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Lung: Clinical Pathologic Correlation
Sx
DDx
Dyspnea CHF

P/E
Wheezing
(rhonchi)
Crackles
(rales)

Cough

•GERD
•CHF
•Nasal
drip

Hemoptysis
Productive
Non-prod

Testing
PFT1
ABG2
CXR3

Imaging
Sputum
analysis

Acute (< 1 wk)
Chronic (> 8 wks)
•Asthma
•Asthma
•Acute bronchitis •Chronic
bronchitis
4
•ARDS
•Pneumoconiosis
•Hypersensitivity •Emphysema
•Pulm embolus
•Cystic fibrosis
•Drug reaction
•Pulmonary
•Pneumothorax
fibrosis
•Carcinoma
•TB
•Bact pneumonia
•Aspiration pneu
•Viral pneumonia •Pulm fibrosis
•Atypical
pneumonia

Management
•Challenge or
dilation test
•Lung volumes
•Diffusion
•Imaging
•Biopsy
•Sweat chloride
•Imaging
•Biopsy
•Organism ID5

1. Pulmonary function testing, 2. Arterial blood gases, 3. Chest X-ray, 4. Acute respiratory distress
syndrome, 5. Identification & antibiotic sensitivity

Symptoms
-

1

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
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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
1. GERD, as gastric contents get into the bronchial tree when lying flat.
Patients often mention a metallic taste in their mouth.
2. CHF, the cough is associated with “tightness” and SOB (i.e. PND).
o Medications
1. ACE-I, due to an increase in bradykinin
2. NSAIDs, due to an increase in leukotrienes C, D & E4, leading to
bronchoconstriction
o Family atopy
1. The atopic progression in allergic families is:
infant: eczema > childhood: asthma > adult: chronic sinusitis.
2. The commonest cause of childhood cough is asthma
3. The commonest cause of adult cough is perhaps post-nasal drip. from
chronic sinusitis.
4. If the physical examination and imaging are negative, post-nasal drip
should be suspected in someone under age 50 years.
o Hemoptysis
1. Blood indicates necrosis. In a chronic cough (> 4-8 weeks), look for
tuberculosis (especially in immigrants) and cancer (especially in smokers)
o Productive cough
1. 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.

Physical Examination
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Vital signs: increase in respiratory rate is the most specific vital sign finding for lung
disease. It may be the only finding in pulmonary embolism, which requires a high degree
of 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 occlude due to increased
interstitial pressure.
1. Crackles from fibrosis can be differentiated from edema by experienced
clinicians. The crackles of fibrosis sound like the tearing of “Velcro”
2. When crackles are due to alveolar fluid, the fluid transmits sounds better
than air, called ”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.
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.

Pulmonary Function Testing (PFTs)- for more, see: Lung: Diagnostic Testing
-
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Spirometry (office testing)
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1. Diagnostic:
• Air flow (Obstructive disease):
o FEV1 < 80%
o Asthma: reversibility (in acute: short-acting β agonists)
• Lung volumes (Restrictive disease):
o ↓FVC. FVC correlates to clinical status as well as other tests, such as
the 6’ walk test, DLCO and CT scan. All are good, but each has
limitations.
2. Progression:
• Obstructive: decrease in FEV1 can be used to monitor progression:
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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.
• 2° testing:
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
3. Diffusing capacity (DLCO)
• 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.
o 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.
• Diagnostic:
o In restrictive diseases, can detect early, preclinical disease. ↓FVC with
normal DLCO indicates extrapulmonary disease.
o In COPD, ↓DLCO reflects the amount of anatomical emphysema
o In pulmonary embolism, there is dyspnea with a normal DLCO and
normal PFTs (i.e. FEV1 & FVC).
• Progression:

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
o DLCO <50% expected equates to desaturation of blood with exercise.
DLCO <40% in COPD equates to total disability.

4. P/F ratio
• 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.
• The hyaline membrane creates a diffusion barrier that can be proven by
comparing the PaO2 to the O2 in the inspired air (FiO2)
• 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).
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Pulse oximetry
o 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.
o There are limitations to this tool:
1. COHb and metHb are read with HbO2
2. HbCO2 is not read, so there is no measure of ventilation as one gets with
PaCO2 of blood gases.
3. It is insensitive to mild hypoxia, as this is on the flat part of the oxygen
binding curve
4. It does not measure O2 carrying capacity, which decreases in anemia
Arterial Blood Gases (ABGs)
o PaO2
1. 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.
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2. 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.
3. 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.
o PaCO2
1. Indicates ventilatory status. ↓PaCO2 = hyperventilation; ↑PaCO2 =
hypoventilation .
2. 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.
3. 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.

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%.
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o pH
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1. 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:
• PaCO2 is driven by ventilation. See: PaCO2 (above).
• Compensation of acute metabolic acidosis should result in a
decrease in PaCO2.
• The colonic mucosa is important in absorption of bicarbonate.
Diarrhea results in metabolic acidosis, the opposite of vomiting.
• The commonest cause of lactic acidosis is hypoxia from severe
cardiac or respiratory disease.
• The commonest cause of ketoacidosis is fasting. This is often seen
in children with acute viral illnesses.
• Aspirin is the commonest poisoning associated with acidosis.
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Imaging
o 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.
o At the pathophysiologic level, there are four basic patterns:
1. 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.
2. Reticular / nodular: any process that thickens the alveolar septae,
including edema or fibrosis. In CT scans, this pattern is called “ground
glass” appearance.
3. Mass: any discrete aggregate of cells or material. Malignancy must be
excluded.
4. Atelectasis: collapse of the lung due to loss of alveolar air. This can be
absorptive, compressive or contraction in origin.
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Lung: Clinical Pathologic Correlation
Do You Know It?
1. What is the DDx of
a. Dyspnea
b. Cough

2. What is the basic division of lung disease?

3. What features in the history make cough more likely to be due to
a. GERD
b. CHF
c. Post-nasal drip

4. What can one do in the P/E to differentiate crackles from alveolar fluid versus that from
interstitial lung disease (ILD)?

5. What are the two key patterns looked for in spirometry?

6. What is the DLCO test? Describe its clinical use.

7. A septic patient develops SOB over 6 hours. They have a normal BNP, a PaO2 = 52 mmHg
and multiple consolidations in the lower lobes. How could one prove diffuse alveolar
damage?

8. Could a pulse oximeter be used to diagnose hypoventilation as the cause of respiratory failure?

9. A patient with known COPD presents with acute distress after the onset of superimposed acute
bronchitis. The SaO2 is 54% What is the major risk of giving supplemental oxygen and why?
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10. What is the commonest cause of a non-anion gap metabolic acidosis in children?

11. Describe the following CXR patterns:
a.
b.
c.
d.
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Consolidation
Reticulonodular
Nodule versus mass
Atelectasis: absorptive versus compressive
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