Pathology 5 – Heart and GI

Overview of Cardiac Pathology:
· The key parts of the adult heart include the coronary arteries, the heart valves, the conducting system and the myocardium.

· The coronary arteries include a large left and right coronary artery.  The left main one branches into the circumflex and the LAD (which has diagonal branches).  The right includes a branch to the sinoatrial nodal artery.  The ‘dominant’ one gives rise to a poasterior descending artery (PDA) and posterior lateral artery (PLA).  70-80% are right, 10-20% co-dominant, 10% left.  Veins run with the arteries and drain into the great cardiac vein or coronary sinus, which drain back into the right atrium.

· The LAD supplies about half of the left ventricle, the left circumflex 20% of the left ventricle (posterolateral LV and the anterolateral papillary muscle).  The right coronary artery supplies 30% of the left ventricle and the right ventricle.  

· The valves of the heart include the aortic (right coronary, left coronary and non-coronary leaflets), pulmonic (anterior, left and right), tricuspid (septal, posteriolateral and anterior) and mitral (anterior and posterior).  The aorta and pulmonic valves are semilunar.  The leaflets should be thin and translucent.  Chordae tendinae can attach AV valves to the papillary muscle below.  
· The conducting system begins at the SA node, which leads to the AV node, which supplies the bundle of HIS and Purkinje fibers.  The SA and AV nodes can be seen histologically.  

· The myocardium makes up most of the weight of the heart (200-420g).  The LV should be 1-1.4 cm thick, the RV .3-.5 cm thick.  The endocardium lines the inside of the myocardium.  Interspersed in the myocardium are capillaries, larger vessels, rare fibroblasts and very rare fibroblasts.  

· Coronary artery disease:  atherosclerotic changes decrease flow to the myocardium, causing angina and/or MI.  It affects men more than women and older people more.  The lumen is occluded by a plaque with a lipid core and fibrous cap.  With occlusion, the coronary arteries undergo compensatory enlargement, which can keep a normal flow with up to 40% stenosis of the original artery.  

· Atherosclerotic plaques are graded type I (thickening), type II (macrophage foam cells present), type III (small pools of extracellular lipid – preatheroma), type IV (extracellular lipid core – atheroma), type V (with fibrous thickening nearest the lumen), type VI (it tears and you get a thrombus and fissure – complicated lesions).  These tend to be acentric, on one side of a vessel. 
· Coronary arteries can also dissect, where blood gets into the media of the vessel and pushes the intima into the lumen, occluding the vessel.  

· To fix an occlusion, you can do a CABG (coronary artery bypass graft) in which you use a saphenous vein or internal mammary artery graft to connect the aorta to the coronary artery distal to the site of blockage.  

· Valvular disease:  This can be congenital or acquired.  Most significant disease occurs in the left heart.  Calcific or degenerative aortic stenosis is most common in the eldery (increased with HTN, smoking and in men).  Mitral stenosis is most often due to rheumatic fever in young people.  

· A bicuspid aortic valve (should be tricuspid) can be congenital (w/ raphe where two leaflets fused) or acquired.  Over time, these valves become thick and calcified.  

· Valves can be calcified and hard to open/close.  Or in aortic regurgitation, a widened vessel can pull the leaflets taut so that they can’t close all of the way and blood goes back into the LV.  You can also get mitral valve regurgitation, where big/floppy leaflets don’t connect well in the middle of the valve to occlude flow.
· You can also have mitral valve stenosis with a ‘fish mouth apperance’ in which thick, fibrous leaflets can get stuck closed.  

· Inflammation of the valve can occur with endocarditis.  This can destroy the leaflets or prevent them from closing properly.  And, the inflammatory growths can break off and cause infections or infarcts.  

· When someone has bad valves, they replace them with mechanical valves (last forever, but require anticoagulation) or bioprosthetic valves (from pigs/cows sewn into an apparatus…don’t last as long, but don’t require anticoagulation). 

· The conducting system:  Disease includes primarily arrhythmias, in which there are changes in the normal electrical impulses causing an altered rhythm.  Atrial fibrillation is pretty common.  Only some are life threatening.  There’s nothing really pathologically to see in the heart.  These may be atrial (fibrillation, supraventricular tachycardia, premature beats, or flutter), ventricular (fibrillation, tachycardia, or premature beats), or due to a blockage of impulse (AV block, L or R bundle branch block).  

· To treat this, they can be given a pacemaker (keeps pace ok) and defibrillator (automatic implantable cardioverter/defibrillators – AICD – to end an arrhythmia). 

· Myocardial disease:  

· Cardiomyopathies:  These can be acquired or inherited (sarcoplasm, cytoskeletal or chemokine genetic defects are involved).  
· Dilated CM is most common (thin, enlarged LV can’t be completely emptied), Hypertrophic CM (hallmark = myocyte disarray…myocytes don’t come together effectively and you see an enlarged septum and heart wall with a small lumen…heart beats ineffectively) is most often genetic, and Restrictive CM (normal size, but heart becomes stiff…is pretty rare and usually secondary due to stuff like amyloidosis or sarcoidosis).  

· More rarely, you can also see arrhythmagenic right ventricular dysplasia (fibrofatty infiltrate of the right ventricle that leads to fatal arrhythmias…can quickly kill even young people) or endomyocardial fibrosis (obliterative cardiomyopathy mostly seen in kids, with a really thick/stiff endocardium that impairs ejection).
· Myocarditis:  inflammation of the heart.  It’s most often infectious, but can be due to drugs.  It’s most often a result of viral infection (particularly coxsackie B), and less commonly parasitic infections like Chagas.  It can also be idiopathic, as in giant cell myocarditis.  The end result is that you get poor contractility and a lowered ejection fraction.  WBCs and injured myocytes, in which infiltration can be fulminant or more subtle.  
· Ischemic damage:  This results from infarct.  Acute infarcts grossly have red areas of hemorrhage (can be due to reperfusion injury) and often pus (WBCs cleaning up dead myocytes).  If you survive, it’ll organize and fibroblasts turn it into a scar.  Histologically, you see contraction bands along myocytes and waves of neutrophils that move from the periphery toward the center of the infarct.  With organization, you see fibroblasts and collagenous scar.  
· Treatment for all three of these things that show a lot of heart failure may be eligible for cardiac transplant.  Patients have 50% chance of 10 year survival (pretty good).  Most failures are due to short term rejection or long term development of transplant vasculopathy (coronary artery disease with concentric smooth muscle proliferation pretty diffusely, which can’t be bypassed).  

· Coronary artery disease, valvular disease, conducting disease and myocardial disease can affect each other. 

· CAD causes infarction.  If someone survives and heals, they can get scarring and a dilated cardiomyopathy.

· Hypertrophic cardiomypathy can cause structural alterations that result in atrial fibrillation.

· Calcific aortic stenosis can cause LV hypertrophy.  
Pathology of MI:

· Occlusions around 50% are still often asymptomatic.  Atherosclerotic plaques are eccentric (on one side of the vessel), and may show yellow lipids in the core.  Plaques may improve, not change, or expand.  

· A plaque can rupture and allow blood into the plaque, which trigger thrombosis and leads to serious problems.  Or a plaque can simply cause turbulent flow, which denudes the endothelium (most often on the upstream side of the plaque) and leads to thrombosis this way.  Once clotting begins, it can self-propagate and extend into the lumen of the vessel.  When this happens, some of the plaque (very atherogenic) can get into the lumen and cause problems downstream.  
· When ischemic damage transitions from reversible to irreversible, the histological changes are subtle and not well defined unless reperfusion occurs.  Infarcts usually can’t be identified grossly until at least 12 hours later.  

· Early histological changes like margination of nuclear chromatin and swelling are reversible.  You see fluid-filled areas that separate the membrane from the myofibrils, and the membrane shows blebbing and vesicles.  

· Cytoskeletal damage such as disruption of attachment complexes between Z-bands and the plasma membrane may cause the membrane changes.  These cytoskeletal proteins which are normally found all along the myocyte membrane may only be visible at intercalated discs.  

· Mitochondria show swelling and aggregates of protein/lipid as they degenerate, which look like amorphous matrix densities.  Mitochondria may also show calcium deposits due to calcium uptake.  
· At the periphery of an infarct or in reperfused areas, myocytes that have recently made the transition from reversible to irreversible injury can hypercontract when exposed to oxygen.  This results in a pattern of contraction band necrosis, because calcium freely enters cells and with oxygen exposure mitochondria still generate ATP that allows for lots of contraction.  
· The morphology of MI:

· 0-6 hours shows no changes, except possibly contraction band necrosis.  

· 6-24 hours shows wavy fibers with features of coagulative necrosis like cytoplasmic eosinophilia (prominent in sub-endocardium), nuclear pyknosis and karyolysis.
· 1-4 days shows coagulative necrosis (myocytes lack nuclei but retain shape) and acute inflammatory (neutrophil) responses.  These work their way into the heart from the periphery, being most abundant and intact around 2-3 days and beginning to show neutrophil disintegration around 3-4 days.  

· 5-7 days shows macrophages engulfing dead myocytes and neutrophils.  This is when the tissue is the weakest, because it’s broken down but hasn’t started to repair yet.  

· 7-10 days shows development of a peripheral rim of granulation tissue (starts at the interface of normal and dying myocytes).  It has active vascular repair, and this also begins at the periphery.  

· 1-6 weeks shows progressive organization

· 1-3 months shows progressive collagen deposition, and by 6 months it’s an acellular scar.  This may be quite thin, but is often strong and stable.  
Pathology of Cardiomyopathy:

Myocarditis:

· Myocarditis is an inflammatory heart muscle disease with a leukocyte infiltrate and myocyte necrosis, and it usually excludes MI.  It occurs at any age with an acute presentation of heart failure, arrhythmia or death.  Patients often have a preceding viral illness and elevated erythrocyte sedimentation rate, creatinine kinase and WBC.  LV function is impaired resulting in a decreased ejection fraction, but this can spontaneously improve.  

· Grossly, hearts are pale and flabby.  Microscopically they show a leukocytic infiltrates (can be focal) and myocyte necrosis.  Edema is also very commonly present.  The nature of the inflammatory response gives clues about the etiology.  The most common causes are viral and drug reactions.

· Viral infection (lymphocytic infiltrate):  Particularly Coxsackie A and B, or HIV are associated.  Myocarditis often manifests 7-14 days after viral infection and illness, so the virus often isn’t present any more.  Coxcackie virus is a small RNA virus (Picornavirus) transmitted fecal-oral.  They may lead to myocarditis by molecular mimicry (autoimmunity due to shared structures of heart and viral antigens) or viral-induced injury causing exposure of endogenous antigens to the immune system.  In either case, WBCs intended to target the virus damage the heart.  It’s the immune response that actually mediates the damage, so this can be treated with immunosuppression.  

· Bacterial infection (PMN infiltrate):  This is due to direct bacterial invasion of the heart or to toxins from bacteria.  It’s often in the valves (endocarditis).  Tuberculosis can rarely occur and produce granulomas.

· Rheumatic fever:  This is an acute, recurrent inflammatory disease (mostly in kids) that follows 1-5 weeks after a pharyngeal group A beta-hemolytic Strep infection.  It is due to a similarity between cardiac myosin and a Strep antigen.  It includes fever, migrating polyarthritis, pancarditis, cutaneous nodules, and Sydenham’s chorea (rapid, jerking movements).  If chronic, rheumatic heart disease is characterized by deforming valvular disease.  Patients show elevated anti-sterptolysin O (ASO) and anti-hyaluronidase levels.  The more severe the pharyngitis the greater the risk of developing this.  Histologically you see Aschoff’s bodies, which are perivascular foci of fibrinoid necrosis surrounded by lymphocytes and macrophages.  Anitschkow cells are modified histiocytes with caterpillar-like chromatin often found in Aschoff’s bodies.  Strep pharyngitis is treated to avoid this complication.  

· Fungal infection (lymphocyte infiltrate):  Uncommon in healthy hosts, Aspergillus and Cryptococcus can affect immunocompromised hosts.  If severely immunocompromised, the inflammatory response can be minimal.

· Parasitic infection (eosinophil infiltrate):  Infection with Trypanosoma cruzi can produce Chagas’ disease, common in S. America.  In its chronic phase, it can produce progressive heart failure.  Trichinosis is the most common helminth to infect the heart.  

· Drugs (eosinophil infiltrate):  Cocaine-associated myocarditiscan produce sudden death syndrome, ischemic heart disease, myocarditis and contraction band necrosis (vasospasm causing focal ischemic necrosis).  

· With giant cells:  Sarcoidosis forms well-defined granulomas with giant cells, which are common both in and out of the heart.  Giant cell myocarditis has serpiginous areas of necrosis lined by multinucleated giant cells.  Giant cell myocarditis is limited to the heart, and it has a rapid course and poor prognosis in comparison to lymphocytic myocarditis.  

Cardiomyopathy:

· Cardiomyopathy is a non-inflammatory heart muscle disease, and generally excludes CAD, HTN and valvular disease.  

· Dilated cardiomyopathy:  These are characterized by gradual development of cardiac failure with dilation of all four chambers of the heart.  It’s more common in men, usually 20-50 y.o.  Patients have chronic progressive heart failure and may develop arrhythmia, embolism, or mitral/tricuspid regurgitation.  X-ray shows cardiac enlargement and pulmonary vascular congestion.  Pathologically, hearts are both dilated and hypertrophied (weigh>400-500g).  Histologically, myocytes are hypertrophied (big, hyperchromatic nuclei) and interstitial fibrosis is common.  Other things that may be present include mural thrombi and mitral valve ring dilation.  

· Alcoholic cardiomyopathy is due to cardiotoxicity of ethanol and acetaldehyde.  

· Peripartum (in the mom) cardiomyopathy show up in the third trimester or within six months post-partum.  Etiology is unknown, but risk factors include multiparity, eclampsia, and increased maternal age.  

· Adriamycin (doxorubicin) is an anti-neoplastic agent which can cause cardiomyopathy, and it’s diagnosed by seeing dilated SR and a loss of contractile elements on EM. 

· Beer drinker’s cardiomyopathy resulted from cobalt added to certain beers.

· Inherited cardiomyopathies account for up to 20% of them, so family history is important.  They may be disorders of cardiac energy metabolism, abnormalities of myocardial contractile and structural proteins (such as X-linked Duchenne’s and Becker’s muscular dystrophy in which dystrophin at the membrane is mutated, or mutated lamins), or disorders of genes for transcription factors that control expression of myocyte genes like CREB.  

· Myocarditis and cardiomyopathy may be related, but the link is unclear.

· Hypertrophic cardiomyopathy (aka idiopathic hypertrophic subaortic stenosis – IHSS) is characterized by asymmetric septal hypertrophy, systolic anterior motion of the anterior leaflet of the mitral valve, a catenoidal configuration of the interventricular septum, an endomyocardial plaque on the outflow tract of the LV, and myocytes disarray.  Grossly, it’s a heavy, hypercontracting heart.  This tends to strike young adults, presenting as dyspnea, angina, fatigue or sudden death.  It may be inherited autosomal dominant, but can also be sporadic.  Mutated sarcomere contractile proteins are often implicated (myosin heavy chain, myosin-binding protein C, troponin)

· Restrictive cardiomyopathy:  The contractile function of the LV is normal, but it’s stiff and filling is impaired.  

· Endomyocardial fibrosis is seen in kids and young adults in Africa and shows fibrosis of the ventricular endocardium.  

· Loffler’s syndrome shows myocytes necrosis accompanied by an eosinophilic infiltrate.  It usually involves the inner myocardium and is associated with mural thrombi in both ventricles. 

Infiltrative processes of the heart:

· Infiltrative processes usually present as a restrictive cardiomyopathy, but they have distinct presentations.  Amyloidosis shows an enlarged, firm heart with amorphous eosinophilic hyaline deposits in the vessels and interstitium (identified by EM or Congo red stain).  Hemochromatosis deposits iron in the heart, visible on light microscopy.  Gaucher’s disease (glucocerebroside accumulates) and Pompe’s disease (glycogen accumulates) have accumulations that push aside contractile elements.  

Heart transplantation:

· Cardiac transplantation is the only treatment for otherwise fatal cardiomyopathy.  5-year survival is over 60%, which isn’t bad.  

· Short term complications include infection (can happen rapidly) and acute rejection (lymphocytic infiltrate and myocyte necrosis…looks a lot like myocarditis).  

· Long term complications include accelerated graft arteriosclerosis (aka transplant vasculopathy), in which there is a diffuse, concentric narrowing of the coronary arteries.  This is a result of smooth muscle proliferation and intimal accumulation of macrophages and lymphocytes.  This can happen in babies and kids who get transplanted, which is particularly unfortunate.  This has been associated with CMV infection and immune-mediated endothelial injury.  

Endomyocardial Biopsy:

· Biopsy is now used to monitor for allograft rejection and to diagnose myocarditis in patients with new onset CHF.  There are “Dallas” criteria for diagnosing and classifying myocarditis:  myocyte necrosis or degeneration associated with an inflammatory infiltrate.  It’s borderline myocarditis is there is no demonstrable damage, but inflammatory infiltrates are present.  

Pathology of Heart Valves:

· The tricuspid valve has septal, anterior, and posterolateral leaflets.  The mitral valve has anterior and posterior leaflets.  The pulmonic valve has L, R, and anterior leaflets.  The aortic valve has L coronary, R coronary and anterior leaflets.

· The tricuspid and mitral valves originate from the same structure in development, as the aortic and pulmonic valves.  The semilunar valve leaflets should be thin and translucent with a nodule of Arantius where the valves meet.  The sinus of Valsalva is the big part of the underside of the valve leaflet.  The coronary orifaces are above the line where the valves come together, so changes in the valves don’t affect these too much.

· The tricuspid valve has chordae tendinae connecting it to papillary muscles in the RV.  

· A normal valve has 3 histologic layers:  a zona spongiosa, fibrosa and ventricularis.  They have no small vessels, so they are supplied by the blood in the heart.  There should normally be no calcifications or inflammatory cells.  On echo, they look very thin. 

Stenotic Valve Disease:  This is where a valve becomes rigid and obstructs blood flow.  The result is a severe pressure gradient across a valve.  

· Causes of aortic stenosis include calcified congenital bicuspid valve, age-related calcification of a normal valve, and chronic rheumatic disease.  Causes of mitral valve stenosis include chronic rheumatic disease.  Causes of pulmonic stenosis include carcinoid heart disease, congenital heart disease and pulmonic insufficiency.  Causes of tricuspid valve stenosis include carcinoid heart disease.  

· The aortic valve is the most common one to be stenotic.  1-2% of people have a congenitally bicuspid aortic valve, which often becomes stenotic in patients’ 50s and 60s.  If the valve is tricuspid, calcification usually occurs a little later.  

· Normally a valve is 3-4 cm in diameter, and .75 cm is considered critical stenosis.  

· Stenotic valves look thick and fibrotic, and they may show calcifications.  

· Acute rheumatic fever is due to group A Strep infections of the pharynx.  4-6 weeks later you get manifestations like acute pancarditis (inflammation of the entire heart), symptoms like murmur, rubs, and a long P-R interval, vegetations in the heart, and histologically you may see Aschoff bodies.  These Aschoff bodies look sort of like granulomas and may have giant cells present.  

· Chronic rheumatic valve disease may be a long-term consequence of acute rheumatic fever.  It mostly produces mitral stenosis, but also aortic stenosis.  You see increased collagen and calcification with stiffening of the valve.  These valves have a characteristic fishmouth appearance.  Symptoms usually begin if it’s <2 cm2, and <1 is a critical stenosis.  
· Carcinoid heart disease results from carcinoid tumors of the GI tract.  These tumors release vasoactive substances (serotonin, histamine).  Carcinoid heart disease shows plaque-like deposits on the right heart valves.  The lungs inactivate the vasoactive substances so the left heart is spared.  These deposits make the valves look thick and fibrotic.  

Regurgitant Valve Disease:  This is when blood flows backwards due to valvular insufficiency.  It can be due to valve leaflet dysfunction, root enlargement, or leaflet apparatus failure.

· Aortic regurgitation resulting from leaflet disease may be caused by bacterial endocarditis, chronic rheumatic heart disease, rheumatoid disease, lupus, or congenital bicuspid valve.  Aortic regurgitation resulting from root enlargement may be caused by syphilis, ankylosing spondylitis, rheumatoid disease, old age, Marfan syndrome, or other genetic or CT disorders.  

· With root enlargement the valves are basically stretched out such that they can’t reach the middle of the vessel any more.

· Mitral regurgitation can be a result of leaflet disease (from bacterial endocarditis, chronic rheumatic heart disease, lupus, or floppy valves/mitral prolapse), ring abnormalities (dilation in Marfan or CHF, rigidity in calcification), chordae tendinae abnormalities (short as in chronic rheumatic disease, or long/broken as in floppy valves), or papillary muscle injury (from MI or cardiomyopathy).  

· Floppy mitral valve occurs more in young women.  Valves have elongated leaflets that blood can get through.  Histologically, you see lots of myxoid degeneration (loose CT) in the valves.  

· Rheumatoid mitral regurgitation shows shortened, thickened chordae tendinae that pull the leaflets apart to the extent that they won’t completely close.  

· Calcific mitral annulus fibrosis is where calcification around the ring of the mitral valve pulls the leaflets to the periphery so they can’t close.

· Tricuspid regurgitation isn’t too common.  It may be due to old rheumatic fever, carcinoid heart disease, bacterial endocarditis, or a dilated annulus (right CHF).  

Endocarditis:  This inflammation prevents the complete closure of a valve and often has plaques or vegetations that can break off and cause infarct in the lungs or body.

· Non-bacterial thrombotic endocarditis (NBTE) shows thrombotic deposits on the line of closure of the valve leaflets.  It’s seen in patients with hypercoagulable states (neoplasia, autoimmune disorders).  Deposits may organize into Lambl’s excresences (like whiskers on a valve).  These are not infectious, but they can embolize or become secondarily infected.  Libman-Sacks endocarditis is found in 4% of patients with lupus, but it’s often asymptomatic.  Histologically, you may see vegetations of fibrin and platelets, fibrin/platelets in the valve tissue, fibroblasts organizing, macrophages with iron accumulation, but NO neutrophils.

· Infectous endocarditis is common in IV drug users and patients with prosthetic heart valves or structural heart disease (from MI, for example). It’s more common in the elderly.  Most right heart endocarditis is in IV drug users (due to bacteria on needles and drugs directly damaging valves).  Complications include valve dysfunction and thromboembolism.  

· Infectious causes of endocarditis include Staph aureus, Strep viridans, and HACEK organisms (?) which grow slowly and produce a chronic endocarditis.  

· Grossly, you see vegetations and valve destruction.  Histologically you may see ulceration, bacterial colonies, acute inflammation, vegetations, fibrin, and neutrophils.  

Artificial Valve Disease:

· Prosthetic valves may be bioproshetic (bovine or pig) or mechanical (carbon alloys).  The major complications are valve leak, valve obstruction and most importantly infection.  

· Bioprosthetics include an animal valve sewn into t strut.  They don’t require anti-coagulation, but they also don’t last as long.  Mechanical valves (bileaflet/St. Jude’s is the most common today) may leak if not completely sewn in, may thrombose, deteriorate over time, and do require chronic anti-coagulation therapy.  

· Prosthesis can lead to infection and endocarditis.  If severe, it can erode through parts of the hearts (Staph aureus).

Valvuloplasty:  This procedure is performed for severe mitral regurgitation or stenosis.  You inflate a balloon in the valve space to crack it open for stenotic valves.  Artificial cord replacement and ring annuloplasty (to decrease valve diameter) for regurgitant (floppy) valves can also be done.  

Intro to Esophageal Pathology:

· The typical places in the esophagus where food can get stuck include at the cricoid cartilage, the arch of the aorta, at the atria of the heart, and where the esophagus pierces the diaphragm.

· The normal esophagus includes a mucosal layer (including the squamous epithelium and lamina propria with vessels), the muscularis mucosae, the submucosa (provides most of the GI tract’s strength), the muscularis propria, and the adventitia (unlike the serosa of the rest of the GI tract, this doesn’t have peritoneum).  

· Biopsies of the esophagus only sample the mucosa.  They should normally show un-keratinized stratified squamous epithelium.  

· In the esophagus, stomach and small bowel, the lamina propria has lymphatics and if a cancer invades the lamina propria it can metastasize.  In the colon, lymphatics aren’t present there, so a malignancy that’s limited to the lamina propria may still be considered in situ.

· Throughout the GI tract, an erosion refers to damage that is limited to the epithelium, whereas an ulcer refers to damage that does beyond the mucosa and down to the submucosa.

· Neuromuscular and anatomic diseases of the esophagus include agenesis (it’s just absent), atresia/fistulas (most common in peds), webs (mucosal ledges, tend to be proximal like Plummer-Vinson syndrome in which you see iron deficiency anemia, glossitis, and cheilosis/dryness), rings (mucosal ledges, tend to be distal like a Schatzki’s ring….webs and rings lead to problems with swallowing), and achalasia. 

· Achalasia is a degenerative disorder of esophageal nerves.  It’s usually idiopathic, but can be due to Chagas (T. cruzi), diabetes, or amyloid.  It results in a lack of peristalsis and an increased tone of the lower esophageal sphincter (LES) that prevents it from completely relaxing.  Food can get stuck and cause the esophagus to dilate and erode.

Esophagitis (inflammation of the esophagus) can be caused by the following things:

· Medications/Drugs:  This is most common in older patients who take more meds.  It can produce stricture (narrowing usually from wall injury that impedes movement).  The injuries may be due to direct mechanical effects of the pill or toxicity of the medication itself.  Except for iron and kayexalate, you usually don’t see the agent itself, only an ulcer or erosion.  Drugs that induce mucosal irritation include:

· Iron pills (ferrous sulfate):  With iron pill esophagitis you see the actual golden brown iron histologically, as well as blue/black indications of damage.  Around the iron deposits, you may see damaged epithelium as well as regenerative cells that look almost neoplastic.  On an iron stain, the iron will look very blue.

· Kayexalate (sodium polystyrene sulfonate):  This gets rid of K in hyperkalemic patients.  It’s administered as a hypertonic sorbitol solution, which can be damaging.  Histologically you see kayexalate crystals (pink with a cracked appearance like fish scales) surrounded by inflammatory exudate.  

· Fosamax (alendronate sodium) for women with osteoporosis:  

· Potassium Chloride:

· Aspirin/NSAIDs:

· Chemotherapeutic agents:  These induce cytotoxic injury that inhibits basal proliferation.  

· Lye:  These can induce liquefactive necrosis.  It’s most often taken by kids or psych patients and causes necrosis, which is followed by stricture (due to scarring) and lifelong risk of squamous cell carcinoma.  This isn’t too common any more in the US.  

· Trauma:  this includes NG tubes in hospitalized patients, swallowed foreign objects, and burns from hot liquids.  With thermal injury, you see coagulative necrosis at the surface in a ‘mummified layer,’ which is sharply demarcated from the underlying intact zones.  

· Allergy:  This is most common in infants and kids, but can occur in adults and is usually a reaction to food or meds.  It may affect the esophagus alone, or it can be a part of a more generalized eosinophilic gastroenteritis.  The pathologic hallmark is a heavy eosinophilic infiltrate.  

· Radiation

· Infection:  

· Primary bacterial infection of the esophagus is pretty rare.  It may be mycobacterial (MAI, TB), Actinomyces (sulfur granules), or Treponema palladium (secondary or tertiary syphilis).  Secondary bacterial infection is much more common.  In cases of severe bacterial esophagitis, particularly in the immunocompromised, you can see lots of bacteria on a preparation.  

· Fungal infections can cause esophagitis.  Most commonly it’s due to Candida albicans, which may afflict immunocompromised hosts or may superinfect ulcers in non-compromised hosts.  Candida manifests as white plaques, and histologically you tend to see a sloughed off layer of epithelium with neutrophils and inflammatory exudate in the intact epithelium.  On PAS, you clearly see pseudohyphae and yeast.  Aspergillus and Histoplasma can also cause fungal esophagitis.  

· Viral esophagitis is most commonly cause by CMV or HSV, but can also be caused by Varicella zoster.  

· CMV esophagitis is usually opportunistic, and may superinfect pre-existing ulcers or be the primary cause of a new ulcer.  CMV affects endothelial cells and is best with biopsy of the base of an ulcer.  CMV is characterized by very large infected cells that may show Cowdry type B inclusions (producing smudged-looking nuclei).  Immunostains may make these cells much easier to visualize

· Herpes esophagitis is mostly HSV1 in adults.  It too is mostly opportunistic, but can occasionally affect non-immunocompromised hosts.  Neonates may be afflicted with HSV2 (rarely).  Herpes infections are characterized by multiple shallow, punched out ulcers.  The virus affects epithelial cells and are best detected with a biopsy of the squamous epithelium at the edges of an ulcer.  Histologicaly, herpes manifests as multinucleated cells with cytoplasmic (‘ground glass’ Cowdry B) inclusions and cells that are not abnormally large.  

· Reflux:  GERD is extremely common, most typically in adult white men.  Injury in this case is due to reflux of gastric contents (gastric acid, duodenal alkaline bile and pancreatic secretions) into the esophagus.  Predisposing factors include decreased LES tone due to alcohol or scleroderma, NG tubes, hiatal hernias, achalasia (causes decreased clearance of refluxed material), and diabetes (causes stasis in the stomach and accumulation of gastric secretions).

· Histologically, you see epithelial injury (damaged ‘balloon cells’ with washed out cytoplasm and erosions), proliferative changes (increased thickness of the basal zone of the epithelium, more numerous and elongated vascular papillae protruding into the epithelium), and mild inflammation (eosinophils and a few lymphocytes and neutrophils).  You may also see vascular lakes (dilated vessels in the epithelium).  

· Complications of GERD include esophageal ulcers, bleeding from ulcers, and stricture.  

· Barrett’s esophagus is another complication that occurs in about 10% of GERD cases.  It is characterized by metaplasia (replacement of one cell type by another).  The normal squamous epithelium is replaced by cardiac-type mucosa (near the junction of the esophagus and stomach), oxyntic mucosa (found in the body and fundus of the stomach, with parietal cells that produce acid and intrinsic factor), or most importantly distinctive-type mucosa (intestinal morphology with goblet cells that produce acid mucin).  

· Barrett’s shows an irregular junction between the squamous esophageal and columnar gastric mucosa, with tongues of stomach mucosa protruding instead of a sharply demarcated circular pattern.  It doesn’t really have any distinct symptoms, but it is pre-neoplastic.  10% of patients with Barrett’s will already have or eventually develop adenocarcinoma.  The progression is from metaplasia to dysplasia to adenocarcinoma.  

· Grossly, Barrett’s is characterized by velvety mucosa at the esophageal-gastric junction.  

Esophageal Cancers:

· Adenocarcinoma:  Predisposing factors include Barrett’s, being an obese white  male, smoking, alcohol, and reflux.  It makes up over half of esophageal cancers in the US and its incidence is increasing.  It’s mostly among white men of higher SES.  Adenocarcinomas typically affect the bottom of the esophagus (think Barrett’s).  

· Squamous Carcinoma:  This is decreasing in comparison with adenocarcinomas.  Squamous carcinomas have the highest incidence in developing countries like China, Iran, and Southern Africa.  Predisposing factors include being a black male (these men rarely get adenocarcinoma), alcohol, smoking, diets heavy in nitrates, lye strictures, or achalasia.  Smoking and alcohol are really synergistic in increasing the prevalence of squamous carcinomas.  Squamous carcinomas are most common in the middle of the esophagus.  Precursor lesions show squamous dysplasia.  You may see squamous pearls, which are keratin structures in squamous cancers.  Unexpectedly, the invasive cancers look more mature and keratinized than the precursor dysplasias.  When this occurs in the upper esophagus, it puts you at risk for lung and other cancers.  

· Esophageal cancers are staged by the TNM system.  It’s T1 in the esophagus, stomach or small bowel if it invades the lamina propria, because from there it can spread by lymphatics.  In the colon, this is still considered in situ because lymphatics aren’t present in the lamina propria.  

· The prognosis is quite poor (5 yr survival < 10%).  The earlier it’s caught, the better the prognosis.  

Stomach Pathology:

· From top to bottom, the stomach includes the cardia, fundus, body, and antrum.  The cardia and antrum produce a lot of mucus to protect the esophagus and duodenum from the acid from the body and fundus.  

· The antral and cardia mucosa includes foveolae (upper regions of the glands) and deeper antral glands that produce mucin and stain pink with PAS.  Oxyntic glands are found in the body and fundus, and these glands have foveolae and deeper parietal and chief cells.  

· The endocrine cells of the antrum of the stomach include G cells (make gastrin, which stimulated acid secretion) and D cells (make somatostatin, which inhibits G cell activity to inhibit acid secretion).  The endocrine cells of the body of the stomach include enterochromaffin-like (ECL) cells, which produce histamine that stimulates acid secretion.  

· Gastric ulcers can be seen in acute or chronic gastritis.  There are many etiologies, but NSAID use is extremely common.  Its pathogenesis stems from normal or increased acid secretion, or from compromise of mucosal defenses (H. pylori, mucosal ischemia, chemical damage from NSAIDs/bile/smoking/alcohol).  

· An erosion is a shallow break in the mucosa that doesn’t penetrate the muscularis mucosae.  An ulcer penetrates the muscularis mucosae or deeper. 

· Acute gastritis:  Acute gastritis may be hemorrhagic/erosive or infections (H. pylori, viral).  These are rarely biopsied.  

· Acute hemorrhagic and erosive gastropathy shows punctate hemorrhagic foci on endoscopy, and histologically you can see edema in the lamina propria with erosion, detached epithelium and little inflammation.  This condition can be caused by direct injury (drugs, alcohol, bile), depleted mucosal prostaglandins (NSAIDs), or mucosal ischemia (hypovolemia, shock).  Any one of these causes will decrease the mucus coat, decrease bicarbonate secretion and impair tight junctions which all contribute to damaging the epithelium and impairing restitution/repair that leads to ulceration/erosion.  Subepitheliual defenses are also eroded, and you see decreased prostaglandins and increased bradykinins/histamine that can lead to vascular damage and bleeding.

Chronic gastritis is commonly due to chemicals (NSAIDs, bile, acid, alcohol, smoking), H. pylori, or autoimmunity.  The rarer causes will not be discussed. 

· Chronic chemical gastritis:  Clinically, patients may be asymptomatic or just have nonspecific upper GI symptoms.  Chronic NSAID exposure is very common.  Bile reflux or exposure to other chemical agents is also fairly common.  There is no distinguishable gross finding on endoscopy that can be associated with chronic chemical gastropathy.

· Histologically, you see relatively few inflammatory cells (so it’s often called gastropathy rather than gastritis), foveolar hyperplasia, smooth muscle cells increased in the lamina propria, and vascular dilatation and congestion.  

· Chronic NSAID use is associated with gastric ulcers (there may be many) mostly in the distal antrum.  This can be a significant cause of mortality.  This condition can show neutrophilic exudate, ulcer, and regenerating epithelium.  

· Helicobacter pylori gastritis is caused by the organism (spirochete w/ flagellae) present over the gastric epithelium.  Silver stain is used to visualize H. pylori, which burrows into the epithelium.  Diff-quick or Giemsa stains may also be used.  People in the developing world tend to be colonized with H. pylori at a younger age.  

· The histologic hallmark is finding neutrophils in the gastric glands.  You may also see a more general increased density of inflammatory cells in the lamina propria.  

· Many patients carrying H. pylori are asymptomatic, others may only feel dyspepsia (stomach just generally not feeling right).  

· H. pylori infections can lead to peptic ulcers of the duodenum and antrum.  It preferentially affects D-cells, which leaves G-cells uninhibited and free to secrete lots of gastrin.  Excess acid production can lead to duodenal ulcers.  These can show Brunner’s gland (indicate that you’re in the duodenum) hyperplasia histologically.  Eradicating H. pylori gets rid of these ulcers.  

· H. pylori infection can cause environmental metaplastic atrophic gastritic (MAG).  Other things like smoking or a diet that is high in salt, smoked foods, nitrates, and low in fruits/veggies can cause environmental MAG too.  The clinical picture of environmental MAG is a lack of pernicious anemia, hypochlorhydria but rarely achlorhydria, low/normal serum gastrin levels, and it’s associated with gastric ulcers and cancer.  

· You see intestinal metaplasia with goblet cells.  Using Stemmermann’s technique, you can stain these intestinal areas red, and you can see that early on H. pylori causes intestinal metaplasia at the junction of the body and antrum.  This later spreads to affect the entire antrum.  The H. pylori will colonize gastric mucous cells, but not intestinal absorptive cells.  

· H. pylori increases the risk of getting intestinal type adenocarcinoma, though most people with intestinal metaplasia don’t progress to cancer.  These cancers tend to form tumors.  Eradicating the H. pylori decreases the risk of gastric cancers.  

· In addition to adenocarcinoma, H. pylori can lead to immune response, lymphoid hyperplasia and eventually MALT lymphoma, a B-cell tumor.  Eradicating it can treat the lymphoma in some patients.  

· Autoimmune gastritis is most common in relatively young women.  This condition is due to an autoantibody against the oxyntic mucosa (parietal cells or intrinsic factor).  In these patients, H. pylori is usually absent.  A predisposition to this may be inherited.

· Autoimmune gastritis can cause autoimmune metaplastic atrophic gastritis (AMAG); this intestinal metaplasia affects the body of the stomach.  It is characterized by diffuse metaplasia and loss of oxyntic glands (causes atrophy and lack of rugae).  The lack of parietal cells decreases acid production, which triggers G-cell hyperplasia and production of lots of gastrin.  This leads to ECL cell hyperplasia too.  

· Histologically, AMAG looks like a loss of the oxyntic mucosa and lots of inflammatory cells, in addition to intestinal and pyloric metaplasia in the body of the stomach, but no parietal cells.  

· Along with AMAG, you may commonly see achlorhydria or hypochlorhydria, pernicious anemia (B12 malabsorption), high serum gastrin levels (physicians may suspect Zollinger-Ellison tumors that secrete gastrin, but it has intact oxyntic mucosa and is associated with ulcer), and NO association with gastric ulcers (there’s no acid there).  

· High serum gastrin levels in AMAG stimulate ECL cells, causing linear or nodular hyperplasia of ECL cells.  

· ECL cell hyperplasia can lead to carcinoids (endocrine cell neoplasms).  These tumors are very indolent and rarely metastasize.  

Gastric Cancer:

· Gastric cancer may be intestinal or diffuse.  

· The intestinal adenocarcinomas are highly associated with H. pylori.  H. pylori leads to chronic inflammation, atrophy and metaplasia, dysplasia, and finally adenocarcinoma.  It’s relatively well differentiated, leads to protruding masses, is the more common type of gastric cancer, but is declining in frequency in western countries.  

· The diffuse form is poorly differentiated and has lots of individual cells spread throughout the stomach (often not in a large tumor, and lacking glands).  It may be termed ‘signet ring’ cancer because of vacuoles in cancer cells that push the nucleus to one side and make it look like a signet ring.  It is highly infiltrative and leads to linitis plastica (‘leather bottle’), in which the stomach becomes stiff, thick walled, and won’t expand.  There are no clear histologic precursors, and its frequency is not declining.  

· Risk factors for gastric cancer includes metaplastic atrophic gastritis (more often caused by H. pylori, but autoimmune MAG can cause it too), dietary patterns (smoked foods, nitrates, high salt, low fruits/veggies), or adenomatous polyps (usually intestinal type adenocarcinoma).  

Inflammatory and Non-neoplastic Disorders of the Small Bowel:

· The small bowel includes the duodenum, jejunum and ileum.  The mucosal layer includes villous epithelium (4:1 ratio of villi:crypts) and the lamina propria.  Below this is the muscularis mucosae, submucosa (w/ Brunner’s glands in the duodenum), the muscularis propria and the serosa.  

· The villous epithelium includes absorptive enterocytes (pink with uniform, oval nuclei) and goblet cells.  The brush border can be visualized with PAS.  Crypts include endocrine cells (pinkish, against the basement membrane), and paneth cells (pinkish, at the base of crypts, and with large refractile granules).  

· Peptic disease:  Peptic duodenitis and peptic ulcer disease are a continuum of the same process.  It’s most common in western countries, and in older males.  In the small bowel, it’s caused by the toxic effects of gastric acid on the duodenal mucosa (unlike gastric ulcers where altered mucosal defenses are the problem).  H. pylori is found in 80% of patients with PUD.  Smoking, chronic NSAID use and decreased GI motility are also associated with PUD

· Grossly, lesions are mostly seen in the duodenal bulb (the very beginning of the duodenum).  Lesions appear nodular due to Brunner’s gland hyperplasia, and they are usually circular and rarely bigger than 3cm.

· Microscopically you see villous blunting, Brunner gland hyperplasia, gastric mucin cell metaplasia (gastric mucin cells in the intestine, highlighted on PAS), PMNs in the lamina propria or epithelium (most often with H. pylori) and if severe you’ll see ulcerations.  

· Bleeding ulcers cause up to 50% of upper GI bleeds.  5% of patients with bleeding peptic ulcers show hematochezia (bloody stools).  These tend to occur in the posterior duodenal bulb, and can lead to catastrophic intraperitoneal hemorrhage.  

· Gastric metaplasia correlates with acid exposure, NOT H. pylori.  But, the presence of neutrophils (active peptic duodenitis) does correlate with H. pylori.  

· H. pylori decreases D-cell activity, and without as much somatostatin, G cells secrete more gastrin and you get more acid secretion.  

· Duodenal ulcers are caused by genetics, environmental factors, gender, H. pylori, etc, but if H. pylori is present and you eradicate it, the other stuff isn’t enough to cause ulcers.

· Duodenitis can be caused by lots of things other than peptic (gastric acid) causes, such as Chron’s, Celiac disease, Zollinger-Ellison syndrome, or infections.  Chron’s shows a very similar histologic pattern to H. pylori, but in the absence of these bacteria.  Zollinger-Ellison Syndrome (ZES) is a gastrin secreting neuroendocrine tumor of the pancreas or duodenum, and it tends to cause multiple duodenal/jejunal ulcers in uncommon locations with no risk factors for PUD.  In patients without ZES, refractory ulcers may be due to smoking or prior duodenal perforation/surgery. 

· Malabsorptive disorders typically include symptoms like diarrhea, steatorrhea, weight loss and deficiency states (proteins, vitamins, etc).  

· Lactase deficiency:  Adult onset is most common, occurring in healthy adults most often in dark-skinned races.  The chief symptom is milk intolerance.  Acquired forms may be due to intestinal epithelial damage from other things like celiac disease or sprue.  Histologically, the mucosa looks normal, but if you stain for the lactase enzyme, you see it is markedly reduced.  When lactose isn’t broken down and absorbed efficiently, it acts as an osmotic agent and draws water into the GI tract.  

· Celiac disease:  This is a multi-system autoimmune disorder with some genetic components.  Viral infection is thought to be a trigger.  It occurs in 1% of the population, and extra-intestinal manifestations include type I diabetes, epilepsy, autoimmune myocarditis, hepatitis, etc.  Patients appear cachectic with wasting, despite eating well.  The symptoms are caused by the water insoluble protein (gluten) in wheat flour, particularly the alcohol soluble fraction (gliadin).  Histologically, celiac disease shows flat mucosa with no villi (villous blunting), epithelial lymphocytosis, surface epithelial damage, increased mitoses in the crypts (crypt hyperplasia), and chronic inflammation.  

Once on a gluten free diet, most patients see a marked clinical improvement (able to gain weight), restoration of surface epithelium and villi, decreased mitotic activity and decreased chronic inflammation.  So the prognosis is good.  But some patients are refractory and don’t resolve on a gluten-free diet.  These patients often have clonal T-cell populations and are at high risk for enteropathy associated t-cell lymphoma (EATL).

The only acceptable method of diagnosing celiac disease is to demonstrate resolution of mucosal damage on a gluten-free diet.  It’s best evaluated in the post-bulbar duodenum (bulbar duodenum is often misleading) or jejunum.  Serologic diagnosis alone is not acceptable, though serum IgA anti-tissue transglutaminase (tTG) is usually high in CD patients.  

· Tropical sprue:  This is a post-infectious malabsorptive disorder with an unclear etiologic agent.  It’s common in the West Indies and Indian subcontinent.  The clinical features of the disease are chronic diarrhea and malabsorption after infectious diarrhea, often showing bacterial overgrowth.  It is associated deficiency states (esp. B12).  

Histologically, it is highly variable and shows non-specific inflammatory changes.  Epithelial injury resembles celiac disease (villus blunting, crypt hyperplasia, chronic inflammation), but it tends to affects the ileum more, whereas celiac disease involves the proximal small bowel.  On EM, bacteria can be identified.  

Treating the vitamin B12 deficiency can resolve the histologic and gross (beefy, atrophic tongue, wasting) manifestations.  

· Stasis syndrome:  Malabsorption due to stasis/immobility of the small bowel.  This allows overgrowth of anaerobic bacteria that can cause bile salt deconjugation, vitamin B12 depletion, and damage to the surface epithelium.  It looks like partially developed/treated celiac disease, but a gluten free diet doesn’t help.  This can be caused by disease (Crohn’s/IBD, diverticular disease, scleroderma of the small intestine, pseudo-obstruction) or may be acquired during surgery.  In scleroderma, the small bowel can be significantly distended and lose muscle tone (mucosa normal).  These patients lose weight and have steatorrhea, but improve upon administration of antibiotics.  So, bacteria are an underlying cause of the malabsorption.  

· Whipple’s disease:  Clinically, it is mostly in older males and presents with diarrhea, fever, weight loss, abdominal pain, anemia and arthralgias.  Lymphadenopathy occurs in half of patients.  This disease has a bacterial etiology, and it manifests histologically as an accumulation of lipids in the intestinal mucosa and lymph nodes.  

It most commonly affects the post-bulbar duodenum and jejunum, producing yellow patches or plaques on the mucosa.  Villi tend to look blunted/rounded and are full of pink macrophages (containing PAS positive rod-shaped bacterial inclusions).  These macrophages with their pink cytoplasm distend the lamina propria.  On silver stain, the macrophages and granular bacteria are very prominent.  

The causative agents are small gram (+) rods called Tropheryma whippelii, which are related to actinomyces.  They may be extracellular or intracellular (in macrophages).  Immunostaining now allows for rapid identification of these organisms.  

Inflammatory and Non-neoplastic Disorders of the Colorectum:

· For a thorough view of colon histology, all portions should be biopsied.  The left colon includes the rectum, sigmoid and descending colon.  The right colon includes the splenic flexure, transverse colon, hepatic flexure, ascending colon, cecum and appendix.

· The normal colorectal mucosa histologically looks like test tubes in a rack with parallel, regular crypts that reach down to the bottom of the epithelial layer (the muscular mucosae).  The crypts include goblet cells and enterocytes, and some inflammatory cells are normally present.  

· Active (acute) inflammatory disease occurs with acute injury.  Chronic inflammatory disease results from ongoing chronic mucosal injury.  These may occur alone, or together (termed active chronic inflammatory disease).  

· Active/acute inflammation of the colorectal mucosa is characterized by cryptitis (neutrophils in the crypt epithelium among the enterocytes), crypt abscesses (neutrophils in the lumen of the glands/crypts), erosions, ulcers (damage at least through the entire mucosa), and acute fibrinoinflammatory exudates (pus).  Really, the neutrophils are the key feature.  

· Chronic inflammation of the colorectal mucosa is characterized by crypt distortion (no longer parallel, evenly spaced, and they may show branching), crypt loss/atrophy (places with absence of crypts or ones not all the way through the length of the mucosa), basal plasmacytosis (inflammatory infiltrate of the lamina propria that separates the base of the crypts from the muscularis mucosae), and metaplasia (fully differentiated epithelial cells of a type not native to that site).  

· Paneth cells are normally found in the right colon, but not in the left.  With chronic inflammation, you may see paneth cell metaplasia in the left colon.  These cells are characterized by refractile, pink/solid granules.  

· Pyloric metaplasia (like glands of the antrum of the stomach) with very light staining, uniform glands also occurs.  

· To distinguish acute colitis from chronic inflammatory bowel disease, note that acute colitis shows no crypt distortion and no basal plasmacytosis.  

· Active (acute) colitis is inflammation of the bowel predominantly characterized by acute inflammation (neutrophils, erosions/ulcers).  The histologic changes aren’t specific for any disease, and the differential diagnosis includes:  Infection (bacterial, viral, fungal), ischemia (atherosclerotic, infectious), emerging Crohn’s (esp. in peds patients), or bowel preparation due to the ‘enema effect’ (meaning it’s just an artifact and nothing clinically significant).  

· It shows acute inflammation (cryptitis, crypt abscesses, erosions/ulcers) but no crypt distortion or basal plasmacytosis.  Some forms may show specific histologic changes (Salmonella causes mucosal ulcerations over hyperplastic Peyer’s patches; CMV causes viral inclusions and patchy ischemic changes). 

· Infectious acute colitis:  Clinically, it’s characterized by acute onset diarrhea (w/ or w/out blood), and often fevers and myalgias.  It usually resolves without residual inflammation or symptoms.  It can be caused by a variety of infectious agents (Salmonella, Shigella, Campylobacter, E. coli, C. diff, CMV, fungi, amebiasis, etc), but usually the exact cause isn’t identified.  

· Focal active colitis (aka, the enema effect) is just microscopic foci of active inflammation in otherwise normal mucosal biopsies.  It’s commonly seen in follow-up biopsies at the site of polypectomy, and it is an insignificant finding.  

· Idiopathic inflammatory bowel disease is very common in westernized countries.  It shows relapsing bouts of active bowel inflammation that last weeks to months.  It comes in two main types, ulcerative colitis (UC) and Crohn’s disease (CD), which have different but overlapping clinical descriptions.  Most importantly, you see chronic inflammatory changes.  Both UC and CD tend to presen in 15-25 year olds, though there’s a second peak around 55-65.  Genetic factors are implicated, and they are idiopathic.  

· Ulcerative Colitis:  This is characterized by a diffuse mucosal inflammatory infiltrate, showing abundant neutrophils and cyrptitis, crypt abscesses, ulcers, and erosions.  But you also see basal plasmacytosis and crypt distortion, which qualifies it as a chronic inflammatory disease.  Also characteristic of UC are goblet cell depletion and paneth cell metaplasia.  

The rectum is always involved in UC, and the more proximal colon may or may not.  There may be so many ulcerations in UC that you get pseudopolyps, islands of normal mucosa that protrude from heavily ulcerated areas.  These aren’t real polyps, which have epithelial hyperplasia on top of normal (non-ulcerated) mucosa.  

In UC, the inflammation is confined to the mucosa, and you see uniformly inflamed mucosa in the affected regions.  They show uniform changes on a gross and microscopic level.  

· Crohn’s Disease:  This is characterized by patchy mucosal infiltrates with skip areas that are unaffected.  The inflammation of CD is commonly transmural (only seen in surgical resection specimens that sample all layers).  Serositis is commonly seen, but is not in UC.  Granulomas may be present, and histiocytes are often prominent.  Giant cells may also be present.  You see paneth cell metaplasia, and also creeping fat ( mesenteric fat the encases inflamed segments of bowel).  

In Crohn’s disease, the rectum is rarely involved, you see patchy lesions (both grossly and microscopically) throughout the entire GI tract.  This affects the whole GI tract, but most commonly the terminal ileum.  Transmural inflammation can lead to red, firm, hemorrhagic strictures.  Tissue can break down where loops of bowel meet and form a fistula.  Perianal strictures and fistulas are common, whereas UC tends not to be perianal.  

Crypts may rupture in ulcerative colitis and also form granluomas, so these aren’t pathognomonic for Crohn’s.  Also, deep aphthous ulcers (canker sores) with intense lymphoid aggregates may look a little like crohn’s.

Extraintestinal manifesations of Crohn’s include arthritis, uveitis, dermatitis (pyoderma gangrenosum, erythema nodosum), sclerosing cholangitis, and ankylosing spondylitis.  Many of these resolve with colectomy, but not sclerosing cholangitis or ankylosing spondylitis.  Most of these also occur sometimes in UC.

· IBD is associated with increased risk of colorectal cancer.  UC patients have a 3-5% lifetime risk, which is a little higher than Crohn’s because UC affects a greater surface area.  The risk increase the longer you have IBD, and it is monitored via biopsy for dysplasia.  Dysplasia associated lesions or masses (DALM) may be flat or polypoid.  Flat ones are harder to detect than polypoid ones.  In dysplasia you tend to see mitotic figures, nuclear enlargement and nuclear crowding.  

· Non-IBD colitis:  

· Collagenous and Lymphocytic Colitis produce a chronic watery diarrhea.  It affects females more than males, most commonly in middle aged or older groups.  Endoscopic appearance is normal, but there are histologic abnormalities.  There is no increased risk of cancer in these individuals.  These are associated with and may be caused by NSAIDs, celiac disease, autoimmune diseases, and some undetermined luminal antigen (it goes away if the colon is diverted).  

· In collagenous colitis, you have an irregular subepithelial collagen layer (no type IV collagen, thicker than normal basement membrane…easily seen on trichrome stain).  There are increased intraepithelial lymphocytes, surface epithelial damage, superficial plasmacytosis of the lamina propria (but not basal), no crypt distortion and rare neutrophils.  

· Lymphocytic colitis shows increased intraepithelial lymphocytes (LOTS of them), surface epithelial damage, superficial plasmacytosis of lamina propria, no crypt distortion and rare neutrophils (same as above).  In this case the basement membrane is normal.  There are lots of lymphocytes, particularly over the lymphoid aggregates in the colon.

· Ischemic colitis is caused insufficient blood flow.  It may affect a small portion of the colorectum or the whole area.  It can be caused by occlusive vascular conditions (atherosclerosis, thromboemboli, vasculitis…most common cause in the US), infection (CMV, EHEC…most common cause in the world), systemic hypotension (sepsis, hypovolemia), or mechanical factors (volvulus - twist of the gut that obstructs vessels - or intussusception – telescoping of the bowel).  

· Histologically, you see mucosal necrosis, hemorrhage, heme-laden macrophages in the lamina propria, fibrin thrombi, and if chronic you may see muscle atrophy and fibrosis of the lamina propria.  You really don’t see a lot of inflammatory cells or crypt distortion (though they may be missing all together).  Small crypts lined by regenerating epithelium may be seen.  If it’s due to infection, unaffected areas may look like acute colitis. Cholesterol clefts may be seen in vessels where a clot lodged and the fat fell out in preparation.  Grossly, the colon looks red and hemorrhagic, often with lots of inflammatory exudate.  

· Infectious ischemic colitis may commonly be due to E. coli 0157:H7, which produces a shiga-like toxin.  It often contaminates beef or milk.  Routine stool cultures don’t distinguish this from other E. coli, but cultures can screen for it.  

· CMV may infect endothelial cells and block microcirculation.  You may see viral inclusions on microscopy.  

· Distinguishing between causes of mucosal ischemia is important, and can be done by looking at a patient’s age, presentation, abx history, stool culture and toxin assays.  

· Pseudomembranous colitis is most often caused by C. difficile (produces a toxin) following antibiotic therapy.  Patients present with diarrhea (often bloody), fever, and pain.  CMV may also cause this.  Grossly, it looks like pus-like membrane adhering to inflamed mucosa (normal mucosa appears in intervening areas).  Histologically you see necrosis of the surface and upper crypt epithelium.  Inflammatory psuedomembrane fills dilated crypts and covers the surface.  You see erosions that look like they’re exploding out of the surface.  

· Diverticular disease:  this is most common in western countries, and tends to affect the left colon.  It is where the mucosa herniates through the muscularis propria, usually in regions where vessels penetrate the bowel and weaken its wall.  It’s attributed to a lack of dietary fiber.  Complications include perforation, inflammation/abscess formation, and bleeding.  

· Grossly, you see diffuse or patchy colitis in the area of diverticula.  Patients may present like IBD, with rectal bleeding, cramps, lower abdominal pain, constipation or diarrhea.  Granulomas can be present.

· Histologically, you see chronic inflammatory changes in the distribution of diverticular disease.  Biopsy shows hypercellular lamina propria, plasma cells, eosinophils, distorted crypts, inflammation (cryptitis), basal plasmacytosis, etc.  It’s treated with resection.  

· Appendicitis:  This is the most common cause of acute abdominal pain in the US.  It’s very common, most often in 10-25 year olds.  It’s rarely fatal, even with perforation and sepsis.  Appendicitis may be caused by obstruction (fecalith, lymphoid hyperplasia, neoplasm), overgrowth of normal fecal flora, or increased luminal pressure with compromise of intraluminal vessels (ischemia leading to weakened appendix and rupture).  Histologically, you may see periappendicial abscesses (lots of neutrophils).

Colorectal Cancer:  

· Colorectal cancer (CRC) is completely preventable with optimal screening, but the problem is that most people don’t get screened.  There are precursor lesions (adenomas) for a long time before progressing to carcinoma.  It’s the third most common cancer in both men and women (and second or third in deaths), and the stage at time of diagnosis largely determines prognosis.  

· Cancer may overtake CV disease as a leading cause of death by 2010, which it has already done in people under 65.  Cancer incidence is decreasing a little though.  

· The progression from normal epithelium to dysplastic aberrant crypt foci to low risk adenoma, to high risk adenoma, to adenoma with carcinoma in it, to primary adenocarcinoma to metastatic adenocarcinoma takes about 10 years.  

· Polyp – any mass projecting into a lumen.  Adenoma -  benign tumor with dysplastic features; a premalignant lesion.  Sessile – attached by a broad base.  Pedunculated – attached by a stalk.  Villous adenoma – finger-like projections.  Tubular adenoma – tube-like glands.  

· Polyps do NOT equal adenomas.  There can be non-neoplastic polyps (they may be hyperplastic, inflammatory, etc).  

· There’s lots of evidence for the adenoma-carcinoma progression model, including molecular similarities, timing, carcinomas in adenomas, and improvement by resecting adenomas.  The time it takes to develop a carcinoma is pretty variable, but many unresected polyps can go on to form cancer.  People tend to get more adenomas as they grow older.

· Normal colonic epithelium shows nuclei occupying the bases of the crypt cells.  In an adenoma, crypts look blue at low power due to increased nuclear size.  Nuclei extend beyond just the base of the crypts and are no longer nicely aligned.  

· The probability of an adenoma turning into a carcinoma depend on the size, proportion that is villous (villous=villain=bad), and how much high grade dysplasia is present.  Size and villous proportion are synergistic.  

· The appearance of adenomas is pretty late in the disease progression.  If we could detect things earlier, that would be ideal.  The earliest morphologic change may be aberrant crypt foci, round structures with bigger cells and dark crypts. 

· There is an environmental component to CRC, as shown by variations among immigrants and subsequent generations.  Diet can also contribute, though the recommendations often change.  

· Non-genetic risk factors also include ulcerative colitis, long standing Crohn’s, and smoking.  

· Genetic predispositions are also clearly present.  But most of CRC is still sporadic.  If someone under 50 without other risk factors get colon cancer, familial syndromes should be suspected.  In familial sydromes related to tumor suppressor genes, you usually have one mutated copy throughout the body, so mutations are widespread.  Oncogenes tend not to be methylated, whereas tumor suppressor genes more often are.  

· Familial Adenomatous Polyposis is very rare and shows up in the second or third decade of life.  It shows lots of polyps throughout the colon.  It’s due to a germline mutation in the tumor suppressor gene APC (adenomatous polyposis coli).  In its absence, beta-catenin goes to the nucleus and leads to activation of genes like c-myc.  

· Hereditary Non-Polyposis Colon Cancer (still has polyps, but not as prominent as FAP) shows up around peoples’ 40s.  HNPCC may be known as Lynch syndrome.  This shows an autosomal dominant inheritance pattern.  It tends to affect the right colon (70%), whereas sporadic CRCs affect the left more often.  Histologically you see mucinous signet ring cells and intense lymphoid infiltrates.  The genetic defect is a defect in DNA mismatch repair that leads to an elevated mutation rate (and microsatellite instability).  This is the mutator phenotype, an alternate pathway to cancer as opposed to having a normal mutation rate (or exogenous cause of mutation) that causes defects in the multiple molecules necessary to develop cancer. 

Histologic features that correlate with microsatellite instability and HNPCC include cancers proximal to the splenic flexure, large poorly differentiated lesions, extracellular mucin production, and lymphocytic infiltrates.  

One common mutation in Ashkenazi Jews is an APC mutation that converts AAATAAAA into AAAAAAAA.  This new sequence is hypermutable and in associated with an 2-5x increased risk of CRC.  

· Peutz-Jeghers syndrome is a rare germline mutation that produces polyps and spots.

· Genes implicated in  CRC carcinogenesis:  

· K-ras:  A cell cycle regulator that is commonly mutated to be constitutively active in sporadic CRC.

· In addition to microsatellite instability, many CRCs show chromosomal instability (20-30% of all CRCs show chromosomal deletions).  The long arm of chromosome 18 is very often deleted, and it contains three tumor suppressor genes:  DCC, DPC4/Smad4, and Smad2.  

· P53, the gene most commonly mutated in all cancers.  It controls cell cycle checkpoints.  P53 mutants are resistant to ionizing radiation and chemotherapeutic induced apoptosis.  

· Research has shown the average type of cancer to have about 11 driving mutations, with a total of 90 driver and passenger mutations per cancer.  

· Stage is very important for prognosis.  

· Dukes staging is the old system.  Tis is just in the mucosa, T1 if it’s through the muscular mucosae, T2 if it’s into the musclaris propria, and T3 if it’s through the muscularis propria.  

· Stage I:  T1 or 2, N0, M0

· Stage II:  T3 or 4, N0, M0

· Stage III: Any T, N1 or 2, M0

· Stage IV:  Any T, Any N, M1 (distant metastasis)

· CRC can spread via direct extension into contiguous structure, lymphatic spread (w/ lymph node mets), venous invasion (hepatic mets), or implantation at the time of operation (rare).  

· The most common cancer screening tools used for CRC are occult blood exams (very cheap, non-invasive, with moderate sensitivity) and colonoscopy (expensive, highly invasive, with high sensitivity).  Virtual colonoscopy is good (90% sensitivity compared to over 94 for colonoscopy), but isn’t yet ready to replace colonoscopy.  It has more false positives, you still need to prep the bowel, and if they find something, they have to do a normal one anyways.

· For average patients, screening begins at age 50.  Fecal occult blood tests (screening reduces mortality) should be done annually, colonoscopy (screening really reduces mortality) every 10 years, and if positive, more frequently.  Most people aren’t getting screened like this.  Also, the longer practitioners spend looking during a colonoscopy, the better their detection rates.  

· Colonoscopy has been shown to be much better than a barium enema test.  

· Survival is also improved with the use of 5FU chemotherapy.  It helps, but not too much.  Newer agents like oxaliplatin, irinotecan, and erbitux (anti-EGFR) are also being used.  

· Flat and depressed neoplasms are especially important in the setting of ulcerative colitis.  Colonoscopists must recognize these.  

· The future of CRC screening will likely include molecular screening and patient specific chemotherapy.  

Pediatric GI and Liver Disease: 

· There are usually about 1000cc of amniotic fluid at term, and it is constantly turned over.  The fluid is depleted by fetal swallowing (GI obstruction blocks this and leads to polyhydramnios – increased amniotic fluid).  Fluid is brought in by fetal urination, so renal dysfunction in utero can cause oligohydramnios (decreased amniotic fluid).  

· Meconium is in the fetal intestine and composed of GI secretions, bile, shed intestinal epithelium, fetal skin, etc.  It’s normally passed within the 24 hours after birth.  Meconium passage in utero implies fetal distress, and failure to pass meconium in 24 hours suggests GI obstruction.

· Hirschsprung’s Disease:  This is an in utero arrest of the normal cranial to caudal migration of ganglion cell precursors, resulting in non-innervated, aperistaltic bowel.  Normal ganglion cells are in the submucosal and myenteric (between layers of muscularis propria) plexus.  Because they migrate from cranial to caudal parts of the GI tract, if there’s a block anywhere, they’ll be missing in the bowel distal to that point.  The earlier the disruption occurs, the more proximally the GI tract is affected by the abnormality.  In the bowel, parasympathetic ganglion cells relax sphincters and promote motility.  

· At the site where the ganglion cells are absent, you see a tight, stenotic colon due to a lack of ganglion cells for relaxation.  Proximal to this you see dilatation, due to the accumulation of bowel contents upstream.  

· Hirschsprung’s is 10% familial and 3-10% of kids with Down syndrome have this condition.  Clinically, these children fail to pass meconium in the first 48 hours of life, they have chronic constipation with abdominal distention, and on rectal exam you can relieve the obstruction due to a contracted bowel and there is a bowel movement that ‘hits the wall.’  Complications include intestinal perforation and enterocolitis (infection).  If it’s a really mild form, it may present later in teens or twenties.  

· Sampling the myenteric plexus would require an invasive laparotomy, so usually you just look for an absence of ganglion cells in the submucosa of a mucosal biopsy.  You also look for increased pre-synaptic parasympathetic fibers abnormally extending into the mucosa (seen on AChesterase stain), because usually they stop when they reach ganglion cells, but none are present here and they keep extending into the mucosa.  These two features are diagnostic for Hirschsprung’s.  

· Treatment is by surgical resection of the aganglionic segment, and the prognosis is excellent

· Meckel’s Diverticulum:  This is a persistent remnant of the vitelline (omphalomesenteric) duct.  In embryos, the vitelline duct connects the mid gut to the yolk sac at the umbilicus.  It usually disappears around the 10th week of gestation.  In this condition, the diverticulum is oriented toward the umbilicus, and may often be connected to it by a vitelline ligament.  

· 2% of the population has this, but most are asymptomatic.  It’s usually at the terminal ileum and shows normal epithelial lining.  Over half of them contain patches of gastric mucosa that cause ectopic acid production (under gastrin stimulation) and mucosal ulceration and GI bleeds (these are the presenting features…there’s no way to protect the distal bowel from acid).  

· To detect a Meckel’s diverticulum, you do a 99Tc-pertechnetate scan that stains gastric mucosa.  If you see it near the terminal ileum, it’s a Meckel’s.  

· Atresia, Stenosis, Web:  Atresia is obliteration of the lumen, stenosis is a gradual narrowing of the lumen over a distance, and a web is a more focal obstruction (not over a distance).  There conditions present with polyhydramnios in utero, bilious vomiting (because the obstruction is distal to the ampulla of Vater), failure to pass meconium, and abdominal distention.  Treatment is with surgical resecetion of the affected segment.  

· Duodenal atresia occurs in 1/3 of children with Down syndrome.  It produces a double bubble appearance on X-ray, where you see a left-sided gas bubble from the stomach and a second gas bubble on the right side that is due to gas in the dilated duodenum proximal to the stenosis.  Distal to the obstruction, the bowel is shrunken and stenotic.

· Tracheoesophageal Fistula/Atresia:  This is an incomplete separation of the lung bud from the foregut.  Normally these separate completely.  The esophagus is commonly atretic, and you often get tracheoesophageal fistula that connects the two tubes.  Most commonly, you see both of these together.  

· 30% of cases have other malformations, which will determine the prognosis.  Patients present with polyhydramnios in utero, choking on secretions (atresia), respiratory distress exacerbated by feeding (fistula).  Treatment involves immediate surgical reconstruction.  

· Meconium Ileus:  This is obstruction of the distal ileum by thick, viscous meconium of a child with Cystic Fibrosis.  The thick secretions of CF cause lung problems, pancreatitis, and intestinal obstruction.  

· Clinically, the kids present with a failure to pass meconium in 24-48 hours, dilated small bowel proximally and microcolon distally on x-ray, and complications like perforation or meconium perotinitis.  Treatment is with hypertonic enema (if uncomplicated) to draw water in and loosen the meconium, or surgery if there are complications. 

· On microscopy you may see the thick meconium stuck to the mucosa.  You may also see yellow pigmented macrophages that have taken up bile.  

· Meconium plug syndrome is different from this, and it most often occurs in normal (non-CF) neonates.  It is NOT CF associated.  Meconium plug syndrome is a meconium impacted colon, whereas meconium ileus is in the ileum.  

· Neonatal Hypertrophic Pyloric Sphincter:  This is a progressive hypertrophy of the pyloric sphincter, causing obstruction.  Clinically you see non-bilious (obstruction proximal to site of bile entry) projectile vomiting (stomach contracts hard to force food through and produces strong emesis) between 2-6 weeks of life.  You often see vigorous gastric peristaltic waves.  The pylorus may be palpable and feel like an olive.  

· Barium swallowing studies show the barium barely passing through the large pylorus.  Treatment is myotomy of the pyloric sphincter (incise it to relax it) and has an excellent prognosis.  

· Neonatal Necrotizing Enterocolitis (NEC):  This is an acquired, multi-factorial process that results in segmental necrosis of the bowel.  It happens most in premature or low-birth-weight babies, so it’s quite common in NICUs.  

· The pathology is simple bowel ischemia and infarction, but the etiology is more complex.  The ischemic necrosis first usually affects the ileum.  The mucosa dies first, but it can later become transmural.  Overgrowing bacteria produce hydrogen gas in the dead bowel wall, creating pneumatosis cystoides intestinalis (creates the double contour seen on xray)

· The clinical triad it presents with is abdominal distention, bilious vomiting, and bloody stool.  Plain x-rays show double contours of the bowel wall.  

· Etiologic factors may be vascular (excessive blood shunted away from the gut creates ischemia), direct mucosal injury (may be initiated by parenteral feeds), or infectious (epidemic NEC occurs sometimes).  

· Prolonged neonatal Cholestasis:  it’s important to distinguish extrahepatic and intrahepatic causes of this syndrome, because extrahepatic ones are treated surgically and intrahepatic ones are treated medically.  This is basically a condition of increased conjugated bilirubin.

· Extrahepatic prolonged neonatal jaundice (surgical tx) is mostly due to biliary atresia.  Extrahepatic biliary atresia is an idiopathic inflammatory and fibrous obliteration of the extrahepatic bile ducts.  Jaundice occurs 2-3 weeks after birth, and kids may progress to cirrhosis in 3 months so there’s a small window to treatment.  Diagnosis is by a Disida scan that should be excreted in the bile, but if none reaches the duodenum then you may have extrahepatic biliary atresia.  On microscopy, you see epithelium, scar tissue and lymphocytes occluding bile ducts.  You can’t biopsy these ducts, so really you’d look in the liver to see periportal fibrosis and bile ductile proliferation (the liver away from the bile ducts/portal triads looks pretty normal still).  It’s treated with a Kasai procedure (connect liver directly to bowel, often a bridge to transplant) or transplant.  

· Intrahepatic prolonged neonatal jaundice (medical tx) is mostly due to neonatal hepatitis.  Neonatal hepatitis is inflammation of hepatocytes that may be due to infection (TORCH or hepatitis B, C), metabolic alpha-1-antitrypsin deficiency, cystic fibrosis, or idiopathic.  Disida scan shows poor uptake by the liver, but some excretion into the duodenum.  Microscopically, you see uniform hepatocellular disarray, giant cell transformation (hepatocytes may fuse), and lymphocytic infiltration.  There is often minimal bile production.  Treatment is medical for the underlying disorder. 

Liver Histology and Injury Patterns:

· Cirrhosis is a pattern of liver fibrosis characterized by bridging fibrosis and nodules of hepatocytes.  

· Hepatitis C has the highest rate of chronic infection.

· The histologic features of acute hepatitis are:  parenchymal collapse, lobular disarray, inflammation, ballooning degeneration, macrophage (Kupffer cells) aggregates, and cholestasis.

· The histologic features of chronic hepatitis are:  fibrosis (scarring), hepatocyte nodules (regeneration), and maybe apoptosis, lymphocytes, necroinflammatory injury. 
· Within a liver lobule, the periportal area is zone 1 and the centrilobular area is zone 3.  The centrilobular area is affected first with ischemia.  

· Bile ducts can be recognized by having cuboidal cells with round, distinct nuclei.  

· Patterns of liver cell injury include:

· Cell swelling (ballooning) which can be seen in cases like fatty liver disease due to loss of osmotic control.  Intermediate filaments may coalesce into Mallory bodies.  

· Foamy cytoplasm (feathery degeneration).  It can be caused by biliary obstruction and the toxic effect of bile salts on hepatocytes.  You also see brown/yellow bile in the liver.

· Groups of ghost cells (coagulative necrosis) can be caused by ischemic injury.  

· Apoptosis (bright red, refractile apoptotic bodies) seen in viral hepatitis.  

· Necroinflammatory inflammation (inflammation and hepatocytes) seen with immune mediated necrosis (as in viral hepatitis).  If repeated results in a chronic injury pattern.

· The liver can recover pretty well from some acute or chronic (w/ scarring it’s a little slower) injury.  And it can even regenerate quite a bit.  

· Any chronic hepatitis will show scarring fibrosis and hepatocyte nodules (regeneration).  The bridging fibrosis and hepatocyte nodules of cirrhosis result from cel injury, inflammation, and cytokines/growth factors that activate myofibroblasts to make collagen.  

· Hepatitis is inflammation associated with hepatocyte death or injury.  It can be caused by viruses, autoimmune reactions, or drugs.  If it lasts over 6 months, it’s chronic.  

· Acute hepatitis can be caused by toxins, viruses except hep C, alcoholic liver disease, and genetics/metabolism.  Acute hepatitis is characterized by parenchymal collapse (loss of hepatocytes), inflammatory infiltrates, ballooning degeneration, macrophage (Kupffer cell) aggregates and cholestasis.  With parenchymal collapse, the capsule becomes loose over the liver.  Acute hepatitis can kill you, resolve, or become chronic.  

· If chronic, hepatitis can progress to cirrhosis.  From there, cirrhosis can kill you, be stable or progress to hepatocellular carcinoma.  Cirrhosis can have complications like hepatic encephalopathy, varices, ascites, splenomegaly, and death.  

· With chronic hepatitis, lymphocytes move out into the parenchyma from the portal tracts.  They cause necroinflammatory injury.  With chronic hepatitis, you see fibrosis, apoptosis, lymphocytes, and necroinflammatory necrosis.  

· Hepatitis A:  This is an RNA virus that is transmitted fecal-oral and doesn’t produce chronic infection.  It looks like mild histologic changes, with inflammation and cholestasis.  

· Hepatitis B:  This is a DNA virus transmitted by blood (mostly), sex, or perinatally.  It can be acute or chronic.  It can be acute, in which case it either resolves or becomes fulminant and kills you.  Or it can be chronic, in which case you may recover, or develop cirrhosis (may lead to hepatocellular carcinoma or death).  This is diagnosed by detecting the surface antigen or anti-HBc antibody.  Histologically, it shows ground (frosted) glass hepatocytes.  

· Hepatitis C:  This is most often chronic, and it may be stable or become cirrhosis (and possibly develop into hepatocellular carcinoma or death).  It’s an RNA virus transmitted by blood and it’s chronic!  It’s detected by viral RNA.  Histologically, you see nodules of inflammation around the portal areas (it may destroy some adjacent hepatocytes) and intracellular fat.  

· Autoimmune hepatitis:  It mostly occurs in younger women, who tend to show either ANA or anti-LKM.  Patients with ANA often have gamma globulin elevation, and they progress to cirrhosis less often than people with anti-LKM.  

· This is chronic but can look acute.  The hallmark is prominent IgG positive plasma cells (lymphocytes).  

· Drug induced hepatitis:  Intrinsic toxicities are predictable and will definitely cause injury with a sufficient dose.  Idiosyncratic toxicities are unpredictable and depend on metabolic rate and immune system stimulation.  Drug induced liver injury can be histologically indistinguishable from other types of liver injury.  

· Acetaminophen produces zone 3 (centrilobular) necrosis with minimal inflammation.  Similar patterns occur with mushrooms or alpha-methyl dopa.  It mimics ischemic injury or hepatitis (injury around the central veins).  

· Isoniazid produces diffuse necrosis and periportal lymphocytic inflammation.  It mimics viral hepatitis.  

· Procainamide shows a ground glass appearance, and it mimics hepatitis B virus.  

· Methotrexate shows portal fibrosis, and it mimics chronic viral hepatitis.  

Alcoholic Liver Disease and Non-Alcoholic Fatty Liver Disease:

Alcoholic Liver Disease:

· A small minority of excess alcohol consumers get alcoholic fatty liver disease, because ethanol encourages accumulation of triglycerides.  

· Alcohol metabolism produces acetaldehyde, which is a toxin.  Long-term consumption can cause changes in mitochondria that lead to giant mitochondria characteristic of alcoholic liver disease.  These giant mitochondria look like discrete, round, red/pink solid spots.

· After years of drinking, patients can get alcoholic hepatitis.  The features include cell injury (swelling or variability among the hepatocytes), eosinophilic clumping in the cytoplasm, and cholestasis (bile plugs).  In alcoholic hepatitis, the fat may totally disappear, but some is usually still present.  You may see alcoholic hyaline (irregular, stringy, pink/red stuff…the equivalent of Mallory hyaline in NASH), which can be associated with PMNs.  The hyaline is intermediate filaments clumped together, which is an indicator of severe injury.  

· With alcoholic liver disease, you can also see active pericellular fibrosis, where cells produce excess collagen and deposit it around injured hepatocytes.  Usually the liver is pretty slow to form fibrosis.  The fibrosis may affect small hepatic veins (the central veins) and obliterate them (veno-occlusive disorder).  

· If a person stops drinking, alcoholic cirrhosis can be reversed.  So abstinence is key.  

Non-Alcoholic Fatty Liver Disease:  

· Morbidly obese patients who get severe weight loss (ex: bariatric surgery) are at risk of developing NAFLD (fat in the liver).  Some may rapidly progress to NASH (shows inflammation and usually some fat too), cirrhosis, and even death.  Severe NASH includes fat in the liver, swollen/injured cells, inflammation, Mallory’s hyaline (equivalent of alcoholic hyaline) and fibrosis.  

· This type of injury pattern was common with jejunal-ileal bypass for rapid weight loss, because bacteria in the bypassed intestine proliferated and produced endotoxins that caused acute liver disease much like alcoholic liver disease.  Gastric stapling doesn’t produce this type of complication.  

· NAFLD and NASH can progress to cirrhosis, which looks like bands of bridging fibrosis around nodules of hepatocytes.  Really any chronic liver disease can progress to cirrhosis.  Cirrhosis and the resulting portal hypertension can lead to lots of consequences, like hepatic encephalopathy, ascites, collateral circulation (caput medusae, varices), etc.  Esophageal varices are dilated subepithelial veins.  They can be very superficial, big and thin-walled and susceptible to rupture.  When they rupture, there’s not much necrosis or tissue injury, so there’s not much to stimulate clotting.  So, you continue to bleed.  To stop it you can sclerose the veins or put pressure on it with a balloon in the esophagus.  

· Cirrhosis has many causes, mostly just different things that cause acute liver disease.  Cirrhosis has obliterated intra-hepatic veins, causing you to lose your venous circulation and develop portal hypertension.  A venogram of alcoholic cirrhosis shows markedly decreased size and flow through the hepatic veins.  

Primary Liver Tumors:

· Different liver tumors affect some age groups more than others.  

Vascular Tumors:

· Hemangiomas (benign):  These are the most common primary liver tumor, and they’re made of dilated vessels.  They are often small and incidental findings.  Grossly they are a single, dark red, spongy lesion that is often subcapsular.  Histologically they show dilated, thin walled vessels that may have thrombi.  They show areas of scarring and hyalinization with obliteration of vessels.  Larger ‘feeder’ vessels may be seen at the periphery.  

· Infantile Hemangioendotheliomas (benign):  Half of patients may have cutaneous angiomas or other visceral organ angiomas.  These tend to spontaneously regress at 6-8 months of age.  Grossly, they are large, red, and nodular.  They often show up as multiple lesions that may be spongy or fleshy.  Histologically they are made of irregularly-shaped small vessels in a sparse fibrous stroma.  

· Angiosarcomas (malignant):  These are extremely rare, but the most important risk factors are Thorostat (contrast agent), vinyl choloride (industrial chemical) and arsenic (immigrants often have exposure).  Grossly, the tumors are tan/white or hemorrhagic with a spongy consistency.  They show up as nodules throughout the liver.  Sometimes a single mass can be seen.  Histologically, they have atypical (large, dark, irregular, varying in size) endothelial cells forming small channels that may contain blood.  They spread by growing along the sinusoids.  

Hepatocellular Tumors:

· Focal Nodular Hyperplasia (benign):  70% patients are female.  These form mass lesions, but they may or may not be clonal.  They may arise from vascular malformations.  They can be single or multiple, but have no risk for malignancy.  Grossly, you see well circumscribed lesions with a central scar (site of abnormal vessel).  The background liver is non-cirrhotic.  Histologically, you see focal lesions with bands of fibrosis around band hepatocyte nodules, often with an abnormally thick-walled vessel in the center of the tumor (central scar may not always be present).  

· Hepatic Adenoma (benign):  This is most often (90%) seen in women of reproductive age who have a history of oral contraceptive use, though it may be a past history of OCP use.  They may also occur with androgen use or glycogen storage disease.  They have a small, but still quite significant risk of developing into a malignancy.  An important complication is rupture and intraperitoneal hemorrhage.  Grossly, they are well circumscribed, often encapsulated, and frequently have hemorrhage.  Like FNH, the background liver is always non-cirrhotic.  Histologically, they have uniform, bland hepatocytes and have lost the normal liver architecture (lobules), and they may show some steatosis.  

· Hepatoblastomas (malignant):  These arise in infants and young kids, more often in males.  There are linked to Wnt signaling pathway mutations.  AFP (alpha-feto protein) is very often elevated, and can be a good marker for recurrence.  Grossly, these are solitary, well circumscribed lesions that may show hemorrhage, necrosis and calcification.  Histologically, you see mostly primitive epithelial cells with some immature mesenchymal cells mixed in.  The more epithelial-looking ones tend to spread more.  

· Hepatocellular Carcinoma (malignant):  This is one of the most common cancers in the world, common in SE Asia.  It accounts for 80% of primary liver carcinomas in the US, and any cirrhosis is an important risk factor.  Chronic HBV predisposes to this, as do carcinogens like aflatoxin B1 (Aspergillus metabolite).  HBV and aflatoxin have a synergistic effect on HCC risk.  Average age in the US is 61, and 70% of patients are men.  It’s increasing in the US, likely due to social trends in sex/drugs in the 70s.  Generally, the prognosis isn’t good, and tumors often aren’t detected ‘til late stage.  Survival correlates with stage at identification.  Older people, males, high stage/grade, and cirrhotic patients do worse.  

· Grossly, HCC can be in cirrhotic or non-cirrhotic livers.  It’s well circumscribed, and if large may have satellite nodules.  

· Histologically it shows increased cellularity, thickened hepatocyte plates, absence of portal tracts, abnormal arterioles, and cytological changes.  These tumors are only supplied by the hepatic artery, resulting in abnormal arteriolar development.  AFP may be increased, which you can stain for.  Cells may for pseudoglands or show fatty changes.  It may be seen invading a vessel, which is a bad prognostic sign.  

· Fibrolamellar carcinoma is a subgroup of HCC that arises in younger patients for unknown reasons.  They are aggressive and more likely to metastasize to lymph nodes.  Grossly, the background liver is non-cirrhotic.  Histologically, you see dense parallel bands of fibrosis.  Neoplastic cells look pretty atypical.  

Bile Duct Tumors:

· Bile Duct Adenomas (benign):  These are usually small, solitary neoplasms without malignant potential.  But, they can be small, white firm nodules that mimic metastases.  They are usually incidental findings.  Histologically, they look like small, gland-like structures.

· Cholangiocarcinoma (malignant):  These can arise from anywhere in the biliary tree.  If they arise from the hilum of the liver, they are called Klatskin tumors.  Risk factors include chronic inflammation of the biliary tree (PSC, Caroli’s disease, parasites).  Risk factors for intrahepatic cholangiocarcinoma include cirrhosis, HCV and alcohol.  Intrahepatic cholangiocarcinomas are increasing in frequency.  

· Grossly, they look white and firm, but never encapsulated.  Background liver may or may not be cirrhotic.  Histologically, the tumor shows proliferating glands that form duct-like structures.  Histologically, they elicit a dense desmoplastic response (hence their firmness), but this can make them hard to biopsy.  Dysplasia of the bile duct may be a precursor lesion.  

Metastatic Disease:  

· Metastatic liver lesions are 16x more common than primary ones.  90% show more than one tumor.  Commonly, pancreas, colon, breast, stomach and lung cancer metastasize here.  They keep the general appearance of their tissue of origin, which immunostaining can help you identify.

PAGE  
8

