemias such as type II have episodes of 
acute pancreatitis and often go on to chronic disease. 

 Hereditary: there are multiple familial association. Two of the commonest are: 
• PRSS-1: trypsin is the key protease that activates all the other digestive proteases of the pancreas. 

Defects in the activation or proteolysis pockets of trypsin lead to its premature activation in the 
pancreas with recurrent acute and chronic pancreatitis. 

• CFTR: while homozygous F505del causes cystic fibrosis there are over 2000 mutations in the  
CFTR gene. Variants with mild disease expression of heterozygotes are common in idiopathic 
chronic pancreatitis. 

 Autoimmune: this is part of the IgG4-related diseases. A longer discussion of this is beyond the scope of 
medical school. 

 Bile duct obstruction: tumors, stones and cystic diseases can obstruct ducts, leading to backup atrophy. 
 Recurrent acute pancreatitis: recurrent acute pancreatitis is a high risk factor for chronic pancreatitis. It is 

commonly associated with continued alcohol/smoking. 

Presentation: 

o Symptoms:  
 Early disease: abdominal pain (there is still normal pancreatic tissue to elicit acute inflammation. 
 Late disease: steatorrhea (exocrine failure) and diabetes mellitus (endocrine failure) 

o P/E: Non-contributory 
o Testing: 

 Amylase/lipase: elevated in early disease with abdominal pain (there is still enough pancreatic cells to 
raise enzyme levels with necrosis). 

 Imaging:  
• CT scan: atrophy, cystic dilation and dystrophic calcifications 

Natural history: 

o Prognosis: 
 Severe disease has a 30% mortality rate. 

o Complications: 
 Malabsorption with osteopenia 
 Diabetes 
 Opioid dependency from pain control. 

o Treatment:  
 There is no way to reverse an obliterating fibrosis and so  

treatments are palliative 
 Cessation of drinking and smoking. 

Figure 76-7 Chronic pancreatitis: 
calcifications (CT scan). 
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Pancreas 76 Pain mitigation: ↓stimulation (small meals, pancreatic enzymes), judicious use of analgesics. 
 Malabsorption/steatorrhea: decreased dietary fat, oral enzymes 
 Hyperglycemia: patients are more vulnerable to hypoglycemia with treatment as they have also lost the 

α-cells that produce glucagon. 

Neoplasia 

Pancreatic adenocarcinoma: 

Introduction: 

o The term pancreatic cancer refers to ductal adenocarcinomas as these account for 90% of pancreatic malignancies. 
o This is now the 4th leading cause of cancer death, and most will die from their disease. 
o Incidence increases with age, for males 65-70 years and for females 75-80 years. 

Pathophysiology: 

o These arise in the ductal epithelium in the dysplasia / neoplasia pattern (as opposed to the adenoma / 
carcinoma sequence of the intestine). 
 The aggressive nature of the malignancy means that it is uncommon to recognize dysplasia before there 

is invasive malignancy. The dysplasia is referred to as pancreatic intraepithelial neoplasm (PaIN). 
o Molecular pathways: (see Chapter 13, Neoplasia, Figure 13-7). 

 The critical first mutation in pancreatic cancer is a gain of function mutation in KRAS, found in 90% of 
pancreatic cancers. 

 TGF-β acts as a tumor suppressor in pre-malignant disease while it promotes invasion and metastasis in 
later stages. Both Smad and the cyclin-dependent kinases are part of the TGF-β pathway. 

 P53 is the “guardian of the genome” and its loss of function is seen in most advanced aggressive malignancies. 
o Risk factors: 

 Cigarette smoking is the #1 risk factor and is dose dependent. 
 Obesity and inactivity 
 Diabetes mellitus 
 Hereditary: accounts for 5-10% of cases 

• Increased in the familial ductal syndromes such as BRCA (breast, ovary, prostate), Lynch             
(colon endometrium), CDKN2A (melanoma), Peutz-Jeghers (lentigines, GI tract hamartomas)          
and Li-Fraumeni. 
 

Presentation: 

o Symptoms:  
 The most common symptoms are pain (local invasion), jaundice (obstruction of the common bile duct) 

and weight loss. 
 Paraneoplastic manifestations: 

• Migratory thrombophlebitis (Trousseau sign): a hypercoagulable state is seen in mucinous 
carcinomas. It is thought to be due to direct damage to the endothelial cell from the mucin. This 
results in the release of large von Willebrand multimers resulting in platelet activation. 

 Metastases: 
• Left supraclavicular fossa mass: Virchow lymph node from lymphatic drainage through the thoracic 

duct that enters the circulation at the left axillary vein. 
• Periumbilical skin nodule (aka Sister Mary Joseph nodule): tumor spread down the ligamentum teres. 
• Abdominal swelling: malignant ascites. 
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o P/E:  
 Palpable painless gallbladder (Courvoisier gallbladder): this reflects chronic obstruction of the biliary tree 

that allows for dilation (as opposed to the stretching and inflammation of acute obstruction that leads to 
a Murphy’s sign). 

 Hepatomegaly: metastases 
 Ascites: peritoneal spread 
 Rectal shelf (Blumer sign): metastases in the rectal reflection of the peritoneum, the lowest gravitational 

point of the abdomen when standing. 
o Testing: imaging of mass with biopsy confirmation 

Natural history: 

o Prognosis: depends on stage. Complete surgical excision offers the only cure. The key limitation for surgery 
relates to involvement of the great vessels (e.g. IVC, SMV, aorta). 
 Median survival for Stage IA (<2 cm, LN (-), M (-)) is 38 months and 40 % will survive 5 years. 
 LN (+) is stage III with an 11% 5 year survival. Median survival is 14 months. 

o Complications: metastases can be tracked with tumor marker CA-19 
o Treatment: there is no consensus for the 80% of cancers that are not resectable. Initial treatment involves a 

combination of radiation and chemotherapy. 

Pancreatic neuroendocrine tumors (PNET, aka islet cell tumors):  See Chapter 53. Neuroendocrine neoplasms. 
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Chapter 77. Central Nervous System: Clinical Pathologic Correlation 

Presentation and differential diagnosis of chronic disorders of the CNS: 

 

 

Presentation and differential diagnosis of acute disorders of the CNS: 

 

 

  

Table 77-2 Presentation and differential diagnosis of acute disorders of the CNS. 

Table 77-1 Presentation and differential diagnosis of chronic disorders of the CNS. 
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Central Nervous System: Clinical Pathologic Correlation 77Hereditary and congenital defects: see Chapter 12. Embryology: Developmental and congenital disorders, CNS. 

Introduction: 

In other organ systems, the approach to a diagnosis is chief complaint →differential diagnosis (organ > family of 
diseases >specific disease). In neurologic diagnosis, one starts by finding the chief complaint, but this is followed 
by anatomical localization and time frame to establish a differential diagnosis. The need to first localize the 
disease is distinctive to neurology. 

 

 

 

 

 

                   1. Peripheral nervous system, 2. Neuromuscular junction. 

 

 

Time frame of neurologic diseases: 

Ischemia: neurons can only survive 3-5 minutes of hypoxia before they lose function. The onset of stroke is 
referred to as “the hand of God” for its suddenness of onset. 

Abscess: in a bacterial infection, symptoms start to appear around day 3, the 
period of peak neutrophil response. 

Neoplasm: unless otherwise specified, neoplasms are presumed to be 
aggressive in behavior. Aggressive malignancies usually develop progressively 
severe symptoms over 8-16 weeks. 

Degenerative diseases: the dementias, which are mostly proteinopathies,     
are progressive over years. Alzheimer disease has a typical life expectancy      
of  8 years, with wide variation. Prion disease is a noteworthy exception as it 
progresses to death over months. 

Autoimmune disease: multiple sclerosis is distinctive as it waxes and 
wanes over months to years.  

 

Localization of neurologic pathology: 

 

 

 

 

Figure 77-1 Approach to diagnosis is the CNS. 

Cerebrum > basal ganglia > cerebellum > spinal cord > spinal root > PNS > NMJ > muscle 

Figure 77-2 Time frame of 
neurologic diseases. 
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Structure Presentation CNS region Model diseases 
Cerebrum ↓mental function Global ALZ1, vascular dementia, LBD2 

Judgement Frontal FTD3, Huntington disease 

Contralateral agnosia R parietal-temporal Stroke 

Agraphia, finger agnosia, 
acalculia, 
L-R dissociation 

L parietal-temporal Stroke (Gerstman syndrome) 

Aphasia, receptive Wernicke Stroke  

Aphasia, expressive Broca area Stroke 

Acute confusion, ataxia, 
nystagmus 

Mamillary body 
 

Wernicke encephalopathy 
(thiamine deficiency) 

Chronic confabulation Korsakoff syndrome 

Basal 
ganglia 

Movement disorders 
(tremor) 

Substantia nigra Parkinson disease 
Caudate, frontal Huntington chorea 

Brain stem “Crossed” defect Medulla Lateral medullary syndrome 

Cerebellum Ataxia, limbs Hemisphere Stroke, neoplasm 

Ataxia, core Vermis 

Spinal cord Specific body level  Paraplegia, quadriplegia  

Pain/temperature 
opposite side to vibration 

 Brown-Sequard syndrome 

Spinal root Radiating limb pain, 
radicular pattern 

 Protruding lumbar disc 

Peripheral 
nerve 

Sensory / Motor loss  Carpal tunnel4, foot drop5, stockings 
& gloves6, shingles7 

NMJ Weakness that changes 
with exercise 

 MG8, Eaton-Lambert syndrome 

Muscle Weakness with tenderness  Myositis 

1. Alzheimer disease, 2. Lewy body dementia, 3. Frontotemporal dementia, 4. Median nerve, 5. Peroneal nerve, 6. Diabetes 
mellitus, 7. Varicella-zoster dermatome, 8. Myasthenia gravis. 

Localization in long tract diseases: 

This is not meant to be an exhaustive review, but ratheran illustration of how to correlate presentation to localization 
and its likely pathology. For motor defects (i.e. weakness), the diagnostic process follows this progression: 

Motor: corticospinal tract 

o Pattern of weakness: 
 Severity of weakness: 

• Palsy………………………………..nonspecific term for any degree of weakness 
• Paresis……………………………..weakness 
• Paralysis or ____plegia…….no movement 

Table 77-3 Chronic diseases with a specific localization on presentation. 
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Central Nervous System: Clinical Pathologic Correlation 77 Pattern of weakness: 
• Hemi-………………………………one side (i.e. left or right) 
• Di-…………………………………..symmetrical (i.e. both sides, esp. cerebral palsy) 
• Para-……………………………….both legs 
• Tetra- or quadri-……………..arms and legs 

 
o Upper motor neuron (spastic) versus lower motor neuron (flaccid) disease patterns: 

 
Sign Lower motor neuron Upper motor neuron 

Weakness Yes Yes 
Atrophy Yes No 
Fasciculations Yes No 
Reflexes Decreased Increased 
Tone Decreased Increased 
Babinski No Yes 
Spasticity No Yes 
Clasp-knife No Yes 
Relation to 
lesion 

Deficits contra or ipsilateral & 
below level of lesion. 

Deficits ipsilateral & 
below level of lesion. 

 
 

 
o Time frame of diseases that affect the motor long tracts: 

 The commonest pathology of the CNS is either stroke, which has a sudden onset of symptoms over 
minutes or neoplasm, which has progressive symptoms over weeks to months. Stroke has 2 basic 
pathologies, hemorrhagic stroke associated with the hyaline arteriolosclerosis of hypertension and 
ischemic stroke associated with thrombosis of atherosclerotic plaquein arteries. Ischemic stroke can also 
be embolic from the heart, seen with dyskinetic ventricular walls from coronary artery disease or 
arrhythmia such as atrial fibrillation. 

  Case 1. Unilateral weakness of the face and arm 

  Localization (site of defect): 

o Probable: contralateral primary motor cortex 
o Unlikely: 
 Internal capsule: (this is a small region, and it is uncommon not to also 

involve  the leg) 
 Peripheral nerve (PNS): geographically too remote to each other. 

  Directed physical exam(to support localization): 

o UMN signs (+). 
o Adjacent functions: Sensory loss, Broca area dysarthria, non-dominant 

parietal lobe hemineglect. 

  Time frame: 

o Acute: superior branch of the middle cerebral artery (MCA) 
o Chronic: mass lesion (e.g. neoplasm) 

 

 
Figure 77-3 Unilateral weakness of 

the face and arm. 

Table 77-4 Comparison of upper motor neuron and lower motor neuron lesions. 
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  Case 2. Pure unilateral motor hemiparesis 

  Localization: 

o Possible: below the cortex and above the medulla. Most likely is the 
internal capsule where the corticospinal tracts run close together. 

o Unlikely:  
 Cortex: would have to involve the entire motor cortex without 

involving the sensory cortex 
 Spinal cord: would spare the face 

  Directed physical examination: 

o Upper motor neuron (UMN) signs 

  Time frame: 

o Acute (minutes): 
 Small stroke (lenticulostriate artery from the MCA). These small 

strokes are often referred to as  lacunar infarcts. 
o Chronic: 
 Mass lesion (e.g. neoplasm, abscess). 

 

 

 

Case 3. Unilateral leg weakness 

Localization: 

o Possible:  
 Primary motor cortex, medial surface of the frontal lobe 
 Spinal cord lesion, unilateral, involving the corticospinal tract 

below T1 (as arm is spared). 
 Peripheral nerve to the leg 

o Unlikely:  
 Internal capsule down to the cervical spinal cord, as face and 

arm spared 

Directed physical exam: 

 UMN versus LMN 
 Brown-Sequard (contralateral loss of pain/temperature) 
 Foot drop: the common peroneal nerve travels outside the 

fibular head and can have compression dysfunction. 

Time frame: 

o Motor cortex: infarct of the ACA, mass lesion (especially a 
meningioma arising on the falx cerebri) 

o Spina cord: trauma, tumor, multiple sclerosis 
o Peripheral nerve: compression, lesion, or diabetes mellitus 

 

 

Figure 77-5 Unilateral leg weakness. 

Figure 77-4 Pure unilateral motor 
weakness. 
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Central Nervous System: Clinical Pathologic Correlation 77Sensory: spinothalamic tracts & dorsal columns 

Sensory loss can be caused by lesions anywhere along the somatosensory pathways, which are discussed in detail 
in the neuroanatomy section. The 2 key clinical presentations for these pathways areone-sided loss of sensation 
due to stroke of the primary sensory cortex. 

Case 1. Unilateral sensory loss of face and arm 

Localization:  

o Probable: contralateral primary sensory cortex 
o Unlikely: thalamus (sparing of midline cortex) 
o Directed physical exam: 
 UMN signs 
 Adjacent functions:1° motor cortex, Broca area dysarthria, 

parietal lobe (Gerstmann if dominant side, hemi-neglect if non-
dominant side) 

Time frame: 

o Acute: superior branch of the MCA occlusion (thrombosis/embolus) 
o Chronic: mass lesion (e.g. neoplasm) 

 

 

Cerebrovascular disease, which is mostly due to strokes, is the 4th commonest cause of death in the US. Strokes 
are acute ischemic events and the defects correspond to the area of the brain without perfusion. Localization of 
strokes is based on an understanding of the blood supply of the brain, especially the middle cerebral artery. 

Figure 77-7 Neurologic defects in middle cerebral artery ischemia. 

Figure 77-6 Unilateral sensory loss 
of the face and arm. 
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Case 2. Unilateral sensory loss to entire side 

Localization 

o Probable: contralateral thalamus (thalamic radiations from VPL & 
VPM nuclei) 

o Unlikely: 
 MCA as there is leg involvement, supplied by the ACA 

o Directed exam: 
 UMN signs 
 Motor involvement if the internal capsule is involved. 

Time frame: 

o Acute: branches of the PCA (hemorrhagic stroke in hypertension or 
lacunar infarcts) 

o Chronic: mass 

 

 

 

 

  Case 3. Lateral medullary syndrome (aka Wallenberg) 

  Signs and symptoms: 

1. Ipsilateral ataxia (cerebellar peduncle) 
2. Ipsilateral ↓pain & temperature of face (CN V nucleus & tract) 
3. Contralateral ↓pain & temperature of body (spinothalamic tract) 
4. Vertigo (vestibular nucleus) 
5. Hoarseness (nucleus ambiguus) 

  Localization: 

o Probable: lateral medulla 
o Unlikely: medial medulla (which would involve the corticospinal tracts) 
o Directed exam: ischemia may extend to involve the sympathetic chain 

(Horner syndrome) or nucleus solitarius (ipsilateral taste) 

  Time frame:  

o Acute: occlusion of vertebral artery (atherosclerosis or chiropractic 
manipulation) 

o Chronic: mass    

 

The lateral medullary syndrome  

The lateral medullary syndrome is often used as a reference point for understanding all other brain stem 
syndromes. It is worth taking the time to master the anatomy 

Figure 77-9 Lateral medullary syndrome. 

Figure 77-8 Unilateral loss of one entire side. 
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Localization in cranial nerve pathology: 

The emphasis in this section will be on the pathologic processes that are associated with isolated cranial nerve 
disease. 

CN Comment Pathology Presentation 
I Congenital Impaired migration of GnRH cells Kallman syndrome (anosmia, 

IHH1) 
 Acquired Traumatic fracture of cribriform plate Rhinorrhea (CSF leak) 
II2  ∙Optic neuritis in MS Pain, loss of vision 
  ∙Pituitary adenoma at chiasma HA3, hemianopsia 
III  Uncal herniation in cerebral edema Coma, “blown pupil” 
V  ∙Trigeminal neuralgia Stabbing pain in face 
  ∙Herpes viruses4 Cold sores, shingles 
VI Longest nerve along 

base of brain 
Meningeal tuberculosis Diplopia 

VII UMN Cerebral cortical lesion Sparing of upper face 
 LMN Virus4, Lyme disease, idiopathic Bell palsy 
VIII Auditory Acoustic neuroma ∙Deafness (mechanical),NF25 

 Vestibular  Ménière disease (vertigo) 
1.Idiopathic hypogonadotropic hypogonadism, 2. Visual field defects is a large subject, 3. Headache 4. Herpes simplex 
virus>Varicella-zoster virus, 5. Neurofibromatosis type 2. 

Figure 77-10 Clinical anatomical correlation of the lateral medullary syndrome. 

Table 77-5 Cranial nerve clinical pathologic correlation. 
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Diseases of the cranial nerves: 

Kallman syndrome: see Chapter 56. Amenorrhea and infertility. 

Basilar skull fractures with CSF leak 

Pathophysiology: 

o Blunt trauma to the head causes linear fractures of the skull. Basilar fractures occur along the skull base and 
are associated with tearing of the meninges. This is significant for 2 reasons. Firstly, tearing has associated 
bleeding which causes irritation and headaches. Secondly, 20% of tears will have a CSF leak, either into the 
ear (i.e. otorrhea) or ethmoid sinus (i.e. rhinorrhea). 
 Falls are the commonest cause of trauma in children <2years old. Assault and MVA are commonest in 

young adults. 

Presentation: 

o Leakage of CSF through the ethmoid sinus presents as rhinorrhea 
o Diagnosis is by CT scan. 

Natural history: 

o Treatment: 
 Most CSF leaks spontaneously resolve with 7 days. 
 After 7 days, surgical closure is indicated. 
 Vaccination with Pneumovax for prophylaxis. Antibiotics have not proven to be helpful.  

o Complications: 
 The major risk is meningitis, especially by pneumococcus. 

Optic neuritis 

Epidemiology: mirrors multiple sclerosis (i.e. female, 20-40 years old, Northern geography). 

Pathophysiology: 

o Optic neuritis is an acute demyelinating disease of the optic nerve.  
o It is the commonest presentation of multiple sclerosis (MS), the first manifestation in 20% of cases, and 

occurs in 50% of patients over the course of the illness 
o As a manifestation of MS, it is presumed to be immunologic in origin, with inflammatory destruction, 

demyelination and lipid-laden macrophages. 

Presentation: 

o Symptoms:  
 Monocular vision loss over hours to days 
 Eye pain, worse with eye movement 

o Signs: 
 Papillitis 
 Visual field defects 

o Testing: 
 MRI with contrast 

• Optic nerve inflammation 
• Multiple foci of cortical demyelination, seen in >40% of patients at time of first presentation. 
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o Prognosis: 
 90% will have return to near normal vision over 1 year 
 50% will develop MS over the next 15 years, with median time to onset of 3 years. 

o Treatment: 
 IV steroids 
 If there are multiple brain lesions, then MS treatment of interferon-β is indicated. 

Pituitary adenoma with bilateral homonymous hemianopsia: seeChapter 48.Anterior pituitary gland, pituitary 
neoplasms. 

 

Coma with “blown pupil” in uncal herniation: see Chapter 79: CNS, general pathology, cerebral edema, 
herniation. 

 

Trigeminal neuralgia 

Pathophysiology: 

o Compression of the trigeminal nerve as it enters the pons causes focal 
demyelination. The commonest cause is an aberrant looping artery or vein. 
 It is not well understood how the demyelination occurs. 

Presentation: 

o Symptoms:  
 Unilateral, sharp, stabbing pain in the distribution of the trigeminal nerve.  
 The pain can be triggered by light touching. 

o Diagnosis: clinical 

Natural history: 

o Treatment: carbamazepine 
 

Herpes viruses and the cranial nerves 

Herpes simplex virus(HSV) and Varicella-zoster virus(VZV)are neurotropic and have the natural history of latency. 
After an acute infection, they have the capacity to become dormant and antigenically undetectable for decades. 

It is thought that HSV latency in the ganglia of CN V and CN I account for the development of HSV encephalitis in 
the temporal lobes. 

The 2 peak incidences of HSV encephalitis are in young adults, associated with primary infection and in 50 year 
olds, with re-activation as immunity dysregulates. 

VZV infects sensory nerves after it establishes skin infection. Latency occurs in the regional sensory nerve ganglia, 
including cranial nerves, Re-activation leads to shingles. 

 

 

 

Figure 77-11 Anatomy 
of CN V. 
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Tuberculous meningitis (TBM) 

The most lethal form of tuberculosis, it has a non-specific presentation of 
fever, malaise and headache. 

Pathophysiology: blood-borne organisms from the lung form sub-pial abscesses 
that rupture into the CSF. Most of the meningeal involvement is along the 
base. Cranial nerve VI has a long course in the basilar location andits loss of 
function is a distinctive finding on the physical examination in TBM 

It usually takes several days to make the diagnosis as testing is problematic. 
Direct acid-fast stains are insensitive, cultures require a sophisticated 
laboratory and take 1-2 weeks for growth,  nucleic acid amplification tests 
(NAAT) are expensive and require sophisticated laboratories and    
Interferon-γrelease assays (IGRA) have not worked well in active disease. 

 

Bell palsy 

Presentation: 

o Sudden onset over hours of complete facial paralysis.There is loss of facial movement over the entire side of 
the face as the pathology is in the facial nerve. 
 Lower motor neuron signs are present 
 There is sparing of muscles of the forehead, which have a dual innervation. 

o Physical exam: Unilateral, ipsilateral to injury 
 Drooping eyebrow 
 Inability to close eyelids 
 Loss of nasolabial fold 
 Drooping mouth 

o Diagnosis is clinical. 

Pathophysiology: 

o Usually due to viral infection, Herpes simplex 
virus>Varicella zoster virus. Inflammation is found 
along the entire nerve, but loss of function is 
mostly due to compression of the edematous 
nerve as it passes through the boney facial canal. 

Natural history: 

o Prognosis: benign self-limited, with resolution 
within 4 months 

o Treatment: oral steroids. Anti-viral medication 
can be tried in severe disease. 

 

Acoustic neuroma: see Chapter 85. CNS: Neoplasms 

                  Figure 77-12 Anatomy of CN VI. 

     Figure 77-13 Clinical anatomical correlation of CN VII. 
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Chapter 78. CNS: Structure and function 

Gross anatomy of the brain: 

A central fact of brain anatomy is that the brain is entirely encased in bone. This drives much of the 
pathophysiology of the brain: the skull cannot expand, and water cannot be compressed. Any mass or 
edema, therefore, leads to increased intracranial pressure (ICP) which results in decreased blood flow and 
herniation. So why does the brain, alone of all organs, require rigid encasement? 

The brain is composed of neurons and the neuropil, with virtually no structural connective tissue. This leaves it 
with the strength and consistency of cold butter. With no mechanical strength, the brain must be suspended in a 
water bath of cerebral spinal fluid, wrapped in several layers of increasingly tough membranes (the meninges) 
and surrounded by the skull. 

Surface anatomy of the brain: 

As discussed in Chapter 77 and unlike other organ systems, the clinical approach to a neurologic problem first 
requires localization of the likely site of disease. With the availability of CT scans and MRI, these presenting 
symptoms and signs can also be correlated to areas of abnormality in imaging.  

In the cerebral hemispheres, the neurons (i.e. gray matter) are found on the outside, while the axons (i.e. white 
matter) are internal. Neurons can also be found in the nuclei of the thalamus, basal ganglia and cranial nerves (CN)    
I and II. With gray matter on the outside of the cerebral hemispheres, surface anatomy can be correlated to many 
CNS functions. The most important surface areas are seen in the image below. 

By comparison, the brain stem (i.e. midbrain, pons and medulla) has its white matter mostly on the outside, with 
cranial nerve nuclei III-XII on the inside. In the spinal cord, white matter is on the outside and gray matter is on  
the inside. 

 

 

   

The term “bulbar palsy” refers to weakness from disease in the cranial nerves of the pons and medulla, which 
have the shape of a bulb. This traditionally includes CN IX-XII, resulting in dysarthria, dysphagia, and weakness 
of the neck. These are lower motor neurons and physical examination shows decreased reflexes and 
fasciculations of the tongue. 

 

Figure 78-1 Surface anatomy of the cerebral cortex with correlation to function. 
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Stroke is the fifth commonest cause of death in the USA (2017: 146,000 deaths). Correlation of neuroanatomy to 
blood supply is an essential way of correlating structure to function (for further discussion, see Chapter 80 
Cerebrovascular disease). 

Arteries (ischemic stroke): 

 

 

 

 

 

 

 

 

                                    
 

  
 
 
 
 
 
 
 
 
 
 
 
 

 

Small arteries and arterioles (hemorrhagic stroke): see Chapter 80. Cerebrovascular disease. 

Venous system (thrombosis) 

o Emissary veins (Figure 78-4 #2) connect the superior sagittal sinus to superficial veins of the scalp. They can 
be torn with trauma, giving rise to subdural hematomas. 

o Facial sinuses can be infected by the fungi Mucorales (disease: mucormycosis) and Phycomycetes (disease: 
phycomycosis) in immune impaired patients, particularly diabetes mellitus. The infection can spread into the 
periorbital tissues. Vascular infection (Figure 78-4 #3) can lead to direct extension into the brain and death. 

o Cushing disease can be differentiated from paraneoplastic secretion of ACTH by direct sampling of the 
pituitary via the inferior petrosal sinuses (Figure 78-4 #4). In tertiary medical centers, this is replacing the 
high-dose dexamethasone suppression test. 

 Artery 
1 Anterior cerebral 
2 Ant communicating 
3 Int carotid 
4 Lenticulostriate 
5 Middle cerebral 
6 Post communicating 
7 Posterior cerebral 
8 Superior cerebellar 
9 Pontine 
10 Basilar 
11 Ant inf cerebellar 
12 Vertebral 
13 Post inf cerebellar 
14 Anterior spinal 

Figure 78-2 Major arteries of the brain. 

Figure 78-3 Blood supply of the CNS. 
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o Venous sinus thrombosis is an uncommon disease in which occlusion of the sinus leads to necrosis of the 
brain through poorly understood mechanisms. Thrombosis occurs in hypercoagulable states, the most 
common of which are oral contraceptives and pregnancy. Presentation is highly variable but usually includes 
raised intracranial pressure and headache. Diagnosis is by neuroimaging. 

 

 

 
 
 
 
 

Lymphatics: 

o The brain lacks a lymphatic system. This requires unique pathways for the clearance of interstitial fluid through 
the Glymphatic system (discussed below). The collected interstital fluid exits the CNS through varied locations: 
 Arachnoid granulations: these protuberances of the arachnoid-pia extend into the superior sagittal sinus 

(Figure 78-4 #1) and allow for the passage of fluid into the sinus venous system. The mechanism of flow 
is not well understood. Dysfunction of the arachnoid granulations may occur after infection or bleed. This 
is thought to be the basis of normal pressure hydrocephalus. Meningiomas are thought to arise in the 
arachnoid granulations. 

 Olfactory nerve: as much as 30% of CSF drainage is thought to leave through the cribriform plate of the 
olfactory nerve. This flows into lymphatics of the ethmoid space and from there to the deep cervical 
lymph nodes. 

 Dural lymphatics: These are increasingly seen to be important, but they are not well understood. 
 Perivenous space into the veins and venules: Glial cells lining the perivascular space surrounding venules 

have aquaporin 4 channels that drain interstitial fluid. 

 

 

 

Figure 78-4 Venous system of the brain with clinical correlation. 
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CNS: Structure and Function 78Autoregulation of cerebral perfusion pressure (CPP): 

The brain has high metabolic demand, using 20% of the body’s oxygen. This requires coordination of blood flow to 
neuronal demand both to the brain and to specific brain regions. Constant flow is achieved by a well-developed 
autoregulation, by which a constant blood flow of 50 mL/min/100 gm tissue can be maintained over a cerebral 
perfusion pressure (CPP) of 60-160 mmHg.           

Autoregulation in most organs is achieved through changing the resistance in arterioles. Brain is somewhat 
unique because 50% of regulation is also through the large arteries, namely the internal carotid and vertebral 
arteries, especially for high pressures. Autoregulation in the brain cannot be sustained at <60 mmHg or >160 
mmHg. At these pressures, cerebral blood flow is dependent on MAP in a linear relationship. At high systemic 
blood pressure, CPP is maintained within its homeostatic range by the myogenic reflex of smooth muscle cells in 
the arteries. Autoregulation is maintained by metabolic signals from numerous local cells and include CO2, O2, H+, 
K+, endothelin and others, which induce NO release by endothelial cells. Endothelial cells can also directly detect 
flow through shearing forces. At the microvascular level, flow is regulated by the pericyte. This allows for 
increased perfusion when local neurons are active. The autonomic nervous system does not have a major effect 
on cerebral circulation. 

Clinical-pathologic correlation of cerebral blood flow:                           

Cerebral perfusion is driven by the cerebral perfusion pressure (CPP). This is the net pressure of the mean arterial 
pressure (MAP) minus the intracranial pressure (ICP) or venous pressure. As the skull has a fixed volume, ICP 
increases as intracranial volume increases. As ICP increases, CSF is first displaced into the spinal cord spaces and 
ventricles. When these are full to capacity, then there is a decrease in venous blood. After this, there is decrease 
in cerebral blood flow. Maintaining the CPP in the normal range of 60-80 mmHg is critical in patients with 
intracranial pathology or hemodynamic distress.   

1. Hemodynamic: 
a. Hypertensive emergency: BP > 160/120 mmHg  
b. Hypotension / shock: BP < 60 mmHg 

2. Intracranial pathology: 
a. Space-occupying lesions (e.g. tumors, hemorrhage) 
b. Cerebral edema     

Figure 78-5 Autoregulation of cerebral blood flow. 
 

- Oxygen: blood flow increases in arteries and arterioles when PaO2 < 50 mmHg. 
- CO2: a direct and profound effect on both arteries and arterioles is mediated by extracellular H+ on 

vascular smooth muscles. 
- In the red regions, blood flow depends on mean arterial pressure, in a linear fashion. 
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Arterial pressure can be directly measured or calculated (MAP = 1/3 systolic diastolic pressure + 2/3 diastolic 
pressure). ICP is usually directly measured by an intraventricular catheter, although noninvasive ultrasound 
techniques are available. The generally accepted normal value of ICP is 8-12 mmHg. 

Cerebrospinal fluid (CSF): 

The flow of fluids through the brain is different from other organs in the body because the brain has two fluid flows: 
blood and CSF. Compare the water compartments of the body to that of the central nervous system:  

Body:  

o Intracellular: 65% 
o Interstitial: 27% 
o Intravascular: 8% 

CNS: 

o Intracellular: 68% 
o Interstitial: 12% 
o Intravascular: 10% 
o CSF: 10%  

The CNS has a new compartment, the CSF, but no lymphatic system. Interstitial fluid is cleared by a complex, poorly 
understood system regulated by the glial cells, called the Glymphatic system (discussed further below). 

There is about 150 mL of CSF, and it turns over about 3 times/day, a production of ≈500 mL/day. 

Structure and flow of the CSF 

80% of the CSF is produced in the choroid plexus of the lateral ventricles. 

o Choroid plexus is also found in the 3rd and 4th ventricles. 
o CSF is produced in 2 steps: 

i. Through the fenestrated endothelium by systolic pulse pressure  
ii. Through the choroid epithelium through selective channels. CSF has higher levels of Na+, Cl- and glucose 

than plasma. 

CSF passes through the foramen of Munro into the 3rd ventricle 

It passes down the aqueduct of Sylvius into the 4th ventricle, with its cerebellar roof. 

It passes out of the midline foramina of Magendie and lateral foramina of Luschka into the subarachnoid space. 

CSF is resorbed into the dural venous sinuses through the arachnoid granulations. 

CPP = MAP - ICP 
• CPP = cranial perfusion pressure 
• MAP = mean arterial pressure 
• ICP = intracranial pressure 

 

Figure 78-6 Water compartments of the CNS. 
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 Structure Significance 
1 Choroid plexus 80% of CSF production 
2 3rd ventricle Passage through foramen of Munro to aqueduct 
3 Aqueduct Passage to 4th ventricle 
4 4th ventricle Through foramina to subarachnoid space. 
5 Arachnoid granulation Resorption in dural venous sinus 

Clinical pathologic correlation of the ventricles and periventricular tissues: 

1. Magnetic resonance image, 2. Cerebral spinal fluid, 3. Intracranial pressure, 4. “Wet, wacky & wobbly”, 
5. Idiopathic intracranial hypertension. 

 

Type  Pathology Presentation (adult) Diagnosis 

Noncommunicating Obstruction within 
ventricles 

Headache ٠MRI1: dilation above     point of 
obstruction 
٠Normal pressure on spinal tap 

Communicating ↓CSF2 absorption ٠Headache 
٠↓mental status 

٠MRI: dilation of entire system 
٠↑ICP3 

Normal pressure Chronic ↓CSF 
absorption 

٠Abnormal gait 
٠Dementia, 
٠Incontinence4 

٠MRI: ventricle dilation 
٠Normal ICP 

IIH5 (Pseudotumor 
cerebri) 

Idiopathic, 
mild ↑ICP 

Headache ٠MRI normal 
٠↑ICP with papilledema 

Hydrocephalus ex 
vacuo 

2° to atrophy Dementia ٠MRI: cerebral atrophy 
٠Normal ICP 

Figure 78-7 The cerebral spinal fluid system. 

Table 78-5 Clinical pathologic correlation of hydrocephalus. 
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Hydrocephalus 
o Hydrocephalus refers to an increase in cerebrospinal fluid (CSF) within the ventricles and/or the subarachnoid 

space. There are many causes, but the commonest causes can be classified into: 
 
 Childhood: 

• Congenital:  
o Stenosis of the aqueduct (idiopathic): most common cause 
o Malformations (see Chapter 12. Embryology, developmental and congenital disorders). 

 Dandy-Walker malformation: obstruction of foramina of Magendie and Luschka leading to 
cerebellar atrophy 

 Chiari malformations: protrusion of cerebellum into the spinal canal, with obstruction 
of foramina 

• Acquired: 
o Neoplasia (and infection and hemorrhage): most childhood CNS neoplasms are infratentorial. 

Increased ICP causes headache and cerebellar involvement causes ataxia. 
 Adults 

• Normal pressure hydrocephalus (NPH) 
o Most childhood hydrocephalus is due to obstruction in ventricular drainage (aka non-communicating 

hydrocephalus). 
 Presentation: depends upon whether or not there is fusion of the cranial sutures.  

• Before closure, the children develop large heads with few early symptoms.  
o P/E shows increased head circumference 

• After closure, there is rapid increase in ICP with destruction of brain tissue. 
o Symptoms usually include headache along with neurologic abnormalities 
o Signs include dorsal mid-brain pathology 

 Sunset eyes: at rest, there is downward gaze and sclera above the irises.                               
(See Chapter 12. Figure 12-12). 

 Parinaud syndrome (dorsal midbrain): vertical gaze palsy, pupillary near-light dissociation, 
lid retraction, convergence-retraction nystagmus 

• Diagnosis: imaging to show ventricular dilation, ↑CSF pressure, usually measured by a surgically 
implanted ventricular pressure transducer. 

 Adults: normal pressure hydrocephalus (NPH) 
• An idiopathic disease with ventricular dilation. This is associated 

with the triad of: gait disturbance (most important), incontinence 
and dementia. Spinal tap has a normal opening pressure.  

• This is presumed to be a disease of decreased absorption of CSF 
by the arachnoid granulations. >50% of NPH patients have 
granulation fibrosis. The commonest cause is hemorrhage. 

 This is one of the few reversible causes of dementia (also reversible are: depression, alcoholism and 
subdural hematoma).  

 

 

 

Triad of NPH: 
• Wet (incontinence) 
• Wacky (dementia) 
• Wobbly (ataxia) 

Abnormal gaits 

• Antalgic: to avoid pain (e.g. osteoarthritis) 
• Ataxia: uncoordinated (cerebellar, sensory & vestibular) 
• Magnetic: as feet are adherent to the ground (e.g. NPH)                                    



727

CNS: Structure and Function 78Idiopathic Intracranial Hypertension (IIH, aka Pseudotumor cerebri) 

An idiopathic disease of obese women of childbearing age. 

Presentation: only signs of ↑ICP 

o Symptoms: headache 
o Signs: papilledema 
o Testing: 

 MRI: normal 
 CSF: increased opening pressure, normal fluid 

Pathophysiology: unknown 

Natural history: 

o Complications: loss of vision due to papilledema 
o Treatment: loss of weight, acetazolamide 

Premature infants and periventricular leukomalacia and hemorrhage (GMH-IVH) 

o Development of the cerebral cortex seems to require ventricles. The CSF formed in choroid plexus of the 
ventricles carries the growth factors and other signals necessary for embryologic development.  

o It is in the periventricular germinal matrix, in the subependymal tissues, that the glial and neurons are 
formed and migrate to populate the gray matter of cortex. 

o The germinal matrix peaks in volume around week 23 and involutes by week 33. This is significant as it is a 
highly vascular tissue and its unique blood vessels are fragile and prone to rupture in hypoxia. 

 

 

o There are 2 patterns of pathology associated with the germinal matrix: 
 Periventricular leukomalacia: early injury in the second trimester causes white matter necrosis. If the 

fetus survives, repair changes of gliosis and lacunae from liquefactive necrosis are found. This is 
associated with the motor defects of spastic diplegia seen in cerebral palsy (discussed further below). 

 Periventricular hemorrhage: premature infants (i.e. gestational age < 36 weeks) are at risk for acute 
respiratory distress syndrome and hypoxia. A major complication of this is germinal matrix hemorrhage 
(GMH), due to the fragile capillaries in this tissue. If this hemorrhage is large enough, it can rupture into 
the ventricle (i.e. intraventricular hemorrhage, IVH). This has significant risk of death and long term 
morbidity. This continuum of disease is often abbreviated as GMH/IVH. 

  

Figure 78-8 The fetal germinal matrix. 
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Cerebral palsy 

o A heterogeneous group of congenital, non-progressive disorders of motor function. There are two general 
patterns: 
 Spastic subtypes: 

• Spastic diplegia: associated with prematurity and its pathology of periventricular leukomalacia. Legs 
are affected. 

• Spastic hemiplegia: stroke-like, with arm > leg and both motor and sensory loss 
 Dyskinetic subtype: associated with severe hypoxia. Due to involvement of thalamus and basal ganglia. 

 

Microscopic architecture of the brain 

The brain has 2 unique architectural features: 

1. Sequestration from the body. There is strict isolation of the CNS by the meninges, the glial limiting membrane 
and the blood brain barrier. This separation from the body is both metabolic and immunologic. 

2. No traditional lymphatic system. In most organs, there is slight flow of fluid from the capillaries into the 
interstitial fluid. This fluid baths the cells in nutrients and clears waste before it is returned to the blood via the 
lymphatic system. In the brain, interstitial fluid is managed through the glia-associated or “Glymphatic” system.  

The Glymphatic system 

This system is not completely understood and the discussion that follows may be modified over time as more 
information is known. In the Glymphatic system, there is a perivascular space (aka Virchow-Robbins space) 
around arteries and veins. This space is formed by CSF and lies between the vessel wall and the fused foot 
processes of the astrocytes that form the glial limitans. This CSF has bulk flow powered by the systolic pulse 
pressure of the arteriole system. 

 

 

 

 

 

 

 

 

 

 
See Fig 

98-9 

Bulk flow versus diffusion 

Bulk flow describes the movement of molecules across a barrier due to pressure. Diffusion refers 
to movement due to a difference in concentration. Its underlying principle is Brownian motion. 
Other movement requires channels. 

Figure 78-9 The G-lymphatic system. 
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CNS: Structure and Function 78The glial limitans strictly regulates fluid passing through the foot processes by selective channels, the most 
important of which are numerous AQ4 channels for water as well as K+, Cl- and glucose channels. 

o There is local influence on the channels of the foot processes from adjacent neurons. This allows for 
differential flows with different levels of neuronal activity. 

The artery → venous flow of interstitial fluid not only provides nutrients and oxygen to the cells of the CNS; it also 
serves to clear waste products. 

Impaired drainage of CNS interstitial fluid has been implicated in age-related changes of the brain and Alzheimer 
disease. In the latter, buildup of β-amyloid (Aβ) leads to formation of plaques and neurotoxicity. 

The blood brain barrier (BBB) 

The traditional view of the BBB is that it is an impermeable barrier between the vascular space and the brain, 
created by tight junctions between the cerebral endothelial cells, together with their polarized channels. 

This model is giving way to the idea of a “neurovascular unit” (NVU), in which endothelial cells are regulated by 
pericytes and astrocytes, which themselves interact with other CNS cells such as neurons and microglial cells. This 
NVU is heterogeneous in different parts of the brain. 

In large vessels like arteries, the BBB consists of multiple endothelial cells and basement membrane. The smallest 
unit, the capillary, is composed of a single endothelial cell connected to itself, together with other cells. 

At the level of the capillary, the BBB is a more complex structure composed of endothelial cells, basement 
membrane, pericytes, astrocytes and other cells of the CNS. This underlies the reason for its name change to the 
neurovascular unit (NVU). 

The endothelial cells of the CNS are unique in their tight regulation of the movement of ions, molecules, and cells. 
The endothelial cells achieve this by having tight intercellular junctions that prevent paracellular movement, 
typically mediated by claudins. They have little vesicle-mediated transcellular movement either. 

There are 2 main types of transporters: 

o Efflux transporters that transport intracellular lipophilic substances out into the blood 
o Nutrient transporters that bring nutrients into the brain and also serve to move waste products out. 

Figure 78-10 The blood brain barrier (neurovascular unit). 
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Endothelial cells are regulated by astrocytes and pericytes that induce the unique barrier function of the 
endothelial cells. It appears that endothelial cells have different properties in different regions of the brain. 

The BBB is generally disrupted by CNS pathology such as inflammation and ischemia.  

o Damage to the endothelial cell leads to loss of tight junctions and vasogenic edema.  
o Damage to astrocytes leads to loss of foot process transporter function and cytotoxic edema. 

The CNS immune system 

The brain is an immune-privileged area in which the CSF is separated from the blood by the BBB of endothelial 
cells and the glial limitans of astrocyte foot processes. 

The brain has its own resident macrophages, the microglial cells, that are produced in the yolk sac of the embryo, 
migrate to the CNS during its formation, and remain in the CNS for life. 

It is becoming clear that there is an interface between the CNS and the body’s immune system that occurs across 
the meninges and olfactory nerve via the Glymphatic system. 

The current understanding of immune surveillance of the CNS is: 

o CSF enters the brain via the Virchow-Robbins space and passes through the glial limitans via bulk flow         
(i.e. it is pressure driven). 

o This interstitial flow picks up waste from the brain and re-enters the CSF through the glial limitans         
around veins. 

o The CSF is cleared by lymphatics in the dura and drains to deep cervical lymph nodes. 
 CSF also enters lymphatics by flowing along the olfactory nerve past the cribriform plate where it enters 

the interstitium of the ethmoid mucosa. The mucosal lymphatics drain to cervical lymph nodes.  
 In an olfactory pathway, CNS antigens would be comingled with antigens from the air in the nose.  

The current understanding of the body’s immune response in the CNS is: 

o The dura does not have tight junctions in its endothelium. Cytokines and other proteins can enter the 
subarachnoid CSF through leakage. 

o Once in the CSF, proteins can enter the brain through the glial limitans. 

Dysfunction of the dura influx /efflux pathways can facilitate disease progression. 

o Good examples are seen in aging and Alzheimer disease in which faulty drainage into the CSF causes a 
buildup of β-amyloid (Aβ) and the formation of plaques. 

With inflammatory diseases of the brain, the endothelial junctions open and inflammatory cells can directly enter 
the CNS through the vasculature. 

Architecture of the cerebral cortex: 

The gray matter of the cerebral cortex, aka the neocortex, is a laminar structure with 6 layers. Within these layers, 
the cells are in loose columns of several hundred neurons that act as functional units. 

The BBB transporters are a major barrier to drug delivery. The efflux transporters block 
lipophilic drugs. Nutrient transporters prevent access. In Parkinson disease, L-dopa must be 
used, as dopamine does not cross the BBB. L-dopa is transported on the neutral amino acid 
transporter. This means that patients cannot take L-dopa within 30 minutes of eating, as the    
L-dopa will not be absorbed due to competition with the amino acids of the meal.  
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CNS: Structure and Function 78The circuitry is complex, and the following table only gives a small selection of the major connections. 

Layer Name of layer Aka Main connection 
I Molecular  Dendrites from other layers 
II Small pyramidal Ext granular Cortical-cortical connections 
III Medium pyramidal Ext pyramidal 
IV Granular Int granular Input from thalamus 
V Large pyramidal Int pyramidal Output, except thalamus 
VI Polymorphic Multiform Output to thalamus 

The thickness of the cell layers varies according to that area’s function. The motor cortex, with its projections to the 
muscles, has a thick layer V. The sensory, visual and auditory cortices have a thick layer IV. Association cortex will 
have an intermediate structure between these two. 

Neuropil 

o An important idea in gray matter architecture is that neuronal function requires connection to other neurons 
through dendrites and axons. These connections make up most of the histology of gray matter and appear as 
a granular pink layer called neuropil by the original histologists (Gr, pilēma: felt) 

o There is a decrease in the volume of the neuropil in schizophrenia, which suggests that there is a loss of 
interneuronal connections in the disease, perhaps due to a neuroinflammatory process. 

Cells of the CNS: neurons and glial cells. 

The neuron 

While it is over a century since Ramon y Cajal identified the neuron and described over one dozen variants, it still 
is not known how many types of neurons are found in the human brain.  

Over 80% of neurons in the cortex are multipolar and these serve as the model for our understanding the cell       
and its function. 

 

Table 78-1 Layers of the cerebral cortex. 

Figure 78-11 Types of neurons. 

Figure 78-12 Histology of the neuron. 
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1. Dendrites: 
o Each pyramidal neuron in the cortex receives input from thousands of synapses from surrounding neurons. 
o The dendritic branches themselves are divided into apical, basal and proximal zones. 

o Long term, activity-based strengthening and weakening of synapses through the dendritic spines underlies 
the brain’s ability to remodel in adulthood, a property called plasticity. 

 Down syndrome individuals have normal dendritic branching and connections at birth, which are lost over 
the childhood years. The loss of dendritic remodeling and maintenance provides an explanation of the 
lower mental function seen in the disease. 

 Many neurodegenerative diseases, such as Alzheimer disease (see below) and schizophrenia show a 
decreased number of synapses. 

 Ischemic disease has an increase in dendritic spines, allowing for partial recovery following stroke. 
o The dendrite architecture does not include tau, a microtubule protein found mostly in the axon. In 

Alzheimer disease, hyperphosphorylated tau can be found in the post-synaptic regions of the dendrites. 
This leads to neuronal dysfunction. Dendritic hyperphosphorylated tau forms the neurofibrillary tangles 
of the “tauopathies”: Alzheimer disease and frontotemporal dementia. 

2. Neuronal body (aka soma or perikaryon) 
o The soma has the same activities found in any other active cell. On H&E routine microscopy, the       

rough endoplasmic reticulum and free ribosomes have a distinctive bluish color that was called the                 
Nissl substance by the early investigators.  

o Lysosomes are found in the cell body, which means that waste products of the dendrites and axons must 
be returned to the soma for clearance. The return motor protein (i.e. retrograde) of the microtubules 
is dynein. 
 Retrograde transport is important in 2 pathologic processes: 

1. Heavy metals: Pb and Hg are transported along the axon to the soma, where they accumulate 
and are toxic. 

2. Neurotropic viruses: HSV, polio and rabies travel along the retrograde transportation system to 
the nucleus in infection. 

3. Axonal initial segment (AIS) 
o The directional flow of the neuron is maintained by the AIS, which ensures that the depolarization 

proceeds from the dendrites to the axonal boutons. This is achieved through the 2 key functions of 
the AIS: 
 Compartmentalization: the axonal compartment is separate from the somatodendritic compartment 

of the neuron by the AIS filter. 
 Initiation of depolarization. The AIS has a high concentration of Na+ channels that sum up the net 

activities from the various dendritic action potentials until a threshold is exceeded. 
o Action potential initiation depends on the high density of the Na+ channels. Mutations in the ion 

channels are associated with epilepsy. 
o Mutations in the cytoskeletal proteins of the AIS have been linked with other neurologic diseases, 

particularly ankyrin with bipolar disorder. 
o Most local anesthetics bind to the voltage-gated Na+ channels of the IAS to block action 

potential initiation. 
4. Nodes of Ranvier 

o Myelin sheaths prevent depolarization in the insulated regions, allowing for a rapid progression of 
the action potential along the axon. Flow into the nodal areas causes opening of the Na+ channels, 
regenerating the action potential. This gives the electrical appearance of the action potential 
“jumping” from node to node, called saltatory conduction. 

o Ganglioside GM1 anchors structures in the outer membrane of the node of Ranvier. In the peripheral 
nerves, these are the target of antibodies, causing the ascending paralysis of Guillain-Barre syndrome. 

o Multiple sclerosis targets proteins like myelin basic protein in the myelin sheaths. The loss of the sheaths 
leads to the loss of saltatory conduction and neurologic impairment. 
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CNS: Structure and Function 785. Synapses 
o Communication from one neuron to another is unidirectional from the presynaptic cell to a post-synaptic 

cell across the synaptic cleft. 
o The action potential opens voltage-gated Ca+2 channels triggering release of neurotransmitter vesicles 

carried down to the axon terminal (bouton) on microtubules. Vesicles release into the synaptic cleft 
by exocytosis. 

o The post-synaptic membrane in the CNS has either channels or receptors for the various 
neurotransmitters. 
 The commonest excitatory substance, the amino acid glutamate, causes the opening of Na+ 

channels, initiating a depolarization wave. 
 The commonest inhibitory substance, the amino acid GABA, opens anion channels like Cl-, which 

makes the membrane potential more negative and resistant to depolarization. 
o The structure, function and regulation of neurotransmission is a large subject, discussed in                    

detail in Pharmacology. 

The glial cells 

The CNS lacks connective tissue and collagen and support for the neurons is supplied by glial cells. As noted 
above, the space between the neurons is composed of the cellular processes of these glial cells and is called the 
neuropil. There are 4 key glial cells of the CNS: 

1. Astrocytes 
2. Oligodendrocytes 
3. Microglial cells 
4. Ependymal cells 

Astrocytes 

The astrocyte has several essential functions in the CNS: 

o Ion and water balance  
o Maintenance of the blood brain barrier (BBB) through regulation of the endothelial cells 
o Formation of the glial limitans 

 Connection with the pia mater is the glial limitans external 
 As the second layer (after the BBB) of the perivascular space around intracerebral arteries and veins, it is 

called the glial limitans interna 
 The glial limitans regulates the flow of the interstitial fluid that provides nutrients and clears waste 

products 
 The glial limitans is also an immunologic barrier 

o Support and regulation of neurons 
o Support and regulation of signal transmission including axon myelination, nodes of Ranvier and synapses 
o Repair of injury, called gliosis (see Chapter 79. CNS General pathology). 

Astrocytes connect to each other through gap junctions, forming a cerebral syncytium. 

Astrocytes have many different morphologies and so must be recognized by markers. Most important is the 
intermediate filament glial fibrillary acid protein (GFAP) 
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Oligodendrocytes  

Oligodendrocytes are the myelinating cells of the CNS. 

o Myelin is necessary for saltatory conduction (see Nodes of Ranvier, above) 

 

 

 

 

 

 

 

 

 

 

Oligodendrocytes perform a similar function to Schwann cells, although the 2 cells have meaningful differences. 

    Oligodendrocyte Schwann cell 
Site CNS PNS 
Myelination Cytoplasmic processes wrap axons Entire cell wraps the axon 

Neurons Up to 60 neurons /oligodendrocyte Multiple Schwann cells / neuron 

Embryology Neuroectoderm Neural crest 

Pathology Multiple sclerosis Guillain-Barre syndrome 

Target Ag Myelin basic protein and others Gangliosides (GM1) 

Figure 78-13 Multiple functions of the astrocyte. 

Figure 78-14 Oligodendrocyte. 

Table 78-2 Comparison of the oligodendrocyte and the Schwann cell. 
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CNS: Structure and Function 78Microglial cells (see Chapter 79. CNS General pathology). 

Microglial cells are the resident macrophages of the CNS and act as the antigen presenting cells. 

They form in the yolk sac and populate the brain during early embryology. They renew themselves, without 
repopulation from the blood. 

They not only have phagocytic functions and initiate inflammation, but also interact with other cells of the CNS in 
normal tissue, in a poorly understood, complex manner. 

o Microglial cells are intimately involved in repair 

In inflammation. T-cells can cross the BBB, where they are presented antigens by the microglial cells. 

Ependymal cells 

Ependymal cells line the ventricle and central canal of the spinal cord where they serve a function similar to 
epithelial cells in the body. 

o They have apical junction complexes 
o They may have cilia to help with flow of CSF 
o One difference from epithelial cells is that they do not anchor in the basement membrane but instead extend 

cytoplasmic branches into the underlying neuropil. 
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General Pathology of The CNS 79Chapter 79. General pathology of the CNS 

Cellular response to injury and cell death 

For a general discussion of cell injury and death, see Chapter 4. Cell injury and death. 

Introduction 

The central nervous system (CNS) is a sequestered subsystem of the body, confined to a fixed space by the skull 
and bathed in cerebral spinal fluid (CSF). At the cellular level, the flow of interstitial fluid is managed without a 
lymphatic system. In addition, the CNS is populated by unique cells derived from the neuroectodermal system. 

o Neuron 
o Astrocyte 
o Oligodendrocyte  
o Microglia 

While the CNS has the same disease processes as the rest of the body, for example ischemia, infection and 
neoplasia, it has several unique pathophysiologic processes, including: 

o Excitotoxicity of neurons 
o Axonal dystrophy 
o Liquefactive necrosis (instead of coagulative necrosis) 
o Gliosis 
o Demyelination  
o Herniation 
o CSF obstruction 

The Neuron 

Hypoxic cell death of the neuron is the most common and best understood injury pathway and serves as the 
model for death of the neuron. 

Progression of hypoxic death in the neuron is seen microscopically as: 

o Vacuolization 
 As with injury in all cells, an influx of Na+ and water leads to intracellular edema. There are no grossly visible 

changes. The earliest ultrastructural changes can be seen by electron microscopy after at least 8 hours. 
 Edema is generally considered to be a reversible stage of injury. 

 
o Cell shrinkage and eosinophilia 

 Calcium influx heralds irreversible change.       
 The neuron is unique as calcium influx can be caused by excitotoxicity. Glutamate is the main excitatory 

signal in the neocortex (i.e. gray matter). In hypoxia or other injury, glutamate is released into the 
synaptic cleft. This leads to over-activation of NMDA receptors, which trigger the influx of calcium. 

 The eosinophilia of neuronal cytoplasm in injury occurs due to the dispersion of the endoplasmic 
reticulum and proteins, which stain blue by H & E stain 

 

Glial cells 
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o Nuclear pyknosis: “Dead red” refers to the appearance of a necrotic neuron before its dissolution 
(see image below). 

o Nuclear dispersion.                     

Neurons in different regions vary in their susceptibility to hypoxia. Most susceptible are the neurons in the: 

o CA1 region of the hippocampus. 
o Purkinje neurons in the cerebellum. 
o Germinal matrix in the fetus. 

Neurons in layers 3 and 5 of the neocortex are more susceptible to hypoxia, leading to laminar necrosis 

o Layer 3, medium pyramidal cells: cortical ↔ cortical interconnections. 
o Layer 5, large pyramidal cells: motor outputs. 

 

Liquefactive necrosis. 

o When a large enough volume of tissue dies in a “mostly protein” organ, it forms grossly visible necrosis that is solid, 
called coagulative necrosis. Myocardial infarction is the model disease. 

o Brain is unique as it is mostly myelin, with abundant cholesterol (20%). 
Ischemic necrosis results in a clear liquid space surrounded by a thin 
wall of gliosis (i.e. a pseudocyst). This is called liquefactive necrosis. 

o In the first 4 weeks post-infarct, the inflammatory cytokine profile of 
brain is the same as a “mostly protein” organ like heart. After 4 weeks, 
the heart shifts to a pattern of fibrosis and repair. 

o By comparison, from weeks 4-8, necrotic brain tissue has a second proinflammatory wave. 
 This is due to the myelin debris and the release of associated cholesterol overwhelming the degradation 

capabilities of the microglia and associated macrophages. 
 Saturated foamy macrophages develop cholesterol crystals that activate the inflammasome.  

Excitotoxicity 

This refers to the damage to neurons caused by excessive stimulation by neurotransmitters such as 
glutamate. A glutamatergic storm can overactivate receptors such as NMDA-R, which allows high levels of 
calcium influx. Calcium disrupts mitochondria (see MPT death above) and activates kinase cascades with 
widespread cellular damage.  

There are multiple causes of excitotoxicity, including hypoxia, trauma and hypoglycemia (glucose binds synaptic 
glutamate). In concussion, it is the biomechanical deformation of the neuronal cell membrane that causes the release of 
glutamate. 

Liquefactive necrosis is also 
seen in abscesses and 
acute pancreatitis. 

Figure 79-1 Microscopic appearance of neuronal death. 
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inflammation and induces the production of matrix 
metalloproteins (MMPs). 

 MMPs degrade the extracellular matrix (ECM) resulting 
in liquefaction.  

 The chronic increased expression of MMPs account for the 
brain’s characteristic pattern of liquefactive necrosis. 

 This increase in MMPs is neurotoxic, disrupting tight junctions 
and degrading intact myelin, causing a secondary 
neurotoxicity that lasts for months. 

 

 

 

 

 

 

 

o A comparison of the 2 model organs for necrosis: brain versus heart 

Pathology of infarction  Brain (liquefactive) Heart (coagulative) 
Substrate Myelin Protein 
Time from infarction   
0-24 hours “Red” neurons “wavy” cytoplasm (edema) 
3 days ٠Peak neutrophils 

٠Tissue necrosis evident 
٠Peak neutrophils 
٠Tissue necrosis evident 

8-10 days Peak macrophages ٠Peak macrophages 
٠Granulation tissue starts 

4-8 weeks ٠Pseudocyst formation 
٠Gliotic lining 

Scar with shift from type III to 
type I collagen 

The Axon 

Wallerian degeneration 

o This is a classic model of axonal injury, dating from the 1860’s, that describes the morphologic changes seen 
when a peripheral nervous system motor nerve is transected. 

o The axon and its myelin sheath degrade over 3-4 days (Figure 79-3 “B”). The degeneration extends proximally 
(retrograde) and distally (anterograde) beyond the site of direct injury. There is an associated change in the 
soma, with dispersion of the rough endoplasmic reticulum (RER) called chromatolysis. It is unknown how this 
occurs, and it is of uncertain significance. As well, dendrites retract, and synaptic contacts are lost. 

o The Schwann cells now proliferate and provide channels for the axon to regenerate and follow (Figure 79-3 “C”). 
Axonal buds sprout at about 7 days and grow from 1-6 mm/day (faster in larger proximal nerves). 

o Both macrophages and Schwann cells clear away the debris. 
o Once the axon buds have re-established connection with the motor end plate, the Schwann cells reform the 

myelin sheath around the new axon (figure 79-3 “D”). 

Figure 79-2 Foamy macrophage after 
CNS necrosis. 

Atherosclerosis 

The cytokine profile of liquefactive necrosis in brain is the same as that seen 
in atheromas. This too is a pathology with increased cholesterol, cholesterol 
crystals in overloaded macrophages and liquefactive necrosis (i.e. the 
grumous center of the atheroma). 

Table 79-1 Comparison of liquefactive and coagulative necrosis. 
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o The process is quite different in the CNS. Oligodendrocytes require axonal stimulation and so become 

dormant or undergo apoptosis after axonal injury. They do not transform into phagocytic cells. They do not 
signal recruitment of phagocytic cells. This means that myelin clearance is much slower, resulting in slow 
regeneration that takes many months, if it occurs at all. 

Axonal dystrophy 

o When axonal transportation is disrupted by a metabolic process, there is axonal swelling called dystrophy. 
While this can be due to specific abnormalities such as nutritional deficiencies (e.g. ↓Vitamin E) and inherited 
diseases (e.g. Niemann-Pick disease), it is most commonly seen in aging and the common degenerative 
diseases that have a buildup of abnormal substances in the axon (see table below). 
 

Condition Abnormality 
Normal aging Ubiquitin reactive material 
Alzheimer disease Tau protein. Found around amyloid plaques 
Frontotemporal dementia TDP-43 
Lewy body disease α-synuclein 
Huntington disease Huntingtin  

o The neurons undergo apoptosis over time due to the misfolded protein stress response, giving rise to the 
specific clinical condition. 

The astrocyte 

The astrocyte is the master regulator of the CNS, the “brain of the brain”. Its individual processes cannot be 
appreciated in routine H&E brain histology, but rather are seen collectively, called the neuropil (see Figure 79-1). 
The astrocyte maintains homeostasis of the brain and there are hardly any functions of the neuron that are not 
directly affected by the astrocyte. There are two key astrocyte reactions: swelling, which is seen with dysfunction 
of salt / water homeostasis and reactive gliosis, which is a pathologic adaptation. 

 

Figure 79-3 Wallerian degeneration and recovery. 

Table 79-2 Intracellular accumulations in dementias. 
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o Cerebral edema (discussed in detail later) has 2 common pathophysiologies: vasogenic and cytotoxic. The 
former is caused by damage to the endothelial cell (i.e. the blood brain barrier, BBB) and the latter to the 
astrocyte. There is overlap between the two, as the BBB is maintained by the astrocyte. Early cerebral edema 
in stroke and trauma is cytotoxic and starts with swelling of the astrocyte. 

o The normal astrocyte forms a syncytium with other astrocytes and oligodendrocytes through gap junctions. 
An increase in interstitial ions or water can be taken up by local astrocytes through ion channels or aquaporin 
4 (AQ4) channels and redistributed to remote areas.  
 An increase in ion concentration in the astrocyte will be balanced by water uptake through the AQ4 

channels, causing swelling. 
o Different ions can increase through different pathologic processes: 

 K+: There is accumulation of K+ in the perineural space after depolarization that is taken up by the 
oligodendrocyte and passed through the gap junctions to the astrocyte. Abnormal ↑K+ can be seen in 
some epilepsies. 

 Na+: Hypoxia leads to ATP depletion and failure of the Na+/K+ ATPase with increase in intracellular Na+. 
 Glutamate: This is the commonest excitatory signal in the neocortex and its clearance is a major function 

of the astrocyte. Excessive release is seen in stroke and trauma and may lead to excitotoxicity. 
Glutamate is osmotically active and its uptake in the astrocyte leads to water uptake and swelling. 

 Ca+2: influx is seen in many pathologies and has an osmotic effect in addition to the Ca+2 effects on 
mitochondria and kinase cascades. 

Reactive gliosis 

o This refers to the universal multicell response of the brain to any significant injury that results in cell death. 
o The astrocyte is central to this process and typical of all adaptations, cytokine signaling such as TGF-α, IL-6 

and neurotropic growth factors cause genetic and morphologic changes in the astrocyte. A hallmark of these 
changes is upregulation of glial fibrillary acidic protein (GFAP), the most important intermediate fiber of the 
astrocyte cytoskeleton. 

o In the core of the injury (“A” in the image), damage to capillaries causes a leaky BBB, which allows 
inflammatory cells and proteins to cross into the brain. In larger injuries, the core contains fibroblast-lineage 
cells that can produce collagen and endothelial cells for neovascularization. If these central non-neural cells 
recede, they leave a fluid-filled space of variable size (i.e. liquefactive necrosis). 

o Astrocytes can proliferative, but they do not migrate. Around the core is a ring of proliferating glial cells that 
form a barrier around the site of injury. This is called the astrocytic “scar” although it produces no collagen.  

o The astrocyte scar has neuroprotective effects, but it also tends to restrict neuron regeneration. 
o The perilesional periphery has abundant microglial cells and a diminishing intensity of reactive gliosis. 

 

 

 

 

 

 

The effect of reactive gliosis in neurodegenerative diseases is complex and is only just being investigated. These 
diffuse injuries tend to form multiple small areas of reactive gliosis in the regions affected. 

Figure 79-4 Tissue compartments in a reactive gliosis response to necrosis. 
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The oligodendrocyte 

Oligodendrocytes are the myelinating cells of the CNS. They wrap a tongue of cytoplasmic membrane around the 
neuronal axon. Myelination of the membrane sheath occurs in larger neurons, creating the structure for saltatory 
conduction (for further discussion, see: CNS, Structure and function, microscopic). One oligodendrocyte can 
myelinate multiple neurons. 

o Oligodendrocytes have a similar function to the Schwann cells of the PNS but differ in embryologic origin and 
structure (for further discussion, see: CNS, Structure and function, microscopic).  

In addition to conduction, oligodendrocytes metabolically support the axon and interact with other glial cells in a 
complex manner. They share gap junctions with astrocytes. 

Oligodendrocytes develop from oligodendrocyte progenitor cells (OPC), of which there is a substantial pool in the 
CNS. Damaged oligodendrocytes can be replaced by OPC which can migrate to the site of injury and differentiate 
in the mature cell. 

The oligodendrocyte is vulnerable to many insults, including hypoxia, trauma and immune-mediated disease. 

o The cell shows secondary downstream loss in neuropsychiatric diseases like schizophrenia, bipolar disorder, 
autism and others. The significance of this is under investigation. 

Demyelinating disease are the commonest primary diseases of the oligodendrocyte. In multiple sclerosis, there is 
attack of the myelin sheath by cytotoxic lymphocytes that leads to oligodendrocyte death. This leaves the axons 
denuded and vulnerable to neurodegeneration. 

o The replacement of the lost oligodendrocyte in MS is not a lack of progenitor OPCs, but their failure to 
differentiate into mature cells. 

Microglial cells                                                                                                                                                                  
Microglial cells are the resident macrophages of the CNS and are the first line of immunologic defense. 

o They arise from the yolk sac in early embryology and populate the CNS as it is formed. They replace 
themselves by division, living about 4 years in the absence of pathology. 

o While blood macrophages, which derive from the bone marrow, may become permanent residents of the 
brain in injury, they do not become microglial cells.  

They have different densities with different genetic signatures and shapes in different regions of the brain. 

GFAP as a marker of chronic neuronal injury 

Chronic and degenerative neuronal disease results in cell loss. In tissue, this loss of neurons is difficult to 
appreciate by routine histology, as normal neuron density can be quite variable. Pathologic evaluation 
of the brain therefore depends on finding reactive gliosis. This is identified by immunostaining for glial 
fibrillary acidic protein (GFAP). 

Figure 79-5 Oligodendrocyte remyelination. 
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o Homeostasis: maintenance of the neuron, critically pruning synapses 
that go unused. 

o Injury: Innate inflammatory response and antigen presenting cell (APC) 

The “resting” microglial cell has a branching morphology and pattern recognition 
receptors (PRRs). With injury and exposure to pathogen-associated molecular pattern 
(PAMPs) such as LPS or damage-associated molecular pattern such as HMGB1, it activates. 

Activation induces genetic and morphologic changes. The microglial cell changes to an 
amoeboid shape, gains motility and migrates to the site of injury. It gains phagocytic 
function. It gains MHC II proteins and with them APC function. 

The major neurodegenerative diseases like Alzheimer disease, Parkinson 
disease, ALS and frontotemporal dementia all have a significant 
inflammatory component. It is not clear how much of this inflammation is 
primary versus secondary nor whether is it protective or harmful. 

Blood vessels 

Cerebral blood vessels are prone to the usual vascular diseases, especially atherosclerosis and hyaline 
arteriolosclerosis. Specific to the brain is amyloid vasculopathy. 

Cerebral amyloid angiopathy (CAA) 

o Pathophysiology: 
 Amyloid deposits into the small and medium arteries of the brain and leptomeninges. This is the same 

amyloid forming plaques in Alzheimer disease. 
 The vessel wall is weakened, making it prone to bleeding. The size of the bleed can vary from a 

subclinical microbleed to stroke-like loss of consciousness. 
 These lobar bleeds are in the superficial brain and are a type of intracerebral hemorrhage. 
 The etiology of the amyloid build up is unknown, but most likely related to defective clearance of the 

amyloid from tissues.  
o Epidemiology: 

 Risk factors are the same as for Alzheimer disease: advanced age and Apo E4. 
o Presentation: 

 Symptoms: 
• Acute: this is highly variable as it depends upon the size and location of the bleed. 
• Chronic: vascular dementia (aka multi-infarct dementia). This is characterized by its step-wise 

progression, with periods of stability punctuated by sudden drops in performance associated with 
lobar hemorrhages. 

 Physical examination: 
• Same as for stroke. 

 Diagnosis: 
• Imaging: identification of multiple cortical infarcts. 

Raised intracranial pressure: cerebral edema, herniation, and hydrocephalus 

A key principle of acute brain pathology is that the skull cannot expand, and the intracranial water cannot 
compress. This is referred to in clinical medicine as the “brain in a box” theory: anything that increases the 
intracranial volume (normal ≈1500mL), most commonly a mass or edema, results in an increase in intracranial 
pressure (ICP). Initially, a rising pressure can displace cerebral spinal fluid (CSF, ≈150mL) and blood (≈150 mL), 
after which even small increases in volume cause a dramatic increase in pressure. CSF is produced by the 
arachnoid granulations at a rate of about 20 mL/hour, so that the CSF reserve can be exhausted over 7-8 hours. 

Figure 79-6 Amoeboid shape in 
an activated microglial cell. 
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Cerebral blood flow is maintained by the mean arterial pressure (i.e. MAP = 2/3 diastolic pressure + 1/3          
(systolic - diastolic pressure)). Autoregulation keeps arterial pressure in the range of 60-160 mmHg. Cerebral 
blood flow starts to decrease when the ICP exceeds 20 mmHg (for further discussion of the underlying 
pathophysiology, see Chapter 78. CNS Structure and function). 

A decrease in CPP leads to ischemia, which results in vasodilation due to autoregulatory functions. This 
vasodilation increases the ICP, decreasing the CPP leading to further ischemia. 

 

Diagnosis of raised ICP 

Symptoms: Increased ICP first presents as headache, presumably through CN V innervation of cerebral blood 
vessels and meninges. It is followed by decreasing consciousness due to compression of the reticular activating 
system and vomiting.  

Physical exam: Most important is the finding of papilledema. Cranial nerve II carries the meninges and 
subarachnoid space along its nerve sheath up to the sclera (see image). Raised ICP is transmitted along the CSF 
with the nerve and fluid is either driven across the lamina cribrosa into the disc or builds up due to lack of axonal 
fluid drainage. Visual defects are not common in early disease. 

o On examination, the disc at first shows a “halo” due to edema and venous pulsations are lost. In late disease, 
the disc becomes grossly elevated and the veins engorge. 

o It takes several days for papillary edema to be visible 

Testing: Imaging (CT scan, MRI) lacks the necessary sensitivity and specificity to be diagnostic. Imaging is useful as 
a basis for placing an intracranial monitor. 

ICP Monitoring 

ICP is monitored so that cerebral perfusion pressure (CPP) can be maintained (CPP = MAP – ICP) at a 
level between 60-120 mmHg. An intraventricular monitor is the gold standard for ICP and an arterial 
line is typically used for MAP. After removal of any mass such as a hematoma or tumor, ICP should 
be decreased to <20 mmHg using: 

- Elevation of the head 
- Hypocapnia by hyperventilation 
- Osmotic dehydration with mannitol 
- Removal of CSF (slowly from the ventricle) 
- Decompressive craniectomy of skull cap 

Figure 79-7 Papilledema. A. Normal. B. Papilledema occurs when the CSF pressure is > 20 mmHg. This leads to 
axonal fluid stasis and edema in the optic disc. There is obstruction of the central retinal veins, which lose 

their pulsation and dilate. 
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Cerebral edema is an increase in brain water content. 

o The amount of water in the brain is tightly controlled by the flux across the blood brain barrier (BBB) and the 
astrocytes of the Glymphatic system (See Chapter 78.  CNS: Structure and function). 

o The key cells of the BBB are the endothelial cells, with tight junctions, pericytes and astrocytes. Disruption of 
any of these cells can lead to edema. 

The 3 major forms of cerebral edema are: 

o Vasogenic edema: this occurs when there is damage to the blood brain barrier, typically the endothelial cells. 
It is the commonest cause of edema and is seen in infections, neoplasms, and trauma. 

o Cytotoxic edema: this occurs when there is failure of the Na+/K+ ATPase pump resulting in an influx of Na+ and 
Ca+2 into the cell, particularly the astrocyte. The resulting swelling of the cells does not result in cerebral 
edema. Rather the depletion of extracellular electrolytes creates an ionic gradient for water to cross the BBB 
and this results in edema. Cytotoxic edema is seen in hypoxia and the excitotoxic injury of glutamate. 
Cytotoxic edema is seen in the penumbra of ischemic cells around an area of infarction in stroke and is the 
target for minimizing clinical damage. 

o Interstitial edema: This occurs in the periventricular white matter when intra-ventricular pressure rises in 
obstruction such as non-communicating hydrocephalus. 

Herniation 

The brain is divided into compartments by the meninges, left versus right hemispheres by the falx cerebri and the 
posterior fossa by the tentorium. 

When there is increased volume in one compartment, it pushes the brain at the compartment edges round the 
meningeal edge. 

This displacement leads to infarction of the herniated tissue 

 

 

 

  

Figure 79-8 Herniations of the brain. 
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The herniation can be named by the tissue displaced or the structure around which it is pushed.  

Displacement past  Herniating structure Compression  Presentation  
Falx cerebri 
(Sub falcine) 

Cingulate gyrus  ACA1 Contralateral leg weakness, 
incontinence, LOC2 

Tentorium 
(Transtentorial) 

Uncus (medial 
temporal gyrus)  

• Cranial nerve lll 
• Brain stem (Duret    

hemorrhages)  

Pupil dilation, rotation down 
and out, ptosis 

Foramen magnum Cerebellar tonsil Medulla LOC 

1. Anterior cerebral artery, 2. Loss of consciousness 

 

Transtentorial (uncal) herniation 

o The uncus is the anterior medial gyrus of the temporal lobe.  
o With herniation, it compresses CN III 

• Unopposed sympathetic stimulation (which travels along the carotid artery and ciliary nerves) causes 
pupillary dilation (mydriasis or “blown-pupil”). 

• Unopposed CN IV (superior oblique muscle) and CN VI (lateral rectus) causes rotation of the eye        
“down and out” 

• Loss of superior levator palpebrae (ptosis).  
• With continued medial displacement, there is shift of the midbrain and pons with loss of consciousness. 

Tearing of blood vessels gives linear hemorrhages called Duret hemorrhages. 

Subfalcine (cingulate) herniation 

o The cingulate gyrus can displace the anterior cerebral artery, leading to contralateral lower limb weakness 
and incontinence. This is followed by drowsiness and coma. 

Cerebellar tonsil herniation 

o If the infratentorial compartment from either supratentorial pressure of local compartment pressure,             
the tonsils can be forced through the foramen magnum. This leads to fatal compression of the vital          
medullary centers. 

Hydrocephalus (see Chapter 78. CNS Structure and function) 

Table 79-3 Herniations of the brain. 

Compression of left CN III 

Figure 79-9 Compression of left CN III. 
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Chapter 80. CNS: Cerebrovascular disease 

Global cerebral ischemia (aka hypoxic ischemic encephalopathy) 

Introduction: 

o Defined as cerebral dysfunction due to a generalized decrease in perfusion of the brain due to hypotension or 
respiratory failure. 
 Occurs at BP < 70 mmHg (note that shock is BP < 90 mmHg). 
 Occurs with PaO2 < 40 mmHg (note that respiratory failure is PaO2 < 60 mmHg). 

o Histotoxic hypoxia is caused by direct impairment of the electron transfer chain due to poisons such as 
cyanide or carbon monoxide. 

o Hypoxia (i.e. decrease in oxygen) is better tolerated that ischemia (i.e. decreased blood flow) as ischemia also 
has a loss of nutrients and decreased clearance of wastes. 

Clinical-pathologic correlation: 

o There is a progressive spectrum of clinical sequelae that occurs with an increasing duration of hypoxia. 
o Complete recovery: hypoxia lasting < 5-10 minutes. 
o Individual neuron loss. 

 Pyramidal layer of hippocampus, especially CA1 (referred to as Sommer area) has the most sensitive 
neurons of the brain. Damage is associated with loss of memory. 

 Laminar necrosis is seen in the grey matter due to loss of metabolically active cortical layers 3 and 5. Necrosis can 
also be caused by increased demand such as status epilepticus. It is best identified by MRI, which identifies the 
associated edema. Clinical sequelae are variable, depending upon reversibility and area affected. 

o Regional pathology: the watershed regions 
 Border zones at the end circulation of the anterior-middle cerebral arteries and middle-posterior 

cerebral arteries. 
 There are sickle-shaped bands of necrosis 
 Neurologic defects are variable 

o Generalized impairment: 
 As damage extends beyond the watershed regions, there are patchy losses and residual defects that 

range from mild dementia to spasticity. 
o Vegetative state: 

 Defined as a state of wakefulness (e.g. sleep cycles, arousable, open eyes) but no awareness. 
 After 3 months, it is considered permanent (i.e. there is no recovery). 

• Day 3 is key: a lack of corneal or pupillary response and/or (+) Babinski are poor prognostic signs. 
 Caused by damage to the reticular activating system or widespread cortical damage with preservation of 

the brain stem. 

Figure 80-1 Watershed regions of the brain. 
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 A state of pathologic unconsciousness it which the patient is neither aware nor arousable.  
 The natural history can be recovery, persistent vegetative state or death, typically within 2 weeks. 
 Progressive loss of mental function in acute pathology is measured with the Glasgow coma scale. This 

was developed for trauma, but now has widespread application. 

 

 

Acute ischemic stroke (AIS) 

Introduction: 

o Stroke is defined as a focal necrosis of brain tissue due to acute vascular pathology. By comparison, a 
transient ischemic attack (TIA) is temporary neurologic dysfunction due to focal ischemia without necrosis. 

o There are about 700,000 new acute ischemic strokes /year in the US, with 140,000 deaths (#3 cause of death 
after heart disease and cancer). 

o Ischemic strokes account for 85% of strokes; hemorrhagic strokes for 15%. 

Pathophysiology: 

o Etiology: 
 Ischemia 

• Thrombus: usually atherosclerosis 
• Embolus: from the heart or a proximal artery 
• Hypoperfusion: decreased blood pressure (see above: Global ischemic hypoxia) 

 Spontaneous hemorrhage (i.e. non-traumatic, see also Chapter 81. Traumatic brain injury and bleeds) 
• Intracranial 
• Subarachnoid  

 

The Glasgow Coma Scale 

Typically used in head trauma, but it has widespread application for other CNS diseases. It keys on the 
assessment of 3 major functions: eye opening, verbal response and motor response. 

Eyes open spontaneously 4 points 
Eyes open to sound 3  
Eyes open to pain 2  
No response 1  
Oriented 5 points 
Confused response 4 
Inappropriate response 3 
Incomprehensible 2 
No response 1 
Obeys (“make a fist”) 6 
Localizes to pain 5 
Withdraws to pain 4 
Decorticate posture 3 
Decerebrate posture 2 
No response 1 

 

Glasgow score 15…  fully conscious 

Glasgow score 3……  coma 

Figure 80-2 Decorticate and decerebrate posturing. 
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o Pathology: 
 The brain has a unique form of necrosis called liquefactive necrosis that forms clear, watery pseudocysts 

after ischemia. It is thought to be due to the activation of the inflammasome in the macrophages by the 
high cholesterol content from ingested myelin. This induces a second wave of macrophages with release of 
MMPs that cause the liquefaction (for more information, see Chapter79. General pathology of the CNS). 

 There are 2 major zones of injury: 
• Core zone with severe ischemia <10-20% of normal flow, Neurons are necrotic. 
• Ischemic penumbra: surrounding tissue with moderate ischemia due to some collateral circulation. Cell 

may live several hours. Revascularization is focused on these cells. 
 Gross pathology: 

• First 48 hours: edema and loss of grey-white matter junction.  
• 2-10 days: tissue becomes gelatinous and friable, necrotic area has a distinct border 
• 2-3 weeks: liquefaction and cyst formation  

 Microscopic pathology: 
• 24 hours: “red” neurons 
• Day 3: peak neutrophils 
• By 2-3 weeks: gliosis by astrocytes starts in weeks 1-2, microglia cells predominate by weeks 2-3 
• Months: cyst cavity with gliotic lining 

 Hemorrhagic conversion: 
• Within the first week, with the breakdown of tissue and acute inflammation, 5-10% of ischemic 

strokes will hemorrhage into the necrotic area, causing further damage. The stroke is still considered 
ischemic in type. 

• Thought to be due to recanalization of vessel with restoration of lumen patency. 
• The blood not only causes mass effect, but it induces vasospasm in adjacent arteries as well as 

ischemia-reperfusion injury.  

 

Presentation (acute ischemic stroke): 

o Symptoms: 
 A sudden loss of focal neurologic function over <5-10 minutes 
 Other symptoms are not specific enough to establish an ischemic origin. 

o Signs: 
 Loss of neurologic function conforms to the distribution of an artery. 

See Chapter 79 Table 79-1 for a comparison of liquefactive versus 
coagulative necrosis 

 

Figure 80-3 Correlation of functional surface anatomy to arterial blood supply. 
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Localization Presentation 
MCA Dominant- Hemiparesis (face & arm >> leg), sensory loss, a phasia  ,

hemianopsia 
Non-dominant (in addition)- neglect, anosognosia 

ACA ensory lossand s weakness bLower lim٠  
encIncontine٠  

PCA Homonymous hemianopsia٠   
Sensory loss٠  

Internal capsule & striatum Pure motor loss 
Thalamus Pure sensory loss 
Lateral medullary syndrome Ataxia٠  

Horner syndrome٠  
touchloss of Ipsilateral face ٠  

body pain and temperatureloss  ontralateral C٠  

 Cerebral regions with specific presentations: 

Region Presentation Pathology 
Global ↓mental function ALZ1, vascular dementia, LBD2 

Frontal Judgement FTD3, Huntington disease 
R parietal-temporal Contralateral agnosia Stroke 
L parietal-temporal Agraphia, finger agnosia, acalculia, 

L-R dissociation 
Stroke (Gerstman syndrome) 

Wernicke Aphasia, receptive Stroke  
Broca area Aphasia, expressive Stroke 

           1. Alzheimer disease, 2. Lewy body dementia, 3. Frontotemporal dementia. 

Testing 

 History and physical exam should be used to rule out the other diseases in the differential diagnosis, 
which includes: 
• Epilepsy: post-ictal confusion, incontinence 
• Syncope: spontaneous complete recovery 
• Migraine: aura, recurrent 
• Hypoglycemia: history of treated diabetes, insulin use 

 Imaging 
• Differentiation of ischemic from hemorrhagic stroke 
• Is the patient a candidate for reperfusion? 
• Is the ischemic stroke due to thrombus or embolus?  

Natural history: 

o Prognosis: 
 Depends on clinical status (age and blood pressure), size of infarct and location of infarct 

o Treatment:  
 “Time is neurons”. Treatment centers on trying to preserve the neurons in the ischemic penumbra. 
 Blood pressure is elevated in stroke but should not be treated unless extreme, as it is necessary to 

sustain the collateral perfusion to the penumbra. 
 Plasminogen activator (e.g. alteplase) for reperfusion. 

• Mechanical thrombectomy can be used for large vessel thrombi in specialized centers. 

Table 80-1 Important stroke syndromes. 

Table 80-2 Cerebral regions with characteristic clinical features. 
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 Anticoagulation for emboli from atrial fibrillation unless the stroke is large (i.e. >1/3 the area supplied by 
the MCA), hypertension is severe or there is hemorrhagic conversion of the stroke. 

Transient ischemic attack (TIA) 

Introduction:  

o TIA is defined as a focal loss of neurologic function due to ischemia without tissue necrosis. This can be 
identified by clinical or imaging criteria. 
 Clinical: symptoms last <24 hours 
 Imaging: no evidence of necrosis 

Each method of diagnosis has limitations. Symptoms can be transient even with necrosis. Different imaging 
modalities have different sensitivity. CT is less sensitive than diffusion-weighted MRI. 

Pathophysiology: 

o Embolic: from heart (e.g. atrial fibrillation) or atherosclerotic plaque in a proximal large vessel. 
o Penetrating small vessel: occlusive hyaline arteriolosclerosis results in a small infarct, (i.e. lacunar infarct) in 

the thalamus, internal capsule or pons. 
o Large artery stenosis: atherosclerosis in carotid artery or other large artery (e.g. MCA). 

Presentation: 

o Symptoms and signs depend upon the vessel involved and are highly variable. 
o Testing: neuroimaging of the brain for evidence of necrosis (i.e. stroke) and evaluation of heart and proximal 

arteries for source of emboli (usually by ultrasound). 

Natural history: 

o Prognosis: TIA is a medical emergency as there is a 5-10% risk of stroke over the next few hours (10-15% over 
the next few days) 

o Treatment: 
 Larger artery with atherosclerosis: revascularization, and risk reduction drugs (i.e. statins, 

antihypertensive, antiplatelet). 
 Small vessel hyaline arteriolosclerosis: risk reduction drugs (i.e. statins, antihypertensive, antiplatelet). 
 Embolic TIA (atrial fibrillation): warfarin and antiplatelet medication.  

Hemorrhagic stroke (aka spontaneous intracranial hemorrhage) 

Introduction: 

o Spontaneous intracranial bleeding is not difficult to differentiate from traumatic hemorrhage with its 
antecedent history of contusion or the coup-contrecoup pattern on the frontal and temporal lobe surfaces. 
Similarly, the traumatic hemorrhage of epidural, subdural and subarachnoid bleeds have a history of trauma and 
characteristic imaging findings (For more information, see Chapter 81. Traumatic brain injury and bleeds). 

o Hemorrhagic stroke is the second commonest type of stroke after ischemic stroke, accounting for 15%           
of cases. 

o Hypertension and anticoagulation are the major risk factors.  

Pathophysiology: 

o Hypertensive vasculopathy (2/3 of hemorrhagic strokes):  
 Most common cause of intracranial hemorrhage (ICH)  
 Involves the penetrator arteries that arise at 90° from the main arteries (regions B-E in image below). 

• Most common are the lenticulostriate arteries (50-60%), the first branches off the MCA. The bleed is 
into the basal ganglia.  
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leaking. These go by the historic name of Charcot-Bouchard aneurysms. Rupture of an aneurysm leads  
to hemorrhage. 
• Small bleeds are compatible with survival and leave small pockets of liquefactive necrosis called 

lacunae. Occlusion of a small artery, instead of rupture, will also leave a lacunar infarct. These two 
are indistinguishable years later at autopsy. 

• Large bleeds can be fatal. 
 Presentation: 

• Symptoms: usually acute onset occurs during routine activities with headache and vomiting that 
progresses over minutes to hours with dropping levels of consciousness.  

• Physical exam: findings depend upon the site of hemorrhage (see Figure 80-3). 
• Testing: neuroimaging. 

 Natural history: 
• Prognosis: depends on the size and expansion of the bleed 
• Treatment: 

o Reversal of any anticoagulation. 
o Reduction of blood pressure to <140 mmHg. 
o Supportive care. 

o Amyloid vasculopathy (1/3 of hemorrhagic strokes): 
 Most common cause of lobar bleeds (i.e. in the superficial cortex and subcortical white matter). 
 Pathophysiology: 

• The same amyloid found in Alzheimer disease (i.e. β-amyloid from amyloid precursor protein 
accumulates in the arterial walls). 

• Buildup of amyloid in arterial walls leads to weakness and rupture (i.e. hemorrhagic stroke). Vessel 
occlusion can also occur, with a sudden loss of function and a residual focus of liquefactive necrosis 
or gliosis if small. 

 Presentation: 
• Larger bleeds present as sudden loss of neurologic function like any other stroke and findings 

depend on size and location of the bleed. 

Figure 80-4 Common sites of hemorrhagic stroke and their presentations. 
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• Microbleeds (i.e. <1 cm) are often subclinical. They manifest as a step-wise progressive loss of 
mental function called vascular dementia. 

• Testing: diagnosis can be made if there are 2 or more hemorrhages in the superficial cortex. 
 Treatment is supportive. 

 
o Arteriovenous malformations (AVM):  

 Most common cause of ICH in children. 
 An AVM is defined as direct connection of arteries to veins, without capillaries. 
 Commonest hereditary cause is hereditary hemorrhagic telangiectasia (Weber-Rendu-Osler disease). 
 Treatment is surgery. 

Vascular dementia 

Vascular dementia refers to any dementia caused be cerebrovascular disease, including dementia 
following ischemic or hemorrhagic stroke. It can also occur over years after multiple subclinical 
strokes when they occur in the cortex. These patients show short periods of decline after each small 
stroke, with periods of stability in between. This pattern is called a “step-wise” progression. 

Vascular dementia is the 2nd commonest cause of dementia after Alzheimer disease. 

Sturge-Weber Syndrome 

The presence of a capillary vascular malformation on the face, called a “port wine stain” is associated 
in 10-20% of cases with a capillary-venous malformation of the underlying leptomeninges. The risk is 
higher for those skin abnormalities that are non-linear and extend to the midline. 

These children are at risk for epilepsy and the leptomeningeal vascular malformations may bleed.  

Figure 80-5 Sturge-Weber syndrome: port wine stain. 
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Chapter 81. CNS: Traumatic brain injury (TBI) and intracranial bleeds 

Introduction: 

Physical forces applied to the head may result in injury to the skull, brain parenchyma and cause vascular 
bleeding, significant in a closed space Often all 3 occur together. 

Clinical pathological correlation of TBI: 

Condition Definition 
Concussion Often used interchangeably with mild TBI, but it more correctly refers to the 

clinical finding and TBI to the trauma. It is considered to be a functional or 
metabolic event, without abnormalities on CT scan. Characterized by confusion 
and memory loss. 

Contusion Injury to the brain, equivalent to a “bruise”. There is usually associated 
subarachnoid and parenchymal blood 

Coup injury 
 

Cerebral injury beneath the point of contact. 

Contrecoup injury Damage to the brain on the side opposite to the direct contact in a deceleration 
with sudden stoppage injury on a surface. Typically, a coup/contrecoup injury. 

Diffuse axonal 
injury 

Injury to the white matter. Seen in whiplash injury where there is rapid 
acceleration/deceleration without contact with a surface. 

Postconcussion 
neuropsychiatric 
syndrome 

Constellation of headaches, mood changes and cognitive symptoms that can last 
for years after TBI. CT scan may show no abnormality. 

Epidemiology: 

o Etiology (US): 
 Motor vehicle accidents……………   33% 
 Falls……………………………..…………..   33% 
 Work-related…………………………….   10% 
 Recreational………………………………   10% 

o Gender: male: female = 2:1 

Skull fractures 

All skull fractures are caused by trauma. 

o Most of the skull’s protection is from the scalp. 
o The skull is thickest over the frontal and occipital lobes. 

Classification: 

o Linear skull fracture:  
 Low energy force over a large surface area. 
 Vault fracture: defined as any fracture that does not involve the base. The fracture pieces are held in place 

by the scalp and most patients have an uncomplicated recovery. 
 Basilar fracture: often associated with a dural tear that bleeds. Patients commonly have a protracted 

recovery, typically with headaches as the blood is irritating. Basilar fractures are most commonly due to a 
backwards fall. The fracture is often recognized several days later when there is fluid or blood leakage 
(see Figure 81-1).  

Table 81-1 Classification of traumatic brain injury and its pathology. 



757

CNS: Traumatic Brain Injury (TBI) and Intracranial Bleeds 81

o Depressed skull fracture: 
 High energy force over a small area. 
 Most are open fractures (i.e. there is laceration of the skin). The scalp wound must be closed to prevent 

direct infection 
 Treatment is expectant; surgery is indicated if the fracture fragment is depressed   more than 5 mm. 

Traumatic brain injury (TBI) 

Concussion 

A term often used interchangeably with mild TBI, concussion more precisely refers to the clinical features caused 
by the trauma. 

Pathophysiology: 

o It can be caused by a direct blow to the head or sudden deceleration when the moving head strikes a hard surface. 
o It is considered a functional or metabolic pathology, with a normal CT scan. 

 A common pathophysiologic description is that of a metabolic cascade caused by indiscriminate 
glutamate release which causes an influx of calcium into neurons. 

 The large expenditure of ATP required to clear the Ca+2 leads to a metabolic crisis that can last for days. 

Presentation: 

o Symptoms: confusion and amnesia 
 Loss of consciousness is not necessary, but it is diagnostic. 
 Amnesia for the actual traumatic event is a reliable diagnostic finding. 
 Headache. 

o Physical exam: 
 Balance disturbance. 
 Tonic posturing with the blow (i.e. “en garde” positioning of arm) 
 Balance disturbance. 
 Vomiting. 

Natural history: 

o A rest period of 7-10 days is necessary, with re-examination. 
o Post concussive neuropsychiatric syndromes occur with repetitive injury. 

Figure 81-1 Basilar skull fractures and their presentations. 
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Direct parenchymal injury  

Contusions are the equivalent of “bruising” and are caused by any 
trauma that leads to tissue necrosis. 

Lacerations have tearing of brain tissue. 

Coup injury is seen when an object hits a stationary head causing 
necrosis (i.e. bruising). 

o Damage is from the outside in, with a wedge-shaped 
configuration and streaks of bleeding. 

o There is accompanying subarachnoid hemorrhage 

Coup-contrecoup injury is seen when the moving head hits a 
stationary object. 

o A coup injury is found at the point of contact when 
the skull stops but the brain continues into the skull. 

o The contrecoup injury occurs at 180° to the coup 
injury when the brain rebounds from the point of contact with the skull. 

 Diffuse axonal injury occurs when the brain accelerates and decelerates without hitting an object. Examples 
include whiplash in a car accident or shaken baby syndrome. 

o The parasagittal cerebral hemispheres are anchored to the arachnoid granulations, but the lateral cerebrum 
moves more freely. This, together with the different density of white and grey matter allows for shearing 
forces, especially at the grey matter: white matter junction. The disruption of the long axons causes diffuse 
axonal injury. The axonal dysfunction and retraction occurs over hour to days.  

o Patients typically present with coma. 
o Imaging studies show lesions at the grey: white matter junction and in the white matter. MRI is more 

sensitive as it shows edema. 

Traumatic vascular injury   

Figure 81-2 Coup and contrecoup injury. 

Figure 81-3 Intracranial bleeds. 
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o Pathophysiology: Fracture and displacement of the temporal bone lacerates the middle meningeal artery, 

which arises off the external carotid artery. 
o Presentation: There is often a lucid period before the onset of neurologic symptoms as it takes time for the 

mass of blood to accumulate. As the blood is under arterial pressure, impairment usually occurs within hours 
(unlike subdural hematomas which have venous pressure and a time frame of days to weeks). 

o Imaging (see MRI image below): 
 “Lens shaped” accumulation of blood (i.e. the blood has a convex curve on the brain side) 
 Blood does not cross suture lines (typically the coronal and metopic suture lines) 

o Treatment requires drainage of larger bleeds 
 

B. Subdural hematoma 
o Pathophysiology:  

 Bridging veins traverse the space between the brain and the dura to empty into the superior sagittal 
sinus. The veins are vulnerable to tearing as they insert into the dura.  

 The cerebral atrophy of aging stretches the veins making them vulnerable to tearing with even the 
smallest of trauma. 

 Anticoagulation makes subdural hemorrhage more likely. 

 
o Presentation: depends on location and rate of hemorrhage, but symptoms take longer than epidural bleeding 

as bleeding is at venous pressures. 
o Acute: 

 Occurs in <72 hours. 
 Usually associated with parenchymal injury from moderate to severe blunt trauma (e.g. a drunk person 

in a fight). 
 Fresh blood leads to ↑ICP. 

o Chronic: 
 Develops over weeks. 
 Antecedent injury may not be identified, especially in old 

people. 
 ↑ICP arises from clot. 
 Presents as headache and confusion. 
 One of the treatable causes of dementia. 

o Imaging (see MRI image below): 
o Crescent-shaped blood (i.e. concave on brain side). 

Treatable causes of dementia 

1. Depression 
2. Alcohol 
3. Normal pressure hydrocephalus 
4. Chronic subdural hematoma 

Figure 81-4 Anatomy of subdural hemorrhage. 
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o Crosses suture lines. 
o Appearance of blood can be used to date the age of the bleed: 

 Acute subdural bleed (i.e. < 1 week) is hyperdense. 
 Chronic subdural bleed (i.e. > 2-3 weeks) is hypodense. 

C. Subarachnoid bleed (SAH) 
o Pathophysiology: Due to extension from intraparenchymal bleed from a  

 Contusion 
 Hypertensive intracerebral hemorrhage 
 Rupture of a berry (aka saccular) aneurysm. 

o Berry aneurysms 
 Epidemiology: present in 2% of population 
 Pathophysiology: arise over years in a congenital defect in the artery wall due to lack of internal elastic 

membrane and smooth muscle cells. 
• Acquired risk factors: hypertension, smoking 
• Hereditary: 

o Autosomal dominant polycystic kidney disease 
o Marfan syndrome 
o Ehlers-Danlos syndrome 
o Fibromuscular dysplasia 

• Sites of occurrence: 
 
 

 

 

 

 

 

 

 

 

 

o Presentation (berry aneurysm): 
 Symptoms: acute onset severe headache (“worst headache of my life”). 
 Physical exam: papilledema, ↓mental function. 
 Imaging (see MRI image below): bleeding conforms to the shape of the gyri in the subarachnoid space. 

o Natural history: 
 1 cm aneurysms have a bleeding risk of 50% /year. 
 25-50% of patients die with first rupture. 
 Complications: 

• Secondary ischemia in first few days post-bleed due to vasospasm from irritation of blood on arteries. 
• Re-bleeding. 
• Communicating hydrocephalus from obstruction of arachnoid granulations in response to blood. 

Figure 81-5 Anatomy of berry aneurysms. 
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Location Pathology Imaging 
 
Epidural 

 
Fracture of temporal bone, 
laceration MMA 

 
 
Subdural 
 

 
Tearing of bridging veins 
(age, anticoagulation) 

 
 
Subarachnoid 
 

 
Trauma, berry aneurysm 
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Location Pathology Imaging 
 
Intraparenchymal 

 
Trauma, hemorrhagic 
stroke (especially 
hypertension) 

 
Images from Heit, Jeremy. J of Stroke 2017;19(1):11-27. 

Creative Commons license 

 

 Table 81-2 Intracranial bleeds: pathology and imaging. 
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Chapter 82. CNS: Dementia and the neurodegenerative diseases 

Introduction: 
o The neurodegenerative diseases all have progressive loss of functional groups of neurons. This is different 

than the geographic relationship seen in cerebrovascular disease. In the degenerative diseases, the neurons 
are part of a neural system, which gives them characteristic symptoms and signs. 

o These diseases all have a common pathophysiology: the accumulation of protein aggregates. These 
aggregates cannot be degraded, and their accumulation can be toxic to the neuron and/or trigger the 
misfolded protein response that induces apoptosis. This common feature has led to the group to be called 
the proteinopathies. For example. Parkinson disease and Lewy body dementia are together called the 
synucleinopathies as the protein that accumulates is synuclein. 

o Many of these protein aggregates have been recognized and named over the years. These proteins and the 
cells in which they accumulate are often the diagnostic hallmark of the disease. 

o Neurodegenerative diseases can be approached clinically by their functional pattern or pathologically by their 
cellular / molecular abnormalities.  

Disease Protein Pathology Region affected Presentation 

Alzheimer ٠Amyloid β 
٠Tau 

٠Plaque 
٠NFT1 

Hippocampus Memory loss 

Amyloid β Vasculopathy Cerebral arteries Stepwise dementia 

FTD2 TDP-43, tau, FUS Pick body Frontotemporal lobe Executive function 
٠Parkinson α-synuclein Lewy body Nigrostriatal system Motor function 

٠LBD5 Cortex Dementia 
Huntington Huntingtin Aggregates ٠Caudate nucleus ٠Motor function 

٠Frontal lobe ٠Executive function 
Creutzfeldt-
Jakob 

PrPsc Spongiform 
degeneration 

Diffuse Dementia over months 

ALS3 ٠SOD (familial) 
٠TDP-43 

Aggregates UMN and LMN4 Weakness 

1. Neurofibrillary tangles, 2. Frontotemporal dementia, 3. Amyotrophic lateral sclerosis,4. Upper and lower motor neurons, 
5. Lewy body dementia. 

 

Overview of dementia 

o Definition: acquired loss of the cognitive ability needed for daily activities. 
o Benign forgetfulness of the elderly is a common finding with aging. 

 12% /year of these patients will progress to Alzheimer disease (AZD) ove the next 4 years. 
 There is limited ability to predict which patients will develop AZD. 

• Imaging: temporal lobe atrophy. 
• Genetics: presence of APOE allele. 

o The 3 commonest causes of dementia are: 
 Alzheimer disease. 
 Vascular dementia. 
 Parkinson disease. 

   

 

 

 

Common reversible causes of dementia 

1. Depression 
2. Alcoholism (+ vitamin deficiencies) 
3. Communicating hydrocephalus (i.e. normal pressure hydrocephalus) 
4. Chronic subdural hematoma 

Table 82-1 Clinical pathologic correlation of the proteinopathies of the CNS. 
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Epidemiology: 

o The most common cause of dementia; its incidence is related to age. 
o Prevalence rises from 1% at age 65 to 40% at age 90 years 

 AZD is rare before age 50 years. 
o 5-10% are hereditary. 

Pathophysiology: 

o The fundamental abnormality is the accumulation of 2 proteins: 
 Amyloid (Aβ): 

• Amyloid precursor protein (APP) is a transmembrane domain of uncertain function, located on 
chromosome 21. 
o Trisomy 21 (Down syndrome) has overrepresentation of APP due to the extra chromosome 21. 

Increased plaques and NFT are evident in these patients by age 40. 75% have AZD by age 65 years. 
• Normal metabolism of APP is by α-secretase which cleaves the Aβ segment in its transmembrane 

region. The resulting fragments can be completely processed. 
• When AP is cleaved by β-secretase and then γ-secretase, the Aβ fragments are released into the 

extracellular space where they form oligomer aggregates. 
• The aggregates can β-pleat to form amyloid. 
• Amyloid can accumulate in the extracellular space to form: 

o Neuritic plaques (aka senile plaques). 
o In cortical arteries, causing amyloid vasculopathy.  

 Hyperphosphorylated tau: 
• Tau is a microtubule-associated protein that becomes hyperphosphorylated in AZD, forming 

neurofibrillary tangles. 
• This disrupts normal axonal transportation. 
• Hyperphosphorylated tau can propagate from one neuron to another. 
• It can be found in other neurodegenerative diseases (the “tauopathies”) including frontotemporal 

dementia, some cases of Parkinson disease, and acquired diseases like post-trauma and lead toxicity. 

 

 

o Microscopic pathology: 
 Neuritic (aka senile) plaques: 

• Cores of amyloid Aβ are surrounding by dystrophic axons and dendrites of the neuron, microglial 
cells, and reactive astrocytes. 

• Plaques start in the hippocampus so that memory is lost first and with progression over the cortex 
over years. 

82-1 Molecular pathology of Alzheimer disease. 
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 Neurofibrillary tangles: 
• Paired helical filaments of hyperphosphorylated tau are found in the cytoplasm of neurons, 

especially around the nucleus and in the dystrophic axons and dendrites in the periphery of plaques. 
• Their shape varies by neuron: “flame-shaped” in pyramidal neurons, “basket-weave” in round neurons.  
• Like the plaques, they start in the medial temporal lobe. 

 Amyloid vasculopathy: 
• The same amyloid Aβ found in neuritic plaques is found in the arteries. 
• It has a high prevalence in AZD, making the dementia a mixed pathology (i.e. both AZD and     

vascular dementia). 
• The rupture of the weakened vessel wall leads to cortical hemorrhages and vascular dementia. 

Gross pathology: 

 The brain shows cerebral atrophy, starting in the medial temporal lobes and then progressing over the cortex. 
• The hallmark of atrophy is widening of the cerebral sulci. 

 End stage disease shows enlarged ventricles, called hydrocephalus ex vacuo, which is 2° to loss of brain volume. 

Presentation: 

o Symptoms:  
 Memory impairment is the commonest initial symptom. It is specifically a loss of retention and recall of 

facts, called declarative memory. 
 Executive function and judgement are lost with progression of the disease. 
 Dementia is commonly mixed with vascular dementia from the amyloid vasculopathy. 

 

Figure 82-2 Microscopic pathology of Alzheimer disease. Neuritic (senile) plaques are β-pleated 
sheets of Aβ fibrils. Neurofibrillary tangles are paired helical filaments of phosphorylated tau protein. 

Figure 82-3 Gross pathology of Alzheimer disease: cerebral atrophy. 
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o Testing: 

 Neurocognitive testing: sensitive to many impairments, including executive function. It is useful in 
establishing a baseline and monitoring progression. 

 Neuroimaging: 
• MRI is useful in ruling out other causes of dementia. 
• Hippocampal and medial temporal atrophy are supportive of the diagnosis. 

o Diagnosis: 
 Definitive diagnosis is made by finding a significant increase in plaques and NFTs in the temporal lobe in a patient 

with matching clinical findings. This can only be done at autopsy. 
• There is an increase in plaques and NFT with normal aging. These must be significantly increased to 

diagnose AZD. 
 A provisional diagnosis can be made in a living patient by showing impairment of memory and one other 

cognitive domain abnormality (e.g. aphasia, apraxia, executive function), together with chronic 
progression and no other neurologic disease (i.e. negative MRI scan). 

Natural history: 

o Prognosis: median survival is 8-10 years, but there is wide variation.  
o Treatment: 

 There is only mild benefit and no evidence of neuroprotective effects. 
 Cholinesterase inhibitors: increase acetyl choline levels in the nucleus basalis of the forebrain. This area 

has broad function, including memory and attentiveness. 
 Memantine: acts as an antagonist to glutamine receptors, decreasing excitotoxicity. Memantine is used 

as a second line drug. 

Frontotemporal dementia (FTD) 

Epidemiology: 

o Younger age of onset than the common dementias (FTD median age = 58 years) 
o Strong family history of psychiatric disease / dementia. 10-20% are autosomal dominant. 

Pathophysiology: 

o Neuronal loss in the frontal and temporal lobes is associated with the buildup of proteins in the cell. 
 Most common proteins are FDP-43, tau and FUS 
 The specific protein is not associated with any specific pattern of disease.  

o Pathology: 
 Atrophy of the frontal and temporal lobes. 
 Neurons with tau aggregates are called Pick bodies. 

Presentation: 

o The frontotemporal lobes manage executive functions. Patients present with disruption of core emotional 
and personality attributes. 

o Diagnosis: 
 Neuropsychological testing: impairment of executive function 
 Imaging: atrophy of frontotemporal lobes 
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Natural history: 

o Prognosis: 8-10 years from presentation of symptoms 
o Treatment: none are disease specific. 

Parkinson disease (PD) 

Introduction: 

o Parkinson disease is a disease of hypokinesis due to failure of the substantia nigra pars compacta to  
produce dopamine. 

o Parkinsonism refers to clinical entities that produce signs and symptoms similar to Parkinson disease. 
 Secondary parkinsonism: 

• In addition to other uncommon primary neurodegenerative diseases, the motor abnormalities of tremor, 
bradykinesia, rigidity and postural instability can also be seen in: 
o Wilson disease. 
o Anti-psychotic drugs. 
o Trauma, especially repeated trauma like boxing. 
o Toxins: CO, CN, MPTP. 
o Others 

 

Pathophysiology: 

o Normal signaling of the basal ganglia (aka extrapyramidal system), called the nigrostriatal pathway, is 
characterized by dopamine production in the substantia nigra compacta (SNc) released in the putamen (or 
striatum as it is composed of the putamen and caudate nucleus together). There are 2 different dopamine 
receptors in the putamen: 
 Direct pathway (D1 receptors): these are net stimulatory to the thalamus 
 Indirect pathway (D2 receptors): these are net inhibitory to the thalamus 

MPTP: modeling Parkinson disease 
 

In 1983, 4 young adults developed Parkinsonism after injection of an illegal synthetic opioid. Subsequent 
investigation showed that a contaminant, MPTP, was neurotoxic to the basal ganglia. Mammal models of 
Parkinson disease are made by the injection of MPTP. 
 

Figure 82-4 Frontotemporal dementia (CT scan): 

Widening of sulci in the frontal and temporal 
lobes due to atrophy. There is disproportionate 
enlargement of the frontal horns of the lateral 
ventricles. 
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o PD has progressive loss of the substantia nigra pars compacta (SNc). Symptoms 
start when there is an 80% decrease in dopamine levels, which occurs after a loss 
of >60% of dopaminergic cells. 

o There is accumulation of α-synuclein in the neurons of the SNc. It is presumed 
that this is either toxic to the neuron or induces apoptosis through the misfolded 
protein stress response. 
 The accumulated of α-synuclein is called a Lewy body. 
 The dark pigment in the substantia nigra is a neurocatecholamine 

that is unrelated to the disease. 

 

                       

 

 

 

 

 

 

 

Presentation: 

o Symptoms: 
 Tremor: most patients first recognize their disease due to hand tremor. 
 Bradykinesia: initiation of movement and “smallness” of action can be seen in the gait and handwriting.  
 Rigidity: this is experienced by the patient as pain and tightness of muscles. 
 Postural instability: falls are a major risk factor for patients. 
 Non-motor: depression, anxiety, autonomic nervous system dysfunction. 

o Physical examination: 
 Tremor 

 

Figure 82-5 Lewy body in a 
neuron of the substantia nigra. 

The nigrostriatal pathway: what to learn 

One can learn all of the steps of the pathways. These are not routinely needed in patient care and so they will 
be quickly forgotten. What is needed in patient care is an understanding of deep brain stimulation (DBS) in 
PD. A wire can be threaded through the skull to the globus pallidus internal (GPi) and/or the subthalamic 
nucleus (STN). When stimulated, the signal suppresses the target structure. 

- GPi is inhibitory and suppression decreases its inhibition of the thalamus. 
- STN stimulates the GPi. Inhibition of the STN decreases the inhibitory signal of the GPi. 

DBS does not bring Parkinson patients back to normal function, but only to their best functioning level. It 
mostly improves motor function. 

Figure 82-6 The basal ganglia and their signaling pathways. 
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 “Cogwheel” rigidity of limb motion 
 Bradykinesia: multiple small steps, difficulty turning around and difficulty walking backwards 
 Postural instability: patient cannot recover if pulled from behind                                    

o Testing: 
 Diagnosis is clinical. The accuracy at first visit is about 80%, as there are many diseases with parkinsonian 

features. PD is progressive over years. 
• Key triad of: tremor, rigidity, and bradykinesia, together with a positive response to a trial of L-dopa. 

 Neuroimaging: MRI is performed to exclude other underlying pathology. 

Natural history: 

o Prognosis: most patients live a near normal life span. 
o Complications: 

 Falls 
 Aspiration 
 Dementia: mild cognitive impairment is common after 10 years. About 10% of patient will develop 

dementia. Most severe is Lewy body dementia. 
o Treatment: 
o Principles: 

 Motor fluctuations and dyskinesia are of foremost importance in treatment: 
• Motor fluctuations refers to the “on” period, where there is response to the L-dopa, and “off” 

period, where the response wears off. Critical in this is “freezing of gait” in which there is an 
intention to walk but no leg response. This is a common cause of falls, a major cause of morbidity 
and mortality. 

• Dyskinesias are the abnormal movements brought on by the use of L-dopa. 
o Peak dose occurs 60-90 minutes after ingestion when the patient is “on”. 

Pathologic tremors 
- Resting: typical of Parkinson disease. Alleviated by intentional action 
- Intention: zigzag action of hand when reaching. Typical of cerebellar dysfunction. 
- Essential: high frequency. Worse with action or arms extended. Hereditary. 

Figure 82-7 Presentation of Parkinson disease. 
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dosing balance. After 10 years of disease, a majority of patients have this problem. 
• Solutions include: 

o More frequent, smaller doses, but this requires high compliance. 
o Amantadine: this decreases the dyskinesia, allowing higher dose of L-dopa. 
o Dopamine agonists: they allow for longer L-dopa activity, smoothing out the “off” periods 

between doses. 
 L-dopa has to be absorbed across both the small bowel and the blood brain barrier (BBB) through an 

amino acid transporter. L-dopa should be taken more than 30 minutes after eating for optimal gut 
absorption. Amino acids in the blood from any meat in a meal can also interfere with BBB transport. 

 Other common symptoms of PD include anxiety (benzodiazepines), depression (SSRIs) and abnormal 
autonomic nervous system function (constipation and GERD). 

o L-dopa /carbidopa. 
 L-dopa is the precursor to the active ingredient dopamine, which does not cross the BBB. In the CNS, the 

L-dopa is taken up by neurons and converted to dopamine. 
 L-dopa is a precursor for all catecholamines (i.e. epinephrine, norepinephrine, and dopamine). This 

means that there is extensive peripheral metabolism of L-dopa such that only 1% would be available for 
CNS absorption. By adding a decarboxylase inhibitor, carbidopa, 9% is available for the CNS. 

o Amantadine 
 Used to control dyskinesia, allowing for higher doses of L-dopa. 
 Poorly understood mechanisms of action 

o Dopamine agonists (e.g. ropinirole): used to smooth out “off” periods in more  advanced disease 
o Other drugs, such as COMT inhibitors and MAO inhibitors are also used to decrease “off” periods.                     

    
o Deep brain stimulation (DMS) 

 High frequency stimulation by wires implanted in the subthalamic nucleus and/or the globus pallidus 
interna is helpful in controlling dyskinesia and other motor abnormalities in PD. 

  

Figure 82-8 Pharmacology of Parkinson disease. 
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Lewy body dementia (LBD) 

When synuclein builds up first in the cortical neurons, forming Lewy bodies, there is loss of higher mental 
functions, presenting as dementia. This is called Lewy body dementia. 

When synuclein first starts in the substantia nigra compacta, the patient presents with the loss of dopamine effect of 
Parkinson disease. 10-20% of Parkinson disease patients develop dementia. This is called Parkinson disease with dementia. 

Lewy body dementia and Parkinson disease can be considered to be a single disease continuum. 

LBD is characterized by: 

o REM sleep disorder: there is movement during dreaming (normally dreaming is delinked from the motor system). 
o Fluctuation of mental symptoms (not seen in Alzheimer disease). 
o Hallucinations 

Huntington disease (HD) 

Introduction: 

o There are 9 diseases with unstable trinucleotide repeats of CAG (cytosine, adenosine and guanine), including HD 
and the cerebellar ataxias. They all have in common certain features: 
 Presentation in middle age with progressive neuronal loss over the next 10-20 years. 
 Increased numbers of CAG repeats have earlier age of onset and more severe disease. 
 Repeats have somatic and germline instability, so that here can be expansion over successive 

generations. This leads to earlier and more severe disease in children of affected patients,  
called anticipation.  

 

 

 

 

 

Pathophysiology: 

o The gene HTT encode the protein huntingtin (Htt) which has a region of glutamine repeats 
o Autosomal dominant inheritance. 
o Normal huntingtin has 7-35 glutamines (or 7-35 CAG repeats in the DNA). When the glutamine count exceeds 

40, breakdown of the larger protein, call mHtt (“m” for mutated) produces toxic fragments, which the 
neurons sequesters as aggregates. 

o Neuronal death is most marked in the striatum, especially the caudate lobe, and the frontal cortex. 
o This neuronal loss leads to a decrease GABA release in the thalamus, with loss of inhibition leading to 

abnormal movement, chorea.  
 The loss of inhibition is a mirror image to the loss of stimulation by dopamine in Parkinson disease. 
 The loss of frontal lobe neurons is associated with loss of executive function.  

o Pathology: there is atrophy of the striatum, the caudate lobe more than the putamen, and with them, 
hydrocephalus. There is cerebral atrophy 

The multiple names for the CAG repeat diseases 

- CAG is the nucleotide in the DNA whose increase leads to the elongated proteins, hence 
CAG repeat or nucleotide repeat disease. 

- CAG is the codon for the amino acid glutamine, hence polyglutamine disease 
- The symbol for glutamine is Q, hence polyQ disease 
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Presentation: 

o Symptoms:  
 Chorea: brief, jerky movements of the limbs, face and trunk. 
 Psychiatric symptoms: loss of executive function and depression leads to disruption of social 

relationships over years. 
 Dementia: cognitive decline is relentless. 

o Physical exam: 
 Abnormal face and limb movement 
 Eyes have loss of saccade movement (quick jerking movements in tracking) 

o Testing: 
 (+) family history (autosomal dominant) 
 Neurocognitive testing is abnormal 
 Imaging: atrophy of the caudate lobe. 

Natural history:  

o Prognosis: survival is 10-25 years from onset of symptoms, proportional to the length of the CAG repeats 
o Treatment: none 

 

Types of abnormal movements 

- Tremor: Rhythmic oscillations (see above). 
- Tics: Paroxysmal, stereotyped muscle contractions, temporarily suppressible. 
- Myoclonus: Shock-like, arrhythmic twitches. Not suppressible. 
- Chorea: Dance-like movements, often seem to have a purpose (e.g. adjusting clothes, looking at a watch).  
- Athetosis: Slow writhing movements, mostly of arms and hands.  
- Dystonia: Sustained or repetitious muscular contractions, may have an abnormal posture. 
- Hemiballismus: wild, large-amplitude, flinging movements on one side of the body, mostly affecting 

proximal limb muscles. 

 

Figure 82-9 Gross pathology of Huntington disease. 
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Prion disease: See Chapter 83. Multiple sclerosis, prion disease and amyotrophic lateral sclerosis. 

This disease is often grouped with the neurodegenerative diseases. It has meaningful differences in pathophysiology, 
acting more like an “infection” and a time course of months, not years. 

 

Amyotrophic lateral sclerosis (ALS) See Chapter 83. 

This disease is often grouped with the neurodegenerative diseases. It has some pathologic commonalities: there 
are intracellular protein aggregates and 10-20% of patients will have cognitive impairment by late disease. Its 
presentation of weakness, and time frame in months, however, gives it a different chief complaint and a 
differential diagnosis that relates to the peripheral nervous system and muscles.  
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Chapter 83. Multiple sclerosis, prion disease and amyotrophic lateral sclerosis 

Multiple sclerosis (MS) 

Introduction: 

o MS is the most common demyelinating disease of the CNS. It is inflammatory and presumed to be 
autoimmune in origin. 

o MS is a heterogeneous disease with variable clinical presentations that reflect the variable pathologic 
pathways of demyelination, inflammation and axonal degeneration. 

o It is characterized by its relapsing and remitting nature. 

Epidemiology: 

o Age: 15-50 years, with average age of 30 years 
o Gender: females: males = 2:1 
o Geography (latitude): prevalence increases from south to north. It has been proposed that this reflects 

sunlight exposure and Vitamin D levels. 

Pathophysiology: 

o MS is thought to be autoimmune as there are myelin reactive T lymphocytes in the plaques and CSF of 
patients. In addition, there are oligoclonal bands of immunoglobulins in the CSF and other immune cell lines 
such as TH17 lymphocytes are activated. Patients improve on immunomodulatory treatment.  

o Pathology is characterized by patchy demyelination plaques with variable inflammation and gliosis. 
o Loss of myelin sheaths leads to the loss of saltatory conduction (for more information, see Chapter 78. 

Structure and function, cells of the CNS, the neuron). There is an initial temporary conduction block followed 
by a slower continuous propagation of the signal. An active plaque has lymphocytes with lipid-laden 
macrophages and edema. Over time, there is progression to an inactive plaque, which shows a loss of 
oligodendrocytes, astrocyte proliferation and gliosis causing grossly firm areas (i.e. sclerosis). 

Presentation: 

o Symptoms: 
 Sensory abnormalities of the limbs (30%) 
 Unilateral optic neuritis (eye pain with vision loss) 
 Diplopia (internuclear ophthalmoplegia) 
 Motor impairment 
 Difficulty with gait and balance (brainstem, cerebellum) 
 Fatigue  

The oligodendrocyte in MS 

The replacement of the lost oligodendrocyte in MS is not a lack of progenitor OPCs (oligodendrocyte 
precursor cell), but their failure to differentiate into mature cells. For discussion of the oligodendrocyte, 
see Chapter 79. CNS: General pathology. 

 
 

Figure 83-1 The oligodendrocyte in multiple sclerosis. 
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 Neurologic defect in affected nerves 
 Upper motor neuron signs 

o Testing: 
 MS is a clinical diagnosis based on distinct episodes of focal neurologic dysfunction with at least partial 

remission in a young adult (ages 15-50 years). 
 MRI has high sensitivity (90%) and specificity (75%). 

• Characteristic white matter lesions are found in deep regions such the periventricular area, corpus 
callosum and cervical spine 

 

 

 

 
 CSF has only an ancillary diagnostic role currently. CSF shows IgG oligoclonal bands. 

 

Natural history: 

o There are 2 major clinical phenotypes of MS. The commonest is relapsing and remitting (85%), followed by 
primary progressive disease (10-15%). 

 

Figure 83-2 The MRI in MS. 

The typical pattern of involvement is plaque formation in deep white matter structures around the ventricles 
and corpus callosum. 

Figure 83-3 Relapse and remission in multiple sclerosis. 
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o 30% of patients have a significant disability by 20 years 
o Survival is related to the degree of disability 
o Treatment: 

 Acute attacks develop symptoms over hours. The diagnosis can be confirmed by MRI enhancement with 
gadolinium, which demonstrates edema. 
• Acute attacks are treated with IV glucocorticoids. 

 Disease modifying treatments are used in relapsing-remitting disease to decrease the number of attacks 
and the rate of plaque formation. 
• Interferon-β: anti-inflammatory and promotion of nerve growth are possible mechanisms of action 
• Ocrelizumab: anti-CD20 activity leads to B-lymphocyte depletion. It is not clear how this immune 

modulation affects the disease course. 

 

Prion disease (Creutzfeldt-Jakob disease) 

Introduction: 

o This is a group of neurodegenerative diseases caused by the spread of misfolded protein between neurons. 
o Disease can be spontaneous, genetic or iatrogenic (e.g. tissue grafts, corneal transplants). 

Pathophysiology (sporadic disease): 

o A normal cell surface glycoprotein, PrPC, is converted from an α-helix conformation to β-pleated isoform 
called PrPSc (the “S” comes from scrapie, a prion disease in sheep). 
 The function of PrPC is not well understood 

o PrPSc builds up in the neuron, inducing the conformational change in other PrPC and forming aggregates which 
are thought to be toxic to the neuron. 

 
o Pathology: the pattern of injury is spongiform encephalopathy with accumulation of the fibrillar prion protein, 

degeneration of neurons, microglial proliferation and vacuolization. It is noteworthy that there is no inflammation. 

Presentation: 

o Symptoms: rapid progressive dementia over months. 
o Physical exam: is not central to the diagnosis 

 

Demyelination versus dysmyelination 

Demyelination refers to a disease process that targets myelin, the lipid-rich insulator of the nerve 
sheath. The model disease is MS. 

Dysmyelination refers to a disease process that damages the nerve sheath. This may be hereditary, 
such as the leukodystrophies or acquired, such as progressive multifocal leukoencephalopathy 
(PML) in AIDS or osmotic demyelination syndrome (aka central pontine myelinolysis) in too rapid a 
correction of hyponatremia.                       

Is prion disease an infection? 

The prion’s form of “self-replication” is particularly fascinating, as it appears to defy the central 
dogma of biology that genetic material is necessary for reproduction. In this, it differs from all 
other pathogenic mechanisms. It is notable that some prions can act as transmissible infectious 
agents, similar to viruses. 

The word “prion” derives from proteinaceous infectious product. 
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 Brain biopsy is the gold standard, showing spongiform encephalopathy and PrPSc. 
 Real-time quaking-induced conversion (RT-QuIC): this is the routine diagnostic test for prion disease. 

CSF is spiked with PrPc and a fluorescent tag. If the CSF has PrPSc, it converts the PrPc to a β-pleated 
isoform that starts fluorescence. 

 Imaging: MRI shows a high signal in affected areas of the cortical gray matter. 

Natural history: 

o Prognosis: uniformly fatal with death in <1 year. 
o Treatment: none 

Amyotrophic lateral sclerosis (ALS) 

Introduction: 

o A progressive neurologic disorder with loss of upper motor neurons in the cerebral cortex and lower motor 
neurons in the brain stem and spinal cord. 

Pathophysiology: 

o 95% are sporadic. 
 The commonest protein accumulation is TDP-43. 

• 15% of ALS patients develop frank frontotemporal dementia (FTD). 
 The 5-10% genetic cases commonly have accumulation of SOD-1 protein aggregates. 

o The only known risk factor is age, with peak incidence at age 74 years. 
o The protein aggregates may have a “gain of function toxicity” and/or cause misfolded protein induced apoptosis. 
o Pathology: injured neurons have retrograde axonal loss and disappear. There is surrounding gliosis, which 

gives hard areas of “sclerosis”. 

Presentation: 

o Symptoms:  
 The hallmark of ALS is weakness, without loss of sensation. 

• Limb: commonest presenting symptom (75%), arm and legs are equal in incidence. 
• Bulbar: involvement of brain stem neurons (e.g. dysarthria, dysphagia in the pharyngeal phase).  

o Bulbar presentation is an indicator of poor prognosis.  
• There is sparing of extraocular muscles, bowel and bladder function. 

o Physical exam: 
 The hallmark of ALS is the presence of both upper motor neuron (UMN) and lower motor neuron (LMN) 

dysfunction. 
 

Sign UMN1 LMN2 

Weakness Present Present 
Atrophy Absent (disuse) Present 
Fasciculations Absent Present 
Reflexes Increased Decreased 
Muscle tone Increased Decreased 
Babinski reflex Present Absent 
Clasp-knife spasticity Present Absent 

1.Upper motor neuron, 2. Lower motor neuro 

  

Table 83-1 UMN and LMN signs in ALS. 
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o Testing: 

 Nerve conduction studies: normal sensory and motor conduction rules out peripheral neuropathy 
 Electromyography (EMG): denervation pattern 
 Infections: rule out Lyme disease and HIV infection 

 
Natural history: 

o ALS follows a relentless linear progression to death. 
o Prognosis: median survival is 3-5 years 
o Treatment 

 No treatment alters disease progression 
 Commonest causes of death are 

• Respiratory failure (treated with intubation and ventilation) 
• Aspiration (treated with gastric feeding tube and oral fluid control) 

Baclofen and pain from spasticity 
 

Spasticity is a pathologic tightness of muscles usually due to loss of upper motor neurons. It is 
believed that the increased muscle tone is from increased firing of the alpha motor neurons due to 
loss of GABA inhibition from the upper motor neuron. Baclofen is a GABA agonist that is used in 
treatment. Diseases with loss of UMN inhibition include: 
- Amyotrophic lateral sclerosis 
- Cerebral palsy 
- Paraplegia 
- Stroke 
- Multiple sclerosis          
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Chapter 84. CNS: Selected infections 

Introduction: 

Infections enter the CNS in one of 4 ways: 

o Hematogenous. 
o Direct implantation (e.g. trauma). 
o Local extension (e.g. sinuses and mastoid process). 
o Peripheral nervous system (PNS) transport (e.g. rabies, Herpes zoster). 

CNS infections present with fever and headache. Distinct clinical syndromes include: 

o Meningitis: hours to days with decreased alertness 
o Encephalitis: hours to days with neurologic deficits 
o Abscess: 10-14 days with focal neurologic loss due to mass formation  

Meningitis and encephalitis are differentiated clinically by the presence of meningismus (meningitis) or its 
absence (encephalitis). 

o Inflamed meninges are painful so that meningismus can be elicited by stretching the membranes. 
 Nuchal rigidity: flexion of the neck 
 Brudzinski sign: flexion of neck causes spontaneous flexion of hips 
 Kernig sign: painful extension of the knee when the hip is flexed at 90° 

                                                                                                                                            

 

                                                    

                                                 

                                                

 

Bacterial meningitis 

“Meningitis” describes an infection of the arachnoid mater and the subarachnoid cerebrospinal fluid surrounding the 
brain and in the ventricles. It arises through a poorly understood interplay of bacterial virulence and host immunity 

Epidemiology:  

o There are age-critical differences in bacterial etiology: 

Figure 84-1 The physical examination in acute meningitis. 
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Age Bacteria 
Neonate (<1 month) E. coli 

Group B strep (GBS) 

L. monocytogenes 
Infant (1-3 months) Neonate & child 
Child (<18 years) S. pneumonia 

N. meningitis 
H. influenza 

Adult (18-50 years) S. pneumonia (50%) 
N. meningitis (37%) 

٠Adult > 50 years 
 
٠Alcoholic 
 

S. pneumonia 
N. meningitis 
L. monocytogenes 
Gram (-) bacteria 

 

o Patient history can give clues to the likely organism: 
 Crowded conditions: meningococcus. 
 Immunosuppression: Cryptococcus neoformans, L. monocytogenes. 
 Splenectomy: encapsulated organism (meningococcus, pneumococcus, H. influenza). 
 Enteroviruses (most common cause in children) have involvement of other systems (e.g. skin exanthems, 

enteritis, pericarditis, pleuritis, etc.). 
 Vaccine effects: 

• 1990: H. influenza vaccine (Hib) is made universal. Infection now suggests missed vaccination or 
immunosuppression. 

• 2000 / 2010:  7-valent and 13-valent pneumococcal vaccines have decreased invasive pneumococcal 
infections in children and adults. 

Pathophysiology:  

o The major pathogens (N. meningitidis, P. pneumonia, H. influenza, Group B streptococcus (GBS), E. coli) all   
go through 4 steps to infection of the CSF: 
 Colonization: this requires adhesion to the mucosal surface (uually fimbriae or pili), evasion of IgA 

(usually IgA protease) and invasion through the epithelial cells. 
 Invasion of bloodstream: is a combination of environment and host factors. The former include such 

things as recent viral infection, smoking and alcohol. The latter include host immune factors such as 
asplenia (e.g. sickle cell disease), complement deficiency (e.g. neisseria) and immunosuppression. 

 Surviving in the blood stream: the capsule is the major defence against opsonization leading to phagocytosis. 
 Invasion of the meninges: bacterial surface proteins adhere to specific endothelial receptors, most 

commonly in the choroid plexus. Bacterial passage into the CSF can be transcellular or paracellular. 
o Once in the CSF, bacterial proliferation is exponential as there is much less immune protection. For example, 

there is 1/1000th the level of immunoglobulins and complement in CSF compared to serum. 
o Bacterial products (Pathogen Associated Molecular Patterns or PAMPs) lead to an inflammatory response and 

cytokine release.  
 The cytokines are important mediators of damage. For example, pneumococcus is very immunogenic and 

meningitis patients have increased survival with suppression of the immune response by treating 
patients with corticosteroids. 

o Inflammation leads to impairment of the BBB, with vasogenic edema, loss of autoregulation and raised 
intracranial pressure (ICP). 

o Pathologically, this leads to focal ischemia, cytotoxicity and neuronal apoptosis.  
o Clinically, this manifests as loss of neurologic functions, seizures, mental changes and coma. 

Table 84-1 Commonest bacteria in meningitis by age. 
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Presentation: 

o Symptoms: patients present with at least 2 of the following 4 symptoms: 
 Headache 
 Fever  
 Stiff neck 
 Mental changes 

o Physical exam: 
 Meningismus is the key finding (see nuchal rigidity, Kernig sign and Brudzinski sign, above). 
 N. meningococcus presents with petechiae or palpable purpura from meningococcemia in 10-20% of cases. 

o Testing 
 CSF is the cornerstone of diagnosis 

• Opening pressure is elevated in bacterial meningitis. 
  

 

 

 

 

 

 Gram stain and culture 
• N. meningitis: Gram (-) diplococcus 
• S. pneumonia: Gram (+) diplococcus with capsule 
• H. influenza: small pleomorphic Gram (-) coccobacilli 
• L. monocytogenes: Gram (+) rods and coccobacilli 
• E. coli: Gram (-) rod 

 Nucleic acid amplification testing (NAAT) is performed on CSF for N. meningitis and P. pneumonia. 

Natural history 

o Prognosis: meningitis is uniformly fatal without antibiotics. Prognosis is age dependent (5-10% mortality in 
young adults, 20-25% mortality in the elderly) 

o Complications:  
 Neurologic complications are seen in about 25% of cases 

o Treatment: 
 Bacterial meningitis is a medical emergency, but it is difficult to differentiate from viral meningitis on 

clinical grounds. Delays in treatment of more than 4 hours are associated with increased mortality. 
 Empiric antibiotics (intravenous administration) and dexamethasone 

• In the US, N. meningitis and P. pneumonia account for 85-90% of infections and so a 3rd generation 
cephalosporin (i.e. ceftriaxone) is used. 

• In patients >50 years old, ampicillin is added for L. monocytogenes 
 Specific antibiotic treatments can be given with culture and sensitivity results 

Other types of meningitis 

o Viral meningitis (aka septic meningitis) 
 Presentation is similar to bacterial meningitis 
 90% are caused by enteroviruses (especially Coxsackie A & B and echovirus) 
 Diagnosis is established by CSF and etiology by PCR testing for nuclei antigens. 
 Natural history is benign self-limited, and patients can be monitored as out-patients. 

 
 

Pathology Glucose Protein Cells 
Bacteria ↓ ↑ Neutrophils 
Virus Normal ↑ Lymphocytes 
Tuberculosis ↓ ↑ Mostly lymphocytes 
Guillain-Barre Normal ↑ None 

Table 84-2 CSF findings in acute meningitis, GBS and MS. 
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 Typical signs and symptoms of meningitis, but a subacute time frame (i.e. > 1 week) 
 Pathologically, the inflammation is predominantly in the basal meninges. This may involve cranial nerve 

VI, the longest nerve along the base. Patients will have diplopia and lack lateral eye movement on the 
affected side. 

 CSF will have ↓glucose, ↑protein and a mixed, mostly lymphocytic inflammation. 

Brain abscess 

Pathophysiology:  

o Abscess formation (i.e. central necrosis with surrounding acute inflammation)  
o May arise from local extension (e.g. sinuses or mastoid process) or hematogenous spread. 
o Risk factors: 

 Bacterial endocarditis (septic embolus) 
 Shunts: 

• Heart: right to left such as a congenital defect. 
• Lungs: hereditary hemorrhagic telangiectasia (Weber-Rendu-Osler disease). 

 Immunosuppression (e.g. mucormycosis in diabetes mellitus). 

Presentation: 

o Headache, fever (<50%) and localizing neurologic signs due to mass effect. 
 There may be raised ICP. 

o Testing: 
 MRI: ring-enhancing lesion after more than 2 weeks. 

Treatment: drainage and antibiotics.  

Viral encephalitis 

Introduction: 

o Viral infections of the CNS can cause viral meningitis (aka aseptic meningitis) or viral encephalitis. 
 Both types of infections present with headache and fever. Patients with meningitis may be distracted by 

the headache or be somnolent, but their mental function is normal 
 Encephalitis has changes in mental function. These may be hard neurologic findings such as motor or 

sensory deficits or softer findings like behavioral changes. 

Ring-enhancing lesions 

In both CT and MRI, masses that have central necrosis with surrounding edema                   
have a characteristic pattern in which the abnormal area shows a dark center                   
with brightening of the surrounding edema with a vascular enhancing compound                       
like gadolinium in MRI scans. Common causes include aggressive neoplasms like                      
glioblastoma and metastases as well as abscesses, which includes toxoplasmosis. 

  
In this MRI with gadolinium, there is a larger frontal lobe mass with shift acros 
the midline and compression of the right ventricle. The central dark area is 
necrosis and the bright rim is edema. The rim is brighter with gadolinium, 
hence the term “enhancing”. This mass is a metastasis from a bladder cancer. 
From: Tsugu A, Yoshiyama M, Matsumae M - Brain metastasis from large 
cell neuroendocrine carcinoma of the urinary bladder. Surgical neurology 
international (2011). Creative Commons 
 
 

Figure 84-2 Ring-enhancing 
lesion in metastasis. 
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o Viral encephalitis includes 2 different pathologic pictures: 
 1° infection: viral particles can be found in neurons. 
 Post-infectious encephalitis: No virus can be identified in tissue and neurons are spared. There is 

perivascular inflammation and demyelination. It is considered to be an auto-immune process. 
o Viral pathogens 

 Herpes simplex virus Type 1 serves as the model disease. It is common, has 70% fatality without 
treatment and is treatable with acyclovir (see below). 

 West Nile virus is the commonest proven cause of viral encephalitis. It can present as a flaccid paralysis 
 Arboviruses are spread by arthropods and tend to be geographic. Eastern equine encephalitis, St Louis 

encephalitis and West Nile virus are all spread by mosquitos. Several viruses are spread by ticks. 
 Rabies is spread by animal bite and is associated with hydrophobia. 

Herpes simplex virus Type 1 encephalitis 

Epidemiology: 

o HSV I encephalitis is the most common sporadic viral encephalitis 
o It has 2 age peaks: <20 years old and >50 years old 

Pathophysiology: 

o There are 2 key unanswered questions: 
 Why is there a high carriage of HSV in cranial nerve ganglia (85-90% in CN V), but a low incidence             

of encephalitis? 
 Why does the disease occur in the frontotemporal lobes? 

o Encephalitis is thought to occur in 3 possible ways: 
 Extension of 1° infection 
 Reinfection of HSV 1, but of a different serotype 
 Reactivation of a latent infection with spread from the ganglia 

o Frontotemporal infection is thought to arise from extension via the olfactory nerve or the trigeminal nerve. 
 The adjacent tissues to these nerves are the temporal lobe and cingulate gyrus as well as the 

hippocampus, amygdaloid nucleus and insula. 
o Pathology:  

 Injury is due to both viral cytotoxicity 
and damage from the immune response 

 Brain shows a hemorrhagic-necrotic  
pattern with viral inclusions (Cowdry bodies) 

 

 

Presentation: 

o Symptoms: a flu-like illness that develops fever, headache and neurologic changes over hours to days. 
 Klüver-Bucy syndrome: amongst the myriad neurologic abnormalities associated with HSV encephalitis, 

this distinctive syndrome is characterized by uncontrolled appetite and a desire to put things in one’s 
mouth, hypersexuality, memory loss and visual agnosia. It is due to temporal lobe damage. 

o Physical exam: 
 Nonspecific neurologic deficits 

o Testing: 
 CSF: Viral pattern: normal glucose, ↑protein, and lymphocytosis (see Table 84-2) 
 Imaging: 

• Bilateral temporal lobe involvement as well as cingulate gyrus and insula.       

Cowdry body 

        Figure 84-3 HSV encephalitis: Cowdry body. 
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o Prognosis:  
 70% mortality without treatment; 30% mortality with acyclovir 
 50% of patients with have neurologic sequelae 

o Treatment: 
 Acyclovir: “time is neurons”. Drug should be given as soon as possible after CSF results show a viral pattern. 

CNS infections in AIDS 

Introduction: 

o The evaluation of the HIV-infected patient who presents with mental changes is a common problem. Some 
may represent life-threatening emergencies. 

o Patients present with headache, personality changes, neurologic deficits and fever with acute infection.  
o The most important factor in the differential diagnosis is the CD4 count (i.e. the degree of immunosuppression) 

 CD4 count > 500 /μL (≡ immunocompetent): neoplasm (1° and 2°) 
 CD4 count 200-500 /μL (moderate suppression): HIV associated disorders, but do not have focal lesions 
 CD4 count (<200 /μL) (severe): opportunistic and reactivation infections and  AIDS-associated tumors 

o The outcome of the infection rests on restoring immune competence with HAART (highly active anti-retroviral 
therapy). 

Pathophysiology: 

o Toxoplasma encephalitis: 
 Reactivation from prior infection 
 Imaging: multiple ring-enhancing lesion, preferentially in thalamus and basal ganglia 
 Diagnosis: confirmation requires PCR for toxoplasma on CSF 
 Treatment (+ anti-retroviral therapy):  

• Acute infection: sulfadiazine (inhibits folate synthesis) and pyrimethamine (inhibits dihydrofolate 
reductase). These are the same mechanisms of action as trimethoprim / sulfamethoxazole. 

• Maintenance prophylaxis: same in lower doses 
o Primary central nervous system lymphoma 

 Strongly related to Epstein-Barr virus (EBV) infection 
 Imaging: may be solitary or multiple but tend to involve deep white matter and can be large (i.e. >4 cm). 

 

Figure 84-4 HSV encephalitis (MRI). 
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 Diagnosis: confirmation by biopsy 
 Treatment (+ anti-retroviral therapy): 

• Systemic chemotherapy with good CNS penetration (e.g. methotrexate) 
 Prognosis: most patients die within 1 year. 

o Progressive multifocal leukoencephalopathy (PML) 
 Reactivation of the JC virus (a subtype of papovavirus) that occurs with severe immunosuppression 
 Causes demyelination of neurons, especially in the periventricular regions 
 Imaging: discrete areas of demyelination, beginning in the subcortical frontal regions. 
 Diagnosis: confirmed with PCR for JCV in CSF. 
 Treatment (+ anti-retroviral therapy): 

• None of proven benefit 
 Prognosis: 90% mortality within 1 year 

o HIV encephalopathy: 
 Represents a “compartmentalization” of the HIV infection in which the infection progresses independent 

of the infection in the rest of the body. 
 Occurs when the HIV transfers from T-lymphocytes to intracerebral macrophages. 
 Injury appears to be due more to immune response than direct infection of cells. 
 Presentation is part of the HIV-neurocognitive disorders with dementia and motor symptoms Imaging shows 

cerebral atrophy with areas with diffuse white matter hyperintensity, perhaps related to HIV infection.  
 Diagnosis: clinical findings and imaging 
 Treatment: anti-retroviral therapy 
 Prognosis: highly variable 

o Cytomegalovirus encephalitis 
 Reactivation of underlying infection seen with CD4 counts <50 /μL, with hematogenous spread to the brain. 
 Presentation is more acute with delirium and confusion. 
 Imaging: meningoencephalitis with diffuse micronodules. It is most useful in excluding other causes.  
 Diagnosis: CMV DNA in the CSF 
 Treatment (+ anti-retroviral therapy): 
 Ganciclovir (guanosine analogue, blocks viral DNA polymerase- see acyclovir, above) and foscarnet 

(inhibits viral DNA polymerase). 

 

Disease Pathology Diagnosis 
Toxoplasma Abscess forming ٠Image: multiple ring-

enhancing lesions 
٠CSF: PCR for DNA 

PCNSL1 DLBCL2, EBV related Image: solid mass, in deep 
white matter 

PML3 Reactivation JC virus, demyelination 
 

Image: non-enhancing 
white matter lesions 

HIV dementia CNS “compartmental” infection, HIV in 
macrophages, immune related injury 

٠Image: cerebral atrophy.  
٠Clinical diagnosis 

CMV4 Reactivation, hematogenous spread to brain, 
infection of neurons 

٠Image: rule out mass 
٠CSF: CMV DNA 

Cryptococcus Meningoencephalitis, hematogenous spread 
from lungs 

CSF:  antigen (+), Gram 
stain, culture 

1. Primary CNS lymphoma, 2. Diffuse large B-cell lymphoma, 3. Progressive multifocal leukoencephalopathy,              
4. Cytomegalovirus. 

Table 84-3 Clinical pathologic correlation of mental changes in HIV. 
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HIV dementia 
Cortical atrophy with hyperintense signals in 
white matter. They tend to be symmetric and 

bilateral. Note dilated ventricles. 

Primary CNS lymphoma 
Mass lesion, solitary or multiple. May be >4 cm. 

Usually arise in deep white matter. 

Progressive multifocal leukoencephalopathy 
Multiple discrete areas of demyelination, 

beginning in the subcortical frontal regions. 
 

Toxoplasma encephalopathy  
Multiple ring-enhancing lesions, preferentially 

involving thalamus and basal ganglia. 
 

Figure 84-5 Imaging in HIV with mental changes. 
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CNS: Neoplasms 85Chapter 85. CNS: Neoplasms 

Introduction:  

o The most common neoplasms of the brain are metastases, which are 3 times more common than  
primary neoplasms. 
 Metastases should be suspected when there are multiple masses (the same is true in other organs as well). 
 The most likely primary neoplasm reflects the incidence of aggressive neoplasms in general: 

• Lung > breast > melanoma > kidney > GI tract 
 Spread is presumed to be hematogenous and the earliest metastases are found at the gray-white matter 

junction where the arteries narrow. 
o Primary intracranial neoplasms are: glioma > meningioma > pituitary adenoma 
o Primary neoplasms of the brain are:  

 Glioma (60%, of which 80% are malignant) 
 Meningioma (20%) 
 Schwannoma (10%)  

o Age: 
 Adult tumors arise in the supratentorial brain. Tumors in childhood arise in the infratentorial brain, so 

that they typically present with headache and ataxia. 
o Familial tumor syndromes in which the CNS is a primary organ of involvement: 

 Tuberous sclerosis: 
• An autosomal dominant disease characterized by hamartomas. 
• There is a loss of tumor suppressor hamartin (from gene locus TSC 1) or tuberin (from gene locus TSC 2) 

that regulate mTOR, itself a key regulator of protein synthesis 
• In the CNS, the hamartomas have a potato-like appearance, and so are called tubers. These cause 

seizures and have a risk of neoplastic transformation. 
• Other involved organs include:  

o Skin: angiofibroma, Shagreen patch, ash-leaf patch 
o Kidney: angiomyolipoma 
o Lung: lymphangioleiomyomatosis 
o Heart: rhabdomyomas 

 Von Hippel-Lindau disease: 
• An autosomal dominant disease with loss of function in tumor suppressor VHL, allows for overactivity 

of HIF-1 with increased growth factors VEGF and erythropoietin. 
• Patients develop polycythemia and hemangioblastomas. 

 Neurofibromatosis type II 
• An autosomal dominant disease with loss of tumor suppressor merlin. 
• Merlin helps regulate contact inhibition of cells in nervous tissue. 
• Patients develop bilateral schwannomas of cranial nerve VIII 

o Paraneoplastic syndromes: 
 In addition to mass effects and direct invasion of CNS tissue, a variety of cancers develop antibodies to 

the neoplastic cells that cross react with cells of the CNS. 
 Examples of paraneoplastic syndromes include subacute cerebellar degeneration with ataxia and limbic 

encephalitis with dementia. 

Presentation of CNS neoplasms 

o General symptoms: 
 Headache: an expanding tumor mass and the edema associated with aggressive neoplasms causes 

increased intracranial pressure (ICP). 
• The headache of ↑ICP often occurs in the morning and may be associated with nausea and vomiting. 

 Personality changes, especially apathy and withdrawal. 
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o Neurologic defects: 
 Usually are subacute (i.e. over 8-12 weeks) and progressive. 
 Commonly include hemiparesis, aphasia and visual field defects. 

o Seizures.  

Testing: 

o Imaging, especially MRI with gadolinium: gadolinium enhances any pathology with edema, which is found in 
aggressive 1° and 2° neoplasms as well as inflammation. 
 If there is central necrosis, the image shows a “ring-enhancing” lesion. 
 Low grade gliomas do not enhance with gadolinium. 

o Meningiomas arise in the dura and so can be recognized on imaging by their dural attachment 
 They are usually noninvasive and cause symptoms when they compress the underlying brain. 

Primary tumors of the CNS 

 
o Glioblastoma (aka glioblastoma multiforme) 

 Most common malignant primary brain tumor. 
 

 Pathophysiology: 
• In the elderly (> 65 years), usually a new onset neoplasm which can be called a 1° glioblastoma 

o Sporadic, with no significant genetic or environmental risk factors. 
• In the young, glioblastoma is usually a progression from a lower grade astrocytoma, and is called a  

2° glioblastoma 
o 80% have mutation in isocitrate dehydrogenase (IDH) of the TCA cycle. 

 Presentation: 
• Symptoms: headache from raised ICP, seizure, neurologic deficit 
• Signs: abnormal neurologic exam 
• Testing: neuroimaging 

o MRI with gadolinium: ring-enhancing lesion 

 

 

 
 

What 1° CNS tumors to learn 

1° CNS tumors account for less than 2% of neoplasms in adults. Over 120 types of neoplasms have 
been described and their diagnosis is a specialized field in pathology. Only a few are worth learning 
and they are discussed below. For most doctors, patients will present with suspicious symptoms and 
neuroimaging will show a tumor. A neurosurgeon will biopsy the mass and a neuropathologist will 
make the diagnosis. One can then look up the particulars of the specific neoplasm at that time.  

Figure 85-1 Glioblastoma: MRI with ring-enhancing 
lesion  

There is a large mass in the right temporal region. 
There is distortion of the anatomy with 
compression of the left ventricle and structures 
pushed across the midline.  
The mass has a necrotic center with brightening of 
the tissue around the center after gadolinium 
injection due to prominent tumoral edema. 
Other causes of ring-enhancing lesion: 
- Metastases 
- Abscess (including toxoplasma) 
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CNS: Neoplasms 85o Natural history: 
 Prognosis: median survival is 15 months 
 Treatment: maximum resection with preservation of neurologic function 

Meningioma 

o Epidemiology: 
 Increased incidence with age (peak at age 65 years). 
 More common in women. 

o Pathophysiology: 
 Most are sporadic and benign. 
 Arise from the dura mater and cause symptoms by pressing on adjacent tissue. 

• Arise uniformly over the dura. 
o Presentation: 

 Depends on size and location. 
 May be an incidental finding. 

o Natural history: 
 Most are benign and require treatment only if there are symptoms. 

 

Vestibular schwannoma (aka acoustic neuroma): 

o Introduction: 
 While this is an intracranial neoplasm, it is not a tumor of the CNS as it arises in cranial nerves, which are 

considered to be peripheral nerves (except CN I and II, which are part of the CNS) 
 Derive from the Schwann cell that produces the myelin sheath of peripheral nerves (so it is not a 

“neuroma”) in the vestibular branch of cranial nerve VIII (so it is not “acoustic” in origin). 
 Found in adults (peak age 50 years) 

o Pathophysiology: 
 Acoustic neuromas are schwannomas, benign tumors of the Schwann cell (i.e. myelin sheath production), 

that arise from perineural elements. 
 90% are unilateral 
 90% arise in the cerebellopontine angle 
 Most are benign 
 Bilateral Schwannomas are seen in neurofibromatosis Type II.  

• This is a disease with a loss of function of the protein merlin.  
• Merlin regulates cell migration and contact inhibition. 

o Presentation:  
 Symptoms rise from involvement of cranial nerve VIII: 

• Cochlear (acoustic) nerve: unilateral loss of hearing and tinnitus 
• Vestibular nerve: vertigo and instability  

 

Figure 85-2 Meningioma neuroimaging (MRI) 

Note that the tumor arises from the dura. 
Symptoms, if present, are caused by compression 
of the underlying tissue and so vary by location. 
In this classic image, the tumor arises in the falx 
cerebri and would present as weakness of the leg 
and/or foot drop. 



794

Pathophysiology

 Physical exam: 
• Cochlear (acoustic) nerve: sensorineural pattern deafness (Rinne and Weber tests): 

 
Pathology Weber test Rinne 

Normal Midline Air > bone 
Sensorineural From normal side Air > bone 
Conductive From abnormal side Bone > air 

 

 

• Vestibular nerve: no physical examination testing works very well. 
 Imaging: 

• MRI can identify tumors as small as 1-2 mm. involvement of CN VIII is identified by its location in the 
inner auditory canal with variable extension into the cerebellopontine angle. 

 

 

o Natural history: 
 Prognosis: benign, slow-growing tumors 
 Treatment: 

• Conservative: small tumors with tolerable symptoms in patients > 60 years 
• Surgery 

Figure 85-4 Vestibular schwannoma 
(MRI) 

Arise in Schwann cells of the nerve 
sheath in the vestibular portion of CN 
VIII. They form in the internal auditory 
canal in the region, extending out into 
the cerebellopontine angle. 

Figure 85-3 The Rinne test. 
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CNS: Neoplasms 85Craniopharyngiomas: 

o Arise in remnants of Rathke pouch, an embryologic structure of the 
pituitary gland 

o Pathology: a cystic-solid tumor mass. The cyst fluid is described as 
having a “motor oil” appearance.  

o Most commonly seen in children 
o Present with headaches, visual impairment and hypopituitarism 
o Neuroimaging shows a suprasellar, solid-cystic tumor 
o Treatment: surgery and irradiation. 

 

 

 

CNS neoplasms of childhood: 

Primary CNS tumors are the second commonest neoplasms of childhood after hematologic neoplasia, especially 
acute lymphoblastic leukemia (ALL). 

They are now the commonest cause of mortality from cancer, due to advances in the treatment of ALL. 

Most arise in the infratentorial space (aka posterior fossa) 

Presentation: 

o Symptoms: 
 Headache from ↑ICP. Headache is common first thing in the morning and may be relieved by vomiting. 
 Nausea and vomiting 
 Ataxia  

o Physical exam: 
 Papilledema 
 Cerebellar ataxia 
 Hydrocephalus if sutures have not fused 

o Testing: neuroimaging for mass 
 

Figure 85-5 Appearance of 
motor oil. 

Car engine 
“motor oil” 

Figure 85-6 Craniopharyngioma. 
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Pathology: 

o Pilocytic astrocytoma: 
 Most common CNS tumor of childhood 
 A low grade glioma (i.e. a tumor arising in a glial cell) 
 Curable with complete resection 

o Medulloblastoma:  
 Most common malignant neoplasm of childhood 
 Treatment consists of maximal resection with radiation and chemotherapy. 
 70% 5 year survival, usually with significant morbidity. 

 

 

 

 

 

 

Cancer of childhood 

In 2019, there were an estimated 11,060 cases of cancer with children with 1190 deaths. 
Compare that to adults with 1.2 million cases of cancer and 615,000 deaths. While heart 
wrenching, childhood cancer is not a significant public health problem in the USA. Accidents 
are the number 1 cause of death in childhood. The pediatric cancers worth generally knowing 
include: 

- ALL (32%) 
- CNS (18%) 
- Abdominal masses (non-endemic Burkitt lymphoma, neuroblastoma, Wilms tumor) 
- Osteosarcoma (commonest sarcoma) 
- Retinoblastoma (model disease for molecular neoplasia) 
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Pathophysiology

Chapter 86. Peripheral nervous system 

Introduction: 

o The peripheral nervous system (PNS) includes those elements of the nervous system that are not part of the 
central nervous system (i.e. the brain and spinal cord). 

o The PNS includes the cranial nerves, nerve roots, spinal nerves, and the autonomic nervous system. 
 The cranial nerves are intracranial and are usually grouped with the brain stem. 
 The anterior horn cell of the spine is usually grouped with the PNS as it is part of the motor unit. The 

motor unit consists of the anterior horn cell, its axon, a neuromuscular junction, and muscle fibers. 

o The 2 main components of the peripheral nerve are the axon and the myelin sheath, made by the Schwann cell. 
 Axonal diameters correlate with the thickness of their myelin sheaths. 

• Thin unmyelinated fibers mediate autonomic functions as well as pain 
and temperature sensation. They have the slowest conduction speeds. 

• Thick myelin sheaths transmit light touch and motor signals and 
have fast conduction speeds. 

• Unlike the oligodendrocyte of the CNS, a single Schwann cell 
myelinates one segment of one axon. See Table78.2 for a comparison. 

Figure 86-2 The structure of a multipolar neuron. 

Figure 86-1 The peripheral nervous system. 
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Peripheral Nervous System 86General pathology of the peripheral nerve: 

o Most injuries to the peripheral nerve involve either the axon or the myelin sheath. The commonest axonal 
injuries are traumatic or mechanical in nature. 
 Wallerian degeneration: see Chapter 79. General pathology. 
 Demyelinating neuropathies 

• Schwann cells and their myelin sheaths are the primary target of these inflammatory diseases. 
Similar to the CNS, there is segmental damage with partial repair. The axon is preserved and so the 
hallmark of this pathology is slowed conduction velocity. On physical exam, the degree of weakness 
is greater than the amount of atrophy (also seen in vasculitis). Leprosy primarily infects the Schwann 
cell, leading to demyelination and endoneurial fibrosis. 

 Metabolic neuropathies 
• A diverse set of metabolic, hormonal, and nutritional disorders are associated with peripheral 

neuropathies. Diabetes mellitus is now the most important of these. Other conditions include 
uremia, thyroid disease, and Vitamin B deficiencies (B1, B6, folate & B12). 

Anatomical patterns of peripheral neuropathies: 

o Nerve root: radiculopathy. This should be suspected when sensory loss has a 
dermatome distribution. They are most commonly caused by disc herniation.  

o Plexus: plexopathy. These are suspected when the neurologic loss does not 
have the distribution of a nerve root or peripheral nerve. Usually caused by 
trauma or invasive cancer. Electromyography and imaging are usually required 
for diagnosis. 

o Single nerve: mononeuropathy. Usually due to trauma or compression. These 
are clinical diagnoses based on the recognition that the motor/sensory loss is 
in the distribution of a single nerve. Model diseases include median nerve 
(carpal tunnel), peroneal (fibula), radial (humerus) and ulnar (elbow). 

o Multiple unrelated nerves: polyneuropathy multiplex. Involvement of multiple 
nerves is usually secondary to an underlying systemic disease. Examples 
include diabetes mellitus, the rheumatologic diseases (vasculitis), infections 
(e.g. Lyme disease, HIV) and sarcoidosis. 

o Multiple nerves diffusely: polyneuropathy. This is a large complex group in 
which the motor and sensory losses involve unrelated nerves and body 
regions. It is usually suspected when it is symmetrical. 

 

Selected diseases of the peripheral nerves 

Charcot-Marie-Tooth disease (CMT) 

o A hereditary group of diseases that affect the peripheral nerves. Over 100 gene abnormalities have been 
described in the syndrome complex. 
 CMT is the commonest hereditary neurologic disease. 

o Pathophysiology: 
 The most common mutation is an abnormal unstable myelin protein (PMP22). This leads to repetitive 

demyelination and remyelination. This forms a characteristic “onion bulb” shape in the peripheral nerves. 
o Presentation: 

 Typically presents in adolescence as a progressive loss of motor and sensory function in the lower legs. 
Patients complain of difficulty walking and constant tripping. 

 Physical exam shows atrophy of the calf, a high arched foot and hammer toes.  
 

Figure 86-3 Plexuses. 
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o Testing includes nerve conduction studies which show both sensory and motor conduction loss. 
o Treatment is supportive. 

Neurofibromatosis  

Neurofibromatosis type 1 (NF1, von Recklinghausen disease): 

o An autosomal dominant inherited disorder caused by a mutation of NF1 gene for the tumor suppressor protein 
neurofibromin. Neurofibromin activates GTPase, which deactivates RAS. 

o Presentation varies from person to person. Diagnosis is made with the finding of 2 of the following 7 findings: 

 Multiple neurofibromas. 
 Café au lait spot  
 Freckles in the axillary or inguinal regions. 
 Pigmentary iris hamartoma (Lisch nodule). 
 Optic nerve glioma. 
 Bone abnormalities.  
 1st degree relative with the disease. 

Figure 86-4 Charcot-Marie-Tooth disease. 

Figure 86-5 Molecular defect in NF Type I. 

Figure 86-6 Neurofibromatosis: skin and eye findings. 
Image of Lisch nodules courtesy Kim, Joo et al, doi: 10.1097/MD.0000000000016699 
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Peripheral Nervous System 86Neurofibromatosis type 2 (NF2) 

o An inherited or spontaneous disorder with mutation in the tumor suppressor protein merlin, which regulates 
cell form and movement. 

o Characterized by bilateral acoustic neuromas (i.e. schwannomas of cranial nerve VIII) and other tumors of the 
neuroectoderm. (See Chapter85. CNS neoplasms). 

Guillain-Barre syndrome 

o Epidemiology: 
 An acute immune-mediated demyelinating neuropathy. 
 Two-thirds of cases are preceded by an acute infection. 

• Commonest infection is C. jejuni diarrhea (30%). 
o Pathophysiology: 

 T-cell mediated immune response to gangliosides (e.g. GM-1), a component of myelin. 
 There is segmental demyelination of peripheral nerves with loss of saltatory conduction. 
 Remyelination typically follows over weeks, usually with full recovery. 

o Presentation: 
 2-4 weeks after an infection, the patient develops ascending weakness over hours to days. 
 Weakness typically presents in the distal extremities, especially the legs and progresses proximally. 
 Physical exam shows loss of sensory and motor function. There is loss of deep tendon reflexes. 
 Testing is supportive of clinical findings and includes nerve conduction studies (slow) and CSF (protein 

elevation only). 
o Natural history: 

 Prognosis: 70% have a complete recovery, but there is a 5% mortality. 
 Complications: the major risk is loss respiratory muscles. 
 Treatment: plasmapheresis and IVIG (IV immunoglobulin). 

Compression syndromes 

o Spinal disc herniation: 
 Epidemiology: 

• 5% of males and 2.5% of females will have sciatica over a lifetime. 
• 85% involve the lumbar spine, 5-10% cervical spine. 

 Pathophysiology: 
• Degenerative changes in the annulus fibrosis allow for nucleus pulposis to protrude against the 

spinal nerve. This is usually posterolateral where the annulus is thinnest. Trauma is a less common 
cause of annulus damage. 

• 95% of lumbar disc herniations are at L4-5 or L5-S1. The spinal nerve below the vertebra is trapped 
(i.e. L4 disc traps the L5 nerve). 

• Cervical disc herniations are mostly C5-6 (i.e. nerve C6) or C6-7 (i.e. nerve C7). 

Figure 86-7 Lumbar herniation (lateral and dorsal views). 
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 Presentation: 
• Symptoms: there is poor correlation between the anatomical abnormalities and clinical symptoms. 
• In general, symptoms occur when there is pressure on the disc, such as bending or lifting. Pain is the 

most common symptom, and it is present as long as there is pressure on the nerve root. Pain is 
found on one side of the body in the distribution of the nerve. 

• Sciatica refers to low back pain that radiates down the leg. It may be associated with numbness and 
weakness in the distribution of the sciatic nerve. It is most commonly caused by disc protrusion from 
L3-L5. 

• Physical examination: lumbar disc herniation is suggested by the straight leg test. The patient lies 
flat and the leg on the affected side is raised with an extended knee. It is an insensitive test. 

• Testing: 
- MRI is the gold standard as it has such good visualization of soft tissues. 

 Natural history 
• Prognosis: most acute back pain spontaneously resolves over 1 year. 
• Treatment: Physical therapy > minimal surgery (e.g. discectomy) > spinal fusion 

Carpal tunnel syndrome. 

o Pathophysiology: 
 Any pathology that reduces the space in the carpal tunnel can compress the median nerve. 
 Common causes include pregnancy, repetitive use of the fingers (inflammation), trauma and infiltration 

disorders such as amyloidosis. 
 Anatomy of the carpal tunnel: 

 
o Presentation: 

 Symptoms: pain in the wrist radiating into the lateral hand 
and weakness of grip due to thenar eminence wasting. 

 Physical examination:  
• Tenderness to percussion of the volar aspect of the 

wrist (Tinel sign) or with forced flexion of the wrist 
(Phalen sign). 

• Sensory loss in distribution of the median nerve; thenar 
eminence wasting 

• Testing: if the clinical diagnosis is not clear, then nerve 
conduction testing and imaging can be performed. 
 

o Natural history: 
 Treatment: splinting > steroid injections > carpal tunnel release surgery (surgery benefits about 75% and 

leaves 5-10% worse off). 

  

  Figure 86-9 Carpal tunnel 
syndrome. 

Figure 86-8 Anatomy of the carpal tunnel. 
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Peripheral Nervous System 86Diabetes mellitus 

o Neuropathy is caused by a complex interaction of vascular and metabolic pathology. Microvascular stenosis leads 
to ischemia. Metabolic damage is caused by ROS from disordered energy production and AGEs together with 
osmotic damage from the sorbitol pathway. 

o Distal symmetric polyneuropathy is the commonest chronic complication of diabetes and is found in 40% of 
diabetics by 10 years of disease. 

o Other types of diabetic neuropathy include the focal compressive neuropathies and nerve root neuropathy 
(radiculopathy). 
 Both large nerve (proprioception, vibration, reflexes) and small nerves (light touch, pain, temperature) 

are affected, and both should be tested for loss of function. 
o Autonomic neuropathy involves the entire autonomic nervous system. The prevalence is not well known as 

there are few tests available. It is present in at least 15-25% of patients. Prominent effects include: 
 Heart: autonomic effects include abnormal heart rate and with the loss of sensory vagal input, an 

absence of pain with ischemia and infarction. 
 Vascular: postural hypotension is a common symptom. 
 GI tract: in addition to the well known gastroparesis, patients can get diarrhea and/or constipation. 
 Genitourinary: erectile dysfunction is an early symptom. Bladder dysfunction leads to retention with 

hydronephrosis and recurrent infections. 

Figure 86-10 Patterns of diabetic neuropathy. 
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 Joints: Clinical Pathologic Correlation; Structure and Function 87Chapter 87. Joints: Clinical pathologic correlation; structure and function 

The approach to musculoskeletal pain requires differentiation of: 

o Articular versus non-articular (aka extra-articular or periarticular) 
 Articular structures: cartilage, synovium, juxta-articular bone, joint capsule, and intra-articular ligaments 
 Extra-articular structures: tendons, fascia, bursa, muscles, bone, nerves and overlying skin 
 Pain ascribed to the “joint” is more commonly extra-articular in origin. 

• Articular pain is usually deep, diffuse and hurts with passive or active movement 
• Extra-articular pain often is focal or “point” and away from the capsule. It typically hurts with active 

but not passive motion. 
 Features specific to the joint (i.e. articular) include: 

• Swelling 
• Crepitus 
• Instability 
• Deformity 

o Inflammatory versus non-inflammatory: 
 Symptoms of inflammatory disease: 

• Pain is associated with stiffness, and it is worse after prolonged rest. In rheumatoid arthritis, this is 
particularly noticeable after sleeping. 

• Pain lasts for hours. 
• Pain improves with activity. 
• Pain improves with NSAIDs. 
• Systemic inflammation often has fatigue. 

 Symptoms of non-inflammatory disease: 
• Pain/stiffness is intermittent. 
• Pain is precipitated by brief periods of rest < 1 hour. 
• Pain is worsened by activity. 

Term Significance  
Crepitus Palpable crackling with joint movement. It is due to 

degeneration of the cartilage surface. 
Subluxation Partial loss of articulating surface alignment. Seen in 

connective tissue diseases like Ehlers-Danlos and in 
the hand in RA. 

Dislocation Complete loss of articular alignment 
Contracture Loss of movement due to fixed resistance. Muscle 

spasm is reversible, fibrosis is not. 
Deformity Abnormal size or shape. May be due to bone 

hypertrophy, misalignment, or damage. 
Enthesopathy  Involvement of the site where ligament joins the 

bone. Common in psoriatic arthritis and 
spondylarthritis of spine. 

 
 Physical examination: 

• Joint: cardinal signs of local acute inflammation (redness, warmth, swelling, tenderness) 
• Systemic: fever/night sweats, weight loss, fatigue and malaise, rashes 

 Testing:  
• ↑ESR and ↑CRP (general markers reflecting IL-6) 
• Autoantibodies (see table at end) 

 

Table 87-1 A glossary of musculoskeletal terms. 
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• Synovial fluid: 
o Joint fluid aspirate is always indicated for monoarticular arthritis and is necessary for crystal-

induced and infectious arthritis. 
o A very high neutrophil count (i.e. >50,000 /μL) suggests infection. 
o Hemarthrosis is seen in trauma, factor coagulopathies and neuropathic joints (i.e. Charcot joint). 

• Imaging: 
o X-rays: these are useful in trauma and in chronic disease. They are of little use in acute 

inflammation, showing only soft tissue swelling.  
o CT scans: excellent for the axial skeleton, especially for joints seen poorly by plain X-ray         

(e.g. spine, sternoclavicular, hips and sacroiliac). 
o MRI: the most sensitive technique of identifying soft tissue injury and necrosis, including 

osteonecrosis. 
 

o Acute versus chronic duration 
 Acute arthritis is defined as < 6 weeks duration:  

• Septic arthritis. 
• . 
• Chronic arthritis is Crystal-induced arthritis (gout, pseudogout). 

 Reactive arthritis defined as symptoms & signs > 6 weeks. 
o Localized (monoarticular) versus systemic (polyarticular) 

 Monoarticular: infectious arthritis, crystal-induced. 
 Polyarticular: osteoarthritis (OA), rheumatoid arthritis (RA). 

From first contact with the patient, a “red flag” should be excluded to avoid significant morbid sequelae.         
These include: 

o Septic arthritis: synovial fluid examination. 
o Acute crystal-induced arthritis (i.e. gout): synovial fluid examination. 
o Fracture: imaging. 

 

Prevalence of joint diseases in groups: 

o Age: 
 Young adult: SLE, reactive arthritis. 
 Middle age: RA. 
 Elderly: OA, polymyalgia rheumatica. 

o Gender: 
 Males: gout, spondylopathies (e.g. ankylosing spondylitis). 
 Females: RA, SLE . 

o Ethnicity: 
 African Americans: SLE, sarcoidosis. 
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 Joints: Clinical Pathologic Correlation; Structure and Function 87An algorithmic approach to arthritis: 

                             

 

Structure and function  

Types of joints: 

o Joints can be classified as synovial (aka diarthrodial) or synarthrosis. 
 Synovial joints have synovial fluid surrounded by cartilage on the bone surface and a capsule with an 

outer fibrous layer and inner synovial layer. These joints are designed to allow a range of motion. 
 Synarthroses are solid and have limited movement. They are designated by their connective tissue. 

• Fibrous: e.g. cranial sutures 
• Cartilage: e.g. symphysis pubis 
• Fibrocartilage: e.g. intervertebral disc 

Figure 87-2 Types of 
joints. 

Figure 87-1 An algorithmic approach to joint disease. 
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o Synovial joints develop arthritis in the autoimmune diseases such as rheumatoid arthritis and systemic lupus 
erythematosus (SLE). These diseases form immune complexes and are usually anti-nuclear antibody (ANA) positive. 

 
o The most important of the synarthrosis arthritides are HLA B27-linked, including ankylosing spondylitis, 

psoriatic arthritis, and reactive arthritis. These all have enthesitis, in which there is inflammation at sites of 
ligamentous insertion. 

 

Unique tissues of the joint 

o Synovium: 
 The joint cavity is lined by synovial cells, called synoviocytes. 
 Type A synoviocytes are the resident macrophages. These have phagocytic and antigen-presenting properties. 
 Type B synoviocytes, usually called fibrocyte-like synovial cells, synthesize hyaluronic acid and lubricin. 

They adapt to chronic injury by hyperplasia and hypertrophy and in RA, form the pannus. 
 Synovium lacks a basement membrane, which allows for efficient exchange of nutrients, waste and gases 

between blood and synovial fluid. 
o Hyaline cartilage: 

 This unique tissue acts as an elastic shock absorber and wear-resistant surface. 
 It lacks a blood supply and so it is supplied solely by diffusion. Of necessity, it is quite thin. 
 It lacks innervation. In osteoarthritis, in which there is fraying and loss of cartilage, pain does not come 

from the damaged cartilage. The pain either reflects inflammation of the synovium or a complete loss of 
cartilage (called eburnation) that exposes the underlying periosteum of bone. 

 Chondrocytes make the extracellular matrix. 80% of the collagen is type II, a triple helix similar to type I 
collagen but modified to bind to proteoglycans. Proteoglycans trap water which creates the right amount 
of stiffness or resistance to compression. 
• Diseases that destroy cartilage do so by dysregulating the ECM production, causing increased 

breakdown and loss. This is most commonly effected by cytokines. 
 

Synovial fluid: 

o Synovial fluid is an ultrafiltrate formed by the fenestrated endothelial cells of the synovial capillaries and a 
macromolecular sieve of hyaluronic acid. 

o The likelihood of a protein passing into the cavity is inversely proportionate to its size. Coagulation factors are 
not present normally. Albumin is about one-half that of plasma. Small molecules like water and glucose are 
about the same as plasma.  

o Hyaluronic acid is produced by fibroblast-like synovial lining cells. Its key role is water retention. This 
maintains the joint space and fluid viscosity. 

o Lubricin is a proteoglycan that decreases surface friction. 

Synovial fluid is obtained by arthrocentesis and analysis of the fluid is a central test in diagnosis. See Table 87.2. 
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 Joints: Clinical Pathologic Correlation; Structure and Function 87Summary of joint diseases: 

Disease Presentation Antibody (Anti-____) 
SLE1 Rash, arthritis, others ∙Nuclear (ANA), (most sensitive) 

∙Smith (most specific) 
∙ds-DNA (renal disease) 

Drug-induced Histone 
RA2 Joints, symmetric hands/feet ∙IgG-Fc (rheumatoid factor) 

∙CCP3 
Scleroderma Systemic Topoisomerase (anti Scl-70) 

CREST4 Centromere 
Sjögren syndrome Sicca syndrome SSA/Ro and SSB/La 

PM/DM5 Skin and muscle Jo 16 

GPA7 Hemoptysis, sinusitis, RPGN8 PR3-ANCA9 (formerly c-ANCA) 

MPA10 Small vessel vasculitis MPO11-ANCA  

(formerly p-ANCA) 
Goodpasture syndrome Hemoptysis, RPGN GBM12 

Autoimmune hepatitis Non-specific ∙ANA 
∙Smooth muscle 
∙LKM13 

PBC14 Pruritis Mitochondria  
Pernicious anemia Anemia, neurologic Parietal cell, IF15 

Celiac disease Malabsorption ∙Tissue transglutaminase 
∙Gliadin 
∙Endomysium 

AIHA16 Anemia Rh 
Graves∙ disease Hyperthyroidism, GAGs17 TSH18 receptor 
Hashimoto thyroiditis Hypothyroidism TPO19, TG20 

Diabetes Type I Hyperglycemia ∙GAD21 

∙Islet cell 
∙Insulin  

Myasthenia gravis Weakness Acetylcholine receptor 
 

1. Systemic lupus erythematosus, 2. Rheumatoid arthritis, 3. Cyclic citrullinated peptide, 4. Calcinosis, Raynaud’s, reflux Esophagitis, 
Sclerodactyly, Telangiectasias, 5. Polymyositis/dermatomyositis, 6. Histidyl tRNA synthetase, 7. Granulomatosis with polyangiitis (formerly 
Wegener granulomatosis), 8. Rapidly progressive glomerulonephritis, 9. Proteinase3 anti-neutrophil antibody, 10. Microscopic polyangiitis, 
11. Myeloperoxidase anti-neutrophil antibody, 12. Glomerular basement membrane; α3 chain of Type IV collagen, 13. Liver, kidney, 
microsomal, 14. Primary biliary cholangitis, 15. Intrinsic factor, 16. Autoimmune hemolytic anemia, 17. Glycosaminoglycans (pretibial 
myxedema, proptosis), 18. Thyroid stimulating hormone, 19. Thyroid peroxidase, 20. Thyroglobulin, 21. Glutamic acid decarboxylase. 

Table 87-2 Summary of the clinical pathologic correlation of joint disease. 

Table 87-3 Summary of the autoantibodies. 
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Osteoarthritis (OA) 

Pathophysiology: 

o OA is more than just a “wear and tear” pathology, which is why osteoarthritis is now the preferred term over 
degenerative joint disease. The mechanisms driving joint tissue destruction include biomechanical forces, 
cytokines, and proteases, but the etiology is not well understood. 

o The pathology is well described and follows the sequence of: 
 Fibrillation of cartilage: 

• The first function of normal cartilage is to provide a low-friction gliding surface. This is achieved with 
hyaluronic acid and a mucinous protein lubricin, produced by the synovium. Other periarticular 
surfaces are important in shock absorption, including muscle, perichondral bone and in the knee, the 
meniscus. Cartilage does have resilience to impact provided by the water absorption of the 
hydrophilic proteoglycans of the extracellular matrix. 

• In OA, the Type II collagen fibrils of cartilage loosen, and water is absorbed which causes swelling. 
The chondrocytes shift from quiescence to a hypertrophic form that produces proteases. There is 
loss of matrix, cytokine production and death of chondrocytes. Cartilage has little ability to repair 
itself and so progressive degradation ensues. 

• Eburnation: Full-thickness loss of the cartilage, called eburnation, leaves a bare area of bone 
exposed to contact. Cartilage has no innervation, so early symptoms relate to the loss of glide       
(i.e. stiffness, crepitations). Inflammation leads to deep, diffuse, long-lasting pain. Eburnation allows 
contact with the periosteum of the bone. Periosteum is innervated and so there is pain with activity. 

 Bone: 
• Subchondral bone thickens (osteosclerosis) with formation of bony spurs along the margins and 

insertions. Loculations of fluid form, called bone cysts. 
 Synovium: 

• Later in the course of the disease, there is inflammation and hypertrophy of the synovium, but this is 
not thought to initiate the disease as it does in RA. 

• The synovitis contributes to the pain and mediates further cartilage loss due to proinflammatory 
cytokine release. 

 Soft tissues: 
• Ligaments, capsule, and menisci also lose extracellular matrix and cells. It is common to find tears in 

these tissues, without history of antecedent trauma.  

Figure 88-1 Osteoarthritis. 
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o Risk factors:  
 Age: Aging is closely associated with OA because the changes of aging, cartilage thinning, loss of matrix 

and hydration, make the cartilage susceptible to the pathology of OA. They are considered separate 
processes. 

 Heredity: this is a polygenic in nature and is thought to account for about 40% of risk. 
 Obesity: increased risk for the weight-bearing joints, but OA also occurs in the hands, so there is more 

involved than just the extra stress. 
 Injury: post-traumatic OA is often seen within 10 years of the injury and is thought to be related to pro-

inflammatory proteins.  
 Gender: OA is more common in the hands and knees of females, especially post-menopausal. 

Presentation: 

o Symptoms: Pain is worse with use but not passive motion. Worse after resting. 
Morning stiffness lasts <30 minutes (unlike RA, where it lasts hours). 
 Constant dull, aching pain is consistent with inflammation. 
 Sharp pain with use is consistent with eburnation. 

o P/E: 
 Crepitus, due to free fragments of cartilage 
 Tenderness along joint line, with loss of range of motion 
 Fingers (DIP): Heberden and Bouchard nodes, which represent 

osteophytes of the DIP and PIP joints, respectively. 
 Subluxation is seen in advanced disease. 
 Joints commonly affected by OA: 

                 
o Testing: 

 OA is a clinical diagnosis based on symptoms and signs.  
 Imaging is used for confirmation of diagnosis and staging of severity.  
 Conventional X-rays: These are widely used and show osteophytes, joint space narrowing, subchondral 

sclerosis, and cysts. Joint space narrowing can be used as to estimate cartilage loss. Plain X-rays correlate 
poorly with symptoms. 

Figure 88-2 Osteoarthritis of 
the finger. 

Figure 88-3 Osteoarthritis: common joints. 
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Joints:  Osteoarthritis and The Acute Arthritides 88 CT scan: Useful for axial skeleton and joints not easily seen by plain films. These joints include the 
apophyseal (i.e. facets) of the vertebrae, hips, sternoclavicular, and sacroiliacs. 

 MRI: not widely used but most useful in early disease, showing cartilage loss and soft tissue changes.  
 Synovial fluid: non-inflammatory (wbc count <2000 /mL, mononuclear). 

Natural history: 

o Prognosis: changes tend to be gradual over long periods of time (i.e. years). There is overall increased 
mortality if there is immobility. 

o Treatment: 
 There is no medication that interrupts the pathophysiologic process. Management emphasizes the global 

needs of the patient, including minimizing pain and optimizing function.  
 Medications: NSAIDs are the mainstay of pain control. 
 Surgery: joint replacement in hips and knees controls pain. 

 

Gout 

Epidemiology: 

o Affects 4% of adults 
o Incidence increases with age. Uncommon in children, as they have normal serum uric acid levels of 3-4 mg/dL. 
o More common in males. Estrogen is protective and females have equal rates of disease after menopause, 

with a 20 year offset. 
o Strong genetic link. This is polygenic, most closely connect to gut and renal transporters of urate. 

Pathophysiology: 

o Hyperuricemia (i.e. uric acid >6.8 mg/dL) is a necessary precondition, but only a few develop symptoms. 
 Classification of hyperuricemia: 

• Primary (90%) 
- Increase production 
- Decreased excretion (most common cause) 

• Secondary (10%) 
- Increased uric acid turnover, usually neoplasms 
- Decreased excretion, usually renal failure, or thiazides 
- Congenital: Lesch-Nyhan syndrome (HGPRT deficiency) 

 Uric acid is the end product of purine metabolism (i.e. adenine and guanine). 
 Gout usually starts after 20-30 years of hyperuricemia. 
 Acute attacks are precipitated by rapid changes in serum uric acid level rather than the absolute level. 

• Precipitating events include a purine rich diet and fasting. 
 

Neuropathic arthropathy (Charcot joint) 

- Definition: joint damage due to neurosensory deficit. In the US, it is most commonly 
seen in diabetes mellitus, with destruction of the ankle and midfoot. Another cause is 
syringomyelia with damage in the arm, especially the shoulder. 

- Pathophysiology: lack of protective sensation leads to repeated microtraumas. In 
diabetes, there is also ANS dysfunction that leads to increased blood flow with 
overactive osteoclasts resorbing bone. The process can be surprisingly rapid with joint 
damage over months. 

- Treatment requires management of joint pressure, control of infection and vascular flow. 
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o Formation of monosodium urate crystals (MSU) in the synovial fluid 
 Water saturates at 7 mg/dL, the same concentration at which gout occurs. 
 MSU is less soluble at colder temperatures, thought to explain involvement of peripheral joints. 

o Activation of the inflammasome and acute inflammation: 
 Phagocytosis of MSU crystals triggers the inflammasome with release of IL-1 and other cytokines            

(IL-6, IL-8, TNF-α). 

 
 Recruitment of neutrophils in the joint tissues and synovial fluid precipitates an attack. 

o Spontaneous resolution: 
 Negative regulators of inflammation resolve the flare over days to weeks, even with residual MSU 

crystals. These include 
• Neutrophil extracellular trap (NET) aggregates bind cytokines. 
• Inhibitory cytokines (e.g. TGF-β, IL-10). 

 
o Gouty tophus and joint destruction: 

 Gouty tophi are deposits of MSU crystals in joint and periarticular tissues that elicit a granulomatous 
inflammatory response. They present after years of acute attacks. 

 Joint destruction occurs due to activation of osteoclasts by the inflammatory process. 

Presentation: 

o Symptoms: 
 Gout flares are monoarticular and intensely inflammatory, reaching maximum over 12-24 hours. 
 80% involve the 1st metatarsal-phalangeal joint, called podagra. 

o P/E: 
 Hallmarks of acute inflammation. 

 
o Testing: 

 Synovial fluid: 
• High neutrophil counts. 
• MSU crystals: needle-like structures that polarize yellow in the direction of polarization and blue at 

right angles. 

Inflammasomes 

These are intracellular protein complexes that are typically activated by the NOD-like 
pattern recognition receptors (PRRs). The inflammasomes active caspase-1 which activates 
IL-1. IL-1 is the central interleukin of gout. 

Figure 88-4 Acute gout (podagra) 
Image courtesy NHS UK. 
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o Prognosis: hyperuricemia is associated with an all-cause decrease in longevity. 
o Complications: 

 Tophus: crystal deposition in tissues in and around the joint with 
granulomatous inflammation. These can be painful. 

 
 
 
 
 

 
o Treatment: 

 Hyperuricemia:  
• 2/3 will remain asymptomatic, but there is increased association with hypertension, chronic kidney 

disease, insulin resistance and cardiovascular disease. 
• The major crystal-related diseases are: 

- Gout. 
- Nephrolithiasis. 
- Urate nephropathy. 

 Clinical treatment is mostly based on lifestyle modification. 
 Flares: NSAIDs, glucocorticoids (oral or intra-articular), colchicine and anti-IL-1 
 Chronic gout: 

• Lifestyle alteration (low meat diet, no alcohol, obesity reduction) 
• Urate lowering:  

- Metabolic inhibition (overproducers): allopurinol. 
- Uricosuric agent (under excretors):  probenecid. 

Calcium pyrophosphate crystal deposition disease (CPPD disease; Pseudogout) 

Epidemiology: 

o CPPD is common and can be found in 5-10% of the elderly. Only a small proportion have symptoms, called 
CPPD disease. 

o Median age is 72 years; genders appear to be equally affected. 

Pathophysiology: 

o Calcium pyrophosphate inhibits calcium phosphate mineralization. It is secreted by chondrocytes near the 
surface of articular cartilage to prevent the normal cartilage matrix from undergoing mineralization. 

Figure 88-6 Gouty tophus. 
Image courtesy NHS UK. 

Figure 88-5 Uric acid crystals in 
polarized synovial fluid. 
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o The mechanisms that predispose to calcium pyrophosphate crystal deposition are not known but they can be 
primary or secondary to underlying pathologies such as hemochromatosis, hyperparathyroidism, and trauma. 

o The CPPD crystals can deposit on cartilage surface, called chondrocalcinosis and can initiate inflammation and 
arthritis, called CPPD disease. 
 

o There are similarities between CPPD disease and gout. Both crystals activate the NOD-like receptors which 
activate the proteosomes (see “Gout”, above) which activate caspase-1 which activates IL-1. Il-1 activates 
innate inflammation. 

Presentation: 

o Symptoms: 
 Acute CPPD arthritis (aka pseudogout) is similar to gout; there is an acute onset 

of severe monoarticular inflammation that resolves spontaneously over days     
to weeks. 

 Knee is most commonly affected (50%), followed by the arm (shoulder, wrist). 
o P/E: cardinal signs of acute inflammation 
o Testing:  

 Synovial fluid: neutrophil predominant with CPP crystals.  
 CPP crystals are rhomboid and polarize blue in the direction of polarization, 

yellow at right angle to the polarization axis. 

Natural history: 

o Prognosis: pathology is confined to the affected joint(s). 
o Complications: none 
o Treatment: NSAIDs for pain 

 

  

Figure 88-8 CPP crystals in 
polarized synovial fluid. 

Figure 88-7 Knee: calcium pyrophosphate crystal deposition (pseudogout). 
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Classification of infectious arthritis 

Organism Time 
frame 

Joint pattern Distribution  Synovial fluid Clinical course 

Bacteria Acute Monoarticular Variable ∙Purulent  
∙Gram stain (+) 

∙Destructive 
∙Sepsis 

Virus Acute Migratory 
polyarticular, 
arthralgias 

Small joints Mild lymphocytosis Benign  
self-limited 

Tuberculosis Chronic Non-articular Weight-bearing ∙Mixed inflammation 
∙Culture /PCR (+) 

∙Late in course 
∙Destructive 

Lyme disease Chronic  Migratory 
polyarticular 

Large joints  ∙Late in course 
∙Non-destructive 

 

Presents as an acute inflammatory inflammation of the joint with fever.  

Most infections occur in children by hematogenous spread from an associated infection of upper respiratory tract, 
skin, or genitourinary infection. 

o The commonest organisms after 3 months of age are S. aureus, Group A streptococci and S. pneumonia.  

P/E: cardinal features of acute inflammation. 

Source of bacteria:  

o Hematogenous 
o Spread from adjacent osteomyelitis 
o Direct inoculation (e.g. bite, surgery) 

Diagnosis is based on synovial fluid: neutrophils and bacteria. 

Tuberculous arthritis may be by direct extension from adjacent osteomyelitis or hematogenous 

Gonococcal arthritis is seen with systemic spread. It typically starts as an immune-mediated migratory arthritis 
and synovitis, which is then followed by joint infection with suppurative arthritis. 

o The septic arthritis is usually a single joint, most commonly the knee (90%). 
o Septicemia most commonly arises in asymptomatic disease. 

Lyme disease: 

o The bacteria (Borrelia 
burgdorferi) are transmitted 
by the Ixodes (deer) tick 

o Infections are geographic, 
most common in the 
Northeast and upper Midwest.          

o 80% of infections have a rash 
at the site of inoculation 
(erythema migrans).  
 The rash moves 2-3 

mm/day and is large,  
> 5 cm. 

Figure 88-9 Lyme disease: Geographic distribution  
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o The bacteria disseminate hematogenously after the rash disappears and spread throughout the body. 
o The pathology of the disease has both an immune-mediated and direct infection damage. 

o Treatment is with antibiotics (adults: tetracycline; children: ampicillin) 
 Administration given in early localized disease is much more effective. Antibiotics should be given before 

confirmation of diagnosis.  

Figure 88-9 Erythema migrans. 
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Pathophysiology

Chapter 89. Joints: Chronic arthritides  

Rheumatoid arthritis (RA) 

Epidemiology: 

o RA can involve up to 1% of women with a lifetime risk of 3-4% 
o Women are affected at 2X the rate of men. 
o Commonest in middle age and older age groups, starting at age 30-60 years. 
o Cigarette smoking is the highest risk factor and is dose dependent. 

Pathophysiology: 

o Cause is not known but is a combination of hereditary (HLA-DR B1) and environmental effects. 
 Heredity is a minor component. Identical twins only have 10-15% concordance. 
 The best explanation of the initiating event is repeated triggers of innate immunity at mucosal surfaces. 

Cigarette smoking is a model for this, in which smoke-stimulated macrophages in the bronchi convert 
arginine to citrulline, creating neoantigens recognized by the adaptive immune system in lymph nodes.  

 Anticyclic-citrullinated protein antibodies (Anti-CCPs, ACPA) are the most specific test for RA. 
o Pre-RA: antibodies and other immune abnormalities can be detected up to 10 years before 

symptomatic disease.  
o Synovitis occurs after a second, ill-defined hit. Synovitis is symptomatic and causes arthralgias. The 

inflammation extends into the overlying fibrous layer and this capsulitis is a major component of joint 
swelling in early disease. 

 
o Pannus formation: inflamed synovium organizes into an invasive tissue with fibroblast-like synoviocytes that 

destroy bone and cartilage. Pannus has characteristics of a neoplasm in that it is unresponsive to regulation. 
o Synovial fluid: has different inflammation than the synovium. The fluid contains predominately neutrophils 

while neutrophils are rare in the synovial tissue. 
 

o Pathology: 
 Synovial cell hyperplasia shapes the synovium into a villous 

structure (i.e. finger-like) that fills the edges of the joint. 
 There is severe inflammation of mononuclear 

inflammatory cells with formation of germinal centers. 
 The synovium turns into pannus which covers the cartilage 

and erodes it and the adjacent bone through collagenase 
secretion.  

 Cytokines stimulate osteoclasts with characteristic juxta-
articular bone loss. 

 Destroyed bone first undergoes fibrous fusion and then 
bony bridging of the joint (bony ankylosis). Figure 89-1 RA: early disease. 

The joint capsule 

In all synovial joints (i.e. diarthrosis), the bone ends (i.e. epiphyses) are covered by 
hyaline cartilage, with synovial fluid between the cartilage surfaces and a surrounding 
joint capsule. The capsule consists of 2 layers, an inner synovial layer that secretes the 
fluid and a surrounding fibrous layer that is highly innervated and signals pain. 
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o Common extra-articular manifestations: 
 

Organ Pathology 
Constitutional Fever, fatigue, weakness, lymphadenopathy 
Skin Rheumatoid nodules 
Eyes Scleritis 
Heart Pericarditis 
Lungs Pleuritis, interstitial fibrosis1 

Hematology ACD2, Felty syndrome3 

Kidney Amyloidosis 
1. Caplan syndrome (RA and pneumoconiosis), 2. Anemia of chronic disease,  
3. RA with splenomegaly & neutropenia 

 

 

Presentation: 

o Symptoms at presentation: 
 The majority of patients have an insidious onset of symmetric joint pain over weeks to months. There is 

morning stiffness that takes more than 1 hour to improve.  
 Constitutional symptoms of fatigue, weakness and fever are common. 

o P/E: 
 Joint involvement of the small joints of the hands and feet is symmetric and has cardinal features of 

acute inflammation (redness, swelling, warmth and tenderness). 
• The tenderness and swelling are mostly due to capsulitis together with synovial hyperplasia and 

synovial fluid effusion. 
 Peri-articular structures that have a synovial lining, such as tendons, ligaments and bursae, also have 

acute inflammation. 
 Baker cyst of the knee can be found in the posterior popliteal fossa. 

Table 89-1 RA: common extra-articular manifestations. 

Figure 89-2 RA: A. moderate and B. severe disease. 
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 Chronic deformities of the hands include: 

• Swan neck deformity: 

 
• Boutonniere deformity: 

 

Figure 89-3 RA: Joints involved in >75% of patients. 

Figure 89-4 RA: swan neck deformity. 

Figure 89-6 RA: ulnar drift. 
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o Testing: 

 Serology: anti-cyclic citrulline protein antibodies (ACPA); rheumatoid factor (RF) 
 Synovial fluid: neutrophils, negative for crystals and bacteria 
 Measures of systemic inflammation: ESR, CRP 

 

Natural history: 

o Prognosis: without treatment there is a decrease in longevity of 10-20 years. With the new disease-modifying 
anti-rheumatic drugs (DMARD), this is expected to change, especially when started in early disease.  
 Historically, >50% of patients are unable to work after 10 years. 

o Complications: 
 Commonest cause of death is coronary artery disease. This is thought to be due to underlying vasculitis. 
 Pulmonary fibrosis 
 Amyloidosis 
 Osteoporosis from disease and treatment with glucocorticoids. 

o Treatment: 
 Symptomatic: NSAIDs for pain; glucocorticoids for acute attacks 
 DMARDs: 

• Methotrexate 
• Biologics (e.g. TNF-α inhibitors such as infliximab) 

Figure 89-5 RA: boutonniere deformity. 

Table 89-2 RA: diagnostic criteria. 
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Systemic lupus erythematosus (SLE) 

Epidemiology: 

o Age: median age 35-50 years old 
o Gender: 90% female 
o Genetics: seen in conditions with complement deficiency (C1q, C2 and C4) 

 C1q is needed to clear apoptotic cells. 
o Ethnicity: more common in African Americans 

Pathophysiology: 

o Most of the pathology of SLE is mediated by autoantibodies that form immune complexes which activate 
complement, which activates inflammation. 
 SLE is the model disease for Type III hypersensitivity diseases. 

o Immune complexes deposit at the dermal-epidermal junction, serosa, glomerulus, synovium, and vessel 
walls. The subsequent inflammation correlates with most of the pathology. 

o Kidney disease: 
 Lupus nephritis (LN) occurs in most patients with SLE, usually early in the disease. Almost all patients will 

have an abnormal urinalysis at some point, 50% will have clinically evident disease and 10% go on to ESKD. 
 LN is an immune complex disease formed mostly from anti-ds DNA antigen. The degree and site of 

deposition in the glomerulus determines the pattern of disease. 
 Kidney biopsy should be performed in most patients with evidence of disease: 

• Proteinuria 
• “Active” urine (i.e. nephritic pattern: RBCs and cellular casts) 
• Rising serum creatinine (i.e. ↓eGFR) 

 Histopathology runs the entire spectrum of immune glomerular disease. 

Presentation: 

o Symptoms (presenting): 
 Fatigue (>90%) together with fever and weight loss are consistent with systemic cytokine effects. 
 Arthralgia/arthritis (>90%): migratory polyarthritis, non-erosive. 
 Mucocutaneous: the malar butterfly skin rash is seen in >90% (see image below). 
 Others include a wide spectrum of disease (see diagnostic criteria). 

o P/E: 
 SLE has protean expression. The physical exam serves to confirm criteria findings such as rashes, arthritis 

and serositis etc. 
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Figure 89-7 The differential diagnosis of face rashes. 

 

        

         

 

Figure 89-8 Features of SLE. 
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o Testing: 
 ANA: the ANA is positive in nearly all patients with SLE. The test is nonspecific however and can be 

positive in most rheumatologic diseases and in low titer in up to 15% of a normal population. A positive 
ANA should be followed up with more specific testing. 

 Anti-dsDNA: this is specific for SLE and correlates well with lupus nephritis. 
 Anti-Smith (anti-Sm): this is specific for SLE, but is not very sensitive 
 Anti-phospholipid antibodies (APLA): found in up to 40% of SLE patients, however only a portion will 

develop thromboembolic complications (i.e. antiphospholipid syndrome). They are generally thought to 
be correlated with the formation of Libman-Sacks vegetations on heart valves. 
 

o Testing: 
 Serology: 

• ANA 
• Antibodies: 

o Anti-dsDNA 
o Anti-Sm 
o APLA 

 CBC: cytopenia 

 

 

Natural history: 

o Prognosis: patients have a much higher risk of death than the general population. The best predictor of a poor 
outcome is kidney disease. 5 year survival is 90%. 

o Complications: 
 Infections: these are a major cause of death and typically arise in a setting of leukopenia.  
 Osteoporosis: exacerbated by glucocorticoid use. 
 Interstitial lung disease. 

o Treatment: 
 General well-being: chloroquine can give remission in 80% of patients with mild disease. 
 Flares: glucocorticoids ± immunosuppression 
 Active disease: immunosuppressive drugs and biologics (e.g. anti-TNF-α). 

Table 89-3 SLE: diagnostic criteria. 
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Epidemiology: 

o Usually female (20:1 female: male) 
o Peak onset is just after menopause 
o Associated with viruses that infect the salivary glands (e.g. EBV). 
o Heredity: associated with HLA-DR (i.e. MHC II antigen-presenting cells), like other autoimmune diseases. 

Pathophysiology: 

o Autoimmune disease of all exocrine glands characterized by decreased function of the lacrimal and salivary 
glands. This results in dry eyes and dry mouth, called sicca syndrome. 

o The current working model is that damage to the glandular epithelium, perhaps by a virus, allows the SS-A 
antigen (aka Ro60 protein) to migrate to the cell membrane surface, escaping apoptosis. When bound to an 
SS-A antibody, the immune complex is phagocytosed by antigen presenting cells where it activates the 
intracytoplasmic TLRs (i.e. it is seen as viral-like). This stimulates an interferon response, giving the 
characteristic interferon signature of Sjogren syndrome. 
 Cytosolic DNA sensors (e.g. for viruses) can interact with the stimulator of interferon genes (STING) protein, 

and activation of STING causes increased expression of type I IFNs 
o Cycles of innate and adaptive immune response leads to extensive lymphoid infiltration of the glands with 

increasing dysfunction. 
o Characteristic auto-antibodies form: anti-SS-A (aka Ro) and anti-SS-B (aka La) are seen in about 70% of cases. 

Presentation: 

o Symptoms:  
 Sicca (dry eyes and mouth) 
 Dryness of other organs: lung (cough), vagina (dyspareunia) and skin (xerosis and pruritis) 
 Systemic: fatigue, neurologic dysfunction,  

o P/E: dry mouth and eyes 
o Testing: 

 Autoantibodies: 
• ANA (>90%) 
• Anti-SSA (Ro) and anti-SSB (La) 

 Labial salivary gland biopsy: lymphoid infiltrate with gland destruction 

Figure 89-9 Minor salivary gland biopsy in Sjogren disease: sialadenitis. 
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Natural history: 

o Prognosis: decreased quality of life, but probably normal life span 
o Complications: 

 Lymphoma: arises in 5% of cases 
 Pulmonary fibrosis 

o Treatment: 
 Fluid replacement for eyes and mouth 
 Immune modulation 

Seronegative spondyloarthropathies 

Introduction: 

A heterogeneous group of disorders that share clinical and genetic associations: 

o Pathology affects the ligamentous attachments rather than the synovium. 
o Sacroiliac joints are often involved. 
o Associated with HLA-B27. 
o RF and ANA negative (hence “seronegative”) 

Typically includes ankylosing spondylitis, reactive arthritis (formerly Reiter disease), psoriatic arthritis and the 
arthritis of inflammatory bowel disease (IBD). 

Ankylosing spondylitis 

Pathophysiology: 

o The presence of HLA-B27 is of paramount importance, accounting for most of the 20% risk of AS from 
heredity. While HLA-B27 is present in 95% of cases of AS, only 1-5% of those with HLA-B27 develop disease. 

o The mechanism of action of HLA-B27 is not known, but it is felt to be related to the gut microbiome, which is 
different than that of normal individuals. 

o Dysregulation of the gut mucosa triggers an immune response from innate-like lymphoid cells (ILC) which 
produce proinflammatory cytokines. The most important cytokine is IL-17, together with TNF-α  
and prostaglandins. 

o Inflammation mostly affects joints with constant stress, the axial skeleton, and heels particularly. Entheses, the site 
of insertion of ligaments and tendons is most severely affected. 

o The bone pathology is paradoxical, with both erosion and new bone formation, seen in the syndesmophytes. 

 Figure 89-10 The vertebrae in ankylosing spondylitis. 
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Presentation: 

o Symptoms: chronic back pain (e.g. >3 months) before age 40 years. The pain has 
an inflammatory pattern: insidious onset, better with exercise, no improvement 
with rest, and present at night. 
 AS is much commoner with underlying psoriasis or IBD.  

o P/E: findings are non-specific in early disease but include: 
 Sacroiliitis: tenderness on palpation 
 Heel: tenderness at insertion of Achilles tendon 
 Loss of lower back flexion: forward bending should stretch the lower       

back > 5 cm. 
 Extra-articular manifestation (e.g. uveitis, aortitis).  

o Testing: no test is diagnostic. 
 HLA-B27 
 Acute phase reactants: ESR or CRP 
 Imaging: sacroiliac joints are first affected. Images show erosions  

and fusions. 

Natural history: 

o Prognosis: 
 Most patients have mild chronic lifelong disease 
 Biologic therapies appear to interrupt progression. 

o Complications: 
 Osteopenia and insufficiency vertebral fractures 
 Aortitis of the aortic root with aortic insufficiency (5-10%) 
 Restrictive pulmonary disease due to chest wall immobility 

o Treatment: 
 NSAIDs: 80% get relief from symptoms (compared to 15% with mechanical back pain). 
 Biologics: 

• TNF-α inhibitors (e.g. infliximab) 
• IL-17A inhibitors: (e.g. secukinumab) 

Psoriatic arthritis (PA) 

Pathophysiology: 

o Not well understood but thought to be 
overlap of genetics, environmental triggers in 
multiple cytokine pathways. 

o Pathophysiology appears to be the same as 
that of psoriasis, of whom 20% develop       
joint disease 

o Interactions between dendritic cells, T cells, 
keratinocytes, neutrophils release cytokines 
that initiate and perpetuate the characteristic 
cutaneous inflammation of psoriasis. 

o Inflamed synovium and subchondral bone 
have a pathophysiology similar to rheumatoid arthritis with the release of protease that destroy cartilage and 
cytokines that activate osteoclasts, leading to bone erosion. 

o The most characteristic pathology is dactylitis due to diffuse swelling of fingers and toes. 
 40% have axial involvement.  

 

 

Figure 89-11 AS: Loss of 
back flexion. 

 

Figure 89-12 Dactylitis in psoriatic arthritis (aka 
“sausage finger”) is swelling of the entire digit. 
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Presentation: 

o Symptoms:  
 Arthritis usually follows skin expression with a median delay of 8 years. 
 Affected joints present with pain and stiffness. The pain is inflammatory 

in nature. 
o P/E:  

 Cardinal signs of acute inflammation. There is no consistent pattern of 
distribution. 

 Nail pitting and splitting is found in 90% of patients and is 
characteristic.  

o Testing: 
 X-rays show a characteristic pattern of erosions and new bone formation. 
 Diagnosis is made with the presence of psoriasis and characteristic joint involvement. 

Natural history: 

o Prognosis:  
 There is a wide spectrum of disease severity. Natural history appears 

to be altered by biologic drugs. 
 50% show bony erosions within 2 years 

o Complications: increased risk of cardiovascular complications. 
o Treatment:  

 Pain: NSAIDs 
 DMARDs: 

• Methotrexate 
• Biologics (anti-TNF-α; anti-IL-17) 

Reactive arthritis 

Introduction: 

o Arthritis which starts days to weeks after an infection, but in which the organisms cannot be recovered from 
the joint. 

o Historically, it referred to the triad of: 
 Post-infectious arthritis 
 Urethritis 
 Conjunctivitis, but this is only a subset of the patients with reactive arthritis. 

Figure 89-13 PA: fingernail 
pitting. 

 

Figure 89-14 PA: finger joint pathology. 

 

Table 89-4 PA: diagnostic criteria. 
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o The etiology is unknown, but it is considered to be a member of the spondyloarthropathies. 
o It is associated with HLA-B27 
o It follows venereal (especially C. trachoma) and enteric (e.g. Shigella) infections. Typically the time lag is 1-4 weeks. 

Presentation:  

o Symptoms:  
 Acute onset with constitutional symptoms (fatigue, malaise, fever) 
 Oligoarthritis, typically of the lower extremity. 

• Enthesitis of the SI joints and insertion of Achilles tendon is characteristic and similar to ankylosing 
spondylitis. 

 1/3 of patients also have conjunctivitis and urethritis. 
• The skin condition of keratoderma blennorrhagia 

o P/E: 
 Arthritis, conjunctivitis, desquamative rash of hands and soles. 

o Testing: 
 Clinical diagnosis 

Natural history: 

o Prognosis: usually a benign, self-limited course resolving over 3-12 months. 
o Treatment:  

 NSAIDS for acute symptoms. 
 DMARDs for chronic disease and complications: 

• Sulfasalazine 
• Methotrexate  
• Anti-TNF-α 
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Bone: Structure and Function 90Chapter 90. Bone: Structure and function 

The skeleton is a dynamic, metabolically active, and functionally diverse organ. In addition to providing the levers 
for muscle and locomotion, bone supports and protects vital organs and is the site of hematopoiesis in the 
marrow. Metabolically, bone is central in calcium and phosphate homeostasis, and acid–base balance via 
buffering hydrogen ions. Recent studies suggest that bone may have additional important endocrine roles in 
fertility, glucose metabolism, appetite regulation and muscle function. Core functions of bone: 

o Mechanical 
 Leverage 
 Protection 

o Metabolic: bone serves as a reservoir for minerals and is central to chronic calcium/phosphorus homeostasis. 
This is discussed in Chapter 51. Endocrine, parathyroid glands, PTH and calcium regulation. The majority of 
this activity occurs in medullary bone. 

o Hematopoiesis: Trabecular bone (aka bone marrow) provides more than just a scaffolding for hematopoiesis. 
Osteoblast production of stromal derived factor-1 (SDF-1 or CXCL12) controls many aspects of stem 
cell function including trafficking and proliferation.  

Classification: 

o Shape: 
 Long bones (i.e. clavicles, humeri, radii, ulnae, metacarpals, femurs, tibiae, fibulae, metatarsals,  
 and phalanges) 

• Endochondral formation 
 Short bones (i.e. carpal, tarsal bones, patellae, and sesamoid bones) 
 Flat bones (i.e. skull, mandible, scapulae, sternum, and ribs) 

• Membranous formation 
 Irregular bones (i.e. vertebrae, sacrum, coccyx, and hyoid bone) 

o Anatomy: 
 Axial (80) 
 Appendicular (126) 

Architecture: 

o The adult human skeleton is composed of 80% cortical bone and 20% trabecular bone overall. Different 
bones and even different areas within a bone have different ratios of cortical to trabecular bone.  
For example: 
 Vertebra (weight bearing):  cortical to trabecular bone = 25:75.  
 Femoral head (weight & torque): cortical to trabecular bone = 50:50.  
 Radial diaphysis (torque): cortical to trabecular bone = 95:5.  

o Cortical bone is dense and solid and surrounds the marrow space, whereas trabecular bone (trabecula (Latin): 
a small beam, strut, or rod) forms a honeycomb-like network of plates and rods that gives the bone marrow a 
sponge-like appearance. Both cortical and trabecular bone are composed of osteons. 
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Figure 90-2 Osteon: the functional unit of bone. 

o The functional unit of bone is the osteon (aka Haversian system). The osteon is a cylinder formed of 
concentric rings or lamellae. 

o The collagen fibers are laid down in alternating orientation, similar to plywood. This gives increased strength 
and flexibility.  

 

 

 

 

 

 

 

 

 

Lamellar versus woven bone 

The mechanism by which osteoblasts form osteoid with a specific orientation of the collagen fibers is 
not known, but it is essential for bone strength. When the collagen fibers are laid down randomly, it 
is called woven bone. This is weaker than lamellar bone and is seen in conditions with rapid turnover 
such as hyperparathyroidism and Paget disease of bone. Woven bone is always pathologic. 

Figure 90-1 Bone architecture. 
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contains blood vessels, nerve fibers, and osteoblasts and osteoclasts. The periosteum is tightly attached to 
the outer cortical surface of bone by thick collagenous fibers, called Sharpey’s fibers, which extend into 
underlying bone tissue.  

o The endosteum is a membranous structure covering the inner surface of cortical bone, trabecular bone, and 
the interconnecting blood vessel canals (i.e. Volkmann canals) present in bone. The endosteum is in contact 
with the bone marrow space, trabecular bone, and blood vessel canals (both Haversian and Volkmann). 
Endosteum contains blood vessels, osteoblasts, and osteoclasts. 

Osteoid and mineralization. 

o The critical protein of the extracellular matrix (ECM) of bone is Type 1 collagen, which constitutes 90% of ECM 
protein. In bone, the ECM is called osteoid. 

o It is beyond the scope of this discussion to review collagen synthesis, but of note: 
 Type 1 collagen is a triple helix with 2 α1 chains and 1 α2 chain. Defects in Type 1 collagen synthesis are 

seen in osteogenesis imperfecta. 
 Type 1 collagen is secreted by osteoblasts as fibrils that bundle to form fibers. In a normal setting, the 

mineralization of osteoid is seamless with the pre-existing mineralized matrix. 
o It is thought that the tight weaving of the collagen fibers leaves nanoscale gaps that admit calcium and 

phosphorus ions, which can then form nascent apatite crystals. 
o Osteoblasts release calcium and phosphorus ions into the ECM in microvesicles. These provide an isolated 

microenvironment that allows for the nucleation of the apatite crystals. Calcium and phosphorus ions can 
then be added until the crystal ruptures the vesicle and is deposited on the collagen scaffolding. 

o Concentration of calcium and phosphorus in the ECM is thought to reflect serum levels. Both hypocalcemia 
and hypophosphatemia result in decreased bone mineralization. 

o Mineralization is limited to bone because in normal soft tissue, crystal formation is inhibited by pyrophosphate 
ions (PPi). In bone, this inhibition is itself inhibited by alkaline phosphatase on osteoblast cell membranes. 
 Alkaline phosphate hydrolyzes the pyrophosphate, which not only removes the inhibition, but also 

increases the level of phosphate ion, promoting crystal formation. 
 

Mineralization: 

o Collagen fibrils give bone some flexibility and imbedded hydroxyapatite crystals give it hardness. 
o The process is not well understood, but most likely the osteoblast sheds micro vesicles that create a defined 

microenvironment for crystal nucleation. As the crystals grow, they break free into the surrounding 
extracellular matrix (i.e. osteoid), where they fit into gaps in the collagen fibrils and at the fibril end junctions. 

o Crystal formation is inhibited by pyrophosphate, which is 2 inorganic phosphates joined by an ester bond. 
Osteoblasts have membrane-bound alkaline 
phosphatase that breaks the PPi into inorganic 
phosphate, accelerating crystal formation. 
 Mineralization is determined by the PPi/Pi ratio 
 Chondrocytes also produce PPi. When this is 

produced in excess, the pyrophosphate crystals 
precipitate in the joint and can cause the 
crystalline arthritis calcium pyrophosphate 
deposition disease (CPPD). 

 Normal soft tissues, particularly blood vessel 
walls, have serum levels of calcium and 
phosphorus. Calcification is prevented by           
the presence of PPi. No alkaline phosphatase       
is present. Figure 90-3 Mineralization of bone. 
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Remodeling: 

o Bone requires steady maintenance and repair in order to respond to new stresses and to replace damaged 
osteons. This occurs under tight regulation in the bone remodeling compartment (BRC). This involves multiple 
different cells, collectively called the basic multicellular unit (BMU). 

o Regulation occurs at both the systemic and local level: 
 Systemic regulation: PTH, Vitamin D3, estrogen, others… 
 Local regulation: osteocytes 

• Osteocytes form a mechanosensing syncytium that responds to distortions from stress and 
microfractures in the bone. 

• When a threshold is exceeded, the local osteocytes undergo apoptosis. 
• With apoptosis, the inhibitory signals from the osteocytes cease and the remodeling process starts. 

Inhibitory signals include sclerostin and TGF-β. These inhibit both osteoclasts and osteoblasts. 

 
 
 

 
o Remodeling of trabecular bone occurs on the endosteal surface. In compact bone, it occurs beneath the 

periosteum and also as a tunneling process. Bones tend to enlarge over life as sub endosteal remodeling 
slightly exceeds subperiosteal remodeling. 

 

Terminology of signaling complexity 

Many signals are involved in bone remodeling and the process is only partially understood. This is not 
only due to the large number of signals but also the complexity of any signal’s effect. A given signal can 
have different effects on different cells. This is especially true of cytokines. These variable signaling 
properties include: 

- Pleiotropy: one cytokine may signal multiple different cells (e.g. IL-1 to endothelial cells, B & T 
lymphocytes and antigen presenting cells (APC)) 

- Redundancy: different cytokines may have the same effect on a given cell (e.g. Il-4 and IL-13 affect 
the same receptor and are important in IgE allergic diseases such as asthma). 

- Synergy: a combination of cytokines may give a unique signal (e.g. IL-5 & IL-4 together cause 
isotype switching of B lymphocytes from IgM to IgE synthesis). 

- Antagonism: different cytokines may have antagonistic effects to each other (e.g. IFN-ϒ and IL-4). 
- Change in receptor expression: in B lymphocytes, IFN-ϒ ↓IL-2 receptor expression while IL-4/IL-5 

increase IL-2 receptor expression. 
- Level and frequency: high sustained PTH levels stimulate osteoclasts, leading to net bone 

resorption. Low pulsed PTH stimulates osteoblasts with new bone formation. 

 

Figure 90-4 The osteocyte syncytium. 
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o The stages of remodeling: 
 Stage 1: activation.  

• Osteocytes undergo apoptosis due to stress or injury. Osteocyte inhibitors such as sclerotin and TGF-β 
decrease. Bone lining cells lift to form the microenvironment of the bone remodeling unit (BMR). 

 Stage 2: resorption:  
• Osteoclasts are formed from bone marrow-derived macrophages, develop into pre-osteoclasts and 

then the syncytial cell of the osteoclast. This is regulated by the balance of RANK-L /osteoprotogerin. 
These proteins are produced by many cells, but mostly by osteoblasts.  

• Osteoclasts form resorption pits, with a tight seal to the underlying bone. Collagen is broken down by 
MMPs and the apatite crystals are dissolved by acid, produced by the carbonic anhydrase pathway. 

 

 
 Stage 3: bone formation 

• Osteoblasts form from mesenchymal stem cells under stimulation by ill-understood growth factors. 
Osteoid is secreted with subsequent mineralization. 

 Stage 4: termination 
• When adequate bone has been produced, some of the osteoblasts remain in the new bone and 

become osteocytes. The remainder undergo apoptosis. 

Figure 90-5 Remodeling in compact bone. 
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Parenchymal cells of bone: 

o Osteoclasts: 
 Osteoclasts are the only cell that can resorb bone. 
 They are derived from the bone marrow monocyte-macrophage lineage. Monocyte cell stimulating 

factor (M-CSF) Is essential for their proliferation and differentiation into osteoclast precursors. 
• Osteopetrosis (see Chapter 91) is a hereditary disease with defective carbonic anhydrase. As acid 

cannot be produced, bone cannot be resorbed, with significant pathologic consequences. It can be 
treated by bone marrow transplantation, which will have normally functioning macrophages. 

 Osteoclast maturation occurs through RANK ligand (RANK-L) stimulation of the RANK receptor. 
Osteoprotogerin (OPG) binds to RANK-L, inhibiting cell development. Osteoclast production is driven by 
the RANK-L / OPG ratio. 

 Osteoclasts resorb bone by establishing a tight seal to the bone (a resorption pit) and then secreting 
proteases, especially matrix metalloproteases (MMPs) to break down the Type 1 collagen and acid to 
dissolve the apatite crystals. 

                                       

Figure 90-6 Steps in remodeling. 
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Osteoblasts: 

 These cells arise out of pluripotential stem cells, but no exact source is known. Bone marrow has 
mesenchymal stem cells that can give rise to bone, cartilage lipid and fibrous connective tissue, distinct 
from the hematopoietic stem cells that give rise to the blood cell lineages. Flattened bone-lining cells 
beneath the endosteum are thought to be quiescent osteoblasts. 

 Osteoblasts are heterogeneous and give rise to site-specific bone with variable skeletal effects in 
different disease states. 

 Osteoblasts produce both osteoid and the micro vesicles in which the mineralizing apatite crystals form. 
o Osteocytes:  

 Osteocytes form from osteoblasts that are surrounded by and buried within the osteoid matrix. They have an 
extensive canalicular network connecting them to bone surface lining cells, osteoblasts, and other osteocytes, 
maintained by gap junctions between the cytoplasmic processes extending from the osteocytes.  

 The osteocyte network within bone serves as a functional syncytium.  
 They are a mechanosensing system. When an unspecified threshold is exceeded, they undergo apoptosis. 

This stops their inhibitory effects on the remodeling cells and bone remodeling compartment forms and 
remodeling starts. 

Resorption pit 

Figure 90-7 Osteoblast and osteoclast signaling. 
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Bone: Selected Diseases With Medical Treatment 91Chapter 91. Bone: selected diseases with medical treatment 

Developmental diseases: 

Osteogenesis imperfecta (OI) 

Pathophysiology: 

o OI is an autosomal dominant disease caused mostly by defects in the synthesis of Type 1 collagen. 
o Quantitative defects tend to cause mild disease; qualitative defects cause the severe disease phenotypes, 

some of which are lethal. 
 Over 200 mutations have been described involving all of the transcription, translation, and  

post-translation steps. 

            
o The bone formed is osteoporotic, with thin, disorganized architecture (called “woven” bone). There is 

decreased extracellular matrix. 
o The growth plates show abnormalities in all of the zones, with disorganization and limited calcification. For 

discussion of growth plates, see Ricketts, below. 

Figure 91-1 Clinical correlation of collagen synthesis. 
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Presentation: 

o Symptoms: vary widely with disease severity. 
 Mild disease: few fractures until puberty, with normal height and no deformity. 
 Moderate to severe disease: numerous fractures with short stature and deformities. Hearing loss occurs 

due to defective ossicles. 
o Physical examination: 

  
 
 

o Testing: 
 Diagnosis is established by clinical findings and a positive family history. 
 Differential diagnosis includes: 

• Physical abuse: this can be difficult to differentiate from OI and requires recognition of poor 
explanation of the cause of the injury, an unlikely mechanism or behavior required of the child too 
advanced for age. 

• Rickets 
• Other rare defects of calcium and phosphorus metabolism. 

  

Figure 91-2 Appearance of OI. 

Figure 91-3 OI: blue sclera. 
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o Prognosis: this varies widely from mild to lethal disease 
o Complications: deafness 
o Treatment: 

 Fracture management 
 Bisphosphonates 

 

Osteopetrosis 

Pathophysiology: 

o Osteopetrosis is characterized by the failure of osteoclasts to resorb bone, resulting in impaired bone 
synthesis and remodeling.  

o There is skeletal fragility despite increased bone mass, hematopoietic insufficiency due to loss of bone 
marrow space, disturbed tooth eruption, nerve entrapment syndromes, and growth impairment.  

o The best understood defect lies in the osteoclast, which resorbs bone. 
 The type 1 collagen of bone is broken down with proteases/collagenases 
 The calcium hydroxyapatite crystals are broken down with acid, synthesized with carbonic anhydrase. 

Osteopetrosis has loss of function mutations in carbonic anhydrase.  

 
o With defective remodeling, bones are brittle and fragile, despite being denser. Failure of resorption leads to 

compression of cranial nerves and loss of the marrow medullary space. Hematopoiesis shifts to 
extramedullary sites resulting in hepatosplenomegaly. 
 

Presentation: 

o There are 3 basic clinical phenotypes: 
 Infantile (aka malignant): 

• 1st year of life with failure to thrive, loss of vision, hearing, and ptosis due to cranial nerve compression in 
the skull. Anemia, thrombocytopenia and neutropenias can occur due to loss of hematopoiesis. 
Extramedullary production leads to hepatosplenomegaly. Bones are brittle and fractures can occur. 
o Inherited in an autosomal recessive fashion 

 

 

 

 

 

 

 

 

Figure 91-4 Osteopetrosis 
(autosomal recessive): appearance. 
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 Adult:       
• There are 2 types based on phenotypic features, but both have mild disease and may be asymptomatic. 

The most prominent symptom is bone pain with variable risk of fracture, nerve compression and 
extramedullary hematopoiesis.  
o Inherited in an autosomal dominant fashion 

 

o Testing: diagnosis is made by imaging and genetic testing. 

 

Natural history: 

o Prognosis: highly variable but the infantile form does not live past 10 years without treatment. 
o Treatment:  

 Bone marrow transplantation: osteoclasts derive from the bone marrow monocyte/ macrophage lineage 
and so normal osteoclasts will form after bone marrow transplantation. 

 

Osteoporosis 

Introduction: 

o Clinical definition: osteopenia that is severe enough to cause an increased risk of fracture 
o Radiographic definition: bone mass <2.5 times the mean bone mass of young adults (called the T-score,          

a Z-score compares the patient to their own age group). 

Pathophysiology: 

o Osteoporosis is characterized by a low bone mass, which      
includes both the collagen and mineralization. This causes       
micro-architectural deterioration leading to bone fragility,      
and an increased risk of fracture.  

o The underlying mechanism is an imbalance between bone 
resorption by osteoclasts and bone deposition by osteoblasts. 

o Osteoblasts and osteoclasts inhabit the surface of bones. 
Trabecular bone is more subject to bone turnover and 
remodeling than cortical bone. 
Not only is bone density decreased, but the microarchitecture of 
bone is also disrupted. The weaker spicules of trabecular bone 
break ("microcracks") and are replaced by even weaker bone. 

o The 3 commonest fractures occur in the  
 Vertebral body (weight bearing  compression 

fracture). 
 Hip (weight bearing & torsion (femoral neck-shaft 

angle)  fracture). 
 Distal wrist (torsion  Colles fracture). 

o Risk factors: 
 Non-modifiable: 

• Age: there is age-related decrease in bone 
density after peak density in the 30’s, with 
accelerated loss in women in the 3-5 years 
following menopause. 

• Gender: women have lower bone density 
than men. 

Figure 91-5 Bone structure. 

Figure 91-6 Bone density with age. 
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Bone: Selected Diseases With Medical Treatment 91• Estrogen: estrogen has widespread and complex effects on bone density with a net result of 
decreased synthesis and increased resorption with the lower estrogen levels that occur with 
menopause or oophorectomy. 

 Modifiable: 
• Alcohol: small amounts of alcohol increase bone density but with increased drinking there is 

increased risk of falls. 
• Smoking: smoking decreases bone density through unknown mechanisms  
• Diet: increased dietary calcium and other metals decreases risk. 
• Inactivity: exercise increases bone density. 
• Medications: 

o Glucocorticoids: catabolic effects 
o Anticoagulants 
o Chemotherapy 
o PPIs: acid is beneficial to calcium absorption  

 Secondary: 
• Endocrine: 

o Cushing syndrome 
o Hyperthyroidism 
o Hypogonadism 

• Malabsorption: celiac sprue 
• Chronic kidney disease: mineral and bone disorders 
• Rheumatic diseases (e.g. RA): ↑cytokines and steroid use. 

Presentation: 

o Symptoms: 
 Screening: 

• Clinical criteria: the fracture risk assessment tool (FRAX) has been developed to predict the 
likelihood of an insufficiency fracture over 10 years. It uses most of the risk factors listed above. 

• Bone mineral density: this is calculated using dual-energy -ray absorptiometry (DXA). 
o The reference range can be to peak mass of young adults (T-score) or an age-matched cohort for 

pre-menopausal females (Z-score). 
 

Category T-score (SD1) 
Normal Above -1  
Osteopenia  -2.5 to -1.0 
Osteoporosis  < -2.5 

    1. Standard deviation 

 

• No laboratory test has proven to be clinically useful. 
• Fracture: osteoporosis is asymptomatic until there is a fracture. The 3 commonest fractures are 

vertebral compression fracture, hip fracture, and Colles fracture (distal radius). 
o P/E: 

 The physical exam is not very useful in asymptomatic osteoporosis. One finding is loss of height;                
a typical 70 year old will have lost 1” of height due to bone shrinkage. A fracture results in a > 1 cm 
additional loss of height. 

 Most vertebral fractures are asymptomatic, 2/3 in one study, but they can be suspected by the kyphosis 
that results from the collapse of the anterior body with the typical compression fracture (see image below). 
4 fractures give about 15°of kyphotic tilt. 

o Testing: X-ray imaging (see “Screening”, above) 

Table 91-1 T-score definition of disease. 
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Natural history: 

o Prognosis:  
 The occurrence of one insufficiency fracture is highly predictive of subsequent 

fractures, typically 20% /year. 
 Treatment to prevent hip fracture is cost beneficial when the risk of fracture    

is > 4% /10 years. This can be calculated using FRAX and/or DXA tables. 
o Complications: insufficiency (aka fragility) fracture. 
o Treatment: 

 Lifestyle: 
• Diet: Calcium/Vitamin D supplements 
• Exercise 
• Smoking cessation 
• Medications: there are no head-to-head studies (see Figure 51-4 Regulation   

of osteoblasts and osteoclasts) 
o #1: Bis-phosphonates 
o #2: Denosumab 
o Teriparatide is used as an anabolic drug for those at very           

high fracture risk. 
o Raloxifene (selective estrogen replacement medication) is 

beneficial but increases the risk of thromboembolic disease. 

 Drug Mechanism of action 
1 Teriparatide Amino acids 1-34 of PTH (the active portion). Activates osteoblasts. 
2 Raloxifene SERM with estrogenic activity in bone and antiestrogenic effect in 

breast and endometrium.  
3 Denosumab Binds to RANK-L (osteoprotogerin mimic) which inhibits osteoclast 

maturation. 
4 Bis-phosphonate Inhibition of osteoclasts 

Vitamin D deficiency 

Rickets 

Pathophysiology: 

o Rickets is a disease in bone-forming ages when there is an inability to calcify the cartilage in the epiphyseal 
growth plates. Osteomalacia is an inability of mineralize osteoid in sites of bone turnover. Growth plates are 
fused in osteomalacia. Rickets and osteomalacia are usually due to a deficiency in Vitamin D but can also 
occur with deficiencies of calcium and phosphorus.  

o Rickets is little seen in developed nations now that Vitamin D is added to milk. Some children can still be at 
risk from dietary deficiency, for example those fed solely on breast milk. Other causes include darkly 
pigmented skin and prolonged winter (as synthesis starts in the skin with UV light) and malabsorption. 1 

 
 
 

Figure 91-7 Osteoporosis: 
kyphosis. 

Table 91-2 Pharmacology of osteoporosis. 

Figure 91-8 Vitamin D synthesis. 
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days. It starts with amorphous calcium phosphate that forms hydroxyapatite crystal. Alkaline phosphatase 
breaks down inhibitory pyrophosphate (PPi) which also increases available phosphate. 

o In the epiphyseal plate of growing children, vitamin D has a critical role the zone of hypertrophy, where 
mineralization starts. Without calcification, the weak cartilage frays, widens and cups, all features that can be 
identified on X-ray. 

Presentation: 

o Symptoms: bone pain and bone deformation 
o Signs: characteristic abnormality of bone shape. 
o Testing: 

 Imaging: delayed closure of epiphyses. Epiphyseal plates       
show fraying, splaying and cupping. 

 Decreased Vitamin D levels 
 

Natural history: 

o Prognosis: there is no acute threat to life. 
o Treatment: vitamin D can be administered over a short or long 

period. Calcium supplements may be necessary. Resolution can be 
judged by a return of alkaline phosphatase levels to normal. 

  

Figure 91-9 Epiphyseal growth plate. 

Figure 91-10 Ricketts. 
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Osteomalacia 

Pathophysiology: 

o This is a defect in mineralization of remodeling bone. The commonest causes are 
 Calcium deficiency (dietary or malabsorption) 
 Inadequate sunlight (winter or persons of color) 
 Vitamin D deficiency due to GI disease (malabsorption). 

o Vitamin D maintains extracellular calcium levels through multiple mechanisms, the most important of which 
is increased absorption of calcium and phosphorus from the gut. 

o Calcium deficiency leads to defective mineralization of new bone. This has a characteristic pathology in which 
there is normal osteoid (i.e. collagen) but no calcium. 

                      

Presentation: 

o Patients may present asymptomatically when X-rays show osteopenia, with bone pain or with an  
insufficiency fracture. 

o Testing shows ↓Vitamin D, ↑PTH and ↑alkaline phosphatase 

Treatment consists of Vitamin D replacement with calcium supplements. 

Primary hyperparathyroidism (i.e. ↑Ca+2/↑PTH): see Chapter 51. Parathyroid gland and calcium regulation.  

Chronic kidney disease (CKD): mineral and bone disorders.  

Abnormalities of bone and calcium metabolism in chronic kidney disease are a complex subject, collectively 
referred to as “chronic kidney disease: mineral and bone disorders (CKD-MBD)”. What follows is a simplification 
that is adequate at the non-specialist level. 

o The term “renal osteodystrophy” has been used in the past to describe bone changes in CRnF but is now 
being restricted to describe the morphologic changes of bone seen on bone biopsy in CRnF. 

Patients with CKD have a higher risk of bone fractures than the general population, with non-vertebral fractures 
more common than vertebral fractures. Given the association between fractures and increased morbidity and 
mortality, doctors should quantify the risk of fracture through progressive loss of renal function. This is done 
through clinical evaluation of risk (i.e. FRAX®), bone density by X-ray (i.e. DEXA) and bone biopsy. 

  

Note that osteoporosis, by comparison, 
has matched decrease in osteoid and 
calcification (i.e. there are no red areas 
of non-calcified osteoid). 

Figure 91-11 Osteomalacia. 
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A. Secondary hyperparathyroidism: 
o With a drop in GFR, as early as Stage 2 failure (i.e. <90mL/min), there is decreased phosphate excretion. 

The increase in serum phosphorus triggers both an increase in FGF-23 and an increase in PTH due to a 
decrease in serum calcium from its precipitation with the phosphorus.  

o This precipitation leads to extraskeletal calcification, especially blood vessels like the coronary arteries. 
This is felt to partially explain the ↑cardiovascular risk of chronic renal disease. 

o While the ↑PTH maintains normal serum calcium and phosphorus levels, the increase in PTH causes 
resorption in bone, which progresses: osteopenia > osteoporosis > osteitis fibrosa cystica. 
 Osteitis fibrosa cystica is now rarely seen, but it refers to spaces found in bone due to prolonged 

severe hyperparathyroidism. It was common for these to have hemorrhages and the resulting 
hemosiderin gave them a golden color. They were misnamed “brown tumors”. 

o When GFR drops below 40 mL/min (i.e. in late Stage 3 chronic renal failure), ↑PTH and ↑FGF-23 are 
insufficient, and the first measurable changes in serum calcium and phosphorus can be seen. 
Hypocalcemia starts in late stage 4 and stage 5 disease. 
 

B. Vitamin D deficiency (osteomalacia):  
o Loss of cells in the proximal convoluted tubule leads to an inability to hydroxylate 25 (OH) Vitamin D to the 

active 1,25 (OH)2 Vitamin D (cholecalciferol). This leads to a decrease in calcium absorption from the gut. 
 

C. Adynamic bone disease:  
o This is an ill-defined term that refers to an osteopenia found in chronic kidney disease characterized by low 

levels of PTH, a bone biopsy showing few cells, especially osteoblasts and osteoclasts and X-ray imaging 
showing osteoporosis. Biopsy findings are histologically similar to osteoporosis. The decrease in bone turnover 
and net calcium loss has multiple overlapping causes that can be disease-related, such as malnutrition, 
diabetes, and uremia or treatment-related such as the use of glucocorticoids. 
 

Presentation: 

o Symptoms: bone pain and pathologic fractures 
o Physical examination has no specific findings 
o Testing: laboratory and imaging 

Natural history: 

o Decreased all causes survival and pathologic fractures 
o Treatment: 

 Phosphorus < 5.5 mg/dL 
 Calcium < 9.5 mg/dL 
 PTH levels controlled 
 Avoid vascular calcifications 
 Treatment of osteoporosis 

• Usual drugs in Stage 1-3 (i.e. > 30mL/min) 
• Anabolic steroids for advanced disease 

 

Paget disease of bone 

Epidemiology: 

o Age: uncommon before age 55 years, increasing with aging 
o Prevalence: 3% of 65 year olds; 10% of 80 year olds 
o Ethnicity: commoner in European ethnicity, especially British. 
o Gender: males are more commonly affected (3:2) 
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Pathophysiology: 

o Etiology is unknown. 
 Environmental factors: slow virus (e.g. paramyxovirus/measles) infection 
 Hereditary:  

• 15-40% have a 1st degree relative with the disease 
• Defects occur in the RANK pathway, consistent with the initial pathology of osteoclast activation. 

o Pathology: there are 3 phases: 
 Osteolytic phase: normal bone is resorbed by osteoclasts that are more numerous, are larger, and have 

many more nuclei (up to 100) than normal osteoclasts (5-10 nuclei). Bone turnover rates increase to as 
much as 20 times normal. 

 Mixed osteolytic and osteoblastic phase: increased numbers of normal osteoblasts produce a weaker 
abnormal trabecular bone (i.e. woven bone). 

 Osteosclerotic phase: normal bone is replaced by dense, hypervascular fibrous tissue. 
o There is usually involvement of multiple bones, called polyostotic (85%). Monostotic involvement is only seen 

in 15% of patients. Any bone can be involved, but axial skeleton is most common. 

 

Presentation: 

o Symptoms: 
 Asymptomatic: elevated serum alkaline phosphatase with normal calcium and phosphate levels. 
 Bone pain: due to microfractures of the weakened bone. 
 Compression of cranial nerves in the skull, especially CN VIII, with hearing loss. 

o Physical exam: is usually non-contributory. Abnormal bone morphology is only seen in late disease          
and is now rare.  

Figure 91-12 Paget disease of bone. 
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 Laboratory tests:  

• Serum: elevated alkaline phosphatase with normal calcium and phosphorus and LFTs. 
• Urine hydroxyproline: a marker of collagen breakdown from osteoclast activity 

 X-ray: osteolytic abnormalities 
 Bone scan: 99mTc-labeled phosphonates are incorporated into mineralization sites, a sensitive test of 

osteoblastic activity. 

Natural history: 

o Prognosis: mild disease does not affect longevity. Extensive polyostotic disease has 
significant morbidity and increased mortality, especially with the development  
of osteosarcoma. 

o Complications: 
 Fracture (woven bone is weaker) 
 Cranial nerve compression (remodeling expands bone) 
 Heart failure: high output failure can occur when > 1/3 of skeleton is involved 
 Osteosarcoma: arise in the active areas, but rare 

o Treatment: bis-phosphonates to inhibit osteoclast activity.  

 

 

 

 

Condition Ca+2 PO4
-2 Alk Phos1 PTH2 Comments 

Osteoporosis N3 N N N ↓bone mass 

Osteomalacia ↓ ↓ N-↑ ↑ ↓ mineralization 

CKD4 N-↓ N-↑ ↑↑↑ ↑ Serum Ca+2/ PO4
-2 changes when 

GFR < 20 mL/min; osteitis fibrosa 
cystica if untreated 

Paget disease N N ↑ N Woven bone 

Osteopetrosis N N ↑ N  
 

                     1. Alkaline phosphatase; 2. Parathyroid hormone; 3. Normal; 4. Chronic kidney disease. 

 

 

  

Figure 91-13 Polyostotic Paget disease 
(99mTc-bone scan) 

Image courtesy of Sabbah M., et al (2018) Journal of 
Spleen and Liver Research 1(2):6-9. 

Table 91-3 Laboratory findings in metabolic bone disease. 
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Osteomyelitis 

Classification: 

o Different classifications are based on 
 Time frame: 

• Acute: < 2 weeks 
• Subacute: 2-12 weeks 
• Chronic: > 12 weeks 

 Biopsy: 
• Acute: neutrophils  
• Chronic: plasma cells and necrotic bone 

 Source of bacteria: 
• Hematogenous (e.g. long bones of children) 
• Direct extension  

o From contiguous soft tissue infection (e.g. septic arthritis) 
o Underlying a skin ulcer (e.g. diabetic ulcer of heel with infection of calcaneus) 

 Patient population: 
 

Patient characteristic Bacteria 
Normal adults and children S. aureus 
Neonates ∙Group B strept 

∙H. influenza 
Sickle cell disease Salmonella paratyphi 
Puncture wound P. aeruginosa 
Orthopedic hardware S. epidermidis 

Acute osteomyelitis in a child 

Epidemiology: 

o Mean age is 6.6 years old 
o Boys > girls (2.5 : 1) 

Pathophysiology: 

o Most commonly occurs in the metaphysis of long 
bones. This is the region in which the small vessels 
loop back towards the center of the bone, the 
venous sinusoidal loops (see Figure 91-13). This 
and the sinusoidal architecture cause slow blood 
flow that allows for bacterial adhesion. 

o Infection spreads through the Haversian and 
Volkmann channels to the cortex. Rupture through 
the cortex leads to subperiosteal abscess. 

o Chronic osteomyelitis: if untreated, the lifting of 
the periosteum leads to ischemia necrosis, with a 
fragment called a sequestrum. Regeneration of 
bone beneath the periosteum can be seen by         
X-ray and is called an involucrum. 
  

Table 91-4 Etiology of acute osteomyelitis by age. 

 

Figure 91-14 Blood supply of a long bone. 
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 Usually due to S. aureus 
 Specific underlying conditions: 

• Sickle cell disease: salmonella 
• Direct puncture wound to foot: pseudomonas 
• Neonate: Group B streptococci. 

 

Presentation: 

o Symptoms:  
 Occur within 2 weeks of infection with fever, pain, and limp. 

o Physical exam: cardinal features of acute inflammation overlying affected bone. 
o Testing: 

 Culture and sensitivity:  
• Blood culture (40%)  
• Bone biopsy (only 50% grow a bacteria) 

 Blood testing: 
• ↑CRP (elevated in 98% within hours, can be used to assess treatment response) and ESR (90%) 
• ↑procalcitonin (58%, does not rise in viral infections) 

 Imaging 
• X-ray: insensitive, periosteal response after 1 week, osteolysis after 2 weeks. 
• MRI is the test of choice as it shows edema and abscess formation. 

 

Natural history: 

o Prognosis: mortality is 50% without treatment; <1% with antibiotics 
o Complications:  

 Chronic osteomyelitis with sinus formation 
 Seeding of other organs, especially meninges 
 Damage to growth plate 

o Treatment: 
 Initial: empiric antibiotics only. 

• If MRSA has a local prevalence <10%:  
o 1st generation cephalosporin 
o Anti-staphylococcal penicillin (e.g. cloxacillin) 

• If MRSA has a local prevalence >10%:  
o Clindamycin (vancomycin if clindamycin resistance) 

 Surgery: drainage and debridement if there is abscess formation, failure of antibiotics                                         
or chronic infection. 
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Bone: Selected Diseases With Surgical Treatment 92 Chapter 92. Bone: selected diseases with surgical treatment 

Fractures 

Classifications: 

o Health of pre-existing bone: 
 Traumatic: applied force exceeds the strength of normal bone 
 Insufficiency: minor force exceeds the strength of osteopenic bone. Commonest are: 

• Vertebrae compression fracture 
• Hip (i.e. femoral head) 
• Wrist (i.e. Colles fracture distal radius) 

 Pathologic: there is local underlying disease that has weakened the bone; this can be identified by imaging. 
• Benign (e.g. cysts, fibrous dysplasia) 
• Malignant (e.g. metastatic > primary) 

o Characteristics of the fracture: 
 Closed (aka simple): skin overlying the fracture is unbroken; there is no increased risk of contamination. 
 Open (aka compound): the fracture site is exposed to the environment; increased risk of contamination 

and 2° infection. 
 Comminuted: there are multiple fracture fragments. This gives a higher likelihood of malunion. 
 Incomplete: the fracture does not go through the entire cortex 

• Greenstick fracture: a type of incomplete fracture typically seen in children, who have less rigid   
long bones. 

• Stress fracture: fatigue-induced by repetitive injury over time. There are small cracks or hairline 
fractures that may only be recognized on X-ray by their remodeling. 

 Compression: there is collapse of the bone. A term typically used for vertebral fractures of the vertebrae 
as they are common in osteoporosis and are often asymptomatic. 

 Impacted: ends of the fracture site are driven into each other. This not only shortens the bone but has a 
higher risk of malunion. Surgical treatment is more likely.  

 Displaced: the distal fracture fragment has an abnormal position (e.g. angulation, rotation, alignment). 
Degree of displacement is the best recognized predictor of outcome. Correction to a normal position      
is necessary. 

o Type of repair: 
 Primary repair: when the fracture ends are in close apposition, together with good alignment and 

stability, the fracture can heal directly. This is achieved through the processes of remodeling:    
osteoclast-mediated bone resorption advances directly through the fracture line, followed by new 
bone deposition by osteoblasts leading directly to re-establishment of the Haversian system. 

 Secondary repair: this occurs when there is a gap between fracture fragments which requires a multi-
step process in which more fragile processes are replaced by stronger tissues (i.e. clot > callus > bone). 

Fracture healing (cortex of a long bone is the model) 

o Stage 1: Hematoma  acute inflammation 
 Fracture disrupts the local vasculature with the usual coagulation cascade resulting in a hematoma. The 

fibrin network of the clot serves as the matrix for the inflammatory response to the damage-associated 
molecular pattern (DAMPs). 

 Neutrophils have an uncertain role (peak at day 3) but the resident macrophages (aka osteomacs) and 
macrophages (M1 polarization) recruited from the blood remove much of the necrotic debris by the end 
of the first week. 
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 With clearing, there is a reduction of the pro-inflammatory cytokines (e.g. IL-1, IL-6, TNF-α) and initiation of 
the repair process by M2 polarized macrophages. Granulation tissue includes deposition of extracellular 
matrix, angiogenesis (VEGF) and activation of fibroblasts and osteoprogenitor cells (growth factors such 
as TGF-β, PDGF, FGF and BMPs, blue font indicates that these also are current therapies). 
 

o Stage 2: Callus 
 Due to disruption of the local vessels, the fracture site is relatively hypoxic. This helps induce the MSC 

(mesenchymal stem cells) to differentiate into chondrocytes, especially in the central areas of the 
fracture gap. 

 The fibrous tissue and cartilage, called the soft callus, provide the initial mechanical stability. 
 Regions with better blood supply, such as periosteal regions, recruit osteoprogenitor cells that develop 

into osteoblasts. These produce woven bone which covers the fibrocartilaginous callus, providing greater 
mechanical stability. 

 In a manner similar to a growth plate, the chondrocytes undergo hypertrophy and then apoptosis, 
secreting calcium and mediators that stimulate vascular ingrowth. Together with osteoblasts, woven 
bone forms in the cartilage over weeks to months. This stage is known as the hard callus.  

 At this stage, patients have a limited return of function. 
 

o Stage 3: Remodeling 
 The woven bone and cartilage are removed by osteoclasts, initiating remodeling. Typical osteon 

structure and the Haversian system are restored based on the mechanical stresses applied to the bone. 
This can take months to years. 

 Bone is one of the few tissues that can restore itself to normal architecture without scar formation 

Fracture non-union: 

o Non-union is incomplete fracture consolidation, with absence of radiographic signs of healing over 3 months. 
Clinicians use this term to imply that union will not occur without intervention. Delayed union is used to 
describe slow healing in which features of ongoing healing are present. Histologically, non-union shows a 
persistence of fibrous tissue, woven bone, and cartilage (i.e. callus) at the fracture site. 

o Non-unions are painful and can result in a pseudoarthrosis (i.e. false joint). 
o Healing requires an influx of inflammatory and MSC cells together with proper regulation of the process.  

 Local and systemic conditions that adversely affect healing include infection, smoking and diabetes mellitus. 
 Common mechanical causes of non-union include large displacement of the distal bone, instability,      

and repeated trauma. 

Figure 92-1 Stages of bone healing. 
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 Splinting (e.g. casts), external fixation (e.g. pins) and internal fixation (e.g. extramedullary and intramedullary) 

provide stability and a decrease in displacement. 
 Screws and plates (internal fixation, extramedullary) minimize the fracture gap, compress comminuted 

fracture fragments together and minimize movement. Surgery with exact reduction can result in primary 
fracture healing.  

 Bone grafting can be autologous (from iliac crest) and is used to fill large defects at the fracture site. 
Grafting provides large numbers of progenitor cells. 

 Electrical stimulation increases local growth factors and is thought to mimic the normal mechanical stress 
pathway stimulation of the osteocyte syncytium.  

 Growth factors such as platelet aggregates (PDGF) and BMP can be applied topically to the fracture site. 

 

Proximal femoral fracture (aka hip fracture) 

Epidemiology (related to osteopenia/osteoporosis in elderly): 

o Age:  
 Increases with age (90% are > 65 years). In young adults, fracture is due to trauma 

o Gender: female > male (3:1) 
o Other risk factors: 

 Inactivity 
 Whites > blacks  
 Post-menopausal status 

Pathophysiology: 

o Anatomy of the hip 
 The hip is a ball (head) and socket (acetabulum) joint connected to the proximal shaft of the femur at the 

intertrochanteric region by the femoral neck. 

 The femoral head orients its cancellous bone along the principal lines of stress. Most important of these 
arrangements are the 1° compressive trabeculae, which resist compression, and the primary tensile 
trabeculae, which resist tension. These structures enable the bone to endure the strong forces exerted 
across the proximal femur, which can reach 2.5 times body weight when standing on one foot. 

Figure 92-2 Anatomy and blood supply of the proximal femur. 
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 The trabeculae are used in 2 ways in clinical medicine. 
• Osteoporosis can be graded by the loss of trabecular  

lines, starting with the 2° trabeculae 
• Minor hip fractures can be identified by disruption  

of the trabecular lines. 
 

o Pathology of fractures 
 Hip fractures are classified by anatomic location and type 

(i.e. compression, nondisplaced and displaced) 
 Classification of hip fractures by location: 

• Intracapsular (neck and head) 
- These have the highest risk of non-union due to 

trauma to the blood supply which runs up the neck 
from the medial femoral circumflex artery. The 
artery in the ligament teres does not provide enough 
blood on its own to support the head of the femur. 
This loss of blood supply leads to avascular necrosis. 

- The more vertical the line of fracture, the higher the 
likelihood of non-union. 

• Extracapsular (intertrochanteric) 

                                             

Presentation: 

o Symptoms: Pain in the hip after a fall (although the  
fracture may cause the fall) 

o P/E: pain on passive motion 
o Testing: 

 X-ray: the most sensitive finding is disruption of  
trabecular lines (see Figure 92-3). 

 Bone scan: sensitive but there is a several day            
delay until there is significant osteoblastic activity. 

 MRI: most sensitive test. 
 

Natural history: 

o Prognosis:  
 15-20% die within 1 year 
 Mortality doubles if surgery is delayed 

more than 2 days. 
o Complications: mostly related to immobility, especially     

thromboembolic disease, and bronchopneumonia. 
o Treatment: 

 Usually surgical to minimize immobility and the likelihood                  
of avascular necrosis 

 The surgery is usually open reduction, internal fixation (ORIF). 
• Open reduction means surgical dissection through the skin       

and soft tissues to the bone. Closed reduction of hip      
fractures usually requires traction. 

• Internal fixation means that hardware is used to                            
give the fracture rigidity (see below). 

Figure 92-3 Trabecular lines of stress. 

Figure 92-4 Classification of hip fractures. 

Figure 92-5 Fracture of the 
femoral neck. 
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• Intramedullary nail is most commonly used for extracapsular fractures, which are typically 

intertrochanteric fractures. There is no evidence that they give a better outcome, and they             
are more expensive. 

• Cannulated screws are hollow. This allows for the use of a guide wire which is placed by drilling into 
the femoral head and confirming location. The screw is inserted over the wire. This is commonly 
used for femoral neck fractures. 

• Compression screws are used with an external plate. These are useful when there is a comminuted 
fracture. They are more commonly used with extracapsular fracture. There is no consensus opinion 
on when a plate is needed or not. 

• Hemiarthroplasty is more commonly used in the elderly and when there is severe displacement of 
the fracture. 

 

 

 

Scaphoid fracture 

Epidemiology: 

o Commonest fracture of the wrist 
o Age: 10-65 years 

 In children, falls on an outstretch hand (FOOSH) typically causes       
a sprained wrist. If there is a fracture, it will occur in the physis             
(i.e. growth plate) of the distal radius. 

 In the elderly, fracture from a FOOSH will be at the 
distal metaphyseal radius (i.e. Colles fracture).  
 

Pathophysiology: 

o A fall onto an outstretched hand results in forceful extension of the 
wrist with impact of the scaphoid bone on the dorsal rim of the radius. 

Figure 92-6 Prostheses in repair of hip fracture. 

Figure 92-7 Complete physeal 
fracture without displacement. 

Cannulated 
  

Hemiarthroplasty  Intramedullary 
  

Compression 
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o The blood supply of the scaphoid bone comes from the radial artery but travels from distal to proximal. 
About 1/3 of mid-scaphoid fractures compromise blood flow to the distal half.  

Presentation: 

o Symptoms: wrist pain 
o P/E: pain on passive motion with snuff box tenderness. 

 

o Testing: X-ray of wrist. Scaphoid fractures often require special views of the wrist and  
re-imaging in follow up after 2 weeks. 

Natural history: 

o Prognosis: avascular necrosis occurs in >1/2 of displaced fractures and a significant proportion of mid to  
distal bone fracture. 

o Treatment: 
 Immobilization of the wrist invariably leads to stiffness and all patients require some kind of 

rehabilitation therapy 
 Surgery for high risk fractures can be stabilized with percutaneous wires or ORIF. Surgery is common in 

athletes as it has faster healing. 
 

Fracture complications 

General 

o Hemorrhage and hypovolemia 
 A closed fracture of the femur can lose  

up to 1.0-1.5 liters of blood. 
 Signs and symptoms in acute blood loss 

(5 L in an adult male) 
 

Lost volume S & S 
10 % Thirst, vasoconstriction 
20% Sweating, ↑HR 
30% HR > 120 /min, postural 

hypotension, anuria 
40% Hypotension prone, 

confusion 

Conventional wisdom states that snuffbox tenderness should be equated with a scaphoid fracture 
unless radiographs prove otherwise. If initial radiographs do not show fracture, follow-up radiographs 
should be obtained in 7-14 days, because the fracture line may be more visible after some resorption. 

Table 92-1 Acute blood loss. 

Figure 92-8 Scaphoid bone: blood supply. 
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 Major trauma releases fat globules from the marrow into the blood. It occurs in a 90% of major trauma 

patients and 5-10% of femur fractures. 
 Presentation occurs 24-48 hours post-trauma and includes shortness of breath, mental changes and  

non-palpable petechiae. 
 Diagnosis is clinical 

• Chest X-ray shows bilateral diffuse infiltrates (ground glass opacities by CT scan) 
 Treatment is supportive. 

 

o Rhabdomyolysis 
 Crush injuries can cause rapid break down of muscle cells with the release of 

myoglobin into the blood. This can also occur in fractures from pressure injury 
when patients are left lying on a hard floor for hours. 

 Myoglobin filters through the glomerulus and the protein is toxic to           
tubular cells, causing acute kidney injury. 

 Diagnosis can be made by elevated serum creatine kinase and urinalysis dipstick 
with positive testing for hemoglobin (myoglobin also catalyzes the reaction). 
• Urine is often brown in color (Figure 92-9). 

 Treatment is supportive. 
 

 

Local 

o Vascular injury 
 Supracondylar fracture of the humerus 

• A common fracture of childhood caused by falls onto an outstretched hand (i.e. an extension injury). 
Most commonly seen in 6 year old boys. 

• Posterolateral displacement of the distal fragment can occlude the brachial artery (with loss of radial 
and ulnar pulses) and impinge on the median nerve (called neuropraxia). 

                           
o Neurologic injury 

 Neuropraxia refers to peripheral nerve pathology with temporary loss of function, typically over weeks. 
It is seen in fractures and dislocations due to stretching of the nerve. 

Figure 92-9 Myoglobinuria. 

Figure 92-10 Humerus: supracondylar fracture. 
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• Axillary nerve: 
- Typically seen with anterior dislocation of the shoulder.  

The “unhappy triad” is an anterior dislocation with axillary 
nerve damage and rotator cuff tear. 

- Sensory loss in the lateral shoulder can be seen (insensitive) 
with weakness of the deltoids (shoulder abduction). 

• Radial nerve: 
- High energy mid-shaft fractures will cause radial nerve 

damage in 10-15 % of cases 
- P/E shows sensory loss in the hand and wrist drop  

(lack of extension) 
• Ulnar nerve: 

- Traumatic elbow dislocations are common, and ulnar  
nerve stretch can be a complication.  

 
 
 

 
• Peroneal nerve: 

o Fracture of the tibia 
o Compartment syndrome 

 Spaces completely surrounded by fascia have a  
fixed volume as fascia is rigid. Any fluid buildup  
will result in an increase in compartment pressure. 
When this exceeds blood pressure, ischemia and 
infarction ensues. 

 Commonest is acute anterior compartment  
Syndrome of the leg with tibial fracture. 

 The first symptom is pain disproportionate  
to the injury. P/E shows worsening of pain 
with dorsiflexion of the foot. 

 Treatment is fasciotomy to relieve  
the pressure. 

 

 

Motor nerve function testing of the hand 

- Radial nerve: test thumb IP joint extension 
against resistance 

- Median nerve 
o recurrent motor branch: palmar 

abduction of thumb 
o anterior interosseous branch: flexion of 

thumb IP and index DIP ("A-OK sign") 
- Ulnar nerve: cross-fingers or abduct fingers 

against resistance 
 

Figure 92-11 Sites of nerve 
damage in humeral trauma. 

Figure 92-12 Cutaneous nerve damage of the hand. 

Figure 92-13 Compartments of the leg. 
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Figure 92-15 Pathologic fracture 
(arrows) in a benign cyst. 

Avascular necrosis (AVN) of the femoral head 

Definition: AVN refers to the ischemic necrosis of bone due to interruption of the blood supply. The bone structure 
then collapses with pain, loss of joint function and eventual long-term bone damage. AVN usually involves the 
epiphysis, such as those of the femoral and humeral heads and the femoral condyles, but small bones can also be 
affected. In clinical practice, AVN is most commonly encountered in the hip and most data on AVN comes from this site.  

o An exception is osteonecrosis of the jaw seen in bisphosphonate use. 

Pathophysiology: 

o AVN is the common end-pathway of vascular disruption to the femoral head. Ischemic necrosis occurs after 3 
hours with symptoms after 24-72 hours. 

o Likelihood of joint degeneration depends upon the volume of necrosis and its location on the femoral head. 
Superior surface has a worse prognosis as it is weight-bearing. 

o AVN is the commonest cause of degenerative hip disease in adults < age 40 years. 
o Etiology: 

 Most causes are non-traumatic: 
• 90% are associated with alcohol and steroids 
• Sickle cell anemia (microvascular occlusion) 
• Legg-Calve-Perthes disease is AVN in 4-10 year old boys.  

It is of unknown cause. 
• SLE 

 40% of cases are bilateral 

Presentation: 

o Symptoms: pain, limp 
o P/E: usually non-contributory 
o Imaging: 

 Hip X-ray: screening test. Not positive until late disease, with collapse 
 MRI: most sensitive test 

Natural history:  

o Prognosis: if > 30-50% of the joint is involved, then collapse and progression is likely. 
o Treatment:  

 If <15% of joint surface affected: medical management. No treatment has been shown to alter progression. 
 If >50% of joint surface involved, core compression ±bone graft may help 
 Late disease: arthroplasty. 

 

Neoplasms and neoplasm-like lesion of the skeleton 

Introduction: 

o Most neoplasms of bone are metastatic. Primary malignancies            
only account for 0.2% of the total. 

o Benign neoplasms are much more common than malignant           
neoplasms and typically occur before age 30 years. 
 If a patient’s age is > 50 years, a bone neoplasm is more                

likely to be malignant. 
o Neoplasms of the skeleton are typically named 

by the tissue type found in the neoplasm  
(e.g. cartilage = chondrosarcoma, osteoid = osteosarcoma). 

Figure 92-14 Avascular necrosis. 
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Figure 92-17 Molecular pathway of G protein subunit Gsα. 

Presentation:  

o Incidental finding on X-ray: small benign neoplasms are often asymptomatic 
o Pain: erosion of the normal bone weakens the bone with microfracturing. 
o Pathologic fracture: these can occur in a setting of normal use. The 

fracture occurs at the site of the neoplasm and can be seen on imaging. 
o Mass: neoplasms can extend through the cortex and expand the 

periosteum, with clinically evident mass. 
o Diagnosis of 1o bone tumors is a multidisciplinary process requiring close 

correlation of the clinical picture, imaging, and pathologic findings. 

Natural history:  

o Sarcomas have unpredictable patterns of spread. With venous       
invasion, aggressive sarcomas can first present with systemic      
symptoms of metastasis. 

o In the lungs, metastatic carcinoma may show a “cannonball”                 
pattern of metastatic nodules. 
 

Unicameral (simple) bone cyst 

- These fluid-filled cysts are only found in children, suggesting spontaneous resolution in adults. 
- While they may be found in any bone, 90% occur in the proximal long bones, humerus > femur. 
- Present with bone pain or pathologic fracture (see Figure 92-15, above) 
- Commonly treated with curettage, intramedullary nailing and sometimes bone grafting. 

Fibrous dysplasia 

- A non-hereditary, congenital growth of benign fibro-osseus tissue in the medullary bone. 
- Presents with bone pain, pathologic fracture, or abnormal bone shape. 
- May be a single lesion (monostotic, 75%) or multiple lesions (polyostotic, 25%). 
- Polyostotic fibrous dysplasia is associated with McCune-Albright syndrome. 
o This is diagnosed with 2 of 3 findings: 

 Polyostotic fibrous dysplasia 
 Café-au-lait spots 
 Autonomous hyperendocrinopathy (most commonly precocious puberty and hyperthyroidism) 

o MAS is caused by a gain of function mutation in GNAS gene, resulting in ↑G protein subunit Gsα.                         

Treatment: 

o Asymptomatic tumors can be followed expectantly. 
o Symptomatic tumors are treated with curettage ± bone grafting. 

 

  

Figure 92-16 Cannonball 
metastases. 
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The commonest bone tumor, they are a hamartoma composed of a cap of mature cartilage overlying normal bone. 

Pathophysiology:  

o Osteochondromas are found on endochondral bone, most commonly the knee. 
o They are thought to arise from cartilage that herniates from a growth 

plate (i.e. physis) and establish an epiphysis on the cortex. With growth,           
they end up as part of the metaphysis. 

o They typically stop growing by age 30 years.  

Presentation: 

o Symptoms: mass projecting from the bone surface. They may cause 
mechanically-related symptoms. 

o P/E: hard non-tender mass projected from the cortex 
o Testing: X-ray 

Natural history: 

o Benign.  
o Treatment: none is necessary unless symptomatic, then excision. 

Osteoid osteoma 

A benign bone-producing tumor that can occur in any bone, most       
commonly the cortex of long bones, femur > tibia. 

Pathology:  

o Mostly the cortex (75%). 
o There is a central nidus of soft tissue and osteoid called the            

nidus, surrounded by bony sclerosis and cortical thickening. 
o Tumor is < 1.5 cm in diameter. If >2.0 cm, it is called an 

osteoblastoma. These larger tumors are typically found in vertebrae. 

The tumor presents as pain, often at night. 

o This is attributed to production of prostaglandins. The pain      
typically responds well to non-steroidal anti-inflammatories  
(i.e. COX inhibitors). 

Treatment is medical. Radiofrequency obliteration or surgery is            
used for persistent symptoms. 

Osteosarcoma 

Epidemiology: 

o Primary disease occurs in children with peak incidence during the adolescent growth spurt. 
o Males > female. 

Pathophysiology: 

o Primary: near growth plates of long bones (distal femur > proximal tibia > proximal humerus). 
o  Secondary:  

 Hereditary: Retinoblastoma syndrome, Li-Fraumeni syndrome 

Figure 92-18 Enchondroma. 

Figure 92-19 Osteoid osteoma. 
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 Environmental: radiation 
 Complication: Paget disease of bone 

o Pathology: malignant cells form osteoid. 

Presentation: 

o Symptoms: pain for weeks, especially with activity 
o P/E: swelling / mass 
o Testing: 

 Laboratory: elevated alkaline phosphatase usually indicates pulmonary metastases. 
 Imaging:  

• X-ray: the neoplasm may be osteolytic or osteogenic. There is destruction of normal bone 
architecture. Rapid growth can be seen in periosteal reactions. Codman triangle represents lifting of 
the periosteum from the cortex with underlying new bone formation. A “sunburst” pattern is rapid 
stretching of the periosteum. Leaving Sharpey fibers stretched out perpendicular to the bone. 

• MRI is useful in identifying soft tissue spread. 
 Biopsy: for confirmation of diagnosis and grading. 

Natural history: 

o Prognosis: depends upon stage. Metastases denote a grim prognosis. Overall, 
60% 5 year survival. 

o Treatment:  
 Surgical excision. Limb salvage is important for quality of life. 
 Neoadjuvant therapy with methotrexate improves surgical outcomes. 

Metastases to bone 

o Much more common than primary tumors 
o 80% are from breast, lung, and prostate 
 Thyroid and kidney carcinomas have a predilection for bone. 

o Metastases are usually multiple. 
o May be osteolytic (i.e. bone destroying), osteoblastic (bone forming) or mixed. 
 Prostate carcinoma is osteoblastic. 
 Multiple myeloma is osteolytic. 

o All carcinomas with bony metastases are stage 4 and have a poor prognosis. 
 Complications include pathologic fracture and hypercalcemia. 

o Hypercalcemia in cancer has 3 common mechanisms: 
 Secretion of parathyroid hormone related peptide (PTHrP) by non-metastatic neoplasm (80%) 

• PTHrP mimics the active portion of PTH, with increased bone resorption and decreased renal 
excretion of calcium in the DCT and increased excretion of phosphates in the PCT. 

• PTHrP is not measured in the usual assays of PTH. It has its own assay. 
• PTHrP does not usually activate 1α-hydroxylase, so there usually is not an increase in Vitamin D, 

specifically 1,25-(OH)2Vitamin D 
 Bony metastases with local secretion of cytokines that activate osteoclasts. (15%) 

• Activation of osteoclasts can be by multiple proteins, including RANK-L and various cytokines. 
• Rapid resorption of bone leads to lytic lesions, with weakening of the bone resulting in pain and 

pathologic fractures.  
• The model disease for this is multiple myeloma, which commonly presents with bone pain in the 

lumber spine. 
 1,25 (OH)2Vitamin D toxicity from tumoral 1α-hydroxylase 

• Seen in lymphomas. 

Figure 92-20 Osteosarcoma: 
X-ray findings. 
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 Chapter 93. Musculoskeletal system: Disorders of the neuromuscular junction and muscles 

Introduction: 

o The peripheral nervous system (PNS) includes those elements of the nervous system that are not part of the 
central nervous system (i.e. the brain and spinal cord). 

o The PNS includes the cranial nerves, nerve roots, spinal nerves, and the autonomic nervous system. 
 The cranial nerves are intracranial are usually grouped with the brain stem. 
 The anterior horn cell of the spine is usually grouped with the PNS as it is part of the motor unit. The 

motor unit consists of the anterior horn cell, its axon, a neuromuscular junction, and muscle fibers. 
o Disorders of the PNS, neuromuscular junction (NMJ) and muscles all present with weakness.   

 Disorders of the NMJ and muscles will have normal reflexes, although they might be diminished due to 
atrophy, and no loss of sensory function.  

 MG has intermittent weakness as it improves with rest. Muscle disorders present with persistent 
weakness. Typically this has a limb-girdle pattern, meaning symmetric involvement of proximal 
muscles and sparing of the facial muscles. 

Myasthenia gravis: 

o Epidemiology: 
 Can occur at any age, with peak age in women at 28 years; men at 42 years. 
 Female predominance (3:2). 

o Pathophysiology: 
 An autoimmune disease in which antibodies to the anti-acetylcholine post-synaptic receptors           

(anti-Ach-R) in skeletal muscles are made.  
• This is a Type II hypersensitivity disease (i.e. antigen is fixed in the tissue). 
• 20% of patients have a second concurrent autoimmune disease. 

 Antibody binding leads to a decrease in the number of receptors and decreased muscle stimulation.  

 

 

Figure 93-1 The motor unit and its diseases. 
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 75% of MG patients have an abnormality of the thymus (i.e. hyperplasia or thymoma). 
 

o Presentation: 
 Symptoms: 

• Patients present with specific muscle weakness, without fatigue. 
- 75% have involvement of the extraocular muscles such as eyelid droop and diplopia. 
- 20% have oropharyngeal symptoms such as difficulty swallowing, dysarthria, and speech problems. 

• Weakness is progressive with repetitive muscle use. 
 Physical exam: 

• Weakness of eye movement and facial muscles that worsens with repetition and strengthens after rest. 
 Testing: 

• Anti-AChR antibodies (90% sensitivity). 
• Edrophonium (Tensilon®) is a short-acting Ach esterase inhibitor that improves muscle weakness in 

MG. It has been replaced by the antibody test. 
• Nerve conduction studies show abnormal NMJ transmission. 
• Imaging for thymoma in the superior mediastinum. 

o Natural history: 
 Prognosis: without treatment, there is a 30-40% mortality, but with current management, patients have 

a near normal life span. 
 Complications: the major risk is involvement of the respiratory muscles leading to respiratory failure. 
 Treatment: 

• Acetylcholinesterase inhibitors (pyridostigmine) 
• Immune modulation, starting with corticosteroids. 
• Thymectomy.  

Figure 93-2 Disorders of the neuromuscular junction. 

Myasthenia gravis 

Eaton-Lambert myasthenic syndrome 

Botulinum toxin 

(Anti-vg-Ca+2 channel antibodies) 

(Inhibition of vesicle fusion) 

(Anti-AChR antibodies) 
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Eaton-Lambert myasthenic syndrome (ELMS). 

o A paraneoplastic syndrome in which there are antibodies to the voltage-gated calcium channels on            
pre-synaptic nerves. 
 50% of cases are due to small cell carcinoma of lung. Symptoms may appear as much as 2-4 years       

before the malignancy. 
 The IgG antibodies bind to the calcium channel in the cell membrane, leading to decreased intracellular 

calcium and decreased acetylcholine release. 

 
o Patients present with muscle weakness. Proximal muscles are most commonly affected, and patients 

complain of difficulty rising from chairs and climbing stairs. Other muscles can be involved. 
 Unlike myasthenia gravis, weakness tends to improve with repetitive muscle use. 

o Testing: 
 Anti-voltage-gated calcium channel antibodies 
 Imaging for small cell carcinoma of lung. 

o Treatment: 
 Chemotherapy for small cell carcinoma. 
 Acetylcholinesterase inhibitors (pyridostigmine) for symptoms. 

 

Muscular dystrophies: 

o A group of genetically-determined progressive disorders characterized by degeneration of skeletal muscle 
leading to profound wasting and weakness. They have increased release of muscle enzymes such as creatine 
kinase (CK), often increased with exercise. Muscle biopsy shows nonspecific degenerative changes including 
replacement of muscle fibers with fibrofatty tissue. 

o The various different diseases are differentiated by age of onset, pattern of muscles involved and mode         
of inheritance. 

Duchenne muscular dystrophy (DMD): 

o Epidemiology: 
 DMD is the most common muscular dystrophy. 
 It has X-linked inheritance (1/3 are de novo). 

o Pathophysiology: 
 Dystrophin is a large protein that links the sarcomere to laminin in the extracellular matrix. This provides 

stability to the muscle fiber. 
• Dystrophin has connections to proteins in the Z-line of the sarcomere and to actin. 

 Frameshift or promotor region mutations lead to an unstable and ineffective protein with loss of 
anchoring of the muscle fiber. This leads to cell membrane leakage and eventual cell death. 
• Defects in translation, further down the protein synthesis process, leads to a less severe defect and 

the milder disease of Becker muscular dystrophy. 
• Serum tests showing high levels of serum muscle proteins like CK are helpful in the diagnosis. 

Paraneoplastic syndromes in lung cancer 

An estimated 3-5% of cancer patients develop a paraneoplastic syndrome. These syndromes are most 
commonly due to lung cancer, especially small cell carcinoma of the lung (SCCL). There are 30,000 cases 
of SCCL/year in the US, so one could estimate that these will cause more than 1000 patients/yr in the US 
with a paraneoplastic syndrome. In SCCL, paraneoplastic syndromes tend to be either endocrine (ADH, 
ACTH) or neurologic syndromes. ELMS is the commonest neurologic syndrome and is diagnosed in 1% of 
SCCL. The incidence would be higher if all patients were screened for anti-vg Ca+2 channel antibodies.             
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of the calf muscle. 

 Dystrophin is also found in cardiac muscle, smooth muscle, and neurons. This leads to congestive heart 
failure and mild retardation of patients. 

 

 Mutations in the dystrophin protein leads to an unstable protein 
o Presentation: 

 Symptoms:  
• First manifestation of weakness occurs when learning to walk, which is typically delayed in affected 

boys until age 18 months. Impairment is evident in all patients by age 5 years. 
• Complete loss of ambulation should be complete by 13 years (or suspect Becker MD). 

 Physical exam: 
• Gower sign: the child climbs up his legs when trying to arise from a lying position. 

• Child has a waddling gait due to weakness in the gluteus maximus. 

Figure 93-3 Structure of the sarcomere. 

Figure 93-4 Gower sign in Duchenne muscular dystrophy. 
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 Testing: 
• Enzymes: CK is elevated in all patients. This indicates muscle pathology. 
• Mutation identification: PCR identification of deletions in the dystrophin gene 
• Muscle biopsy: varies by stage of the disease. Biopsy has been replaced by gene analysis. 

 

o Natural history:  
 Prognosis: incurable, death by 30 years old, usually cardiopulmonary failure. 
 Complications: painful muscle contractures and scoliosis. 
 Treatment: 

• Steroids give short term benefits through unknown mechanisms 
• Exon skipping: the dystrophin gene has 79 exons, making it the largest gene in the body. 13% of 

Duchenne MD are missing exons that do not allow connection to exon 51. Eteplirsen allows bypass of 
the non-connecting exon 51 so that exons on either side can connect. This leads to a shorter but 
working dystrophin protein. There are other exon skipping drugs that allow for bypass of other exons. 
 

Becker MD: 

o An X-linked recessive disease of dystrophin protein, similar to Duchenne MD (they are both 
“dystrophinopathies”). Becker MD does not have mutations that alter the frame reading                                 
(i.e. in-frame deletions or duplications), leaving some dystrophin activity. 

o Symptoms present later in life, typically adolescence. Symptoms are milder, and progression is much slower.  
o Findings are similar to those of Duchenne MD. Diagnosis uses the same testing techniques. 
o Natural history is highly variable and depends upon the level of dystrophin activity. The major risk of death is 

dilated cardiomyopathy. 
o Treatment is limited to corticosteroids and supportive measures. Exon-skipping drugs are ineffective as 

mutations are not frame shift deletions/duplications.  
 

Inflammatory myopathies: 

o These represent the largest group of acquired and potentially treatable causes of skeletal muscle weakness. 
o They present as progressive and symmetric muscle weakness. Patients report increasing difficulty with everyday 

actions that require proximal muscle strength such as climbing steps or lifting their arm to comb their hair. 
 Fine motor actions such as buttoning, or writing are only affected late in the disease. 
 Ocular muscles are spared. Their involvement makes the diagnosis unlikely. 
 Sensation remains normal. 
 Reflexes are present, although they may be diminished due to atrophy. 
 Myalgia is variable. 

o Inflammatory myopathies include the entities: 
 Dermatomyositis:  

• A characteristic face rash precedes the muscle weakness. The rash surrounds the face (“shawl sign”) 
or involves the eyelids. It has a heliotrope coloration. 

• Hands show Grotton papules. 

- Dermatomyositis may be a paraneoplastic syndrome. Up to 15% of patients have an    
underlying neoplasm. 

Heliotrope 
 

Grotton 
 

Figure 93-4 Skin: findings in dermatomyositis. 
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• Polymyositis presents with progressive weakness. This is non-specific, making polymyositis a 

diagnosis of exclusion. Other disease processes in the differential diagnosis include: 
- Drugs: e.g. statins. 
- Endocrinopathies: e.g. thyroid and cortisol. 
- Hereditary muscle diseases (enzyme, energy). 
- Infection: virus and parasites. 
- Polymyositis is a common complication of systemic autoimmune diseases  

(e.g. RA, SLE, scleroderma, Sjogren syndrome). 
o Diagnosis of an inflammatory myositis is mostly clinical, supplemented by laboratory testing  

(CK, autoantibodies) and muscle biopsy. 
 ANA is usually positive in inflammatory myositis but is nonspecific. 
 Myositis specific antibodies are present in 30% of patients. The most commonly used is anti-Jo  

(anti-synthetase) which correlates with the development of pulmonary fibrosis. 
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Presentation and differential diagnosis of hematologic diseases: 

Hematology divides clinically into “lymphoid” and “myeloid” cell lines of hematopoiesis.  

o The clinically significant myeloid cell lines are: 
 RBC (anemia and polycythemia) 
 Neutrophils (neutropenia, neutrophilia) 
 Platelets (thrombocytopenia, thrombocytosis) 

o While monocytes/macrophages are critical cells, they do not have distinctive clinical presentations. 
 Monocyte distribution width (MDW) is emerging as a new parameter that can be used to diagnose 

infection early. There are many different types of monocytes, and their proportions change with marrow 
stimulation by inflammatory cytokines. Because MDW is part of the routine CBC, it can be used in setting 
like the ER to suggest sepsis before other early tests like CRP and procalcitonin are available.  

o While there are 3 significant lymphocytic cell lines (NK, T and B lymphocytes), they have a limited number of 
clinical presentations: 
 Immunodeficiency (congenital and acquired) 
 Neoplastic (lymphadenopathy, B symptoms and splenomegaly) 

o The recurrent infections of the lymphocyte immunodeficiency syndromes could have been included in this 
CPC table. AIDS and congenital deficiencies are unique enough be in an orphan category. The reader can 
include them if they so desire. 

Fatigue 

This is a very nonspecific complaint. If the physical examination is noncontributory and the physician is concerned, 
then there are 4 basic tests that do not need to be justified. 

o CBC. 
o Urinalysis with sediment. 
o Comprehensive chemistry panel. 
o Chest X-ray. 

Any of the myeloid series abnormalities will be identified by the CBC. DiGeorge syndrome will show lymphopenia 
and small lymphocytic leukemias will show lymphocytosis.  

  

Table 94-1 Presentation and differential diagnosis in hematologic disorders. 
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Bleeding (hemorrhagic disorders) 

Platelet abnormalities and factor deficiencies have distinct clinical presentations. 

o Platelet disorders present with subepithelial bleeding (i.e. superficial). 
 Skin: petechiae and purpura. 
 Mucosa: epistaxis, gums, hematemesis, hematochezia, hematuria and menorrhagia. 

o Factor disorders present with spontaneous bleeding into joint and deep soft tissue. 

Bacterial infection & fever 

Bacterial infections progress from local to regional infection and then to systemic disease. 

o Infection: a normally sterile tissue is invaded and damaged by a microorganism. 
o Bacteremia: spread of bacteria into the blood 
o Sepsis: when there is associated organ dysfunction. This is considered to be due to a dysregulated 

inflammatory response. 
o Septic shock: systolic pressure < 90 mmHg despite fluids, ↑lactate 

Sepsis syndromes 

o There is no generally accepted classification 
o SIRS (systemic inflammatory response syndrome) 

 This is a traditional term from 1992 that may be falling out of favor but has not yet been replaced.  
It is diagnosed when there is: 
• Temperature < 36 °C or > 38 °C 
• Respiratory rate > 20 /min 
• Heart rate > 90 /min 
• Neutrophil count < 4000 /mL or > 12,000 /mL 

 SIRS is caused by cytokines and does not have to be caused by infection. When it is due to infection, 
it is called sepsis. 

o “Sepsis” is used as a predictor of mortality in infection (referred to as Sepsis-3 from the 3rd International 
Consensus Conference in 2016). 
 It is based on the idea that sepsis is due to immune dysregulation caused by the infection, rather than 

directly by the infection itself. 
 Used to predict life-threatening status of an infection. 
 It has a strict definition of septic shock that requires both hypotension despite fluid replacement and an 

increase in lactate levels. 
 It has a quick screen (called qSOFA for “quick sequential organ failure assessment”): 

• Respiratory rate > 22 /min 
• Altered mentation 
• BP (systolic) < 100 mmHg 

 And a more detailed list of multiple organ dysfunction (called SOFA) 
• Cardiovascular: ↓BP (MAP) 
• Lung: ARDS (↓P/F ratio) 
• Liver: ↑bilirubin 
• Kidney: ↑creatinine, ↓urine output (i.e. acute renal failure) 
• Brain: change in mentation (Glasgow score) 
• Hematology: ↓platelets (i.e. DIC) 

Endotheliopathy 

The endothelial cell controls many critical functions. The cytokine storms of system infections cause dysregulation of 
these cells and their function. Endotheliopathy is a unifying term that is being used in MODS reflects this concept. 
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The usual sequence of diagnosis with hematologic presentations is CBC > PBS > BM biopsy 

Note that an abnormal CBC will either have an increase or decrease in one or more of the cell lines.  

There are 2 findings in the morphology of the PBS that might not be evident form the CBC 

o Blasts: these are pathognomonic for acute leukemia. 
o Normoblasts (i.e. nucleated RBCs) with immature neutrophils = leukoerythroblastic smear. The        

underlying bone marrow is abnormal either due to fibrosis or bony metastasis (myelophthisis).                  
Perform a bone marrow biopsy. 

Cytopenias in the presence of hypercellular marrow indicates intramedullary destruction. This is seen in the 
megaloblastic anemias and preleukemias (MDS). 

If the granulocytic series is elevated, then the differential is between a reactive process (i.e. leukemoid reaction) 
versus neoplasm (i.e. myeloproliferative disease) 

 

Splenomegaly 

Presentation: 

o Symptoms: all are vague and non-specific. 
 Pain with infarction. 
 Early satiety if the enlargement is massive (e.g. > 1000 gm; normal <250 gm). 

o Physical examination: 
 Palpation:  

• can be identified in 3% of young adults without disease. 
• Sensitivity of 65% but much lower in obese patients. 

 Percussion: described, but non-reproducible. 
o Testing: imaging. 

 US: long axis > 13 cm. 
 CT/MRI necessary for patchy disease like Hodgkins lymphoma. 

Table 94-2 An approach to the investigation of hematologic disorders. 
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Differential diagnosis: 

o Physiologic hyperplasia: 
 RBC diseases (e.g. hereditary spherocytosis). 
 Immune disease (e.g. subacute bacterial endocarditis). 

o Congestion (e.g. cirrhosis). 
o Infiltration: 

 Cells (e.g. myeloproliferative diseases, leukemia/lymphomas) 
 Biochemical (e.g. amyloidosis, Gaucher disease) 

 

Pathophysiology: 

o Hypersplenism = sequestration. 
 Any of the myeloid cell lines (i.e. RBC, platelets, neutrophils) can form a storage pool that is not available 

for use in the blood. 
 This will manifest as a cytopenia on the CBC. 

 

Lymphadenopathy 

The lymphoid system can be organized into 1°, 2° and 3° components. 

o 1°: bone marrow and thymus 
o 2°: spleen and lymph nodes. Peyer patches can be considered the equivalent of lymph nodes in the gut. 
o 3°: lymphoid structures formed at the site of chronic inflammation 

Lymph nodes should be differentiated into those that can be palpated and those that cannot and must be imaged. 

Clinical approach to lymphadenopathy: 

o Texture: 
 “Soft and tender”: reactive (rapid expansion stretches the lymph node capsule) 
 “Rubbery”: lymphoma 
 “Stony hard”: metastatic carcinoma 

o Benign if: <1 cm, tender and patient < 50 years old   
o Malignant if: > 2 cm, non-tender and patient > 50 years old 
o Head and neck: Rule of 80’s in patients >50 years old 

 80% of neck masses are lymphadenopathy 
• 80% of these lymphadenopathies are malignant 

o 80% of these malignancies are squamous cell carcinomas from the head & neck 

Cancer is a diagnosis made by a pathologist. Diagnosis of lymphadenopathy, therefore, requires either an FNA or a 
biopsy. See Figure 8.2 Palpable lymph nodes and their fields of drainage. 
 

B Symptoms 

Wide use of the term “B symptoms” started in 1971 with the Ann Arbor system for staging Hodgkins lymphoma. 
Imaging was too insensitive at that time to stage internal lymph nodes and spleen and open abdominal surgery was 
used. This pathologic staging (i.e. by biopsy) was very invasive and so the option of clinical staging was allowed. 
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none. Staging therefore had a qualifier of “A”, if the patient was asymptomatic and “B” if symptomatic.              
The B symptoms were: 

o Fever  
o Night sweats 
o Weight loss of >10% 

Not included were the symptoms of pruritis and pain on drinking alcohol. 

These symptoms correlate with the cytokines secreted by neoplasms and released in chronic infections and 
rheumatic diseases. 

o Fever and night sweats: IL-1 
o Weight loss: TNF-α (as well as leptin mimicry) 
o IL-6: induces the acute phase reactant response (APR) of the liver, which is why ESR (mostly fibrinogen)         

and CRP are useful tests. 

B symptoms have an implication comparable to the chief complaint of (fever of unknown origin) 

o FUO is defined as a fever >38.5 °C for greater than 3 weeks and no diagnosis after extensive investigation 
o The commonest causes in the USA are: 

 Neoplasm (especially lymphomas and leukemias) 
 Infection (especially tuberculosis) 
 Rheumatologic diseases (aka connective tissue diseases) 
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Presentation and differential diagnosis of anemia 

Anemias present as fatigue. This is a nonspecific complaint and the physical examination is not usually helpful. 
Diagnosis and investigation of anemia is therefore mostly by laboratory testing. 

Classification of anemia 

Many authors classify anemias into increased loss (i.e. hemolytic) and decreased production (i.e. non-hemolytic).  
While this physiologic classification provides a good conceptual approach to anemia, it suffers from the practical 
disadvantage that these two pathophysiologies are differentiated by the reticulocyte count. At present, this is not 
part of the routine complete blood count (CBC). 

The algorithm in Figure 95-1 starts with the mean cell volume (MCV). This is part of the routine CBC and allows for 
testing that can often establish the diagnosis by the next day. 

The MCV does give a rough physiologic classification. 

o Microcytic anemias (i.e. MCV < 80 fL) are seen when there is a decrease in hemoglobin synthesis. 
Hemoglobin consists of: 
 Iron: iron deficiency and anemia of chronic disease 
 Globin: thalassemia 
 Heme: sideroblastic anemias 

o Macrocytic anemia (i.e. MCV > 110 fL) is seen when there is a defect in DNA synthesis. This occurs in Vitamin 
B12 and folate abnormalities and in myelodysplastic syndromes, the pre-leukemias. 

Definition of anemia 

This is surprisingly unclear. Strictly speaking, one would like to know the red blood cell (RBC) mass but there is no 
practical test for this. Instead we use hematocrit (Hct) or hemoglobin concentration (Hgb) as a proxy. 

Figure 95-1 An algorithmic approach to anemia. 
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o Hct (or packed RBCs) uses centrifugation to separate plasma from the RBCs. 

 
o [Hemoglobin] (Hgb) lyses the RBCs and then measures the concentration of hemoglobin. 
o It does not matter whether Hgb or Hct is used. They change in parallel and have a fixed relationship. 

 Hct = Hgb X 3 
o Both Hct and Hgb are affected by plasma volume. 

 Hgb/Hct are falsely elevated in dehydration 
 Hgb/Hct are falsely decreased in pregnancy, in which plasma volume increases 50%, but RBC mass only 

increases by 25%. 

Reference ranges: 

o Different groups approach this with different aims.  
 > 2 SD: men <13.5 mg/dL; women < 12.0 mg/dL. 
 Cancer patients on chemotherapy: men <13.0 mg/dL; women < 12.0 mg/dL. 
 International nutrition studies: men < 14.0; women <12.0 mg/dL. 

o There is also variation by age (↓ in elderly), ethnicity (↓African Americans) and geography (↑ at higher altitudes). 
o There is daily variation in an individual of 1.0 mg/dL. 

RBC indices  

The routine CBC gives very precise measurement of Hgb, mean cell volume (MCV) and the RBC count. These can 
be used to gain insight into RBC morphology 

o MCHC (Hgb/Hct) = mean cell hemoglobin concentration. This is increased in disease processes that involve 
the cell membrane (e.g. hereditary spherocytosis, immune hemolytic anemias). This correlates with the PBS 
morphology of spherocytes. MCHC is decreased in diseases with decreased hemoglobin synthesis, providing 
little information beyond that from the MCV. 

o RDW = red cell distribution width. The describes the standard deviation of the MCV. A high RDW is seen with 
marked variation in cell size, called anisocytosis. Determining the cause requires examination of the PBS. 

Correlation of the CBC to the PBS 

Study of the morphology of the peripheral blood smear (PBS) started decades before the first Coulter Counter 
introduced machine measurements of the CBC. The terms describing morphology are often used interchangeably 
with those from chemistry. 

 

 

Figure 95-2 The hematocrit (Hct). 

This patient’s Hct is: 

36𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
80𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑋𝑋𝑋𝑋 100 = 45% 
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Microcytic MCV <80 fL 
Normocytic MCV 80-100 fL 
Macrocytic MCV > 100 fL 
Hypochromia MCH < 27 pg; MCHC < 33 gm/dL 
Spherocytosis MCHC > 37 gm/dL 
Anisocytosis >14% 

Microcytic Anemia 

Microcytic anemias occur when there is a decrease in hemoglobin synthesis.  

Hemoglobin consists of 4 globulin chains (2α, 2β), each with a heme ring with iron in the center. The 4 microcytic 
anemias, then, are 

o ↓Globulin synthesis: thalassemias (α, β)  
o ↓Heme synthesis: sideroblastic anemias 
o ↓Iron availability:  iron deficiency and anemia of chronic disease 

Iron metabolism 

Investigation of microcytic anemias starts with iron deficiency as it is the most common cause. 

There are multiple tests of iron status, and these are best understood by understanding iron metabolism 

Iron is absorbed by enterocytes in the duodenum. The iron comes in two states: inorganic iron, found in plants, 
and heme iron, found in the myoglobin of muscle.  

Table 95-1 Comparison of PBS and CBC terminology. 

Figure 95-3 Iron absorption by the enterocyte. 
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o Less than 1/3 of inorganic iron is absorbed, and only in the ferrous state (Fe+2). The Fe+2 state is favored by an 
acidic pH. Patients with atrophic gastritis do not generate acid and so are at risk of iron deficiency. The 
enterocyte has ferric reductase (Figure 95-3 #3) in the brush border so that ferrous iron (Fe+2) can be 
absorbed through the divalent metal transporter (Figure 95-3 #4). 

o By comparison, 2/3 of heme iron is absorbed, and this through the heme carrier protein (Figure 95-3 #1). This 
is also the folate transporter. Meat eaters are less likely to have dietary iron deficiency than vegetarians. 

o Iron is freed from the heme ring by heme oxidase and the iron is sequestered in hemosiderin (Figure 95-3 #5). 
o Iron can only leave the enterocyte through the efflux channel ferroportin. This is inhibited by hepcidin which 

is synthesized and regulated by the liver (more later). 
 

Iron studies 

Iron studies reflect key element of iron metabolism: 

o Iron saturation 
 Iron is transported in the blood on transferrin. In the healthy state, transferrin is about 1/3 saturated.        

In iron deficiency, there is decrease serum iron and increased transferrin, so that an iron saturation  
<15% indicates iron deficiency. 

 Transferrin is an acute phase reactant or APR (i.e. any protein or cell that varies by >25% in an 
inflammatory state). APRs reflect the liver response to IL-6 signaling. Transferrin is a negative APR and        
so saturation is difficult to interpret with systemic inflammation due to its unpredictable change.  
 

o Ferritin 
 All cells use iron for electron transfer processes, especially in the mitochondrial electron transfer chain. 

Free iron starts the Fenton reaction that creates destructive free radicals, specifically the hydroxyl 
radical. To prevent this, iron is stored in cells on ferritin, a huge macromolecule. 

 Serum ferritin levels reflect total body iron stores. Low serum ferritin is diagnostic of iron deficiency. 
 Ferritin is an APR. It increases in inflammatory states and a normal transferrin does not rule out iron 

deficiency in these diseases. 
 

o Bone marrow iron stores 
 Iron in the bone marrow is stored in macrophages. Erythroblasts can be found ringing these 

macrophages to obtain iron, giving the macrophages the name of “nurse” cells. The iron in marrow 
macrophages comes from phagocytosis of defective RBCs. The iron from this process is stored in 
hemosiderin, a ferritin-like protein. All bone marrow aspirates are stained with Prussian blue stain         
for the evaluation of iron stores. 

 

Soluble Transferrin Receptor (sTfR) 

- Iron metabolism is regulated in the liver by post-translation iron regulatory proteins 
(IRP). These respond to the cell level of iron. The transferrin-iron complex binds to 
the transferrin receptor and is internalized by pinocytosis. Iron is released from the 
complex and the Tf and TfR are returned to the surface. IRPs bind to iron response 
elements on UTRs (untranslated regions of mRNA). These determine the levels of 
the key iron regulatory proteins of ferritin, transferrin receptor and ALA synthetase. 

- sTfR are being used in tertiary hospitals to monitor iron status as it has a reflects 
changes over hours and avoids the difficulty of the APR effect. 
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Hemoglobin analysis 

The thalassemias are quantitative defects while the hemoglobinopathies are 
qualitative defects. Their diagnoses can be made using hemoglobin electrophoresis  
or HPLC (high pressure liquid chromatography). 

Normal hemoglobin consists of 2 alpha and 2 beta chains. In β thalassemia, there is 
substitution of the missing β chains in HbA, with elevated HbA2 and HbF. These can 
be used to establish the diagnosis.  

There are no substitutions for the α chain. In moderate to severe disease, diagnosis 
of α thalassemia rests on demonstrating the tetramers formed by the unmatched β chains (HbH) and unmatched 
γ chains (Hb Barts). These are not measurable in mild disease and diagnosis then requires genetic analysis.  
 

Normocytic anemias 

Reticulocyte count 

There is no reserve storage for RBCs. This contrasts with the neutrophils which have a large reserve in the bone 
marrow and the platelets which have 1/3 in storage in the spleen. 

Loss of blood therefore leads to a decrease in RBC mass (i.e. anemia), until new replacement RBCs can be made.  

Replacement requires an increase in erythropoietin from the interstitial cells of the kidney leading to an increase in 
erythroblast proliferation and their decrease in apoptosis. This process takes at least 5 days to start. The RBCs are 
thought to be released due to increased pressure in the marrow from the increased mass. This is possible because 
marrow has a sinusoidal endothelium (i.e. fenestrated endothelial cells and an incomplete basement membrane).     
The bone marrow to blood barrier prevents nucleated RBCs from leaving the marrow.  

Figure 95-4 Iron metabolism including diseases and tests. 

Table 95-2 Hemoglobin 
variants. 
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The young RBCs that are released are larger in size (about 120 fL) and still have residual RNA. This RNA absorbs some 
of the hematoxylin dye and reticulocytes have a purplish hue in the PBS, called polychromasia. The RNA can be 
selectively stained by a supravital stain and has a web-like appearance (etymology: “retic”- Gr. For mesh or net). 

o The RNA disappears over 2-3 days. 

There is no standard nomenclature for RBC precursors. They are variously called erythroblasts, normoblasts      
and rubriblasts. 

o Nucleated RBCs in the PBS are usually called normoblasts. They are never normal and if found, must be explained. 
o “Erythroblast” is usually refers to RBC precursors in the bone marrow. 
o In the maturation sequence (Figure 95-5) the nuclei get smaller and more pyknotic and the cytoplasm larger 

with increasing redness with hemoglobinization (as is reflected in the name for each stage). 

The nucleus and organelles are extruded before the RBC is released from the marrow. The loss of the nucleus and 
mitochondria decreases the production of reactive oxygen species and decreases the consumption of oxygen. 

                                                     

  

 

 

Reticulocytes become mature RBCs over 1-2 days. As the normal lifespan of RBCs is 100-120 days, the normal 
reticulocyte count is 1-2%. 

 

Coombs test 

Immune hemolytic anemias occur when IgG or complement binds to the RBC membrane. Most RBCs are removed 
in the monocyte/macrophage system, most notably the spleen (i.e. extravascular). Macrophages have receptors 
for both the Fc portion of immunoglobulins and C3b. 

o If there is enough complement, then the MAC component can cause intravascular hemolysis. Most hemolytic 
anemias have a mixed pattern.  

In the direct Coombs test, the patient’s washed RBCs are incubated with an anti-IgG or anti-C’ antibody. If IgG or C’ is 
present on the RBC, they will form clumps or flakes that can be visibly seen. 

Figure 95-5 Red blood cell maturation in the bone marrow. 

Reticulocyte Production Index (RPI) 

The reticulocyte count requires two adjustments for clinical use. 
- Degree of anemia: the more severe the anemia, the higher the expected reticulocyte 

count. The count is normalized to a Hct = 45% (e.g. a retic count of 9% with Hct =23% 
would be adjusted to 4.5%). 

- Longevity of reticulocytes: with increasingly severe anemia, more immature reticulocytes 
are released from the marrow. While calculated from tables, the rule of thumb is that a       
1 day longevity of a reticulocyte at Hct = 45% increases to 2 days by Hct =23%. 

These two adjustments together are reported as the RPI. 
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Macrocytic anemias 

Vitamin B12 and folate deficiency: 

Tetrahydrofolate (THF) is a necessary co-factor with thymidylate synthase for the synthesis of thymidine          
from uridine. As dietary folate is in the methyl form, activatation of folate requires transfer of the methyl          
group to Vitamin B12. 

o Deficiency of Vitamin B12 creates a deficiency of THF, called the “folate trap”. This is a functional state           
of folate deficiency. 

o Vitamin B12 passes the methyl group to homocysteine to synthesize methionine. Vitamin B12 deficiency 
leads to hyperhomocysteinemia. This is a risk factor in atherosclerotic cardiovascular disease. 

o 5-fluorouracil is a non-functional analogue for uridine and is used as for chemotherapy, particulary        
colorectal carcinomas. 

o Methyl-THF is reformed through dihydrofolate reductase. This step is inhibited by methotrexate and 
trimethoprim (used in UTIs). 

Vitamin B12 is also involved in fatty acid 
oxidation, as a co-factor in conversion of 
methylmalonic-CoA (MMA) to succinyl-CoA. 
Enzyme deficiencies all lead to an increase      
in products “upstream” of the deficiency.             
If Vitamin B12 assay results are unclear. 
deficiency can be confirmed by showing 
elevation of MMA. 

o Serum Vitamin B12 levels are the 
screening test, serum MMA levels           
are the diagnostic test. 

Figure 95-6 The Coombs (aka anti-human globulin) test. 

Figure 95-7 Vitamin B12 and folate metabolism. 
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o Renal failure  
o Hypersplenism 
o Hereditary spherocytosis 
o Sickle cell anemia 
o G6PD deficiency 
o AIHA (CLL and SLE) 

Chapter 96. Hematology: Selected anemias 

Diseases included: 

o Iron deficiency 
o Anemia of chronic disease 
o Thalassemia (α and β) 
o Sideroblastic anemia (lead poisoning) 
o Vitamin B12 and folate deficiency 
o Aplastic anemia 

Iron deficiency 

This is not a diagnosis but a family of diseases. An etiology should be established (e.g. in a 20 year old female, 
menorrhagia would be sufficient explanation. A 65 year old would require colonoscopy).  

Pathophysiology (see Figure 95-4): 

o Organic iron (i.e. heme iron from myoglobin in meat) is 25% absorbed compared to the 5% absorbed of 
inorganic iron (e.g. vegetables). This can cause dietary deficiency. 

o Iron is absorbed in the divalent state of Fe+2 (the cell membrane transporter is the DMT1 for divalent metal 
transporter). The brush border has a ferric reductase to convert ferric iron (i.e. Fe+3) to ferrous iron (i.e. Fe+2) 
but this is much more efficient in an acid environment. Acid production is lost in atrophic gastritis or         
post-gastrectomy (e.g. obesity treatment or bleeding ulcer). 

o Iron, along with calcium and folate, is absorbed in the duodenum. Celiac sprue is a Type IV hypersensitivity 
disease to the enterocyte that leads to malabsorption centered on the duodenum. Malabsorption can 
present with selective deficiency of iron.u 

o The body can only absorb enough iron to replace a chronic blood of 10-20 mL/day. Chronic blood loss can 
lead to iron deficiency without being clinically evident. 

o Blood loss into the stool will be insensible if there is time for the gut bacteria to oxidize the iron               
(i.e. Fe+2  Fe+3). This is due to the fact that ferrous iron is bright red (i.e. like fresh blood) and cannot be 
distinguished from the brown stool. By comparison, ferric iron is brown and cannot be appreciated against 
the brown background of the stool. Right-sided colon cancer has insensible blood loss, which is why one 
needs to screen the stool for iron or heme. 

o Milk is a poor source of iron. It is useful to have babies include cereal as soon as possible in their diet as 
cereal is iron fortified. A “milk only” diet can lead to iron deficiency. 
 

Causes of iron deficiency Mechanism 
> 50 years old Insensible blood loss (colon cancer) 
Female, 20’s, menorrhagia Blood loss 
Female, 20’s, intractable menorrhagia Blood loss (von Willebrand disease) 
Infant Dietary deficiency (milk only diet) 
Old person living alone Dietary deficiency (“tea & toaster”) 
33-year-old female with steatorrhea Malabsorption (celiac sprue) 
Elderly person, chronic H. pylori gastritis Malabsorption (atrophy, high pH) 
Post-gastrectomy Malabsorption (IF1 deficiency; high pH) 
Pregnancy Increased demand 

      1. Intrinsic factor. 

  

Table 96-1 Common clinical scenarios of iron deficiency. 
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Anemia of chronic disease (ACD) 

Pathophysiology (see Figure 95-4): 

o Total body iron is regulated at the level of the enterocyte in the duodenum. Iron can only be absorbed 
through membrane ferroportin which functions only in the absence of hepcidin. Increased hepcidin makes 
iron unavailable from enterocytes, hepatocytes, and macrophages.  
 Males and post-menopausal female have no significant way to lose iron so any increase in absorption 

increases total body stores. Defective production of hepcidin leads to hemochromatosis. 
 Every cell uses iron. As intracellular iron increases, all cells are affected by the Fenton reaction 

production of hydroxyl radicals. They do not die at the same rate. Endocrine cells seem to be more 
vulnerable and ↓FSH/LH are seen early in hemochromatosis with the decrease in testosterone leading to 
erectile dysfunction and loss of libido. 

o In bacterial infections, iron is a rate-limiting factor in growth. In systemic inflammation, there is significant 
sequestration of iron. This is achieved by IL-6 stimulation of the acute phase reactants (APRs) from the liver. 
Included in the >30 proteins is an ↑production of hepcidin. This makes iron unavailable for normoblasts in 
the marrow and the mild anemia of chronic inflammatory conditions. Both CRP and ESR reflect IL-6 activity 
and should be elevated in ACD. 

o Ferritin is an APR and so normal levels do not exclude iron deficiency. Low levels of ferritin are still diagnostic 
of iron deficiency. 

o Transferrin is a decreasing APR and so SI/TIBC ratio is an unreliable marker of iron status in inflammatory states. 

Thalassemias 

Pathophysiology: 

o The thalassemias are quantitative defects in globulin chain synthesis. In β thalassemia there is a decrease      
in β chain synthesis, while in α thalassemia there is deficient α chain synthesis. This means that there are 
unpaired globulin chains in the RBC cytoplasm. These unpaired chains form tetramers that precipitate on        
the cell membrane and cause damage, mostly likely from ROS from the heme iron (i.e. Fenton reaction).                
This causes anemia through 3 paths: 
 Decreased RBC production (i.e. ↓RBC mass) 
 Intramedullary ineffective erythropoiesis 
 Extramedullary hemolysis due to splenic macrophages. 

                        
Figure 96-1 Pathophysiology of thalassemias. 

Table 96-2 Laboratory testing results in iron disorders. 



891

Hematology: Selected Anemias 96o There is only one type of α chain, so there are no adaptive changes that the body can make for α thalassemia. 
In addition to the β chain, there is the δ chain of HbA2 and the γ chain of HbF. These latter 2 types of 
hemoglobin increase in β thalassemia and can used in establishing the diagnosis. 

o The severity of the thalassemia is driven by the amount of unpaired globulin 
chain. In β thalassemia, for example, the amount of unpaired α chain depends 
upon the amount of β chain produced; less β chain means more unpaired              
α chain and more severe disease.  
 There are 2 major types of genetic defects in the 2 genes of β globulin 

synthesis: stop codons in which there is little β chain produced              
(severe disease) and splice codons which has some β chain production               
(milder disease). 

 There are 4 genetic loci that produce the α chain and loci have deletion mutations. This means that there 
are 4 clinical phenotypes: 

Phenotype Genotype Deletions Clinical features 
Silent carrier - α/ α α 1 of 4 Asymptomatic, normal CBC 
α-thalassemia trait - α/- α or --/α α 2 of 4 Mild microcytic anemia 

HbH disease --/- α 3 of 4 Severe anemia, small size, CHF, 
skeletal deformities, skin ulcers, 
jaundice, gallstones 

Hydrops fetalis --/-- 4 of 4 Intrauterine death 

Sideroblastic anemias (Lead poisoning) 

These are a complex group of disorders that involve abnormalities of heme synthesis, including: 

o Congenital diseases (e.g. deficiency of ALA synthase) 
o Toxic exposure (e.g. lead, ethanol and isoniazid (INH) in TB = pyridoxine deficiency) 
o Niacin deficiency 
o Clonal disorders (e.g. dysmyelopoietic disorders) 

Table 96-3 Types of 
hemoglobin. 

Figure 96-2 Severity of β thalassemia from unbound α globulin. 

Table 96-4 Clinical pathologic correlation in α thalassemia. 
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Lead poisoning 

o A model disease for sideroblastic anemias. 
o Epidemiology: in children, this is found in environments with unmitigated lead paint (banned in the US in 1978). 

In adults, exposure is industrial (e.g. smelters and battery factories). 
o Pathophysiology: 

 Lead is a neurotoxin and affects all levels of neural tissue: 
• CNS: nonspecific; learning disabilities, behavioral problems, headache. 
• PNS: polyneuropathy 
• ANS: abdominal pain 

 Lead inhibits key enzymes in heme synthesis (ALA dehydratase and ferrochelatase) 
• There is increase in products behind the enzyme inhibition that can be used in the diagnosis of lead 

toxicity (δ ALA and protoporphyrin). 
o Presentation: 

 Symptoms: neurotoxicity of the CNS, PNS and ANS. Fatigue from the anemia. 
 Physical exam: nonspecific neuropsychological findings, peripheral neuropathy, and lead line on the gums. 
 Testing: 

• PBS: RBC basophilic stippling 
• ↑ serum lead 
• ↑ serum protoporphyrin 

 

Treatment: 

 Removal of exposure source. 
 Chelation with succimer in acute poisoning and encephalitis. 

Figure 96-3 Heme synthesis. 

Figure 96-4 Basophilic stippling. 
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Hematology: Selected Anemias 96Vitamin B12 and folate deficiency (see Figure 95-7. Vitamin B12 & folate metabolism) 

All the megaloblastic anemias (i.e. macrocytosis) have impairment of DNA synthesis. This leads to ineffective 
hematopoiesis that involves all myeloid cells, causing large RBCs and other characteristic morphologic findings.  

o Vitamins B12 and folate are necessary for the production of thymidine from uracil. 
o Chemotherapeutic agents, such as methotrexate, inhibit folate metabolism. 

Patients with rheumatoid arthritis who treated with MTX have macrocytic RBCs. 
o The autosomal recessive disease orotic aciduria has a defect in pyrimidine 

synthesis due to lack of UMP synthase. 

RBC macrocytosis is also seen in disorders with metabolic abnormalities that affect the 
RBC membrane such as alcoholism, liver disease and hypothyroidism. 

                                        

Vitamin B12 deficiency 

Pathophysiology: 

o Vit B12 (aka cobalamin) is a cofactor for 2 enzymes: 
 Methionine synthase: the conversion of homocysteine to methionine is important for the role of 

methionine in many methylation processes, including demethylation of folate into its active form. A lack 
of Vit B12 therefore leaves folate in its inactive form, called the “folate trap”. 
• This leads to a buildup of homocysteine, a risk factor for atherosclerosis. 

 Methylmalonyl-CoA mutase: the production of succinyl-CoA provides a key component of the TCA cycle, 
necessary for energy production from fats and proteins. This is felt to result in defects in myelin synthesis 
and the neurologic sequelae of Vit B12 deficiency. 

o Causes of Vitamin B12 deficiency 

Figure 96-5 Hypersegmented 
neutrophil (>5 lobes). 

Figure 96-6 Pathophysiology of Vitamin B12 absorption. 
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Presentation: 

o Symptoms: 
 Fatigue from anemia 
 Neurologic abnormalities: 

• CNS: broad spectrum changes 
• Peripheral neuropathy 
• Spinal cord: subacute combined degeneration of the cord, especially involving the dorsal column 

(proprioception, vibration) and lateral corticospinal tracts (weakness in the limbs). 
o Physical exam: 

 Loss of proprioception (+ Romberg test) and vibration. 
o Testing: 

 Screening test: serum Vitamin B12 level 
 Diagnostic test (if equivocal): ↑Methylmalonyl-CoA (MMA) 
 Pernicious anemia: anti-IF and anti-parietal cell antibodies. 

Folate deficiency 

Rare in industrialized nations due to food supplementation. Now limited to those with obvious severe 
malnutrition and alcoholics. 

Presentation: no unique features. 

Diagnosis: 

o Folate levels: serum folate is useful as long as the patient has not recently eaten vegetables (such as 
alcoholics recently admitted to hospital). RBC folate levels represent long-term folate status. 

o Vitamin B!2: critical to rule out deficiency as the folate supplements will not affect the neurologic pathology. 
o Homocysteine/MMA levels: 

 Homocysteine and MMA are both elevated with folate and Vit B12 deficiency  
 MMA is elevated only in vitamin B12 deficiency. 
 Malabsorption work-up for patients on a normal diet. Folate is absorbed in the duodenum, so deficiency 

can be seen in celiac sprue. 

Aplastic anemia 

Pathophysiology: 

o Bone marrow failure due to a failure of hematopoietic stem cells (HSC). 
o There is a loss of all hematopoiesis, but lymphocytes are long enough lived that presentation is due                    

to a pancytopenia of myeloid cells. 
o Classification: 

 Acquired idiopathic: commonest pattern it is thought to be autoimmune. 
 Congenital: Fanconi anemia (multiple other abnormalities) 
 Secondary: drugs, radiation, and chemotherapy. 

Presentation: 

o Symptoms and signs: pancytopenia (see Table 94-1). 
o Testing: 

 CBC: pancytopenia 
 Bone marrow biopsy: acellular marrow (i.e. fat only)  

  

Figure 96-7 Aplastic anemia: fatty marrow. 
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o Death within months 
o Treatment involves immunosuppression, hematopoietic growth factors (EPO, TPO, filgrastim, GM-CSF) 

Anemia of renal failure 

Pathophysiology: 

o Hypoxia is detected by specialized cells in the peritubular capillaries of the kidney. 
o Hypoxia suppresses the VHL gene allowing for expression of HIF-1 which induces erythropoietin (EPO) production.  
o EPO induces hyperplasia of erythroblasts in the bone marrow and decreases their apoptosis. 
o By Stage IV renal failure (i.e. <30 mL/min), there is enough destruction of the renal tubulointerstitial tissue 

that EPO production is lost. 
o Degree of anemia parallels eGFR. 
o Uremia also has abnormal platelet production with bleeding and decreased RBC survival. 

Hypersplenism 

Pathophysiology: 
o Hypersplenism = sequestration 

 Any of the myeloid cell lines (i.e. RBC, platelets, neutrophils) can form a storage pool that is not available 
for use in the blood. 

 This will manifest as a cytopenia on the CBC.  
o Causes of chronic splenomegaly: 

 Congestion from portal hypertension (esp. cirrhosis) 
 Hematologic neoplasms (esp lymphoma and 

myeloproliferative diseases) 
 Infiltration (especially amyloid) 

Diagnosis of splenomegaly: ultrasound. 

 

  

Figure 96-8 Regulation of erythropoietin. 

Figure 96-9 Splenic size. 
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Hereditary spherocytosis 

Pathophysiology: 

o A hereditary disorder in which there is a defect in the attachment of the cell membrane to the underlying 
cytoplasmic skeleton. This is most commonly a defect in the ankyrin-spectrin connection. 

 
o The poorly attached membrane blebs off the RBC until the RBC develops a spherical shape, the most efficient 

shape for the surface area/volume ratio. 

o The spherocyte lacks the ability to distort enough to get through the small pores of the red pulp of the spleen 
and is destroyed there. 

o The RBC life span can decrease to as short as 10-20 days (from the usual 100-120 days). 

Presentation: 

o Symptoms: anemia 
o Physical exam: 75% have splenomegaly. 
o Testing: 

 CBC:  
• Anemia 
• Normal MCV: although spherocytes are small, there is an increased release of reticulocytes in 

response to the anemia which raises the mean MCV, as reticulocytes have an MCV of about 120 FL. 
There is an increase in the RDW (red cell distribution width) which is a measure of the variability of 
the red cell size. 

Figure 96-10 RBC cell membrane attachment to cytoskeleton. 

Figure 96-11 RBC pathophysiology in hereditary spherocytosis. 
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Figure 96-14 HbS polymerization 
and sickling. 

• Increased MCHC (mean cell hemoglobin concentration): this a finding highly suggestive of 
spherocytes which have a low volume relative to the amount of hemoglobin. 

 PBS: 
• Spherocytes 
• Polychromasia: reticulocytes have residual RNA that 

stains blue, and so they have a purple hue in addition 
to their large size. 
 

 Osmotic fragility: when incubated in a hypo-osmolar 
solution, spherocytes rupture (i.e. lysis) due to an 
inability to swell (i.e. low surface area to volume ratio). 

 

Natural history: 

o Complications: Aplastic crisis 
 Parvo B19 virus preferentially infects erythroblasts, causing a loss in RBC production for the duration of 

the infection, about 2 weeks, the time it takes for an immune response. This is subclinical in normal 
individuals as there would only be a decrease in hemoglobin of 1-2 grams (12-day stoppage of 120-day 
lifespan = 10%. 10% of 14 gm/L = ↓1.4 gm/dL). A patient with hereditary spherocytosis has an RBC 
lifespan of 10-20 days so the infection would cause a 50% decrease in production, starting from a 
hemoglobin of 8-9 gm/dL. 

 Aplastic crisis can be seen in any severe hemolytic anemia. 
o Treatment: 

 Splenectomy.  

Sickle cell disease 

Pathophysiology: 
o Autosomal recessive disease caused by a SNP (GAG  GTG) in the 6th codon         

of the HBB gene on chromosome 11. This causes a substitution of valine for 
glutamic acid in the 6th amino acid of β globulin. 
 This is often referenced as “E6V” as “E” is the symbol for glutamate                

and “V” is the symbol for valine. 
o The amino acid switch changes the tail of the β chain from a hydrophobic 

negative charge to a neutral charge. This allows the β globulins to      
polymerize in an environment with low oxygen.                
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Spherocy
 

Figure 96-12 Spherocytes & reticulocytes. 

Figure 96-13 Site of the amino 
acid substitution in HbS. 
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o Polymerization gives the hemoglobin a gel-like consistency (called “tactoid” formation) with sickle shape. In 
addition, this causes expression of surface proteins on the RBCs and endothelial cells that makes them “sticky”. 

o There is agglutination of the RBCs that causes microvascular occlusion, ischemia, and infarction.  

o Sinusoids have slower blood flow and lower oxygen levels. Organs with sinusoids include bone, spleen, and 
liver. Bone ischemia presents as bone pain. The spleen autoinfarcts and is non-functioning by adolescence. 
Liver is spared as it has a dual blood supply. 
 Loss of splenic function can be recognized on the PBS by the presence of Howell-Jolly bodies, which are 

nuclear remnants. 

 

Presentation: 

o Symptoms: 
 Sickle trait is asymptomatic at sea level. 
 Sickle cell disease (homozygous state) is a disease of ischemia from vaso-

occlusion. Chronic anemia is not pathologic until hemoglobin is at least < 7 gm/dL. 
• Infants: none until there is depletion of HbF by age 4-5 months. At this age, 

bone involvement is commonly in the fingers (dactylitis). 
• Childhood:  

o Splenic sequestration 
o Acute chest syndrome 
o Stroke 
o Acute abdominal pain 
o Priapism 
o Papillary necrosis of the kidney 

o Physical examination: 
 Typical for any chronic anemia.  

o Testing: 
 Sickledex®: the hemoglobin is exposed to a reducing agent (metabisulfite). 

HbS denatures, which is seen as turbidity in the testing tube. 
 Hemoglobin electrophoresis: >90% HbS in HbS disease; 40-50% in HbS trait. 
 PBS (during attack): 

Natural history: 

o Prognosis: the life span of sickle cell disease is typically 
in the 40s. The new crisper technology is being used to increase HbF in these 
patients with good results. 
 The major risk of acute death is acute chest syndrome while the chief cause 

of death in adulthood is pulmonary hypertension. 
o Complications: 

 Salmonella osteomyelitis 

Figure 96-15 Sickle cell disease vaso-occlusion. 

Figure 96-16 Howell-
Jolly body. 

Figure 96-17 Sickle cells. 
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 Avascular necrosis of the femoral head 
 Cholelithiasis from pigment gallstones 
 Bacterial infection from encapsulated organisms 

o Treatment: 
 Prophylactic Penicillin G until age 5-years 
 Hydroxyurea (↑HbF) 
 Folate supplements (hemolysis increases demand) 
 Pain control 
 Transfusion support 

 

G6PD deficiency 

Pathophysiology: 

o The most common inherited enzyme defect in humans, it is X-linked recessive. There are over 200 variants, 
with a wide variation in disease expression. The 2 most important in the US are: 
 G6PD A-: found in 10% of African Americans. 
 G6PD Mediterranean: found in Middle Eastern populations and sensitive to fava beans. 

 

o Glutathione is necessary to protect the RBC proteins from oxidative stress. Decrease in reduced glutathione 
may be due to abnormalities of the hexose monophosphate shunt such as G6PD deficiency or glutathione. 

o High levels of oxidants may be produced by drugs (especially antimalarials and sulfas), foods such as fava 
beans, and infections. 

o Denatured globin chains form membrane-bound precipitates called Heinz bodies. These damage the RBC 
membrane, causing hemolysis. In the spleen, removal of the precipitates forms a characteristic bite cell. 

Presentation: 

o Symptoms:  
 Patients are asymptomatic until they are exposed to an oxidative stress, which is followed by 

intravascular hemolysis. 
 Symptoms start 24-72 hours after exposure and include hematuria, weakness, tachycardia, and jaundice 

if hemolysis is severe. 
o Physical exam: normal unless hemolysis is severe and chronic. 

Figure 96-18 G6PD deficiency: biochemistry. 
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 In chronic hemolysis: splenomegaly, jaundice, RUQ pain from cholecystitis 
due to pigment stones, leg ulcers. 

o Testing: 
 CBC: normal unless during an acute attack (Heinz bodies, bite cells). 
 Quantitative analysis of G6PD levels. 
 Acute attack: 

• Hemoglobinemia / hemoglobinuria. 
• ↓Haptoglobin. 
• Hyperbilirubinemia (unconjugated). 
• Anemia. 
• Reticulocytosis after 5 days. 

 

Natural history: 

o The hemolysis is self-limited to 8-14 days as the reticulocytes have high levels of G6PD, making them  
resistant to oxidation. 

Immune hemolytic anemia 

Pathophysiology: 

o Also called autoimmune hemolytic anemia, these are caused by antibodies or complement binding to the RBC 
membrane. Macrophages have receptors to the Fc segment of IgG as well as complement C3b (IgM classic 
system). Coated RBCs are removed by phagocytosis in the macrophage-monocyte system, especially the 
spleen and liver. 

o Most common are IgG antibodies that have maximum activity at body temperature, hence “warm” antibodies. 
o IgM antibodies may activate at cold temperature, called “cold agglutinins”. 

 IgM cold agglutinins are associated with atypical pneumonia caused by M. pneumoniae. 
 Cold agglutinins usually cause Raynaud phenomenon, but there can be some hemolysis due to 

complement activation via the classic pathway. 
o Etiology: 

 Idiopathic (IAHA, 50% of cases) 
 Drugs 
 SLE 
 CLL/SLL and other malignancies 

Presentation: 

o Symptoms: chronic hemolysis (fatigue from anemia, RUQ pain from gallstones, jaundice (unconjugated 
bilirubin), splenomegaly (RBC phagocytosis hyperplasia) 

o Testing: 
 CBC: anemia with ↑reticulocyte count 
 Chemistry: ↑unconjugated bilirubin 
 PBS: polychromasia (reticulocytes) 

• Warm Ab: spherocytes 
• Cold Ab: agglutination 

Natural history: 

o This is a heterogeneous group of diseases with a wide spectrum of severity. 
 In 2°disease, outcome depends on the underlying disease. 

o Treatment of IAHA starts with corticosteroids, ending up with splenectomy. 
o Cold immunohemolytic anemias are first treated with rituximab (anti-CD-20). 

Figure 96-19 G6PD: PBS in active hemolysis. 
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Chapter 97. Hematology: Bleeding disorders: Hemostasis and testing 

Clinical pathologic correlation (CPC) 

Platelet disorders present with bleeding into epithelium:  
 
1. Skin: petechia and purpura. 
2. Mucosa: gums, epistaxis, hematemesis, hematochezia, hematuria, menorrhagia. 

 
Factor disorders present with bleeding in joints and deep soft tissue. 
If a patient has had a tooth pulled without difficulty, then they are unlikely to have a significant congenital defect 
of coagulation. 

Overview of hemostasis: pathophysiology and pharmacology  

Hemostasis, the function of forming a clot at the site of vessel injury, is a highly coordinated balance of restricting 
thrombus formation to the site of injury, while preventing thrombosis in adjacent normal tissue. In addition, there 
is neurologic signaling of injury and initiation of repair mechanisms by the inflammatory system. 

Figure 97-1 Investigation of bleeding disorders. 

Evaluation of menorrhagia 

Menorrhagia, or heavy menstrual bleeding, is difficult to quantitate. Some useful rules of thumb 
include: bleeding that soaks the sheets at night, blood clots larger than an American quarter       
(i.e. 2.5 cm), menstruation >1 week‘s duration, iron deficiency and hysterectomy at an early age. 
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Figure 97-2 Formation of the platelet plug. 

Hemostasis can be thought of in phases: 

o Endothelial injury to the formation of the platelet plug (i.e. the soft clot). 
o Formation of a permanent clot by the factor cascade. 
o Termination of thrombus formation by anti-thrombotic factors 
o Dissolution of the clot by fibrinolysis. 
A. Formation of the platelet plug 

 Platelet adhesion (Figure 97-2 #1) is mediated by surface glycoproteins, mainly GpIb. This tightly binds to 
von Willebrand factor (vWF) which adheres to the underlying collagen 
• Defects in GpIb and vWF cause Bernard-Soulier and von Willebrand diseases. 

 Platelet activation (Figure 97-2 #2) is mediated by many soluble factors in the blood, especially thrombin 
acting on platelet membrane protease-activator receptors (PARs). On activation, dense granules release 
multiple compounds, including ADP, which upregulates P2Y12, a membrane amplifier, and GpIIb-IIIa 
which binds fibrinogen. Induction of cytoplasmic cyclo-oxygenase (COX) produces thromboxane A2, 
which accelerates the process one-thousand fold. 
• P2Y12 is the target of clopidogrel. 
• COX is the target of non-steroidal anti-inflammatory drugs (NSAIDs). 

 Platelet aggregation (Figure 97-2 #3) is mediated by GpIIb-IIIa, which binds to fibrinogen, cross-linking 
the platelets. On the injured surface, the binding of GpIIb-IIIa to von Willebrand factor causes the 
platelets to spread across the surface and contract. 
• Defects in GpIIb-IIIa causes Glanzmann thrombasthenia. 
• GpIIb-IIIa is the target of abciximab.  

 Procoagulant activity (Figure 97-2 #4): Activation of platelets expresses phospholipids on the membrane 
that allows for the formation of factor complexes IX/VIII (protenase) and X/V (prothrombinase) that 
cause the explosive formation of thrombin. 
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B. Clot propagation and the coagulation cascade: 
 The primary event in hemostasis is tissue factor (TF) activation of Factor VII resulting in the formation of 

thrombin (Factor II) 
• The traditional view of an intrinsic and extrinsic system is useful in interpreting laboratory data     

(i.e. the PT and PTT) but is not applicable in vivo. 
 The TF/VII complex produces a small amount of thrombin, called activation, that leads to a feedback loop 

that produces a massive amount of thrombin (amplification).  
 Activation (Figure 97-3 #1): 

• Tissue factor is a membrane protein found in most surface cells. It gets activated with injury. 
• TF binds to circulating Factor VII and the complex activates Factor X. TF/VII also activates Factor IX, 

which also activates Factor X. 
- Factor X antagonists like rivaroxaban, are called “xabans”. 

• It is this small amount of thrombin that will start the explosive amplification process. 
 Amplification (Figure 97-3 #2):  

• Thrombin is central to the clotting process. There are no cases of thrombin deficiency as they are 
presumably non-viable. Thrombin’s actions include: 
- Activation of platelets. This is more significant than the activation through surface contact. 

Thrombin acts on PAR (for protease-activation receptor- thrombin is a serine protease), a          
G-coupled receptor with wide actions in the platelet, mostly mediated through a calcium signal. 
o Activation releases many compounds from their dense and alpha granules that          

enhance propagation. 
o Activation upregulates membrane phospholipids 

that form the substrate for the IX/VIII and X/V 
complexes (next) 

- Procoagulant complexes. The trace amount of 
thrombin from the TF/VII complex activates  
o Membrane phospholipids on platelets (substrate 

for the procoagulant complexes) 
o Factor XI, which activates Factor IX 
o Factor VIII, which complexes with Factor IX on the 

platelet membrane to rapidly produce Factor X  
(so-called tenase)  

o Factor V which complexes with Factor X on the 
platelet membrane to rapidly produce thrombin 
(so-called prothrombinase). 
 These complexes are very productive. It is 

estimated that the X/V complex produces                                                                        
thrombin at a rate 300,000 times faster that Factor X alone. 

- Dabigatran is one of the direct thrombin inhibitor drugs. 
- Heparin increases the activity of the thrombin regulatory protein anti-thrombin (aka AT III),           

one thousand fold. 
- Warfarin inhibits Vitamin K epoxide reductase which creates reduced Vitamin K. This is 

necessary for γ-carboxylation of Factors II, VII, IX and X. Without carboxylation, the factors 
cannot bind to the platelet membrane phospholipids. 

 Permanent clot (Figure 97-3 #3): 
• Thrombin cleaves fibrinogen into fibrin, which self-aggregates into polymers. 
• Thrombin activates Factor XIII, that creates covalent bonds between the fibrin strands. 

Thrombin activates: 
 Factor XI (supplements Factor 

IX activation) 
 Factor VIII (forming the 

tenase complex) 
 Factor V (forming the 

prothrombinase complex) 
 Converts fibrinogen to fibrin 
 Factor XIII (covalent cross-

linking of fibrin) 
 Platelets (through the PARs, 

forming the polyanions on 
the platelet membranes for 
the complexes) 
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C. Regulation of clotting (see: Chapter 99. Hypercoagulable states and thromboembolic disease). 

 This is mostly mediated by endothelial cells and targets both platelet and factor pathways. 
 Anti-platelet factors: prostaglandins, NO, ADPase. 
 Anti-factor: antithrombin III/Proteins S & C, heparin-like substances, tissue factor pathway inhibitors    

and plasmin activators.  

Figure 97-3 The coagulation cascade: clot propagation. 

The Contact activation / Intrinsic pathway 

- The Tissue Factor/Factor VII complex is thought to be responsible for most of the clotting cascade. It is 
not clear where the contact activation/intrinsic pathway belongs. 

- When Factor XII, prekallikrein and high molecular weight kininogen (HMWK) are activated by a negatively 
charged, i.e. absorbing surface, they form a complex that activates Factor XI, which in turn activates 
Factor IX and the clotting cascade ensues. 

- This is the basis of the activated partial thromboplastin time (aPTT), a key test in evaluating coagulation 
- The problem is that deficiencies of Factor XII, prekallikrein and HMWK do not cause bleeding disorders. 

In fact, Factor XII deficiency is associated with thrombosis. Factor XI deficiency does have hemorrhage, 
but this is probably due to a defect in excessive fibrinolysis and not clotting. 

- The contact activation system is important for its communication across systems: 
o Production of bradykinin augments the neural pain signal one thousand fold 
o Activation of the complement system brings in the inflammatory system and the macrophages 

necessary for repair 
- We can use the aPTT test in clotting disorders because of activation of Factor XI. In vivo however, it’s 

more important function is the signaling to other injury systems. 
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D. Fibrinolysis 
 Dissolution of clots is achieved by plasmin which breaks down fibrin, fibrinogen and other coagulation factors. 

• The break down products are called fibrin degradations products (FDPs). The most commonly 
measured is the smallest fragment, D-dimer. 

 Plasmin has the highest activity when it is bound to fibrin during clot formation 
 Plasmin is activated by endothelial cell tissue plasminogen activator (t-PA) and inflammatory cell 

produced urokinase (u-PA). 
• Alteplase is a recombinant tissue plasminogen activator used for fibrinolysis 

 The plasminogen activators are regulated by plasminogen activator inhibitors (PAI). 
 

Summary of hemostasis including bleeding disorders and pharmacology 

 

Overview of the presentation of bleeding disorders 

Patient history is a surprisingly difficult tool to use in evaluating the likelihood of a bleeding disorder. History 
centers on “bleeding challenge” events like dental extraction, surgery and trauma. If these have no required 
intervention like transfusion, iron supplements or surgery, then congenital disease is unlikely. Bleeding 
Assessment Tools with a scored panel of questions has proven useful. 

Family history is essential but note that about 1/3 of hemophilia A is due to de novo mutation and autosomal 
recessive diseases do not have to involve the parents. 

Figure 97-4 The coagulation cascade: summary. 



907

Hematology: Bleeding Disorders: Hemostasis and Testing 97Platelet function defects bleed beneath epithelium (skin: petechia; mucosa: epistaxis, GI tract, hematuria, 
menorrhagia) and bleed immediately after the challenge 

o Epistaxis is also associated with hereditary hemorrhagic telangiectasia 
o Vascular defects also bleed immediately with the challenge. 

Factor defects bleed into joint and deep soft tissue and with a delay after the challenge. 

Laboratory testing 

Platelet count 
o A routine part of the complete blood count (CBC), each individual has its own “setpoint” between 140,000 

-400,000 /mL, depending upon their liver’s level of thrombopoietin production. For more, see Table 2.4.  
o Risk of bleeding occurs in severe thrombocytopenia (<50,000 /mL) 

 Bleeding during surgery <50,000 /mL 
 Spontaneous hemorrhage  < 10-20,000 /mL 

 
Bleeding time (BT) 
o A small cut is made in the arm with a small stabbing device and the time until the bleeding stops is measured. 
o This is no longer used in clinical practice as it is insensitive, difficult to standardize, painful and also measures 

connective tissue function, which is universally poor in the elderly. 
o BT is stilled used in medical student multiple choice questions as a general “platelet function test” 

 It is prolonged in both qualitative and quantitative platelet diseases 
o BT has been replaced in part by an instrument called the PFA-100 (for Platelet Function Analyzer), but this 

used mostly as an adjunctive test 
 

Platelet aggregation studies 
o Used to diagnose qualitative defects in platelets 
o Agonists like collagen and epinephrine are used to activate platelets, leading to their aggregation. Platelet-rich 

plasma is turbid and the clearing of the plasma with aggregation allows more light to pass through the tube. 
o Von Willebrand disease does not aggregate when Ristocetin in used as the 

activator. That is, there is no Ristocetin Induced Platelet Aggregation (RIPA) 

Prothrombin time (PT) 

o The time it takes for plasma to clot after tissue factor is added (PT and PTT are 
performed on blood collected in citrate, which binds the calcium, so calcium is 
added as well).  

o This assesses the extrinsic pathway of Factor VII and the common pathway 
(Factors X, V, II and fibrinogen, I). 

o Most laboratories report the PT as an INR (International Normalized Ratio) in 
which the laboratory’s result is compared to the time of the PT with an 
international thromboplastin created by the WHO. This allows patients on 
warfarin to measure their drug effects when travelling. 

o Isolated abnormal PT: 

 Deficiency state with isolated ↑PT 
Hereditary Factor VII 
Acquired 1Vitamin K deficiency, warfarin, liver disease 
 2DIC 

                                           1. Due to predominant effect on factor VII,  
                                           2. Disseminated intravascular coagulation.  

Figure 97-5 RIPA. 

Table 97-1 Causes of an isolated elevated prothrombin time. 
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Activated partial thromboplastin time (aPTT) 

o The time it takes for plasma to clot after exposure to a negatively charged substance like silica (together with 
a small amount of thromboplastin, hence “partial” and calcium) 

o This assesses the intrinsic pathway of Factors XII, XI, IX & VIII, together with the common pathway (Factors X, 
V, II and fibrinogen, I) 

o Isolated abnormal PTT. 

 Deficiency state with isolated ↑aPTT 
Hereditary Factors VIII, IX & XI 
 Contact factors (not assoc. with bleeding) 
 Von Willebrand disease 
Acquired 1Heparin 
 2APLA (assoc. with thrombosis) 

     1. Not seen in the PT as reagents have anti-heparin effects,  
                                               2. Anti-phospholipid antibodies. 
 

Figure 97-6 Laboratory testing of coagulation. 

Table 97-2 Causes of an isolated elevated activated partial thromboplastin time. 
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Chapter 98. Hematology: Bleeding disorders 

Presentation and differential diagnosis (see Chapter 97. Hemostasis and coagulation testing) 

Patient history is a surprisingly difficult tool to use in evaluating the likelihood of a bleeding disorder. History 
centers on “bleeding challenge” events like dental extraction, surgery and trauma. If these have no required 
intervention like transfusion, iron supplements or surgery, then congenital disease is unlikely. Bleeding 
Assessment Tools with a scored panel of questions has proven useful. 

Family history is essential but note that about 1/3 of hemophilia A is due to de novo mutation and autosomal 
recessive diseases do not have to involve the parents. 

Platelet function defects bleed beneath epithelium (skin: petechia; mucosa: epistaxis, GI tract, hematuria, 
menorrhagia) and bleed immediately after the challenge 

o Epistaxis is also associated with hereditary hemorrhagic telangiectasia 
o Vascular defects also bleed immediately with the challenge. 

Factor defects bleed into joint and deep soft tissue and with a delay after the challenge. 

Testing is mostly through the laboratory (see Figure 97-1) 

Primary versus secondary disease 

Several medical conditions are associated with secondary bleeding.  

Cancer 

Thrombocytopenia from treatment-associated marrow suppression: many chemotherapeutic drugs cause the 
death of progenitor cells, leading to thrombocytopenia. 

Immune dysregulation: lymphomas such as CLL/SLL not only produce autoimmune antibodies to platelet surface 
membrane proteins like GpIIb/IIIa, but also to coagulation factors like vWF and Factor VII. 

Chronic DIC: cancers can produce tissue factor, an embryologic “cancer procoagulant” and mucins that cause 
endothelial cell dysfunction. This can manifest as a hypercoagulable thrombotic state or hemorrhage if there is 
depletion of factors and platelets. 

o The well described acute DIC in acute promyelocytic leukemia is due to multiple factors that include 
expression of tissue factor and expression of tissue plasminogen activator (tPA), that leads to fibrinolysis. 

Liver disease 

Coagulation defects are seen in liver failure. All of the coagulation factors except Factor VIII are made in the liver. 
In liver failure, there is failure of synthesis. Prothrombin time is used as a diagnostic test because factor VII has 
the shortest half-life of 6 hours. 

Thrombocytopenia: the most important cause if hypersplenism from portal hypertension, but there is also a 
qualitative decrease in platelet function. 

Kidney disease 

Platelet dysfunction in uremia: Stage 5 renal failure is associated with platelet toxins. When uremic platelets        
are mixed with normal plasma they regain normal function. Uremia is typically seen in the US in patients who  
miss dialysis sessions.  
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Thrombocytopenia: systemic lupus erythematosus (SLE) is highly associated with cytopenias of all the hematopoietic 
cells lines. Up to one-half of SLE patients develop thrombocytopenia; about 10 % severe (i.e. <50,000 /mL). 
Conversely, 10% of patients with ITP go on to develop SLE. 

Platelet disorders  

Immune thrombocytopenia (ITP, aka idiopathic immune thrombocytopenia) 

Pathophysiology:  

o ITP is an autoimmune disease in which there are antibodies to platelet membrane proteins, most commonly 
GpIIb/IIIa, the most common surface protein.  

o The platelets are removed in the monocyte/macrophage system, especially the liver and spleen. 
o This is a Type II hypersensitivity disease as the antigen is fixed on the cell. 

ITP is associated with: 

o Infection, especially viruses such as Hepatitis C and HIV (molecular mimicry) 
o Medications, mostly antibiotics and heparin (unknown mechanism) 
o Immune dysregulation (especially SLE and CLL). 

Presentation: platelet-pattern (i.e. mucocutaneous bleeding) 

o Testing: 
 Definition: platelet count <100,000 /mL 
 There is no positive test for ITP, so it is a diagnosis of exclusion 
 CBC & PBS: it must be an isolated thrombocytopenia 
 Exclusion of 2° causes:  

• Immune: drugs, Hep C, HIV, lymphoma, SLE 
• Non-immune: liver disease/splenomegaly, other hematologic diseases 

 Bone marrow aspirate for megakaryocytes: this is no longer considered 
essential in the initial work-up as it did not change the diagnosis. 

Natural history: 

o Treatment: 
 Active hemorrhage: platelet transfusion and steroids 
 Severe thrombocytopenia (<20,000 /mL): steroids or IVIG 
 Second line treatment: splenectomy, rituximab 

o Prognosis: wide variation, but only a mild increase in mortality compared to normal. 

Heparin-induced thrombocytopenia (HIT) 

While HIT is a drug-induced 2° thrombocytopenia, it is usually considered separately from other drugs due to its 
rapid time course of days and the pathology of thrombosis not bleeding. 

Pathophysiology:  

o Up to 5% of patients receiving heparin form anti-platelet factor 4/heparin antibodies 5-10 days after starting 
heparin therapy. 

o There is also damage to endothelial cells, with thrombosis from coagulation dysfunction. 

Presentation:  

o Skin necrosis at the site of injection, limb necrosis (both venous and arterial), pulmonary embolism 
o Testing: a decrease in platelet count within 5-10 days of starting heparin therapy, ± necrosis 

The 4 T’s of HIT: 

- Thrombocytopenia 
- Timing 
- Thrombosis 
- Other causes absent 
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Treatment: 

o Stop heparin 
o Anti-coagulate with a direct oral anticoagulant (DOAC), as warfarin may cause worsening of thrombosis if 

there if Factor C/S depletion first. 

Von Willebrand Disease (vWD) 

Pathophysiology: 

o Von Willebrand factor (vWF) has 2 critical functions: 
 It binds platelets to the subendothelial matrix and collagen 
 It protects Factor VIII, increasing its T1/2 from 2 to 10 hours. 

o VWF is produced as a large multimer which is then broken down by a protease, 
ADAMTS-13, to its functional size of dimers. 
 Large multimers of vWF are stored as Weibel-Palade bodies in endothelial cells. 
 Pathological release of multimeric vWF by endothelial cells is thought to be the mechanism of 

hypercoagulability in mucinous adenocarcinomas. 
 Defects in ADAMTS-13 are seen in hemolytic uremic syndrome (HUS). 

o There is a wide spectrum of severity in vWD as there are quantitative and qualitative defects in vWF as well 
as defects in processing 
 75% of vWD is a quantitative defect (classified as Type 1)  

• This is typically autosomal dominant. 
• Null defects produce no vWF and have severe disease (Type 3). 
• When the level of vWF is < 10-15% of normal, there can be functional decrease in Factor VIII, that 

leads to factor-pattern hemorrhage. 
 Qualitative defects can affect the protein function or steps in processing of the multimer structure to dimers. 

Presentation: 

o Symptoms in mild disease include easy bruising and mucocutaneous bleeding 
o VWD can present at any age, depending on when or if they are ever suffer a bleeding challenge. 

 NSAID ingestion can precipitate bleeding 
 VWF levels increase with increased estrogen, so delivery after pregnancy 

is not a good indicator of severity of disease. 
o Testing: 

 VWF: Antigen: measures the total amount of protein 
 VWF: Activity: measures the ability of the patient’s plasma to induce 

platelet aggregation. In quantitative defect, the VWF:Ag level is equal to 
the level of VWF activity. In qualitative disease, the VWF:Act is much 
lower than the VWF:Ag level.  

 Ristocetin-induced platelet aggregation (RIPA): platelet aggregation 
studies can help confirm a diagnosis of vWD, but also other platelet 
diseases. Ristocetin increases the binding of vWF to GpIb in normal 
platelets, but not vWD. 

Elevated PTT levels in vWD 
- VWF is protective of Factor VIII. It increases its T1/2 from 2 hours to 10-12 hours.  If the level of 

vWF decreases, the level of Factor VIII also decreases.  
- Moderate risk for bleeding starts when FVIII level is <5% and severe risk when the FVIII level is <1%. 
- The PTT does not start to increase until the level of Factor VIII is less than 25% normal. 
- About 1/3 of patients with vWD will have an elevated PTT due to a decrease in the FVIII level <25%, 

but no history of bleeding. 

Figure 98-1 RIPA test. 
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o Desmopressin (DDAVP) - DDAVP is a synthetic analogue of the antidiuretic hormone vasopressin. It increases 
VWF through unknown mechanisms.  

o Recombinant von Willebrand factor (rVWF) - Indicated for on-demand treatment of minor or major 
hemorrhage in adults with vWD. 

o Von Willebrand factor/factor VIII (vWF/FVIII) concentrates.  Purified plasma-derived concentrates of vWF/FVIII 
are used for treatment of bleeds and for surgical prophylaxis when DDAVP is ineffective or contraindicated 

 

Non-steroidal anti-inflammatory drugs (NSAIDs) effect 

NSAIDs decrease platelet aggregation by inhibiting Cyclooxygenase 1 (COX 1) 
in the platelets, decreasing TXA2 production 

o COX-1 is found in the SER of most cells including platelets. 
o COX-2 is only normally present in selected tissues such as the brain. It is 

upregulated in inflammation and its selective inhibition by 
glucocorticoids is part of steroid anti-inflammatory effect. 

Most NSAIDs have a reversible inhibition of COX. The exception is aspirin 
which has irreversible binding. This means that surgery for most NSAIDs only 
requires 1 day deferral, while aspirin use requires a one week deferral, as 
platelets typically live 8 days. 

Acetaminophen is not considered a COS inhibitor as it inhibits the           
COX-2 in the CNS, but not COX-1. It is therefore good for headaches,        
but not platelet inhibition. 

Consumptive coagulopathies (HUS, TTP, DIC) 

Hemolytic uremic syndrome (HUS) 

o A syndrome of microangiopathic hemolysis, thrombocytopenia and acute kidney injury. 
o Most commonly seen in children <5 years old following shigella toxigenic E. coli bloody diarrhea (STEC-HUS). 

The most frequent bacterial strain is E. coli 0157:H7 
 STEC is also known as enterohemorrhagic E. coli (EHEC) and verotoxigenic E. coli (VTEC) 
 The commonest source of the bacteria is poorly cooked food, especially beef. 
 The Shiga toxin inhibits protein synthesis in endothelial cells, leading to a prothrombotic state. 

o About one week after the diarrhea, there is multisystem pathology that includes: 
 Non-immune hemolytic anemia with schistocytes 
 Renal failure, often with oliguria 
 Thrombocytopenia with petechiae 

o Diagnosis is clinical with demonstration of Shiga toxin genes in the stool 
o Treatment is supportive. 
o Prognosis: resolution in 1-2 weeks with <5% mortality.  

Thrombotic thrombocytopenic Purpura (TTP) 

o A microangiopathic disease in which autoantibodies decrease blood ADAMTS13 protease to <10% normal. 
This allows the large von Willebrand factor multimers from endothelial cell to persist and activate in small 
vessels. Platelets attach and accumulate on these large complexes. 
 Unlike DIC, the thrombi in both TTP and HUS contain platelets, but no fibrin strands. 

o Presentation: typically, a young female adult with non-specific symptoms that include CNS and GI systems. 
 The pentad of hemolytic anemia, thrombocytopenia, fever, renal failure and severe neurologic symptoms 

is seen in end stage disease only 

Figure 98-2 Arachidonic acid 
pharmacology. 
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o Diagnosis:  
 Presumptive (start plasma exchange): a combination of clinical findings (neurologic and GI) together with 

CBC and PBS (anemia and schistocytes with thrombocytopenia). 
 Confirmed: ADAMTS13 < 10% normal 

o Treatment: emergency plasma exchange (>90% mortality without) 

Disseminated Intravascular Coagulation (DIC) 

o A syndrome with abnormal activation of coagulation and fibrinolysis causing both thrombosis and 
hemorrhage after defibrination. 
 End organ damage occurs from both thrombotic ischemia and hemorrhage. 

o There are numerous causes, including: 
 Damage to endothelial cells by cytokines, enzymes (acute pancreatitis), lipopolysaccharides etc. 
 Release of tissue factor, e.g. trauma, meningococcemia, neutrophils 
 Procoagulant substances: mucinous carcinomas, placenta, acute promyelocytic leukemia 

o Presentation, acute: 
 The consumption of coagulation factors leads to a hemorrhagic diathesis and vascular collapse 

o Diagnosis, acute: thrombocytopenia, elevated PT and PTT, evidence of fibrinolysis (with (+) D-dimer).  
o Treatment: outcome depends on the underlying illness, with supportive                                                             

care for the secondary complications from the DIC. 

Hypersplenism 

o There are many causes of splenomegaly that are usually classified as 
 Congestive (e.g. portal hypertension) 
 Reactive (e.g. infections like malaria)  
 Infiltrative (e.g. substances like amyloid, neoplasms, especially leukemias & lymphomas) 

o A large enough spleen can cause pooling of blood cells to a degree that causes a cytopenia.                              
This is called sequestration. 

o The diagnosis of splenomegaly is best performed by imaging. The upper limit of 
normal depends on general body size and gender. 
 A good rule of thumb is a long axis in females >12 cm and in males >14 cm. 

HIV Infection  

Thrombocytopenia is a sentinel event in HIV infection. 

There are a number of proposed mechanisms: 

o Immune dysregulation leads to ITP 
o HIV can infect megakaryocytes through CD4/CXCR4 
o There is cytokine suppression of marrow megakaryocytes 

 

Factor deficiencies 

Hemophilia A 

Hemophilia usually refers to one of the inherited deficiencies of Factor VIII or IX. These are clinically indistinguishable. 

o Factor XI deficiency is sometimes referred to as Hemophilia C 
o Acquired factor VIII deficiency occurs with the formation of an autoantibody 
o Factor VIII inhibitor refers to the formation of an autoantibody after treatment with infused Factor VIII. 

  

Figure 98-3 Spleen size. 

TTP: adult with ↓ADAMTS-13 
DIC: serious underlying disease 
with ↑PT/PTT and (+) D-dimer 
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o Inherited as an X-linked recessive, therefore a disease of males 
o 1/3 of Hemophilia A is spontaneous mutation. 
o Heterozygous females can have mild disease. 
o Factor VIII is activated by thrombin and forms the tenase complex on the 

polyanionic surface of activated platelets. This results in rapid activation 
of the Factor X/V complex (prothrombinase).  

o Deficiency of Factor VIII leads to a factor pattern of bleeding 
o Classification of disease:  

Severity Factor VIII activity Pattern of bleeding 
Severe <1% Spontaneous; presentation in first year 
Moderate 1-5% With minor injury, 4-6 bleeds/year 
Mild 5-40% Delayed presentation, bleeding with major 

challenge 

 

 

Presentation: 

o Easy bruising, hemarthrosis, bleeding after a challenge (e.g. trauma, dental extraction & surgery) 
o Age of presentation depends on severity of disease: first year of life with severe disease and by the            

third year in mild disease 
o Testing: 

 Screening:  
• ↑PTT, normal PT and platelet count. 
• Mixing study is corrective (50:50 mixing with normal plasma rules out an inhibitor like an               

anti-phospholipid antibody). 
 Confirmatory: 

• Factor VIII level <40%. 
• VWF: Ag normal (to rule out von Willebrand disease). 
• Genetic testing for Factor VIII mutation.  

Natural history: 

o While hemarthrosis is more common, intracranial bleeding is the more serious. 
o The major complication of hemarthrosis is degenerative joint disease. 
o Treatment: 

 Factor VIII replacement (recombinants or concentrates from plasma). 
• A complex challenge in severe disease is that of prophylaxis versus on-demand therapy. On-demand 

therapy prevents bleeds, but it is invasive, expensive and has a higher incidence of inhibitor formation. 
 

 In severe disease, Factor VII levels >1% is the goal. 

There is a monoclonal antibody 
(emicizumab) that binds Factors 
IX and X together, effectively 
providing the scaffolding for the 
Factor IX activation of Factor X. 
It is used in prevention of bleeds 
in patient with inhibitors to 
Factor VIII. 

 

Table 98-1 Classification of Hemophilia A severity. 
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Hematology: Procoagulant States and Thromboembolic Disease 99Chapter 99. Hematology: Procoagulant states and thromboembolic disease 

Regulation of the coagulation cascade (See Chapter 97. Hemostasis and testing) 

Once the coagulation cascade is triggered, the initial production of Factor X by the TF/VII complex and Factor IX 
produces enough thrombin to create an explosive thrombin-induced amplification that results in clot formation. 

Thrombin induces more thrombin production by: 

o Activation of Factor XI, which produces more Factor IX 
o Activation of PARs (protease-activated receptors) that causes polyanion expression on the platelet surface 

necessary for factor complex formation 
o Activation of Factor VIII for the FIX/VIII complex (the tenase complex) 
o Activation of Factor V for the FX/V complex (the prothrombinase complex) 

 Thrombin activation of PARs also causes dense and α granules in the platelets to release their contents, 
which includes ADP. ADP upregulates the P2Y12 and GpIIb/IIIa receptors. 

 

 

The most important route of platelet activation is thrombin stimulation of PARs (platelet activation receptors). 
This is even greater than collagen/vWF activation pathway. PARs cause degranulation of platelet granules. 

o Dense granules release compounds, e.g. ADP, that are powerful    
platelet activators. 

o Alpha granules release proteins, e.g. fibrinogen and vWF. 

There are multiple regulators of coagulation for both platelet and.   
coagulation factors. 

A. Endothelial cell anti-platelet aggregation factors: 
o Prostaglandin I2 (PGI2)  

 Endothelial cells adjacent to a site of vascular injury release 
arachidonic acid (produced from membrane phospholipids          
by phospholipase A2). 

 Endothelial cells contain cyclooxygenase 2 (COX-2), which 
converts the arachidonic acid into PGI2. Platelets, in contrast, 
contain COX-1, which produces thromboxane A2 (TXA2). 

 PGI2 antagonizes the platelet aggregation and vasoconstriction  
effects of TXA2. 

Figure 99-1 Arachidonic 
biochemistry. 

Thrombin activation and other effects 

- Factor XI (supplements Factor IX activation) 
- Factor VIII (forming the tenase complex) 
- Factor V (forming the prothrombinase complex) 
- Converts fibrinogen to fibrin 
- Factor XIII (covalent cross-linking of fibrin) 
- Platelets (through the PARs, forming the polyanions on 

the platelet membranes for the complexes) 
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B. ADPase 

 

o Endothelial cell ADPase has significant anti-platelet activation effects. 
C. Nitric oxide (NO): See Figure 97-3, Regulation of regional blood flow. 

o NO is produced in endothelial cells and it inhibits platelet adhesion and aggregation.  
o NO also causes smooth muscle relaxation with vasodilation. 

D. Anti-factor anticoagulants: 
1. Tissue factor pathway inhibitor (TFPI) 

 The TF activation of Factor VII is the most important pathway in coagulation. It starts the initiation 
phase, producing trace amount of thrombin that lead to the amplification phase. This thrombin 
burst is the most important effector of both factor and platelet activation. 

 TFPI comes in two forms. TFPI-β is found on the endothelial cell surface. It inhibits the TF/FVII 
complex and Factor X. A second form, TFPI-α, is free in the plasma and inhibits the early 
prothrombinase complex of X/V on the platelet surface. 

2. Thrombomodulin and Protein C 
 When thrombin binds to thrombomodulin on the endothelial cell membrane, thrombomodulin acts as 

a molecular “switch”, transforming thrombin into an anti-coagulant, through its activation of Protein C 
 Protein C, with Protein S on the platelet surface, inactivates Factor VIII in the tenase complex and 

Factor V in the prothrombinase complex. 
• Factor V Leiden has an amino acid substitution that inhibits its inactivation by Protein C 

 Protein C, along with Factors II, VII, IX and X, requires carboxylation by Vitamin K.  As Protein C has 
about the same half-life as Factor VII, about 6 hours, Protein C may decrease before Factor VII when 
warfarin therapy is initiated. This puts the patient into a hypercoagulable state. For this reason, 
heparin is used for 1-2 days at the start of warfarin anticoagulation. 

 
3. Anti-thrombin (also known as anti-thrombin III; ATIII) 

 There are several circulating anti-thrombins, of which anti-thrombin III (ATIII or AT) is the most important. 
 ATIII inhibits many factors, most importantly Factors II and X 
 Congenital defects of ATIII can be quantitative or qualitative.  
 Acquired ATIII deficiency is seen in nephrotic syndrome and results in renal vein thrombosis. 
 ATIII is the target of heparin. 

4. Heparin-like substances 
 Endothelial cell surfaces are coated in glycosaminoglycans (repeating units of disaccharides with 

acetyl and sulfyl groups), which give them a slippery, non-binding surface (think “slime”). 
 The most abundant GAG is heparan sulfate, which differs from heparin only by the proportion and 

types of acetyl and sulfate groups 
 Heparin sulfate has a binding site for ATIII that increases its activity >1000 fold. 

5. Tissue plasminogen activators (tPA) 
 tPA activates plasminogen to plasmin, which then cleaves fibrin and fibrinogen into fragments, called 

fibrin degradation products (FDPs). 
• The smallest FDP is D-dimer. 

Low dose aspirin in cardiovascular disease 
The rational for low dose aspirin (ASA) in patients with high risk of atherosclerotic 
cardiovascular disease (ASCVD) is that ASA irreversibly binds COX-1, and that inhibits TXA2 
production for the life of the platelet. By comparison, low dose ASA only minimally inhibits 
COX-2, so that there is little decrease in endothelial cell PGI2 production.  
Note that the risk of hemorrhage with ASA use becomes greater than the cardiovascular 
benefit with increasing age. 

“Heparin before warfarin” (see text)           
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 Plasmin is most active when it is bound in complex with fibrin. Plasminogen binds to fibrin strands 

during clot formation, and this then optimizes plasmin’s actions during termination of clotting. 
 Alteplase is a recombinant tPA used in acute arterial thrombosis (STEMI, ischemic stroke, 

pulmonary embolism). 

 

Diseases of thrombosis 

Pathologic thrombosis clinically manifests as venous 
thromboembolism with an abnormality in one or more of three 
factors:  

o Hypercoagulability 
o Abnormal blood flow (i.e. stasis) 
o Injury to the endothelium 

It most commonly manifests as deep vein thrombosis (DVT) of the   
leg with the attendant risk of pulmonary embolism. 

 

Hereditary diseases of thrombosis 

Factor V Leiden 

Factor V Leiden is a mutated form of Factor V that resists inactivation by Protein C. 

Epidemiology: 

o Factor V Leiden has a prevalence of 5-10%, depending upon the population studied. 
o It has a lifetime risk of ~5% for venous thromboembolism (VTE) 

  

Figure 99-3 Virchow’s triangle. 

Figure 99-2 Anti-thrombotic pathways. 
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Pathophysiology: 

o Caused by a single nucleotide mutation (guanine to adenine) that results in an amino acid substitution 
(written as:  Factor V R506Q, where R=arginine and Q=glutamine), which eliminates the Factor V cleavage site 

o Autosomal dominant inheritance. 
o Factor V is activated by thrombin and together with Factor X, forms the prothrombinase complex which 

creates more thrombin in an explosive feedback loop. (For more, see: Chapter 97. Hematology, Bleeding 
disorders, Hemostasis and Testing) 

o Thrombin creates its own negative feedback loop by binding to thrombomodulin on the surface of normal 
endothelial cells. This thrombin/thrombomodulin complex then activates Protein C, that, together with 
Protein S, inhibits Factor VIII of the tenase complex and Factor V of the prothrombinase complex. This helps 
regulate clot propagation. 

Presentation: 

o Most common is deep vein thrombosis (DVT) in the leg, with risk of pulmonary embolism (PE). 
o In a patient with a history of a previous VTE, the likelihood of underlying Factor V Leiden is 25-50% 
o Testing: 

 Testing for Factor V Leiden should be performed with a positive family history, recurrent DVTs, DVT at a 
young age (e.g. <50 years old), or thrombosis in a vein other than the leg. 

 Testing can be for the DNA mutation or with a functional assay for activated Protein C resistance. 
 The typical functional assay adds increasing concentrations of activated Protein C (APC) to the patient’s 

plasma. Normal patients show prolongation of the PTT due to inhibition of Factors X & II by activated 
Factor V (see image). 

Natural history/ Treatment: 

o The usual anticoagulation for a VTE event. 
o Patients are managed as a high risk individuals for surgery. 
o Birth control pill use is not recommended. 

Prothrombin G20210A 

Epidemiology: 

o Present in 2% of Caucasians. 
o Inherited as an autosomal dominant disease 

 Heterozygotes have a 3-4 fold increased risk for VTE, higher in 
homozygotes. This goes to 15-fold with oral contraceptive use. 

Pathophysiology: 

o Thrombin is the central protein in the coagulation pathway (see Regulation of the coagulation cascade above). 
o Prothrombin G20210A is a single nucleotide substitution of adenine (A) for guanine (G) at the 20210 position 

of the prothrombin gene (hence its name) 
o The mutation is in an untranslated region that seems to increase the activity of the mRNA, resulting in 

increased levels of plasma prothrombin, by about one-third.  
o It is presumed that the high prothrombin levels results in increased thrombin production and 

hypercoagulable state.  

Presentation: VTE 

o Testing: 
 Warranted with (+) family history, VTE at an early age (i.e. <50 years), recurrent VTE, VTE in a vein other 

than the leg. 
 Genetic testing by PCR for the G20210A substitution. 

Figure 99-4 Factor VLeiden 

functional assay. 
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o The same as for any other VTE: anticoagulation for 3/6 months. 
o Prophylaxis is not indicated 
o Oral contraception should be avoided. 

Protein C deficiency 

It may be difficult to differentiate hereditary from acquired Protein C deficiency, as there are many conditions 
that have decreased Protein C levels. These include cancer, dialysis and Vitamin K antagonists (e.g. warfarin) or 
Vitamin K deficiency. 

Pathophysiology: 

o Protein C is a member of the family of serine proteases produced by the liver, with post-translational              
γ-carboxylation by a Vitamin K-dependent carboxylase. 

o Protein C has a short half-life comparable to that of Factor VII (6-12 hours). 

 

 
 

 

 
 
 
 

o Hypercoagulable states start with levels <50% normal. Lower levels manifest earlier in life (e.g. <20% - in 
adolescence; <1% - in neonates). 

Presentation: VTE ± PE is most common. 

o Testing: 
 Factor S levels <50% normal 
 Testing is indicated with a (+) family history, VTE at an early age (i.e. <50 years), recurrent VTE, VTE in a 

vein other than the leg and in warfarin-induced skin necrosis. 

Natural history / Treatment: anticoagulation, indefinitely 

 

Anti-thrombin deficiency (AT, aka antithrombin III) 

Pathophysiology: 

o Anti-thrombin (AT) is a serine protease produced in the liver. It inactivates thrombin and multiple other 
coagulation factors. 

o Heparin binds to AT and increases its activity 1000 fold. 
o Anti-thrombin deficiency may be inherited or acquired. 

 Inherited deficiencies are rare and may be quantitative or qualitative. 
 Acquired deficiency is relatively common and a good example is seen in nephrotic syndrome,               

with its renal loss of proteins, including AT. 
o 5% of nephrotic syndrome patients develop renal vein thrombosis. 

  

 

Warfarin-Induced Skin Necrosis 
It is well known that warfarin therapy can decrease Factor S levels before decreases in Factors 
VII, II, IX and X. This hypercoagulable state can result in microvascular thrombi throughout the 
cutaneous vessels leading to necrosis. This is the same pathology seen in Heparin-induced skin 
necrosis, DIC and anti-phospholipid syndrome (APLS). 
Warfarin-induced skin necrosis is a particular risk in patients with low levels of Protein C. The 
thrombosis can be prevented by starting warfarin therapy with heparin. 
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Presentation: VTE 

o Testing:  
 Decrease in AT activity to <50%. 
 Testing should be performed only in high prevalence situations: 

• (+) family history. 
• VTE at a young age (e.g. adolescence). 
• Heparin resistance. 

 

Acquired Diseases of Thrombosis 

Anti-phospholipid syndrome (APLS) 

APLS is an autoimmune disease with venous or arterial thrombosis and/or miscarriages in the setting of                
anti-phospholipid antibodies (aPL). 

Pathophysiology: 

o APLS may be primary or secondary to a connective tissue disease, especially SLE. 

Presentation: 

o VTE, especially in a young person, or unexpected or repeated miscarriages 
o Testing: 

 Lupus anti-coagulant 
• Prolongation of the PTT test that is not correctable with normal plasma.  
• The sensitivity of the correction can be manipulated by the dilution of the normal plasma. Failure of 

correction with a patient: normal plasma ratio of 80%:20% is sensitive (i.e. low titers of anti-coagulant), 
while correction requiring a 50:50 ratio will correct all APLS patients except those with very high anti-
coagulant titers. 

 Anti-phospholipid antibodies (aPL) 
• Testing is for antibodies to 2 major factors: cardiolipin and β2-glycoprotein. 
• Cardiolipin is a phospholipid that binds other proteins, commonly β2-glycoprotein. 
• β2-glycoprotein inhibits many steps in coagulation regulation.  
• The aPL complexes inhibit many of the systems that regulate the coagulation cascade. 

Natural history / Treatment: 

o Standard anticoagulation after thrombotic event (e.g. warfarin with initial heparin) 
o Anticoagulation duration is lifetime. 
o There is no good evidence for prophylactic anticoagulation. 
 

Drug-induced thrombosis 

A. Heparin-induced thrombocytopenia 

Pathophysiology: 

o After more than 4 days of heparin therapy, 5% of people will form auto antibodies to platelet factor 4 (PF4). 
This is a life-threatening condition. 

o PF4 is a protein released from the alpha granules upon platelet activation. It has anti-heparin function and 
binds to heparin on the surface membrane of platelets and heparan sulfate on the surface of endothelial cells 

o IgG on platelets activates them and incurs their removal in the spleen, leading to thrombocytopenia 
o Endothelial damage leads to dysregulation of coagulation and thrombosis 
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o 5-10 days after start of heparin therapy, patient develop thrombocytopenia and thrombosis of both              
veins and arteries 

o DVT of the leg 
o Skin necrosis: usually at the site of injection 
o Limb necrosis: due to venous thrombosis 
o Testing: 

 Diagnosis is based on the “4 T’s”: 
• Thrombocytopenia in days 5-10 
• Tissue necrosis 
• Timing: 5-10 days after the start of the therapy 
• Other causes have been ruled out. 

 Anti-PF4/heparin antibodies 

Natural history / Treatment: 

o Stop heparin 
o Direct oral anticoagulant (not warfarin as it may have an initial prothrombotic start due to decreased    

Protein C decrease. 
 

B. Warfarin-induced skin necrosis 

Warfarin inhibits the synthesis of Vitamin K dependent factors II, VII, IX and X, together with Proteins C and S. 
Protein C has a relatively short half-life (~8-12 hours) and may decrease before that of Factor VII (~6 hours). This 
would make the patient hypercoagulable. 

This hypercoagulable state can cause thrombosis of the vessels of the skin, with ischemia and skin necrosis. 

Presentation: lesions appear several days after the start of warfarin therapy. If heparin is also being used, then the 
lesions start with the discontinuation of the heparin. 

Testing: decrease in Protein C <50% normal 

Treatment: 

o Stop warfarin 
o Start heparin and some other anticoagulant 
o Give Protein C 

Consumptive coagulopathies (DIC, TTP, HUS): (see: Chapter 98. Bleeding disorders) 

 

Deep vein thrombosis (DVT) and pulmonary embolism (PE) 

DVT of the leg is the most common manifestation of venous thromboembolism (VTE)  

The “deep” veins run beneath the fascial plane and run alongside the arteries (i.e. femoral > popliteal > tibial / fibular). 

o The “superficial veins” run in the subcutaneous fat (i.e. saphenous vein and its branches) 

Pathophysiology:  

o DVT are highly associated with a hypercoagulable state and a risk factor can be identified in over 80% of cases. 
o The risk factors are often multiple and involve one of the elements of the Virchow triangle. 
o Proximal vein thromboses (i.e.  popliteal vein and proximal) are the most likely to embolize, although most 

emboli are asymptomatic 
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o Distal vein thromboses (i.e. calf) are the most likely to cause a paradoxical embolus as they are small enough 
to pass through the foramen ovale 

o Superficial vein thrombi are significant when they lead to varicose ulcers. They are associated with PE, but are 
too small to cause symptoms on their own 

Presentation:  

o Usually unilateral and symptoms are as proximal as the thrombus 
 Swelling (affected calf >3 cm larger than the other) 
 Pain  
 Warmth 

o Testing: 
 The goal is to “rule-in” the diagnosis (post-test probability      

> 90%) or rule-out the diagnosis (post-test probability <2%). 
 If DVT is unlikely then a D-dimer test is performed.                  

If negative; DVT is ruled-out. 
 If DVT is likely, then ultrasound of the internal iliac and leg 

veins is performed 
 

 

Natural history / Treatment:  

o Anticoagulation. Direct oral anticoagulants (DOAC) are now preferred (e.g. rivaroxaban, dabigatran) 

Pulmonary embolism (PE) 

PE is not a diagnosis but a complication of DVT. 

It has a broad spectrum of disease. 

o Acute, subacute and chronic 
o Symptomatic and asymptomatic 
o Massive (i.e. with hypotension) or small 
o Solitary versus multiple 
o Infarctive versus non-infarctive 

This discussion will be for acute, solitary, symptomatic PE. 

Pathophysiology: 

o Initially, PE increases dead space, as the affected region will have normal ventilation but no perfusion. 
o Over the next hours, bronchospasm and vasospasm lead to V/Q mismatching. 
o This is the major cause of hypoxia 
o V/Q mismatching worsens over time as decreased surfactant production leads to atelectasis. 
o Infarction is unlikely unless there is underlying lung disease such as COPD as the systemic bronchial blood 

supply maintains viability. 
o Fatal outcome is not due to hypoxia, but rather shock from the decreased cardiac output due to the 

obstructing embolus. 

Presentation: 

o The commonest symptom is rapid onset of dyspnea (85% over seconds to minutes), followed by a dull 
pleuritic chest pain (66%). All other symptoms are present <40% of the time and even large emboli                 
may be asymptomatic. 

Likelihood of DVT (Modified Wells score) 

- Cancer 
- Immobilization 
- Major surgery 
- Tenderness of calf 
- Swollen leg 
- Swollen calf 
- Pitting edema 
- Superficial veins dilated 
- No other explanation identified 
- Previous history of DVT 

If any two findings are present, then DVT 
is likely. 
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(i.e. >16 breaths/min). 

o Diagnosis 
 As with DVT, investigation is divided into “unlikely – rule out” and “likely – rule in” categories. 

• If PE is “unlikely: D-dimer 
• If PE is “likely”: CT angiogram 

Natural history / Treatment: 

o Hemodynamically unstable: 
 Defined as systolic BP < 90 mmHg. 
 Called “massive” PE. 
 Revascularization with thrombolytic therapy. 
 Embolectomy if thrombolytics fail. 

o Hemodynamically stable: 
 Anticoagulation (subcutaneous heparin or anti-Factor X such as rivaroxaban). 

 

High risk for pulmonary embolism 
- Age >65 years 
- HR > 100 /min 
- Evidence of DVT 
- Previous DVT or PE 
- Hypercoagulable risk factors 

Fresh blood is radiopaque, 
and as so appears white. 

After 2-3 weeks, clot becomes 
radiolucent and so appears gray. 
This older clot is across the 

   
    

Figure 99-5 CT angiogram: saddle pulmonary embolus. 
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Chapter 100. Hematology: Disorders of the neutrophil 

Neutrophil structure and function 

Nomenclature: 

o The neutrophil has several different names, reflecting its long history of identification by microscopy. 
o Polymorphonuclear cell (PMN): 

 This reflects the distinctive shape of the nucleus, with mature forms having 
regions with no chromatin. It is thought that this shape allows for the cell to 
squeeze through tissues more easily than a non-compressible sphere. 

 Pelger-Huet anomaly: a benign autosomal dominant defect in neutrophil 
division. Its importance lies in granulocyte differentials, as it looks like an 
immature band cell. Acquired “pseudo-Pelger-Huet” morphology is seen in 
numerous hematologic diseases. 

 Hyperlobation (5 or more lobes) is described in megaloblastic anemias. 
The mechanism is not well understood. 

o Neutrophil: 
 Hematology rests on a long history diagnosis based on the peripheral 

blood smear (PBS) and bone marrow aspirate and biopsy. The PBS and BM aspirate use 2 stains: 
• Basophilic dye: a basic dye, it binds to acids like DNA & RNA, giving them a blue color                      

(e.g. methylene blue). Model cell is the basophil. 
• Acidophilic dye: binds to basic compounds such as proteins, giving them a red color                               

(e.g. eosin Y). Model cell is the eosinophil. 
• Common stains used in hematology: Romanowsky, Giemsa and Wright (in the USA). 

 The neutrophil is the granulocyte that does not have cytoplasmic staining for either basophilic or 
eosinophilic dyes. 

o Granulocyte: 
 These are all the cells that have prominent cytoplasmic granules: neutrophil, eosinophil and basophil. 

The neutrophil is by far the most common of these cells in routine clinical practice and so “granulocyte” 
refers to the neutrophil unless otherwise specified. 

Neutrophil granules: 

o Azurophilic (aka 1°) granules 
 The equivalent of the lysosome as it contains proteases. 
 Also contains myeloperoxidase, which uses peroxide to produce        

HOCl (bleach) for killing. 
• MPO gives pus its yellow-green color. 
• MPO deficiency is clinically benign. 

o Specific (aka 2°) granules 
 Most important: 

• MMPs to dissolve bacterial membranes 
• Lactoferrin to bind iron, making it unavailable to bacteria 
• NADPH oxidase to make ROS for HOCl production (oxidative burst) 

o Deficiency of NADPH oxidase is the cause of chronic granulomatous disease. 
o Gelatinase (aka 3°) 

 Only identified by scanning electron microscopy 
 The gelatinase dissolves extracellular matrix for migration 

o Secretory (aka 4°) 
 These contain the membrane receptors for PAMPs and DAMPs (e.g. fLMP) 

o The activation sequence of the granules is 4 3 2 1 

Azuro-philic 

Figure 100-1 Pelger-Huet 
anomaly. 

Figure 100-2 Azure blue. 
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Regulation of neutrophils: 

 

Granulopoiesis 

o All the hematopoietic cells derive from hematopoietic stem cells (HSC). These are regulated by osteoblasts of 
the endosteum. HSCs are found in the subendosteal space, which is a specialized microenvironment for HSC, 
called the endosteal niche. 

o Neutrophils arise out of the common myeloid progenitor (CMP).  
o Granulopoiesis goes through a maturation sequence with progressive loss of mitotic capability and nuclear 

function and increasing specialized cytoplasmic granules: 
 Granuloblast > promyeloblast (1° granules) > myelocyte (2° granules) > metamyelocyte (no mitosis)           

> band > mature neutrophil 

Surprising little is known about the life cycle of the neutrophil. Most information is 
either from mouse studies or bone marrow transplantation. The following discussion 
is a synthesis of these 2 different bodies of knowledge and is accurate as of mid-2020. 

 

Figure 100-3 Hematopoiesis. 
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Neutrophil production in the resting state: 

o Figure 100-4 #1. The level of neutrophil production in a non-inflammatory state (i.e. the set point), is driven 
by bacterial products of the microbiome, the PAMPS (pathogen associated molecular pattern). PAMPs 
increase G-CSF production. 
 Sterile mice have severe neutropenia. 

o Figure 100-4 #2a. The most important stimulator of granulopoiesis is G-CSF (granulocyte stimulating factor). 
G-CSF is produced by many cells, including osteoblasts. 
 G-CSF increases proliferation in all precursors capable of mitoses, collectively referred to                        

as the “mitotic pool”.  
 Synthetic G-GSF (e.g. filgrastim) can be used in neutropenia. 

o Figure 100-4 #2b. In addition to increased production of neutrophils, osteoblasts decrease synthesis of            
CXCL-12 with inflammatory cytokines such as IL-17. 
 CXCL-12 is also called stromal derived factor 1 (SDF-1). 
 CXCL-12 binds to the CXCR4 on the neutrophil, inhibiting its egress from the bone marrow into the circulation. 

o Figure 100-4 #3. Diurnal oscillation and intrinsic aging 
 There is an increase in circulating neutrophils in the morning and a decrease at night. 
 Release in the morning is under control of the sympathetic nervous system (SNS) and therefore 

presumptively the hypothalamus. 
 The SNS stimulates stromal cells to decrease CXCL-12, allowing neutrophils to egress the marrow. 

Figure 100-4 Regulation of neutrophils. 
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o Figure 100-4 #4a. Most of the circulating neutrophils will enter the tissues. Lung is a model organ and seems 
to be a preferred organ for non-activated neutrophils. 
 This makes the lung vulnerable to cytokine activation of neutrophils in acute systemic inflammation, with 

the sequela of acute respiratory distress syndrome (ARDS). 
o Figure 100-4 #4b. Over 8-12 hours, there is gradual upregulation of CXCR-4 on neutrophil membranes.          

This triggers phagocytosis by resident macrophages and dendritic cells in the tissues. Tissue phagocytic          
cells then release IL-23. Aging neutrophils still in the circulation are mostly phagocytosed in the liver,           
which also then releases IL-23. 

o Figure 100-4 #5. IL-23 is a stimulatory cytokine for TH17 lymphocytes. These produce IL-17, a                        
pro-inflammatory cytokine. In the marrow, it has multiple effects, including release of G-CSF. This means that 
the tissue levels of neutrophils are a major feedback regulator of bone marrow production. In the resting 
state, increase in tissue neutrophils results in decreased production. 

Neutrophil response in acute systemic inflammation 

o Bone marrow is a major reserve pool for neutrophils. There are 2 pools of neutrophils in the bone marrow. 
There is the proliferating, or mitotic pool and there is a larger pool of committed granulocytes. These              
post-mitotic PMNs undergo maturation of nucleus and granules over 7-14 days and can be released in            
systemic inflammation by cytokines like IL-17. 
 The most immediately available pool of neutrophils can be found in the circulation, followed by 

neutrophils sequestered in the lung. Both of these pools are mostly refreshed daily. 
o When local infection becomes severe enough, blood cytokine levels stimulate systemic responses.                 

The cytokines often work synergistically in stimulation. 
 IL-1: increase body temperature set point (fever). This is of unknown benefit. 
 Il-6: acute phase reactants from the liver. There are >30 proteins that have different functions in 

infection. A number of proteins sequester iron, a rate limiting factor for bacteria (↑ferritin, ↑hepcidin, 
↓transferrin), some protect from ROS (α2-macroglobulin), PRRs (↑CRP) and increased coagulation 
(↑fibrinogen, ↑platelets). 

 TNF-α: numerous pro-inflammatory functions 
 IL-17: increased marrow production and release of neutrophils. IL-23 in concert with IL-1 increases 

production of IL-17 from TH17 lymphocytes. 
 

Neutrophil signaling 

Neutrophils cross communicate with other cells of the immune system. Far from being single function killing machines, 
they actively participate in the innate and adaptive immune processes. 

Local mediators released by neutrophils: 

o Arachidonic acids: 
 Leukotrienes: LTB4, a chemokine that acts as an anaphylatoxin  
 Prostaglandins: PGE2 induces vasodilation, increases vascular permeability, and increases pain 

o Platelet interaction 
 P selectin is expressed on the surface of platelets and endothelial cells activated by cytokines. PMNs have 

P-selectin ligand. This closely ties inflammation to coagulation. 
 PMN NETs (neutrophil extracellular traps) bind TFP1, a pro-thrombotic protein 

Systemic mediators: neutrophils release many cytokines, most of which are chemotactic and pro-inflammatory. 
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Quantitative diseases of the neutrophil: 

Neutrophilic leukocytosis (aka neutrophilia) 

The usual reference range of neutrophils in the blood is 2,000 -8,000 /mm3. There is variation between laboratories 
in the reference range depending on the sensitivity/specificity trade-off made for different clinical environments. 

Pathophysiology: 

o Stress neutrophilia (aka physiologic): 
 Circulating neutrophils travel in 2 equal pools, a circulating pool and a marginating pool. In stress 

situations, including exercise and anxiety, the release of corticosteroids or adrenaline can cause the 
marginating pool to enter the rapidly flowing circulating pool, called demargination. It is this pool from 
which blood is drawn in the CBC, giving an apparent elevation in the neutrophil count. 

 Stress neutrophilia can be differentiated from systemic acute inflammation by the differential leukocyte 
count (as immature neutrophils in the peripheral blood require a cytokine signal for their release) or an 
elevated CRP (as this reflects an IL-6 signal to the liver with an acute phase reactant release). 

o Pathologic neutrophilia is due to cytokine signaling from the site of acute inflammation. Of greatest 
importance is IL-17 produced by TH17 lymphocytes. The production of IL-17 is increased by IL-23. 

o Acute inflammatory cytokines stimulate: 
 Increased production of neutrophils in the bone marrow 
 Early release of immature neutrophils from the marrow. This is called a “left-shift” when seen on the 

peripheral blood smear and the most common cell is the band neutrophil. 

Disease states with granulocytosis:  

o Infection, especially bacterial infection 
 Due to PAMPs (pathogen associated molecular patterns) 

o Tissue necrosis 
 Due to DAMPs (damage associated molecular patterns), especially HMGB-1 

o Drugs (especially corticosteroids) 
o Leukemoid reaction: 

 An exaggerated response to a serious infection, typically defined as a neutrophil count > 40-50,000 /mm3. 
 It is a more a term of historical significance as it was difficult to differentiate a pathophysiologic response 

to stress from chronic myelogenous leukemia (CML) prior to genetics testing. 
 Unlike leukemias, leukemoid reactions have no underlying abnormalities of RBCs, platelets and no blasts 

should be seen on the PBS. 
  

Figure 100-5 Granulopoiesis and distribution of neutrophils. 
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o Leukoerythroblastic reaction: 
 The release of hematopoietic cells from the bone marrow is highly regulated.  

The presence of normoblasts (i.e. nucleated RBCs) and immature granulocytes 
(i.e. bands and younger) is only seen when there is extreme system stress such 
as severe trauma, sepsis or shock. 

 In the absence of obvious stress, the presence of normoblasts and immature 
granulocytes is due to a bone marrow pathology that is destructive of marrow 
architecture. This includes: 
• Metastasis 
• Fibrosis 
• Granulomas 

 

Qualitative diseases of the neutrophil: 

Leukocyte adhesion deficiency (LAD) disease: 

o Abnormalities of the CD18 integrin family can be quantitative or qualitative. 
 In the macrophage family, this is CD11b/CD18 (aka LFA-1) 

o If CD11b/CD18 levels are <2%, there is severe immunodeficiency and death by age 2 years 
o If CD11b/CD18 are 2-30%, the individual can live into adulthood 

Pathophysiology: 

o CD11b/CD18 is necessary for fast adhesion of the neutrophil to ICAM of the endothelial cell in neutrophil 
activation. Failing this, neutrophils cannot migrate to the site of infection. 

Presentation: 

o Persistence of the umbilical stump for >30 days post-delivery; omphalitis 
o Recurrent bacterial infections and sepsis 
o Periodontitis.  
o Inability to form pus 

Chediak-Higashi syndrome: 

o An abnormal cell organelle trafficking protein leads to defective granule formation and movement 
o Melanocytes / melanosomes: albinism 
o Neutrophils / 1° granules and chemotaxis: infections 
o Platelets / serotonin storage granules: bleeding diathesis 
o Neurons / giant granules: degenerative neurologic disease. 

Figure 100-6 Normoblast. 

Figure 100-7 Bone marrow metastases. 
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Chronic granulomatous disease (CGD): 

Pathophysiology:  

o Mutations in NADPH oxidase lead to an inability to create ROS for a respiratory burst to kill bacteria and fungi. 
o The most common inheritance is X-linked 

Presentation: 

o Recurrent serious bacterial and fungal infections, most commonly lung. 
 Median age for diagnosis is 2-3 years. 
 Bacteria without catalase produce enough endogenous ROS that they can provide enough for                  

HOCl killing e.g. Streptococci. 
o Testing: 

 Nitroblue tetrazolium test: the patient’s neutrophils are incubated with the colorless dye 
• ROS  blue color 
• No ROS (CGD)  yellow 

Other diseases in which the neutrophil plays a key role 

COPD: 

o The pathology of chronic bronchitis and emphysema are strongly connected to cigarette smoking. Cigarette 
smoke initiates an influx of neutrophils. 

o The pathophysiology is not clearly understood but neutrophil damage includes ROS and the release of elastase. 
Other proteases like MMPs show synergistic effects. When anti-proteases like α1-antitrypsin are insufficient, 
adaptation and destruction of the lung follows. 
 Bronchi: mucous gland hyperplasia, epithelial metaplasia 
 Bronchioles: inflammation and fibrosis leading to bronchiolitis obliterans. 
 Alveoli: loss of alveolar septae leads to emphysema 

  

Figure 100-8 Molecular defect in CGD. 



934

Pathophysiology

Rheumatoid arthritis: 

o This systemic autoimmune disease has both genetic and environmental risk factors. Sensitization is thought 
to occur from the formation of neoantigens. For example, smoking creates neoisotopes from protein 
alterations seen for example with citrullination. Cigarette smoke induces PAD (peptidyl arginine deaminase) 
in alveolar macrophages. This enzyme converts arginine to citrulline which forms a neoantigen locus in 
proteins. RA may start as a mucosal disease in the lung. 

o The development of anti-citrullinated protein antibodies (ACPA) activates the innate immune system. APC then 
activate the adaptive immune system in complex ways. Autoantibodies can be found for a decade before clinical 
symptoms, called the pre-RA period. 

o RA has pathology in 2 compartments. There is no unifying explanation connecting the two. 
 Synovial fluid: Neutrophils are the main cell found in the synovial fluid although they are not found in the 

pannus. Recruitment of neutrophils may occur by immune complex activation of C3a and C5a. The PMNs 
release both cytokines which promote pannus formation and proteases which cause direct damage. 

 Synovium: Lymphocytes and macrophages are present but not neutrophils. It is believed that cytokines, 
especially TNF-α, produce the fibroblast-like synoviocytes that make up the destructive pannus. 

 

Systemic lupus erythematosus (SLE) 

o SLE is the model type III hypersensitivity disease. When circulating immune complexes (IC) filter into a tissue, 
the ICs activate complement, C3a and C5a act as anaphylatoxins to recruit inflammatory cells with 
subsequent acute inflammation. 

o Tissues that trap immune complexes include: 
 Basement membrane of skin: rashes 
 Serosa: pleuritis and pericarditis 
 Glomerulus: 2° glomerulonephritis 
 Blood vessels: cerebritis 
 Synovium: arthralgia / arthritis 

o SLE is an autoimmune disease with antibodies against nuclear proteins. There is evidence suggesting that 
the DNA exposed in neutrophil extracellular traps (NET) give significant exposure of nuclear proteins to  
the immune system.  

 

Anti-neutrophil cytoplasm antibody (ANCA) vasculitis 

o Granulomatosis with polyangiitis (GPA, formerly known as Wegener vasculitis), eosinophilic GPA (Churg-
Strauss disease) and microscopic polyangiitis (MPA) are all autoimmune diseases targeting the neutrophil. 

o Pathophysiology: Neutrophils are highly sensitized by the targeting antibodies (i.e. anti-PR-3 and anti-MPO) 
and easily degranulate, causing damage to the surrounding vasculature with ischemia to the tissues. 

 

Gout 

o The uric acid crystals in synovial fluid trigger the neutrophil influx of the acute arthritis.  
o Uric acid is a non-protein DAMP (damage-associated molecular pattern). In macrophages, the PRR (pattern 

recognition receptor) is a Nod-like receptor (NLRP3) that forms the inflammasome when activated. 
o The inflammasome is a protein complex that produces IL-1. IL-1 initiates the neutrophil activation cascade. 

 Anti-IL-1 drugs like anakinra are used in treating resistant gout. 
o Neutrophil degranulation causes tissue damage in the joints 
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Chapter 101. Hematology: Hematopoietic neoplasms 

Introduction 

Within the professional career of this author, there have been 9 different major classifications of hematologic 
neoplasms, the most current being the WHO classification of 2008, revised in 2016. In this most recent 
classification, there are about 150 discrete diagnoses: 75 of the lymphoid/antigen presenting cell, 25 myeloid 
and 25 acute neoplasms. 

The 2016 WHO classification uses morphologic, immunophenotypic, genetic and clinical features to define distinct 
clinical entities. 

Nomenclature in hematopoietic neoplasms has several problems: 

o The WHO does not classify the neoplasms by aggressiveness, in part because behavior varies so widely 
between individuals. Evaluation of treatments does require a sense of prognosis however and so these 
general terms are used: 

o Indolent: survival is in years (e.g. follicular lymphomas, CLL/SLL) 
o Aggressive: survival is in months (e.g. DLBCL, T-cell lymphomas) 
o Highly aggressive: survival is in weeks (e.g. pre-cursor lymphoblastic leukemia/lymphoma; aka ALL) 
o Hodgkin lymphoma (HL) versus non-Hodgkin lymphoma (NHL) 
o Historically, lymphomas used to be divided into HL (formerly Hodgkin’s disease) and NHL because HL has 

distinct pathologic and clinical features and a generally good prognosis. Now, with effective lymphoma 
treatments, HL can be considered just another lymphoma, albeit one with a distinctive cell                              
(i.e. Reed-Sternberg cell). 

o Leukemia versus lymphoma 
o Historically, if a hematologic neoplasm had its cells present in the blood, the disease process was called a 

leukemia. If the neoplasm presented in a solid organ, such as a lymph node, it was called a lymphoma. It is 
now appreciated that the space that a hematopoietic neoplasm occupies is of minor importance. It is the 
characteristics of the neoplastic cell that matters. Thus we get the joining of diseases that were once 
considered to be different: chronic lymphocytic leukemia/small cell lymphocytic leukemia (CLL/SLL) and acute 
lymphoblastic leukemia/lymphoma. 

o Classification by treatment susceptibility 
o Rituximab and CD20: CD-20 is a membrane protein of uncertain function found on B-cell lymphocytes. 

Rituximab is an anti-CD-20 antibody that induces cell death by antibody- dependent cell mediated cytotoxicity 
(ADCC) as well as complement activation and apoptosis. Rituximab is effective in any lymphoid neoplasm with 
high CD-20 levels (e.g. NHL, CLL/SLL, Waldenstrom macroglobulinemia). As rituximab also affects normal B-cell 
lymphocytes, can also be used in autoimmune diseases such as granulomatosis with polyangiitis and arthritides 
that do not respond to TNF-α inhibitors. 

o Bruton tyrosine kinase (BTK) inhibitors 
 BTK is critical in B-cell receptor (BCR) signal transduction. The family of BTK inhibitors (all called ___brutinib) 

were originally used in treating CLL/SLL but have been found to have activity in other B-cell neoplasms such 
as mantle cell lymphoma (MCL), marginal cell lymphoma, follicular lymphoma, and some NHLs. 

85% of lymphomas are one of: 

o Diffuse large B-cell lymphoma (DLBCL): highest incidence 
o Chronic lymphocytic leukemia / small lymphocytic lymphoma (CLL/SLL) 
o Follicular lymphoma (FL) 
o Multiple myeloma (MM) 

These four are the lymphoid neoplasms that should be known in some detail. A few of the others have unique 
features and pathophysiologies, but they require no depth of understanding at the generalist level. These unique 
neoplasms include: 
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o Neoplasms with translocations. 

Translocation Disease Product Action 
t(8;14) Burkitt lymphoma c-MYC Transcription factor 
t(11;14) Mantle cell lymphoma Cyclin-D1 G1-S check point 
t(14;18) Follicular lymphoma Bcl-2 Anti-apoptosis 
t(15;17) APL1 PML-RARA Retinoic acid receptor 
t(9;22) CML2 Bcr-Abl RAS activation 
t(x;18) Synovial sarcoma Ssx Transcription factor 
t(11;22) Ewing sarcoma/PNET3 Ews Unknown  

1. Acute promyelocytic leukemia, 2.  Chronic myelogenous leukemia, 3.  Primitive neuroectodermal tumor 

Hematopoietic neoplasms with distinctive features: 

o Burkitt lymphoma 
o MALToma (marginal zone lymphoma) 
o 1° CNS lymphoma 
o Cutaneous T-cell lymphomas 
o Lymphoplasmacytic lymphoma (aka Waldenstrom lymphoma) 
o Hairy cell leukemia 

Many other hematopoietic neoplasms are rare and poorly understood diseases that can be safely ignored         
until residency. 

                           

Table 101-1 Translocations in cancer. 

Figure 101-1 Classification of important lymphomas. 

Know the diseases 
in RED. 
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Structure of the lymphoid system: see Chapter 8. Adaptive immunity. 

Important hematopoietic neoplasms 

ALL (Acute lymphoblastic leukemia/lymphoma, pre-B/T cell neoplasm) 

Epidemiology: 

o The commonest neoplasm of childhood. There are <6000 new cases with < 1600 deaths/year (including 
adults, there is <1200 total childhood cancer deaths /year)). With effective treatments now available, ALL is 
no longer the number cause of neoplastic death in childhood (now CNS neoplasms). 

o Peak incidence in childhood, with second rise after age 50 years. 
 85%, B-cell ALL: 2-5 years 
 15%, T-cell ALL: adolescence 

Pathophysiology: 

o Most cases have mutations or molecular abnormalities that affect lymphocyte growth and development. 
 Bcr-abl from t(9;22) translocation serves as a good example. Bcr-abl is a unique fusion protein with tyrosine 

kinase activity. The protein in childhood ALL usually has a slightly larger size than the bcr-abl of CML. It has a 
worse prognosis in ALL, but with use of the tyrosine kinase inhibitors, this may not be true in the future. 

o The neoplasm arises in precursor lymphocytes in the marrow, with a different presentation for B-cell ALL 
(bone marrow  leukemia) versus T-cell ALL (thymus  lymphoma). NK-cell ALL is rare. 

o ALL is increased in certain genetic syndromes (e.g. Trisomy 21 (Down syndrome)) but is not hereditary. 
 

Figure 101-2 Site of cellular T-cell and B-cell origins in hematologic neoplasms. 

B-cell ALL 

Lymphoid Myeloid 

CLL/SLL 
T-cell ALL 
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o In the bone marrow, the lymphoblasts suppress normal hematopoiesis. The normal stem cells are still present 
however, and after elimination of the blast cells with treatment, there is a robust rebound in hematopoiesis. 
 Compare this with the myelodysplastic syndromes in which there is pathology in the existing stem cells. 

Chemotherapy induces a profound pancytopenia. 

Presentation: 

o Symptoms 
 B-cell ALL: cytopenia 

• Anemia = fatigue 
• Thrombocytopenia = petechiae, bleeding 
• Neutropenia = fever, bacterial infection (e.g. pneumonia) 

 T-cell lymphoma: thymus 
• Mass effect (mediastinum) = dyspnea, SVC syndrome, chest pain 
• Cytokine production = B symptoms (fever, night sweats, weight loss, malaise)  

o P/E: non-diagnostic (non-palpable petechiae, bone tenderness, organomegaly: liver, spleen) 
o Testing: 

 CBC: 
• Cytopenia (if there is no thrombocytopenia, ALL is unlikely) 
• Leukocytosis if there is a high blast count 

 PBS: 
• Blasts. These are a key finding in the diagnosis ALL. If they are not seen in the PBS, then biopsy is 

necessary (bone marrow for B-cell ALL, thymus for T-cell ALL). 
• Auer rods: myeloid blasts may have fusion of abnormal granules, giving characteristic needle-like shape. 

 Flow cytometry: 
• ALL versus AML 

- ALL: TdT (+), myeloperoxidase (-) 

ALL compared to AML 

While ALL and AML arise in different cell lines (see Figure 101-2), they have clinical similarities. 
Both suppress normal hematopoietic cells, leading to pancytopenia. Both have stormy 
presentations, with a symptomatic onset spanning days to weeks. Infiltrating neoplastic cells 
can cause bone pain by stretching the periosteum and headache with involvement of the 
meninges. Infiltration of the spleen, liver and testicle can lead to organomegaly. 

Figure 101-3 Myeloblast. 
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- AML: 
 MPO (+) 
 Auer rods 

• Subtyping of T-cell versus B-cell (precursors have similar 
morphology) 
- B-cell: CD 19, 20, 22 (+) 
- T-cell: CD 3, 4, 5 (+) 

Natural history: 

o Prognosis: 
 Remission: >90% 

• Failure of remission is higher in high risk patients           
(male, T-cell type, age >6 years, WBC count > 100,000 /mL, 
CNS involvement) 

 Cure: >85% 
o Complications: 

 Relapse and sanctuary sites: recurrence can occur from residual leukemic cells in the CNS and testicles as 
these have poor penetration of the chemotherapeutic drugs. 

 Tumor lysis syndrome: rapid lysis of tumor cells can release cytoplasmic contents 
so rapidly that there is inadequate clearance. With purine release from DNA, there is hyperuricemia.  

o Treatment: chemotherapy with TKI for t(9;22) (+) genotypes 

DLBCL (diffuse large B-cell lymphoma) 

Epidemiology: 

o Most common lymphoma (25% of NHL) 
o Correlates with increasing age (median = 64 years) 
o There is a familial predisposition 

Pathophysiology:  

o The malignant cell is a mature B-cell, correlating to a follicular     
center cell centroblast (aka immunoblast) in the germinal center. 

o Can arise de novo or from a preexisting low 
grade lymphoma 
 For example, CLL/SLL (called a Richter transformation), FL, 

Waldenstrom, MALToma. 
o It is an AIDS-defining neoplasm, especially in the CNS 

  

Figure 101-4 B-cell ALL. 

Table 101-2 Laboratory findings in tumor lysis syndrome. 

Figure 101-5 Lymph node: 
germinal center. 
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Presentation: 

o Symptoms:  
 Mass, anywhere but most commonly neck and abdomen 

• 40% of tumors are extranodal, especially the upper GI tract. 
 B symptoms 

o Physical exam:  
 “Rubbery” firm mass (unlike the spongy feel of edema in acute inflammation or “stony hard” of 

metastatic carcinoma) 
o Testing: 

 Biopsy: typical H&E morphology plus immunophenotyping 
• The presence of t (14;18) suggests evolution from a follicular lymphoma 

Natural history: 

o Prognosis: aggressive, heterogeneous neoplasm. Death within months without treatment 
o Treatment: 

 Low stage (confined to a single radiation field): seen in 1/3 at presentation 
• Chemotherapy and rituximab ± radiation and possible surgery for extranodal masses 

 Advanced stage: chemotherapy and rituximab. 2/3 of patients at presentation 

 

CLL/SLL (Small cell leukemia /small cell lymphocytic lymphoma) 

CLL/SLL is a lymphoid neoplasm with a progressive accumulation of functionally incompetent neoplastic 
lymphocytes. The term CLL is used when the disease manifests primarily in the blood; the term SLL is used when 
involvement is primarily nodal. 

Epidemiology: 

o Highest prevalence of the lymphomas, due to a long median survival (compared to DLBCL which has the 
highest incidence, but a lower survival decreases prevalence). 

o Median age of diagnosis is 70 years. 

Pathophysiology: 

o A monoclonal growth of mature B-cells can be found in 5-15% of people > 60 years of age. 1% /year will 
progress to CLL/SLL 
 The process of malignant transformation is not known. 

o Most patients are asymptomatic until there is organomegaly (e.g. liver, spleen, lymph nodes) or enough 
immunologically defective lymphocytes to have immune dysfunction, either immunodeficiency                       
(i.e. hypogammaglobulinemia) or autoimmunity (up to 25% over patient’s lifetime). 

o Although the lymphocytes of CLL/SLL look like mature lymphocytes, most are in arrested development 
between pre-B cell and mature B-cell range. 

o Phenotypically, CLL/SLL is: 
 CD20(+). It is a B-cell 
 CD5(+). This is usually a T-cell marker. Of unknown significance 
 Minimal surface immunoglobulin, IgM if present. 

o An abnormal karyotype is found in most CLL/SLLs, but no unifying theme has been identified. 

Presentation: 

o Symptoms: 
 Lymphadenopathy (most common) 
 B symptoms 
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 Incidental lymphocytosis on a CBC 
o P/E: 

 Palpable lymph node (“rubbery”) 
 Splenomegaly  

o Testing: 
 CBC: 

• Lymphocytosis (> 4,000 /mL for > 3 months) 
• Cytopenia (↓production with marrow infiltration or autoimmune) 

 PBS: small fragile lymphocytes 
 Immunophenotyping (CD19/20/22, CD5) 

Natural history: 

o Prognosis: extremely variable, from 3-20 years (mean = 10 years) 
 There are many attempts to differentiate indolent from aggressive disease. Clinical staging is most common, 

usually keying on progression of: 
• Volume of disease: lymphocytosis > lymphadenopathy > hepatomegaly / splenomegaly 
• Cytopenia: anemia > thrombocytopenia 

 This is an area of active research 
 Histologic transformation into a more aggressive hematologic neoplasm as a terminal event.                       

Most common is into a DLBCL (Richter transformation) 
o Death occurs either with a terminal event of more aggressive behavior by the CLL/SLL or due to a 

hematologic cytopenia. 
o Cytopenias can be due to marrow failure due to infiltration or due to autoimmune disease (10% AIHA, 2-5% 

ITP, 1-2% immune neutropenia). 
o Treatment:  

 Treatment is for complications of disease progression and not for cure. 
 

Follicular lymphoma (FL) 

Pathophysiology: 

o Most FL have a t (14;18) translocation that gives overexpression of BCL-2. This inhibits apoptosis. 
o This alone does not result in FL. There are additional defects in the antigen receptor gene diversification that 

occurs in the germinal center. Class switch recombination (e.g. IgM  IgG) and somatic hypermutation 
implicate the RAG genes that are central to this process. 

o The malignant lymphocytes have morphology of both the light zone (small cleaved follicular center cells aka 
centrocytes) and dark zone (large cleaved follicular center cells aka centroblasts). 

o Pathology:  
 Lymph node architecture has a follicular (or “nodular”) pattern 
 Neoplastic cells: small cleaved and large cleaved follicular center cells 
 Immunohistochemistry:  

• BCL-2 +. CD20 + (B cell), CD 5 – (not CLL/SLL) 

 

Figure 101-7 Lymph node: germinal center 
*Light zone: proliferation & hypermutation, *Dark zone: isotype switching & affinity maturation 

 

Figure 101-6 CLL. 
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Figure 101-9 Serum protein electrophoresis with an “M” spike. 

Presentation: 

o Symptoms:  
 Median age at presentation is 65 years. 
 Painless lymphadenopathy over months to years. 
 10-20% present with B symptoms. 

o P/E: 
 Lymphadenopathy (“rubbery” to palpation). 
 Splenomegaly, hepatomegaly. 

o Testing: lymph node biopsy. 

Natural history: 

o Prognosis: variable. With extensive disease, 3-4 years, with little disease, 7-9 years. 
o Treatment: 

 Most patients have systemic disease at the time of diagnosis (i.e. Stage 4). 
 If disease is geographically confined to a single radiation field, cure with radiation is possible. 
 Widespread disease can have watchful waiting with treatment for symptoms (rituximab and chemotherapy) 

 

Multiple myeloma (MM) 

Pathophysiology: 

o A clonal proliferation of neoplastic plasma cells.  
o Preceded by a premalignant stage of proliferation called monoclonal gammopathy of uncertain significance 

(MGUS). This is seen in 3% of individuals >50 years with a malignant transformation rate of 1% /year. 
o While plasma cells are formed in lymph nodes, the bone marrow provides the microenvironment for the 

neoplastic cells (hence “myeloma” = bone marrow) 
o Most neoplasms have chromosomal defects, usually involving the IgH locus on chromosome 14, with 

defective isotype switching (i.e. IgM  other Ig’s). 
o Malignant plasma cells secrete: 

 Immunoglobulins 
• The immunoglobulin has gone by various names, including: paraprotein, M-protein, monoclonal 

gammopathy and dysproteinemia. 
• The immunoglobulins of MM are found in the same proportion as normal serum: IgG > IgA > IgE 
• Immunoglobulins to not clear the glomerulus and so only form a monoclonal spike (i.e. M-spike) in 

the serum, seen with electrophoresis (SPE). 

The “M” spike is associated with hypogammaglobulinemia of the normal immunoglobulins and patients are 
immunodeficient 

 

 

 

 

 

 

 

Figure 101-8 “Follicular” 
architecture in follicular lymphoma. 
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• 90% of cases have excess production of light chain. This does clear the glomerulus and can be     
found by urine electrophoresis. 
- Light chain is not detected by dipstick, which identifies albumin 
- Light chain can gel in the tubules, forming obstructing casts and having direct toxicity to     

tubular cells. This leads to renal failure. 
- Light chain can β-pleat, forming amyloid. This deposits in the glomerulus, leading to        

nephrotic syndrome. 
o Cytokines 

 Production of RANK-L leads to an activation of osteoclasts with bone resorption and hypercalcemia. 
 Onset of osteolytic activity marks malignant transformation from MGUS status. 

Presentation: 

o Symptoms: 
 Fatigue from anemia (marrow replacement; ↓EPO from renal failure) 
 Renal failure (stage 4: hypertension, anemia) 
 Bone pain (lytic lesions) 
 Hypercalcemia (“bones, stone, moans with psychic groans”) 

o P/E: 
 Non-specific 

o Testing: 
 Diagnosis of multiple myeloma is the triad of 

• Plasmacytosis (>10% of bone marrow cells) 
• Lytic bone lesions by X-ray 
• M-spike on SPE > 2 gm/mL 

 CBC: normocytic anemia 
 PBS: rouleaux formation (i.e. stacking of RBC’s due to ↑immunoglobulin)  
 Bone marrow biopsy: neopalstic plasma cells (>10% of cells) 
 Chemistry: ↑globulins, ↑calcium (25%), ↑creatinine (50%) 
 Urinalysis: normal (only detects albumin) 
 Serum protein electrophoresis: M-spike 
 Urine protein electropheresis: light chain (the only finding in 20% of cases) 
 Bone X-rays: multiple lytic lesions 

 
 MRI is more senstive as it can detect bony lesions before they are osteolytic 

Mnemonic for 
MM Sx is “CRAB” 

- Calcium 
- Renal failure 
- Anemia 
- Bone pain 

Figure 101-10 Rouleaux. 

 

Figure 101-11 Lytic skull lesion in myeloma. 
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Natural history: 

o Prognosis: for symptomatic patients, survival < 1 year without treatment 
o Complications: 

 Bone pain and pathologic fractures: 
• Due to ↑osteoclast activation by MM production of RANK-L. 
• Treated with bisphosphonates (osteoclast inhibition) 

 Renal failure 
• Due to tubular damage form light chains and amyloidosis 

 Anemia 
• Due to marrow replacement and ↓EPO with renal failure 

 Hypercalcemia 
• Due to ↑osteoclast activity 

 Immunodeficiency  
• Due to ↓immunoglobulins 

o Treatment: 
 Chemotherapy followed by autologous bone marrow transplantation 

Hematologic neoplasms with distinctive features: 

Translocations: see Table 101-1. 

o The translocations produce oncoproteins or loss of tumor suppressor that elucidate the Pathways of 
molecular neoplasia. See Chapter 13. Figure 13-7. 

        

Burkitt lymphoma (BL) 

Presentation: 3 clinical settings: 

o Endemic BL 
 Found in equatorial Africa 
 Associated with EBV which is transmitted by mosquitos 
 Typically presents as a mandibular mass in children 

o Sporadic BL 
 Seen in the US 
 Presents as rapidly expanding abdominal mass (differential diagnosis: neuroblastoma and Wilms tumor) 

o Immunosuppressed patients, such as AIDS 

Pathophysiology: 

o Characterized by a t(8;14) translocation with overproduction of c-MYC. C-MYC is a transcription factor for 
over 200 proteins, causing widespread proliferative effects and rapid growth. 

Natural history: 

o An oncologic emergency 
o Treated with intense chemotherapy with 80% cure rate in children 
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MALToma (marginal zone lymphoma) 

Presentation: 

o Can arise in gut mucosa as well as lymph nodes, hence the term MALToma (mucosa associated lymphoid tissue). 

Pathophysiology:  

o Associated with chronic inflammation: 
 Gastritis from H. pylori infections 
 Sialadenitis in Sjogren syndrome 
 Thyroiditis in Hashimoto thyroiditis 

o Most of the driver mutations involve NFƘB, the key regulatory protein of inflammatory response. 

Natural history: 

o Indolent progression. 
o Over 50% of H.pylori related MALTomas regress with antibiotic therapy. 

1° CNS lymphoma (PCNSL) 

Presentation: headache with loss of neurologic function 

Pathophysiology: 

o Occurs in immunodeficiency and is an AIDS-defining disease 
o Most are DLBCL 
o Poorly understood mechanisms of neoplasia 

Natural history: 

o Mean survival is 24 months with some having extended survival 
o Treatment is combined chemotherapy and radiation 

Cutaneous T-cell leukemia/lymphoma 

Presentation: 

o Rash-like skin abnormality that progresses as neoplastic cells accumulate in the skin: patch > plaque > nodule 
 In older nomenclature, mycosis fungoides, the “mycosis” referred to the patch phase that looked like a 

dermatophyte infection and the “fungoides” referred to the tumor/nodule phase that looked like a 
mushroom. Sezary syndrome referred to the variant that presented as a leukemia. 

Pathophysiology: 

o Associated with human T-cell lymphotropic virus (HTLV) infection found particularly in Japan and the Caribbean. 
o HTLV inserts into the T-cell genome, but the molecular pathway effects are uncertain. 
o Diagnosis is by morphology and immunotyping 

Natural history: 

o Highly variable clinical course (months to years) 
o Treatment is with chemotherapy 
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Lymphoplasmacytic lymphoma (aka Waldenstrom lymphoma) 

Presentation: due to infiltration of neoplastic cells into the marrow or the IgM (see below). 

Pathophysiology: 

o Mutation in MYD 88 gene, whose protein links Toll-like receptors (TLR) to NFƘB, the key regulatory protein 
for the inflammatory response. 

o There is a defect in the post-germinal center B-cell that has had antigen stimulation but fails in isotype switching. 
o With failed isotype switching, the neoplastic cell can only produce IgM. 
o The monoclonal IgM can have several effects: 

 Neuropathy 
 Autoimmune hemolytic anemia (IgM activates complement) 
 Cryoglobulinemia 
 Hyperviscosity syndrome 
 Deposition in kidney (nephrotic syndrome) and gut (malabsorption)  

Natural history: 

o Indolent with median survival is >10 years and most die of other causes  
o Treatment is for symptoms and is not curative (rituximab + chemotherapy) 

Hairy cell leukemia 

o A rare B-cell neoplasm that has a memorable appearance in the peripheral 
blood, with cytoplasmic projection that are “hair-like”. 

o It used to be diagnosed by a chemical stain, but now immunophenotyping is used. 

Acute myelogenous leukemias:  

Introduction: 

o AMLs are a heterogeneous group of neoplasms that arise in myeloid precursor cells in the bone marrow. 
o The increase of immature cells with an inability to maturate leads to marrow failure 
o and pancytopenias. 
o The WHO classification is widely accepted: 

 AML with genetic abnormality: this is a subject of intense research and is rapidly evolving. Acute 
promyelocytic anemia serves as a model disease. 

 AML with features of MDS: AML arising in a myelodysplastic syndrome can be recognized by previous 
diagnosis, morphology, or the presence of MDS-related mutations such as 5q-. 

 AML treatment-related: acute leukemia can arise 5-8 years after radiation or chemotherapy and           
has a poor prognosis. 

 Others  

Presentation: 

o Symptoms: 
 From marrow failure (anemia, thrombocytopenia, and neutropenia) 
 Monocyte blast can infiltrate the gums, causing gingival hyperplasia 

o Physical examination: findings reflecting cytopenias or infiltration of organs by the leukemic cells. 
o Testing: 

 PBS: blasts. Occasionally the blasts are absent in the peripheral blood, requiring bone marrow aspiration 
(i.e. aleukemic leukemia). 

 Bone marrow: >20% of cells are blasts 
• CD34, a marker of blasts, is often used in quantification 

 Myeloblast versus lymphoblast 

Figure 101-12 Hairy cell 
leukemia. 
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• Myeloblast: Auer rods (fused granules) or myeloperoxidase (+) 
• Lymphoblast: TdT(+), CD markers for B or T cells 

Natural history: 

o Aggressive behavior 
 Only 60% go into remission 
 Only 15-30% are free of disease at 5 years. 
 APL has the best prognosis and 80% are curable with retinoic acid 

o Low risk AML is treated with chemotherapy 
o High-risk AML is treated with bone marrow transplantation. 

 

Acute promyelocytic anemia (APL) 

Pathophysiology: 

o Retinoic acid receptor (RAR) is a transcription factor that binds to response elements in the nucleus to 
suppress transcription. Retinoic acid binds to the receptor, ending the inhibition. 

o The transcription in myeloid cells is necessary for maturation. 
o APL has a balanced t (15;17) translocation that creates a novel fusion protein pml-rara that acts as a retinoic 

acid receptor and binds the response elements. The prevents further differentiation of the promyelocytes. 

Presentation: 

o Symptoms 
 Pancytopenia (anemia, thrombocytopenia, neutropenia) 
 Hemorrhage: APL activates Tissue factor VII, leading to DIC. This is a medical emergency. 

o P/E: non-specific, parallel the causes of the symptoms 
o Testing: 

 CBC: cytopenias 
 PBS:  

• Promyelocytic granulocytes, Auer rods are common 
• DIC (spherocytes, schistocytes, thrombocytopenia) 

 PML-RARA; t(15;17) 

Natural history: 

o Prognosis:  
 1 month survival without treatment, due to bleeding 
 80% cure rate with retinoic acid therapy 

o Treatment: retinoic acid + chemotherapy 
 

Myelodysplastic syndromes 

These are a group of monoclonal disorders with disordered maturation of hematopoiesis. This leads to peripheral 
cytopenias with a hypercellular bone marrow, the hallmark of ineffective hematopoiesis. 

The groups can be thought of as preleukemias as they have a high risk of transformation into acute leukemia. 
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Myeloproliferative diseases 

Chronic myelogenous leukemia (CML) 

A neoplastic process with granulocytic proliferation that maintains the capacity for maturation. 

Most common in middle-aged males 

Has 3 phases: chronic > accelerated > blast crisis 

Pathophysiology: 

o One of the few neoplasms caused by a single, specific genetic mutation. 
o The translocation t(9;22) places an oncogene ABL from chromosome 9 at a specific breakpoint cluster region 

(BCR) on chromosome 22 
 The translocation results in a unique fusion protein bcr-abl that stimulates the tyrosine kinase pathway 

that causes proliferation in the granulocytic and megakaryocytic precursor cells. 
 Immature cells are released from the marrow by unknown mechanisms. 
 The translocation is thought to occur at the level of the hematopoietic stem cells as cells of the blast 

crisis can be lymphoblasts. 

Presentation: 

o Symptoms: 
  The onset is insidious and includes fatigue, weight loss, cytopenia and splenomegaly. 

o P/E: findings parallel to the symptoms 
o Testing: 

 CBC:  
• Granulocytosis, typically 20,000-60,000 /mL, together with basophilia and eosinophilia 
• Thrombocytosis, often >1 X 106 /mL 

 PBS: 
• Immature granulocytes, but few blasts 
• Loss of quantitative order, with myelocytes exceeding metamyelocytes, called the myelocyte bulge. 
• Loss of a normal white blood cell enzyme, alkaline phosphatase. 

 Bone marrow:  
• Hypercellular, with increased myeloid and megakaryocytic cells 
• Fibrosis 
• Blast count < 5% in chronic phase, rising to >20% in blast crisis 

 Cytogenetics: 
• Karyotype: t(9;22) translocation (aka Philadelphia chromosome) 
• FISH: bcr-abl fusion protein 

Natural history: 

o Progression to acute leukemia over 3-5 years, without treatment. 
o Treatment with tyrosine kinase inhibitors (first TKI was imatinib) is started with diagnosis to              

prevent transformation. 

Figure 101-13 Karyotyping: Ph1 in CML. 
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o Remission can be evaluated by: 
 Hematologic remission: normal CBC and PBS 
 Cytogenetic remission: no detectable translocations 
 Molecular remission: no detectable bcr-abl 

o Remission is achieved in about 80% of patients 
o Autologous bone marrow transplantation is a consideration. 

The JAK2 mutation myeloproliferative diseases (aka BCR-ABL negative) 

This is a good way to think about this family of myeloproliferative diseases, but it is not overly accurate. While JAK2 
mutations are found in 95% of polycythemia vera, they are found in only 50-60% of essential thrombocythemia and 
myelofibrosis. In these latter 2 diseases, mutations in CALR (25%) and MPL (10%) account for the rest. 

Polycythemia vera 

Pathophysiology: 

o A mutation in the JAK2 protein (V617F) increases sensitivity to EPO that allows for proliferation of a clone of 
progenitor cells. See Figure 96-8. Regulation of EPO. 

o This leads to an increase in the red blood cell mass. 

Presentation: 

o Symptoms: most commonly identified as an incidental finding on a CBC 
 Polycythemia: Hyperviscosity occurs when the hematocrit >60%. Headache, blurry vision, dizziness) 
 Pruritis after bathing: often attributed to degranulation of abnormal mast cells due to the physical effect 

of the hot water. It is described by 1/3 of patients. 
 Thrombosis/hemorrhage: due to abnormal platelets. 

o P/E: plethora of the face 
o Testing: 

 CBC: increase in all myeloid cell lines (Hgb >16.5/16.0 gm/dL (men/women), platelets > 450,000 /mL, 
neutrophils > 8,000 /mL) 

 PBS: non-diagnostic 
 Bone marrow: hypercellular (all myeloid cell lines) and fibrosis 
 Decreased EPO, normal PaO2/SaO2 (rules out secondary polycythemia) 
 JAK2V617F         

Natural history: 

o Prognosis: variable but typically most live 10-15 years 
o Complications: 

 Thromboembolism is the major risk 
 Evolution to myelofibrosis (10-20%) and acute leukemia (5-10%) 

o Treatment: 
 Low risk (age <60 years, no thrombosis): phlebotomy, aspirin 
 High risk:  phlebotomy, aspirin, and hydroxyurea to decrease platelet count. 

Table 101-3 Diagnosis of polycythemia. 
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Essential thrombocythemia 

Pathophysiology: 

o A clonal stem cell proliferation of myeloid cells that results in an increase in peripheral platelets.                            
It is associated with mutations of JAK2 (60%), CALR (25%) or MPL (10%) 

Presentation: most are found incidentally on a CBC 

o Symptoms: thromboembolism/ hemorrhage 
o P/E: splenomegaly (1/3) 
o Testing: 

 CBC: platelet count >1,000,000 /mL 
 PBS: no qualitative features 
 Bone marrow: numerous large megakaryocytes 
 Mutation in JAK2 (60%), CALR (25%) or MPL (10%) 

Natural history: 

o Prognosis: normal life expectancy 
o Treatment: 

 Low risk (no thromboses, age <60 years): aspirin 
 High risk: hydroxyurea (reduces platelets) and aspirin 

 

Primary myelofibrosis 

Pathophysiology:  

o A clonal proliferation of myeloid cells with a reactive fibrosis of the marrow. 
o Neoplastic megakaryocytes secrete cytokines, especially TGF-β, that stimulate the normal marrow fibroblasts 

 Extramedullary hematopoiesis: With fibrous replacement of the marrow there is reactivation of 
embryologic hematopoiesis in the spleen and liver. In the PBS, this is manifest by a tear-drop shape          
of some RBCs. 

 Leukoerythroblastic smear: with fibrous distortion of marrow architecture, there is an abnormal release 
of immature cells. 

o Mutations in JAK2, CALR or MPN 

Presentation: 

o Symptoms: most commonly those of the cytopenias and splenomegaly 
o P/E: reflect the cytopenias, splenomegaly 
o Testing: 

 CBC: increased platelets and neutrophils early, cytopenias late 
 PBS: leukoerythroblastic picture with tear-drop RBCs 
 BM: acellular aspirate (“dry tap”), biopsy shows fibrosis 
 Gene mutations: JAK2 (50%), CALR (20%), MPL (5%). 

Natural history: 

o Prognosis: life expectancy = 6 years 
o Complications: transformation to acute leukemia 
o Treatment: autologous bone marrow transplantation is the only curative treatment. 
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Chapter 102. Skin: Structure, function, and vocabulary 

Types of skin 

The skin is not uniform over the body. It varies by: 

o Thickness: dorsal skin (i.e. the back) is thicker than ventral skin. 
o Subcutaneous fat: there is no subcutaneous fat under the skin of the eyelid, scrotum and the back of the 

hands and feet. 

 

o Adnexal structures: 
 Sweat glands (eccrine): these vary greatly in concentration: palms/soles (370 cm2) > forehead (175 cm2)  

> general body (150 cm2) > back of arms & legs (70 cm2). 
 Apocrine glands: found in armpit, areola of breast, perianal skin. Activate at puberty. 
 Hair: there are at least 3 basic types of hair: scalp and eyebrows, secondary sexual hair (pubis, axillae, 

beard), and lanugo hair. Only the eyelids, penis and palms/soles are completely hairless. 
o Normal flora: 

 This varies between different regions 
o Mobility: 

 The ability of skin to move over the underlying structures is a function of tethering to underlying fascia  
by fibrous bands. 
• Skin of the palms & soles has extensive tethering, a fact that can be appreciated with prolonged 

exposure to water. The absorbed water can only expand non-tethered skin, resulting in wrinkles. 

Common dermatologic terms: 

Term Definition 

Alopecia Loss of hair. It may be partial or complete 

Annular Ring-shaped 

Cyst Any space filled with fluid. True cysts are lined by an 
epithelium; pseudocysts have no lining. 

Herpetiform Like herpes: small, grouped vesicles 

Lichenoid Like lichen planus: raised blue-violet flat edged plaques 

Milia Small, firm white papules filled with keratin 

Morbilliform Like measles: widespread small red macules or papules 

Nummular Shaped like coins 

Poikiloderma Variable colorations, atrophy and telangiectasias 

Pruritis Itchy, elicits a desire to scratch 

Assessing skin thickness in hypercortisolism 

A good place to assess thickness is on the back of the hand before age 65 years, when aging changes 
become significant. The skin should be >2 mm thick (1.8 cm in Caucasians, to be precise) in a 
reproductive age woman. If it is less than this, there is a loss of collagen in the dermis. In 
hypercortisolism, the loss of dermal collagen results in distinctive abdominal striae, as pathologic 
thinness of the dermis allows visualization of the blood vessels (red/purple color) and a width > 1 cm 
(due to weakness). The loss of dermal collagen also gives rise to easy bruising and poor wound healing.  

Table 102-1 Clinical skin terminology. 
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Histology of the skin: 

The skin is considered to be the largest organ of the body, accounting for a base 15-20% of mass. 

It is also called the integument, cutis, or cutaneous layer. 

The basic structure is the:  

o Epidermis, of ectodermal origin. 
o Dermis of mesodermal origin and the subcutis or hypodermis. 

The subcutaneous layer corresponds to the superficial fascia of gross anatomy. It is not traditionally considered to 
be part of the cutis. 

Epidermis:                             

The epidermis can be divided into layers, each with a characteristic function:  

o Stratum basale: this is the proliferative layer of the epidermis. Every epithelium has a germinative layer 
containing stem cells that allow the epithelium to be replaced over time. Replacement rates can vary from         
3 days in the gut to 48 days in the skin. 
 With stress or injury, there is an increase in the mitotic rate seen in the basalis layer and mitoses can be 

found 1-2 layers above the bottom layer. In the pathologic proliferation of dysplasia and neoplasia, mitoses 
can be found in the superficial half of the epidermis and many mitoses will have atypical features. 

 In most epithelia injury can induce a change in the type of epithelium by signals, usually cytokines, received by 
the basal layer. For example, squamous mucosa 
becomes glandular mucosa in Barrett mucosa of the 
esophagus. There are no metaplasias of the skin. 

 The basalis is anchored to the underlying dermis 
through hemidesmosomes. These are attachment 
complexes that link the intracellular intermediate 
filaments (i.e. keratins) to the extracellular 
proteins (e.g. laminin). Their key proteins are 
integrins & BPAG. 
• Bullous pemphigoid is an autoimmune 

disease that targets the BPAG protein, 
resulting in blisters from detachment of the 
epidermis from the dermis.  

o Stratum spinosum: this layer has differentiated 
keratinocytes that can no longer divide. The strength  
of the epidermis starts in this layer with its numerous 
desmosomes which are connected with intracellular                    
bands of the intermediate filament keratin. 

Figure 102-1 Structure of skin. 

Figure 102-2 Layers of the skin. 
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 Bullous pemphigus is an autoimmune disease that targets the proteins of the desmosome, desmoglein. 

This leads to fragile blisters that form in the stratum spinosum. 
 The stratum spinosum gets its name from an artefact of slide preparation. In preparing the tissues, the 

dehydration shrinks the keratinocytes which are tethered by the desmosomes. These keep the cells 
connected and give the appearance of “prickles”. 

o Stratum granulosum: the epidermis has 2 critical barrier functions: low permeability (water and electrolytes) 
and antimicrobial. These functions occur in the extracellular space through the products produced by the 
keratinocytes, lamellar bodies and keratohyalin granules. 
 Lamellar bodies contain lipids (water barrier) and antimicrobial products (AMP, antimicrobial) 
 Keratohyalin granules contain filaggrin, which binds the keratin filaments into a permeability barrier. 

o Stratum corneum: in this layer, the nuclei and organelles are lost, and the cell membranes are replaced by 
ceramides that fuse the cell bodies together. The keratin intermediate filaments are covalently linked by the 
filaggrin. This allows for 3 key properties: 
 Permeability barrier for water 
 Shedding, important as an antimicrobial and antitoxin effect 
 Thickening for mechanical strength (i.e. callus formation) 
 Ichthyosis vulgaris is a hereditary disease with a mutation in filaggrin, the major protein in keratohyalin 

granules. This leads to defective formation and shedding of the stratum corneum, resulting in thick, scaly skin. 
 This is the layer infected by dermatophytes. 

Figure 102-3 Keratinocyte cytoskeleton. 

Figure 102-4 Keratinocyte “prickle” layer. Each spine is a desmosome, 
revealed when the cell contracts during processing. 
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Dermis and subcutis: 

Papillary dermis:  

o This thin layer sits between the reticular dermis and the epidermis. There is a basement membrane          
(type IV collagen) between the epidermis and the papillary dermis. The epidermis, papillary dermis, and 
superficial vascular plexus act as a single pathophysiologic unit. This is the site of the interface inflammatory 
dermatitides such as lichen planus and systemic lupus erythematosus. 

o The architecture allows for expansion of the surface with stretching. The epidermal ridges are called               
rete pegs, and these interdigitate with the dermal papillae. 

Reticular dermis: 

o This contains most of the dermal collagen and most of this is type I collagen. It is not a common site of 
disease and if present is usually associated with the subcutis as an expression of an underlying systemic 
disease such a scleroderma or erythema nodosum. 

Functions of skin: 

Protection 

o Physical trauma 
 Stratum spinosum, callus formation is a physiologic adaptative thickening of the stratum corneum to 

repeated surface friction.  
 Type 1 collagen in the reticular dermis 

o Infection: 
 Physical barrier 
 Secretion of AMPs 

• These small (12-50 amino acids) molecules are secreted by both the normal skin flora and                
the keratinocytes. 

• AMPs not only kill pathogens, but also amplify inflammation and aid in repair. 
 Shedding of stratum corneum 
 Inflammatory response 

• Innate immunity:  
- Keratinocytes are key mediators of both acute and chronic inflammatory responses. In the 

innate response to injury or infection, keratinocytes produce AMPs and cytokines such             
as IL-1 and IL-8. 

• Adaptive immunity 
- Langerhans cells are antigen presenting cells (APCs) that constitute a first line of immune 

defense in the skin. They compose about 5% of cells in the epidermis. 
o UV light  

 UV damages DNA, forming pyrimidine dimers. The risk for neoplasia is high. Patients with                    
xeroderma pigmentosa have defects in nucleotide excision repair and can develop UV-related                       
neoplasia in early childhood. 

 Melanin is UV light absorbing and is produced by melanocytes that transfer it as granules                  
into the keratinocytes.  
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 Melanin: 
• This is the only source of pigment color in mammals. In clinical medicine, it is significant in         

several conditions: 
- Neoplasia:  

o Melanocytes are the only cells that produce melanin. Identifying melanin in a neoplasm 
types it as a melanoma 

o Melanocytes are neural crest in origin. As these populate all organs, melanomas can be 
found in any organ, albeit rare outside of skin. 

o Melanocytes supply >30 keratinocytes via dendritic cytoplasmic extension. The melanin is 
made on small filaments in melanosomes. These form “umbrellas” over the keratinocyte 
nucleus (see Figure 94-5). 

- Vitamin D deficiency: melanin protects the skin from UV light, but this is necessary to produce 
Vitamin D in the skin. When individuals with dark skin move north, they are prone to Vitamin D 
deficiency in the winter. 

- Albinism: there a multiple causes of melanin deficiency, but the most common is mutations in 
tyrosinase, which gives rise to oculocutaneous albinism. 

- Vitiligo is an autoimmune disease of melanocytes that results in patchy areas of depigmentation.  

Sensory organ 

o The skin has many different nerve types to detect changes in stimuli as wide ranging as pressure, pinprick, and 
temperature. Of paramount importance in clinical medicine is detection of injurious or noxious stimuli, which 
are interpreted as pain. Collectively these are called nociceptors. This complex subject is typically simplified to         
2 types of nociceptor fibers: 
 A-delta fibers (Aδ) are slow, thin, myelinated fibers associated with sharp/pricking, well localized pain.  
 C fibers are very slow, thin, unmyelinated fibers that are associated with a dull, aching, throbbing, diffuse pain. 

Figure 102-6 Vitiligo. 

Figure 102-5 Pigmentation of keratinocytes. 
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Endocrine 

o Vitamin D: cholecalciferol (Vitamin D3) is synthesized in the epidermis from cholesterol, using UV light. The 
next stages in metabolism occur in the liver and proximal convoluted tubule. See Figure 51-3. 

o Subcutaneous fat (not always considered to be part of the skin) produces many hormones, including: 
 Leptin: secreted by fat cells when replete. It inhibits hypothalamic appetite center. Leptin is low in obesity. 
 Aromatase: converts androgens into estrogen. Significant in obesity link to estrogen-dependent 

neoplasms (i.e. breast and endometrial cancer) 

Temperature regulation 

o This is regulated by the hypothalamus which has direct neuronal detection of core temperature along with input 
from spinal neurons and sensory neurons of the palms and soles (Aδ fibers are sensitive to cold, C fibers to heat). 

o With temperature variation, the hypothalamus responds through the sympathetic nervous system (SNS): 
 Vasodilation (↑temperature): arterioles of the deep subdermal vascular plexus dilate bringing blood to 

the superficial dermal and subepidermal plexuses. This allows for radiant heat loss. 
 Sweating (↑temperature): sweat glands have acetylcholine (i.e. muscarinic) receptors. Heat loss is 

through evaporation. 
 Shivering (↓temperature): muscle contractions generate heat. 

Pathologic terms in dermatology: 

Macroscopic (gross) terms: 

Term Definition  Model disease 
Macule Flat discoloration Freckle (lentigines) 
Papule Raised lesion1 < 0.5-1.0 cm Wart (verruca), mole 
Nodule Raised lesion > 0.5-1.0 cm BCC2, SCC3 

Plaque Raised area with flat surface > 1.0 cm Lichen planus 
Vesicle Fluid-filled lesion <0.5-1.0 cm Friction blister, HSV4 

Bulla  Fluid-filled lesion >1.0 cm Pemphigus, pemphigoid 
Pustule  Pus-filled vesicle Folliculitis, stye 
Wheal (hives) Transient, focal edema of the superficial skin Urticaria  
Scales  White superficial flakes Psoriasis, chronic ACD5 

                    1. Lesion: a generic term for “the thing of interest”. 2. Basal cell carcinoma,  
                    3. Squamous cell carcinoma, 4. Herpes simplex virus, 5. Allergic contact dermatitis. 

Microscopic terms: 

Term Definition Model disease 

Hyperkeratosis Thickening of the stratum 
corneum 

Callus, turns white in water 

Parakeratosis Nucleated cells in the stratum 
corneum 

Disorders of keratinocyte 
maturation, correlates to scale 

Spongiosis Edema in the epidermis ACD1, correlates to oozing 

1. Acute contact dermatitis 

 

  

Table 102-2 Macroscopic skin terminology. 

Table 102-3 Microscopic skin terminology. 
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Chapter 103. Skin: Selected rashes 

Facial rashes: 

o Acne vulgaris 
o Rosacea 
o Seborrheic dermatitis 
o Systemic lupus erythematosus (SLE) 

Acne vulgaris 

Pathophysiology: 

o An inflammatory disorder of the pilosebaceous unit (i.e. hair follicle and sebaceous gland).  
o Pathogenesis is a complex interplay of host factors: 

 Androgen-mediated stimulation of sebaceous glands 
 Alterations of the microbiome, especially Propionibacterium acnes (now Cutibacterium acnes) 
 Innate and cellular immune responses 
 Other factors such as genetics and, possibly, diet. 

o Pathology: 
 Abnormal keratinization of the follicular epithelium leads to comedone formation. 

• If the keratin is open to the air, it oxidizes to a black color, and is colloquially called a blackhead. If 
the comedone is closed to the air, it is seen as a whitehead. 

 Sebaceous glands have androgen receptors that increase sebum production during puberty. 
 Propionibacterium acnes (now Cutibacterium acnes) produces bacterial lipases that metabolize 

sebum into fatty acids. These elicit an inflammatory response. Grossly these form red papules, with 
or without pus. Deep inflammation forms nodules and leads to scarring. 

 

Presentation: 

o Symptoms: cosmetic skin involvement 
o P/E: closed and open comedones (characteristic),  

inflammatory papules, pustules, and nodules in a  
characteristic distribution: face, chest, shoulders, and back. 

o Testing:  
 Physical exam findings are diagnostic. 
 R/O hyperandrogenic state in women 

(i.e. polycystic ovary syndrome). 
Figure 103-2 Acne vulgaris. 

Figure 103-1 Acne vulgaris pathology. 
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Natural history: 

o Prognosis: benign disease 
o Complications: post-inflammatory hyperpigmentation, scarring, psychologic harm 
o Treatment: 

 Mild acne: topical retinoids (category X = unsafe in pregnancy) for comedones, topical antibiotics  
(e.g. clindamycin) for papulopustular acne.  

 Severe acne: add oral therapy: isotretinoin, antibiotics (e.g. tetracycline), contraceptive                       
therapy, spironolactone. 

Rosacea 

Pathophysiology:  

o Etiology is unknown but there may be a relationship with the skin mite Demodex folliculorum. 

Presentation:  

o Symptoms:  
 Persistent erythema of the central face with flushing, red papules, pustules and telangiectasias               

on convex surfaces. 
 Pustules and flushing are exacerbated by alcohol, stress and spicy foods. 
 Sebaceous gland hyperplasia of the nose is referred to as a rhinophyma. 

• Rhinophyma does not have to indicate heavy alcohol intake. 
o P/E:  

 Chronic redness of the nose and medial cheeks. 
 Pustules and papules also occur in the central face. Unlike acne, 

there are no comedones. 
 Tissue hypertrophy and sebaceous hyperplasia mostly occurs in 

the nose (i.e. rhinophyma). It is typically found in men.  
o Testing: diagnosis is clinical. 

Natural history: 

o Prognosis: highly variable, but it may be progressive. 
o Treatment: there is no cure for rosacea; treatment is focused on 

symptom suppression. 

Seborrheic dermatitis 

Pathophysiology:  

o The cause of seborrheic dermatitis is not known.  
o Sebaceous glands appear to be necessary as indicated by its predilection 

for body sites with increased numbers of sebaceous glands (face, scalp, 
upper trunk, external auditory meatus, and anogenital area). The infantile 
form occurs early in the first year of life, when there is androgen 
stimulation of the sebaceous glands. 

o The sebaceous glands may create a favorable milieu for fungal growth, 
especially Malassezia furfur. Most of the effective treatments are        
anti-fungal antibiotics. 

  

Figure 103-4 Seborrheic dermatitis. 

Figure 103-3 Rosacea. 
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Presentation: 

o Symptoms and P/E:  
 Discrete, erythematous plaques with greasy, yellowish scales, in regions rich in sebaceous glands. 
 Scalp: mild form is dandruff. 
 Face, eyes, trunk (variable patterns). 

o Testing: diagnosis is clinical 

Natural history: 

o Prognosis: chronic, relapsing, persists for decades. 
o Complications: 
o Treatment: 

 Topical anti-fungal antibiotic 
 Topical steroids 

 

Systemic Lupus Erythematosus (SLE) (see Chapter 89. Joint, Chronic arthritides). 

Pathogenesis: 

o SLE is a type III hypersensitivity disease. Immune complexes (IC) can be detected at the dermal-epidermal 
junction in both skin lesions and normal skin. IC’s are also found at other sites of inflammation and explain 
most of the clinical manifestations.  

o Skin lesions are multifactorial in origin and include both local damage to cells and filtering of ICs in the 
dermal-epidermal basement membrane. Ultraviolet (UV) light has a clear involvement in skin pathology. 

Presentation: 

o Symptoms and P/E:  
 SLE has protean manifestations on skin. All of the different manifestations have common histopathology 

centered on interface inflammation. 
 The classic malar rash is a common acute and transient manifestation, usually associated with other 

systemic manifestations.  
• The malar rash is found in about 80% of SLE patients over the duration of the disease. 
• It is an erythema involving the cheeks and the bridge of the nose.  

 Differential diagnosis: 
• Seborrheic dermatitis involves the nasolabial fold and crosses the nose. 
• Rosacea shows a predominance of telangiectasias and papulopustules. It involves the malar areas, 

but also the nose and perioral areas. It has triggers. 
• Acne has comedones. 

                              
o Testing: 

 Serology (ANA (+); other antibodies) 
 Biopsy: interface inflammation 
 Other systemic findings. 

Natural history: 

o Prognosis: skin involvement is recurring 
o Complications: discoid lupus can be scarring 
o Treatment: 

 Strict avoidance of sun exposure 
 Topical steroids 

  
Figure 103-5 SLE: malar rash. 
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Psoriasis 

Epidemiology: 

o A common disease with a prevalence up to 11% in Caucasian populations. Prevalence increases with distance 
from the equator. 

o Can start at any age; median presentation 25-30 years old. 
o No gender differences in incidence 
o Risk factors: 

 Genetic: 40% of patients have a genetic link. HLA-Cw6 is associated with guttate psoriasis and HLA-B27 
with psoriatic arthritis 

 Triggers: drugs (e.g. β-blockers), stress, infections. 

Pathophysiology: 

o A chronic systemic disease with immune-mediated epidermal hyperproliferation and defective 
differentiation in which T lymphocytes, dendritic cells, and cytokines play a central role. Cytokines include a 
central axis of IL-23 / IL-17 and TNF-α. 

o Pathology of psoriasis (see image below): 
 

Gross feature Definition Histopathology 
Plaque Raised, broader than tall Epidermal hyperplasia 
Erythema Redness, blanches to palpation Dilation of superficial plexus 
Silvery scale White irregular surface Confluent parakeratosis from 

abnormal maturation 
Auspitz sign Bleeding with scale removal Elongated rete ridges with thinning 

of overlying epidermis 

Presentation: 

o Symptoms and P/E: 
 Chronic plaque psoriasis (80-90%): 

• Symmetric plaques on the extensor surfaces (elbow and knees),  
scalp and gluteal cleft. 

• Pitting of nails (see Figure 95-6). 
• Koebner phenomenon: psoriasis develops in sites of skin trauma.             

This is not specific as it is also seen in lichen planus and vitiligo. 
• Auspitz sign: pinpoint bleeding that occurs after removal of scale 

overlying a psoriatic plaque (see Figure 95-7). 

 

Erythema 

Plaque 

Auspitz sign 

Scale 

Table 103-1 Psoriasis: clinical pathologic correlation. 

Figure 103-6 Pitting. 

Figure 103-7 Chronic plaque psoriasis. 
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 Guttate psoriasis: 
• The abrupt appearance of multiple small, papules and plaques. These are usually < 1 cm in diameter 

(hence "guttate," which means "drop-like"). Typically involve the trunk and proximal extremities.  
• Most commonly occurs as an acute eruption in a child with no previous history of psoriasis following 

streptococcal pharyngitis. 
 Pustular psoriasis: 

• Acute onset of widespread erythema, scaling and sheets of superficial pustules. It can have systemic 
effects including malaise, fever, diarrhea, leukocytosis, and hypocalcemia. Renal, hepatic, or 
respiratory abnormalities and sepsis are potential complications.  

• Reported causes of pustular psoriasis include pregnancy, infection, and the withdrawal                       
of oral glucocorticoids 

o Testing: 
 Chronic plaque psoriasis is diagnosed by physical examination in most cases. No laboratory                    

tests are useful.  
• Skin biopsy can be helpful for difficult cases but is not usually necessary.  

Natural history:  

o Prognosis: The clinical course is unpredictable. Plaque psoriasis tends to be a chronic disease, with variability 
in severity over time. Guttate psoriasis may spontaneously remit, recur, or progress into chronic plaque 
psoriasis. Generalized pustular psoriasis often runs an unstable and prolonged course without treatment.  
 Psoriasis is a rare cause of mortality  

o Complications: Psoriatic arthritis is found in up to 30% of patients and should be looked for. 
o Treatment: 

 Mild (limited, <5-10% of skin surface): 
• Emollients, topical steroids 

 Moderate-severe (extensive): 
• Phototherapy (UVA and UVB) 
• Oral agents (e.g. methotrexate) 
• Biologics: 

- Anti-TNF-α (e.g. infliximab) 
- Anti-IL-17A (e.g. secukinumab) 
- Anti-IL-23  

Urticaria (aka hives) 

Epidemiology: 

o Acute = < 6 weeks duration; chronic = > 6 weeks duration.  
o Affects up to 20% of the population. 

Pathophysiology: 

o Urticaria is an intensely itchy erythematous plaque, often with central pallor. Individual lesions are often 
transient, coming and going over minutes to hours. 
 Involvement of deeper tissues such as the subcutis is called angioedema. 

o Mediated by mast cells. When activated, they release histamine (which causes itching) together with other 
mediators that cause vasodilation with exudate (swelling and redness). 

o Triggers of mast cell degranulation include: 
 IgE-mediated Type I hypersensitivity. Common allergens include drugs (especially antibiotics like 

penicillin), stings, foods, and latex. 
 Direct effect (e.g. drugs like narcotics) 
 Infections, especially viral and bacterial infections in children. 
 Physical effects, such as cold. 
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Presentation: 

o Symptoms: 
 Key symptoms include time frame (onset over minutes with resolution within a day), pruritis and a well-

defined “wheal and flare” appearance, meaning raised plaque with peripheral erythema and central pallor. 
o P/E: 

 Confirmation of urticarial / angioedema by visual examination 
 Identification of triggers.  

o Testing: 
 Urticaria is a clinical diagnosis; the differential diagnosis includes: 

• Viral exanthem: common in children, they cause maculopapular eruptions that last for days. Rash is 
non-pruritic and there are systemic signs of infection, such as fever. 

• Atopic dermatitis: itchy red papules and patches, most commonly found in flexural areas. The rash 
has ill-defined edges and last for days. There is surface scaling. See further discussion below. 

• Contact dermatitis: erythematous papules with vesicles. Rash occurs in areas with direct contact 
with the irritant or allergen. 

• Drug eruption: small macules and papules that grow and fuse over days. Rash occurs with the start 
of a new medication and disappears when it is stopped. 

Natural history: 

o Prognosis: 2/3 of acute urticarias will spontaneously resolve over days. 
o Complications: angioedema can cause upper airway obstruction 
o Treatment: 

 Second generation anti-histamines (e.g. loratadine (Claritin®)): non-sedating and less anti-cholinergic 
effect than 1st generation. 

 

Angioedema with ACE inhibitors 

About 1/200 patients using ACE-I develop angioedema of the face and upper airways. It may occur at any 
time, but more than 50% occurs within the first week of usage. Angioedema typically develops every 2-5 
days with swelling over 1-3 days before spontaneously resolving. The major risk is airway occlusion. 

Angioedema is caused by elevated levels of bradykinin due to the inhibition of angiotensin converting 
enzyme (ACE). ACE is central to the metabolism of bradykinin. 

Central pallor 

Erythematous flare 

Figure 103-8 Urticaria. 
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Atopic dermatitis (aka eczema) 

Introduction: 

o Atopic dermatitis describes a chronic itchy rash that occurs mostly in children. It is associated with elevated 
levels of serum IgE and a family history of atopy. These patients have environmental and food allergies that 
appear to underlie the disease process. 

 

 

 

Epidemiology:  

o Affects 10-15% of children 
o Mostly occurs before age 5 years. 
o 70% have a family history of atopy (i.e. eczema, asthma, sinusitis). 

Pathophysiology: 

o Due to a defective skin barrier and/or immune response. 
 There is abnormal epidermal permeability, evidenced by increased water loss through the stratum corneum. 
 Highly associated with mutations in filaggrin, a protein in the keratohyalin granules that organizes 

keratin filaments in the stratum corneum. 
 Abnormal immune response is characterized by elevated IgE levels. 

o Pathology is characterized by spongiosis, which is edema in the epidermis that is seen grossly as small vesicles. 

 

 

Presentation: 

o Symptoms and P/E: 
 Acute disease has intensely pruritic erythematous papules and vesicles with exudation and crusting.  

Over weeks to months, this progresses into chronic disease with dry scaly papules with excoriation. 
o Testing: atopic dermatitis is a clinical diagnosis based on the findings of an itchy papular rash involving skin 

creases in a child under age 5 with an atopic family history. 

Natural history: 

o Prognosis: chronic relapsing course over months to years. Most patients clear by late childhood. 
o Complications:  

 Bacterial skin infection from excoriation 
 Co-morbidities of asthma, allergic rhinitis, and food allergies.  
  

The atopic progression 

Childhood eczema > adolescent asthma > adult sinusitis       

Figure 103-9 Clinical pathologic correlation of eczema. 
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o Treatment:  

 Maintaining skin hydration with emollients. 
 Controlling pruritis (e.g. topical steroids) 
 Oral anti-histamines. 

Contact dermatitis 

Introduction: 

o The contact dermatitides are part of the family of spongiotic dermatitis (see insert above). This is a pathologic 
term that describes dermal edema that extends into the epidermis and results in microvesicle formation and a 
weeping, crusted surface. Over the past decades, many different names have been given to various patterns of 
disease, most with nonspecific criteria. The most common of these entities is atopic dermatitis (aka eczema).  

Pathophysiology: 

o There are 3 major types of contact dermatitis: 
 Allergic contact dermatitis (ACD): 

• These are a Type IV hypersensitivity reaction, mediated by T-cell lymphocytes. It is often called a delayed 
immune response as it takes several days from exposure to rash. Common causes in the US include 
poison ivy (urushiol) and nickel in jewelry. Plant allergies can be recognized by their linear pattern. 

Papules 
Pinpoint vesicles 
from spongiosis 

Figure 103-10 Clinical appearance of atopic dermatitis (eczema). 

Figure 103-11 Poison ivy: plant pattern of ACD. 
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 Irritant contact dermatitis: 
• This is the most common type of contact dermatitis and is caused by any substance that causes 

chemical, physical, or mechanical injury to the skin. Solvents and soaps are common offenders. 
 Photosensitive dermatitis: 

• Skin can have a pathologic response to UV light, especially when there are photosensitizers in the 
skin. These are commonly drugs and absorbed topical agents such as sunscreens. 

Presentation: 

o Symptoms and P/E: 
 Contact dermatitis is recognized by its morphology, regional distribution, and time course. 

• Morphology: 
- Acute: itchy erythema, microvesicles with weeping crusted surface. 
- Chronic: thickened skin with lichenification from scratching. 

• Distribution conforms to the areas of direct contact. 

• Time frame 
- Type IV hypersensitivities start several days after second exposure and show an acute dermatitis 

pattern. With repeated or ongoing exposure, the skin becomes dry, thick, and scaly. 
o Testing: 

 Patch testing can be useful in identifying the offending allergen. A non-irritant concentration of 
substance is placed on normal skin for 48 hours and the area then observed for the next 72 hours. 

 

 

Figure 103-12 ACD from bleached elastic. 

Figure 103-13 Patch testing with positive result in ACD. 
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Natural history: 

o Prognosis: Untreated ACD can evolve from an acute form to a subacute form and then chronic        
eczematous dermatitis. 

o Complications: infection from excoriation. 
o Treatment: 

 Elimination of offending agent (not usually identified however). 
 Emollients. 
 Steroids: topical and oral. 

Lichen planus 

Pathophysiology: 

o Unknown.  
o Pathology: inflammation at the epidermal/dermal interface with necrosis of basal keratinocytes. 

Presentation: 

o Symptoms and P/E: 
 A papulosquamous eruption described by the “4 P’s”: polygonal, purple, pruritic and papules/plaques.  

• Found most commonly on the volar wrists and ankles. 
• Koebner effect: formation at sites of trauma, usually from scratching. 

 There can be involvement of squamous mucosa, especially of the mouth and genitals. 
• Mucosal involvement has a reticular pattern called Wickham striae. These striae can also be seen on 

the cutaneous lesions by dermoscopy.                    

o Testing: Lichen planus is a clinical diagnosis. Skin biopsy may be helpful in some cases. 

Figure 103-14 Lichen planus. 

Figure 103-15 Lichen planus: oral Wickham striae. 
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Natural history: 

o Prognosis: benign, self-limited, resolving over 1-2 years 
o Treatment: topical steroids. 

Pityriasis rosea 

Pathophysiology: 

o Unknown. A viral etiology has been proposed. 

Presentation: 

o Mostly in older children or young adults. 
o The rash begins with a single, round, sharply delimited, pink lesion on the chest, neck, or back. This herald 

patch is 2 to 5 cm in diameter. The lesion soon becomes scaly and clears centrally, leaving a “collarette”.  
o Days later, crops of smaller ovals appear on the trunk and proximal limb. These tend to follow the lines of 

cleavage, and on the back give the appearance of a “Christmas tree”. 

o The rash resolves over weeks to months. 
o Testing: the diagnosis is clinical. The herald patch has the same appearance as the “ringworm” pattern of 

tinea corporis (see below), and fungal scrapings may be warranted. 

Natural history: 

o Prognosis: benign self-limited, resolving over months. 
o Complications: none 
o Treatment: topical steroids for pruritis 

Figure 103-16 Pityriasis rosea: herald patch. 

Figure 103-17 Pityriasis rosea: Christmas tree pattern. 
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Erythema multiforme 

Pathophysiology: 

o An immune-mediated acute rash that presents with targetoid lesions on the skin. With increasing severity, 
there can be involvement of the squamous mucosa. 
 It is thought that lymphocytes are killing keratinocytes containing viral antigens. 

o Usually follow a trigger of infection (90%, especially Herpes simplex virus) or drugs (10%, e.g. sulfonamides, 
penicillin, barbiturates). 

o Pathology: infiltration of the epidermis by lymphocytes with apoptosis of basal keratinocytes. 

Presentation: 

o Skin: 
 Appearance: quite variable (hence “multiforme”) but usually there is a dusky central area or blister, with 

a surrounding red ring, itself surrounded by edema. Size is usually < 3 cm (compared to erythema 
migrans which is > 3 cm).  

 Distribution: typically symmetrical on the palms, soles, and extensor surfaces. 
 Asymptomatic.  

o Mucosa: 70% of patients have involvement of the mouth. Lesions can also occur on the eyes and genitals. 

 

Natural history: 

o Prognosis: lesions typically appear over 3-4 days and spontaneously resolve over 2 weeks. 
o Complications: serious mucous membrane involvement can affect nutrition and be painful. 
o Treatment:  

 Topical or oral steroids 
 Suppression of viruses (e.g. acyclovir) 

Stevens-Johnson syndrome and Toxic epidermal necrolysis 

These 2 diseases have the same pathology as EM and can be considered part of a disease 
continuum. SJS and TEN are usually due to drugs (90%), however and involve the mucous 
membranes at multiple sites. 

The term SJS can be used when there is involvement of >10% of skin surface with 
significant ulceration. The term TEN can be used when >30% of the skin surface is involved. 

Figure 103-18 Erythema multiforme. 
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Dermatophytosis (superficial mycoses) 

Introduction:  

o Dermatophytes are filamentous fungi in the genera: 
 Trichophyton: T. rubrum is most common cause of skin infections 
 Microsporum 
 Epidermophyton.  

o The major clinical subtypes of dermatophyte infections are: 
 Tinea corporis – skin other than the feet, groin, face, scalp, or beard hair 
 Tinea pedis – foot 
 Tinea cruris – groin 
 Tinea capitis /barbae – scalp hair / beard 
 Tinea unguium (onychomycosis) – nail 

 

Pathophysiology: 

o Dermatophytes are superficial infections that metabolize and subsist upon keratin. This limits infection to the 
skin, hair, and nails. 
 They do not infect squamous mucosa; if present, this is most likely to be Candida. 

o They are acquired by direct contact with the environment: people, animals, soil. 

Presentation: 

o Involved areas have erythema and scaling, which are more prominent on the outside edge (called an “active 
border”). Central clearing may be present; this is not seen in lichen planus or psoriasis. The lesions may be itchy. 
 Tinea capitis may have alopecia. 
 Tinea pedis may have fissuring and maceration between the toes. 
 Tinea unguium shows discoloration of the nail with progressive hyperkeratosis and onycholysis. 

                  

 

o Testing:  
 KOH scrapings of lesion edge for hyphae 
 Culture 
 Biopsy with fungal stain 

Natural history: 

o Prognosis: while benign in nature, the infections tend to be chronic and recurrent after treatment. 
 

Figure 103-19 Tinea corporis: “ringworm” pattern. 
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o Treatment: 

 Limited skin infections can be treated with topical antifungals such as the azoles. 
 Tinea capitis and severe infections require oral griseofulvin. 

  

Pemphigus vulgaris 

Pathophysiology: 

o A type II hypersensitivity disease in which IgG antibodies are directed against the desmosomal protein 
desmoglein. This degrades the cell junctions throughout the epidermis, causing acantholysis in which there 
are single, detached keratinocytes. Immunofluorescence shows uniform distribution of IgG around 
keratinocytes through the epidermis (see image, below).       

o Loss of desmosomes leads to disruption of the epidermis, seen clinically as vesicle and bullae. The weak epidermis 
leads to flaccid bullae (fluid leakage) that easily break, forming erosions. 

o As only the epidermis is involved, erosions heal without scarring. 

Pityriasis (tinea) versicolor 

An alteration of skin pigmentation caused by an infection by Malassezia furfur. The organism 
produces inhibitors to tyrosinase which inhibits the synthesis of melanin. This causes areas of 
depigmentation. Other substances from the organism induce larger melanosomes, resulting in 
areas of hyperpigmentation. 
Diagnosis is made by direct examination of affected areas for the organism. Treatment is with 
topical antifungals. 

                                   
Figure 103-20 Pityriasis(tinea) versicolor. 

Figure 103-21 Pemphigus vulgaris (direct immunofluorescence). 
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Presentation: 

o Symptoms: 
 Median age of onset is 50 years. 
 Blisters usually start in mucosa, most commonly the mouth, presenting as painful erosions. 
 Skin blisters can appear on any surface with sparing of the palms and soles. The blisters are fragile and 

are mostly seen as erosions. As the blisters are weak, they leak fluid and so are flaccid when intact. 
o P/E: 

 Vesicles and bullae of skin and mucosa. 
• Nikolsky sign: pressure on normal skin causes the surface to slip free. 

o Testing: 
 Skin biopsy: 

• H&E: detachment above the basal layer. Individual keratinocytes present (acantholysis). 
• IF: circumferential IgG found in suprabasal keratinocytes. 

 Indirect immunofluorescence: most patients have circulating antibodies to squamous epithelium. 

Natural history: 

o Prognosis: without treatment, most patients die within 5 years. 
o Complications: fluid loss, poor alimentation due to mouth pain 
o Treatment: oral steroids and rituximab 

Bullous pemphigoid  

Pathophysiology: 

o A type II hypersensitivity disease in which IgG antibodies are directed against basement membrane attachment 
protein BPAG (for Bullous Pemphigoid Antigen). This is found in the hemidesmosomes of the dermal-epidermal 
junction. This leads to the detachment of the intact squamous epithelium. Immunofluorescence shows uniform 
distribution of IgG along the basement membrane zone (see image, below). 

Figure 103-23 Bullous pemphigoid (direct immunofluorescence). 

Figure 103-22 Pemphigus vulgaris: a. oral and b. cutaneous blisters. 
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o Detachment of the epidermis, seen clinically as vesicles and bullae. The epidermis is intact leading to tense bullae. 
o If only the epidermis is involved, erosions heal without scarring. 

Presentation: 

o Symptoms: 
 Median age of onset is 80 years. 
 There is a prodrome period of weeks to months of eczematous / urticarial lesions. 

 

 Tense blisters usually start in the skin, unlike pemphigus, and are most commonly found on the trunk, 
limb flexures and body folds. They are intensely itchy. Blister rupture causes painful erosions. 

 

o P/E: 
 Tense vesicles and bullae of skin and mucosa. Erosions from with rupture.  

• Negative Nikolsky sign: pressure on normal skin does not cause the surface to slip free. 
o Testing: 

 Skin biopsy: 
• H&E: Subepidermal detachment and numerous eosinophils. 
• IF: linear IgG found along the basement membrane zone. 

 Indirect immunofluorescence: most patients have circulating antibodies to subepithelial zone of 
squamous epithelium. 

  

Figure 103-24 Bullous pemphigoid. 

Figure 103-25 Bullous pemphigoid: tense blisters. 
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Natural history: 

o Prognosis: chronic disorder that wanes and wanes over months to years. It has a 10% / year mortality. 
o Complications: fluid loss, poor alimentation due to mouth pain. 
o Treatment: oral and topical steroids and tetracyclines. 

Erythema nodosum 

Epidemiology: 

o Most common in women ages 20-40 years 
o Incidence depends upon the prevalence of local triggers. 

Pathophysiology: 

o Considered to be a delayed hypersensitivity to local antigens 
 Commonest trigger is streptococcal infection. Other triggers include drugs (e.g. oral contraceptives), 

pregnancy, inflammatory bowel disease and sarcoidosis. 
 No cause is found in up to 40% of patients. 

Presentation: 

o Symptoms and P/E: 
 Erythematous, usually tender, nonulcerated, immobile nodules on the bilateral shins. 

Testing: 

 Skin biopsy may be helpful in atypical cases. It shows septal panniculitis. 

Natural history: 

o Prognosis: benign self-limited disease that resolves over weeks. 
o Treatment: NSAIDs for symptoms 

Figure 103-26 Erythema nodosum. 
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Chapter 104. Skin, Selected neoplasms 

Introduction: 

Despite rapid progression of our understanding of the molecular basis of neoplasms, they are still mostly classified by 
their appearance (i.e. phenotype). It is generally held that every cell has its malignant counterpart. This means that skin, 
with its epithelium, adnexal structures, and connective tissue, has a very large number of different neoplasms. 

Review of the many neoplasms of skin is beyond the need of students and non-specialist doctors. This chapter will 
review the common neoplasms. 

In keeping with the patient-centered focus of our teaching, skin neoplasms can be classified as: 

o Pigmented (i.e. brown) 
o Vascular (i.e. red) 
o Tan (i.e. the color of normal skin)  

Clinical pathologic correlation of skin masses 

Skin masses are a common clinical problem because they are easy to identify by sight. The critical question 
for the doctor is simple, is the lesion benign or malignant? While there are features that suggest the nature of 
a papule or nodule, the only definitive test is histopathology. For lesions that are not in cosmetically sensitive 
areas, this means excisional biopsy. Not only does this provide a complete sample of the lesion, but it is also 
therapeutic if resection margins are clear.  

                                                                         

Papules < 7 mm in diameter can be completely excised using a punch biopsy with a larger diameter. 70% of 
wound healing is contraction, so even an 8 mm wound leaves only a 2 mm scar. For benign tumors, the 
biopsy is also a complete treatment. For aggressive malignancies, wide re-excision can be performed. The 
great advantage of punch biopsies is that skin preparation is no greater than that for venipuncture. Lesions 
too large for punch biopsy require a scalpel for complete excision and this requires a sterile field. 

Take this papule as an example (the arrows denote small seborrheic keratoses). It does not matter whether it 
is benign or malignant in terms of initial management. An excisional biopsy with clear resection margins by 
any technique is appropriate. If it turns out to be a nodular BCC, most likely in an older person, then a biopsy 
with resection margins free of neoplasm, is not only diagnostic but also therapeutic. 

                                                

 

Figure 104-1 Skin biopsy punch.  

Figure 104-2 Papule.  
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Tan skin lesions (papules/nodules) 

Actinic keratosis (aka solar keratosis) 

Pathophysiology: 

o A premalignant condition caused by UV light exposure. UV light causes pyrimidine dimers in the            
double-stranded DNA which interfere with normal cell division. 

o Risk of cancer is dose dependent; therefore most lesions are found on sites with exposure (e.g. bald head, 
dorsal hands, lower lip). 

o Pathology: 
 Biopsy shows disordered architecture with atypical nuclear morphology (i.e. dysplasia). There is 

hyperkeratosis and parakeratosis that corresponds to the grossly visible scale. 

Presentation: 

o Symptoms and P/E: scaly lesions with surrounding erythema. 

o Testing: clinical diagnosis, with biopsy in atypical cases. 

Natural history: 

o Prognosis: there is a progressive risk of squamous cell carcinoma (SCC) over years. Some studies have shown 
the risk to be 2-5% overall.  
 Note that small sun-induced SCCs can locally invade, but they do not metastasize. 

o Treatment: 
 Destructive therapies include surgery, cryotherapy, dermabrasion, photodynamic therapy [PDT]), 

topical medications such as fluorouracil. Ablation of entire fields can be achieved with chemical 
peels and laser resurfacing.  
 

Cutaneous squamous cell carcinoma (SCC): 

Epidemiology: 

o Risk factors:   
 UV exposure (dose dependent) 

• Age: uncommon under age 45 years, increasing in incidence thereafter. 
• Fair skin 
• Latitude (reflecting UV exposure) 
 

Figure 104-3 Actinic keratosis. 
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 Arsenic 
 Immunosuppression (e.g. transplantation, HIV, steroid use). 
 Chronic inflammation (e.g. burns, draining sinuses, lichen sclerosis) 
 Heredity: xeroderma pigmentosa, albinism. 

o Incidence: 2nd commonest skin cancer after BCC, but not included in cancer registries, so there is no good data. 

Pathophysiology: 

o Molecular mechanisms: 
 SCCs have a massive mutational burden, but the sequence and specific mutations have not been 

established yet. It usually includes P53 loss of function. 
 UV damages DNA by producing pyrimidine dimers which interferes with DNA translation. 
 UV exposure is dose dependent and cumulative. This is similar to that seen in BCC, but different than 

that seen in melanoma which correlates with intermittent intense exposure (e.g. sunburn) in childhood. 
o Pathology:  

 The neoplasm arises in the keratinocytes of the epidermis and progresses through the usual           
dysplasia-carcinoma sequence. 

 SCCs form keratin pearls and have intercellular “prickles” (see Figure 94-4).  

Presentation: 

o Symptoms and P/E: 
 UV-driven SCCs are found on areas with chronic UV exposure (e.g. scalp, hands, lower lip). SCCs from 

other causes can be found on non-exposed areas. 
 Invasive carcinoma presents as a tan papule or nodule. 

• Carcinoma in situ (aka Bowen disease) may appear as a red patch.  

o Testing: diagnosis is established by biopsy. 

Natural history: 

o Prognosis:  
 Low risk (well-defined nodules < 1.0 cm, in sun-exposed areas, not on the ear): excision is curative 
 High risk (> 2.0 cm, on the ear, deep invasion, poorly differentiated, immunosuppression): have up to 

20% chance of metastasis and require staging. 
o Treatment for high risk SCC: early and aggressive excision with radiation and chemotherapy as indicated by stage. 
 
  

Figure 104-4 Squamous cell carcinoma. 
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Basal cell carcinoma (BCC) 

Epidemiology: 

o Incidence: considered to be the commonest cancer but BCCs are not included in tumor registries so there is 
no good data. 

o Risk factors:  
 UV exposure: intermittent exposure in childhood and cumulative dose in adults. 
 Arsenic 
 Immunosuppression 
 Nevus sebaceous 
 Heredity: xeroderma pigmentosa, albinism, others.  

Pathophysiology: 

o Molecular pathways: UV-induced BCC has mutation in the hedgehog protein family in 90% of cases.  
TP53 mutations are also common. 

o UV radiation causes pyrimidine dimers which interfere with DNA. 
o Pathology: the neoplasm recapitulates the appearance of the basal layer cells of the epidermis. 

Presentation: 

o Symptoms and P/E: 
 70% present on the face as: 

• Nodule: 

• Red plaque (superficial BCC variant) 

 
  

Figure 104-5 Nodular basal cell carcinoma. 

Figure 104-7 Superficial basal cell carcinoma. 
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o Testing: biopsy 

Natural history:  

o Prognosis: slow growing but can be locally destructive. Only rarely metastasize (<0.05%) 
o Treatment: excision 

Pigmented (brown) skin lesions 

Seborrheic keratosis 

Epidemiology: 

o The most common of the benign epidermal tumors. 
o Incidence increases with age. Everyone has at least one           

by age 50 years. 
 

Pathophysiology: 

o Of unknown etiology. 
o Pathology: 

 Gross: variable color, with a “stuck-on” or “postage stamp” appearance.  
 Microscopic: entirely epidermal, with thickening (acanthosis), small aggregates                                              

of keratin and hyperkeratosis 
o Presentation: 

 Brown-tan plaque 
 Testing: biopsy if atypical 

o Natural history:  
 Prognosis: benign, of cosmetic concern only. 
 Complications: Leser-Trèlat syndrome: a paraneoplastic change seen in adenocarcinomas,                   

especially of the stomach. 
 Treatment: excision. 

Melanocytic nevi (aka moles) 

Pathophysiology: 

o Proliferations of melanocytes that appear after age 6 years, peak in number in the 3rd decade and then 
decrease with age. 

o There are numerous variants. Their significance lies in how closely they mimic malignant melanoma or pose a 
risk for its development. 
 Giant congenital nevi (i.e. > 40 cm) have a 2-5% lifetime risk of melanoma, 50% of which is in the first          

7 years of life. 
 30% of melanomas arise in a nevus. 

o Pathology: 
 Benign (common) nevus. 
 Dysplastic or atypical nevus: 

• These have atypical nuclei and have a higher risk of being having a preneoplastic behavior. If there 
are >50 nevi on an individual, there is a high risk of a familial melanoma syndrome. 

Figure 104-8 Seborrheic keratosis.  
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-  Common mutations in familial melanoma are loss of function mutation in cyclin-dependent 

kinase inhibitors CDKN2A and CDK4. 

Pigmented skin lesions: evaluation with the “ABCDE” rule 

Worrisome nevi have the following features: 

A. Asymmetry 
B. Border is irregular 
C. Color is variable 
D. Diameter > 6 mm 
E. Evolution (i.e. there is change over time) 

 

 
 Figure 104-10 Pigmented lesions: A, B: benign nevi; C,D,E: dysplastic nevi. 

Figure 104-9 Malignant melanoma: molecular defects in hereditary disease. 
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Malignant melanoma 

Introduction: 

o Skin pathology has historically been performed by dermatologists, not pathologists. This means that the 
nomenclature and natural history are described in unique terms, unrelated to the usual pathologic 
nomenclature. This has varied across decades and institutions and can be confusing. 

o The melanocyte is derived from the neural crest, unlike epithelial cells which are ectodermal in origin.               
As malignant melanomas behave like carcinomas, they are classified with them. 
 

Pathophysiology: 

o Most melanomas arise in the epidermis along which they spread in an indolent fashion over years.                  
This is called the radial growth phase. Even if there is invasion of the underlying stroma, the neoplasm        
does not metastasize. 
 30% of melanomas arise in a pre-existing nevus. 

 
o At some point the invasive melanoma cells acquire the capability to metastasize. The mechanism of this 

transition from radial to vertical growth phase is not yet understood, but the vertical growth phase cells 
have different surface antigens, molecular profiles and a histologic appearance that can be recognized 
by microscopy. The neoplasm now can metastasize. 

o Classification of malignant melanoma: 
1. Superficial spreading melanoma 

• The most common subtype (70%). It presents as an irregularly pigmented macule or thin plaque 
(see above: ABCDE criteria). Commonest on the back of males and legs of females. One-third have 
a pre-existing nevus. 

• Pathology: epidermal spread of malignant melanocytes (i.e. radial growth) extends > 3 rete           
ridges beyond any invasive component. No nests of poorly differentiated malignancy are seen                        
(i.e. no vertical phase). 

Figure 104-11 Carcinogenesis of malignant melanoma. 
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2. Nodular melanoma 
• Second commonest type (20%). They typically present as darkly pigmented papules or nodules, 

usually with a discrete border. 
• Pathology: dermal invasion by poorly differentiated melanoma cells with minimal epidermal 

component. By definition, they are in vertical phase. Over 50% invade more than 2 mm into the 
dermis (see prognosis and staging, below) . 

3. Lentigo maligna melanoma: 
• A freckle-like brown macule on sun-damaged skin, typically the face. Any nodular areas are likely to 

represent vertical growth invasion. 
                        
 

  

Figure 104-12 Superficial spreading melanoma. 

Figure 104-13 Nodular malignant melanoma. 
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4. Acral lentiginous melanoma: 
• An irregular pigmented patch on the palms or the soles. If it arises beneath the nail, it is a subungual 

melanoma. Pigment spread into the surrounding skin of the nail fold is called Hutchinson sign. 
• Commonest melanoma in Asians. 

o Molecular pathogenesis of melanoma (See Figure 13-7): 
 The MAPK pathway is abnormal in nearly all melanomas. The key gain of function mutation is in BRAF, 

found in 50% of vertical phase melanomas and metastases. This enzyme is the target of vemurafenib. 

Presentation: 

o Symptoms and P/E: 
 Irregularly pigmented macules and nodules (see Classification, above) 

o Testing of suspicious pigmented lesions: 
 Phone camera applications: these have variable sensitivity and specificity. Their best use is to assess 

change in a mole over time. 

Figure 104-15 Acral lentiginous melanoma (subungual). 

Figure 104-14 Lentigo maligna melanoma. 



987

Skin: Selected Neoplasms 104
 Dermoscopy: this is a device that uses ambient light to see structures down to the superficial dermis 

based on their reflectance properties. It greatly improves diagnosis of melanoma, but not well enough       
to replace biopsy.  

 Biopsy: this is the gold standard. Biopsy should be performed for any lesion with any atypical features. 

Natural history: 

o Prognosis: staging is by the TNM system 
 The 2 most important characteristics of the tumor are its depth of invasion (note the decrease in survival by 

each millimeter of depth in Stages 1 and 2), and the presence of ulceration, which has a worse prognosis. 
 

Stage TNM1 10 year survival (%) 
1 T1 (< 1 mm) 95 

2A T2 (1-2 mm) 65 
2B T3 (2-4 mm) 55 
2C T4 (>4mm) 40 
3 N (+) 70 (1 LN2)-25 (≥4 LN) 
4 M (+) 10-15 

1. T given is depth of invasion into the dermis, without  
ulceration, where T2= 1-2 mm, T3= 2-4 mm and T4 is >4mm.  
Survival is for tumors without ulceration, 2. Lymph node. 

o Treatment:  
 Treatment is surgical. At the initial diagnostic biopsy, it is important to excise the entire lesion as 

melanomas are heterogeneous and pathologic evaluation requires all of the tumor for proper     
diagnosis and staging.  

 Wider resection margins are desired as the depth of invasion increases. 1 cm is the minimum, with 2 cm 
recommended for T3/T4 tumors. 

 Sentinel lymph node biopsy is recommended for all tumors with a depth of invasion > 1mm (i.e.T2-T4). 
 Metastatic disease with BRAF mutations can be treated with vemurafenib, a BRAF inhibitor. Immune 

therapy is changing prognosis. 
 

Vascular (red) skin lesions 

Vascular ectasias (aka capillary malformations)  

Introduction: 

o Ectasia: the dilation of any structure of any size 
o Telangiectasia: a dilation of small vessels that forms a discrete mass.  

It is usually a malformation or a hamartoma. 
o Occur in up to 2% of newborns. 

Port wine stain (aka nevus flammeus) 
 
Pathophysiology: 
o Etiology is unknown 
o Pathology: ectatic capillaries and post-capillary venules in the dermis. 
o Sturge-Weber syndrome: 

 Triad of facial port wine stain, leptomeningeal angiomatosis,             
and ocular involvement. Not hereditable. Figure 104-16 Sturge-Weber 

syndrome. 

Table 104-1 Stage and survival of melanoma without treatment. 
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 Found in the area of the ophthalmic and/or maxillary branch (segments V1/V2) of the trigeminal nerve, 
involves both the upper and lower eyelids, and is often bilateral. 

 Associated with seizures and intellectual impairment.  

Presentation: 

o Symptoms and P/E: blanchable red plaques that have a unilateral distribution that does not cross the midline. 
o Testing: diagnosis is clinical. 

Natural history: 

o Prognosis: tend to persist and grow with the body. They may become nodular in adulthood. 

Hereditary hemorrhagic telangiectasia (aka Weber-Rendu-Osler syndrome) 

Pathophysiology: 

o Autosomal dominant disease with >600 described variants. All have mutations that affect TGF-β signaling, 
especially in endothelial cells. 

o All affected organs can develop arteriovenous malformations (AAV) or telangiectasias. 

Presentation: 

o Symptoms: 
 Recurrent childhood epistaxis (90%) 
 Submucosal telangiectasias (75%) 
 Visceral AVM, especially lung and liver (30%) 

o P/E: 
 Visible telangiectasias 

o Testing: 
 Diagnosis is made by finding 3 of 4 criteria: epistaxis, telangiectasias, AVMs and (+) family history. 

Natural history: 

o Prognosis: major risk is bleeding or paradoxical embolism from an AVM. 
o Complications:  

 AVM of lungs leads to paradoxical emboli and stroke. 
 Iron deficiency anemia from GI bleeding. 

o Treatment: 
 AVMs should be screened for and treatment or anticoagulation considered. 
 Iron deficiency should be screened for. 

  

Figure 104-17 Hereditary hemorrhagic telangiectasia. 
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Hemangiomas 

Nomenclature: there has been a variety of names to describe these lesions over the decades: 

o Superficial: strawberry hemangioma, capillary hemangioma 
o Deep: cavernous hemangioma. This is a term also used for venous malformations and is best avoided. 
o Many lesions have both superficial and deep components. 

Pathophysiology: 

o Benign, self-limited proliferations of endothelial cells that produces a rapid proliferation of blood vessels. 
o Molecular basis is an imbalance of vasculogenic factors centering on hypoxia factors HIF-1α/ VEGF 
o Go through a proliferative stage in first year of life followed by an involution stage over several years. 
o Commonest tumor of childhood, up to 10% of white children. 

Presentation: 

o Symptoms and P/E: 
 Superficial: a bright red papule/nodule/plaque.                                             

 Deep: typically a raised nodule with a tan surface and bluish hue. 
 Testing: diagnosis is clinical 

Natural history: 

o Prognosis: 90% have resolved by age 4 years 
o Complications: 

 Cosmetic 
 Ulceration. 

o Treatment: none unless there is a failure to involute (surgery). 

Kaposi sarcoma 

Epidemiology: 

o Commoner in males due to increased prevalence of HHV-8 virus 
o Classic type found in old age and Eastern Mediterranean. 
o Since the introduction of anti-retroviral therapy (ART), the incidence of Kaposi sarcoma in AIDS patients has 

dramatically decreased. 

Figure 104-18 Hemangioma. 



990

Pathophysiology

Pathophysiology: 

o Chronic human herpes virus Type 8 infection and immunosuppression 
o Molecular mechanisms: virus in endothelial cells transforms them into malignant cells by complex 

mechanisms that involve both oncoproteins and the loss of tumor suppressors. 
o Pathology:  
 Gross: evolution from patch > plaque > nodule 
 Microscopic: thin-walled vascular structures lined by malignant endothelial cells. 

                                                                                                

 

Presentation (AIDS): 

o Symptoms and P/E: 
 Lesions are typically elliptical and often distribute along skin tension lines. The lesions are not painful or 

pruritic and usually do not produce necrosis of overlying skin or underlying structures. Most common on 
legs and face, especially the nose. 

 As vascular structures they may be pink, red, purple, and brown patches or papules. Early lesions can be 
mistaken for purpura, hematomas, angiomas, dermatofibromas, or nevi.  

o Testing: biopsy is diagnostic. 

Natural history: 

o Prognosis: depends on extent of disease (cutaneous only better), immune status 
(CD4 count > 200 /μL is better) and general wellness. 

o Treatment: 
 Centers on restoration of immune status. 
 Extensive disease can be treated with chemotherapy/radiation. 

Early nodule 

Plaque 

Figure 104-19 Kaposi sarcoma. 
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Pathophysiology

Chief Complaints and their Differential Diagnosis 

Symptoms 

Abdominal pain (See: Chapter 65. GI tract, CPC, Figure 65.1 and Table 65.2)            

Arthritis / arthralgia (See: Chapter 87. Joints: Clinical pathologic correlation; structure and function, Figure 87-1 
and Synovial fluid, below.) 

Bleeding (See Chapter 97. Hematology: Bleeding disorders: Hemostasis and testing, Figure 97-1) 

o Platelet function defects bleed beneath epithelium (skin: petechia; mucosa: epistaxis, GI tract, hematuria, 
menorrhagia) and bleed immediately after the challenge 
 Epistaxis is also associated with hereditary hemorrhagic telangiectasia 
 Vascular defects bleed immediately with the challenge. 

o Factor defects bleed into joint and deep soft tissue which may be delayed after the trauma. Most common 
hereditary disease is hemophilia. 

Chest pain (See: Chapter 14: Heart: Clinical-Pathologic Correlation (CPC), Figure 14-2, and other heart            
chapters on ischemia) 

Cough  (See: Chapter 30. Lung: CPC, Table 30-1) 

Diarrhea (See: Chapter 65. GI tract, CPC, Table 65-1) 

Dysphagia (See: Chapter 65. GI tract, CPC, Table 65-1) 

Dyspnea (see Shortness of breath, below) 

Edema (See: Chapter 14. Heart, CPC, Table 14-1 and Figure 14.1, Chapter 38. Kidney function testing & renal 
failure, Table 38-1). 

Fever / B symptoms 

o Fever of unknown origin (FUO) has a specific definition. The temperature has to be ≥ 101°F (i.e. ≥38.3°C), 
persist for more than 3 weeks, and have no known cause after investigation.  

o The basic work up for FUO is:  
 Blood cultures (especially for the HACEK, “culture-negative” group) 
 Erythrocyte sedimentation rate or C-reactive protein (IL-6 cytokine) 
 HIV antibody test and viral load 
 Rheumatoid factor, anti-nuclear antibody (sensitive but not specific), creatinine phosphokinase (myositis) 
 Heterophile antibody test (infectious mononucleosis) 
 Tuberculin skin test or interferon-gamma release assay 
 Serum protein electrophoresis (multiple myeloma) 
 Computed tomography scan of abdomen and chest (masses, lymphadenopathy)  

o The 3 commonest causes are: 
 Infection 

• Virus: acute EBV infection (i.e. infectious mononucleosis), HIV, Hepatitis C. 
• Bacteria: tuberculosis (most common infectious cause of FUO), abscesses, bacterial endocarditis 

 Systemic rheumatic diseases (aka connective tissue diseases) 
• Vasculitis (temporal arteritis is the most common immune cause of FUO), sarcoidosis, SLE, RA, 

polymyalgia rheumatica 
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 Malignancy 
• Lymphoma & leukemia 
• Renal cell carcinoma 

Flank pain (See: Chapter 45. Kidney: Stones and Chapter 42. Kidney, Tubulointerstitial disease) 

o Colicky flank pain with hematuria is caused by a kidney stone until proven otherwise. Find the stone by 
imaging and collect it for identification. 

o Dull flank pain with white blood cell casts is acute pyelonephritis. 

Headache (See: Chapter 77. Central Nervous System: Clinical pathologic correlation, Table 77-1, chronic                     
and Table 77-2, acute) 

Hematemesis / melena (See: Chapter 65. GI tract, CPC, Table 65-1) 

o The commonest source of melena is severe upper GI tract bleeding. 

Hematochezia (See: Chapter 65. GI tract, CPC, Table 65-1) 

Hematuria (See: Chapter 38. Kidney, CPC Table 38-1) 

o Lower urinary tract, mostly bladder 
 Bladder stone 
 Infection 
 Neoplasm 

o Upper urinary tract, mostly glomerulonephritis (RBC casts and proteinuria). 

Infertility (See: Chapter 56. Female reproductive system, Endocrine, amenorrhea and infertility, Figure 56-8) 

o Commonest causes of infertility: 
 PCOS (Polycystic ovary syndrome) 
 Tubal obstruction 
 Endometriosis  

Jaundice (See: Chapter 72. Liver: Presentation, liver failure and cirrhosis, Figure 72-2).  

Mental changes / coma, Acute (See: Chapter 77. Central Nervous System: Clinical pathologic correlation,         
from Tables 77-1 and 77-2).  
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Chief complaint Organ/group Family Diagnosis 

Mental changes Intracranial (1°)  Many 

 Extracranial (2°) 
“DEENO” 

Drugs Therapeutic: benzodiazepines, 
antidepressants, β-blockers, opioids 

Abuse: alcohol, marijuana, opioids, 
cocaine 

  Electrolytes ↓Na+, ↑Ca+2 

  Endocrine Thyroid, cortisol 

  Nutritional Vitamin B12, thiamine 

  Organ failure Anemia, heart, lung, liver, kidney… 

Coma (antidote 
cocktail) 

Glucose Hypoglycemia Diabetes mellitus, insulinoma (NET1) 

 Thiamine Deficiency Wernicke-Korsakoff syndrome 

 Naloxone Opioid overdose Heroin, Fentanyl, OxyContin, Vicodin 

 Flumazenil Benzodiazepine 
overdose 

Valium, Versed, Xanax… 

         

      1. Neuroendocrine tumor 

Oliguria (See: Chapter 38. Kidney, CPC and Chapter 40. Kidney, Renal function testing and renal failure, Table 38-1) 

Palpitations (See: Chapter 18. Heart, Arrhythmias) 

Organ Disease family Investigation Diseases  

Heart Arrhythmias EKG, ECHO Many  

Brain Psychiatric History Panic attack, anxiety, somatization 

Medications  ∙History 

∙ rug testingD  

caffeine, nicotine Legal:  

Illegal: cocaine, amphetamines 

 

Polyuria, polydipsia (See: Chapter 47. Endocrine, Hypothalamus and posterior pituitary,  Figure 47-8) 

 

Shortness of Breath (SOB, dyspnea) (See: Chapter 14. Heart, CPC, Table 14-1 and Chapter 40. Lung, CPC, Table 30-1) 

Syncope (See: Chapter 18. Heart, Arrhythmias)  
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Organ Disease family Investigation Diseases 

Heart Arrhythmias EKG1, ECHO Ischemia, cardiomyopathies 

ANS2  Reflex or hypotension History, diagnosis of 
exclusion 

٠Vasovagal reflex  

٠Postural hypotension 

Brain Seizures EEG3, CT scan Many  

Metabolic Hypoglycemia Medications, tumors DM4, insulin-producing neoplasms 
   

  1. Electrocardiogram, 2. Autonomic nervous system, 3. Electroencephalogram, 4. Diabetes mellitus 

Thrombosis (calf, hepatic vein) (See: Chapter 99. Hematology, hypercoagulable states and thromboemboli disease) 

o Investigation of a deep vein thrombosis (DVT) is warranted for a hereditary hypercoagulable state with: 
 (+) Family history 
 Multiple episodes 
 Occurrence at a young age (e.g. <50 years) 
 Thrombosis in an unusual site (i.e. not lower leg) 

o Hereditary conditions: Factor V Leiden, Prothrombin G20210A, Protein C deficiency, Antithrombin deficiency 
o Acquired conditions: antiphospholipid syndrome, mucinous adenocarcinoma 

Vomiting (See: Chapter 65. GI tract. CPC, Table 65-1) 

Weakness 

Evaluation of weakness involves 3 steps: 

1. True muscle weakness versus limitation from another cause such as pain or lassitude (i.e. lethargy or fatigue). 
2. Localizing the level of involvement (i.e. CNS > corticospinal tracts > anterior horn cells > nerve roots > 

peripheral nerves > NMJ > muscle) 
3. Diagnosis of a specific disease. 

 
Pathologic 
Process 

CNS Anterior horn 
cell 

PNS NMJ Muscle 

Genetic Leukodystrophy rare CMT1 
syndrome 

rare Muscular 
dystrophy 

Autoimmune 
/Inflammatory 

Multiple sclerosis ALS2 Guillain-
Barre 

Myasthenia 
gravis 

Polymyositis 

Infectious Brain abscess Poliomyelitis Leprosy Botulism  

Metabolic / 
Endocrine 

Vit B12 deficiency ------ Diabetes 
mellitus 

------ ↓T4
3 

Drug / Toxin ------ Lead Lead Pesticide Steroids 

Neoplastic Cranial tumor Paraneoplastic 
syndrome 

------ MG4, Eaton-
Lambert 

Dermatomyositis 

   

 1. Charcot-Marie-Tooth, 2. Amyotrophic lateral sclerosis, 3. Hypothyroidism, 4. Myasthenia gravis 
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Weight loss (unintentional, adult) 

o Defined as a loss of weight >5% of the usual weight. The term typically implies no known underlying      
chronic disease 
 Weight loss with increased appetite 

• Hyperthyroidism 
• Diabetes mellitus type I 
• Malabsorption 

 Weight loss with decreased appetite 
• Malignancy 
• GI disease (non-malignant) 

- Peptic ulcer disease (PUD) 
- Chronic inflammatory bowel disease (CIBD) 

• Psychiatric disorder 
- Depression 
- Eating disorder 

 

Clinical Syndromes 

Addison disease (Hypocortisolism) (See: Chapter 50. Endocrine, Adrenal cortex, Figure 50-12). 

Amenorrhea:  

o 1° amenorrhea (See: Chapter 56. Female reproductive system, Endocrine, amenorrhea and infertility,         
Figure 56-1) 

 
o 2° amenorrhea (See: Chapter 56. Female reproductive system, Endocrine, amenorrhea and infertility, Figure 

56-5 (laboratory) and Figure 56-7 (functional)). 

Cushing syndrome (Hypercortisolism) (See: Chapter 50. Endocrine, Adrenal cortex, Figure 50-8) 

Hypercalcemia (“Bones, stones, abdominal groans with psychic overtones”) 
See also in: “Laboratory findings: hypercalcemia” (below), Figure 51-6) 

 
 Bone pain 
 Kidney stones 
 GI complaints (pain, constipation, indigestion…) 
 Mental changes 

 
o Note that Vitamin D stores are best evaluated by a serum 25-hydoxyvitamin D (calcidiol). The active form of 

Vitamin D, 1,25-dihydoxyvitamin D (calcitriol), is made from calcidiol by the kidney enzyme 1α-hydroxylase, 
which is activated by PTH. Thus, calcitriol reflects PTH activity, not vitamin D stores and may actually be 
elevated in Vitamin D deficiency that has hypocalcemia with increased PTH. 

o Sarcoidosis will have an elevated 1,24 dihydroxyvitamin D as the macrophages have 1α-hydroxylase and the 
elevated Vitamin D is calcitriol. 

Hypocortisolism: see Cushing syndrome (above) 

Hyperglycemia, acute (see also in: Laboratory findings: Hyperglycemia, below) 

See: Chapter 52 Endocrine pancreas, Glucose metabolism and diabetes mellitus. 
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 Polyuria, polydipsia & polyphagia (see also the differential diagnosis of weight loss) 
 Diabetic ketoacidosis (DKA):  abdominal pain & hyperventilation 
 Hyperosmolar, hyperglycemic syndrome (HHS): mental changes when serum osmolality > 325 mOsm/L 

(normal 285-295 mOsm/L) 

 

o Differential diagnosis of hyperglycemia  
 Diabetes mellitus Type 1: Type IV hypersensitivity 
 Diabetes mellitus Type 2: insulin resistance followed over years by failure of β Cells 
 Hereditary defects of the β cell 
 Endocrine: a high level of a counter-regulatory hormone, either endogenous or therapeutic (i.e. cortisol) 

• Cortisol (e.g. Cushing disease) 
• Catecholamines (e.g. pheochromocytoma) 
• Growth hormone (e.g. acromegaly) 
• Glucagon (e.g. neuroendocrine tumor) 

 Pancreatic failure (e.g. cystic fibrosis, chronic pancreatitis) 
 Pregnancy: placental-derived insulin antagonists (e.g. human placental lactogen) 

Hypocortisolism, see Addison disease (above) 

Hyperthyroidism (See: Chapter 49. Endocrine, Thyroid gland, Figure 49-7) 

o 90% of hyperthyroidism is due to Graves disease 

Hypoglycemia (also seen in Laboratory findings: Hypoglycemia, below) 

See: Chapter 53 Endocrine Neuroendocrine neoplasias and their paraneoplastic syndromes, Table 53-2. 

o This is an uncommon abnormality and should only be investigated when Whipple’s triad is present: 
 Symptoms typical of hypoglycemia 

• Adrenal sympathetic: tremor, anxiety, palpitations, sweating, hunger. 
• Neurohypoglycemic: dizziness, drowsiness, mental changes. 

 Low blood sugar during symptoms 
 Symptoms relieved by glucose administration 

o Laboratory testing must be performed while symptoms are present. 

Hypopituitarism (See: Chapter 48. Endocrine, Anterior pituitary gland, Table 48-1) 

Hypothyroidism (See: Chapter 49. Endocrine, Thyroid gland) 

o Over 95% of cases are primary and usually autoimmune (i.e. Hashimoto thyroiditis).   ↑TSH / ↓T4 is 
adequate, but confirmatory anti-thyroglobulin and thyroid peroxidase antibodies are often also ordered. 

Infertility (See: Chapter 56. Female reproductive system, Endocrine, amenorrhea and infertility, Figure 56-8) 

Pheochromocytoma (See: Chapter 53 Endocrine Neuroendocrine neoplasias and their paraneoplastic syndromes) 

o At least one of these symptoms must be present to initiate investigation: 
 Severe hypertension 
 Headache  
 Palpitations 
 Sweating 

Osmserum = 2(Na+) + Glu/18 + BUN/ 2.8 
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Uremia (See: Chapter 40. Kidney, Renal function testing and failure, Table 40-2) 

Weakness  

Evaluation of weakness involves 3 steps: 

1. True muscle weakness versus limitation from another cause such as pain or lassitude (i.e. lethargy or fatigue). 
2. Localizing the level of involvement (i.e. CNS > corticospinal tracts > anterior horn cells > nerve roots > 

peripheral nerves > NMJ > muscle) 
3. Diagnosis of a specific disease. 

 
Pathologic 
Process 

CNS Anterior horn 
cell 

PNS NMJ Muscle 

Genetic Leukodystrophy rare CMT1 
syndrome 

rare Muscular 
dystrophy 

Autoimmune 
/Inflammatory 

Multiple sclerosis ALS2 Guillain-
Barre 

MG4 Polymyositis 

Infectious Brain abscess Poliomyelitis Leprosy Botulism  

Metabolic / 
Endocrine 

Vit B12 deficiency ------ Diabetes 
mellitus 

------ ↓T4
3 

Drug / Toxin ------ Lead Lead Pesticide Steroids 

Neoplastic Cranial tumor Paraneoplastic 
syndrome 

------ MG4, ELS5 Dermatomyositis 

 

 

 1. Charcot-Marie-Tooth, 2. Amyotrophic lateral sclerosis, 3. Hypothyroidism, 4. Myasthenia gravis, 5. Eaton-Lambert syndrome 
 

Physical Findings: 

Hypertension (See: Chapter 26. Blood vessels, Hypertension) 

o More than 90% of hypertension is idiopathic and so investigation is not recommended until there is resistant 
hypertension (i.e. elevated blood pressure while on 3 anti-hypertensive medications). 

o The three commonest causes of resistant hypertension are: 
 1° hyperaldosteronism 
 Renal artery stenosis 
 Chronic renal failure (starting at Stage 4) 

Neck mass (water swallow test) (See:  Chapter 49. Endocrine, Thyroid gland) 

o Thyroid (see below for investigation algorithm) 
 Multinodular goiter 
 Cyst 
 Nodule 

• Adenoma 
• Neoplasm  

o Non-thyroid 
 Lymph node 
 Thyroglossal duct cyst 
 Branchial cleft cyst 
 Paraganglioma (rare) 

Non-thyroidal Neck Masses: The Rule of 80’s 
 

In a patient > 50 years of age: 
- 80% of neck masses will be lymph nodes 

o Of these, 80% will be malignant 
 Of these, 80% will be squamous cell 

carcinoma of the head & neck 
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Skin, pigmented skin lesions (See: Chapter 104. Skin, Neoplasms) 

Skin, rashes (See: Chapter 103. Skin, Selected rashes) 

Skin, nodules (See: Chapter 104. Skin, Neoplasms) 

Thyroid nodule (See: Chapter 49. Endocrine, Thyroid gland, Figure 49-10) 

o This is a subset of “Neck Masses” (see above), which are divided into “thyroid” and “non-thyroid” by the 
water swallow test. 

Laboratory testing 

Acid–Base disorders (See: Chapter 30 Lung CPC, Figure 30-5) 

Anemia (See: Chapter 95 Hematology Anemia diagnosis and investigation, Figure 95-1) 

Anion gap (See: Chapter 30 Lung CPC, Figure 30-5) 

o This could be a more comprehensive list, but these are the commonest entities for the generalist. 

 

Cerebrospinal fluid (CSF) (See: Chapter 84. CNS: Selected infections, Table 80-2) 

Effusions (See: Chapter 11: Fluids and the microcirculation, Table 11-1) 

Hypercalcemia (See Chapter 50. Endocrine, Parathyroid gland and calcium regulation, Figure 51-6). 
Also seen in: “Clinical syndromes: hypercalcemia” (above) 

 
 Bone pain 
 Kidney stones 
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 GI complaints (pain, constipation, indigestion…) 
 Mental changes 

 
o Note that Vitamin D stores are best evaluated by a serum 25-hydoxyvitamin D (calcidiol). The active form of 

Vitamin D, 1,25-dihydoxyvitamin D (calcitriol), is made from calcidiol by the kidney enzyme 1α-hydroxylase, 
which is activated by PTH. Thus, calcitriol reflects PTH activity, not vitamin D stores and may actually be 
elevated in Vitamin D deficiency that has hypocalcemia with increased PTH. 

o Sarcoidosis will have an elevated 1,24 dihydroxyvitamin D as the macrophages have 1α-hydroxylase and the 
elevated Vitamin D is calcitriol. 

Hyperglycemia acute (seen also in: Laboratory findings: Hyperglycemia, below) 

See: Chapter 52. Endocrine pancreas, Glucose metabolism and diabetes mellitus,  

Polyuria, polydipsia & polyphagia (weight loss) 

 Diabetic ketoacidosis (DKA):  abdominal pain & hyperventilation 
 Hyperosmolar, hyperglycemic syndrome (HHS): mental changes when serum osmolality > 325 mOsm/L 

(normal 285-295 mOsm/L). 

 
o Differential diagnosis of hyperglycemia  

 Diabetes mellitus Type 1: Type IV hypersensitivity 
 Diabetes mellitus Type 2: insulin resistance followed over years by failure of β Cells 
 Hereditary defects of the β cell 
 Endocrine: a high level of a counter-regulatory hormone, either endogenous or therapeutic (i.e. cortisol) 

• Cortisol (e.g. Cushing disease) 
• Catecholamines (e.g. pheochromocytoma) 
• Growth hormone (e.g. acromegaly) 
• Glucagon (e.g. neuroendocrine tumor) 

 Pancreatic failure (e.g. cystic fibrosis, chronic pancreatitis) 
 Pregnancy: placental-derived insulin antagonists (e.g. human placental lactogen) 

Hypoglycemia (also seen in Clinical syndromes: Hypoglycemia, above) 

See: Chapter 53 Endocrine Neuroendocrine neoplasias and their paraneoplastic syndromes, Table 53-2 

o This is an uncommon abnormality and should only be investigated when  
Whipple’s triad is present: 
 Symptoms typical of hypoglycemia 

• Adrenal sympathetic: tremor, anxiety, palpitations, sweating, hunger… 
• Neurohypoglycemic: dizziness, drowsiness, mental changes… 

 Low blood sugar during symptoms 
 Symptoms relieved by glucose administration 

o Laboratory testing must be performed while symptoms are present. 

Hyponatremia (See: Chapter 47. Endocrine, Hypothalamus and posterior pituitary, Figure 47-6) 

Synovial fluid (See: Chapter 87. Joints, CPC, structure and function, Table 87-2) 

Urinalysis (See: Chapter 38. Kidney, CPC and Chapter 40. Kidney, Renal function testing and chronic renal failure) 

Osmserum = 2(Na+) + Glu/18 + BUN/ 2.8 
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