GI tract: 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.

Normal colon: submucosal
ganglion cells (arrow). These are
missing in Hirschsprung disease.

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.
o

-

-

Acute disease

Acute appendicitis
-

-

Presentation
• Symptoms: 2 different patterns of abdominal pain over several
hours:
o Early (obstructive phase): diffuse periumbilical pain
o Late (peritonitis phase): right lower quadrant pain
• Signs:
o Early phase: physical exam is negative
o Late phase: RLQ tenderness at McBurney point with the
focal peritonitis signs of rebound and guarding
• Diagnosis:
o Typical symptoms and signs with laboratory testing showing
acute inflammation:
 Leukocytosis with left-shifted maturation
 Elevated CRP
o 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:
o Ultrasound: The acute inflammation of appendicitis is severe enough for the
edema to cause an enlargement that is diagnostic on imaging. Predictive value
(+) >95%
o 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%
o 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
• Complications:
o Perforation:
 This occurs in 10-20% of acute appendicitis and can cause a lifethreatening 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.
o 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.
• Treatment:
o 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:
• 60% prevalence at 60 years of age
• Western nations: left-sided distribution: the sigmoid colon is involved 95% of
time.
• Asia: right-sided distribution

Highly associated with lifestyle: low fiber diet, obesity, inactivity, smoking.
Incidence can be decreased 50% by adopting a low risk lifestyle.
Pathophysiology:
• These are pseudodiverticulae (i.e. there is only mucosa and submucosa).
• They form where the vasa recta penetrate the circular muscle layer at the site of
the tenia colon.
•

-

•

•

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.
With herniation, the submucosal vessels get carried into the diverticulum,
protected only by the mucosa. They are vulnerable to bleeding.

•

•

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.
There is a progression of pathology:
o Diverticulosis > diverticulitis > pericolonic abscess > fistula
Condition
Diverticulosis
Diverticulitis

Pathology
Herniation of mucosa and submucosa
Microperforations with inflammation
and fibrosis
Fecal leakage with abscess formation

Pericolonic
abscess
Fistula formation Most commonly to bladder

1. Clinical pathologic correlation, 2. Left lower quadrant.

-

Presentation:

CPC1
Asymptomatic
Intermittent LLQ2
pain
Continuous LLQ pain,
± intermittent sepsis
Cystitis, pneumaturia

•
•
•

Symptoms: depend on severity of underlying pathology (see table above).
Physical exam: LLQ tenderness if inflammation is present
Testing: imaging (US, CT, MRI)
o Colonoscopy: will show diverticulae but not tissues outside of the bowel
lumen. It can show the site of bleeding.

-

Natural history:

-

Of patients with diverticulosis, about 80% will be asymptomatic over their lifetime.

-

-

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 leading to obstruction.
• Uncomplicated acute diverticulitis is usually managed with antibiotics.
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:
• Age: bimodal, with peak age 15-30 years and another peak for females at 60-70
years
• Ethnicity: commoner in Jews
• Heredity: present, but non-Mendelian
• Gender: roughly equal
- Pathophysiology:
• CD is an idiopathic systemic chronic inflammatory disease that involves the GI
tract from the mouth to the anus.
o There is an HLA-B27 association
• Pathology:
o Commonest involvement is the ileocecal region
• Terminal ileum alone: 30%
• Colon alone: 20%
• Ileum and colon: 50%
o There are skip lesions, with normal segments of bowel between affected
areas.
o 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.
o 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 a local anal crypt abscess.
o There is noncaseating granuloma formation.
•

-

Presentation:
• Symptoms:
o 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
o Cytokine symptoms: fever, weight loss, fatiguability
• P/E: non-specific findings
• Testing:
o Diagnosis requires clinical- pathologic correlation
o Laboratory: CRP, ESR
o MRI is the best single test as it can show:
• Involvement throughout the bowel including skip lesions
• Transmural involvement
• Fistula formation
o Colonoscopic can demonstrate:
• Skip lesions
• Chronic inflammatory changes of the mucosa

-

• Granulomas
Natural history:
• Prognosis: life expectancy is relatively normal. Issues center on quality of life
issues. Disease activity is highly variable.
• Complications:
o Malabsorption:
• Vitamin B12 due to loss of functional terminal ileum.
• General, if there is loss of >100 cm of small bowel
o Arthritis, especially ankylosing spondylitis (HLA B27 link).
o Skin: erythema nodosum
o Eye: iritis and uveitis
o Adenocarcinoma
• Treatment:
o Surgical resection for fistulae, abscesses, obstruction, and perforation.
50% of patients will require surgery in the first decade after diagnosis.
o 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:
• Etiology is unknown.
o There is a small genetic association (polygenic) and HLA-B27 link.
• Pathology:
o UC starts at the anal verge and extends proximally in a confluent manner.
 Involvement of only the rectum is called ulcerative proctitis.
o 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.

-

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

-

Testing:
• 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)

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 extrahepatic bile ducts.
• Presentation:
o Usually asymptomatic as it is identified by screening UC
patients.
• Diagnosis:
o LFTs: cholestatic pattern (i.e. ↑alkaline phosphatase)
o 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:
o Liver transplantation. Liver failure typically occurs 10-12
years after diagnosis.

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
• 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 from the dysplasia sequence. UC patients need
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

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
• Autosomal dominant loss of function in SMAD, part of TGF-β signaling pathway
• Suspect genetic association when there are >5 juvenile polyps
• Polyps are found throughout the GI tract.
• 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
• Most common are GI, breast and gynecologic.
Characteristic lentigines (i.e. freckles) in buccal mucosa

Benign neoplastic polyps: adenomatous polyps
- Adenomas are true neoplasms and precursors to adenocarcinoma
- They are classified by gross and microscopic appearance.
• Grossly, polyps are pedunculated (i.e. they have a stalk) or
sessile (i.e. a broad base)
• Microscopically, polyps have a tubular or villous architecture.
- Risk of malignant transformation increases with:
• Size: a polyp >2 cm in diameter has a 50% chance of having a
malignant focus
• Architecture: villous polyps have a higher risk of malignancy.
• 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
• 3rd commonest cause of cancer death (soon to be 2nd most common in women
with improved treatment of breast cancer)
• Wide geographic variation, with highest incidence in developed nations
• 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
• Molecular genetics (for general discussion, see, General pathology, neoplasia):
 Adenoma-carcinoma sequence
• 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 not ubiquitinated 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.
•



Lynch syndrome
A typical colorectal carcinoma has 70-80 mutations. CRCs
in Lynch syndrome have 1300-1500 mutations.
•
•

Cancers occur in other organs, the most common of which is
endometrial carcinoma.

Pathology:
 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:
• 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)
• P/E: non-contributory. Tumors at the anal verge may be palpated (see
discussion of “desmoplasia”, below).
• Testing:
 Screening:
• Iron in the stool (guaiac test))
• Heme in the stool (fecal immunochemical test, FIT)
• Oncoproteins in the stool (Cologuard®)



Biopsy: all cancers require pathologic confirmation, usually by biopsy
at endoscopy.
• Adenocarcinoma is diagnosed on H&E morphology by the
presence of glands or mucin production. In addition, invasive
colon cancer has desmoplasia.

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 is used 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.

-

Natural history
• Prognosis: is best established by stage:

Stage
I
II
III
IV

TNM status
T1 & T2
T3 & T4
N(+)
M(+)

1. 5 year survival

Prognosis1
75%
33-65%
33-75%
6%

• 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.

Cetuximab
(EGFR)

KRAS



Serum CEA levels can be used to monitor tumor regression and
recurrence. CEA is too nonspecific to use in diagnosis.

