Gastrointestinal System:
Case Studies of the GI Tract
A detailed discussion of each disease is beyond the scope of these lectures. This can be found in
numerous sources. UpToDate, Medscape and Wikipedia are authoritative. Instead, what
follows is a “how to think about” each disease, covering the key areas of “presentation,
pathophysiology and natural history”. The last includes treatment and complications.
Clinical Pathologic Correlation (for more information, see Gastrointestinal system: Clinical
Pathologic Correlation)

Case 1. Acute Cholecystitis
Presentation:
-

-

Symptoms: Occur in 2 phases:
• Early: a colicky epigastric pain
• Late: over several hours, the pain becomes steady and move to the RUQ.
Signs: no findings during the epigastric phase, (+) Murphy sign when the pain is in the RUQ.
Diagnosis: obstruction of the gallbladder neck, usually by a gallstone, with thickening of the
gallbladder wall due to edema.

Pathophysiology
-

-

Gallstone formation:
• All stones require the same conditions:
o Supersaturation
o Most stones in the US are cholesterol stones. The cholesterol is held in
suspension by micelles made of bile salts and phospholipids.
o Saturation can be due to ↑cholesterol (estrogen, familial, ethnic (Pima
Indians), obesity (aromatase) or ↓bile salts (Crohn disease).
o Nidus
o Crystals require a structure upon which to form. In the gallbladder, this
is usually “sludge”, made of mucus and debris.
o Decreased fluid flow
o 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.
o Lamellation
o 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.
• Gallstones are common in adults. The stone must be obstructing the cystic duct to
explain a patient’s symptoms.
o 16% of adult females and 8% of adult males have gallstones. Most are
asymptomatic.
Obstruction of the cystic duct
• Pain from distention:
o 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.

o Colicky pain is seen when there is obstruction of a hollow organ. This is seen
in:
o Acute cholecystitis
o Stone in the ureter
o 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 Aδ fibers and are localizing, called somatic
pain by surgeons. The patient’s pain moves to the RUQ. When the peritoneum of the
gallbladder fundus travels over palpating fingertips during inspiration, pain increases,
called the Murphy sign.

1

2
Natural history
-

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
are managed with pain control over several days, after which there is remission of
symptoms.
Complications
• Perforation of the gallbladder is life-threatening
• Carcinoma of the gallbladder is a small risk over decades. This is an aggressive
malignancy with a poor prognosis.

Case 2. Gastroesophageal reflux disease (GERD)
Presentation
-

-

Symptoms:
• Usually heartburn. Other important but less common symptoms include
o Wheezing
o Metallic taste in the mouth
o Chest pain
Signs:
• Physical examination is non-contributory
Diagnosis:
• For the classic presentation, the diagnosis is clinical, and the patient
can be placed on PPI medication
Alarm symptoms for GERD
- New onset >60 years
• Investigation is indicated with Alarm Symptoms.
- Weight loss
• Endoscopy and biopsy
- Hematemesis
o Inflammatory changes in the deep epithelium
- Dysphagia
• Esophageal pH monitoring
- Others…
o Episodes of acidosis

Pathophysiology
-

Gastroesophageal junction incompetence is central to GERD with 3 possible abnormal
processes:
• Abnormal lower esophageal sphincter (LES) relaxation for burping
o 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.

• Poor tone in the LES
o This can be associated with medications, certain foods and obesity.
o Fibrosis of the esophagus is seen in systemic rheumatic diseases like
scleroderma and rheumatoid arthritis.
• Hiatal hernias
o 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.
o 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

Natural history
-

-

Treatment
• Lifestyle and diet modification
o Weight loss as obesity causes an increase in intra-abdominal pressure
o Raising the head of the bed
• Acid inhibition: H2 blockers are cheaper; PPIs are more effective but are more
expensive and have more side effects
Complications:
• Barrett mucosa, goblet cell metaplasia and the risk of adenocarcinoma
o 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.

o 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.

Case 3. Peptic ulcer disease (PUD)
Presentation
Peptic ulcer disease refers to ulcers in the stomach and/or duodenum.
-

-

Symptoms:
• Epigastric pain
o Gastric ulcers typically hurt with eating
o Duodenal ulcers hurt 2-4 hours after eating
Signs: physical examination is non-contributory
Diagnosis: endoscopic visualization

Pathophysiology
-

Etiology is due to:
• H. pylori
o Bacterial production of urease creates an alkaline pH in the stomach,
increasing gastrin production with its increased acid production.
• NSAID use
o COX inhibitors decrease production of prostaglandins PGE2 and PGI2. These
stimulate the gastric acid defense mechanisms of ↑HCO3 production, ↑mucus
production and ↑mucosal blood flow.
• Rare causes include gastrinoma
o Gastrin stimulates the enterochromaffin-like cells which produce histamine
which ↑acid production by the parietal cell.

-

Pathology: an ulcer is a defect in the mucosa that extends through the muscularis mucosa.
• This is a significant difference as epithelial cells of the gut are replaced every 2-4 days.
Once the insult stops, an erosion, which only involves the mucosa, is completely healed
within one week. By comparison, an ulcer must undergo repair. This requires ground
substance such as fibronectin, stimulation of fibroblasts for collagen and growth of
neovasculature and VEGF. This may take weeks.

• Association with gastrinomas
o Presentation:
o Zollinger-Ellison syndrome: peptic ulcer disease/abdominal pain,
esophageal reflux, diarrhea
o Compared to typical PUD, the ulcers are multiple, extend to the jejunum
and are refractory to treatment
o Pathophysiology:
o 40% are associated with MEN I syndrome (3 P’s: parathyroid, pituitary,
pancreas)
o Most are found in the duodenum
o Tend to have an aggressive behavior
o 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)

o Diagnosis:
o Hypergastrinemia with a gastric pH <2 (low pH helps to rule out a
physiologic gastrin response)
i. Gastrin level does not rise with secretin stimulation
o Imaging for tumor mass (endoscopy, CT scan)
i. 70% of tumors are found in the duodenum.
o Treatment:

o Surgical excision.
Natural history
-

-

Treatment:
• H. pylori (triple therapy)
o Clarithromycin: acid resistant erythromycin (ribosome 50s inhibiter)
o Amoxicillin: (penicillin binding protein- transpeptidase inhibiter)
• Acid production
o PPI
Complications:
• Massive bleeding
o Penetration into an arteriole of the wall. With perforation, erosion of a major
artery is possible

• Perforation
o 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.
o Air under the diaphragm can give referred right should pain.
• Gastric carcinoma
o A majority of symptomatic gastric carcinomas present with symptoms of
ulceration (hematemesis, iron deficiency and abdominal pain).

o Ulceration occurs because the poor stromal formation in proliferating
malignancies leads to ischemia, tissue breakdown and ulceration as the tumor
mass outgrows its blood supply.

Benign versus malignant ulcers

An ulcer that is described as “punched-out” is most likely to be due to an infection or acute toxicity like NSAIDs,
as the prompt loss of the necrotic cells leaves a space. An ulcerated malignancy has malignant cells invading
the surrounding sumucosa. These create a mass effect that can be seen on endoscopy because they raise the
normal mucosa surrounding the carcinoma. These raised edges are described as a “rolled edge” or “shoulder”.

Case 4. Acute pancreatitis

Presentation
-

Symptoms:
• Acute epigastric pain “boring” into the back
• Nausea & vomiting

-

-

Signs:
• General epigastric tenderness without evidence of peritonitis
• If the inflammation has involved blood vessels, leakage of blood can be seen in the
skin.
o Periumbilical (Cullen sign): blood has tracked down the ligamentum teres to
the abdominal wall
o Flank and back (Grey Turner sign): blood tracking from the retroperitoneum
Diagnosis
• 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

Pathophysiology
-

-

-

Etiology:
• Gallstones (40-50%)
• Alcohol (25-30%)
• Uncommon causes:
o Hypertriglyceridemia (especially important are the hereditary defects in
chylomicron metabolism that can present as abdominal pain in children)
o Hypercalcemia
o Hereditary: including defects in the CFTR gene of cystic fibrosis and the PRSS1
gene that regulates trypsin
o Medications: many
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.
o Necrosis can be seen as visible areas of liquefaction.
o Enzymes leaking into the circulation cause endothelial damage with
hypotension, DIC and ARDS.
o Necrosis of blood vessels leads to hemorrhage
o Necrosis of a pancreatic ducts can cause continues 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.
o 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.
Pathologic classification:
• Mild disease: Acute interstitial edema without necrosis
• Severe disease: Pancreatic necrosis

Natural history

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.

-

Treatment:
• Mild disease: no evidence of systemic organ failure
o Good prognosis requiring fluids and pain medications.
• Severe disease: evidence of systemic organ dysfunction
o 30% mortality. Admit to the medical ICU for intensive
support.
Complications:
• Endotheliopathies: (shock, DIC, renal failure, ARDS)
• Infection: of necrotic foci, in the second week
• Pseudocyst: most commonly after week 4.

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.

Case 5. Acute appendicitis
Presentation
-

-

-

Symptoms: 2 different patterns of abdominal pain over several hours:
• Early (obstructive phase): diffuse periumbilical pain
• Late (peritonitis phase): right lower quadrant pain
Signs:
• Early phase: physical exam is negative
• Late phase: RLQ tenderness at McBurney point with the focal
peritonitis signs of rebound and guarding
Diagnosis:
• Typical symptoms and signs with laboratory testing showing acute
inflammation:
o Leukocytosis with left-shifted maturation
o Elevated CRP
• Imaging: ultrasound showing enlarged appendix (> 0.6 cm in diameter)

Pathophysiology
-

-

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.
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.
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 Aδ 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.
Testing:
• The acute inflammation of appendicitis is severe enough for the edema to cause an
enlargement that is diagnostic on imaging. Predictive value (+) >95%
• 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
-

-

Treatment:
• Appendectomy
o There is some data showing that selected patients can be treated with
antibiotics alone. This treatment does not have enough data for routine
application.
Natural history:
• Perforation:
o This occurs in 10-20% of acute appendicitis and can cause a life-threatening
peritonitis.
o The abscess formed after perforation may be walled-off by the omentum. The
loculated pus is called a phlegmon.
o Treatment requires emergency appendectomy, drainage of the abscess and
antibiotics.
• Unexpected findings:
o 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
o Neoplasms:
o 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.

o Carcinoid tumor: neuroendocrine tumors are common in the appendix.
They have a benign behavior if <2 cm in diameter.

Case 6: Achalasia
Presentation
-

-

Symptoms:
• Dysphagia of both liquids and solids
o The buildup of food in the esophagus may lead to
aspiration
o The inability of relax the lower esophageal
sphincter (LES) leads to bloating as the patient
cannot burp.
Signs: the physical examination is non-contributory
Diagnosis:
• Barium swallow: not widely used anymore as it is nonspecific. 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

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

Pathophysiology
-

-

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.
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
-

Without treatment there is progressive dilation of the esophagus
Treatment consists of manual dilation or Botox injections of the LES.

Case 7. Ulcerative colitis
-

Part of the spectrum of chronic inflammatory bowel disease (CIBD), ulcerative colitis is an
inflammatory process confined to the mucosa

Presentation
-

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
Signs:
• The physical examination is non-contributory except for the extracolonic
manifestations.
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

-

Diagnosis:
• 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.

•

Exclusion of infection (virus, bacteria and parasites)

Pathophysiology
-

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.
Pathology
• 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 at
colonoscopy.
• The risk of adenocarcinoma in UC increases over time and proceeds
from the dysplasia sequence. UC patients get regular colonoscopic
surveillance.

Colonoscopy
Gross pathology
Mucosal biopsy
Presentation
Extraintestinal
Complications

Ulcerative colitis
٠Begins in rectum
٠Confluent proximal extension
Mucosal inflammation only
٠Crypt abscess formation
٠Abnormal gland architecture
٠Bloody diarrhea
٠Tenesmus, ± LLQ pain
Arthritis, uveitis, EN1
٠Toxic megacolon
٠PSC2
٠Adenocarcinoma

Crohn disease
٠Ileocecal
٠Skip lesions
٠Transmural inflammation
٠Involvement of entire GI tract
٠Granulomas
٠Abnormal gland architecture
٠Non-bloody diarrhea
٠RLQ pain
٠Perianal fistula
Arthritis, uveitis, EN
٠Fistulas
٠Gallstones, malabsorption3
٠Vitamin B12 deficiency

1. erythema nodosum, 2. Primary sclerosing cholangitis, 3. Both due to bile salt loss

Natural History
-

-

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.
• Cortisol
 Topically or systemically (the latter for severe disease).
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:
 Occurs in 5-10% of UC, often years after UC has been diagnosed
 Pathology: immune destruction of both intra-hepatic and extra-hepatic bile
ducts.
 Presentation:
• Usually asymptomatic as it is identified by screening UC patients.
 Diagnosis:
• LFTs: cholestatic pattern (i.e. ↑alkaline phosphatase)
• Imaging: “beading” pattern of entire biliary tree. This pattern is due
to alternating areas of dilation from inflammatory weakening of the
duct wall, with narrowing from the resulting fibrosis.


•



Treatment:
• Liver transplantation. Liver failure typically occurs 10-12 years after
diagnosis.

Case 8. Celiac sprue
-

-

-

An immune mediated disease of the proximal small bowel mediated by gluten. The mucosal
damage leads to malabsorption.
Presentation:
• 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
o General: steatorrhea, weight loss in the face of increased appetite
o 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).
o Duodenum: iron (anemia), folate (anemia) and calcium (osteoporosis)
Pathophysiology
• Gliadin is the water soluble portion of gluten, found in grains such as wheat, barley
and oats
• 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 Tcells that then damage the enterocytes.
o The absence of HLA DQ2 & DQ8 rules out sprue. Presence does not confirm it
as only 15-20% will have the disease.
Testing
• Screening: serum tissue transglutaminase (tTG) is both sensitive and specific
• Criterion standard: small bowel biopsy
o Mild disease: cytotoxic lymphocytes infiltrating duodenal enterocytes
o Severe disease: flattening of villi, crypt gland hyperplasia, severe lymphocytic
infiltration of lamina propria.

-

Natural history
• Treatment: gluten-restricted diet
• Complications:
o Dermatitis herpetiformis

o Malignancy: gastrointestinal, especially lymphomas
o Associated autoimmune endocrine disease (e.g. DM I, Hashimoto’s
thyroiditis)

