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.

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

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
o Its characteristics are remembered by the mnemonic of the “Rule of 2’s”:
 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

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.

-

-

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
-

-

-

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
• 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)
-

-

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.

•

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.

•

The most common causes of SBO:
%
80

10-15
-

Etiology
Adhesions (MCC in US)
Hernia (MCC undeveloped nations)
Volvulus
Intussusception
Crohn disease

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)
Plain film of the abdomen detects
“masses, gases, bones and stones”

AXR: Small bowel obstruction (≥ 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.
.

Intestinal ischemia (acute small bowel infarction)

-

-

-

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.
Blood supply of the intestines is from the superior mesenteric artery (SMA) and the inferior
mesenteric artery (IMA).
o The SMA supplies the entire small bowel except the proximal duodenum
(gastroduodenal artery off the celiac artery).
o The SMA and IMA supply the colon.
o 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.
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
-

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 Tcells 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
 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
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
o Complications:
• Dermatitis herpetiformis

Herpetiformis: “herpes-like”, meaning small foci
of grouped vesicles
•

Malignancy: gastrointestinal, especially lymphomas

• Associated autoimmune endocrine disease (e.g. DM I, Hashimoto’s thyroiditis)
o Treatment: gluten-restricted diet
The differential diagnosis of chronic diarrhea
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
• 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

Neoplasms of the small bowel
Neuroendocrine tumors (Carcinoid tumor) (Further discussion can be found in: Endocrine
system, neuroendocrine neoplasms)
-

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
a. Carcinoid: NET of the GI tract
b. 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:
a. 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)
b. Most occur in proximal airways and so present as a cough, wheezing
or hemoptysis
 Diagnosis
a. Imaging
b. Biopsy of mass (endobronchial biopsy at bronchoscopy or FNA)
 Treatment & Natural history
a. Well differentiated NETs (aka typical carcinoids) have a 5 year survival
>95% and a 10 year survival >80%.
b. 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

-

a. All carcinoid tumors have secretory granules, but 10% of tumors
secrete enough hormone to cause clinical symptoms.
b. 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:
a. Local effect: usually obstruction or blood loss, the same as a typical
adenocarcinoma
b. 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%)
o Signs:
 Jugular venous distension: due to regurgitation of
tricuspid and pulmonic valves (seen in 50%).
 Testing:
a. Imaging: Tumor localization and staging. Carcinoids are often multiple
in the GI tract.
b. 24 hour urine 5’ HIAA. This is the major metabolic product of
serotonin.
Natural history:
o Natural history is highly variable. Prognosis is best estimated by tumor grade and
stage.
o Treatment: surgical resection.

