GI: 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 other 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.

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

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 α1antitrypsin 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.
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.

-

o There 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 F505del 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 a 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
Acute pancreatitis
-

Pathophysiology
• Etiology:
o Gallstones (40-50%)
o Alcohol (25-30%)
o 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:
o 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.
o 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.
o 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 twoweek period, while after two weeks it is usually due to sepsis and its
complications.
• Pathologic classification:
o Mild disease: Acute interstitial edema without necrosis
o Severe disease: Pancreatic necrosis
Presentation
• Symptoms:
o Acute epigastric pain “boring” into the back
o Nausea & vomiting
• Signs:
o General epigastric tenderness without evidence of peritonitis
o 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 into the abdominal wall
o Flank and back (Grey Turner sign): blood tracking from the
retroperitoneum

• Diagnosis
o Serum amylase & lipase: when >2-3 times normal, the tests are sensitive and
specific
o Imaging: ultrasound is indicated to identify gallstones and look for necrosis
o Mild disease: elevated enzymes (i.e. lipase and amylase) and interstitial edema
by imaging.
o 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
• Prognosis:
o Mild disease: <5%
o Severe disease: >25%
• Treatment:
o Mild disease: no evidence of systemic organ failure
o Good prognosis requiring fluids and pain
medications.
o Severe disease: evidence of a systemic organ dysfunction
o 30% mortality. Admit to the medical ICU for
intensive support.
• Complications:
o Endotheliopathies: (shock, DIC, renal failure, ARDS)
o Infection: of necrotic foci, in the second week
o Pseudocyst: most commonly after week 4.

Chronic diseases
Chronic pancreatitis
-

Pathophysiology:

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.

-

• 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.
• While the mechanisms of this process are not well understood, TGF-βis integral in any
fibrotic process.
• Key causes of chronic pancreatitis include:
o 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.
o Smoking: this works synergistically with drinking. Smoking is also the key risk
factor for pancreatic adenocarcinoma.
o 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.
o Hereditary: there are multiple familial association. Two of the commonest are:
o 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.
o 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.
o Autoimmune: this is part of the IgG4-realted diseases. A longer discussion of
this is beyond the scope of medical school.
o Bile duct obstruction: tumors, stones and cystic diseases can obstruct ducts,
leading to backup atrophy.
o Recurrent acute pancreatitis: recurrent acute pancreatitis is a high risk factor
for chronic pancreatitis. It is commonly associated with continued
alcohol/smoking.
Presentation
• Symptoms:
o Early disease: abdominal pain (there is still normal pancreatic tissue to elicit
acute inflammation.
o Late disease: steatorrhea (exocrine failure) and diabetes mellitus (endocrine
failure)
• P/E: Non-contributory
• Testing:
o Amylase/lipase: elevated in early disease with abdominal pain (there is still
enough pancreatic cells to raise enzyme levels with necrosis).
o Imaging:
o CT scan: atrophy, cystic dilation and dystrophic calcifications

-

Natural history:
• Prognosis:
o
• Complications:
o Malabsorption with osteopenia
o Diabetes
o Opioid dependency from pain control.
• Treatment:
o There is no way to reverse an obliterating fibrosis and so treatments are
palliative
o Cessation of drinking and smoking.
o Pain mitigation: ↓stimulation (small meals, pancreatic enzymes), judicious use
of analgesics.
o Malabsorption/steatorrhea: decreased dietary fat, oral enzymes
o Hyperglycemia: patients are more vulnerable to hypoglycemia with treatment
as they have also lost the α-cells that produce glucagon.

Neoplasia
Pancreatic adenocarcinoma:

-

-

Introduction:
• The term pancreatic cancer refers to ductal adenocarcinomas as these account for 90%
of pancreatic malignancies.
• This is now the 4th leading cause of cancer death and most will die from their disease.
• Incidence increases with age, for males 65-70 years and for females 75-80 years.
Pathophysiology:
• These arise in the ductal epithelium in the dysplasia / neoplasia pattern (as opposed to
the adenoma / carcinoma sequence of the intestine).
o 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).
• Molecular pathways
o The critical first mutation in pancreatic cancer is a gain of function mutation in
KRAS, found in 90% of pancreatic cancers.
o 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.
o P53 is the “guardian of the genome” and its loss of function is seen in most
advanced aggressive malignancies.

-

• Risk factors:
o Cigarette smoking is the #1 risk factor and is dose dependent.
o Obesity and inactivity
o Diabetes mellitus
o Hereditary: accounts for 5-10% of cases
o Increased in the familial ductal syndromes such as BRCA (breast, ovary,
prostate), Lynch (colon endometrium), CDKN2A (melanoma), PeutzJeghers (lentigines, GI tract hamartomas) and Li-Fraumeni.
Presentation:
• Symptoms:
o The most common symptoms are pain (local invasion), jaundice (obstruction of
the common bile duct) and weight loss.
o Paraneoplastic manifestations:
o Migratory thrombophlebitis (Trousseau sign): a hypercoagulable state is
seen in mucinous carcinomas. It is thought to be due to direct damage

• P/E:

-

to the endothelial cell from the mucin. This results in the release of large
von Willebrand multimers resulting in platelet activation.
o Metastases:
o Left supraclavicular fossa mass: Virchow lymph node from lymphatic
drainage through the thoracic duct that enters the circulation at the left
axillary vein.
o Periumbilical skin nodule (aka Sister Mary Joseph nodule): tumor spread
down the ligamentum teres.
o Abdominal swelling: malignant ascites.

o 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).
o Hepatomegaly: metastases
o Ascites: peritoneal spread
o Rectal shelf (Blumer sign): metastases in the rectal reflection of the
peritoneum, the lowest gravitational point of the abdomen when standing.
• Testing: imaging of mass with biopsy confirmation
Natural history:
• 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).
o Median survival for Stage IA (<2 cm, LN (-), M (-)) is 38 months and 40 %
will survive 5 years.
o LN (+) is stage III with an 11% 5 year survival. Median survival is 14
months.
• Complications: metastases can be tracked with tumor marker CA-19
• 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)
For further discussion, see Endocrine system, neuroendocrine neoplasms
-

-

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:
• Rare tumors, they are <3% of pancreatic neoplasms
• Associated hereditary syndromes:
 MEN type 1 (80% develop PNET)
 Von Hippel-Lindau syndrome (20% develop PNET)
 Neurofibromatosis type 1 (10% develop PNET)
Presentation:
• Non-functioning: pain, weight loss, anorexia & nausea
• Functioning:
NET
Active
Location
Behavior
MEN1 Symptoms
peptide
%
Insulinoma
Insulin
Pancreas
Indolent
10
Hypoglycemia
Gastrinoma
Gastrin
Duodenum Aggressive 40
PUD2, diarrhea
(70%)
Glucagonoma Glucagon Pancreas
Aggressive <2
Rashes, weight loss
VIPoma
Vasoactive Pancreas
Aggressive <2
Diarrhea,
intestinal
hypokalemia
peptide
1. Multiple endocrine neoplasia, 2. Peptic ulcer disease

•

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

Whipple’s Triad
Investigate for hypoglycemia
is indicated with:
1. Typical neuroadrenergic
symptoms
2. Serum glucose <50mg/dL
3. Symptoms relieved by
glucose



•

Note that 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

