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GI (Gastrointestinal tract)

· GI tract causes more doctors visits than any other system of body 

· The GI tract does not suffer in silence – you know you have a problem

· Know the anatomy of the GI tract

· Some GI fun facts

· Mouth: chew food 

· Stuff you swallow: bolus 

· In stomach, add water until it is suspended particles in isotonic slurry

· Intrinsic factor (IF) also secreted by stomach: needed to bind to vitamin B12 (cobalamin), later absorbed in ileum 

· Can absorb a few things in stomach: water, alcohol and some drugs like aspirin (most things NOT absorbed here) 

· Contents leave stomach and stuff in small intestine = chyme (isotonic slurry; osmolarity of ~290 mOsm)

· Slurry, e.g. vomitus: chunking particles suspended in solution
· pH in stomach typically around 2

· kills most microbes that come in but not all

· some things make it through – otherwise we would not have bacteria in our small intestines

· denatures proteins: easier to chop up into amino acids 

· Stuff going through small intestine is chyme, roughly isotonic slurry 

· In duodenum: increase pH to about 8 by dumping lots of bicarb into duodenum

· Duodenum ~10 inches

· Pyloric sphincter: opens and closes to avoid making duodenum too acidic 

· Pyloric sphincter opens, lets some chyme into the duodenum and then closes 
· if pyloric sphincter lets too much acidic chyme out, it begins to erode the duodenum ( problem is duodenal ulcers 

· Duodenum: duct that comes from pancreas (pancreatic duct) joins duct coming from liver and gallbladder (common bile duct); these will converge in the ampulla of Vater
· relaxation of sphincter of Oddi allows contents to dump into duodenum 

· Sphincter of Oddi: opens to dump contents from pancreas, gallbladder, and liver into duodenum 

· Contains bicarb, biliary secretions, and pancreatic digestive enzymes

· Anything that liver wants to get rid of is in the biliary secretions

· As well as bile – emulsifier necessary for fat digestion 

· Jejunum, ~20 feet long, is bulk of small intestine 

· where we do bulk of absorption 

· Ileum: terminal 6 feet of small intestine where we absorb vitamin B12 and bile salts (come from liver, stored in gallbladder) take them back to liver 

· bile salts: help emulsify fats (we recycle them from here back to liver to reuse) 

· absorbed in ileum

· Colon

· absorb water, contents become more and more solid 

· reabsorb Na+ & Cl-

· reabsorb bicarb – chronic diarrhea causes acidosis
· Hiatal hernia 

· hernia: when one body part moves through some opening it isn't supposed to 

· esophagus normally goes through esophageal hiatus (“break”) in diaphragm 

· with hiatal hernia, stomach goes through esophageal hiatus into supradiaphragmatic area (part of stomach is now above diaphragm) 

· diaphragm forms occlusion and stuff sits in full part of stomach ( greater chance of regurgitation ( heartburn (reflux and regurgitation into esophagus)

· more common with increase in age 

· Achalasia 

· You take a Giant bite that gets stuck down just before the stomach, very uncomfortable 

· Lower esophageal sphincter doesn’t open properly ( stuff just sits in the lower esophagus,

· If it felt like this every time with every bite ( ppl want to stop eating 

· Get dysphagia: painful eating 

· Inflammation and ulceration of the lower esophagus: the esophagus isn’t made to have this bolus just sit there 

· Can lead to squamous cell carcinoma 

· caused by 

· Aperistalsis

· incomplete relaxation of LES (lower esophageal) usually prob with vagus nerve

· Esophageal varices

· Liver problems: you get hepatic portal HTN 

· 3 ways blood escapes from hepatic portal system: 

· rectum, lower esophagus and around umbilicus 

· if we have trouble getting blood back through liver, backs up looking for escape route, get increased blood flow through capillary beds in  lower esophagus ( varicose veins 

· associated with any cirrhosis but most commonly alcohol related 

· when they bleed you get hematemesis (blood in vomit) 

· 20-30% will die from episode of ruptured esophageal varices 

· Need to get balloon down and stop bleeding otherwise person bleeds to death 

· even if you fix it, still have poor hepatic blood flow and varices and it will recur 

· 70% recurrence rate 
· Ruptured esophageal varices are a common cause of death among alcoholics 
· GERD (Gastroesophageal reflux disease)

· Problem is that lower esophageal sphincter doesn’t close tightly enough, gastric contents can splash up and irritate lower esophagus  

· Esophagus: is mechanically strong so bolus doesn’t rip it, but not chemically strong 

· Gastric juice irritates 

· Chronic heart burn 

· Common causes: obesity, hiatal hernia and vagal nerve abnormalities 

· Vagal nerve abnormalities: not closing the sphincter properly (needs to open and close at right time) 

· If long enough will lead to Barrett’s esophagus 

· Barrett’s esophagus

· Replacement of normal stratified squamous mucosa with metaplastic columnar epithelium with goblet cells 

· Esophagus is stratified squamous (mechanically strong but NOT chemically)  

· Stomach is simple columnar (chemically strong) 

· get gastric juices that irritate esophagus, get a lower esophagus that can withstand acid 

· but problem, can lead to adenocarcinoma 

· also the pt still has heartburn

· Esophageal cancer

· Adenocarcinoma can result from Barrett’s esophagus (more common in US) 

· in lower esophagus 

· Squamous cell carcinoma

· higher in esophagus 

· in US associated with tobacco and alcohol use 

· achalasia will also cause this 

· most common in Western China, Iran, (mostly Muslim: no tobacco, no alcohol) 

· very popular to drink very hot tea (scolds esophagus continuously: kill these cells, regrow them continuously – great set up for cancer) 

· in China called “swallowing disease” because first sign is dysphagia (but typically occurs late in progression) 

· tumor forms band around esophagus – prevents normal movement of bolus

· Gastritis will often lead to gastric ulceration (different phases of same process) 

· Chronic and acute 

· acute gastritis leads to acute gastric ulceration 

· Chronic gastritis leads to chronic gastric ulceration (peptic ulcers) 

· Stomach

· Don’t worry about muscular layers 

· Stomach is very acidic 

· Start dumping proteases in here: 

· if proteases came in contact with cells they would start chewing them up

· so want to keep cells away from this acidic environment luminal content of stomach

· Want to keep acidic environment away from surface of cells 

· most of these cells are in deep gastric pits (opening covered by mucosal layer) ( cells protected from corrosive environment 

· Carbon dioxide + water ( carbonic acid ( H+ & bicarb

· HCl: acid that we dump into our stomach 

· Bicarb dumped into blood ( pancreas and gallbladder ( duodenum where we make contents more alkaline 

· Actually pancreas, liver and gallbladder use the same chemical equation

· H2O + CO2 ( H+ + HCO3-

· Dump HCO3- into duodenum to neutralize H+ from stomach

· H+ goes to blood, neutralizes bicarb from stomach

· Everything evens out

· But, if vomit after acidic production ( you become alkaline 

· Chronic gastritis & peptic ulceration

· H. Pylori damages mucous layer and acid can come in ( peptic ulceration 

· Chronic mucosal inflammation usually caused by pylori

· Usually asymptomatic (first 2 pictures) 

· but as acid progresses ( N/V, upper abdominal pain and ulceration 

· Know what is in boxes 

· Progression of chronic gastritis ( peptic ulcers

· 98% of peptic ulcers found in stomach and proximal duodenum 

· ~60% of population carries H pylori BUT only 10-20% ppl with H pylori get ulcers 

· H pylori seems to be necessary for ulcers but not the only thing because about 80% of ppl who carry H pylori don’t get ulcers

· aggravating causes: things that irritate: smoking, alcohol, corticosteroids, high stress personality 

· Hemorrhage (  become hypotensive which leads to acute tubular necrosis can cause renal failure 

· Generally do NOT lead to cancer! 

· Acute gastritis

· Heavy NSAID use: Dog with ibuprofen overdose 

· inhibit production of prostaglandins, which in stomach signals for a mucosal layer to be produced 

· Burns: treatment for gastritis is palliative 

· Acute gastritis ( acute ulceration 

· Secondary to some other problem 

· Treat primary problem and stomach will heal

· Stomach cancer

· 1930s: stomach cancer was the most common (for men, almost as common as all the other cancers combined) 

· 2000s: stomach cancer extremely minimal 

· Due to refrigeration (changes in food storage) 

· don’t eat a lot of pickled, smoked, salted foods 

· we have access to fresh fruits and vegetables year round 

· 2 types 

· Intestinal: have decreased with refrigeration and decrease in smoked and pickled foods 

· caused by: nitrates/nitrites, smoked food, pickled food, low fruit and vegetables, chronic gastritis, H pylori 

· Diffuse carcinoma 

· were not as prominent to begin with so have not really decreased 

· Stomach cancer is the 2nd leading cause of cancer death in the world (following lung cancer) 

· Wall of the intestines
· Innermost layer is single columnar epithelial layer 

· Lamina propria 

· Muscularis mucosa: wiggles around inner lining of intestines, makes sure that contents are continuously turned so that all nutrients can be absorbed  

· Lymph nodes: lots of lymphatic tissue in GI tract (largest lymphatic organ)  

· Pancreatic & common bile ducts into duodenum 

· Enteric plexus 

· myenteric plexus: between muscularis layers, circle and longitudinal layers (muscles that cause peristalsis) 

· Stomach noises: 2-3 hours after eating 

· big wave starts in stomach and goes all the way through cecum, clears out intestine, happens once every hour and clears out your intestines

· 2-4 hours to get from mouth to cecum (takes 20-22 hours from cecum to anus)
· Mesenteric layer

· Serosal layer: visceral peritoneum 

· Small intestines -- villi

· Have tall villi that increase surface area to maximize absorption 

· Deep crypts: allow stem cells to be down deep and protected from stuff in lumen of intestines 

· 3 days for new cell to make it to top and slough off, replacing mucosal lining 2x/week  

· Easier to make disposable cells than indestructible ones 

· Absorption of macronutrients

· Starches are all glucose 

· break them down into glucose 

· We have some lactose (glucose and galactose), and sucrose (glucose and fructose) 

· Glucose controls insulin, has appropriate transporters 

· Galactose and fructose go along for ride 

· In our current diet, Fructose is extremely prominent in our diet because of high fructose corn syrup 

· ~15% of our calories is fructose, compared to ~1% of calories 100 years ago 

· don’t have proper mechanisms to deal with fructose causes “hyperglycemic” problems (but don’t see on blood glucose test because it’s due to fructose) 

· protein

· If you absorb chicken protein straight into blood your immune system will respond 

· need to take the protein and chop it into amino acids that can then be absorbed 

· Secrete protease (pepsin) in stomach 

· most proteases coming from pancreas (they chop up protein) 

· What protects the pancreas from digestion 

· pancreas makes them as proenzymes; enzymes aren’t activated until leave pancreas to avoid pancreas eating itself (autodigestion)
· Brush border of microvilli have enzymes in them to further chop polypeptides until only amino acids are released into blood 

· Fats – usually as triglycerides: glycerol molecule with 3 fatty acids stuck to it (triglycerides) 

· Can’t absorb triglycerides or diglyceride, can absorb monoglyceride and free fatty acids so we chop them up 

· have either monoglyceride or glycerol which we can absorb, and free fatty acids
· blood supply for intestines

· Superior mesenteric artery feeds most of small intestine and large intestine up to splenic flexure 

· Inferior mesenteric artery feeds from splenic flexure to rectum

· Splenic flexure: nobody really wants to feed this area ( very dangerous spot for ischemia

· Hirschsprung (Congenital Megacolon)

· If enteric plexus doesn’t make it all the way to the end, we have a section of the colon that is not innervated 

· If muscle is not innervated, muscle won’t work, no muscle activity means no peristalsis ( no movement of contents of the colon

· content stops moving, more stuff comes along 

· Prob: obstruction 

· First noticed: When fetus comes out has contents in GI tract that should come out by end of 1st or 2nd day.   if it doesn’t, think Hirschsprung 

· Fixed: cut out aganglionic part

· if small section: not a big problem

· if big section: kid no longer has much of a colon, doesn’t absorb the water ( chronic diarrhea 

· Impaired bicarb and sodium reabsorption ( medical problems for a while 

· Colon will get bigger and bigger as fecal matter collects if not corrected surgically

· worry about perforations & sepsis  

· ischemic bowel disease

· Ischemia can lead to infarction 

· Mild infarction may only kill mucosal cells; that’s ok we were going to replace them anyway, as long as stem cells are still alive they will be replaced 

· If it goes all the way through the wall ( problematic: weak part of wall might rupture (fecal matter leaks out) ( sepsis or peritonitis 

· Transmural infarctions: very high mortality rate occurs in pts that have other comorbidities 

· Causes: any kind of hypotensive shock 

· As well as the usual causes of ischemia

· Hemorrhoids

· Caused by: Increased venous pressure in hemorrhoidal plexus

· causes variceal dilations (if have hepatic portal HTN, blood looking for alternate route) 

· large dilated veins 

· Most common causes

· straining during defecation (high pressure causes high venous pressure; eat more fiber)

· pregnancy (give birth and they go away)

· hepatic portal hypertension

· Unlike esophageal varices, no one dies from ruptured hemorrhoids it is just an annoyance 

· Diarrhea

· Secretory, e.g. Cholera: causes epithelial cells to secrete chloride into the lumen of the small intestine, if chloride goes in it impedes sodium absorption (can’t absorb water)  

· not reabsorbing as much, voluminous watery diarrhea 

· occurs in places without clean drinking water: diarrhea ends up in water supply 

· difficult to eliminate because spreads quickly in these areas and cycle repeats 

· Osmotic, e.g. GoLYTELY: pill that ppl take that overwhelms GI tract with polyethylene glycol (PEG), PEG is not absorbed so it holds water in GI tract (acts as osmotic diuretic) 

· used to clear our colons for colonoscopy 

· Exudative: infect mucosal cells, kill them and slough off and act as osmotic agents, holding water in GI tract producing diarrhea 
· Malabsorption: can’t absorb lactose by itself, but bacteria in colon can and they replicate rapidly (cause gas, bloating, diarrhea)  

· quite common 

· gas, bloating, diarrhea  

· due to intolerance: gluten, lactose 

· not the same as gluten allergy 

· Hyperthyroidism 

· GI tract hypermobile, not enough time to reabsorb all the water 

· IBD
· Ulcerative colitis: 

· inflammation of colon starts at rectum, continuous section of colon that is involved 

· get pseudopolyps: mucosal layer eroded but don’t get past muscularis layer 

· ulcers in colon ( ulcerative colitis

· Crohn’s: 

· affected parts, normal, skip lesions 

· deep fissures that go through mucosal layer and can even cause fistulas (improper connections) from lumen of intestine to abdomen (peritoneal space)
· Hookworm: 

· hemorrhagic anemia with no blood coming out 

· In order for hookworm to survive in gut it has to turn off the immune system and alleviates some of the symptoms and problems associated with Crohn’s  

· Hookworm life cycle: live in intestines, suck blood, lay eggs, eggs come out in feces, eggs get into the soil, eggs hatch, larva bore into ground, if you walk barefoot on soil, the hookworm larva bore into feet travel up to lungs – ppl cough up sputum, ppl swallow some of it and the next generation gets into GI tract 

· Bad asthma: gets hookworm and his asthma gets better, damps down a lot of autoimmune problems (Crohn’s seems to be one of them) 

· hookworm has to turn down immune system, otherwise it would look like a foreign invader and be destroyed 

· Fly maggots – another high yuck-factor medical treatment

· Some maggots like to eat dead flesh but not live tissue: 

· if you have necrotic wound, sprinkle maggots and few days later have nice clean necrotic free wound 

· only a few types of maggots do this (good alternative to amputation)

· but ppl don’t like the idea of maggot’s eating their dead flesh

· As feces becomes more and more solid it takes more and more pressure to squeeze things thru the colon, too much pressure ( outpouchings 

· Diverticula (diverticulosis): just the outpouchings (not really a problem) 

· Diverticulitis: inflammation of outpouchings 

· Lower left pain/discomfort: stool is more solid on left side in descending colon 

· If they are bad enough they can rupture, you can get fistulas and fecal matter can leak out into the abdomen

· Treatment/prevention: eat more fiber; reduces the amount of pressure needed to move stool 

· Don’t eat food with small seeds: they get stuck in outpouchings and increase risk of rupturing 

· Very common in older people; if they are not too bad they can go away, with more fiber

· Bowel Obstruction

· Herniations: intestine seeps through inguinal canal 

· stuff moving through lumen has hard time moving through there, 

· blood also has hard time nourishing this area 

· Adhesions: especially post abdominal surgery 

· scar tissue can bind two parts of bowel together and they can’t move as well 

· Intussusception: see this in young people, sometimes babies 

· one piece will slide into the other and lumen is greatly decreased 

· Volvulus: twisting of intestines 

· Paralytic ileus: bowel just doesn’t work, after surgery/general anesthetic, bowel just doesn’t want to move (may be 1-2 days before start moving again) 

· Bowel infarction: if muscle is damaged won’t have peristalsis in dead spot, bowel won’t progress further 

· Colon cancer

· Large intestine is one of the most common sites for cancer

· Small intestine: very few cancers: almost NEVER see them here (they will be of the stromal cells if you do) 

· Polyp: protrudes into lumen

· Hyperplastic tissue: not necessarily cancer 

· neoplasm: may or may not be a cancer 

· for example, wart is a neoplasm but NOT a cancer 

· Rises with age 

· Can remain asymptomatic for years 

· Right side: will see blood on guaiac stool test but won’t see it in stool; blood will be broken down enough that you won’t see it in the stool 

· anemia: because pt won’t see the actual blood in the stool and it will continue to bleed for a long time (hemorrhagic anemia ( iron deficient anemia) 

· Left side: no anemia because patient will see blood in stool early and will get it checked before anemia has time to develop 

· blood in stool and pain in lower left quadrant 

· Will be responsible for staging a colon cancer 

· Not responsible for survival rates 

· Colon cancer likes to spread to liver and when this happens survival rate is very low 

· you can live without portions of colon (can even cut out the whole thing) and survive 

