Lecture 1: Peptic Ulcer Disease

· Stimulators of acid secretion
· Histamine (from ECL cells – the “controller cell”)

· Dominant stimulant

· Gastrin (from gastric antrum)

· ↑ histamine release more effectively than it ↑ acid secretion

· Ach to M3 receptors

· Neurocrine from vagal efferents

· Acid secretion (final common pathway)

· H+/K+ ATPase on the apical surface of parietal cells

· Inhibited by PPIs


· Protection from ulcers

· ↑ by prostaglandins (PGE1) by COX-1 pathway from arachindonate
· Mucus

· HCO3-
· Blood flow

· Acid/base chemistry

· Cell reconstitution

· Membrane integrity

· Tight junctions

· H. pylori
· Mostly in gastric antrum
· ↑ infections in those born before 1945

· ↓ mucosal defense 2° to toxins/NZs (antral pathogenesis)
· Cytotoxin

· Anti-secretory toxin → transient achlorhydria

· Catalase

· Protease

· Urease

· Used for detection

· ↑ NH4+ → neutralize gastric pH → ↑ survival

· ↑ chemoattractants → ↑ inflammation, ROS

· Sprial morphology with flagella
· ↑ motile

· Resistant to peristalsis

· ↑ adherence to gastric mucosa

· Causes chronic superficial gastritis; can progress to 3 different disorders:
· MALToma (B cell tumor)

· Gastric adenocarcinoma

· ↑ in those infected during first 1st year of life

· Peptic ulcer

· ↑ in those infected during adolescence/young adulthood
· Ectopic H. pylori infections

· Barrett’s esophagus

· Meckel’s diverticulum

· Duodenal metaplasia

· Dx

· Histology

· Giemsa/H&E stain

· Rapid urease test (↑ urea → ↑ pH → red agar)

· Serology

· Urea breath tests

· IgG to H. pylori Ags

· Stool sample

· Tx

· PPI (before breakfast and before dinner)
· Chlarithromycin

· Amoxicillin or metronidazole

· NSAIDs

· ↑ Gastroduodenal ulcers 
· Easily absorbed → migrate through gastric mucosa → surface epithelium → dissociate to ionized form → H+ ion trapping

· Block COX-1 → ↓ prostglandins → ↓ mucus secretion, ↓ HCO3- secretion,
↓ mucosal blood flow, ↓ mucosal cell restitution
· ↑ ulcers when:
· With corticosteroids (10x)

· ↑ age

· PHx of ulcers

· ↓ risk with ibuprofen (rather than piroxicam or aspirin)

· ↓ risk with COX-2 selective inhibitors (celecoxib), only when NOT with aspirin
· Remember thrombotic risks

· Hypersecretory states (e.g.: Zollinger-Ellison Syndrome)

· Gastrin secreting tumor (usually solitary) → hypergastrinemia → ↑ gastric acid, ↑ pepsin → peptic ulcers, duodenojejunitis, esophatitis, diarrhea

· Tumor usually in gatrinoma triangle
· A: Cystic Duct
· B: 2nd and 3rd portions of the duodenum

· C: Junction of the head and neck of the pancreas

· [image: image1.png]



· 40-50% tumors from duodenal wall

· 20-25% from pancreas (mostly the head)

· 10-20% extrapancreatic/extraintestinal

· ↑ Gastrin → ↑ acid

· Not subject to acid-dependent negative feedback like the antrum

· Uncontrolled, continual secretion of gastrin

· Hypertrophy of the gastric mucosa

· ↑ # of parietal cells with ↑ secretion from each cell (~10L/day)
· Overwhelms protective mucosal elements

· Malabsorption, diarrhea

· Rapidly metastasize

· Syndromes

· Mass-effect

· Duodenal ulcer

· GERD

· Diarrhea
· Tx

· Resection of gastrinoma

· LT PPIs

· MEN-I

· >60% of people with MEN-I have ZES

· Tumors of parathyroid, pancreatic islet, pituitary glands +/- ZES
· Causes multiple duodenal gastrinomas

· ↑ gastrin

· ↑ HCG

· ↑ Corticotropin

· ↑ melanocyte-stimulating hormone

· ↑ PTH

· ↑ Prolactin

· ↑ Pancreatic polypeptide

· ↑ Ca2+
· Clinical

· Peptic UD

· Diarrhea

· Severe GERD

· Ulcer Tx

· Avoid foods that cause dyspepsia

· Stop smoking (↓ effectiveness of drugs)

· Surgery only for complications (perforation, obstruction, hemorrhage)

· Parietal cell vagotomy

· H2 receptor antagonists at bedtime
· PPIs (before breakfast)
· Sucralfate (form protective barrier)
· Antacids

· Misoprostol (PGE1 analog; can use with NSAIDs)

· Eradicate H. pylori
Lecture 2: Nausea and Vomiting

· Neurobiology of vomiting
· Vomiting center in dorsal medulla
· Vagal and sympathetic afferents

· Chemoreceptor trigger zone (CTZ) in area postrema

· Break in BBB that can monitor blood


· Triggers of emesis

· Sympathetic and parasympathetic afferents

· GI tract

· Vestibular system
· Heart

· Peritoneum

· Cortex

· Direct stimulation of the CTZ (chemo, salicylates, uremia, DKA, enterotoxins, radiation, EtOH)

· Serotoninergic transmission (5-HT3 agonists)

· Ondansetron and Granisetron are antagonists and antiemetics

· Histamine

· Dopaminergic (D2 agonists – morphine, levodopa)

· DDx

· Meds/toxins

· Chemo

· Opiates

· Digoxin

· NSAIDs

· Erythromycin

· Dopaminergics

· Infections

· Viral (rota, noro)

· Bacterial (Staph, etc.)

· Endocrine/metabolic

· Pregnancy (hormones)

· Uremia

· DKA (ketones)

· Hypo/hyper-calcemia

· GI disorders

· Obstruction

· Gastroparesis

· Delayed gastric empyting 2° to ANS damage, usually from chronic hyperglycemia
· Bloating, early satiety

· Biliary colic/cholecystitis

· Acute pancreatitis

· Hepatitis

· Neuro disorders

· ↑ ICP

· Vestibular/labyrinthine disorders

· Migraine

· Post-op

· Acute inferior MI

· Clinical

· Acute

· Infection, toxin, pregnancy, head trauma, visceral pain, obstruction

· Chronic

· Motility disorder, obstruction, intracranial lesion, metabolic factors, psychogenic

· Vomitus

· Undigested food = esophageal disorder

· Partially digested food = Gastric outlet obstruction, high small bowel obstruction, gastric motility disorder

· Blood (bright red or coffee grounds) = upper GI hemorrhage
· Bile (yellow-green) = open pyloric sphincter

· Tx

· Anticholinergic drugs

· Antihistamines (H1/H3 blockers)

· Neuroleptics (D2 blockers in the CTZ)

· Anti- N/V

· Induces gastric and intestinal motility

· Erythromycin (↑ gastric motility via motilin receptors)
· Benzos

· Corticosteroids

· Cannabinoids

Lecture 3: Esophageal Disease

· GERD (motility disorder)
· Regurgitation of the acidic and corrosive contents from stomach → esophagus
· pH 4 is threshold for complications, pain

· Ineffective mechanical barrier
· ↓ LES basal tone (rare)

· Transient LES relaxation (responsible for almost all)

· Hiatal hernia (diaphragm below LES → ↑ incompetence)
· ↓ ability of esophagus to clear refluxed material

· ↓ peristalsis

· Gravity

· ↓ saliva
· ↓ gastric emptying or gastric distension

· ↑ intragastric pressures

· Content of the reflux material

· ↑ acidity/injurious agents (bile salts, pancreatic NZs, pepsin)

· Intrinsic resistance of the esophagus to damage

· ↑ with prostaglandins, epidermal growth factor


· Complications of GERD

· Chronic esophagitis

· Ulcers and erosions

· Strictures

· Bleeding

· Barrett’s esophagus

· Squamous mucousa → columnar epithelium with goblet cells (intestional cells) 

· Metaplasia, pre-malignant for esophageal adenocarcinoma
· Pulmonary disease

· Non-cardiac chest pain

· Hoarseness, laryngitis, vocal cord polyps


· GERD Tx

· Phase 1: ∆ lifestyle, antacids

· Phase 2: H2-receptor blockers, Prokinetics

· Phase 3: PPIs (before breakfast)

· Phase 4: Surgery (eliminate hiatal hernia, ↑ LES)


· Dysphagia

· Achalasia – for both solids and liquids
· Absent peristalsis and failure of the LES to relax after a swallow
· LE ring – for solids, esp. meats (non-progressive)
· “Steak-house syndrome” – hurried eating
· Projection of mucosa and submucosa that encroaches into the lumen

· Benign stricture – progressive for solids with reflux

· Complications of GERD
· Cancer – rapidly progressive dysphagia
Lecture 4: Pathophysiology of Diarrheal Disorders

· Stool weight > 200g/day

· Clinically = ∆ in frequency or consistency + ↑ volume
· Absorption

· Localized to the villous surface

· Na+/K+ ATPase in the basolateral membrane → Na+ gradient between lumen and intracellular space
· Apical membrane transporters

· Na+/glucose cotransporter (Na+ in, glucose in)

· Na+/H+ antiporter (Na+ in, H+ out)
· Cl-/HCO3- antiporter (Cl- in, HCO3- out)
· The Cl- exits the basolateral membrane down its electrochemical potential gradient

· Note: The latter two transporters = isoelectric absorption of NaCl
· Dependent upon intracellular carbonic anhydrase, which makes the HCO3- that is necessary
· cAMP → ↓ all of these apical absorption transporters
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· Ion concentrations

· Duodenum: chyme = plasma

· Ileum: ↑ Na+ absorption and ↑ Cl- absorption, ↑ HCO3- secretion

· ↓ Na+, ↓ Cl-, ↑ HCO3-
· Colon: ↓ Na+ absorption ↑ Cl- absorption, ↑ HCO3- excretion 
↑ K+ active excretion
· Plus, ↑ negative organic acids produced from bacteria → balance charges in stool H2O


· Diarrhea

· Causes hypokalemic metabolic acidosis
· Active secretion of K+
· ↑ HCO3-

· Intestinal Secretion/Secretory Diarrhea
· Localized to the crypts
· Cl- secretion is the major force
· Na+/K+/2Cl- basolateral cotransporter into the cell → establish Cl- gradient
· Creates ↑ intracellular Cl- gradient
· Cl- channel on apical membrane (CTFR)
· When open → Cl- flows out down its gradient

· Na+ and H2O follow paracellularly
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· 2nd messenger systems

· cAMP

· ↑ secretion at CTFR

· ↓ absorption of NaCl

· = fluid secretion

· V. cholerae toxin → ↑ cAMP → secretory diarrhea

· Pancreatic tumors → ↑ VIP secretion → ↑ cAMP → pancreatic cholera

· cGMP

· Heat stable toxin of E. coli (ETEC) → ↑ cGMP → traveler’s diarrhea
· Intracellular Ca2+
· → ↓ NaCl absorption, ↑ Cl- secretion
· ↑ with serotonin, substance P and cholinergic stimuli

· Tx

· Oral rehydration solutions

· Balanced ion concentration solutions are not effectively absorbed 2° to diarrheal toxins poisoning the NaCl transporters
· Na+/Glucose cotransporters are still functional
· ORS contain appropriate concentrations of sugars and NaCl, allowing for better absorption

· Osmotic Diarrhea

· 2° to presence of unabsorbed osmotically active substances that force H2O into the lumen to maintain iso-osmolarity

· Ingestion of poorly absorbed solutes

· Antacids with Mg

· Low calorie foods with sorbitol

· Laxatives with SO4, PO4 or citrate
· Malabsorption

· Inflammatory Diarrhea

· Inflammation and mucosal damage → ↓ absorption of ions and fluid
· Malabsorption, mucus, exudates
· Bacterial infections, chronic IBD

· Hypermotility Diarrhea
· Excessively active motility → ↓ contact time between lumen contents and mucosal surface

· ↑ in hyperthyroidism and IBD

· Osmolar gap

· Re: negative organic anions that balance stool H2O – usually 50mOsm/L

· Normal stool osmolarity = 290mOsm/L

· Estimated = Stool osmolality - 2x([Na+] + [K+])

· ↑ osmolar gap (>100)
· Osmotic diarrhea (e.g.: laxatives)
· R/O feigned chronic diarrhea
· Secretory diarrhea has a normal osmolar gap

Lecture 5: Infectious Diarrhea

· Bacteria that always induce fecal leukocytes

· Shigella spp.
· Campylobacter jejuni
· Enteroinvasive E. coli
· Bacteria that sometimes induce fecal leukocytes

· Salmonella spp.

· Clostridium difficile
· Vibrio parahemolyticus
· Yersina entercolitica

· Campylobacter jejuni
· G- rod, shaped like a seagull
· Avian reservoir (100% of turkeys) + domestic animals

· Organisms invade mucosa

· +/- enterotoxin

· Incubation 1-7 days

· Fever, headache, myalgias  x24hrs

· Then, crampy abdominal pain, bloody diarrhea with WBCs
· Vomiting unusual

· Resolves in 5-7 days

· Associated with Reiter’s Syndrome (post-infectious arthritis, urethritis, conjunctivitis)

· Clostridium difficile
· Spore forming G+ rod

· Overuse of antibiotics → ↑ favorable environment to excyst and proliferate

· Spores excyst in GI tract

· Adhere to mucosa 

· No invasion

· Elaborate toxin

· Toxin A = enterotoxin → diarrhea

· Toxin B = cytotoxin, measured in the lab
· Colitis/Pseudomembranous colitis
· Watery diarrhea without visible blood, often with WBCs

· +/- fever, leukocytosis


· Vibrio cholera
· Waterborne in endemic areas

· Attach to brush border and secrete toxin → binds to epithelium

· Toxin is heat-labile → prevents inactivation of AC → ↑ cAMP → 
↓ Glucose/Na+ transport into cells → ↑ secretion, ↓ absorption
· No cellular damage, invasion or inflammation

· Incubation 12 hours – 7 days (usually 1-4 days)

· Severe watery “rice water” diarrhea with fluid losses ≥ 1L/hr (can die within 4-6 hours)

· Antibiotics, ORS

· Enteroxigenic E. coli (ETEC)
· ↑ in kids in developing countries, major cause of traveler’s diarrhea
· Elaboration of toxin that is very similar to the Cholera toxin

· Prevents inactivation of AC → ↑ cAMP → ↓ Glucose/Na+ transport into cells → ↑ secretion, ↓ absorption
· Incubation 16-72 hours

· N/V, malaise, abdominal cramps, low-grade fever, watery diarrhea

· Resolves in 1-5 days

· Enterohemorrhagic E. coli (0157:H7) (EHEC)
· Ingestion of raw meats

· G- rod

· Produces a shiga-like toxin
· Kills endothelial cells → ↑ RBCs, bright red stool
· Incubation 1-7 days

· Severe abdominal pain, hemorrhagic, non-inflammatory colitis → HUS, TTP or may resolve

· +/- fever (1/3 of cases)

· Can resolve in 5-12 days


· Shigella spp.
· ↑ in green/mixed salads

· S. dysenteriae produces Shiga toxin

· Incubation 12-72 hours

· Severe enterocolitis, fever, cramps, explosive diarrhea, bacillary dysentery

· RBCs and mucus/WBCs in stool
· Resolve in 1-2 weeks

· Reactive arthritis in HLA B27


· Staphylococcus aureus
· Custards, creams, ice cream, cooked meats that are served cold

· Many heat-stable preformed enterotoxins are released
· Incubation 30 minutes – 6 hours
· Abrupt onset of N/V, abdominal pain, diarrhea

· No fever

· Mild and resolves in 24 hours
· Antibiotics not useful


· Norovirus

· Non-enveloped, -ssRNA

· ↑ in cruise ships, schools, camps; through common source

· Functional ∆s in the jejunum – vomiting and diarrhea how?

· Incubation 10-51 hours (most about 24 hours)

· N/V, diarrhea, anorexia, abdominal discomfort

· +/- myalgia, low grade fever, headache, chills


· Cryptosporidium spp.

· In water – use municipal water filtration systems

· Cysts are resistant to chlorine

· Life cycle (protozoan)
· Ingest oocyst

· Sporozoites excyst in the GI tract

· Sporozoites adhere to the mucosa, develop and produce new oocysts

· Oocysts shed in feces and are immediately infections

· Diarrhea – how?

· Incubation 2-14 days
· Explosive onset of abdominal cramps and watery diarrhea

· Malabsorption

· Weight loss

· No invasion, no RBCs, no WBCs

· Giardia lamblia
· In water – use municipal water filtration systems

· Cysts are resistant to chlorine

· Life cycle (protozoan)
· Excysts in acid pH of stomach

· Pear-shaped trophozoites attach to microvilli of small intestine

· Shed cysts in feces
· Diarrhea, malabsorption, weight loss

Lecture 6: Malabsorptive Disorders

· Clinical
· Weight loss
· Edema/anasarca (↓ albumin)

· Abdominal distension (fermentation → ↑ gas)

· Diarrhea

· Steatorrhea → fat malabsorption

· Osmotic → carbohydrate malabsorption

· Bacteria metabolize in colon → ↑ short chain FAs → osmotically active and ↓ H2O absorption
· Specific nutrient deficiencies

· Night blindness → ↓ Vitamin A

· Easy bruising → ↓ Vitamin K

· Peripheral neuropathy → ↓ Vitamin B12

· Glossitis → ↓ Iron, ↓ Vitamin B

· Angular stomatitis (cheilitis) → ↓ Iron

· Carbohydrate digestion/malabsorption (osmotic diarrhea)
· Pancreatic amylase converts carbohydrates → oligosaccharides

· Malabsorption is usually 2° to defective brush border hydrolases or rapid transit states
· Not ↓ pancreatic dysfunction (unless loss of >95% functioning)

· Malabsorption → ↑ osmotically active sugars in lumen → ↑ fluid into lumen → distension and borboyrgmi

· Unabsorbed carbohydrates → bacterial fermentation → ↑ monosaccharides → ↑ osmotic load (cannot be absorbed)
· Osmotic diarrhea

· Breath testing

· Carbohydrates metabolized by bacteria → ↑ CO2 or H2 → measure in expired air

· Label CO2 with 13C or 14C, or use H2 (does not require radiolabeling)

· ↑ rate and volume of H2 production after ingesting the malabsorbed sugar

· Fat absorption/malabsorption (steatorrhea)

· Pancreatic lipase creates monomers

· pH dependent (best at neutral)

· Chronic pancreatitis → ↓ lipase secretion → fat malabsorption

· ZES or any disease that ↓ intraluminar pH → fat malabsorption

· Celiac Disease (Gluten-sensitive Enteropathy/Non-tropical sprue)
· ↑ in proximal small bowel
· ↑ severity → ↑ distal small bowel involvement

· ↑ Iron deficiency (absorbed in the duodenum)

· 2° to lymphocytic response that destroys the enterocyte border

· Histology/Biopsy (gold standard)
· Absent villi

· Hyperplastic crypts

· ↑ intra-epithelial lymphocytes

· Returns to normal after complete gluten withdrawal
· Serology

· ↑ IgA anti-endomysial Abs

· Bacterial overgrowth

· Excessive bacteria in proximal small bowel
· Resemble colon flora

· Compete with host for ingested nutrients

· Causes malabsorption

· 2° to deconjugation of bile salts → ↓ mixed micelles and damage enterocytes → malabsorption of fats and carbohydrates
· ↑ osmotic load → flatulence, bloating, diarrhea

· Unabsorbed bile salts into colon → ↑ choleretic diarrhea

· Induces colonic secretion of water and electrolytes

· 2° to ↓ digestive NZs
· Normal mechanisms that prevent this:

· Intestinal motility

· Gastric acid secretion

· Intact ileocecal sphincter

· Igs and other mucosal factors

· Some predisposing factors

· Anatomy: Strictures, diverticulosis, blind loops (2° to surgery)

· Motility: Scleroderma, DM, Amyloidosis

· Abnormal connections: Resections of ileocecal valve, fistulas

· Immunodeficiency: AIDS, malnutrition

· Misc: Cirrhosis, chronic pancreatitis

· Dx

· Culture in aspirate from small intestine
· Breath tests

Lecture 7: Inflammatory Bowel Disease (IBD)
· Crohn’s Disease
· Typically affects the ileum; can involve any portion of the GI tract

· Inflammation

· Transmural

· Focal; linear ulcerations next to normal mucosa (cobblestone appearance)

· Skip lesions; linear ulcerations
· ↑ granulomas

· Normally spares the rectum; 30-40% may have perianal involvement

· Clinical

· Diarrhea

· Abdominal pain

· Weight loss

· Mass in RLQ

· ↓ growth in kids

· Relapsing/remitting

· No hemorrhoids

· Complications

· Stenosis (stricture) → obstruction

· Malabsorption, especially of Vitamin B12

· Fistulae → spontaneous draining
· Carcinoma

· Urinary stones

· Hemorrhage (rare)

· Ulcerative Colitis

· Begins in rectum → proceed proximally
· Rarely involves the small intestine

· Inflammation

· Continuous, diffuse lesions (not skip lesions)

· Muscal/submucosal (never transmural)

· Long term UC → Pseudopolyps

· Clinical
· Diarrhea

· Blood in stool

· +/- fever and abdominal pain

· Complications

· Toxic megacolon +/- perforation

· Massive hemorrhage

· Strictures

· Colon cancer

· No fistulae

· IBD Tx

· 5-ASA

· Bowel-specific anti-inflammatory/anti-oxidant

· For mild disease

· Corticosteroids

· For moderate disease that isn’t responsive to 5-ASA

· Not useful for maintenance of remission

· Immunomodulators

· Can permit ↓ or no corticosteroid use

· Biologics

· Infliximab (TNF-α inhibitor)

· Adalimumab (Human monoclonal Abs)

· Surgery

· Curative

· Indications

· Crohn’s Disease

· Obstruction 2° to stricture
· Intractable or fulminant disease

· Intra-abdominal abscess

· Anorectal disease

· Cancer

· ↓ growth in kids

· Systemic complications (disease or meds)
· Ulcerative Colitis

· Intractable disease
· Toxic megacolon

· Massive hemorrhage

· Fulminant colitis

· Obstruction 2° to stricture

· Cancer

· ↓ growth in kids

· Systemic complications (disease or meds)

Lecture 8: Mesenteric and Colonic Ischemia

· Arterial Anatomy

· Celiac Axis → stomach, duodenum, pancreas, spleen, liver, biliary structures
· Left Gastric

· Common Hepatic

· Gastroduodenal

· Right gastroepiploic

· Superior pancreaticoduodenal

· Splenic

· Pancreatic

· Left gastroepiploic
· SMA → Distal duodenum, jejunum, ileum, cecum, appendix, proximal colon

· Inferior pancreaticoduodenal

· Middle colic

· Right colic

· Ileocolic

· Jejunal/Ileal branches

· IMA → distal colon, upper rectum

· Left colic

· Sigmoid branches

· Superior rectal (terminates)
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· Arterial Collateral Circulation

· CA → SMA
· Superior pancreaticoduodenal (from CA)

· Inferior pancreaticoduodenal (from SMA)

· SMA → IMA

· Marginal Artery

· Middle colic (from SMA) with Left colic (from IMA)

· Venous Anatomy

· ≈ Arterial Anatomy

· IMV drains into the Splenic Vein instead of the IVC

· The splenic vein (with IMV) joins the SMV → portal vein → liver → hepatic vein → IVC
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· Risk factors for GI ischemia

· ↑ Age

· Hx of CV disease

· ↑ arterial thromboses


· Acute mesenteric ischemia (AMI)
· 2° to sudden inadequate blood flow to the GI tract
· SMA embolus accounts for 50%

· Non-occlusive AMI 2° to MI, CHF, arrhythmias, shock
· Clinical/Dx
· Pain out of proportion to PE

· Distension

· Severe tenderness

· Rebound

· Guarding

· Right-sided abdominal pain
· Maroon or bright red blood in stool

· Use mesenteric angiography, CT
· ↑ mortality

· Tx

· Underlying cause (volume/RBC deficits)

· Laparotomy → restore arterial flow

· Colonic Ischemia

· NOT associated with a major vascular occlusion or period of ↓ CO (unlike AMI)

· Clinical

· Usually a benign course

· ↑ severe with right (proximal) colon involvement (SMA), especially with PVD

· ↑ with age

· Mild, LLQ pain

· Maroon or bright red blood in stool (not massive)

· Mild/moderate abdominal tenderness

· ↑ in splenic flexure (watershed area)

· Dx

· No angiography, as blood flow usually has retuned by presentation

· Use if possible AMI

· Tx

· Usually resolves on its own in 2 weeks

· Resection indicated with: 

· Septicemia/fevers/leukocytosis

· Strictures that cause obstruction

Lecture 9: Irritable Bowel Syndrome (IBS)

· Clinical (Roman criteria)
· ≥12 weeks in the last year of abdominal discomfort/pain plus:

· Relief with defecation

· ∆ in frequency

· ∆ in form

· Abnormal passage

· Mucus

· Bloating/distension

· Pathophysiology

· ∆ motility (↑ reactivity to meals, stress, distension, CCK)

· Exaggerated response to stress

· ↓ vagal activation

· ↑ transit in small intestine

· ∆ visceral sensation (hypersensitivity)

· Perceive normal activity (normally unnoticed)

· ↓ rectal pain threshold

· CNS-ENS dysregulation

· Exaggerated GI symptoms in response to alterations in emotional state

· Exacerbation of symptoms after major life stresses

· Neurotransmitters

· Serotonin (5-HT) (from ECL cells)

· @ 5-HT3 receptors

· ↑ peristalsis, secretion, vasodilation, vagal and nociceptive reflexes

· Abnormalities can → diarrhea or constipation

· ∆ sensation/perception


· Red flags

· Weight loss

· Blood in the stool

· Night symptoms

· Abnormal PE

· FHx of colon cancer

· Tx

· Anticholinergics/Antimuscarinics

· ↓ postprandial colonic motor activity

· 5-HT3 receptor antagonists (alosetron)
· ↓ pain, colonic transit, small bowel secretion

· SE: constipation
· Prostaglandin analogues (lubiprostone)
· ↑ colonic secretion by ↑ Cl- channel (not CTFR)
· Good for pts with constipation
· Opioid derivatives (loperamide)

· ↓ secretion, transit

· Inhibit μ receptor

· Good for pts with diarrhea

· Antidepressants (tricyclics, SSRIs)

· Tricyclics (imipramine)

· For diarrhea, nausea, pain

· SSRIs (fluoxetine)

· For constipation

Lecture 10:Assessment of Liver Function

· Liver enzymes
· Hepatic pattern
· Injury → necrosis/damage to hepatocytes

· Viral hepatitis, autoimmune hepatitis, acute drug toxicity, ischemia
· ↑ ALT/AST

· Cholestatic pattern

· Injury → biliary obstruction

· Tumors, gallstones, strictures, infiltration
· ↑ Alk Post/GGT

· ↑ Serum bilirubin

· ALT and AST

· Released into serum during hepatocyte death (not apoptosis)
· ALT is liver specific

· Cytoplasmic NZ only

· AST is found in the liver, kidney, muscle, pancreas, RBCs

· In cytoplasm and mitochondria

· Metabolic stress → ↑↑ AST compared to ↑ ALT

· 2° to release of both mitochondrial and cytoplasmic NZs + 
non-hepatic source contribution

· Alk Phos
· Found in liver, bone, placenta, intestinal tissues

· ↑ in liver or bone disease, pregnancy, intestinal injury (e.g.: ischemia)

· ↑ with bile duct obstruction

· GGT (γ-glutamyl transferase)

· Localized to the biliary epithelium and sinusoids; not found in other organs

· ↑ in parallel with Alk Phos (use to confirm hepatic source)

· ↑ with EtOH, anticonvulsants, warfarin
· GGT/AlkPhos > 2.5 → suggest EtOH

· LFTs (true function tests)

· Albumin

· ↓ with chronic liver disease, urinary/intestinal protein loss

· Prothrombin time

· ↑ in acute and chronic liver disease (t½ < 12 hours)

· Also seen with vitamin K deficiency, those on warfarin, poor nutrition and biliary obstruction

· Alcoholic Liver Disease

· AST/ALT > 1.5
· Suggests mitochondrial injury

· GGT/AlkPhos > 2.5

Lecture 11: Bilirubin Metabolism and the Causes of Jaundice
· Bilirubin = major breakdown product of heme

· Major site of production is in the spleen from senescent RBCs


· Biochemistry of Heme/Bilirubin
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· Bilirubin is anti-oxidant and can cross the placenta (fetal waste → mother excretion)

· Unconjugated bilirubin is actually initially polar, but it can rotate and form many internal H-bonds → non-polar
· In the blood, it binds with albumin and is transported to the liver
· Bilirubin → hepatocyte via a carrier

· Transport is bi-directional (40% reflux)
· Conjugation occurs here to make bilirubin polar and allow bile excretion
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· Bilirubin conjugates → bile → exretion
· Into the descending duodenum (2nd part; retroperitoneal) via the common bile duct/ampulla of Vater
· It is then acted upon by bacterial enzymes and then excreted
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· Urobilinogen in the urine is a normal finding

· ↓ or 0 with bile duct obstruction or severe liver diease
· Urobilin in the stool gives it its color


· Hyperbilirubinemia

· Conjugated (most cases)

· Obstructed bile ducts (gallstones, cancer, stricture)

· Hepatitis

· Cholestatic diseases

· Inherited disorders

· Dubin-Johnson Syndrome

· Defect in excretion of conjugated bilirubin

· Autosomal recessive, benign

· Rotor’s Syndrome

· Defect of canalicular excretion (mechanism?)

· Autosomal recessive
· Unconjugated

· Hemolysis

· Ineffective erythropoiesis (thalassesmia, megaloblastic anemia, lead poisoning)

· Neonatal jaundice (↓ UGT)

· Danger is kernicterus (bilirubin → BBB → brain deposits)
· Use UV light → break H-bonds in bilirubin → polar → urinary excretion
· Breast milk jaundice

· Drug-induced

· Inherited disorders

· Crigler-Najjar Syndrome Type I

· Absent UGT

· Autosomal recessive

· Kernicterus, death by 18 months

· Tx: Liver transplant

· Crigler-Najjar Syndrome Type II

· Defective UGT

· Autosomal recessive

· Tx: Phenobarbital → ↑ UGT
· Gilbert’s Syndrome

· Polymorphism; not a disease
· ↓ promoter for UGT

· Intermittent bouts of mild ↑ hyperbilirubinemia
· Usually no Tx required


· Approach to the patient with Jaundice

· Normally plasma bilirubin is unconjugated
· Lab tests

· Total bilirubin

· Direct bilirubin (conjugated)

· Unconjugated bilirubin (indirect) = total – direct
Lecture 12: Bile Formation and Biliary Tract Disease

· Bile composition

· Bile acids

· Synthesized in liver

· 7α-hydroxylase is the rate-limiting NZ

· Conjugated

· ↑ H2O solubility

· ↑ acidic strength → remain ionized in the gut lumen

· ↑ resistance to hydrolysis by pancreatic NZs

· All of this allows accumulation of bile acids at a [ ] necessary to facilitate fat digestion and absorption

· Phospholipids (solubilize cholesterol)

· Cholesterol (gallstone formation)

· Bile pigments


· Bile secretion

· ↑ bile return to liver → ↑ bile secretion (recycling) and ↓ de novo synthesis (inhibit 7α-hydroxylase)
· Secretin → ↑ HCO3- and H2O secretion
· Gall bladder

· Stores and concentrates bile

· Actively absorbs Na+, Cl-, HCO3-
· CCK → ↑ contraction and sphinter of Oddi relaxation

· Also by vagal stimulation


· Enterohepatic circulation 
· 95% of bile is reabsorbed

· Active bile reabsorption in the terminal ileum (Na+/Bile ATPase contransporter)
· Passive absorption through the small intestine α lipid solubility of the bile acids
· ↑ after bacterial deconjugation
· After being reabsorbed, bile is returned to the liver via the portal vein

· Gall stones
· Cholesterol stones (75%)
· Failure to keep cholesterol in solution

· Supersaturation

· ↑ cholesterol, ↓ bile acids or both

· Nucleation/precipitation

· Gall bladder preferentially absorbs phospholipids over cholesterol → ↑ cholesterol

· Promoted by gall bladder mucin → traps crystals

· Gallbladder dysfunction

· Stasis → ↑ biliary sludge

· Crystal agglomeration
· Grow → macroscopic stones

· Risk factors (4 F’s)
· Fat

· Female

· Fertile

· > 40 yo

· Pigment stones
· Deconjugation and precipitation of bilirubin
· ↑ bilirubin excretion, or ↑ unconjugated bilirubin → ↑ pigment stones

· Black pigment stones

· ↑ with chronic hemolysis (Sickle cell, thalassemia, prosthetic valves)

· Brown pigment stones

· ↑ with biliary stasis and infection
· Clinical manifestations of gall stones

· Most asymptomatic
· Biliary Colic (most common symptomatic)

· Severe, steady RUQ pain radiating to upper back x ≤6hrs
· Not crampy or in waves

· ↑ with food intake (↑ CCK → ↑ contraction)
· Acute cholecystitis (most common severe complication)

· Inflammation

· 2° bacterial infection
· Jaundice

· Persistent pain plus systemic symptoms (vomiting, fever)

· Murphy’s sign (pain, arrested inspiration during palpation of the RUQ)
· Choledocholithiasis and acute cholangitis

· Choledocholithiasis = common bile duct stones
· Jaundice

· Light colored stools
· Dark urine

· Pruritis

· Acute cholangitis = bacterial infection of the bile ducts

· Fever

· Jaundice

· RUQ pain

· +/-  ∆ ms
· Gallstone pancreatitis

· With EtOH, one of the most common causes of acute pancreatitis

· Obstruction of the pancreatic duct @ the short common duct


· Dx of gallstones

· Abdominal US (study of choice)

· Abdominal X-ray (< 20% detection of cholesterol stones)

· HIDA scan (cholescystitis)

· CT (when clinical presentation is confusing)


· Tx of gallstones

· Surgery – cholecystectomy is tx of choice for symptomatic and complicated disease

· Oral dissolution

· Direct dissolution

· Acoustic shock waves

· Endoscopy
Lecture 13: Pancreatic Disorders
· Acute pancreatitis : acute inflammation +/- other organ involvement
· Causes

· Gallstones (most common cause)
· Transient obstruction of the pancreatic duct

· ALT >150

· Most pass spontaneously

· EtOH (2nd most common cause)
· Mechanism?

· Microlithiasis

· Aggregates of biliary crystals
· Other

· Drugs

· Hyperlipidemia
· Trauma

· Infections

· Vascular


· Pathophysiology

· Intra-acinar conversion of trypsinogen → trypsin → acute cellular injury, pancreatic autodigestion, active NZs leaked into the blood


· Clinical

· Abdominal pain, radiating to the back, worse when supine

· +/- N/V, fever
· Tachycardia

· Leukocytosis

· ↑ Serum lipase (more specific to the pancreas)

· ↑ Serum amylase


· Complications

· Pancreatic Autodigestion

· Edema, hemorrhage, necrosis

· ↓ exocrine and endocrine functions

· Hypocalcemia (degredation of PTH)

· Hyperglycemia

· Acidosis

· Pancreatic pseudocysts

· Encapsulated collections of pancreatic juice

· Tx

· IV hydration first!

· Prevent pancreatic infection once necrosis takes place

· Bowel rest
· Chronic Pancreatitis
· Inflammatory disease with irreversible morphologic changes → permanent loss of exocrine and endocrine function
· Most caused by EtOH

· Hypersecretion of protein from the acinar cell

· Hypersecretion of ionized Ca2+
· ↓ secretion of lithostatine (normally inhibits lattice formation of CaCO3)

· These → ↑ Ca/protein complexes → intraductal protein ppts → obstruct ductules

· May also be cytotoxic → ↑ fibrosis

· Clinical

· Pain (episodic or continuous)

· From ↑ pressure in the parenchyma and ducts?

· Neural inflammation?

· +/- steatorrhea, diarrhea, weight loss

· Exocrine/Endocrine insufficiency

· DM after 80-90% destroyed

· Tx

· If ↑ malabsorption → give Pancreatic NZs with each meal
· Add H2 blockers or PPIs if steatorrhea continues
· ↓ fat intake to < 50g/day if these don’t work

· If ↑ pain:

· Abstain from EtOH

· ↑ Analgesics

· ↓ Secretion (↓ CCK)

· Trypsin → ↓ CCK

· ↓ neural transmission

· Relieve obstruction

Lecture 14: Viral Hepatitis
	
	Hep A
	Hep B
	Hep C

	Oral transmission?
	Yes
	No
	?-Unlikely

	IV transmission?
	No
	Yes
	Yes

	Incubation period
	15-45 days
	40-180 days
	15-50 days

	Mortality
	0.1%
	1-3%
	1-2%

	Chronic?
	No
	Neonates 90%
	Yes 50%

	Sero+ %?
	25-50%
	10%
	0.5-1.5%


· Hepatitis A

· +ssRNA

· Picornaviridae
· ↑ in developing nations; fecal-oral transmission
· Outbreaks in homosexual men, mentally/physically disadvantaged, after consumption of clams/mussels harvested in human sewage
· Dx
· IgM to HepA with jaundice onset

· IgG to HepA for past exposure
· Prognosis

· No tx required; monitor

· Accounts for <1% of all cases of fulminant hepatitis; very low mortality
· Acute only; no chronic disease
· Prodrome, icteric phase, resolution
· Prevention

· ↑ sanitation, personal hygiene, washing
· Immunization


· Hepatitis B
· Hepadnaviridae

· Dane particle

· HBsAg – surface protein

· HBcAg – core antigen (nucleocapsid)
· HBeAg – marker of replication
· Liver injury from host-immune response (not cytopathic)
· Serology

	Marker
	Source
	Antibody
	Indicates?

	HBsAg
	Outer envelope
	Anti-HBs; neutralizing
	Ag = Acute or Chronic
Ab= Vaccination or prior infection

	HBcAg
	Nucleocapsid
	Anti-HBc; first to appear
	IgM = recent or active
IgG =  active or past

	HBeAg
	Non-structural; secreted
	Anti-HBe
	Active replication and infectivity

	HBV DNA
	Viral DNA
	None
	Active replication and infectivity


· [image: image9.png]Clinical HBsAg | Anti- Total HBeAg Anti- Viral DNA
condition HBs anti- HBe
HBc
Acute + _ + + _ +
Hepatitis
"Window" - - + - +/- -
period
Chronic active + _ + + +/- +
hepatitis
Past infection: _ + + _ +/- _
immunity
Past _ + _ _ _ _

immunization





· Chronic if HBsAg persists >6 months
· Acute:  [image: image10.png]






· Chronic: [image: image11.png]



· ↑ in IV drug users, homosexuals, people with ↑ sex partners, institutionalized patients, health care workers
· Clinical

· ↑ chronic infections in neonates; 10% in adults

· Acute fulminant hepatitis; 90% is self-limiting

· Chronic

· ↑ HBV DNA, ↑ ALT

· Or ↓ HBV replication
· Dx

· Serology

· Biopsy to identify liver injury (fibrosis, inflammation)

· Tx

· Anti-virals
· Interferon

· Prevention

· ↓ risk factors

· Recombinant vaccine
· Prophylaxis post-exposure (needle stick, sexual contact)
· Hepatitis C
· +ssRNA
· Flaviviridae

· Serology

· Anti-HCV
· Active infection: HepC RNA in RNA + Abs
· ↑ in those with ↑ blood transfusions, IV drug users

· Clinical

· Jaundice

· Myalgia/arthralgia
· Chronic hepatitis >75%
· Cirrhosis 20%
· ↑ carcinoma risk?
· Tx 
· Pegylated interferon (α-interferon + polyethylene glycol carrier)
· Ribavirin (nucleoside analogue)
· Both x 1 year → 55-80% response rate, depending on the subtype
· Prevention

· Screen donated blood

· Inactivate by heat, detergent

· Clean needles
· Safe sex (small risk – no recommendation for monogamous relationships)
· Drug-Induced Liver Disease

· Varied mechanisms

· Directly hepatotoxic
· Hepatotoxic after phase 1 rxn (hydroxylation or oxidation; before conjugation)

· Can form neoantigen → ↑ immune rxn → immune-mediated liver injury

· Conjugated forms can disrupt normal excretion (after phase 2 rxn – conjugation)

· Some drugs excreted in the bile are toxic to the biliar epithelial cells → cholestatic picture

Lecture 15: Metabolic Liver Disease
· Causes of mildly elevated transaminases

· A Alcohol/Autoimmune

· B Hepatitis

· C Hepatitis

· D Drug

· E Exotic (Wilson’s Disease, α-1-antitrypsin deficiency)

· F Fatty Liver

· G Gluten sensitive enteropathy

· H Hemochromatosis


· Non-Alcoholic Fatty Liver Disease (NAFLD)
· Fat accumulates in hepatocytes – steatosis

· Pathogenesis

· Insulin Resistance

· ↑ fatty acid delivery to liver

· ↑ fatty acid synthesis

· ↓ fatty acid breakdown
· 2nd hit necessary

· Oxidative stress

· Cytokine production (TNF-α)

· FA direct toxicity

· Clinical

· Many are obese, comorbid with DM and ↑ triglycerides

· Usually asymptomatic

· +/- malaise, fatigue, RUQ discomfort

· +/- hepatomegaly
· Liver NZs

· Mild ↑ AST/ALT

· Usually AST/ALT ratio <1 (raise in parallel)
· Albumin/Bilirubin/INR ∆s only in advanced disease
· Prognosis

· 20% of patients with NAFLD → Cirrhosis
· 30-50% of patients with cirrhosis → death
· Overall 6-10% mortality


· Hemochromatosis
· ↑ absorption of Iron → deposition into parenchymal tissues

· Liver

· Endocrine glands

· Heart
· Autosomal recessive; ↑ in Northern Europeans, especially Celtics
· Clinical

· Skin bronzing

· Cardiomyopathy

· Cirrhosis

· ↑ risk for hepatocellular carcinoma
· Pituitary ∆s

· DM

· Testicular atrophy

· Impotence

· Arthritis

· Pseudogout
· Hepatomegaly

· Dx

· ↑ Iron saturation (↑ serum Iron/TIBC ratio)

· ↑ ferritin

· Genetic testing

· Tx

· Phlebotomy

· Will not ↓ risk for hepatocellular carcinoma, nor eliminate cirrhosis, hypogonadism or arthropathy
· Does ↑ survival and will reverse clinical manifestations, including cardiac dysfunction, glucose intolerance, hepatomegaly and skin bronzing

· Iron chelators
· Wilson’s Disease
· Autosomal recessive
· ↓ liver’s ability to secrete copper into bile → deposition into tissues

· Liver
· Cirrhosis, fulminant liver failure

· Hepatomegaly

· Cornea

· Kayser-Fleischer rings

· CNS

· Psychiatric illness

· Movement disorders

· Dx

· ↓ Ceruloplasmin (a carrier for Copper)

· NOT cause of disease; ceruloplasmin degrades if not bound to Copper in the serum

· Merely a marker of disease
· ↑ Copper in urine

· Liver biopsy → Copper

· Tx

· Chelators

· PO Zinc (↓ intestinal absorption of Copper)


· α-1-antitrypsin deficiency

· α-1-antitrypsin is synthesized in the liver and excreted into the serum

· Normally inhibits trypsin

· In the lungs, α-1-antitrypsin deficiency → emphysema, esp. in smokers

· In the liver α-1-antitrypsin deficiency → accumulation in the hepatocyte
· Genetic disorder – suspect when there is a FHx of early lung disease, esp. when + liver disease
· ↑ in Northern Europeans

· Clinical

· Chronic liver disease – cirrhosis, portal HTN, ascites

· Pulmonary involvement
· Dx

· ↓ serum α-1-antitrypsin 

· Liver biopsy → PAS+ intrahepatic inclusions

· Cirrhosis → ↑ risk for hepatocellular carcinoma?
· Tx

· Supportive

· Transplantation
Lecture 16: Complications of Severe Liver Disease

· Portal Hypertension

· Portal vein = SMV + Splenic vein
· ↑ resistance to portal venous flow 2° to: 

· Cirrhosis

· Scar tissue distortion

· Dynamic intrahepatic vasoconstriction

· Vasoactive substances


· Collateral circulation

· Esophagus

· Left gastric ↔ esophageal vein

· Esophageal varices → ↑ hemorrhage

· Umbilicus

· Paraumbilical ↔ superior and inferior epigastric veins

· Caput medusa

· Rectum

· Superior rectal ↔ middle and inferior rectal veins
· Rectal veins AKA hemorrhoidal veins

· Hemorrhoids

· These pathways return blood to the SVC via the azygos and hemiazygos veins
· Associated with ↑ hepatic artery blood flow

· Eventually → ↓ liver function and portosystemic encephalopathy
· Portal HTN Clinical

· Ascites

· Esophageal/gastric varices

· Splenomegaly

· Portosystemic encephalopathy

· Portal hypertensive gastropathy
· Spider telangiectasia on chest

· Caput medusa

· Peripheral edema (↓ albumin + fluid retention)
· Ascites

· Pathophysiology

· ↑ vasodilation → ↓ effective volume → ↑ Na+/H2O retention

· Plus, ↓ albumin synthesis 2° to liver disease

· Do diagnostic paracentesis

· CBC with differential (WBC, RBC)

· Serum Ascites Albumin Gradient (SAAG)
· Serum Albumin – Ascitic Albumin

· Portal HTN if >1.1

· Protein

· Amylase

· Triglycerides

· Cultures

· Cytology

· Tx

· Withdraw alcohol

· Diuretics

· Watch out for Spontaneous Bacterial Peritonitis

· Cirrhosis + Ascites + fever/abdominal pain

· Ascitic fluid >500 WBC with >50% neutrophils

· Esophageal varices → GI bleed, death

· Usually in the distal 2cm of the esophagus

· Thin-walled veins

· Progressively dilated

· ↑ volume hematemesis

· Melena

· Portal Systemic Encephalopahy (PSE)

· Reversible ↓ level of consciousness associated with liver disease 2° to:
· Hepatocyte dysfunction in acute liver failure

· Porto-systemic shunting away from the liver
· No anatomic lesion in the brain

· Clinical

· Asterixis – flapping tremor
· Fetor hepaticus – musty odor of the breath
· Neuropsych sx

· Pathogenesis
· Neurotoxins, e.g.: NH4+ (liver is unable to metabolize)

· ↑ Aromatic amino acids → false neurotransmitters → ↓ neural excitation

· ↑ GABA receptors → ↓ neural excitation

Lecture 17: Colorectal Cancer

· Risk factors

· Diet

· ↑ fat (esp. red meat)

· ↑ luminal [bile acid]

· ∆ colonic microflora (↑ anaerobes)
· ↓ fiber

· ↓ binding of bile acids ↔ toxic chemicals

· ↑ intestinal pH → ↑ anaerobes

· ↓ fecal bulk 2° to ↓ fecal H2O → ↑ [fecal mutagens]

· Obesity

· Physical inactivity

· EtOH

· Smoking

· Age (≥50)

· PMHx/FHx

· Genetics

· Familial Adenomatous Polyposis (FAP)
· Autosomal Dominant ∆ in APC gene (C5)
· No polyps at birth

· >100 polyps during teen years

· Risk of CRC ≈ 100%

· Gardner’s Syndrome

· FAP (same mutation) + extracolonic manifestations

· Osteomata

· Epidermoid cysts

· Lipomas

· Dental ∆’s
· Hereditatry nonpolyposis CRC (HNPCC)

· Autosomal Dominant ∆ in DNA mismatch repair genes
· ↑ proximal (right sided) cancers

· >1 cancers (colonic + extracolonic)

· Risk of CRC ≈ 80%
· Associated conditions

· Ulcerative Colitis (UC)
· ↑ risk of CRC 20x

· α to duration and anatomical extent of disease

· Chron’s Disease

· ↓ risk than UC, but ↑ than normal

· Pathogenesis

· Adenoma → carcinoma

· ≈ all CRCs arise from adenomatous polyps

· ↓ tumor suppressor genes

· ↓ DNA repair genes

· ↑ oncogenes

· Prevention

· Eat a healthy diet

· ≥ 5 servings of fruits and vegetables/day

· ↓ red meat consumption

· ↑ multivitamin

· ↓ EtOH

· Moderate physical activity ≥ 30 minutes/day

· Maintain a healthy weight

· ↓ smoking

· Do routine screening

· Screening

· Average risk (asymptomatic, ≥50 years)

· Guaiac-based fecal occult blood testing (gFOBT)

· Flexible sigmoidoscopy (FS)

· Colonoscopy

· 95% sens/sp

· Double contrast barium enema (DCBE)

· Fecal immunochemical test (FIT) for occult blood

· CT colonography (“virtual colonoscopy”)
· ≈ colonoscopy sens/sp
 (92%)
· Stool DNA testing (sDNA) to detect known associated gene ∆s
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Tests

That Detect Adenomatous Polyps and Cancer

Flexible sigmoidoscopy (FSIG) every 5 years, or

Colonoscopy every 10 years, or

Double contrast barium enema (DCBE) every 5 years, or

CT colonography (CTC) every 5 years

Tests

That Primarily Detect Cancer

Annual guaiac-based fecal occult blood test (gFOBT) with high test
sensitivity for cancer, or

Annual fecal immunochemical test (FIT) with high test sensitivity for
cancer, or

Stool DNA test (sDNA), with high sensitivity for cancer, interval
uncertain







· Those with +FHx

· Do colonoscopy Q5 years starting @ age 40 or 10 years before relative’s onset if any of these:
· ≥Two 1° relatives with CRC at any age

· Single 1° relative with CRC or adenomatous polyp Dx <60 yrs
· Do the same tests as average risk but start @ age 40 if any of these:

· Single 1° relative with CRC or adeomatous polyp Dx ≥60

· Two 2° relatives with CRC

· Those with genetic disorders

· FAP

· Genetic counseling

· Flexible sigmoidoscopy Qyear starting @ puberty

· HNPCC

· Genetic counseling

· Colonoscopy Q1-2 years starting @ 25yrs

· Those with PMHx

· Prior CRC

· Colonoscopy @ 1 yr then Q3-5 years

· Prior adenoma

· Colonoscopy Q3-5 years

· IBD

· Colonoscopy Q1-2 years after 8 years of pancolitis or 15 years of left-sided (distal) disease

