Pathophysiology 5 – Heart and GI

Atherosclerosis:

· The progression is basically a normally artery get injured, inflamed, then atherosclerotic.  

· Arteriosclerosis is a hardening of the arteries, and can be due to atherosclerosis or calcific sclerosis.  Atherosclerosis is due to fibrous, fatty intimal plaques.  It’s a systemic disease that can affect any artery in the body (most importantly, heart, brain, kidney, etc).

· It affects 11 million in the US, many having MI and many of those dying.  It can start really young.  Infants and children show foam cells, young kids show fatty streaks, adolescents can also show fibrous plaques, and in adults you may see thrombosis too.  

· Risk factors include age (most important), smoking/diet fat/exercise, LDL, low HDL, HTN, diabetes, homocysteine, progeria syndromes, inflammation (CRP and acute phase response or inflammatory markers…response to infection or trauma that causes inflammation and repair).  Only in the 1980s did people see that cholesterol reduction improved coronary outcomes.  

· The natural history of atherosclerosis:  asymptomatic, then stable angina (angina on exercise that goes away with rest), unstable angina (pain at rest), MI (see elevated cardiac enzymes, ECG changes, and often symptoms…may resolve), and can lead to complications that may lead to death.  Some people never show the early stuff and just die, others may only ever have angina.  

· Pathologically, you first see normal vessels.  These develop fatty streaks (asymptomatic), which may turn into fibrous plaques (stable angina), that may eventually rupture and form a thrombus (unstable angina, MI).  

· Normal vessels should have a thin endothelium, thick smooth muscle and an adventitia.  A fatty streak looks yellow and shows foam cells (macrophages full of lipids) and can occur as early as infancy.  Fatty streaks may progress to a fibrous plaque where smooth muscle cells grow over the fatty streak (you see a white scar made up of macrophages, smooth muscle cells and cholesterol esters/crystals at the core)…this can happen as young as adolescence.  A thrombus may form on top of a ruptured fibrous plaque (acutely you see RBCs/platelets/fibrin, chronically, it’ll be white from platelets/fibrin)…seen in adults.  

· Normal vessels:  Intima is a single layer of endothelial cells.  Media shows smooth muscle cells with an internal and external elastic lamina.  Adventitia with ECM (collagen, elastin) with many cell types like smooth muscle, fibroblasts, stem cells, vaso vasorum, nerves, etc. 

· Endothelial cells are very important in vessel homeostasis, regulating vessel tone, thrombosis and inflammation.  They make stuff like prostacyclin, anti-inflammatory compounds, and NO.  

· NO is a free radical with a pretty short half-life.  It can diffuse across cell membranes and reacts with super-oxide, metals and thiols.  

· NO is made from arginine and oxygen via NOS (nitric oxide synthase).  There are neuronal, endothelial and inducible (in the eye) NOS.  NO is very beneficial.  It vasodilates, blocks thrombosis and inhibits inflammation (all of which act to prevent atherosclerosis).  Without endothelial NOS (eNOS), mice get severe atherosclerosis

· NO protects vessels by acting on platelets, smooth muscle and endothelial cells.  

· NO vasodilates by diffusing into the vessel wall and relaxing smooth muscle.  NO also blocks platelet activation (not well understood).  NO also blocks vascular inflammation by preventing inflammatory changes in endothelial cells.  

· Bacteria can induce NO production.  With sepsis, you get massive NO production, causing vasodilation and septic shock/hypotension/death.  

· NO is produced by endothelial cells (vasodilates, blocks thrombosis, inhibits inflammation).  Too much causes shock.  Too little predisposes you to atherosclerosis.  

· Smooth muscle cells regulate muscle tone and lay down matrix (collagen, elastin) to strengthen vessel walls.  They cause vasoconstriction in response to epi/angiotensin and vasodilatation in response to NO.  The smooth muscle cells don’t proliferate or migrate.  

· NO activates guanylate cyclase, which makes cGMP, which activates kinases to cause relaxation of smooth muscle cells.  NO mediates erection (pelvic nerves has NOS).  Viagra blocks PDE, so more cGMP sticks around and NO signaling is prolonged.  

· Normally there aren’t many macrophages in vessel walls, and the ones present are resting.  In the vessels, resting platelets (don’t adhere or aggregate) are circulating.  Endothelial production of NO blocks platelet adherence and aggregation.

· Risk factors (smoking, cholesterol, HTN) can injure blood vessels, causing inflammation, which causes atherosclerosis.  The pathway of atherogenesis:  injury causes endothelial cell dysfunction (expression adhesion molecules, release inflammatory mediators), monocytes are recruited/differentiated (may take up lipids and cause fatty streaks), monocytes activate more inflammation but more importantly smooth muscle cells to migrate and proliferate (abnormal…form a white fibrous cap), and this abnormal activity weakens the vessel wall which can damage it and activate platelets (leading to adherence/aggregation and thrombus formation).   

· Endothelial injury can be due to LDL (and oxidized LDL), radicals, infection, diabetetes, shear stress, toxins like nicotine, or metbolites like homocysteine.  This makes endothelial cells dysfunctional.  Ex:  LDL in excess gets trapped in vessel walls, gets oxidized and taken up by macrophages.  These macrophages (foam cells) are activated to release cytokines for more inflammation and radicals that oxidize more LDL.  

· Dysfunctional endothelial cells lose the ability to make NO (loss of vessel protective effects on platelets, smooth muscle and endothelial cells).  Endothelial cells now make adhesions molecules and cytokines that promote inflammation.  Endothelial cell dysfunction can be caused by inflammation, atherosclerosis, diabetes, hyperlipidemia, oxidized LDL, etc.  

· Monocytes enter the vessel wall, where they can mediate further damage.  The five stages of leukocyte trafficking are: Rolling, Activation, Adherence, Diapedesis, and Migration.  With rolling, monocytes are loosely attached to endothelial cells, mediated by selectins and their ligands.  Monocytes and endothelial cells both express selectins and their ligands.  If there are chemokines/cytokines around due to local tissue damage, endothelial cells and monocytes express new receptors (activation) that mediate a tight binding (adhesion).  Then in diapedesis, monocytes go to endothelial cell junctions, separate endothelial cells and cross the endothelial barrier.  Now they are called macrophages.  Macrophages then migrate to sites of vessel wall inflammation.  

· Macrophages are activated and ingest oxidized LDL and become foam cells (cause fatty streaks to form).  They release cytokines, growth factors, and radicals.  Fatty streaks don’t obstruct the lumen or impair blood flow, so they’re asymptomatic.  

· The stuff released from macrophages activate smooth muscle cells to proliferate and migrate (from the media to the intima).  Smooth muscle cells form a white fibrous cap over the fatty streak (there’s a thin layer of endothelium in the lumen, a smooth muscle cap below, and deep to that a core of foam cells, cholesterol and necrotic debris).  This fibrous cap sticks out into the lumen and can produce myocardial ischemia (producing angina).  The heart doesn’t increase oxygen extraction with increased need, and it relies on increased blood flow.  So if the endothelium is damaged and doesn’t produce NO, and a vessel is narrowed, you can get ischemia/angina.  

· Proliferating smooth muscle cells form plaques in vessels.  A plaque can be benign, protrude into the vessel and cause angina, or some may be vulnerable to rupture.  A vulnerable plaque has a soft core, thin cap, lots of inflammation (cyokines and metalloproteinases from macrophages and activated smooth muscle can degrade stuff on a plaque and make it vulnerable), and endothelial erosion.  Physiologic factors like shear stress (HTN) or sympathetic activity can trigger plaque rupture.  

· Once a plaque ruptures, it triggers thrombosis.  Vessel injury initiates thrombosis by causing platelet adherence to the vessel wall.  Platelets are activated by endothelial signals to release mediators.  This causes platelet aggregation to one another.  This forms a thrombus.

· A ruptured plaque and thrombus can cause unstable angina or infarction due to myocardial ischemia.

· Angina treatment:  

· Nitrates:  metabolized to NO, vasodilate coronary vessels

· Beta-blockers:  inhibit beta-adrenergic receptors to decrease myocardial oxygen demand.

· Calcium channel blockers:  limit influx of calcium into smooth muscle cells and cause vasodilation and a decreased heart rate.  

· Statins:  inhibit HMG-CoA reductase to inhibit the synthesis of cholesterol and limit the progression of atherosclerosis.  This decreases LDL in the body by decreasing cholesterol synthesis and increases LDL-R in the liver to increase the clearance of cholesterol particles from the blood.  These decrease mortality.

· Aspirin:  Irreversibly inhibits COX1/2.  This decreases prostaglandin synthesis and inhibits inflammation and inhibits platelet activation.  This decreases mortality after MI and decreases risk of MI in high risk people.
Cardiovascular Risk Factors:
· Risk factors are characteristics that are associated with increased risk for a disease.  Some are causal, others are just markers (epiphenomena).  These relationships aren’t always easy to distinguish.  Some risk factors are modifiable (cholesterol, smoking), others are not (age, gender, genetics).  

· Heart disease is, by far, the leading cause of death in the US.  The risk increases exponentially with age.  

· Risk factors for coronary artery disease:  

· Traditional:  HTN, family hx of premature atherosclerosis, diabetes mellitus, tobacco use, age, and lipids.  

· Novel:  pulse pressure, sedentary lifestyle, obesity, alcohol intake, kidney disease and inflammation (measured as CRP).  

· Sub-clinical atherosclerosis also affects risk and can be detected by non-invasive imaging like coronary artery Ca measured with fast CT scanning and carotid intimial medial thickness (IMT).

· A lot of risk factors were identified in the Framingham study (a longitudinal observational cohort study).  In the avg. 55 yr old, the 10 year risk of developing heart disease is low, but increases as you add risk factor.  Men have higher risk (except in diabetic patients).  Women tend to have cardiovascular events about 10 years after men.  
· HTN:  There are lots of factors that influence BP (anything that increases CO or PVR).  So, there are also lots of different pharmaceutical approaches to HTN too, and often multiple ones are used.  Essential HTN is most common.  

· Secondary HTN may be due to:  renal parenchymal disease (dialysis, volume dependency, autonomic dysfunction, post-tranplant, chronic/acute renal failure), renal vascular disease (renal artery stenosis), coarctation of the aorta, endocrinological disease (gluco or mineralocorticoid excess, catecholamine secreting tumors, hyperthyroidism, hyperparathyroidism) or pharmalogical causes (vasoconstrictors, or volume expanders like steroids).  
· These types of causes should be suspected in cases where onset is before 20 years, BP is very high (>180/110), evidence of organ damage (increased serum creatinine, cardiomegaly or left ventricular hypertrophy, retinopathy).  Or, it’s suspected if you see unprovoked hypokalemia, abdominal bruits, variable BP with tachycardia with sweating/tremor (pheochromocytoma), family history of renal disease, or a poor response to therapy.  
· Long standing HTN can produce left ventricular hypertrophy (LVH).  This can also be due to other hemodynamic loads (aortic stenosis), age/gender/race, or salt intake, catecholamines or renin/angiotensin abnormalities.  This is a big risk factor for CV events, because it can lead to myocardial ischemia (MI), impaired contractility (CHF), impaired filling (CHF), or ventricular arrhythmias (sudden death).  

· Family history is another big risk factor.  There’s lots of evidence for a genetic component.  Region 9P21 polymorphisms are very strongly associated with carotid artery disease, even when a lot of other risk factors are absent in these people.
· Metabolic syndrome is a clustering of risk factors.  It’s characterized by abdominal obesity leading to insulin resistance, hyperinsulinemia, HTN, dyslipidemia (high triglycerides, low HDL, high LDL…more atherogenic), and all of this contributes to accerlated atherosclerosis.  Metabolic syndrome requires three of the following risk factors:  abdominal obesity, increased fasting blood glucose, increased triglycerides, low HDL, increased HTN.  
· Diabetic dyslipidemia is related to increased VLDL production in the liver.  Insulin resistance in diabetes causes less free fatty acid uptake by the body and decreased lipolysis in the body.  So you deliver more free fatty acids to the liver, which then makes more VLDL.  The metabolically active visceral adipose tissue (more often in the abdomen) also contributes to increased delivery of FFAs to the liver.  The VLDL causes you to have more atherogenic triglyceride-rich lipoproteins in the circulation.  This causes accelerated atherosclerosis.  
· So diabetes is one of the most potent risk factors for atherosclerosis.  It leads to excess free fatty acids, which cause oxidative stress through hyperglycemia and insulin resistance.  This damages the endothelium (less NO, etc) that cause endothelial dysfunction that causes vasoconstriction, inflammation and thrombosis that leads to atherogenesis and arterial thrombosis.  

· These people are at the same risk of heart attack as someone who has already had a heart attack (cardiovascular disease risk equivalent).  

· Obesity (BMI>30) is strongly associated with risk factors for cardiovascular disease.  

· Smoking increases atherosclerosis, thrombosis, coronary artery spasm and arrhythmias that all contribute to a big increase in the risk of cardiovascular events.  So smoking cessation is a big focus, but provides FAST beneficial effects.  Within 15 years, coronary heart disease risk is the same as a person who never smoked.  Risks of stroke, HTN, etc decrease a lot faster.  

· Exercise is also very good at preventing CV disease.  Fitness is directly related to cardiovascular mortality.  It lowers BP, reduces obesity, improves lipid profile, enhances fibrinolysis, improves endothelial function, enhanced parasympathetic autonomic tone, and improved glucose tolerance.  So diet and exercise are primary means of first-line intervention.  These lifestyle changes can have a significant effect.  
· Women develop CAD about 10 years later than men, so estrogen WAS thought to be cardioprotective.  It can increase HDL, decrease LDL and improve vasoreactivity.  But, randomized studies don’t show any definitive data.  If anything, estrogen/progesterone therapy increased the risk of CV events.  But, it’s still given for hot flashes, just at the lowest doses and shortest duration.  

· With alcohol, a couple of drinks per day appear to be slightly protective.  It’s protective for coronary heart disease even at high consumption levels, but there your risk of cancer, stroke, accidents, etc really goes up.  It’s not recommended to start drinking if you don’t already.  Ethanol increases HDL, decreases fibrinogen, etc.  So it can have beneficial effects on lipids and hemostatic factors, regardless of the type of alcohol consumed.  
· Low levels of kidney dysfunction increase the risk of CVD, even accounting for confounding factors that cause both.  

· C-reactive protein (CRP) is an acute phase reactant that is a nonspecific marker of inflammation.  There’s a high sensitivity assay that looks at variation in what used to be considered normal.  In the physician’s health study, it was shown that aspirin reduced CV risk and also inflammation.  If you stratify them by CRP, you see that the only people who benefitted from aspirin therapy were people with pretty high CRP.  And, higher CRP showed increased more CV events.  The recent Jupiter showed that people with lower cholesterol and elevated CRP benefited from statins (even though cholesterol wasn’t elevated)
· Coronary artery calcium scanning (non-contrast CT) can also measure risk associated with pre-clinical atherosclerosis.  When you see calcium in a heart artery, it means there’s an atherosclerotic plaque.  More calcification and more atherosclerosis confer an increased risk of CV disease events.  This is used to asses patients at intermediate risk.  If this is measured to be high, they may be considered higher risk and this finding may warrant more aggressive risk-reduction therapy.  

· Carotid Intima-Media thickness (mostly intima) also predicts MI and stroke.  This is determined by carotid ultrasound.  This is also a measure of sub-clinical atherosclerosis.  

· A Framingham risk score takes into account age, HDL, BP, and total cholesterol to determine their 10 year risk of getting a CVD event.  Low 10 year risk (<10%) should be treated with lifestyle modification.  High risk (>20%) indicates lifestyle modification and drug therapy. For intermediate risk people, you’d like more studies to find out more about their risk before going the pharmaceutical agents.  Women mostly get heart disease in the post-menopausal years, and have a slightly different scale.  

· In the future, they’ll probably be able to give a lifetime risk of developing heart disease.  With optimal management of risk factors, it can be quite low.  But with more risk factors, it really goes up.  

· On a population scale, you could lower the burden of risk factors in the entire population by identifying and treating risk factors.  You can identify and target higher-risk subgroups and treat them with moderate intervention.  You can allocate resources to acute and chronic high-cost treatments.  And, secondary preventions may be used for clinically manifest disease. 

· ABCs of CVD:

· Anti-platelet tx (aspirin, plavix) for everyone, ACE-Is/ARBs, and anti-Anginal meds.

· BP control and Beta-blockers

· Cholesterol management and Cigarette-smoking cessation.  The more risk factors you have, the lower your target LDL.  

· Dietary/weight counseling and Diabetes management

· Exercise and Education.  

Angina:

· Myocardial ischemia is an imbalance between myocardial oxygen demand and supply.  
· Angina pectoris describes the symptoms resulting from myocardial ischemia.  Classically the symptoms include retrosternal chest pressure that comes on with exertion and can be relieved with rest or sublingual nitroglycerin.  

· Coronary flow reserve is the flow you can achieve above baseline due to coronary vasodilation.  It’s expressed as the max flow/basal flow, and a normal value is around 5.  

· Myocardial oxygen supply is affected by coronary blood flow (which is affected by vascular resistance) and sometimes oxygen carrying capacity.   Demand is affected by heart rate, myocardial wall tension (more demand with increased afterload or changes in preload), and the inotropic state (how hard the heart pumps).  Normally, supply is very tightly adjusted with demand.  

· The large epicardial vessels don’t have a lot of resistance, and it’s the arterioles that have the most control over resistance in the coronary vessels.  So the coronary blood flow is basically: Flow = ΔPressure/Resistancearterioles.  
· Arteriolar resistance can be affected by extrinsic and intrinsic things.  

· Extrinsic factors include the contraction of the heart (generates pressure that squeezes coronary arteries), so most coronary blood flow occurs when the heart is relaxed and the intravascular coronary artery pressure is greater than the external compression caused by the contracting heart.  Muscle shortening is greatest in the sub-endocardium (the sub-epicardium has less extrinsic compression), so most ischemia will occur there.  

· Intrinsic factors influence vasomotor tone.  These include adenosine, oxygen tension, pH, potassium, ATP-sensitive K channels, and sympathetic input.  Adenosine is a breakdown product of ATP and a powerful vasodilator.  It is critical to enhancing blood flow when we need more.  If your heart beats harder and produces more adenosine from ATP breakdown, the adenosine potently vasodilates and enhances blood flow.  

· Caffeine antagonizes adenosine, so if you exercise after consumption of caffeine, you can’t vasodilate the coronary arterioles and get as much blood to your heart.  

· Once a coronary vessel is 60-70% stenosed, that’s when people start to get exertional angina and an abnormal stress test.  With occlusion of the big epicardial vessels, the resistance in the big vessels now becomes a significant contributor to the resistance of blood flowing through the coronary circulation.  In response, you’ll get more vasodilatation of arterioles to maintain the balance between supply and demand.  But now you’ve lost some of the ability to further dilate these vessels with increased demand (ex: exercise).  So at rest you’re fine, but you have a lot less reserve and with exercise you can’t get enough coronary blood flow.  

· The fractional flow reserve is a measure of coronary flow reserve.  It is the fraction of normal maximal flow that can be achieved despite a coronary stenosis.  They give you adenoside to stimulate maximal dilatation of the coronary vessels, then measure pressure before and after a stenosis.  It should normally be 1, but if it’s below .75 it correlates with a positive stress test and need for revascularization.  This can be used to see if a lesion is significant or not, and guides therapy better than angiography alone.  
· Coronary vessels are lined with metabolically active endothelial cells that make NO (a vasodilator).  Lots of substances (ACh…the dilation from induction of NO production can outweight the muscarinic ACh vasoconstriction) or shear forces can induce NO production by smooth muscle cells.  The cath lab can asses the integrity of the endothelial cells by giving ACh.  Healthy endothelium will release NO and cause vasodilatation, but with mild coronary disease and early endothelial dysfunction patients will vasoconstrict due to ACh activity on muscarinic receptors and the absence of NO from the endothelium.  
· With exercise, shear forces with exercise and increased blood flow causes endothelium to release NO and cause the coronary vessels to dilate.  Impaired endothelium won’t do this, and you may get vasoconstriction in response to circulating stuff like catecholamines.  This decreases coronary flow and makes things worse.  Catecholamines vary throughout the day, and the rates of ischemic problems are higher in the morning when catecholamine levels are highest.  With the rising and falling levels of catecholamines in other substances, many patients have pretty variable flow reserve throughout the day.  So levels of activity that cause ischemia may be worse at different times in the day. 

· With a decrease in blood supply to the heart, you get decreased ATP and regional wall motion abnormalities, and this results in left ventricular dysfunction.  Usually you have more than enough ATP and creatinine-phosphate (the primary energy reserve in the heart, it can transfer a high energy phosphate to ADP via creatinine kinase).  In people with stable coronary disease, you can see a fall in high energy phosphates with exercise.  With revascularization, it’s improved.  With a fall in high energy phophates, you see a fall in left ventricular dysfunction (ejection fraction decreases).  

· A patient with angina should be evaluated with Hx, PE, and risk factor assessment, which you use to estimate their probability of significant coronary artery disease.  Angina is graded in classes:  1 = angina with strenuous activity.  2 = slight limitation of ordinary activity, angina with rapid stairs, uphill, etc.  3 = marked limitation of ordinary activity, angina with walking 1-2 blocks.  4 = inability to carry on any activity, angina even at rest. 

· Characterizing patients by their type of pain (non-angial chest pain, typical angina, or typical angina), age and risk factors can allow you to look at tables to see pretest likelihoods of having coronary artery disease.  If it’s intermediate likelihood (20-70%) may warrant non-invasive tests to get more info.

· Evaluations can be done with exercise stress testing, myocardial perfusion imaging (exercise or pharmacologic), echocardiography (exercise or pharmacologic), electron beam CT, or coronary angiography (this catheterization is the gold standard).  Which you choose depends on severity, ability to exercise, etc.  It’s essential to have an idea of pretest probability BEFORE you get any test.  If it’s high enough, a negative test is much more likely to be due to a false negative than a lack of CAD.  Tests are useful in the intermediate risk people.  
· You may inject thallium and image to see where a patient becomes ischemic during exercise.

· Once coronary artery stenosis is over 60-70%, you start to see exertional angina.  Endothelial dysfunction (early in the atherosclerotic process) contributes to angina, and improvement decreases events.  Evaluate based on a history and exam, and decide on a pre-test likelihood before sending for a test.  

Pathophysiology of MI:

· Cardiovascular disease is by far the leading cause of death in the US.  Within cardiovascular disease, coronary heart disease is by far the leading killer.  

· Myocardial ischemia is a temporary imbalance between oxygen supply and demand, which is accompanied by reversible changes in cell metabolism, electrical and contractile properties.  Myocardial infarction occurs when ischemia is severe enough and long enough to cause myocyte death and irreversible changes.  

· Ischemia and infarct begin nearest the lumen of the heart and spread outward into the myocardium (‘wavefront’ theory).  When there’s no blood flow, heart muscle dies quickly.  So time is extremely important in MI.  

· The sequence of events in an acute coronary syndrome begins with an acute rupture of an atherosclerotic plaque which exposes the subendothelial matrix, followed by platelet adhesion/activation/aggregation, which forms an intraluminal thrombus, and can cause total or partial occlusion of a vessel that leads to muscle death and an acute MI.  

· Plaques vulnerable to rupture tend to be large/soft with an atheromatous core, they have thin fibrous caps, they have inflammation in the fibrous cap, and they tend to be the mild-moderately stenosing plaques…so a lot of people are completely asymptomatic  Hypertension/wall stress on the vessel, a sympathetic surge or thrombotic risk factors also contribute.  

· A ruptured plaque could also form a thrombus that incompletely occludes a coronary artery and causes unstable angina.  It is possible that these things repair with fibrinolysis, remodeling, etc.  But once rupture, it’s a high risk lesion (even if it heals).  

· When someone presents with ischemic discomfort that suggests acute coronary syndrome, they can be classified as follows:

· ECG shows anterior ST segment elevation:  Then cardiac biomarkers/enzymes are always positive, and they have had an ST elevation MI (STEMI), in which a coronary artery is completely occluded.  

· ECG shows anterior ST segment depression:

· If cardiac biomarkers are present, then they have had a non-ST elevation MI (NSTEMI) in which coronary arteries are not completely occluded. 
· If cardiac biomarkers are absent, then they simply have unstable angina.  

· MI is most often caused by coronary thrombosis, but it can also be due to coronary artery embolism, coronary vasospasm (as in Prinzmetal’s angina), aortic dissection, coronary arteritis (CT disease/autoimmune), congenital coronary artery anomalies or severe hypotension.  

· Prinzmetal’s angina is coronary artery vasospasm characterized by episodic chest pain at rest which shows ST elevation (occlusion) during episodes of vasospasm and angina, and this can be treated with nitroglycerine.

· With ~20 minutes of ischemia, damage to the heart is completely reversible.  Beyond that, cells begin to die and damage becomes irreversible.  This spreads from the sub-endocardial tissue to the sub-epicardial tissue.  But, a thin layer of myocytes is preserved near the heart’s lumen, because some oxygen diffuses directly from the blood in the heart.  
· Myocardial ischemia causes reversible changes:

· Impaired oxygen and substrate delivery.  Within seconds this leads to cessation of oxidative phosphorylation, more anaerobic glycolysis (less efficient), consumption of glycogen and a fall in creatine phosphate (storage form of energy) and ATP with the corresponding increase in inorganic phosphate.  

· Decreased removal of end products that leads to lactate accumulation and decreased intracellular pH.   
· Electrolyte imbalance also occurs that basically dissipates ion gradients.  You see K efflux (and decreased RMP, which can cause arrhythmias) and increases in intracellular Ca and Na.  This is due to a lack of ATP for Na/K exchange and also generation of acid that activates Na/H exchange to increase Na influx.  Cells may swell during ischemia due to increased osmolality from catabolism and increasing intracellular Na.  
· With ischemia, the heart very quickly loses contractility, which is protective in that it reduces its metabolic requirements.  The heart also undergoes stunning, in which contractile dysfunction persists but is slowly reversible (the longer the ischemia, the longer it takes to recover from non-lethal cell injury).  

· Diagnosis of MI can be made with history (typical chest pain, unstable angina>15min, syncope, dyspnea, orthopnea, cough), ECG (ST elevation or depression), or by looking at the release of cardiac specific enzymes.  You first see ECG changes with intracellular changes that affect electrical properties.  When you get systolic dysfunction, you see chest pain.  And with infarction you see serum cardiac enzymes.  
· Cardiac enzymes can help you see if an MI occurred, and if so about how long ago.  

· Creatine kinase MB (CKMB) rises 4-12 hours after an MI.  But it falls within 24-48 hours.  CK-MB is more specific to the heart than looking simply at CK (CK also rises to higher levels)

· Troponin is also elevated ~4 hours after an MI but take 7-10 days to return to normal.  It’s more sensitive and more specific for cardiac muscle infarcts. 
· SGOT and LDH are not used for diagnosis, but are also elevated.

· The main coronary arteries are:

· LAD - occlusion leads to infarct of the anterior wall of the LV and intraventricular septum.  Complications include shock, VSD, and bundle branch block

· Left circumflex – occlusion leads to infarct of the lateral wall of the LV.  Complications include posterior papillary muscle rupture and mitral regurgitation.

· Right – occlusion leads to infarct of the inferior LV and right ventricle.  Complications include posterior papillary muscle rupture and mitral regurgitation, AV block, and VSD

· Larger infarcts have a worse prognosis, with more arrhythmias, more hemodynamic complications and more mortality.  Cardiogenic shock occurs when there more than 30% of the LV is infracted.  MI size is determined by the duration of occlusion, the size of the region supplied by that artery, the presence/absence of collaterals, and myocardial oxygen demands.  An occluded artery may increase the sympathetic drive, which increase HR, BP and contractility and increases demand on the heart which makes the situation worse.  

· Collateral flow is most abundant in the outer layers of the myocardium.  Normally there’s not much, but with gradual stenosis and ischemia, you develop more.  You can get enough so that you won’t get a transmural infarct even if the main artery to a region is occluded.  

· Reperfusion accelerates the disintegration of irreversibly injured myocytes and causes contraction band necrosis.  It may accentuate hemorrhage into areas of microvascular injury, causing a hemorrhagic infarct.  It may or may not cause lethal reperfusion injury in cells on the brink between reversible and irreversible damage.  But, it salvages most reversibly damaged tissue (allowing viable myocytes to slowly recover) and limits the size of the MI, which is the biggest prognostic indicator.  

· Reperfusion via thrombolytics or stenting can prevent or limit an infarct, which can really save lives.  But, myocardium dies fast so time to reperfusion is very important.  

· The most common consequences of acute MI are LV dysfunction and arrhythmia.  But, RV dysfunction, mural thrombosis leading to systemic embolism and mechanical complications: 

· Free wall rupture leading to hemopericardium and cardiac tamponade (fluid in the pericardium) which is usually fatal or can form a pseudoaneurysm in which the rupture is contained by the pericardium.   
· Papillary muscle rupture leading to mitral regurgitation.  This can occur with ST (Q-wave) or non-ST (non-Q-wave) segment elevation MI.  It usually causes an interior MI and can lead to pulmonary congestion and/or hypotension and mitral regurgitation.  The papillary muscles are sub-endocardial, so easily damaged with MI.  This is managed with diuretics and inotropes, vasodilators, intra-aortic balloon counterpulsation (inflates with diastole, deflates with systole to perfuse coronariy arteries better without increasing afterload), or emergent catherterization/surgery.  
· Septal rupture leading to VSD) can also occur with anterioseptal or inferior MI.  It also produces pulmonary congestion and/or hypotension.  In this case, you hear a systolic murmur and/or thrill at the left sternal border.  It’s basically treated the same way as mitral regurgitation.  
· 7% of MI patients die in the hospital, 10-20% die within a year. Arrythmias make up 40-50% of deaths and pump failure (cardiogenic shock or CHF) make up the other 40-45%.  In hospital mortality correlates strongly with the degree of heart failure.  

· With a large transmural infarct, you can get LV aneurysm and thrombosis.  The infarcted region thins and elongates, which also elongates the non-infarcted tissue (increasing LV volume and leading to heart failure).  This can increase LV size and lead to heart failure.  This can lead to aneurysm, inflammation and thrombosis (which can embolize).  
· Arrhythmias:

· Ventricular premature beats are common and untreated.  

· Accelerated idioventricular rhythm is common with reperfusion and also goes untreated

· Ventricular tachycardia or fibrillation can occur during or following an MI, and can cause sudden death.  They are treated with shock or drugs.  

· Block may be primary, secondary or tertiary, and can be permanent or temporary.  These may or may not need to be treated with a pacemaker.  

Treatment of Coronary Artery Disease:

· The goals of treating coronary artery disease are to improve symptoms and decrease the risk of MI and death. 

· Antiplatelet therapy:  Platelet activation is a hallmark of acute coronary syndromes and is a very strong predictor of recurrent ischemic events following an MI.  The more platelet activity you have, the more likely you are to die or have an MI.  

· Aspirin is a COX-1 inhibitor, and is a very cost-effective therapy for CAD.  It irreversibly acetylates COX-1 in platelets, limiting thromboxane production.  Anucleate platelets are permanently inhibited because they can’t make more COX-1.  

· All patients with CAD should be on aspirin indefinitely to reduce the risk of death or MI, unless contraindicated.  

· Clopidogrel inhibits the P2Y12 ADP platelet receptor, decreasing platelet aggregation and activation.  

· Clopidogrel does not improve outcomes in stable patient without platelet activation, and only increase the risk of bleeding.  

· In patients with acute coronary syndrome (unstable angina, non-ST elevation-ACS) who likely have platelet activation, clopidogrel should be given for up to a year.  

· For patients with an ST elevation MI, clopidogrel should be given along with aspirin and whatever other drugs (thrombolytics, etc) they are getting.

· ACE-Inhibitors:  ACE activates angiotensin I to angiotensin II, and ACE also inactivates bradykinins.  ACE-inhibitors cause less angiotensin II to be around, and more bradykinins to be around so that more of them are converted to NO.  This reduces afterload, increased NO production, improves endothelial function, decreases expression of the oxidized LDL receptor, and prevents clotting (by increasing plasminogen activator, and inhibiting plasminogen activator inhibitor).  ACE-Is limit atherosclerosis, decrease LV remodeling/apoptosis, etc.  RAAS and neurohormonal activation following MI tries to maintain tissue perfusion, but really puts more stress on the heart and makes it worse.  
· For patients with stable coronary disease at high risk, ACE-Is improved outcomes, particularly if revascularization isn’t an option.  For patients with stable coronary disease at lower risk (on statins, aspirin, stented, etc), an ACE-I doesn’t help.

· Post-MI with LV dysfunction or heart failure, ACE-Is are very beneficial due to decreased remodeling, RAAS signaling, etc.  These should be continued indefinitely

· Beta-Blockers decrease the effects of catecholamines on the heart.  They decrease myocardial oxygen demand and decrease BP/HR/contractility.  Slower HR allows for more diastole and better coronary filling.  Beta-blockers also reduce ischemic ventricular arrhythmias.  They are ideal to improve angina symptoms and improve outcomes post-MI
· In stable CAD, beta-blockers improve exercise times, reduces angina episodes, and reduces hospitalizations for angina.  It’s a first-line therapy for treating stable coronary disease to reduce angina frequency.
· Post-MI, beta-blockers improve survival, and they are the only anti-arrhythmic drugs shown to do so.  The more severe the LV dysfunction, the greater the benefit beta-blockers provide.  All post-MI patients should get beta-blockers

· Statins lower LDL cholesterol by inhibiting HMG-CoA reductase, and they also decrease inflammation (CRP), enhance NO, and improve endothelial function.  LDL and CV events have a linear relationship, so improving LDL can really improve outcomes.  
· In stable CAD, regardless of baseline LDL levels, everybody benefitted from a statin.  And these drugs are very well targeted.  The lower the LDL the better.

· Post-MI, lowering LDL improved outcomes.   

· All patients with CAD should be on a statin.  

· Revascularization seeks to reduce angina episodes and improve survival.  It can be done via percutaneous coronary intervention (stent) or CABG (coronary artery bypass graft).  CABG for stable CAD probably shows comparable outcomes with medicine, whereas the opposite is true for unstable or multiple vessel CAD, so balancing risks and benefits of invasive procedures is important.  For stable CAD, PCI/CABG should be reserved for cases where medical management fails.  For NSTE(non-ST-elevation)-ACS, PCI improves outcomes.  In STEMI with 100% occlusion, restoring perfusion with thrombolysis or PCI (preferred) within 12 hours (before infarction) is ideal.  
· In stable CAD, catherterization should only be done when medical management fails or if a stress test is strongly positive for ischemia due to left main or 3 vessel coronary disease.  

· In unstable NSTE-ACS (where a plaque has ruptured), PCI/stent is beneficial.  The higher risk the patient, the greater the benefit.  

· In STEMI, reperfusion within 12 hours saves lives.  Thrombolytics like streptokinase, tissue plasminogen activator (tPA), reteplase (rPA), and TNK-tPA all activate plasmin to break apart clots.  The earlier the better.  PCI is preferred, if available, because it has less of a risk of bleeding complications. 
Cardiovascular Aging:

· Age is the most potent coronary heart disease risk factor.  Among others are being male, being post-menopausal, etc.  CHD is becoming more common in older people partly due to age-related changes and partly due to better treatment of younger patients so they survive longer.  Older people also tend to do worse, partly due to atypical or delayed presentation, altered drug metabolism, comorbidities, and decreased CV reserve.  

· People over 65 make up the vast majority of admissions and deaths for CV disease.  It’s projected to increase a lot as baby-boomers age.  

· There are age-associated changes in substrates that occur naturally with aging.  You generally have increased vulnerability and decreased reserve.  But it’s pretty heterogeneous among individuals, and with so many other factors it’s hard to separate from disease and lifestyle and examine independently.  

· Longitudinal studies are the gold standard for investigating the effects of aging.  One of the biggest was done in Baltimore.  With increasing age, populations become very heterogeneous due to various co-morbidities, changes in organ systems, polypharmacy and other physiological changes.  People used in clinical trials tend to be carefully selected, so they may not represent all people in that age group.

· Age is the most significant risk factor for cardiac disease.  This is due to changes in the organs and can produce diminished reserve function or have negative influence on activity and quality of life. 

· The changes associated with aging include:  

· Increased arterial stiffness and endothelial dysfunction:  

· Structurally you have more cross-linked collagen (may increase intimal thickness) and less elastin (it breaks down), resulting in a stiffer vessel with increased diameter.  This reduces absorption of systolic energy, causing increased pressures during systole and increasing the speed of blood flow.  Normally a pressure wave rebounds off of the iliac bifurcation and comes back to the heart during diastole to help fill the coronary arteries.  But aortic changes increase the velocity of the pulse wave, causing it to return during systole and both increases afterload and reduces coronary artery filling.  A bigger aorta is also full of more blood that has to be pushed along with each beat (increased inertance), and there’s a minor increase in systemic vascular resistance.  So the heart has to pump more and develops LV hypertrophy.  This can also lead to prolonged LV contraction and decreased early diastolic filling, or increased atrial pressure and size (risk for atrial fibrillation).  This can produce heart failure and cause fluid to back up into the lungs. 

· Since the pulse wave normally returns during diastole and it now returns during systole, you have an increased systolic blood pressure and decreased diastolic blood pressure.  This impairs filling of the carotids, and you have less supply to a muscle that is now hypertrophied.  It shows up as an increased pulse pressure, often with hypertension or isolated systolic hypertension (a normal part of aging, but still requires treatment).  

· Three of the main markers of disease are increased pulse pressure, LV hypertrophy and decreased early diastolic filling.  

· You also get decreased endothelial-mediated vasodilation, and changes in baroreflexes (more orthostatic hypotension).  There is no change in responsiveness to NO, rather it seems to be a problem with NO production.  Endothelial dysfunction can contribute to CAD.  This is exacerbated by HTN, dyslipidemia, CHD, heart failure, etc but can be improved with aerobic exercise.  

· Decreased beta-adrenergic responsiveness:  There is a decreased chronotropic and inotropic response, so circulating NEpi and Epi levels are high.  Usually there’s no change in resting function, just a blunted response to stress/exercise.  Beta adrenergic stimulation also drives a lot of hemodynamic changes, like vessel tone, afterload, LV hypertrophy, prolonged LV contraction and delayed LV filling, etc.  

· Decreased early LV filling rate:  Delayed LV filling (from decreased adrenergic response and just stiffer ventricles) doesn’t alter the LV end-diastolic volume, but just relies more on atrial contraction and can increase atrial size and lead to atrial fibrillation.  

· Conduction system changes:  With age, you see a reduced number of cells in the SA node that can lead to arrythmias.  You also have increased collagen and fibrosis around the conducting system, and more fat particularly around the AV node.  Calcification of the heart slows conduction in the AV node too.  You see an increased PR and QT intervals, and you may get left axis deviation and/or right bundle branch block (all as a result of deterioration or fibrosis of the electrical conducting system).

· Changes in hormone levels:  In addition to increased circulating catecholamines, you also see decreased RAAs enzymes.  Because the vessels are stiff, a small change in volume can lead to a significant change in pressure.  So older people are often very sensitive to changes in volume.  

· Other age related changes include loss of elastic recoil in the lungs, which is accompanied by reduced vital capacity, reduced minute ventilation and increased V/Q mismatch.  In the kidneys you see a lower GFR, impaired water/electrolyte balance, low RAAs activity and impaired renal excretion of drugs.  You can also see sarcopenia, a loss of muscle mass and strength.  

· If you look at VO2max (maximal oxygen consumption, a measure of exercise tolerance), you see a reduced exercise tolerant in older individuals.  VO2max depends on cardiac output and oxygen extraction from the blood.  Even though heart rate decreases due to decreased responsiveness to adrenergic stimulation, cardiac output is maintained by increasing stroke volume (end diastolic volume and end systolic volume are both increased, but end diastolic volume is increased more).  So, the changes in VO2max are partly due to an inability to extract oxygen well.  

· The net effect of all of this is a big reduction in CV reserve function, despite function remaining normal at rest.  In this situation, things that decrease oxygen supply (plaques, anemia, hypoxia, HTN, spasm) or things that increase oxygen demand (exercise, tachycardia, LVH, sepsis/fever, or thyroid disease) may bring out cardiovascular problems.

Heart Failure (formerly called CHF) – Introduction:
· Heart failure is a syndrome, not a specific disease.  It results from the heart’s inability to fill or eject blood appropriately.  It is characterized by abnormal LV function and neurohormonal regulation.  Typically, it is accompanied by dyspnea, congestion, and decreased survival.  

· Heart failure is extremely prevalent, and is the most frequent cause of hospitalization in the elderly.  It causes about 250,000 deaths/year.  

· The symptoms of HF are:  exertional dyspnea, orthopnea (dyspnea while lying down), paroxysmal noctural dyspnea (PND), exercise intolerance, fatigue, weakness, peripheral edema, abdominal congestion, and palpitations. 

· Exercise intolerance is due to pulmonary congestion and insufficient blood flow to muscles from heart failure.  But it’s also due to a decreased ability to vasodilate local vasculature during exercise.  If there was normal regulation and you exercised with one leg, you’d get more blood to that single leg than when both legs are exercising and blood has to be sent to both legs.  This doesn’t occur in heart failure patients. 

· HF has forward effects (if the LV is weak and CO is low, you’ll get diminished perfusion of vital organs) and backwards effects (if you block flow, things will back up upstream of the blockage).  The HF syndrome is a result of both mechanisms.

· HF also has left-side effects (blocked LV causes increased LA pressure and pulmonary congestion/dyspnea) and right-side effects (blocked RV causes increased RA pressure and peripheral edema).  The most common cause of right-heart failure is left-heart failure.  Peripheral edema usually represents biventricular failure.  

· HF also results in fluid retention, because decreased organ perfusion reduces GFR and activates the RAA system.  Fluid retention is what causes most of the signs and symptoms of 
HF, which is why people used to call it CHF.  You can get HF without congestion/edema though.  Congestive symptoms include dyspnea, orthopnea, and paraoxysmal nocturnal dyspnea (from elevated LA pressure) and peripheral edema, hepatomegaly, ascites, and anorexia/gut edema (from elevated RA pressure).

· The lack of cardiac output results in fatigue, cool skin, renal dysfunction, and if it’s really bad you can get confusion (since perfusion of the brain is usually well protected).

· With myocardial dysfunction, you get decreased CO.  You try and compensate for this by activating the RAA system and sympathetic nervous system.  This would help if you were volume depleted, but in this case it does things like increase rate/force of contraction, increase vasoconstriction, etc that increases the heart’s workload, which exacerbates the cardiac dysfunction and congestion.  

· HF may be systolic (failure to eject blood…very common) or non-systolic (heart fails to fill during diastole…less common).  Most patients have a mixture of both.

· Causes of systolic ventricular dysfunction include coronary disease, valvular disease, hypertension, and dilated cardiomyopathy.
· Causes of non-systolic ventricular dysfunction include chronic HTN, aging, ischemia (stiffening), hypertrophic CM, restrictive CM, and pericardial disease.  

· The cardiomyopathies may be dilated (impaired ventricular contractility), hypertrophic (reduced ventricular volume), or restrictive (normal contractility but reduced filling due to poor diastolic compliance…so atria are usually enlarged).  

· Dilated cardiomyopathy can be caused by coronary disease, idiopathic, valvular, familial, HTN, myocarditis, ethanol, cocaine, muscular dystrophy, peripartum, adriamycin, cobalt, thyroid disease, pheochromocytoma, or connective tissue diseases.

· On PE, you will see fluid retention, you may hear an S3, mitral regurgitation, and tricuspid regurgitation (as heart dilates, leaflets can’t close all the way).  
· HCM may be familial, and it’s commonly due to a mutated β-myosin heavy chain gene.  It usually presents in a patient’s 20s, and sudden death may be the initial manifestation.  
· HCM may be obstructive, in which case diastolic dysfunction is present, but the problem is mostly due to obstructed LV outflow caused by contact between the mitral valve leaflet and the ventricular septum.  This produces a pressure gradient between the apex of the heart and the aorta.  There usually isn’t a gradient between the base of the heart and the aorta, because the base is measured distal to the obstruction.

· Far more often, HCM is non-obstructive and the primary problem is just diastolic dysfunction.  

· Both result in dyspnea, palpitations, angina, and syncope.  On PE you see less fluid retention, but you may hear an S4 and detect an aortic outflow murmur.  
· Restrictive cardiomyopathy is pretty rare, and may be caused by things like amyloid deposition.  It can have a rapid downhill course in which heart failure symptoms predominate and right heart failure is common.  Life expectancy is around 6 months.  In a restrictive CM, the ventricles look pretty normal and the atria are enlarged.  
· Amyloid is the accumulation of one of several amyloid proteins, most commonly Ig light chains in multiple myeloma.  It’s a systemic disease with a poor prognosis and no specific treatment.  The amyloid desposits stain pink (and show up on a congo red stain), and they tend to form in vessels and around myocytes.
· PE is similar to dilated CM, but right sided findings predominate.  
· Remember, heart failure is a syndrome whereas cardiomyopathy is a disease.  Cardiomyopathy isn’t the only cause of heart failure, and you can either one without the other.

Biochemistry and Cell Biology of Heart Failure:
· With heart failure due to dilated cardiomyopathy, you get fluid retention that causes increased preload, elevated arterial resistance that increases afterload, depressed contractility of the heart, and with stress/exertion a decreased CO and BP.  Therapy that just addresses these hemodynamic changes (vasodilate to reduce preload, venodilate to reduce afterload, decrease contractility) has failed, so it’s more than just a hemodynamic problem.  
· You first get reduced pump function.  This is followed by neurohormonal stimulation, remodeling of the heart (hypertrophy or dilation), vasoconstriction, and tachycardia.  These changes ultimately cause cellular and molecular changes that often worsen the problem, so blocking these pathways can be good treatment options.  
· The failing heart may have altered sarcomeres, signal transduction, electrical abnormalities, myocyte death, blunted angiogenesis, fibrosis, altered metabolism, abnormal calcium homeostasis, and altered neurohormonal signaling.  Altered signal transduction can often lead to the reactivation of fetal genes, which may make heart failure worse.  

· Heart failure is often accompanied by catecholamine hyperstimulation that tries to offset reduced pump function.  This response is fine acutely and can be very beneficial in situations like infarction, but when sustained it really contributes to progressive deterioration.  The more adrenergic stimulation you have, heart failure tends to be more severe and mortality higher.  With exercise, catecholamine levels become even more elevated.  This was long thought to be critical for compensation and survival in HF, but that turns out not to be the case.  Sustained catecholamine stimulation produces myocytes damage/fibrosis, hypertrophy and molecular changes that diminish function, oxidative stress, apoptosis, metabolic derangement, angiotensin II production and contractile signaling abnormalities.  The net effect is to decrease diastolic and systolic heart function and make HF worse.
· Normally, adrenergic and RAAS stimulation increase venous return (preload), increase HR and contractility, induce vasoconstriction and stimulate cardiac growth to compensate for increased chamber size and wall stress.  

· Stimulation of β1 receptors normally increases cAMP and PKA signaling.  This phosphorylates L-type Ca channels in the SR to cause more Ca uptake, phospholamban (regulatory protein) to relieve phopholamban-mediated inhibition of Ca uptake into the SR, and troponin I to make myofilaments less sensitive to Ca so that the heart of more relaxed at diastolic [Ca].  Protein-phosphatase-1 (PP-1) dephosphorylates phospholamban, and an inhibitor of PP-1 also exists.  Finally, a beta-adrenergic receptor kinase (BARK) internalizes beta-adrenergic receptors.  
· With heart failure, you see a decreased response to adrenergic stimulation, resulting from downregulation of receptors under conditions of catecholamine excess.  There is more BARK which causes a decrease in receptor density, decreased adenylate cyclase activity, more inhibitory Gi signaling, and increased chronic catecholamine toxicity.  

· With adrenergic agonists (dobumatine, PDE3 inhibitors like milrinone) you can still increase contractile response, but this worsens prognosis if used chronically.  

· Decreased adrenergic responsiveness also decreases the rate of calcium sequestration into the SR.  This delays ventricular relaxation and decreases early filling.  It can cause elevated diastolic pressures and pulmonary edema.  During exercise, if the heart needs to relax more quickly, it may not be able to.  
· Chronic treatment with a beta blocker can increase systolic function (opposite of the acute effects), reduce heart rate and improve exercise tolerance and mortality.  Using an LVAD provides CO and really unloads the left heart, which can also reduce the systemic adrenergic stimulation.  If on an LVAD, patients may have a near-normal response to adrenergic stimulus.  

· Sustained adrenergic stimulation damages the myocardium and decreases responsiveness to catecholamines, which reduces systolic function.  

· RAAs signaling, particularly angiotensin II, plays a role in the molecular and structural changes in a failing heart.  When it binds an AT1 receptor, angiotensin activates Gq and the PLC cascade (DAG, IP3).  This increases [Ca], activates kinases, and stimulates oxidant stress, fibrosis, myocardial growth/hypertrophy, and altered cell signaling.  
· So angiotensin plays an important role in changes in the failing heart.  It promotes vasoconstriction (increases vascular resistance) and fluid retention (bad for CHF) via thirst and aldosterone.  It also stimulates fibrosis/collagen synthesis and hypertrophy, which can cause ventricular stiffness in hypertrophic heart failure.  Angiotensin also reduces endothelial function.

· ACE inhibitors and ARBs have been very effective in treating heart failure, and because of all of these other effects, they’re much better than other vasodilators.  

· Sustained RAA system activation plays a key role in maladaptive cardiac remodeling and dysfunction.  It stimulates calcium dependent pathways that activate mitogen or Ca dependent kinases/phosphatases.  It triggers the release of ROS, and it really contributes to pathologic cardiac remodeling (dilation, hypertrophy, fibrosis).
· B-type atrial natriuretic peptide signals via guanylyl cyclase, cGMP, and PKG.  It causes vasodilation, enhances cardiac relaxation, and reduces growth/remodeling/fibrosis.  ANPs are generated with stretch of the atria, and they act on the kidneys to enhance Na excretion (helps with the volume overload that can lead to LV hypertrophy).  You make more of these with heart failure, but you seem to be desensitized to their effects.  
· ANPs increase GFR, reduce fluid/salt reabsorption, reduce vascular tone, are anti-fibrotic/proliferative/hypertrophic, antagonize sympathetic tone, cause vagal tone and reduce renin/antiogensin.  So they seem very beneficial.  But it is also associated with higher mortality, so its benefits are unclear.  
· cGMP is also generated by NOS (nitric oxide synthetase), so augmenting the cGMP signaling with NOS could also potentially be beneficial.  Or you can inhibit the breakdown of cGMP by PDEs with drugs like sildenafil (Viagra).  Sildenafil works well in the lungs and corpus cavernosum.  cGMP antagonizes cAMP (stimulated by catecholamines) signaling.  

· So enhanced cGMP/PKG signaling is good for vasodilation and reducing maladaptive remodeling.  

· Heart failure patients very commonly die of arrhythmia (electrophysiologic changes) and also commonly from severe heart failure and congestion.  Initial depolarization is due to Na influx, then there’s a transient K current (via the Ito channel), the L-type Ca channels control the Ca influx of the plateau phase, and finally delayed rectifier K channels repolarize. 
· In heart failure, Ito is reduced and there’s less Ca uptake into the SR (less SR Ca ATPase, reduced phophorylation of phospholamban, etc).  So, the cell more slowly exchanges Ca for Na across the cell membrane.  Repolarizing K currents are also depressed.  Basically this results in a prolonged AP duration, which can be non-uniform and contribute to electrical instability.  Longer APs related to higher/longer calcium levels can trigger a secondary excitation, called an early after depolarization (EAD).  EAD is where some parts are depolarized for a long time, but other parts have begun to repolarize and you can get cyclic stimulation of the heart that doesn’t stop.  This is treated with defibrillation.  

· Calcium homeostasis is abnormal in HF.  You have reduced SR Ca ATPases, reduced phosphorylation of phospholamban, leak of Ca from the SR, reduced/delayed Ca transients during AP, increased Na/Ca exchange at the plasma membrane, and increased mitrochondrial Ca that causes damage and oxidant stress.  This results in longer plateau phases and longer APs, prolonged relaxation and increased diastolic pressures, and depressed contractility.  
· Fewer K channels are present, which contributes to longer APs, which contributes to arrhythmias.    
· Normally with increased HR you have increased contractility, but in heart failure when the heart rate rises you have a decreased in contractility.  

· HF also produces systemic vascular abnormalities in which you can’t vasodilate properly to perfuse exercising muscles.  It is mediated by:
· Endothelial dysfunctions in which response to vasodilators and production of vasodilators like NO are impaired.  This may be related to neurohormones and can be improved with exercise. You may have vascular remodeling that ends up with inadequate capillaries, or you can also have problems with the vascular smooth muscle itself. 

· Skeletal muscle metabolic capacity is decreased and oxygen uptake by muscles is decreased.  When this occurs in respiratory muscles, it really contributes to fatigue, dyspnea, etc.  

· Baroreflexes and other peripheral neuroeffector systems are abnormal, so homeostasis of vascular flow can be weaker.  This is partly due to sustained sympathetic/angiotensin stimulation.  
· Overall, heart failure is more than just a problem with the heart’s performance.  The systemic vasculature is less responsive (linked to endothelial dysfunction) and tissue perfusion is limited.  You get dyspnea and fatigue.  Enhancing vascular function is important in CHF therapies, and exercise can really help with this.

Heart Failure Hemodynamics:
· Many things predispose to heart failure.  It often starts with factors like HTN, obesity, diabetes, smoking, etc while the LV is still normal.  If these things are chronic or if you get an acute MI, you can get LV remodeling.  That can lead to systolic (as in MI) or diastolic (as in LVH) dysfunction and CHF.  

· A lot of this can be mediated by the neurohormones (RAA, catecholamines) released when there’s a fall in LV performance.  These hormones can lead to fibrosis, hypertrophy, etc that can cause remodeling and further decline in LV function (culminating in arrhythmias or pump failure) or vascular and hemodynamic changes like vasoconstriction and fluid retention that lead to heart failure symptoms (fatigue, altered activity, chest congestion, edema, shortness of breath).  

· Heart failure may be dilated (from ischemia, viruses, HTN, drugs, labor, metabolic deficiencies, hemachromatosis), restrictive (amyloid, pericardial constriction, hypertrophic cardiomyopathy, endocardial fibrosis, sarcoid, etc), or high output (hyperthyroidism, anemia, thiamine deficiency, AV fistula).  

· LV function will decline, and eventually you start to require compensation.  This can eventually become inadequate and your exercise tolerance decreases.  As if becomes more severe, you get symptoms in addition to severely reduced exercise tolerance, and it can become so bad that symptoms are refractory to treatment.  

· Ventricular performance is determined by preload, afterload, contractility, diastolic compliance, and heart rate.  

· Preload is the muscle length before contraction, and for the heart it can be measured as the end-diastolic volume.  This is closely related to the end-diastolic pressure.  Preload can be reduced with diuretics and nitrates. 
· Afterload is determined by aortic pressure, aortic impedance, ventricular volume, and wall thickness.  Afterload can be reduced with vasodilators like ACE-Is or hydralazine.  
· Contractility is the strength of muscle contraction not related to pre-load or afterload.  It can be measured by the end-systolic pressure volume relationship (ESPVR).  Drugs that improve contractility include milrinone, dobutamine, dopamine, epi and Nepi.  These are helpful acutely, but can increase mortality in the long run.

· Diastolic function is divided into:  Isovolumic relaxation (after aortic valve closes and before the mitral valve opens), early/rapid/passive filling, and atrial filling.  This is affected by the diastolic compliance (stiffness).  Abnormal isovolumic relaxation occurs in heart failure and is caused by decreased calcium reuptake into the SR, reduced phosphorylation of regulatory thin filaments, abnormal titin and increased muscle viscosity.  

· In acute heart failure (ex: after MI), you lose systolic function, stroke volume decreases, BP decreases, and you go into cardiovascular shock.  As an acute response, you have baroreceptor and sympathetic activation to increase venous return and constrict arteries, and you increase heart rate (neurohormonal activity to increase contractility).  If you survive, this response is present chronically and becomes maladaptive.  You can get remodeling due to RAAS activity, sympathetic hyperstimulatino, stress/growth signaling, myofiber rearrangement, apoptosis of the myocardium, protease activation, etc.  

· This may be treated with an LVAD or an artificial heart.  These may be a bridge to transplant or in older patients a destination therapy.  

· Pharmacologic therapy:  Diuretics, digoxin, inotropes, vasodilators, ACE-Is, and neurohormonal inhibitors.  All improve symptoms, ACE-Is and vasodilators improve mortality, inotropes increase mortality.  Only ACE-Is prevent CHF.  Only ACE-Is, neurohormonal inhibitors and digoxin improve neurohormonal control.  
· Treatment of asymptomatic LV dysfunction should be with ACE-Is for preventing progression.  When patients have NY heart association class II (mild) CHF, mild diuretics, digoxin and neurohormonal inhibitors may be indicated.  When class III, loop diuretics are indicated.  When class IV (symptomatic at rest) inotropes, specialized therapy and/or transplant may be indicated.  

· The clinical presentation of heart failure includes progressive dyspnea, orthopnea, paroxysmal nocturnal dyspnea, and weight gain/edema.  PE should show elevated JVP with abdominojugular reflex (press on abdomen, see increase in JVP), rales, edema, and cool extremities.  

· To assess hemodynamic status:  If there’s low perfusion at rest, extremities will be cold, patient may be sleepy, you may see a narrow pulse pressure and there may be renal dysfunction.  If there’s congestion at rest, the patient will be ‘wet,’ showing the clinical presentation of heart failure.  

· Diagnostic testing should confirm the diagnosis made by H&P.  It includes chest x-ray, plasma BNP (brain natriuretic peptide…made in heart, measured as an indication of heart filling pressures) and right heart catheterization.  

· Right heart catheterization is the gold standard for confirming the diagnosis of heart failure.  It allows for direct measurement of RA pressure, pulmonary artery pressure, pulmonary capillary wedge pressure (a measure of LA pressure) and CO.  It allows you to calculate cardiac index and pulmonary vascular resistance and allows you to see if there are intracardiac shunts.  Catheters often include a thermistor for temperature measurement.  CO can be calculated by thermodilution.  Since CO=HRxSV, this also allows you calculate stroke volume.

· RA pressure peaks at the p-wave on an EKG.  The pressure at this point is the best estimate of end-diastolic RV pressure, and it corresponds with maximal ventricular filling. 
· RV pressure shows a small increase with RA contration, then a big increase from the QRS to T waves on an EKG

· Pulmonary artery pressure rises as RV contracts and falls once it relaxes.  But then the pulmonary artery pressure increases again to produce the dicrotic notch on the pressure waveform.  This is due to a pressure wave coming back up the aorta from where the initial pressure wave of ventricular contraction rebounded off of the splitting of the iliac arteries.

· PAWP (pulm artery wedge pressure) is measured at the time of atrial contraction.  It also changes with pleural pressure, so as pleural pressure goes down during inspiration, it also goes down.  With mechanical ventilation, pressure goes up during inspiration.  

· Decreased perfusion often correlates with increased systemic vascular resistance.  Congestion often correlates with pulmonary capillary wedge pressure.  

· Cardiogenic shock is when the RA pressure increases, PCWP increases (congestion), there’s low cardiac output, and high SVR (so extremities are cold).  Septic shock decreases RA pressure, decreases PCWP (dry), increases cardiac output and decreases systemic vascular resistance (so extremities are warm).  

· Pulmonary HTN causes an increased RA pressure and decreased PCWP (indicates LA pressure), but a normal CO and SVR.

Right Heart Failure and Pericarditis:
Right Heart Failure:

· Increased afterload has a much greater effect on stroke volume in the RV than the LV.  So any increase in pulmonary pressure can resulting RV failure.  If there’s a blockage somewhere in the system, fluid will accumulate upstream (w/ the legs, liver and gut upstream of the RA).  

· Etiologies of right heart failure:

· Left ventricular failure is the most common cause of right heart failure.  This may be due to ischemia, HTN, cardiomyopathy, aortic stenosis/regurgitation, congenital heart disease, or infiltrative/constrictive heart disease.

· Mitral valve stenosis (less common now that there’s less rheumatic fever), which is characterized by a big LA but small LV.  Or, mitral valve regurgitation.

· LA tumors (myxoma – rare)

· Pumonary veins (rare) – stenosis (congenital or from ablation tx for atrial fib) or veno-occlusive disease.

· Pulmonary disease – emphysema/COPD, pulmonary fibrosis, CR.  These things cause hypoxia, decreases in capillary bed and acidosis/hypercapnia that lead to pulmonary HTN and RV failure.  

· Pulmonary artery – idiopathic pulmonary HTN, occlusion (embolism), or stenosis

· RV dysfunction – infarction, cardiomyopathy, congenital, restrictive/infiltrative, or constrictive heart disease.

· Tricuspid valve – stenosis or regurgitation.

· Restrictive/infiltrative cardiomyopathy is characterized by stiff ventricles and diastolic dysfunction, but normal systolic ventricular function.  It may be caused by amyloidosis, sarcoidosis, hemochromatosis, scleroderma, storage disorders (Hurler, Gauches, Fabry), etc.

· Symptoms of cardiac dysfunction:  

· Left heart:  orthopnea, paroxysmal nocturnal dyspnea. 

· Right heart:  right upper abdominal fullness, anorexia, nausea, early satiety, abdominal swelling, pedal edema.

· Low output state:  dyspnea, fatigue, weakness.  

· Signs of cardiac dysfunction:

· Left heart:  rales, S3/S4, mitral regurgitation, pleural effusion

· Right heart:  jugular venous distention, hepatomegaly, ascites, edema, right sided S3/S4, tricuspid regurgitation.

· Low output state:  tachycardia, hypotension, pallor, cool/clammy skin.

· Chronic, passive congestion of the liver causes an enlargement of the ventral veins and a spotty ‘nutmeg liver’ appearance.

Pericardial Disease:

· The normal pericardium has a fibrous parietal layer, a thin (single cell layer) visceral layer, and fluid in between.  It normally prevents excessive movement of the heart, decreases friction, and acts as a barrier against infection.  

· Acute pericarditis is similar to arthritis.  Both are due to inflammation (often with systemic manifestations), which cause pain and noise when surfaces rub.  The surfaces may ‘weep’ fluid and in time they may scar.  Two of the following three features must be present for a diagnosis of acute pericarditis:  chest pain (pleuritic), pericardial friction rub, and widespread ST elevation (sometimes with PR depression).  

· Pleuritic pericardial chest pain tends to be pre-cordial, interscapular, sharp/stabbing, worse when supine and on inspiration, improved when sitting up, lasts for hours and is unresponsive to NTG.  Ischemic pain, in contrast, is retrosternal, feels like pressure, is worse on exertion and better at rest, lasts minutes and is improved with NTG.

· Etiologies include idiopathic, infection (usually viral), tumor, infarct/injury, CT disease, uremia or medications.

· Pericardial effusion and tamponade:  with pericardial effusion (fluid accumulation) you see much smaller voltages on EKG with QRS complexes of varying height (electrical alternans).  This is due to movement of the heart in the pericardium.  The fluid may be visualized on ultrasound.  

· The normal pericardium is pretty stiff, so as volume increases, pressure increases very quickly.  If the pressure outside the heart (from the pericardium) is greater than the pressure inside the heart, the heart won’t fill (tamponade).  The transmural distending pressure of the heart is (intracardiac P – intrapericardial P).  Increased pericardial pressure decreases the transmural distending pressure, which limits heart filling and decreases stroke volume.  

· Pericardial effusion can occur with or without without compression (tamponade).  

· In cardiac tamponade, the intrapericardial pressure increases to the level of the RA and RV in diastole.  Compression occurs and the stroke volume goes down.  The heart can’t fill, so it can’t pump well, and catecholamines are released, heart rate increases, etc.  Tamponade depends on how much fluid there is in the pericardium, how fast it accumulates and how distensible the pericardium is.  If the fluid accumulates slowly, the pericardium can adjust and become more distensible.  

· Signs of tamponade include decreased BP, narrow pulse pressure, tachycardia, increased JVP, cool and clammy skin, tachypnea, distant heart sounds, and pulsus paradoxus (exaggeration of the normal inspiratory fall in BP, because inspiring increases venous return and more blood in the right heart causes it to expand into the left heart since the pericardium is less distensible).  Decreased LV size and output lowers the BP.

· Constrictive pericarditis:  This is when the pericardium thickens and calcifies over time.  You see increased JVP, edema/ascites, maybe pleural effusion, an early diastolic sounds (a pericardial knock), Kussmaul’s sign (inspiratory increase in JVP) and pericardial thickening on imaging.  

· Etiologies include acute viral pericarditis, TB, remote infectious pericarditis, CT disease, irradiation, malignancy, cardiac surgery, or idiopathic.

· In constrictive pericarditis, the thickened pericardium encases the heart like a box.  The ventricles fill rapidly to a certain extend, then stop abruptly.  This produces the square root sign on recordings of ventricular pressure.  Filling begins rapidly and pressure increases, but then abruptly plateaus.  Once the limit of filling is met, pressure in all chambers during diastole are equal.  

Genetics of Cardiomyopathy:

· Genetic forms are common among all types of cardiomyopathy and a familiy history is always contributory.  Muscular dystrophy, hearing loss and cardiac arrhythmias very often co-segregate with cardiomyopathy.  

· Cardiomyopathy etiologies include idiopathic, ischemia, valvular, familial, HTN, myocarditis, alcohol, cocaine, muscular dystrophy, peripartum, adriamycin, cobalt, thyroid disease, pheochromocytoma, CT disease, and viral infections.  

· Familial forms are frequently missed due to incomplete pedigrees, de novo  mutations, age-dependent phenotypes, and incomplete penetrance.  Screening family members of people with idiopathic cardiomyopathy is recommended.  

· Hypertrophic, dilated, restrictive and RV cardiomyopathies all have heritable forms.  Patterns of inheritance include auto dom, auto rec, x-linked (no male to male transmission…females may get some manifestations due to x-inactivation), or mitochondrial.

Hypertrophic Cardiomyopathy:

· This affects 1/500 people.  Familial, auto dom forms are most common (most cases have a known affected first degree relative).  Hypertrophic CM is when the wall thickness is greater than normal in the absence of an increased external load.  

· The clinical presentation of HCM includes dyspnea, angina, lightheadedness, and syncope.  Age of onset varies.  You hear a characteristic murmur and see an abnormal (bisferiens) carotid pulse.  The hypertrophy may be sub-aortic, apical, or symmetric, and it’s not known what produces the differences.  It can produce or exacerbate LV outflow tract obstruction, producing an increased gradient along the outflow tract.  Things like dehydration, exercise, systemic vasodilation (alcohol), or an anterior mitral valve leaflet can make it worse.

· HCM is a disorder of the sarcomere.  Mutations in many sarcomere components can cause the disease (beta-myosin heavy chain mutations make up ½ of cases).  Some mutatinos have worse prognosis than others.  Compounds heterozygotes can make it even more severe.
· Mutations in some non-sarcomeric proteins are also associated with HCM.  

· PRKAG2 (protein kinase A2) produces a glycogen storage disease with enlarged myocytes with glycogen filled vacuoles.  There are often PAS (+) inclusions in the vacuoles.

· LAMP2 (lysosome associated membrane protein) is X-linked and associated with Danon disease.

· GLA (alpha galactosidase A) is X-linked and associated with Fabry disease (proteinuria, neuropathy, corneal dystrophy, angiokeratinomas).  Diagnosis is important because enzyme replacement therapy has been shown to really help.

· All of these cause aberrant A-V conduction (WPW syndrome)

· Genetic testing can be done to confirm a clinical diagnosis, anticipate syndromic manifestations, screen within a family, or provide prenatal family planning.  It should be done with proper counseling, since there are issues like incomplete penetrance, SNPs (possibly benign) vs mutations, etc.  Safety is assessed by phenotype, not genotype.  Testing is becoming much cheaper and faster.  

· HCM is common in young athletes.  

· Current treatment includes beta blockers to control BP and HR, surgical/catheter reduction in focal (subaortic) hypertrophy, and arrhythmia protection via an ICD.  A possible role for Ca channel blockers is being studies.  

Dilated Cardiomyopathy:

· Non-ischemic DCM is largely familial (auto dom) and has onset any time from neonatal to late adulthood.  The criteria for a diagnosis of familial DCM include a low ejection fraction, normal wall thickness, LVEDV > 117% predicted, and 2 or more affected individuals in a family (or 1st degree relative with sudden death < 35 yo).  Exclusion criteria include systemic HTN, CAD, chronic alcohol consumption, sustained supraventricular arrhythmias, and pericardial or congenital heart disease.

· The presentation of familial DCM includes dyspnea, angina, lightheadedness, weakness, and syncope.  It tends to appear insidiously, but a fatal arrhythmia may be the first symptom.  

· Cytoskeletal mutations (ex: dystrophin…also causes Duchenne or Becker muscular dystrophy) are an X-linked cause of FDCM.

· Sarcomere mutations also cause FDCM.  So really, it may be due to mutations in any of the things at the cytoskeletal-sarcomere interface. 

· Nuclear envelope mutations are also associated with FDCM.  Proteins mutated include emerin and Lamins A and C.  These may or may not have associated features like muscular dystrophy, lipodystrophy, neuropathy, premature aging diabetes.  

· Cardiac transcription factors can also be mutated.  These may co-segregate with hearing loss.

· Overall, mutations result in cardiac and/or skeletal myopathy. 

Restrictive Cardiomyopathy:  

· This condition is fairly rare.  LV thickness and ejection fraction are normal.  But, severe stiffness results in decreased CO, atrial dilatation, and CHF.  Age of onset varies from the neonatal period to late adulthood, and it may occur with skeletal myopathy.  It’s hard to recognize, so it’s often diagnosed late.  

· Sarcomere gene mutations can cause RCM, as can non-sarcomere genes like:

· Nuclear envelope proteins like Lamins A and C.  

· Cytoskeletal proteins like Desmin

· Transthyretin – causes familial amyloid where you get amyloid deposition in the heart, nerves, kidneys and lungs.  Late-onset form is common in blacks.  Amyloid is also common in Portugal, Sweden, and Japan.  Transthyretin carries thyroxin and retinol as a tetramer, and mutation causes the tetramer to dissociate and misfolded protein to accumulate.

Arrhythmogenic RV Dysplasia:

· This is a genetic disorder in which there is fibro-fatty replacement of myocytes, predominantly in the RV.  Affected people typically have prominent ventricular arrhythmia with patchy ventricular scar.  It may present first with sudden cardiac detah.

· ARVD has genetic heterogeneity.  

· Naxos syndrome is a mutation in plakoglobin that produces a recessive form characterized by skin thickening.

· Homozygous mutations in desmoplaskin produce a similar phenotype but also wooly hair

· These proteins are components of the desmosomal cell junctions.  They may cause ARVD by disrupting adhesion (directly causing cell death or disrupting gap junctions and causing arrhythmia) or altering nuclear transcription regulation. 

· Family members are advised to get regular screening.  Genetic testing is available for those at high risk.  For those with a genetic predisposition, lifestyle modification (like decreased athletic activity) may prevent manifestations.

EKG Basics:

· The SA node is in the lateral RA near the junction with the SVC.  The SA node and AV nodes have fewer Na channels and more Ca channels, causing them to have slower rising APs.  

· The AV node leads to the bundle of His which branches into the L and R bundle branches.  The LBB then branches into an anterior and posterior fascicle.  All of these things branch into the purkinje conduction system, which spreads along the endocardium.

· The cardiac AP is characterized by:  Rest → Depolarization/Na channels open/K channels close → Plateau/Na channels close/Ca channels open → Repolarization/Ca channels close/K channels open → resting/Ca channels close completely.
· AV node cells have some spontaneous depolarization, but less than the SA node.  

· The interface between the depolarized and un-depolarized cells cause current to flow and generates an electric field.  We don’t detect the movement of the interface, rather the size and orientation of it at any given moment.

· LEADS:  I – patient’s left, II – down/left, III – down/right, AvF – down, AvL – up/left, AvR – up/right, and V1→V6 from right to left across the chest.

· The interface plane of atrial depolarization points down and left, creating a positive p-wave in leads I, II, and III.  As it goes through the small AV node, no significant potential is measured.  Next, the intraventricular septum depolarizes from left to right (creating a negative Q-wave in leads I and II, but starting the positive R wave in lead III).  Then the heart depolarizes toward the apex and all three are positive.  Next, the LV depolarizes up and left, so I and II stay positive, while III becomes negative (creating an S wave).  When the ventricle is all depolarized, it returns to the baseline in all leads.  Atrial repolarization is usually lost in the QRS. 

· During repolarization the cells that depolarize last tend to repolarize first.  So, you get a similar interface during depolarization as during repolarization.  It creates the T-wave, which should point in the direction of the majority of the QRS.  

· PR interval (beginning of P to beginning of QRS), QT interval (beginning of QRS to end of T), QRS interval (beginning of QRS to end of QRS), and ST segments (end of QRS to beginning of T-wave) are commonly measured.

· Rate – small lines=40 msec, big lines=200msec.  HR = 300/(#big boxes between QRS).  HR<60 is bradycardia, HR>100 is tachycardia.  

· Rhythm – See if every P-wave is followed by a QRS.  If not, there’s some block.  If there are extra QRSs, then the ventricles are being activated by something downstream of the atria.  If P-waves are inverted in leads I, II and III, atrial depolarization is occurring in the wrong direction (ectopic rhythm or from the AV node).  

· QRS width – QRS should be <120 msec (3 small boxes) or there’s some kind of conduction block.  

· QRS axis – (+90) is down whereas (-90) is up on a 4-quadrant graph.  Normally you want the QRS axis to be between -30 and +100, so basically it should be in pointing down and to the patient’s left.  You calculate the directional vector of QRS by looking at leads I (to the patient’s left) and AvF (down).  
· If the QRS axis is more (-) than -30, then it’s left deviated and you have LV hypertrophy or left anterior fascicle block.

· If the QRS axis is more (+) than +100, then it’s right deviated and you have RV hypertrophy or left posterior fascicle block.  

· QRS should go from mostly downward to mostly upward from leads V2→V4.  If V4 is mostly down, it’s called poor R-wave progression.  This may be seen normally or with an anterior MI.

· Leads are disproportionately affected by the parts of the heart facing them (right underneath them).  So inferior abnormalities will be most obvious in leads II, III, and AvF.  Lateral wall abnormalities are most obvious in leads I, AvL, V5 and V6.

· LV hypertrophy:  You may see left axis deviation (lead I is + which is normal, but AvF may be -).  You see increased amplitude of the R-waves, longer QRS complexes, and often inverted T-waves in the lateral leads (due to altered repolarization).  

· RV hypertrophy:  You see right axis deviation (lead I may be – and AvF is +).  You may see inverted T-waves, but rarely a widespread QRS.

· Right bundle branch block:  RV depolarization is delayed, creating a wide QRS.  In the precordial leads, you 1st see normal leftward depolariatino followed by big rightward depolarization.

· LBBB:  The septum is activated from R to L, so Q waves are absent.  QRS is wide, and the latter part of QRS is more + in the left leads.

· Both LBBB and RBBB have abnormal depolarization which leads to abnormal repolarization and often inverted T-waves.  

· Left anterior fascicle block:  Left axis deviation, but no widening of QRS.  

· Infarction:  Injured tissue doesn’t fully depolarize or repolarize appropriately.  Repolarization is particularly abnormal, so ST and T-wave abnormalities are common.  With a transmural infarct from complete coronary artery occlusion:

· With diastole, intact endocardium is repolarized, but the ischemia/infarct is somewhat depolarized and causes a TQ depression in leads overlying the infarct.

· With systole, intact endocardium is more depolarized, but the ischemia/infarct is somewhat more repolarized than it should be.  So, you see ST elevation in leads overlying the injury.  You may see corresponding ST depression in the opposite side of the heart.  

· ST elevation in leads II, III and AvF may be due to acute inferior MI.

· As an infarct scars and no longer conducts, ST changes will resolve.  But, you may see a reduction in R-wave amplitude and larger Q-waves overlying the infarct.  
Arrhythmias:  

· Normal automaticity is achieved through spontaneous depolarization in the heart, mostly in the SA node.  The AV node, bundle of His, and Purkinje fibers also have automaticity, though theirs is slower than the SA node.  

· Arrhythmias are abnormalities in the timing or sequence of cardiac depolarization.  If HR<60, it’s bradycardia.  If HR>100, it’s tachycardia.  Symptoms may be absent, or they can include palpitations, shortness of breath, syncope, or sudden death.  

· Tachyarrhythmias may be due to normal automaticity w/ HR>100 (sinus tachycardia), abnormal automaticity, triggered activity, or re-entry (most common).

· Triggered activity tacharrhythmias occur when an initiating beat leads to the fast HR.  These may be early after depolarizations where the rapid beats occur during repolarization, but before repolarization has finished.  This is due to drugs or long Q-T syndrome that increases Ca influx.

Or, they may be delayed after depolarizations that occur shortly after repolarization is complete.  These are associated with increased intracellular calcium.  

· Re-entry is basically like a short circuit.  It requires a functional or anatomical circuit, slow conduction on 1 side, and different refractory periods on the 2 sides.  The fast-conducting side usually has the longer refractory period.  

When an extra beat occurs in this situation, the side with the longer refractory period won’t conduct the signal.  The other side does, and by the time it reaches the other side of the circuit, the previously refractory part is now ready to respond and propagates the signal around and around the circuit.  

· Diagnosis of arrhythmias is made with clinical history, EKG, Holter monitor, event monitors, or electrophysiology studies.  

· Bradyarrhythmias may be caused by either abnormal impulse formation (ex: sick sinus syndrome) or abnormal impulse conduction.  Abnormal impulse conduction includes sinus node exit block (SA node fires but the signal doesn’t reach the atria), first degree AV block (every beat from the atria gets to the ventricles, but it’s delayed), second degree AV block (some, but not all beats get to the ventricles), or third degree AV block (atria and ventricles are totally independent).  
· Arrythmias are first classified as tachy or brady, then supraventricular or ventricular, then by mechanism.

Automatic Supraventricular Tachycardias:

· Sinus Tachycardia:  This arises from the SA node in situations of increased sympathetic tone (which also allows the AV node to conduct faster).  The peak expected HR = 220 – age.  There is 1:1 atrial to ventricular contraction, with normal p-wave morphology.  It may or may not be benign (as in exercise).  

Triggered supraventricular Tachycardias:

· Multifocal Atrial Tachycardia:  This arises from multiple foci in the atria.  It occurs in situations of hypoxemia and increased sympathetic tone, most often in the ICU.  The atrial rate is higher than the ventricular rate, and because atrial contraction is from multiple foci, you see multiple p-wave morphologies, and usually an irregular rhythm.  

Re-entrant Supraventricular Tachycardias:

· Atrial Flutter (atrial):  This is due to a single, large re-entrant circuit in the right atrium.  It’s commonly idiopathic or seen in structural heart disease.  Depolarizatino waves go around and around the atria, so the atria contract very fast (250-350 bpm).  The AV node acts as a filter and doesn’t let every atrial depolarization get through.  So the atrial rave > ventricular rate, with a regular ratio of atrial to ventricular contractions, and a regular R-R interval.  EKG shows regular saw-tooth flutter waves (p-waves) with intermittent ones followed by a QRS.  It can be treated with catheter ablation that interrupts the flutter circuit.  
· Atrial Fibrillation (atrial):  This is the most important and most common arrhythmia.  It’s caused by rapid firing from the pulmonary veins causing multiple re-entrant wavelets, leading to a very fast atrial rate (350-600 bpm).  This may be caused by autonomic activation of tissue around the pulmonary veins.  The hallmark of atrial fib is irregularly irregular ventricular contractions (chaotic R-R intervals).  On EKG, p-waves aren’t discernible.  This is associated with a 5x increase in the risk of stoke and very high mortality.  The AV node, again, acts as a filter to slow down ventricular contraction.  This can be treated with catheter ablation of the pulmonary vein foci.
· AV Nodal Re-entrant Tachycardia (nodal – AVNRT):  This is the second most common supraventricular arrhythmia.  It’s due to a re-entrant circuit near the AV node.  It occurs in young and middle-aged people, and is usually abrupt in onset and termination.  It shows a fast, (130-220 bpm) regular beat, and there’s a 1:1 atrial:ventricular contraction.  On EKG, p-waves are often buried in the QRS complex.  This is the most common cause of pasroxysmal supraventricular tachycardia (PSVT)AVNRT is treated with catheter ablation to block the re-entrant circuit.  

· Atrioventricular Reciprocating Tachycardia (atrioventricular – AVRT):  This is the most common cause of PSVT in kids <5.  Here, there’s an accessory pathway that connects the atria and ventricles, allowing a circuit to form.  The re-entrant circuit may either go first down the accessory pathway and back up the AV node, or more commonly down the AV node and back up the accessory pathway.  If you go into atrial fibrillation with this condition, you’ll lose the AV node’s protection and also go into ventricular fibrillation (rapid death).  The fast conduction from the atria to ventricles causes the P-R interval to be very short so that it merges into the QRS complex as a ‘delta wave.’  The tachycardia here is rapid and regular.  People are generally born with the accessory pathway, but it presents in mid-life or early adulthood because that’s when it’s detected on EKG or when you get more premature beats that may trigger it.  AVRT may be due to Wolff-Parkinson-White (WPW) syndrome.  Treatment is with radiofrequency ablation.  
Automatic Ventricular Arrhythmias:

· Idiopathic Ventricular Tacycardia:  This condition arises from the right ventricle outflow tract (pulmonary arteries).  It occurs in settings of increased sympathetic tone (exercise) and in patients with normal ventricular function.  In this case, the ventricular rate is greater than the atrial rate.  The QRS morphology on EKG is wide (because ventricular contraction isn’t due to the usual efficient conduction pathway) and regular.  Idiopathic ventricular tachycardia has an excellent prognosis, and really isn’t dangerous.  It can be treated with drugs or catheter ablation.  

Re-entrant Ventricular Arrhythmias:

· Monomorphic Ventricular Tachycardia:  This condition arises from the ventricle, usually one with a history of MI.  It’s most common in patients with structural heart disease (a scar in the myocardium can help provide the structure for a re-entrant circuit to form).  The ventricles beat at around 100-250 bpm, and the ventricular rate>atrial rate.  It shows a regular, wide QRS morphology and has a high risk of sudden death.  

· Ventricular Fibrillation:  This results from multiple re-entrant wavelets in the ventricle and most often occurs in the setting of structural heart disease (often due to ischemic heart disease).  The ventricular rate is 350-600 bpm, and the ventricular rate>atrial rate.  It is characterized by irregularly irregular QRS complexes, and it’s lethal if not treated.  It’s the most common cause of sudden death.  Something must trigger the VF, like drugs, electrolytes, ischemia, stress, exercise, etc.  Most of the people who die of sudden cardiac death have CAD or cardiomyopathy.  Inherited abnormalities or CAD really increase your risk.  If this happens, the time to the first shock really influences survival. 
Triggered Ventricular Arrhythmias:

· Torsade de Pointes:  This condition occurs in the setting on increased QT interval (prolonged repolarization time).  It may be congenital or due to anti-arrhythmic therapy.  Torsade de Pointes arises in the ventricles and produces a rate of contraction >200 bpm.  It has a characteristic undulating (twisting of the points).  It has a high risk of sudden death.  

Abnormalities of Impulse Formation:

· Sinus Bradycardia:  In this condition, the heart rate <60bpm as a result of decreased firing of the SA node.  It may be physiologic, especially in athletes, but it may also reflect sick sinus syndrome.  You should see normal p-wave morphology, unless it’s a junctional escape rhythm.

Abnormalities of Impulse Conduction:

· First Degree AV Block:  This is slowing of conduction from the atria to the ventricles.  The abnormality is usually in the AV node, but may be in the distal conduction system.  Its causes include high vagal tone, drugs (Ca channel blockers), and degeneration of the AV node or more distal conduction system.  You can diagnose if you see prolongation of the PR interval (>200msec) with a 1:1 A:V contraction ratio.  

· Second Degree AV Block:  This is characterized by intermittent block of impulses between the atria and ventricles. It may be due to blockage of the AV node or both bundle branches.  This can result from high vagal tone, drugs, or degeneration.  On EKG, some p-waves are followed by a QRS, others are not (like atrial flutter, but a bradycardia).  

· Third Degree AV Block:  Here, there is no conduction between the atria and venticles.  It usually results from structural heart disease.  It is a clear indication for a permanent pacemaker.  

Neurally mediated hypotension (aka fainting, vasovagal syncope):  when someone stands, they pool blood in the lower extremities and decrease venous return.  This decreases cardiac output, which baroreceptors sense and increase sympathetic tone.  The heart beats more vigorously but with decreased filling.  This can stimulate the brain to increase vagal tone and you will faint.  

Non-pharmacologic Treatment of Arrhythmias:

· Arrhythmia symptoms include palpitations (awareness of one’s heartbeat, usually rapid or irregular), chest discomfort (pressure, tightness), dyspnea, lightheadedness/dizziness, syncope, heart failure and sudden death.  

· Diagnosis is made by ECG, cardiac monitors/recorders, and electrophysiologic studies (EP).  To treat an arrhythmia you should understand its mechanism.  Bradycardias may be sinus node problems with impulse formation or AV conduction problems with impulse transmission.  Tachycardias may be due to re-entry (most common), abnormal automaticity, or triggered activity.  

· In general, treatment can involve addressing the inciting factors, drugs, devices, or mechanical disruption of the arrhythmia mechanism.

Treatment of Bradycardias (sinus arrest, AV block, etc):

· Most cases are due to irreversible causes (cadriomyopathy or degenerative diseases like age, HTN or diabetes), in which case a permanent pacemaker is indicated.  Reversible causes include meds, endocrine disorders (hypothyroid, hypoadrenal), lyme disease, and inferior MI.  
· Pacemakers are implanted devices for treated bradycardias.  They are pretty standard for most symptomatic bradycardias.  Technology has improved rapidly.  They only take an hour to place, and the generators last 6-10 years, while the leadas last >20 years.  It generates a pulse of electric flow that depolarize adjacent myocardium and create an impulse that spreads in the heart.  

· Pacemakers are described by three letters:  Where they pace, what it senses, and what it does with sensed information.

· VOO mode pacemakers are placed in the ventricle and emit a pulse at a given interval (ex: every 1 second).  They don’t sense anything or respond to stimuli.

· Single chamber VVI (I-inhibits pacing if another beat occurs) pacemakers are placed in the ventricle, and they pace and sense only the ventricle.  If they sense a contraction in before it is supposed to beat, then the timer resets and it waits the full interval (1 second) before emitting another pulse.  These pacemakers don’t coordinate between atria and ventricles though, which can have hemodynamic consequences.  

· Most pacemakers in the US are DDD (dual chamber pacing and sensing) devices.  They have atrial and ventricular leads that preserve AV coordination (via multiple timers and coordinating intervals).  

Treatment of Tachyarrhythmias (re-entrant ones are most common):

· Wolff-Parkinson-White (WPW) syndrome occurs when there’s an accessory pathway allowing conduction between the atria and ventricles, creating a re-entrant arrhythmia (atrioventricular reciprocating tachycardia).  On EKG, it’s characterized by a short PR interval (signal gets from atria to ventricles fast), a wide QRS complex with a delta wave (QRS is a fusion of conduction through the AV ndoe and accessory pathway which is faster), and paroxysmal supraventricular tachycardia (PSVT).  An extra beat can be blocked from going through the accessory pathway (because the accessory pathway isn’t delayed and the ventricle may still be depolarized from the last beat) and lead to conduction in a circuit.  It has a risk of sudden death, because if patients get atrial fib, it’ll go to the ventricles and generate ventricular fibrillation. 
WPW can be treated medically with AV nodal blocking agents and antiarrhythmic drugs (ex: felcainide slows conduction at the AV node and bypass tract).  It only alleviates symptoms in 30-50% of patients.  It can be otherwise treated by breaking the re-entrant circle via radiofrequency ablation (cauterization).  With this technique, there’s minimal tissue disruption and fibrosis occurs over 2-4 weeks in the desired area.  

· AV Nodal Re-entrant Tachycardia (AVNRT) is when there’s a re-entrant circuit in the region of the AV node (in the atria).  It may be triggered by an extra beat, and typically shows p-waves in or after the QRS complex.  This re-entrant circuit can be broken by catheter ablation with a 97% success rate.  

· Atrial flutter is another re-entrant circuit, in this case around the tricuspid valve in the right atrium.  A series of lesions can be made to connect the tricuspid valve and IVC with scar tissue by ablation to disrupt the circuit.  

· Atrial fibrillation is technically a re-entrant arrhythmia, but it’s really more complex than a simple ring.  It’s characterized by atria that support multiple wandering re-entrant wavelets.  The pulmonary veins are thought to contribute to the extra beats that drive the process.  There triggers are very important in driving the pattern of chaotic atrial activation, which can produce paroxysmal atrial fibrillation.  Treatment for atrial fib includes anticoagulation (stroke prevention), control of ventricular rate (with AV nodal blockers), and in symptomatic patients an attempt to restore and maintain sinus rhythm (electrical cardioversion – high DC current terminates nearly all tachyarrythmias - to restore sinus rhythm, antiarrhythmic drugs or catheter ablation/surgery to maintain it).  Medical management has limited long term efficacy.  With ablation surgery, you basically isolate the pulmonary vein triggers by dividing the atria into compartments with a ‘maze’ operation.  AF has a high risk of left atrial thrombosis, which can embolize to the brain (3-5% risk of stroke per year) or elsewhere.  This is greatly attenuated by anticoagulation.  To control ventricular rate, AV nodal blockers (beta or Ca channel blockers, digoxin) work well.  
· Atrial tachycardia may be due to a focal automatic arrhythmia that is not due to a re-entrant mechanism.  It shows discrete p-waves on EKG and can occur anywhere in either atrium.  Techniques in electrophysiology labs allow for visualization of the arrhythmia.  To suppress the focal source, you may use meds (beta blockers, Ca channel blockers, or anti-arrhythmic drugs) or catheter ablation.  
· Ventricular fibrillation has a mechanism similar to atrial fib, but it’s still poorly understood.  It’s very lethal and requires immediate external defibrillation.  Subacute treatment involves determining and treating the underlying cause (MI, electrolyte imbalance, drugs) and suppress potentially recurrent episodes with IV medications.  Long-term management includes an implantable cardioverter-defibrillator (ICD).  Modern devices are implanted like pacemakers, and can also perform all of a pacemaker’s functions if necessary.  VF is detected in 2-4 seconds, and 2-10 seconds later a shock is delivered.  These are great because the time delay until the first shock is a big prognostic indicator.  
· Ventricular tachycardia is usually re-entrant.  The circuit is in ventricular scar tissue, and treatment is similar to ventricular fibrillation.  Patients get defibrillated acutely to restore sinus rhythm, drugs in the short-term to suppress recurrence, and ICDs for long-term protection.  Some forms of VT may be candidates for surgical or catheter ablation.  

Pathophysiology of Valvular Disease:

· Stenosis of a valve is basically a stiff valve that creates a narrow orifice for blood to pass through.  Regurgitation (valvular insufficiency) is when blood leaks back through a valve that fails to shut completely.  
· Valve lesions cause heart murmurs.  The symptoms of valvular disease reflect what has happened to the ventricle and lungs.  Prognosis depends on etiology and acuteness.  Severity is assessed more by pulses than by the murmur itself, because pulse is the best indication of how much flow is really getting out of the heart (also as a heart fails, the murmur becomes weaker).
· In a normal pressure-volume curve, you see the following sequence.  Atria contract in active filling and left atrial pressure increases (A-wave) in both the LV and LA together.  The ventricles begin to contract and LA pressure falls (x-descent) as the mitral valve closes.  As LV pressure reaches aortic pressure, the aortic valve opens and aortic and LV pressure increase together as the LV continues to contract harder.  As LV relaxes, pressure falls.  Once its pressure is below aortic pressure, the aortic valve closes and the aortic pressure stays pretty constant.  LV pressure continues to fall.  Meanwhile, LA pressure increases as it fills with the mitral valve closed (V-wave).  Eventually these two pressures become equal, and the mitral valve opens (y-descent).  LA and LV stay the same as LV fills passively, then the cycle begins again as the LA contracts for active filling.  

Aortic Stenosis:

· In aortic stenosis, blood doesn’t get out into the aorta as easily as it should.  This causes PLV>>Parteries during systole because a pressure gradient is required to get the blood through the valve.  The size of the pressure gradient reflects the severity of the stenosis in a healthy heart, but if a heart is failing, this is no longer a good measure.  You get high LV systolic pressures, LV hypertrophy, and diastolic LV dysfunction that produces LV failure (less relaxation time, eventually increased LA pressure, syncope, dyspnea, angina, etc).  Measuring flow (ejection volume) and the mean pressure gradient can give you a good idea of how big the valve orifice is.  

· Aortic stenosis may be congenital (a bicuspid or otherwise deformed valve) in which case patients tend to present earlier (childhood, early adulthood) with signs of a mobile obstructed valve.  If it is a senile calcific aortic stenosis, patients tend to be older with signs of calcifications and a ‘rock pile’ stenosis.  

· With aortic stenosis in a younger person, you may get an ‘ejection sounds’ right after S1 (mitral valve closes) because when the aortic valve opens, the cusps pop open and make a sound.  You also get the typical systolic murmur of aortic stenosis.  Stenosis results in turbulent flow in the aorta, and may be detected as a ‘buzz’ feel of the carotids.  

· In an older with calcific stenosis, you still have a systolic murmur, but S2 is barely audible because the aortic valve is all calcified and doesn’t close hard.  In these patients, you may feel a slow rise in the carotid pulse.  

· Findings suggestive of severe aortic stenosis include slow rising carotid pulses (parvus et tardus…small and late), a late-peaking (diamond shaped) murmur, soft S2, LV hypertrophy, and echocardiography showing high velocity blood flow (usually indicates a small opening of the aortic valve).  

· Aortic stenosis may be latent for a long time, but once symptoms start the prognosis becomes very poor.  Following symptoms, mean survival is 2-5 years.  

Aortic Regurgitation:

· Chronic aortic regurgitation may be due to valve leaflet lesions (bicuspid valve, myxomatous/floppy valve, endocarditis, rheumatic), aorta diseases (Marfan’s and CT disease, giant cell arteritis or syphilis arteritis), or mixed (ankylosing spondylitis, Reiter’s arthritis).  Bicuspid valve is by far the most common cause of aortic regurgitation.  Leaflets may fail to cover the whole orifice, or the fused leaflet (contains 2 of the normal 3) may be larger and sitting at a slightly different levels than the other.  
· Chronic aortic regurgitation results in hemodynamic changes.  These include a large volume of reflux (volume regurgitation), low diastolic arterial pressure, large stroke volume, dilated and hypertrophied LV and a wide pulse pressure.  

· The signs of chronic aortic regurgitation include low diastolic blood pressure, bounding pulses, Quincke’s sign (reddening and blanching of nailbed with each heartbeat), Corrigan pulses (pulse is full then collapses), DeMusset’s sign (head bobbing with each heartbeat), Duroziez sign (press on the femoral artery and listen upstream and you can hear a bruit due to reversal of the blood flow), Hill’s sign (BP in the legs much amplified), displaced PMI due to a large heart, and an early diastolic murmur that starts loud and tapers off.  

· Acute aortic regurgitation may be due to endocarditis or aortic dissection.  Aortic dissection occurs due to increased blood pressure or an intrinsic weakness in the aortic wall, or it can be idiopathic.  You get a tear in the intima and blood is forced between the layers of the aorta.  It’s common in Marfan’s with a flimsy tunica media.  This may lead to rupture of the aorta.  If the dissection gets to the foot of the aorta, it can disrupt the valves and cause aortic regurgitation.  

· Acute aortic regurgitation causes pressure regurgitation, which leads to very different hemodynamics than chronic regurgitation.  In this case, the LV is normal in size and stiffness because it hasn’t had a chance to change.  Diastolic pressures are not low, because the heart hasn’t dilated or hypertrophied, so there’s not a big backflow of blood, resulting in an inconspicuous murmur (only a pretty small volume of blood can come back before the heart is full).  Because a small volume is pumped and some of it comes back, not a lot goes forward either.  A large pressure, though, is transmitted back to the LA, so it’s enlarged.  The LV isn’t ready to deal with the large pressure load during diastole.  Acute aortic regurgitation may produce an Austin Flint murmur, a diastolic murmur in which the mitral valve mostly closes shortly after diastole begins (due to rapidly increased LV pressure from regurgitated blood), and you get a low pitched rumble during diastole.  
Mitral Stenosis:

· Mitral stenosis is almost always due to rheumatic heart disease.  It affects the mitral orifice and inflow tract (papillary muscles and chordae tendinae may be affected).  The normally fine chordae may be replaced by thick tissue.  

· Mitral stenosis results in slow left ventricular filling, a diastolic gradient between the LA and LV, high pulmonary pressure (causes dyspnea), pulmonary hypertension, LA enlargement, atrial fibrillation, and LV dysfunction.  Actual LV function is ok, but you get reduced flow into it that causes it to look like left heart failure.  

· High pulmonary vein and LA pressure can be measured by the capillary wedge pressure, where they plug a small pulmonary artery and record the pressure downstream (which is equivalent to pulmonary vein and LA pressure).  

· Mitral stenosis can result in atrial fibrillation.

· In pregnancy, you need to get more cardiac output.  If there’s mitral stenosis, you try to force more fluid through the small hole.  To compensate for an inadequate cardiac output, you may increase heart rate.  This decreases LV filling time and prevents you from pumping more blood.  This can be particularly problematic.    

· His pregnant patient was treated with a beta blocker to slower her heart and increase filling time (not too much to depress cardiac contractility), a diuretic to get fluid out of her lungs, and transfused blood to keep her intravascular volume ok.

Mitral Regurgitation:  In this condition, etiology is important, much more so than stenosis!
· This is due to floppy, myxomatous valves.  It may be a result of chordal rupture (spontaneously or due to infection).  It may also be due to previous endocarditis (valve inflammation).  “Functional” mitral regurgitation refers to cases in which the aorta is valve is dilated so that the leaflets can’t close…you get regurgitation, but the valve is otherwise normal.  It may be due to ischemic papillary muscle dysfunction (from MI).  It may be rheumatic in origin, or may rarely be due to lupus or congenital causes.

· The hemodynamics of mitral regurgitation are such that you get high LA pressure, because as the ventricle contracts, it forces blood out into the aorta but also into the LA.  

· Chronic mitral regurgitation causes a dilated LV with a high stroke volume.  You also get a large LA with a big v-wave (high LA pressure).  You get a pan-systolic murmur, and you may hear a third heart sound.  
· Acute mitral regurgitation can result from papillary muscle rupture.  LV and LA are normal, but because of the regurgitation there’s not enough cardiac output.  The result is tachycardia and shock with a very high v-wave (LA pressure).  You can see severe pulmonary hypertension and acute pulmonary edema.  

Congenital Heart Disease:

· VSD is the most common congenital heart disease, but in total 2-3 kids per 1000 will have significant congenital heart disease.  

· The heart forms at 3-8 weeks of gestation, and serious disease can often be detected by 12-16 weeks.  You start with a primitive cardiac tube that loops and divides into a bulbus cordis, primitive ventricle (becomes left ventricle) and atria.  The bulbus cordis differentiates into the truncus arteriosus (becomes semilunar valves), conus cordis (becomes infundibular) and right ventricle.  

· Fetal circulation:  Little blood goes to the lungs, rather the RV pumps mostly through the ductus arteriosus into the systemic circulation.  This goes to the body and placenta (where it gets oxygen.  Blood from the placenta can go to the heart via the liver or directly via the ductus venosus.  When this oxygenated blood enters the RA, it is preferentially directed into the LA via the foramen ovale (allows right to left atrial shunting).  So the left heart that supplies the brain and heart is better oxygenated.  RA blood either goes to the left heart or RV (to lungs or systemic circulation).  In the fetus, there’s also pretty low oxygen saturation and low systemic resistance.

· Transitional circulation:  At birth, lungs expand and the pulmonary resistance falls.  This result in more pulmonary blood flow. The placental circulation is interrupted and the systemic vascular resistance rises.  The foramen ovale, ductus arteriosus, and ductus venosus are closed.  

· With oxygen delivery, if the partial pressure of oxygen is above 70, the blood is basically going to be saturated with oxygen.  Right shift (Bohr effect) due to increased acid, temperature or 2,3DPG affect unloading of oxygen more.  Normal oxygen saturation are about 70% in the venous side and 95% in the arterial side.  

· Cyanosis:  This is a bluish discoloration of the skin.  Peripheral cyanosis is usually due to low flow in the extremities.  Central cyanosis is due to unoxygenated Hb in the arterial blood (it’s related to both oxygen saturation and hemoglobin levels).  The differential for central cyanosis includes pulmonary etiologies (blood no oxygenated well in the lungs), cardiac etiologies (too little deoxygenated blood is getting to the lungs and back normally), or ‘other’

· Pulmonary cyanosis results in pulmonary venous desaturation.  Causes include V/Q mismatch, hypoventilation, diffusion abnormalities and shunt.

· Cardiac cyanosis is due to too little deoxygenated blood going to the lungs and back.  The ‘effective pulmonary blood flow’ is the amount of deoxygenated blood flow going to the lungs (lots of oxygenated blood going there would have a low effective pulmonary flow).  This may be the result of decreased total pulmonary blood flow, or increased total pulmonary blood flow but the blood that’s going there is oxygenated (as in transposition of the great arteries).  

· Transposition of the great arteries:  in this condition, you need some way to get blood from the lungs to the systemic side and vice versa.  With transposition you get two parallel circulations (blue blood circulating through the right heart/aorta/body, pink blood through the left heart/pulmonary vessels/lungs.  Without mixing, this is fatal.  

· This can often be treated by creating an atrial septal defect that allows enough mixing of oxygenated and deoxygenated blood to sustain the patient.  Another treatment is to pharmacologically (via prostaglandin E) keep the ductus arteriosus open.  

· Surgeries to treat this include:  Atrial switch, in which vessels returning to the atria are switched, but then the RV supplies the whole body and becomes dysfunctional over time.  You obliterate the atrial septum then redirect flow of the returning vessels via a baffle (which may produce an obstruction or leakage).  Tricuspid regurgitation can occur.  This procedure is higher mortality.  

The other operation is an arterial switch, in which the arteries are switched back; this is better because the LV supplies the body, but can result in pulmonary/aortic/coronary stenosis or dilatation of the aorta.  LV dysfunction can still occur.  This surgery is good because it doesn’t require the use of a complex venous baffle.  You do see more nodal dysfunction and arrhythmias though.  Mortality is lower in this operation.  

· Tetralogy of Fallot:  This includes a VSD, overriding aorta, pulmonary stenosis (sub-pulmonary and valvar), and RV hypertrophy (due to the pulmonary stenosis).  The combination of pulmonary stenosis and VSD cause blood to go from the RV to the LV, so you get decreased blood flow to the lungs.  

· Surgical treatment involves closing the VSD and relieving the pulmonary stenosis.  It’s electively performed at 2-6 months and the results are generally good.  If the infant’s condition becomes critical, emergent operations may be required.  

· A typical presentation may be a 1 day old with murmur and mild cyanosis that is diagnosed as tetralogy of Fallot.  At 3 months, be has a hypercyanotic TOF spell in which the heart muscle increases the pulmonary stenosis as a result of stress/crying/etc.  The child is then operated on.  

· The problem with all cyanotic heart disease is that there’s not enough blue blood going to the lungs.  In TOF, it’s a decreased total blood flow to the lungs that’s the problem.  

· The Blalock-Taussig shunt takes the R subclavia artery and just attaches it to the pulmonary artery.  This is a palliative treatment, but it really improves conditions.  

· CHF:  In congestive heart failure, kids are NOT cyanotic.  They tend to breathe fast, which makes eating hard in small kids and can tire them out.  The problem may be:

· Volume overload:  Possibly caused by a L to R shunt (VSD), valvular dysfunction (aortic regurgitation), or high output states.  With a big VSD, it’s like having 1 ventricle and the red blood from the lungs goes largely back to the lungs because they have a much lower pulmonary vascular resistance than the systemic vascular resistance.  Because the pulmonary vascular resistance falls gradually during the hemodynamic changes at birth, patients don’t usually present until a little later.  A smaller VSD is often asymptomatic with too little L to R shunt to cause a problem.  A VSD may be treated surgically.  If not repaired, you can get Eisenmenger’s syndrome:  increased flow to the lungs damages them and leads to increased pulmonary resistance.  after a while pulmonary and systemic resistance are comparable and the kid loses the symptoms of heart failure…but the lung damage continues and you may get really high resistance in the lungs, then R to L shunt and cyanosis).  

· Pressure overload:  LV outflow obstruction (coarctation of the aorta or arotic stenosis) or obstruction of pulmonary venous return (multiple sclerosis).  Aortic coarctation is when the aorta basically narrowed/occluded near where the ductus arteiosus was.  Kids with coarctation present (lethargic, tachypnea, cold, poorly perfused, CHF, severe metabolic acidosis) when the ductus closes.  Eventually, the narrowing is fixed via surgery, but it may recoarct in 10% of cases (in which case you do a balloon angioplasty).  Until surgery, treatment with prostaglandin E can keep the ductus open.  Critical coarctation can present as shock and acidosis when the duct closes.  Less severe ones show maybe only hypertension and a difference in BP between upper and lower extremities.  Collateral flow from upper to lower extremities can form.  

· Hypoplastic left heart can occur, where the left ventricle is basically too small to really function.  The aorta also becomes hypoplastic.  But, blood can go backwards through the foramen ovale from the LA to the RA, into the RV, and from there either into the lungs or through the ductus to the body.  This can be corrected surgically.

· Cardiomyopathy (metabolic disorders, congenital coronary abnormalities, or idiopathic) can also cause CHF.

· Rhythm disturbances can as well.  

· Overall:  critical congenital heart disease usually presents with either cyanosis, CHF, or metabolic acidosis.  Resuscitation involves restoring the balance of systemic and pulmonary flows.  Medical and surgical results are pretty good in the short term, but less clear in the long term.

Swallowing Disorders and Reflux Disease:

· Swallowing is important for nutrition, oral hygiene, airway protection and social interaction. 

· The upper esophageal sphincter (UES) and LES are tonically contracted between swallows, preventing reflux and regurgitation.  The proximal esophagus is striated muscle, and the distal esophagus is largely smooth muscle.  

· Initiating a swallow is called deglutition.  This is under voluntary control, but the rest is involuntary.  When you swallow, you move food back into the pharynx, the pharyngeal constrictors contract, the UES relaxes then contracts again once food has passed, a pressure wave goes down the esophagus, the LES relaxes, and finally the LES contracts again.  Progressive peristalsis is the wave of contraction that pushes the bolus of food, and it’s accompanied by relaxation distal to the bolus.  

· Abnormalities in swallowing can result in drooling, nasal regurgitation, airway penetration, pharyngeal or esophageal retention/regurgitation, or reflux.  

· During a swallow, the striated muscle of the upper esophagus turns on and off when electrical stimulation turns on and off.  In smooth muscle, there’s a small contraction during stimulation, but peristalsis only occurs when the stimulation terminates.  Peristalsis occurs because the smooth muscle has a delay between the end of electrical stimulation and the onset of contraction, termed latency.  The more distal parts of the esophagus have a greater latency (latency gradient), so they contract a little later and create the peristaltic wave.  

· In a sequence of rapid swallows, peristalsis is delayed and the LES remains relaxed until the last swallow.  This is called deglutitive inhibition.  Flow = Pressure/Resistance, and since resistance is related to radius4, the radius of the esophagus has a strong influence on the flow through it.  

· Primary peristalsis is a progressive peristaltic wave initiated by swallowing.  Distention of the esophagus can also generate such a peristaltic wave, which is termed secondary peristalsis (clears the esophagus of retained or reflux contents).  These are the same, except for what starts them.  Tertiary contractions refer to abnormal, uncoordinated contractions as seen in spastic disorders.  

· Mechanisms of Dysphagia include structural and motor disorders:

· Luminal stenosis (structural):  Stenosis causes dysphagia for solid foods only, which may be followed by regurgitation of undigested food.  Obstructive episodes can sometimes be ended with induced regurgitation.  Symptoms occur when the swallowed bolus is too big to pass.  

· Stenotic lesions include inflammatory strictures (ex: inflammation due to reflux), malignant strictures, mucosal webs, or Schatzki’s rings (shelf of narrowing at the gastro-esophageal junction…it’s quite common, and often asymptomatic).  If the lumen is over 20mm, patients don’t experience dysphagia.  If it’s under 10mm, everyone has dysphagia.  In between, it’s variable.

· Diagnosis is best done by barium studies, followed by endoscopy.  

· Treatment involves dilatation or surgical resection.

· Diverticulum (structural):  This is a pouch that extends out from the lumen.  They may occur just above the UES (Zenker’s diverticulum, often in older people due to wear and tear) or in the esophagus (esophageal diverticulum – most often distal).  Symptoms include dysphagia for liquid and solid foods, associated with regurgitation of undigested food often hours after digestion.  They may be asymptomatic until they are pretty big. 

· Diagnosis is best done by barium studies.  Importantly, most diverticula result from a downstream obstruction (stenosis, spastic disorder, sphincteric dysfunction) which may also require treatment.  Removal of the diverticulum is usually necessary if symptomatic.  

· Paresis (motor):  Paresis is pharyngeal weakness, and it’s commonly associated with neurologic or muscular disorders.  It can also be seen with scleroderma.  Dysphagia is usually for liquids and solids, and it’s commonly associated with airway penetration (penetration=bolus into larynx but above vocal folds, aspiration=below vocal folds too) and regurgitation.  Penetration is usually avoided by stopping respiration during a swallow, elevating the larynx, bringing the vocal folds together and lowering of the epiglottis.  Failure of any one mechanism usually doesn’t produce aspiration.  Coughing during swallowing is common, because of impaired laryngeal and pharyngeal closure.  Weak esophageal muscle corresponds with a weak LES and propensity to get reflux.  

· Barium studies are helpful for diagnosis, particularly videopharyngoesophagram.  Manometric studies can assess contractile strength.  

· Options are few regarding treatment.  Some meds may increase esophageal contractility.  

· Sphincteric Dysfunction (motor):  The UES and LES prevent retrograde flow.  Isolated cricopharyngeal dysfunction (UES) or isolated LES dysfunction (or hypertensive LES) can cause dysphagia.  But, the best described disorder of sphincteric function is achalasia.  

· Achalasia is severe esophageal paresis combined with elevated LES pressure and failure of LES to relax.  It results from damage to a ganglion in the myenteric plexus.  You lose the inhibitory stimulation at the LES and you’re left with unopposed contractile stimulus.  Patients have dysphagia for solid and liquid food, with delayed regurgitation of indigested food, much like with a diverticulum.  

· Diagnosis is made by barium studies, which show a dilated esophagus that retains swallowed contrast dye.  Manometry will show aperistalsis and failure of LES relaxation with high LES resting pressure.  Endoscopy may be required to rule out stricture.  

· Treatment tries to weaken the LES with smooth muscle relaxers (Ca channel blockers or nitrates), dilatation, or surgery (Heller myotomy).  Intrasphincteric botulinum toxin injection is also an option.  The degree of esophageal retention can be assessed with a radionucleotide clearance study.  

· Spastic Disorders (motor):  There are fairly common in the esophagus.  Tertiary contractions are individual, abnormally coordinated contractions.  Esophageal dysmotility ranges from mild to profound.  

· Symptoms include dysphagia for liquids and solids, regurgitation immediately after swallowing, and chest pain.  This chest pain is often worsened by meals, is sharp, and can radiate to the back (but it can sometimes mimic angina).  

· Similar symptoms may be seen in patients with nutcracker esophagus (peristalsis starts abnormally high) or visceral hyperalgesia (abnormal sensory perception that may produce pain).  

· Diffuse esophageal spasm (DES) has multiple causes, but is often idiopathic.  It may be treated with smooth muscle relaxants (Ca channel blockers, nitrates), but these may not be that effective.  If this fails, treatment may include drugs like tricyclic anti-depressants to modify sensory response to stimulation.  In extreme cases, surgery that cuts esophageal smooth muscle may be required.  Secondary causes (like reflux) are much more easily treated.  

Reflux:  GERD is very common.  Its symptoms include a burning sensation behind the sternum (heartburn) and sour or bitter regurgitation.  Patients may present with dysphagia and chest pain, much like esophageal spasm.  They may also have throat/airway symptoms like sore throat, hoarseness, cough, asthma, etc.  

· Reflux is highly prevalent, but it’s only considered a disease when it interferes with activities, causes mucosal injury, or requires therapy to control symptoms.  

· GERD results from an ineffective anti-reflux barrier.  The normal anatomy of the esophago-gastric junction and the LES make up most of the anti-reflux barrier.  Axial hiatal hernias displace the EG junction and make reflux more likely.  Transient muscle relaxations, impaired esophageal clearance, decreased salivation, impaired gastric emptying, and the damaging capacity of the gastric contents can all contribute.  

· Barium studies aren’t great for diagnosing reflux, but are good at detecting strictures.  Endoscopy is the best test for reflux esophagitis, but this only occurs in a small subset of patients with reflux problems.  Continuous pH monitoring is the best test for diagnosing reflux, allowing from detection of reflux and its severity/frequency.  Esophageal impedance/pH allows for detection of acidic vs non-acidic reflux.  Finally, you can just give a course of proton-pump inhibitors and see if it improves symptoms.  

· Treatment usually requires diet/lifestyle modification and medication.  Patients should eat smaller meals, avoid caffeinated beverages, avoid lying down after eating, and elevate the head of their beds.  Drugs may attempt to lower gastric acidity and improve gastric emptying.  Surgery may be an alternative.  

· Drug treatment for reflux tries to decrease gastric acidity, since acid is the most noxious part of gastric secretions.  Duodenal bile and pancreatic secretions that get back into the stomach are also damaging.  Antacids have very limited duration.  Decreasing acid secretion through H-2 Receptor Antagonists or proton pump inhibitors is much more effective.  Prokinetic agents that enhance GI motility can also help.  Anti-reflux strategy may also be employed.

Gastric Acid Secretion and Peptic Ulcer Disease:

· The epithelial lining of the stomach has thick folds (rugae), which contain microscopic gastric pits.  Each pit opens into several gastric glands, which are different in different regions of the stomach.  Glands in the cardiac portion have mucous and endocrine cells.  Glands in the fundus/body (oxyntic glands) have parietal (acid, intrinsic factor for B12), chief (pepsinogen, gastric lipase), mucous neck (acid mucus to resist auto-digestion), endocrine and enterochromaffin-like (ECL - regulate histamine secretion…histamine increases acid production) cells.  Glands in the pylorus and antrum have gastrin cells (G-cells), mucous cells and endocrine cells.

· The stomach gets sympathetic and parasympathetic nervous input, and its blood supply is from the celiac trunk.  

· The major secretory product of the stomach is gastric acid from parietal cells.  Mucus and bicarbonate secretion (protect gastric mucosa), pepsinogen, lipases, etc are also secreted.  

· Parietal cells are located in the middle/lower parts of oxyntic glands.  When stimulated, tubulovesicles fuse and form a secretory canalicular complex with lots of proton pumps that secrete into the gastric lumen.  Parietal cells have lots of mitochondria to power this.  H ions are produced via carbonic anhydrase, and they are secreted along with Cl.  K efflux channels allow for continuous exchange of H and K (H/K ATPase) when secreting, and these are absent when parietal cells are inactive.  With acid secretion, you also produce bicarbonate that enters the bloodstream in the alkaline tide

· Histamine, ACh, and Gastrin synergistically stimulate, and Somatostatin inhibits parietal cells and acid secretion.  

· Histamine is the most potent stimulator, and it is released from ECL cells in oxyntic glands and mast cells in the lamina propria.  It interacts with H2 receptors on parietal cells and H3 receptors on D cells (to suppress the release of somatostatin).  When histamine binds, it leads to increased cAMP signaling and eventually more secretion

· ACh is released from vagal nerve endings.  It promotes acid secretion by directly acting on parietal cells’ muscarinic (M3) receptors, stimulating ECL cells to release histamine, and interacting with D cells to suppress the release of somatostatin.  When ACh binds, it increases calcium signaling and leads to more secretion.  

· Gastrin is released from G cells in the antrum of the stomach.  G cells are stimulated by gastrin releasing peptide (from the vagus nerve) or the presence of food (especially AAs) in the stomach lumen.  Gastrin stimulates parietal cells directly and also induces histamine secretion from ECL cells.  

· Somatostatin is released by antral D cells in response to low pH.  Somatostatin inhibits parietal cell secretion.  Prostaglandins, secretin, and VIP also inhibit parietal cell secretion.  Prostaglandins and somatostatin act through Gi that inhibits cAMP signaling.  Somatostatin also inhibits ECL cells. 

· Gastric acid is continuously secreted, but at varying levels.  Secretion is highest in the evening and lowest in the early morning.  Vagal tone can lead to basal hypersecretion or temporary hypersecretion during stress.  Women generally secrete at a lower basal level.

· Secretion due to food stimulation is divided into three phases:

· Cephalic phase:  this is mediated by the vagus and causes secretion in response to sight, smell, taste or thought of food.  Vagotomy eliminates acid secretion and gastrin release of the cephalic phase.  This can be inhibited by things that make you lose your appetite, depression, or a decrease in parasympathetic stimulation.  

· Gastric phase:  this is mediated by neural reflex pathways in response to food distending the stomach, and by food (AAs) leading to gastrin release.  This can be inhibited  by low pH of the stomach or emotional upsets that override the parasympathetic stimulation.  

· Intestinal phase:  this is a minor contributor.  It releases gastrin in response to digested proteins in the small intestine, and through direct stimulation of parietal cells by absorbed AAs.  Food entering the duodenum also inhibits gastric acid secretion through the release of secretin.  This can be inhibited by duodenal distention, or irritants, which will close the pyloric sphincter and inhibit gastric secretion.  

· The gastric mucosa is protected by mucus and bicarbonate, secreted by surface mucous cells and mucous neck cells in gastric pits.  The mucus holds the bicarbonate adjacent to the surface cells, and it limits the diffusion of pepsin from the lumen to the surface cells.  More bicarb is produced by mucous cells when parietal cells secrete acid.  Gastric mucosa is protected by bicarbonate, mucus, tight junctions between epithelial cells and cells impermeable to HCl in the gastric glands.  Damaged epithelial cells are quickly replaced.  

· The gastric epithelium maintains a difference in pH of 6 between the gastric lumen and the blood.  If there’s a break in the mucosa, cells spread to cover it and later divide.  Prostaglandins primarily mediate mucosal cytoprotection, stimulating blood flow, mucus and bicarb secretion, and mucosal restitution.  NSAIDs can damage the gastric mucosa by inhibiting these actions of prostaglandins.  

· The stomach has about 3 peristaltic waves per minute, termed the basic electrical rhythm (BER) intitiated by pacemaker cells of Cajal.  Gastric secretion and emptying are inhibited by neural enterogastric reflex (mediated by stretch receptors) and hormones (enterogastrone).  Carbohydrate-rich chime moves quickly through the duodenum, whereas fat-rich chime is digested more slowly and food remains in the stomach longer.

· Parietal cells have receptors for histamine, gastrin and ACh.  Proton pumps are the final pathways for acid secretion.  H2 receptor antagonists (-tidene) and proton pump inhibitors (-prazole) are used for the treatment of peptic ulcer disease.  

· H. pylori gastritis is a very common infection, affecting over 2 billion people.  In the US, prevalence is around 30%.  It plays an important role in the pathogenesis of gastritis, peptic ulcer disease, gastric lymphoma, and adenocarcinoma.

· H. pylori is acquired by the fecal-oral route, and it colonizes gastric mucin cells, but doesn’t invade.  H. pylori lives adjacent to gastric epithelial cells, not in them.  It produces urease, which is important for its resistance to gastric acid and allows it to colonize for life.  Colonization leads to acute and chronic inflammation with a serologic response.  H. pylori releases cytotoxins and chemotactic factors that attract and activates PMNs, causing inflammation and epithelial damage.  Chronic H. pylori infection leads to fewer antral D cells, which leads to increased basal acid secretion.  H. pylori also produces N-methyl histamine, which is an H3 agonist that decreases somatostatin release.  H. pylori gastritis, duodenal ulcers, and gastric ulcers are cured by eradication of H. pylori.  H. pylori predominantly colonizes the antrum of the stomach where gastritis predominates, but there is usually some gastritis in the body too.

· H. pylori is also associated with adenocarcinoma (diffuse or intestinal type) and gastric lymphoma.  It’s diagnosed by culture, histology, urease test, urea breath test, and serology.  

· Duodenal ulcers:  This is a chronic disease with deep, non-healing ulcers.  It tends to affect young males.  Its course if prolonged with periodic relapses.  Symptoms include epigastric pain, particularly with fasting or at night, and indigestion.  Pain is relieved with a meal.  90% if cases are H. pylori positive.  

· H. pylori leads to excessive acid production, causing gastric mucin cell metaplasia in the duodenum.  H. pylori colonizes these gastric metaplasia areas of the duodenum and causes duodenitis and duodenal ulcers.  Suppressing acid or eradicating H. pylori are the treatments.

· Gastric ulcers:  These occur mostly in the antrum of the stomach.  Patients present with pain related to meals, and often a hesitance to eat.  Fasting pain is rare.  H. pylori, NSAIDs or both can contribute.  70-80% are H. pylori associated.  Suppressing acid production (H2 receptor blockers or proton pump inhibitors) or eradicating H. pylori is the preferred treatment.  

· H. pylori negative ulcers are most commonly caused by NSAIDs/aspirin.  Risks of this include age, frailty, history of GU/DU/GI-bleeds, and use of anti-coagulants.  NSAID GI toxicity can be treated with PPIs or misoprostol, but NOT H2-receptor blockers.  NSAIDs reduce the production of prostaglandins, which play an important role in cytoprotection in the stomach.  

· Zollinger Ellison Syndrome Gastrinoma (a gastrin producing tumor):  This syndrome is characterized by basal gastric acid hypersecretion, postbulbar ulcer, and a pancreatic islet cell tumor.  Typically, though, it’s just seen as a bulbar ulcer poorly responsive to therapy.  It makes up less than 1% of duodenal ulcers.  Diagnosis is made by measuring serum gastrin levels, or gastrin secretion rates.  In these patients, secretin infusions increase serum gastrin levels, whereas in normal people they would decrease serum gastrin. 

· But elevated gastrin levels can be due to other causes as well.  Gastric hypersecretion can damage intestinal mucosa, so diarrhea is common in ZE.  

· Gastrinoma can also be part of a multiple endocrine neoplasia syndrome (MEN 1) where there are peptide secreting tumors, hyperparathyroidism, pancreatic and pituitary tumors.  Most gastrinomas are malignant and multiple.  Before proton pump inhibitors, they were only treated with gastrectomy.  Today, most patients still die of malignancy.

· Stress ulcers:  Solitary or multiple ulcers or erosions that commonly present with upper GI bleeding.  They are frequently in the body or fundus of the stomach.  Stress ulcers can occur when the gastric mucosal production of mucus and bicarbonate are severely decreased, as in shock, sepsis, hypovolemia, and severe burns.  If gastric pH stays above 4 and pepsinogen isn’t activated, ulcerations can be prevented.  

Fat Absorption and Malabsorption:

· Absorption is the main function of the GI tract, and defects in the process may be very general (everything is malabsorbed) or very specific (only lactose or B12, for example).  Malabsorption is usually an upper GI problem, but may also be due to pancreatic, hepatic, biliary or gastric problems.  

· Fat malabsorption results in steatorrhea, which is fairly easily detected.  

· Triglycerides make up most of ingested fat, and they’re an important caloric source.  Dietary lipids include fat soluble vitamins and phopholipids.  Cholesterol has little nutritional significance, but can contribute to hypercholersterolemia.  

· Fat absorption begins with emulsification to increase surface area.  This occurs with mixing in the stomach (move food toward the closed pylorus).  In the intestines, peristalsis and bile help emulsify.  Next, fat and amino acids stimulate cholcystokinin-pancreozymin release from the small intestine, which induces gallbladder emptying and discharge of pancreatic enzymes.  Pancreatic proenzymes are activated by enterokinase on the surface of the small intestine.  Dietary fat is hydrolyzed, more fatty acids are released and more CCK-PZ is released.  

· Pancreatic lipase hydrolyzes dietary triglycerides, which is essential for absorption.  This lipase is secreted in the active form and breaks a triglyceride down into 2-monoglygeride and two fatty acids.  It is very efficient in the presence bile salts and at its optimal pH of 6-7 (typical of the duodenum and jejunum).  Lipase is also secreted in excess, and even 10% of the secreted level will prevent the development of steatorrhea.  Co-lipase is also secreted and increases lipase activity by bringing it to micelle surfaces.  Esterases (hydrolyze cholesterol esters) and phospholipase (hydrolyzes lecithin) are also in pancreatic secretions.

· Products of lipolysis are solubilized into micelles by bile acids.  Bile acids are made in the liver and stored in the gallbladder (conjugated to glycine or taurine).  They facilitate jejunal absorption of lipolysis products.  The bile acids themselves are absorbed in the ileum and returned to the liver (enterohepatic circulation).  Only 5% of bile is lost per day.  The bile acid concentration has to be greater than about 2mM, the critical micellar concentration, for micelles to form.  Cholesterol and vitamins ADEK require micelle solubilization, but not lipolysis.  Triglycerides with 8-10 carbon don’t require micelles since the lipolysis products are soluble.  

· Lipids in micelles are then taken up by enterocytes.  Then fatty acids to go the ER for triglyceride resynthesis (2-monoglyceride + 2 fatty acyl-CoA).  A second route is used to make triglycerides during fasting.  No defects in this step have been identified.  

· Finally, triglycerides are packaged into soluble chylomicrons and given a lipoprotein coat.  These enter the lymphatics via lacteals, and from there they reach the general circulation.  

· Defects in fat absorption:

· Defective emulsification can result from loss of gastric churning (vagotomy), dysfunction of gastric motility, gastric resection, or gastro-jejunostomy.  

· Defective CCK-PZ release may occur after gastrectomy or bypass of the duodenum via gastro-jejunostomy.

· Deficient lipolysis occurs with exocrine pancreatic insufficiency (chronic pancreatitis, CF, pancreatic duct obstruction, lipase inhibition, orlistat, congenital lipase/colipase deficiency).  Low duodenual pH (as in Zollinger-Ellison syndrome – gastrin secreting tumor stimulates excess acid production) can inactivate lipase.  

· Defective micelle formation may be due to decreased bile acid secretion (liver disease, bile duct obstruction, interrupted enterohepatic circulation – ex: surgical resection of ileum) or precipitation of bile salts due to low pH, drugs (neomycin, cholestyramine), or deconjugation of bile acids by overgrown bacteria in the intestines.

· Defective mucosal uptake occurs in cases of epithelial damage (celiac disease), tropical sprue, infections and surgical resection.

· Defective chylomicron formation may be due to failed synthesis of the protein coat, as in the autosomal recessive condition abetalipoproteinemia (also shows RBC abnormalities).  Chylomicron formation is also impaired in Anderson’s disease.  

· Defective lymphatic transport may be due to infections, tumors, trauma, Whipple’s disease (impaired lymphatic flow through villi), or intestinal lymphangectasis (lymphatic hypoplasia)

Evaluation of malabsorption:

· Certain symptoms may be associated with malabsorption of specific substances.  Anemia can be a result of iron, B12, or folate malabsorption.  Milk intolerance due to lactose malabsorption.  Bleeding/bruising due to vitamin K malabsorption.

· Net malabsorption may be indicated by hypoalbuminemia, hypocalcemia, prolonged prothrombin time (indicated lack of vitamin K), reduced carotene level (lack of vitamin A), or an abnormal bowel series (of images).  

· To test for net malabsorption (if steatorrhea is suspected), you can either do stool sudan staining (look at stool on a slide and look for fat globules, not preferred) or 72 hour fecal fat collection with the patient on a 100g/day fat diet (95% should be absorbed at least).  

· If these show malabsorption, you then try to figure out where/why the malabsorption is occurring.  

· You first test for disorders of the mucosa with:

· D-xylose absorption test:  D-xylose is normally absorbed and then eliminated in the urine without being utilized.  If you see less-than-expected d-xylose in the urine, there’s either malabsorption or possibly renal dysfunction, bacterial overgrowth, or third space fluid accumulation.  The malabsorption may be due to various causes, which may be distinguished by jejunal biopsy (pathology may be diagnostic for some diseases, only suggestive/characteristic, or non-specific/normal).

· Small bowel series:  This is a series of X-rays that use barium contrast to outline the mucosa of the small intestine and look for abnormalities.  If abnormal, you may be able to tell that it’s due to obstruction or Crohn’s, or it might just be non-specific abnormality

· If both d-xylose and small bowel series are normal, it’s suggestive of pancreatic insufficiency.  

· Next, see if it’s an intraluminal problem with the bentiromide test.  Chymotrypsin cleaves PABA from bentiromide.  A dose of bentiromide is given, and if PABA is produced, it’ll show up in the urine.  If this is reduced, then there’s a deficiency of pancreatic function (indicated by the lack of chymotrypsin activity).  

· The last tests examine for either intraluminal or mucosal malabsorption:  

· Glucose hydrogen breath test:  Tests for bacterial overgrowth.  Patients ingest labeled glucose, and intestinal bacteria will produce hydrogen from the glucose.  The levels of hydrogen are measured and used to evaluate bacterial growth

· Schilling test:  Tests for vitamin B12 absorption.  Vitamin B12 combines with R factor in the stomach, which is replaced by intrinsic factor (from parietal cells of the stomach) in the duodenum.  The vitamin is absorbed in the ileum.  Before the test you ingest a dose of B12 so additional radiolabeled vitamin will be excreted in the urine.  

· In Part I, you just give B12 and see if it gets absorbed and then excreted into the urine.  If part I is abnormal, you go on to Part II, where you also give intrinsic factor.  People with pernicious anemia (intrinsic factor deficiency) will have an abnormal part I and a normal part II.  

· If part II is abnormal, antibiotics are given with B12 in part III.  In part IV, pancreatic enzymes are given.  

Mechanisms of Diarrhea:

· Diarrhea really affects kids <5, accounting for 20% of mortality in that age group and a total mortality of 2 million/year.  With more use of oral rehydration solutions, mortality is decreasing.  It even kills people in the US, but mostly the elderly.  The young get hospitalized a lot for it, the old die a lot from it.  The US has 200 million acute diarrhea episodes and 3 million chronic diarrhea cases per year.  They make up a huge cost.

· Diarrhea is when too much water is lost in the stool.  If you lose more than 200 ml of water in the stool in 24 hours, it usually qualifies as diarrhea.  The intestines deal with a huge fluid load, largely from their own secretions.  It’s absorbed very efficiently.  But in diarrhea, the balance between absorption and secretion is shifted towards secretion.  

· Water moves passively and follows solutes, mostly Na.  But in the complete absence of Na transport, some water is still secreted due to hydrostatic pressure in the tissues.  

· Absorption is mediated by epithelial cells on the surface of the epithelium (on the villi, if present), and it is usually coupled with Na absorption.  Secretion occurs in the crypts and is usually coupled with Cl secretion.  Epithelial cells in the intestines are polarized, which requires that their plasma membranes are partitioned by tight junctions, their proteins are asymmetrically distributed between apical and basolateral surfaces, and all cells in the epithelial layer are oriented in the same way.  The efficiency of absorption is determined by how leaky tight junctions are in a given location (leakier in small bowel than colon).

· Small intestine (high volume, low efficiency) Na absorption includes:  1.  Basolateral Na/K exchange to generate a Na gradient and RMP.  2.  Electrogenic Na channels that move only Na or co-transport Na with digestion products.  3.  Neutral NaCl absorption and H+/HCO3 secretion (Na/H exchange and Cl/HCO3 exchange, plus carbonic anhydrase activity).  

The jejunum mostly has Na cotransporters for sugar/AAs (ex: SGLT transporter), the ileum and colon both have lots of neutral NaCl transport (Na/H exchanger is the NHE3 transporter), and the colon has lots of exclusively Na channels (ex: ENac).  Neutral NaCl absorption in the small intestine occurs between meals and is the major thing abnormal in diarrheal disease, and is also involved in CF.  

· Small intestine Cl secretion is mediated by second messengers (cAMP, cGMP, Ca) opening Cl channels like CFTR.  The basolateral membrane has K channels, an Na/K pump, and a Na/K/2Cl co-transporter.

· Colon (low volume, high efficiency) Na absorption includes:  The same basolateral Na/K exchange and neutral NaCl absorption.  But, it also includes another Na absorption mechanism in which an Na/H exchanger (NHE2 or NHE3) and a Short Chain Fatty Acid/OH exchanger (SCFA/anion exchanger) work together.  This Na/SCFA coupled absorption is being utilized in newer oral rehydration solutions, in addition to the Na/glucose absorption.  

· Normally there is more absorption than secretion.  When you eat, there’s a transient period in which secretion is greater than absorption to enhance digestion, but you quickly return to the normal balance.  This is mediated by nervous input and paracrine/endocrine signaling.  So diarrhea can be a bit like a post-prandial (after eating) state.  

· With diarrhea, the gut goes from being a net absorptive organ to a net secretory organ.  

· Intestinal secretogogues (things that cause secretion and diarrhea) include bacterial enterotoxins (cholera, E. coli, Staph), hormones (VIP, prostaglandin E, calcitonin), and laxatives (endogenous ones like bile acids/fatty acids or exogenous commercial ones).  

· To get diarrhea, secretions must overwhelm the absorptive capacity of the gut that is downstream.  So if the hypersecretion was in the jejunum, it would have to be massive to manifest as diarrhea.  Less severe changes are required in the colon, since there’s not much downstream compensation, so this is the most common.  In the end, diarrhea occurs when the colon’s water load exceeds its capacity.  

· Mechanisms of net intestinal secretion include:  1. inhibition of active electrolyte absorption.  2. stimulation of active electrolyte secretion.  3. increased luminal osmolarity.  4. increased tissue hydrostatic pressure.  (1 and 2 are the causes of most diarrhea)

· Cholera comes in two forms, a bacterial one (the well known cholera via fecal oral contact) and a tumor related (VIPoma, a pancreatic tumor that secretes the secretogogue VIP).  The have the same mechanism and are very dramatic.  It often lasts about 3 days, the time it takes for the intestinal epithelium to turn over.  You can measure how much fluid is lost, and if you can replace that much fluid and get it back into the patient, they usually do ok.  It is seen rarely in the US, mostly in travelers, and doesn’t really spread much here.

· Cholera toxin is an AB5 toxin that binds a GM1 ganglioside receptor.  The toxin is endocytosed and undergoes retrograde transport.  Either the cholera toxin or VIP stimulation from a pancreatic tumor eventually ADP-ribosylates adenylyl cyclase and activates it.  This increases cAMP and activates PKA.  PKA is linked by a regulatory protein to the NHE3 (Na/H exchange) channel, which it phosphorylates and blocks.  So it blocks intestinal neutral NaCl absorption.  Importantly, Na/AA or glucose absorption isn’t impaired, so oral rehydration solutions can really help absorb Na and water by stimulate Na-substrate absorption.  Commercial solutions with more K and bicarb are better than stuff like Gatorade.  

· Recent advances or ORS include using hypo-osmolar solutions to increase passive water uptake, use of rice-based ORS which has an anti-secretory effect, and use of ORS containing resistant starch.  Resistant starch isn’t absorbed, but gets broken down by colonic bacteria to short chain fatty acids (SCFAs), which stimulate colonic absorption of neutral NaCl.  This can still occur because the colon also uses an NHE2 channel (in addition to the NHE3 channel that gets blocked) for Na/H exchange.  

· Active absorption is decreased, but additionally you often see increased intestinal motility that decreases the time in which absorption can occur and histologic changes (villus atrophy) that decrease the absorptive surface.  

· Increased cAMP (and also cGMP and Ca) also increases Cl secretion (by increasing activity of CFTR and Na/K/2Cl channels), which is mediated by secretory cells in the crypts.

· The net effect of the toxin is to cause a person to not absorb Na, but they actually become dehydrated and hypernatremic (which is counterintuitive).  Two other important observations are that patients tend to have low [K] and low [HCO3].  

· Cholera also activates the enteric nervous system by causing serotonin release from cells that stimulate it.  The toxin also causes the release of intestinal prostaglandins.  Both of these increase cAMP activity and have similar effects as the cholera toxin, leading to the massive diarrhea of cholera.  

· Cholera makes several related enterotoxins that contribute to things like making the gut leakier by messing up tight junctions so more Cl is lost.  

· Lots of other diarrheal diseases use cAMP mediated mechanisms to cause diarrhea.  In various conditions hormones like prostaglandins, VIP and secretin do this.  Bacterial toxins (cholera, heat labile E. coli, Shigella), invasive bacteria (Shigella, Salmonella, invasive E. coli), and laxatives (bile salts, Diocyl Na sulfosuccinate, ricinoieic acid) all do this.  

· Other second messengers have effects similar to cAMP.  These include cGMP, Ca, and DAG.  Heat stable E. coli and Yersinia enterocolitica make toxins that use cGMP.  Carcinoid syndrome leads to serotonin that increases Ca.  Ca is also increased under the influence of ACh, neurotensin, substance P, C. diff or norovirus enterotoxin, and laxatives like Senokot.  

· Diarrheal diseases due only to decreased absorption (no increased secretion:

· Carcinoid tumors:  decreased Na absorption

· Celiac sprue, viral gastroenteritis:  Na absorptive cell damage

· Hyperthyroid:  increased motility and no time to absorb

· Ischemic bowel:  decreased villous blood flow.

· Oral rehydration solutions will work for viral diarrhea, but not celiac sprue.  In this condition, you see altered villi (villous blunting, crypt hyperplasia, chronic inflammation) leading to absorptive dysfunction.  The altered epithelium reulst in fewer brush border hydrolases, villous atrophy prevents absorption, crypt hyperplasia increases secretion, and you also get inflammation-mediated secretion.  The jejunum becomes a net secretory organ, and Na/glucose absorption can’t really help.  

· Osmotic diarrheas:  

· Lactase deficiency:  Lactose can’t be converted to glucose and galactose for absorption in the small bowel.  It goes to the colon where some of it gets broken down.  This produces hydrogen gas (bloating, etc) and short chain fatty acids which can be absorbed (so you don’t get as severe diarrhea as cholera).  The short chain fatty acids don’t really contribute to the osmotic effect because they aren’t very water soluble and don’t contribute much to osmolality.  

· Sucrase deficiency

· Trehalase deficiency – the substrate for this enzyme is in mushrooms, so patients get diarrhea upon eating mushrooms.  

· Lactulose – a synthetic polysaccharide that accumulates if you don’t have lactulase to break it down.

· Bowel obstruction seems like it should slow movement through the gut, allow more time for absorption and produce constipation, if anything.  But, as wall tension in the bowel increases, secretion increases and you get ‘paradoxical diarrhea.’  

· Watery diarrhea and malabsorptive diarrhea are caused by both impaired Na absorption and enhanced Cl secretion.  Inflammatory diarrhea is most impaired Na absorption.  

Celiac Disease:

· Celiac disease is a gluten (protein in wheat) induced enteropathy (aka celiac sprue).  It is a permanent, genetically determined autoimmune illness initiated gluten, or more specifically the alcohol soluble fraction of gluten called gliadin.  It results in small bowel lesions that cause intestinal malabsorption.  Clinical and histologic abnormalities improve with a gluten free diet.  This is the only autoimmune disease with a known dietary trigger.

· It also has extrinsic triggers (ex: adenovirus infection), after which the wheat proteins begin to induce a T-cell mediated reversible mucosal damage.  It is associated with lymphoproliferative disorders.  

· Histologically, the surface epithelial cells are damaged.  You see villous blunting, crypt hyperplasia and inflammatory cells.  So, it results in malabsorption and net secretion (secretory diarrhea).  

· It occurs in 1 in 100-300 people and may present with a variety of patterns, including iron deficiency anemia, depression, bone disease, lung problem, non-specific GI symptoms, shortness of breath, etc.  It’s associated with autoimmune diseases.  You can screen with serum (tTG IgA) tests, but it must be confirmed with a duodenal biopsy.  Treatment is with avoiding gluten, and prognosis is quite good.

· Certain HLA haplotypes (certain DR and DQ ones, particularly DQ2 and DQ8) are seen in 95% of patients with this condition.  But, many patients with these haplotypes don’t get disease.  Genetic concordance between twins is 70%, which is very high.  An infection may trigger this response (via cytokines or a cross reactive amino acid sequence), then upon taking up gluten peptides they get processed and lead to CD4 T-cell activation, general immune activation and tissue damage.  

· Relatives of a patient may be screen if the patient has been proven to have celiac disease, they are interested and wiling to undergo testing and treatment, and if they’ll likely have benefits from treatment.  

· Various peptides are recognized.  11 have been identified in gliadin/glutinins.  Usually any single person recognizes 1-5 of them, and no single peptide is recognized in all patients with celiac disease. 

· Cereal prolamines (gliadin, gluten which are found in wheat/rye/barley) initiate immune mediated mucosal damage in genetically predisposed people.  The grain proteins themselves aren’t intrinsically toxic.  

· Celiac disease can be diagnosed at any age.  It’s commonly (classically) diagnosed in young kids with the introduction of solid foods into the diet.  They show failure to thrive, abdominal distention, bloating, diarrhea/steatorrhea, abdominal pain and a dramatic response to a gluten free diet.  Later onset is extremely common though, throughout adulthood.  Often celiac may present with diarrhea at night, whereas this is uncommon in IBD.

· There are lots of extraintestinal manifestations of this disease.  They include anemia, osteoporosis, obstetrical problems, neuropsychiatric problems, other autoimmune conditions, dermatitis herpetiformis, and type I diabetes.  Dermatitis herpetiformis is a blistering of the elbows and knees that is gluten sensitive…you may see various skin lesions, pruritis, often with a symmetric distribution and often without any GI symptoms even though villous atrophy is common. 

· Lots of autoimmune conditions are also associated with celiac disease.  They include type I diabetes mellitus, thyroid disease, addison’s, alopecia, Sjogren’s, and others.  

· The disease may even be asymptomatic or latent.  Correspondingly, the degrees of histological abnormality are also quite variable.  

· If celiac disease is suspected, the best way to make a diagnosis is by looking for histological findings and seeing a clinical, serological and histological response to a gluten free diet.  On endoscopy, scalloping folds in the duodenum are suggestive of celiac disease (correlates with villous blunting seen on microscopy).  

· Serologic tests are for IgA against tissue transglutaminase (tTG).  This is highly sensitive and specific and can be used to screen people at risk and monitor dietary compliance.  Biopsy, however, is still the gold standard for diagnosis.  

· Treatment is by removing gluten from the diet.  Diarrhea may improve in a few days and cell damage is reversed in 3 days.  Clinical improvement is seen within 2 weeks in 70% of patients, and within 3 months usually weight gain has occurred.  Serological tests are clear in 4-6 weeks and may be used to monitor compliance.  

· A gluten free diet improves quality of life, improves unexplained symptoms like infertility, can improve osteoporosis/iron deficiency, and benefit the overall cancer risk.  But, if it doesn’t work it could be due to non-compliance, associated conditions (ulcers, etc), other antigenic/immune simuli, or a lymphoproliferative disorder.

· Bad grains most prominently include wheat, barley and rye.  Most other common grains are ok.  

· Within the classification of malabsorptive disorders, celiac disease is a ‘mucosal’ one, because it affects the mucosal lining of the intestine.  

· Fat malabsorption results in steatorrhea (fatty acids aren’t absorbed, get hydroxylated by bacteria and produce secretory diarrhea with bad odor).  The hydroxylated fatty acids produced by bacteria are very similar to the active ingredient of castor oil (a laxative), and these compounds lead to net intestinal secretion.  Steatorrhea can result in weight loss, but also loss of fat soluble vitamins.  

· Carbohydrate malabsorption can lead to osmotic diarrhea through loss of disaccharides that never get broken down for absorption.  They may be fermented by bacteria and lead to gas/bloating/discomfort, and sometimes fatigue.  Think of lactose intolerance.  

· Protein malaborption can lead to edema and malnutrition.  

· Vitamin or mineral malabsorption can occur.  Iron malabsorption can cause iron deficiency anemia, B12 malabsorption pernicious anemia (intestinal stasis leads to bacterial overgrowth, and these bugs will compete for B12 and bile salts) and glossitis (B12 or folate deficiency), or loss of fat soluble vitamins (A-night blindness, D-osteoporosis/hypocalcemia/tetany, E-decreased healing, K-bleeding). 

Inflammatory Bowel Disease:

· IBD can be broken down into mostly ulcerative colitis or Crohn’s disease, with some patients being of indeterminate type.  

· Anatomically, UC tends to affect the rectum, rectum + left colon, or whole colon (rectum always involved).  Crohn’s mostly affects the ileum and/or colon (ileocolitis is most common), but can also sometimes affect the rest of the GI tract. 

· Grossly, UC produces superficial ulcers that can result in bleeding and/or secretion.  Crohn’s shows punched out, deeper ulcers, and longitudinal ulcers may be seen.  In either condition, you can get macroulcerations that produce pseudopolyps (islands of normal epithelium that stick out above mostly ulcerated areas).  Because UC is more superficial, strictures are much more rare.  

· Histologically, UC whos superficial mucosal ulceration.  Crohn’s is more often a transmural infection.  

· Clinically, when Crohn’s is just inflammation you see pain/tenderness, diarrhea and weight loss.  If it scars and produces obstruction, you tend to see more cramps, distension and vomiting.  If a fistula forms (ulcerates through the wall into another cavity), you tend to see diarrhea, pain, and possibly air/feces in the urine.  Fistulas may be entero-enteric/vesical/peritoneal/cutaneous.  

· Because UC is more superficial, you see much fewer abdominal masses, intestinal obstructions, and fistulae.  Crohn’s shows more of the extra-intestinal manifestations, though they can occur in either.  These include episcleritis, uveitis, aphthous stomatitis (mouth ulcers), sacroileitis, cutaneous Crohn’s, erythema nodosum, pyoderma gangrenosum, primary sclerosing cholangitis.  

· The pathogenesis of IBD is a combination of genetic susceptibility, environmental factors, intestinal microbes, and the host immune response.  It’s characterized by a dysregulation of the inflammatory response to infection in a genetically predisposed patient.  

· Environmental factors include smoking (decreases risk of UC, increases risk of CD), appendectomy (helps UC, not CD), and high sanitation levels as a kid (increases risk of CD).  

· It’s unclear why, but UC and CD patients have altered intestinal bacterial flora.  Animal models also show that bacteria are required for development of colitis.  And, all models of colitis have been shown to be worse in the presence of bacteria.  Serologic tests for IBD recognize microbial antigens.  CD patients commonly have antibodies against ASCA, and UC patients commonly have p-ANCA.  Treating microbes with antibiotics or probiotics (give them good bacteria for protection) improves IBD.  

· Epithelial cells regulate mucosal immunity.  They are the point of contact with bacteria and the first line of defense in the gut.  They function as barriers, and if bacteria do invade they produce cytokines/chemokines, and they interact with the innate/adaptive immune system.  

· IBD patients have defects in intestinal permeability, which may make them more susceptible to microbes.  

· Innate immunity involves PAMPs being recognized by PRRs.  PRRs include two main classes:  extracellular TLRs and intracellular Nucleoside oligomerizatino domain (NOD) proteins.  TLR expression is altered in IBD tissues.  SNPs in NOD2 associated with CD made it the first identified IBD gene.  NOD2 is expressed in macrophages, dendritic cells, and paneth cells of the small bowel.  Paneth cells produce defensins (natural anti-microbials).  NOD2 defects result in a failure to eradicate intracellular organisms and decreased defensin production.  Now, other genes have been found to be associated with CD.  These include IRGM and ATG16L, autophagy genes that are also anti-bacterial.  

· Adaptive immunity is largely T-cell mediated.  Th1 cells mediate a lot of cellular immunity and make IFN-gamma and TNF-alpha.  Th2 cells mediate a lot of humoral immunity and make IL cytokines.  Originally, it was thought that CD is Th1 mediated, and UC was Th2 mediated, particularly because CD patients had too much TNF-alpha.  Even this was oversimplified, it resulted in anti-TNF-alpha antibodies (infliximab, adalimumab, certolizumab) that are still current front line therapies.  

Later work showed SNPs in the IL-23 receptor to either confer protection or increased risk for CD or UC.  IL-23 is pro-inflammatory and stimulates Th17 cells (which regulate the transition between innate and adaptive immunity), and Treg cells have the opposite effect on T cell differentiation and they are anti-inflammatory.

In a normal person, t-cell differentiation into Th1/2/17 is balanced.  In IBD, you get increased Th1 (Crohn’s), increased Th2 (UC), and/or increased Th17 (both), compared to less Treg activity.  So IBD shows activated inflammation.  

· Inflammatory cells in IBD specifically target the gut.  They express α4β7 integrin, which interacts with cell adhesion molecules in the gut to promote homing there.  This α4β7 integrin is also expressed in leukocytes that go to the blood-brain barrier.  An antibody against α4 (natalizumab) prevents homing and prevents gut inflammation.  It’s approved for the treatment of Crohn’s and MS.  It also blocks leukocyte homing to the blood-brain barrier, so progressive multifocal leukencephalopathy is a potential complication of treatment.  

Introduction to Motility:

· The proximal stomach (fundus and body) expands for accommodation and storage of food.  It regulates intragastric pressure and is responsible for tonic movement of chyme.  It has no phasic motor activity.  The distal stomach (antrum) is for grinding food against the closed pylorus and emptying the stomach.  Its motor activity is phasic and has about 2 contractions per minute.  

· In the fed state, the small intestine digests and absorbs nutrients, so motility is aimed at mixing and absorbing.  In the fasting state, motility is for propelling non-absorbed residue and keeps the intestines clean of bacteria and other residue.  

· The colon absorbs excess fluid, salvages unabsorbed nutrients with the help of bacteria, and permits defecation.  It has intermittent, short segmental contractions that induce mixing.  This is followed by quiescent periods for storage.  There are intermittent (~5/day) high amplitude peristaltic contractions (HAPC) to promote defecation.  It takes things 36 hours to go through the colon, much longer than the rest of the digestive tract.  

· The anorectum is for storage and elimination of feces.  The rectum acts as a reservoir.  Tonic contraction of the puborectalis muscle (alters the angle of the terminal GI tract to retain or release stool), internal, and external anal sphincters occur in storage.  With defecation, the puborectalis relaxes, and the sphincters open.  This is in response to voluntary defecation or increased rectal pressure.  

· The enteric nervous system has extrinsic (sympathetic and parasympathetic) components that can modify the intrinsic components.  The intrinsic enteric nervous system includes the myenteric (Auerbach’s) plexus between the circular and longitudinal layers of muscle and the submucosal (Meissner’s) plexus.  The intrinsic enteric nervous system has activity independent of CNS input.  It is composed of smooth muscle cells, enteroendocrine cells, nervous tissue, inflammatory cells and interstitial cells of Cajal (control frequency and propagation of contraction with their intrinsic myoelectric frequencies, and they communicate with neurons and smooth muscle).  

· Signaling molecules involved in gut motility aren’t well characterized.  Serotonin is believed to be the major stimulatory neurotransmitter, but others may include ACh or substance P.  

· GI motility has rhythmic electrical activity.  It is triggered by the interstitial cells of Cajal.  The motor patterns can be separated into fasting and fed states.  

· In the fasting state, you see migratory motor complex activity (MMC) that acts to clear the stomach and intestine of residual food and debris.  It occurs once every 90 minutes and is triggered by motilin (or exogenous erythromycin).  It can be blocked by infusion of gastrin, which changes you to a fed-state pattern.  This activity is less pronounced in the colon.  Loss of this pattern is associated with bloating, distention, and small intestinal bacterial overgrowth.  

· In the fed state, there are slow contractions in the stomach (3/minute) and small intestine (12/minute).  The colon has disorganized, but stronger, contractions.  When you eat and gastrin is released and the stomach is distended, the gastric-colic reflex causes movement in the colon.  The duration of the fed state increases as calorie or fate intake increases.  This motor activity is disrupted with opiates.  

· Disorders of GI motility:  

· Gastroparesis is delayed emptying of the stomach in the absence of mechanical obstruction.  Symptoms include nausea, vomiting of undigested food, dyspepsia, epigastric pain, bloating, heartburn, and weight loss.  The severity of symptoms is variable, and they may be intermittent.  

The normal stomach expands to accommodate food, and it maintains intragastric pressure.  50% of gastric emptying occurs in 2 hours, 90% in 4 hours.  In gastroparesis, patients may have loss of fundic accommodation (causing bloating and early satiety), altered or absent antral phasic contractions (delayed emptying), and visceral hypersensitivity (pain).  The intrinsic enteric nervous system is often impaired.  

Gastroparesis is classically associated with diabetes mellitus.  It also occurs with CT disorders, neurologic and psychiatric problems, gastrectomy, drugs (anti-cholinergics, tricyclics, dopamine agonists, or opiates), or idiopathic (possibly post-infectious).  It is more common in women.  

Gastroparesis is diagnosed mostly by GI structural tests (upper GI series, endoscopy) and gastric function tests.  Gastric motility tests include gastric emptying studies, antroduodenal manometry (less common), and electrogastrogram (very uncommon).  

It is managed with dietary modification (small meals, less fat/fiber, liquid supplements), glycemic control, meds (anti-emetic, prokinetic), endoscopic therapy (botox injections into pyloric sphincter to relax it), gastric electrical stimulation (not great), gastrostomy/jejunostomy, or total gastrectomy.  

Medications for gastroparesis include:  Erythromycin (macrolide and motilin agonist, stimulates antral contraction and MMC initiation), Metoclopramide (dopamine agonist, central antiemetic, induces antral contraction, fundic relaxation, improves antroduodenal coordination, but is associated with tardive dyskinesia), and Domperidone (very common peripheral dopamine antagonist, central anti-emetic, induces antral contraction, fundic relaxation, improves antroduodenal coordination, but is not FDA approved).  

· Constipation:  This is a symptom, not a disease.  It is unsatisfactory defecation with infrequent or difficult passage of stool.  To qualify according to the ‘Rome III’ criteria, you need to have 2 or more characteristics in at least 25% of bowel movements (hard, require strain, etc).  Basically, there’s a lot more to it than just frequency of bowel movements.  

Any alteration in normal colonic motility (segmental contraction, quiescent periods, HAPC, relaxing anorectum) can result in constipation.  It’s a very common condition, and its etiology is multifactorial.  It can be caused by endocrine, metabolic, endocrine, or CT disorders, meds, functional or obstructive GI problems, Hirschprung’s disease, or defecatory disorder.  

· Hirschprung’s disease: This is an arrest in the caudal migration of neural crest cells through the gut during development.  Ganglion cells in the distal bowel are absent.  You get a loss of internal anal sphincter relaxation when the rectum is distended (no urge to defecate).  It’s associated with constipation, but symptoms are variable.  It’s usually detected in childhood.

· Constipation can be classified as ‘normal transit time constipation’ (tests normal, but patients have difficulty with stool), ‘slow transit time’ (infrequent bowel movements, altered neurons and interstitial cells of Cajal, delayed emptying of the promixal colon and fewer HAPCs), or ‘defecatory disorders’ (pelvic floor dysfunction, outlet obstruction, inability to extrude stool from the anorectum).  

· A history for a patient with constipation should look at symptoms like stool frequency/form, and physical should include a rectal exam.  Other systemic conditions should be evaluated.  Lab tests include TSH and calcium levels.  Radiogarphic or endoscopic studies can be done to exclude obstruction (colonoscopy, barium enema), or you can also do colon physiologic testing (these usually aren’t necessary).  Colonic physiologic testing includes colonic scintigraphy (looking at transit time through the colon), radio-opaque marker transit studies (Sitz marker studies), anorectal manometry, or barium defecorgraphy (inject stool-consistency material infused with barium and have patient defecate it).  

Irritable Bowel Syndrome:

· Irritable bowel syndrome used to be called mucous colitis and lots of other names.  Its symptoms include bloating, abdominal pain, diarrhea, constipation, or alternating diarrhea and constipation.  There’s no diagnostic test for IBS, it’s based on clinical history.

· According to the Rome III diagnostic criteria, a diagnosis of IBS requires recurrent abdominal pain or discomfort 3 days per month for 3 months.  The pain improves with defecation, is associated with a change in stool frequency, or is associated with a change in stool appearance.  

· IBS affects 20% of western populations, and it affects twice as many women as men.  Most present from 30-50 years old, but 70% don’t consult a health care provider.  It still accounts for lots of visits at a high cost.  

· IBS is associated with reduced health quality of life, particularly if a patient also shows anxiety and depression, GERD, diabetes, or ESRD.  

· IBS is broken down into three groups:  IBS-D (diarrhea predominant), IBS-C (constipation predominant), and IBS-mixed.  IBS is not associated with weight loss, anemia or rectal bleeding.  

· IBS patients show an increased sensitivity to visceral pain/discomfort.  

· This condition is likely related to serotonin secreted from enteroendocrine cells.  It is a key mediator of gut sensitivity and motility.  Increased serotonin increases peristalsis, which can lead to diarrhea.  Decreased serotonin decreases peristalsis, which can lead to constipation.  Polymorphisms in the SERT promoter for serotonin determine the neurotransmitter’s activity, regulation and metabolism.  Some genotypes are associated with increased visceral pain sensation, as is IBS.

· IBS patients show activity in the prefrontal cortex during painful rectal stimulus, whereas normal patients show activity in the anterior cingulate cortex.  IBS may be more common in women because they perceive somatic pain differently (lower pain thresholds, less tolerance), and central administration of estrogens increases the pain response.  Estrogens may bind opioid receptors to reduce the response to analgesics in women, so female patients may be a bit harder to manage.  

· But, women are also more likely to seek health care consultations for their symptoms, and men are less willing to report pain.  So the available data may be fairly biased.  Also, women are more self-conscious and ashamed about having GI symptoms, and these symptoms have a bigger negative impact on their quality of life.  

· Up to 50% of IBS patients have a history of sexual abuse, which is a huge number.  

· There aren’t many good evidence based therapies, partially because placebos have a response rate of 40-70%.  IBS patients do commonly use complementary medicine, particularly because women tend to be more interested in these therapies.  

· Serotonin directed therapies do exist for IBD.  Tegaserod is a 5HT4 (serotonin receptor) agonist for IBS-C, but it has been taken off the market.  Alosetron is a 5HT3 receptor antagonist for IBS-D, which decreases stool frequency and abdominal discomfort.  Alosetron’s more dramatic response in women may be related to differences in cerebral serotonin processing in response to alosetron.  

· SSRIs like Citalopram inhibit SERT (serotonin gene regulators) and can increase colonic compliance in normal volunteers.   The use of antidepressants for IBS makes sense, but the efficacy data has been mixed.  

· Treatment of IBS includes supportive agents (treat symptoms), aminosalicylates (like aspirin, -alazine or –alamine), antibiotics (treat infectious causes), and corticosteroids/immunomodulators (reduce inflammation).  These are listed in the order in which they would be prescribed for increasing severity.  

· Fructose malabsorption exacerbates IBS.  If poorly absorbed, fructose can be fermented by colonic flora to produce gas and/or diarrhea.  The typical American diet has over 100g fructose.

· Small bowel bacterial overgrowth can also exacerbate IBS symptoms.  They can result in segmental dysmotility.  A lactulose breath test can diagnose this, and if positive, antibiotics are prescribed.  

· Gut-directed hypnotherapy tries to return GI function to normal and reduce medication use and consultation.  83% of patients remain well 1-5 years after treatment.  It may normalize rectal sensitivity in hypersensitive patients and improve symptoms.  

· Cognitive behavioral therapy teaches IBS patients how to reframe their outlook and adjust how they approach their symptoms.  67% of patients had improved symptoms, and over 80% of these patients remained improved after 4 years.  But, this type of therapy is expensive and hard to find.  This is one of the most efficacious ways to approach IBS, but it’s virtually impossible to do an RCT to study this.  

· IBS (25%) may also be post-infectious, following Salmonella, Shigella, Giardia, Campylobacter, etc.  This causes lots of inflammation (lymphocytes in the lamina propria), which cause the release of histamine and tryptase that excite visceral sensory nerves and lead to gut sensory and motor dysfunction.  

· 50% of IBS patients report symptoms for more than 10 years, 16% for more than 20 years.  Severity of symptoms may wax and wane.  Some patients’ symptoms resolve on their own.  

· The model we should use for thinking of IBS includes mucosal inflammation, altered serotonin signaling, genetics (SERT), psychosocial stressors, and neural abnormalities in central processing and pain perception.  

Gallbladder Disease:

· Bile is made in the liver, stored in the gallbladder, and acts in the small intestine.  It’s reabsorbed primarily in the terminal ileum.  
· Bile functions include emulsification of fat (aids in transport and absorption of digested fat).  The fat absorption is for energy, but also for absorption of vitamins ADEK, cholesterol and bile salts.  Bile is also a way to excrete lipid soluble waste products (bilirubin, cholesterol, and xenobiotics).  
· Bile is composed of a liquid portion that gets reabsorbed (water, electrolytes) and various solutes.  The electrolytes are similar to concentrations found in plasma.  They are responsible for the osmotic activity of bile.  Solutes include:
· Bile Salts – these make up 70% of the bile solutes.  They are detergents produced in the liver from cholesterol.  They are amphophilic and solubilize lipids in water.  OH groups and conjugation to amino acids like taurine or glycine increase the hydrophilic character of the original cholesterol backbone.  Almost all of the bile salts are conjugated, which helps make them impermeable to enterocytes and keeps them in the lumen of the small intestine until they are actively absorbed in the terminal ileum.  Conjugation also reduces degradation by pancreatic enzymes.  
If their concentration is above the critical micellar concentration, they will form micelles.  If it falls below this concentration, patients are predisposed to gallstones.  
· Bilirubin
· Lecithins (phospholipids like phosphatidylcholine) – facilitate the conversion of cholesterol into bile salts.  It is also amphipathic and increase bile’s ability to solubilize cholesterol.  They also protect the biliary epithelium from the damaging effects of bile salts.
· Cholesterol – cholesterol is insoluble, and the only way to eliminate it is to make it into bile acids via the enzyme 7-alpha hydroxlase (or otherwise transform it) or eliminate it in the bile.  Cholesterol flux through hepatocytes is mediated by endogenous cholesterol synthesis (via HMG CoA reductase), take it up from the blood (Acyl-CoA-cholesterol ester transferase), or make it from cholesterol esters. 
· Proteins – These include factors that either promote or inhibit nucleation of cholesterol rich crystals (important for gallstone formation).  
· Bile salts in the blood sinusoids are taken into hepatocytes, which also make some of them.  They are mostly conjugated and then secreted into bile canaliculi.  They go down the biliary tree and into the gallbladder.
· The gallbladder stores bile between meals, and it’s expelled in response to meals or other stimuli.  It keeps the biliary system at a low pressure.  The gallbladder also concentrates bile and absorbs various things from it.  Inflammation of the gallbladder (cholangitis) may cause it absorb too much and predispose to gallstones.  
· Gallbladder activity is modulated by complex neurohormonal interactions (not well characterized).  In the fasting state, bile flow is diverted to the gallbladder.  It contracts in association with MMCs, in which cases it empties 20% of its volume.  This activity may help prevent cholesterol precipitation.  
· CCK is the strongest stimulation for gallbladder contraction.  It begins to empty 1-2 minutes after a meal, and 50-70% of the gallbladder’s volume is emptied with each meal.  It lasts about 40-60 minutes.  
· Enterohepatic circulation is the cyclic flow of molecules (bilirubin, vitamins D and B12, some drugs) from the liver to the intestine and through the portal circulation back to the liver.  It includes both passive and active absorption.  Most (95%) conjugated bile salts are actively absorbed in the terminal ileum.  
· Gallstones (cholelithiasis) are the most common gallbladder disorder.  20 million people have it, but most (70%) are asymptomatic.  Clinical management has dramatically changed with the lap chole.  Mortality is pretty low, but still significant (2%).  If someone is asymptomatic, they usually aren’t treated unless they have tons of stones that put them at increased risk of gallbladder cancer.  
· The clinical manifestations of cholelithiasis include episodic pain (RUQ pain after eating, especially after a fatty meal) that lasts 30-90 minutes.  You may get acute cholecystitis (inflammation of the gallbladder wall) that will often show Murphy’s sign (pain upon pressure from palpation) and a thick, edematous gallbladder wall.  Pain often radiates to the shoulder or right back.  Patients can alternately present with dyspepsia, epigastric fullness or discomfort, or bloating.  These are pretty non-specific symptoms.  
· If a gallstone gets into the common bile duct (choledocolithiasis produces abnormal ALT, GGT, and AP, can lead to cholangitis/sepsis, and produces a painful obstructive jaundice), you may also get:  
· Obstructive jaundice
· Cholangitis - infectious inflammation of the gallbladder wall
· Pancreatitis - stones may reflux into the pancreatic duct…leading cause of pancreatitis
· Gallstone ileus - stone causes small bowel obstruction probably at ileocecal junction.  Symptoms include nausea, vomiting, air-fluid levels.  Requires surgical extraction.  This is the #1 cause of obstruction in people with no history of abdominal surgery.
· Bouvaret’s syndrome - erosion of gallbladder into lumen of duodenum due to large stones.  
· Acute chlolecystitis can be calculous (stone) or also acalculous (w/out stones, often occurs in ICU patients due to local infection and ischemia).  This is an emergency because it can lead to perforation.  Acute cholecystitis has intense and prolonged pain, fever, and leukocytosis.  
· Gallstones may be cholesterol stones (cholesterol, bile salts, bilirubin, protein Ca salts), which make up 85% of stones in the US, or they may be brown or black pigment stones (predominantly bilirubin, but also bile salts, fatty acids, and inorganic salts).  Many stones may be ‘mixed.’  
· Cholesterol gallstones are mostly made of cholesterol crystals and mucin glycoprotein matrix in alternating layers.  Factors that influence cholesterol stone formation include bile cholesterol supersaturation, altered mucosal function (from inflammation), hypomotility of the gallbladder, altered bile composition, accelerated nucleation (from imbalance or pro/anti-nucleation proteins), or increased mucin-glycoprotein production.  
Risk factors for cholesterol gallstones include old age (you get decreased 7-alpha hydroxylase activity as you age, so you have less bile acid production and more cholesterol accumulation), being female (hormones increase hepatic cholesterol uptake), genetics (common in N. Europeans, N. and S. Americans, American Indians and Hispanics), and certain drugs (clofibrate, estrogens, ceftriaxone, OCP, octreotide).  Additional risk factors include obesity/rapid weight loss/pregnancy which may contribute to gallbladder hypomotility, a high calorie/high cholesterol diet, diabetes, and GI disorders (Crohn’s, resection/bypass, CF with pancreatic insufficiency).  

· Black pigment stones (hard) are a consequence of bilirubin precipitating with calcium, and also bile phospholipids.  Patients with black pigment stones typically have chronic hemolysis, cirrhosis (these two increase unconjugated bilirubin), TPN or old age (these two lead to gallbladder stasis).  
· Brown pigment stones (softer) are due to Ca-bilirubinate and Ca soaps.  These are produced from bacterial metabolism, so they occur in situations of bilirubin stones with infection.  Bacteria can deconjugate bilirubin and contribute to its conversion into crystals.  Infections may be due to Clonorchis, Ascaris, or E. coli.  Brown stones are commonly found throughout the biliary tree in Asians, so the condition may be called Oriental Cholangiohepatitis (Clonorchis, Ascaris, E. coli).  
· Treatment of gallbladder disorders includes surgery (cholecystectomy), preferably a laparascopic procedure.  Lap chole has shorter hospital stays, earlier returns to activity, decreased cost/morbidity, and a 5% conversion rate to open.  ERCP can be done for endoscopic therapy for stone extraction if stones have gotten out of the gallbladder.  
· Prevention of gallstones includes treatment with Ursodiol, good for patients on rapid weight loss programs or getting bariatric surgery.  ASA/NSAIDs (prostaglandin inhibitors) can also help block mucus hypersecretion and cholesterol nucleartion.  These, too are used in people on rapid weight loss programs and to treat biliary colic.  
· Gallbladder carcinoma is a disease of the elderly, particularly females.  80% of these patients have gallstones.  It’s the most common GI malignancy in American Indians.  It has an increased prevalence in Latin American women, Japanese women, and N. Europeans.  This is a reason to remove an asymptomatic gallbladder if it’s full of stones.  
Gallbladder cancer is associated with long histories of gallstones.  It’s also associated with porcelain gallbladder (calcification of the gallbladder wall common in diabetes), biliary cysts, Salmonella typhi carriage, and exposure to carcinogens like textiles/rubber/auto industry chemicals.  

Signs and symptoms are pretty non-specific (pain, jaundice, nausea, vomiting, anorexia, weight loss).  By the time it becomes symptomatic, it’s often unresectable and the prognosis is pretty bad (median survival 5 months).  There’s no good therapy for it.  

Pancreatitis:

· Pancreatitis is classified as acute (acute inflammation, abdominal pain, elevated pancreatic enzymes in the serum, and self-limiting course) or chronic (chronic inflammation, chronic abdominal pain, progressive loss of pancreatic endocrine and exocrine function).  

Acute Pancreatitis:

· Acute pancreatitis is an acute, episodie inflammation of the pancreas.  It’s a common cause of hospitalization, results from autodigestion by digestive enzymes, can range from mild to severe and generally resolves completely.  

· It is diagnosed by having two of: abdominal pain (epigastric, constant, radiates to back), serum amylase and/or lipase >3x normal, findings of acute pancreatitis on CT.  Diagnostic tests include serum labs (for elevated amylase and lipase) and CT scans with or without contrast.  

· Presenting features include abdominal pain, nausea/vomiting, tachycardia and low grade fever due to inflammation, abdominal guarding, loss of bowel sounds and sometimes jaundice.  

· Most acute pancreatitis is due to alcohol or biliary disorders. 

The pathophysiology of biliary acute pancreatitis primarily involves zymogen activation and autodigestion, ischemia, and generation of inflammatory mediators.  This leads to inflammation and ischemia that cause necrosis, apoptosis, systemic inflammatory responses, and multi-organ failure.  Gallstones in the common duct can lead to increased pressure in the pancreas and inflammation.  Gallstones or microlithiasis (more like sludge) can cause pancreatitis.  Microlithiasis may be detected as crystals in the bile that are easily visualized on polarized light.  It’s not as easily detected, so may often be missed.  Treatment for microlithiasis really improves outcomes in pancreatitis patients.  

The pathophysiology of alcoholic pancreatitis involved direct injury from toxic metabolites, sensitization to CCK/zymogen activation/autodigestion/cytokine generation, abnormal blood flow and secretion, stimulation of CCK release and sphincter of Oddi spasm that prevents the release of pancreatic secretions.  

· Other causes of acute pancreatitis include:  autoimmune, drug induced (lots of drugs), IBD-related, iatrogenic (ERCP), infectious (mumps, coxsackie, hepatitis, CMV, toxoplasma, and many others), inherited, metabolic, neoplastic, structural, toxic, traumatic, and vascular.  

· The pancreatic duct anatomy is variable, and if the major and minor ducts don’t communicate, you may be predisposed to pancreatitis.  

· It’s associated with familial dyslipidemia (lots of free fatty acids can be toxic to the pancreas) and diabetes.  

· Acute pancreatitis is also associated with the genes PRSS1 (trypsinogen gain of function, showing premature activation of trypsin and pancreatic autodigestion…early onset, associated with increased risk of pancreatic adenocarcinoma), CFTR (classic CF usually leads to pancreatic insufficiency, compound heterozygotes often get chronic pancreatitis, and heterozygotes have some increased risk of acute recurrent and chronic pancreatitis), and SPINK1 (protects the pancreas from trypsin activation and autodigestion, and polymorphisms associated with pancreatitis).

· 10% of patients hospitalized for acute pancreatitis die.  More die if it becomes necrotic, or if the patients are particularly young or old.  In early deaths, systemic inflammation and multi-organ failure mostly cause the death.  In later deaths, pancreatic infections/sepsis and multi-organ failure mostly cause it.  Prognosis is determined by bedside assessment, various scoring systems, imaging criteria, and serum markers.  Early indicators of severity include inflammation and third spacing of fluid around the pancreas, tachycardia/hypotension, tachypnea/hypoxemia, hemoconcentration, oliguria, and encephalopathy.  

· The systemic inflammatory response syndrome (SIRS) that occurs with pancreatitis looks like sepsis, but in the absence of infection (except in infectious acute pancreatitis).  It is due to a ‘cytokine storm,’ and is a bad prognostic indicator.  Multiple organ dysfunction syndrome can also occur, and is also a bad prognostic factor.  ARDS may occur, due to cytokines and capillary leakage.  Acute pancreatitis may also shows signs like bruising on the flanks (called Grey Turner sign).  

· Ranson’s criteria are used to predict the severity of acute pancreatitis.  It correlates well with mortality.  

· Treatment mainly tries to address symptoms (supportive care), control pain, give the pancreas some rest, provide nutrition, and treat complications.  Ideally you’d like to find and treat the underlying cause.  Jejunal feeding is preferred over TPN to give the pancreas a break from having to digest ingested food.  

· CT can be very useful in diagnosing, determining a prognosis, and detecting complications.  You often see acute fluid collections (usually resolve spontaneously, if they cause problems they can be drained) in acute pancreatitis, as well as necrosis (due to ischemia, may result in systemic complications or local hemorrhage/infection…if infected it there may be gas in the necrotic tissue), pseudocysts, and abscesses.  Cysts may be neoplastic or not, and pseudocysts (fluid collections without an epithelial lining, occur ~1 month after disease onset) are very common.  Pseudocysts may cause pain, obstruction, infection, erosion, bleeding or rupture.  If symptomatic, pseudocysts can be drained, if not they can be followed.  Based on CT findings, Balthazar’s severity index may be determined.  This correlates with mortality.  

Chronic Pancreatitis:

· Chronic pancreatitis is a gradual fibrotic destruction of pancreatic tissue.  It may be the result of recurrent episodes of acute pancreatitis.  

· The pathophysiology of chronic pancreatitis is not clearly known, but it may be due to obstruction of pancreatic ducts, toxins or toxic metabolites, oxidative stress, necrosis/fibrosis (most common), or immune dysregulation.  

· The clinical features of chronic pancreatitis include abdominal pain (recurrent or chronic, usually not as severe as in acute cases…but patients may become addicted to narcotics), patients not eating to avoid pain and steatorrhea (leads to malnutrition), psychosocial decline, work loss, and lots of cost associated with this.  

· Pancreatic enzymes like lipase have lots of functional reserve capacity, so you need to almost completely destroy the pancreas to get pancreatic insufficiency.  

· The etiology of chronic pancreatitis is mostly alcoholic, some idiopathic, and occasionally the result of CF, hereditary causes, hypertriglyceridemia, autoimmune conditions, or tropical afflictions. 

· Alcoholic chronic pancreatitis is the result of heavy and prolonged use of alcohol, and it’s much more common in men than women.  Peak age of onset is 35, and manifestations include recurrent attacks, more severe pain than other forms of chronic pancreatitis, calcification s and ductal changes, and rapidly progressing pancreatitis (relatively).  Alcohol leads to calcification, fibrosis, decreased blood flow, direct toxic effects, altered protein synthesis and cytotoxic lymphocytes that mediate pancreatitis.

· Idiopathic CP tends to be early onset (1st two decades) with severe pain, or late onset with minimal pain but pancreatic insufficiency and calcifications.  

· Autoimmune pancreatitis includes a lymphoplasmacytic infiltration of the pancreas.  It shows milder pain than other CP and classically has diffuse pancreatic enlargement.  Obstructive jaundice is common, and imagine often shows biliary stricture.  It’s associated with other autoimmune conditions (Sjogren’s, thyroiditis).  Labs show elevated serum IgG4 and hypergammaglobulinemia.  Corticosteroid treatment works pretty well.  

· Tropical CP is endemic to the developing world (India, Africa, S. America).  It mostly affects children and young adults.  It is caused by dietary toxins and nutrient deficiencies.  Clinically, you see speedy progression to pancreatic insufficiency, calculi and ductal dilation.  

· The diagnosis of chronic pancreatitis, unlike the acute form, is pretty difficult (especially early in the progression).  Diagnosis is usually based on anatomic and functional tests, not pathology.  Imaging tests used to do this include ultrasound, MRCP and ERCP (NOT CT).  Other useful tests include 72-hour stool fat and stool markers (test pancreatic insufficiency) and secretin stimulation followed by measurement of duodenal contents.  

· Chronic pancreatitis can be classified based on structural changes (ex: extent of duct dilation), or based on etiology.  

· You can test exocrine function of the pancreas in the duodenum (measure protease and electrolyte secretion), stool (measure protease secretion or fat digestion/absorption), or urine (measure protease secretion).  

· Medical treatment for CP includes cessation of alcohol and cigarette use, analgesics (non-narcotics preferred), pancreatic enzyme therapy, and treatment of malnutrition.  Steatorrhea (excess fat in stool) may be detected by Sudan stain or 72 hour stool fat.  It may be due to pancreatic insufficiency and decreased concentrations of lipase and co-lipase, or increased duodenal pH and inactivation of lipase and precipitation of bile salts.  

· Nutritional management of exocrine pancreatic insufficiency include diet (modified fat intake, medium chain triglycerides, enzyme replacement, and vitamin supplements).  

· Pain management includes narcotic analgesia for glandular damage (fibrosis, ischemia), ERCP for pancreatic duct blockage, and drainage for pancreatic pseudocysts (highly effective).  

· Treatments for chronic pancreatitis include ERCP for stone removal or for stent placement for stones or ascites or pseudocyst drainage or obstruction (temporary tx).  This has no proven long term pain relief.  Non-surgical therapies for pancreatic duct stones include papillotomy, stenting, lithotripsy, endoscopic stone removal, or combined therapies.  

· Bile duct obstruction can be caused by inflammation, fibrosis, pseudocysts or tumors.  They present with cholestasis and pain.  Complications include cholangitis and secondary biliary cirrhosis.  Treatment is with bypass or stenting.

· Surgery for chronic pancreatitis may include pancreaticojejunostomy (if duct dilated, drains and decompresses duct), resection (if duct not dilated), pseudocyst repair, or bypass of a biliary stricture. 

Pancreatic Cancer:

· Even though there are only 34,000 cases per year, it’s the 4th leading cause of cancer death because it’s such a lethal cancer.  Smokers, black populations, diabetes in women, pancreatitis, and genetic factors put people at increased risk.  Halsted did the 1st successful surgery to treat it.

· Pancreatic cancer may be in islet cells (neuroendocrine) which is less virulent, or it may be an adenocarcinoma.  If at the head of the pancreas, a tumor can cause obstructive jaundice.  Patients tend to present with weight loss, abdominal pain or back pain.  The gallbladder may be distended and palpable.  

· Cancers of the distal bile duct, ampulla of Vater, or adjacent duodenum may be mistaken for pancreatic cancer.  

· The Whipple operation is done to resect pancreatic cancers and some of the surrounding anatomy.  Mortality was initially so high that it was almost abandoned, but the operation gained popularity in the late 80s and 90s.  Now, it’s pretty safe (1.7% mortality with a median length of stay of 7 days).  

· To diagnose pancreatic cancer you really only need a CT scan that shows dilated bile ducts, gallbladder and pancreatic ducts.  To see if someone may be a surgical candidate, they must have no involvement of the superior mesenteric artery/vein and there must be no metastases.  

· The vast majority of pancreatic cancer patients don’t survive to 5 years.  Only 30% are initially candidates for surgery, and further workup elminates another 5%.  Of that 25%, only 20% will survive.  If the surgery shows them to be node (-) and the margins on the resected specimen are negative, they have a 40% chance of survival.  

· Genes like Her2, Kras, p16, p53, and BRCA2 have been shown to be important in the development of pancreatic cancer.  They hope to develop a marker for increased risk (like PSA for prostate) that will help identify populations to be more thoroughly screened.  

· Family history is very important in pancreatic cancer.  If there’s a familial pattern, people need to be screened.  If there are 2 or more people in a family with pancreatic cancer, the risk is elevated 18x for other members.  If there are 3 or more, 57x.  

· Radiation and chemo are controversially beneficial after a Whipple.  Immunotherapy is promising for the future. 

Liver Function Tests:

· The liver is important for metabolism, detox, storage and digestion.  Serum bilirubin (overall function), serum enzymes (cellular injury and cholestasis), serum albumin (biosynthetic capacity), prothrombin time (biosynthetic capacity), and autoantibodies/viral markers (specific diseases) can all be used to as tests of liver function.  These are good in that they are non invasive, and they can identify general types of liver disease.  They are great for follow up and management.  Limitations of liver tests include their lack of sensitivity and specificity.

· Increased bilirubin (>1.2) doesn’t necessarily indicate liver disease.  Bilirubin is produced from hemoglobin/myoglobin and is taken up and conjugated in the liver, then excreted via bile into the intestine.  There, it is converted to urobilinogen (colorless) for urinary excretion or conversion to stercobilin (colored) for fecal excretion.  

· With hemolysis (or Gilbert’s syndrome – no bilirubin uptake into liver, or Crigler-Najjar syndrome – defect in conjugation), most of the excess bilirubin is unconjugated (hasn’t yet gotten to the liver for conjugation).  But once (if) it gets conjugated, it’s able to be removed from the body as urobilinogen (doesn’t alter the color of the urine).  The excess bilirubin is unconjugated, so it’s pretty insoluble in water and is not excreted in the urine.  

· With liver disease or cholestasis, usually the conjugation function is preserved and you get high levels of conjugated bilirubin (>20% of total bilirubin).  With cholestasis or liver disease, the conjugated bilirubin will back up into the bloodstream.  It may not reach the intestines for conversion to urobilinogen/stercobilin, so stool may be light colored and there may be low urine urobilinogen.  Because the conjugated bilirubin is water soluble, it can be excreted in the urine from the bloodstream and cause the urine to be dark.  

· Aminotransferases (ALT, AST) are present more in the liver than other tissues, particularly in the mitochondria.  Due to this compartmentalization different liver diseases may affect them in slightly different ways.  Usually they don’t correlate very closely with the extent of liver necrosis.  

· If you see a rapid decline from a pretty high level, it likely indicates a single episode of necrosis.  With acute, massive liver disease, ALT and AST are elevated due to the damage, but then because you stop making them, they decline quickly.  

· Elevations over 500 are rare in extrahepatic obstruction (so with biliary obstruction you only see modest increases).  

· With alcoholic liver disease, elevations are low with AST > ALT.  This is because there’s more AST in the mitochondria, and alcoholic liver disease affects these organelles.  It may also occur with a pyridoxal-5’-phosphate deficiency, because this co-factor affects ALT synthesis more.  

· Alkaline phosphatase is elevated in cases of intrahepatic cholestasis, extrahepatic biliary obstruction, space-occupying lesions in the liver (neoplasm, granuloma), bone disease, or in pregnancy.  Bililary obstruction stimulates increased alkaline phosphate synthesis in hepatocytes, and because biliary flow is compromised, the extra alk phos goes into the blood.  

· 5’-nucleotidase is a phosphatase specific for the liver, and it’s used to establish that the source of alkaline phosphatase elevation is the liver.  

· Gamma-glutamyl Transpeptidase is elevated in intrahepatic cholestasis, extrahepatic biliary obstruction, drugs that induce microsomal enzymes, and chronic active alcoholism.  

· Prothrombin time may be due to liver disease (decreased clotting factor synthesis) or vitamin K deficiency.  In hepatic dysfunction, prolonged PT > 5 sec is a poor prognostic indicator.  

· Serum albumin is low in cases of decreased hepatic synthesis or malnutrition…much like PT.  Low albumin can lead to ascites in either case. 

· Hypergammaglobulinemia is seen in liver disease.  With chronic liver disease, it’s IgG.  IgG should be elevated in cases where a diagnosis of autoimmune hepatitis is suspected.  With alcoholic liver disease, it’s IgA.  With primary biliary cirrhosis, it’s IgM.  This test isn’t used much.  

· Cholestasis:  This is just where you have a decreased bile flow in the liver.  Clinically, patients present with jaundice and itching (pruritis).  Labs show increased bilirubin (direct>20%), bile acids and alkaline phosphatase in the serum (and also 5’ nucleotidase and gammaglutamyl transpeptidase).  Serum aminotransferases should show a minimal (if any) elevation.  

· Causes of intrahepatic cholestasis include prolonged viral hepatitis, drug/alcohol-induced cholestasis, primary biliary cirrhosis, genetic defects in biliary excretion (Dubin-Johnson and Rotor’s syndromes), benign recurrent intrahepatic cholestasis, intrahepatic cholestasis of pregnancy (3rd trimester), sepsis-associated cholestasis (due to TNF-alpha activity), post-op cholestasis, and cholestasis associated with TPN.

· Causes of extrahepatic cholestasis include choledocholithiasis, bile duct narrowing (cholangiocarcinoma), and pancreatic cancer.  Diagnosis may be made via ultrasound, bile duct imaging (ERCP, MRCP, or PTC – percutaneous transhepatic cholangiogram).

· Primary biliary cirrhosis occurs mostly in women age 30-65, and shows fatigue, pruritis, and xanthoma (yellow, cholesterol rich deposits in the skin).  Fatigue is common in chronic liver disease, and bile obstruction very often produces itching.  >90% of patients have anti-microbial antibodies (AMA), and AMA is a specific test for primary biliary cirrhosis.  Without bile you can’t absorb fat or fat soluble vitamins, so vitamin replacement may be important. You also treat with a bile acid substitute and drugs for symptoms.  If advanced, may require liver transplant. 

· Alcoholic liver disease leads to reversible changes like elevated enzymes and fatty liver.  It may become irreversible chronic alcoholic hepatitis (more likely in women, malnourished, obese, or people with aldehyde dehydrogenase deficiencies).  Either case can eventually lead to cirrhosis.  The more you drink, the more likely you’ll get cirrhosis.  AST and ALT may be moderately elevated, and usually AST>ALT with about a 2:1 ratio.

· Non-alcoholic steatohepatitis (NASH) is more common in women age 40-60.  It’s much more frequent in patients with obesity, non-insulin dependent diabetes and hyperlipidemia (metabolic syndrome).  AST and ALT may be moderately elevated, and usually ALT>AST (opposite of alcoholic).  Alkaline phosphatase is elevated, but bilirubin and albumin are normal.  Ultrasound often shows a bright liver due to the presence of a fatty liver.  Liver biopsies show fibrosis or cirrhosis 15-20% of the time.  

· Alcoholic and non-alocholic liver disease looks the same on histology.  You see fat, necrosis, and Mallory bodies of hyaline.  

· Hemochromatosis is an iron storage disease with widespread tissue injury.  It shows the manifestations of chronic liver disease, carbohydrate intolerance, skin pigmentation, cardiac arrhytmias, arthropathy.  You basically get iron deposits in the body.  It’s diagnosed with elevated serum iron levels, increased ferritin levels, and increased transferring saturation.  Biopsy and genotype (commonly mutated HLA-A gene, a C282Y mutation) may also contribute.  Therapy is phlebotomy to get rid of iron.  Iron chelators may help some.

· Wilson’s disease is a recessive disease of copper accumulation in the liver and brain.  It’s more common in women and can present acutely or as chronic liver disease.  You see low ceruloplasmin levels (though it may be high in the acute phase), increased liver and urine copper, and Kayser-Fleischer rings of iron accumulation around the cornea.  It’s treated with chelating agents.  

· Porphyria cutanea tarda is a block in porphyrin metabolism that results in cutaneous photosensitivity.  You can get cirrhosis or hepatocellular cancer.  Patients have increased hepatic iron, often have anti-HC antibodies, and increased urinary uroporphyrin.  This is also treated with phlebotomy to get rid of iron.  

· For Hepatitis A, test for IgM Anti-HAV.  For Hepatitis B, test for HBs Ag (surface antigen), and IgM anti-HBc (core antigen).  For hepatitis C, test for Anti-HCV and HCV RNA.  

· With hepatitis B, viral DNA and HBsAg are present during infection.  IgM Anti-HBc is present transiently, and anti-HBs is present a little later but stays elevated persistently.

· Drug induced hepatitis can lead to cholestasis (anabolic steroids) or hepatitis (acetaminophen).  With acetaminophen hepatitis, you have to really take a lot or be drinking alcohol.  Acetaminophen is metabolized to an active metabolite that initially produces anorexia, nausea, and vomiting.  Then symptoms abate for a day or two before they return with overt hepatitis.  Treatment is with N-acetyl cysteine if within the first 16 hours, after which it is mostly supportive.  Different drugs can produce different lesions that precede cirrhosis.  Various factors can make you susceptible to different drugs (age, sex, total dose, drug interactions, kidney function, obesity, genetics).  

· Autoimmune hepatitis is more common in women and is frequently acute in onset of symptoms.  Cirrhosis is present in ¼ of cases at presentation.  Extrahepatic manifestations are common.  Without treatment (ex: prednisone), there’s only a 50% 5 year survival.  Symptoms include abdominal pain/tenderness, hepatomegaly (only in 50% of patients), amenorrhea, acne, fatigue, anorexia, fever, arthralgia, arthritis, myalgia, and skin rash.  

· On lab exam, you see elevated aminotransferases, hypergammaglobulinemia, autoantibodies (ANA), and biopsy showing periportal hepatitis, focal liver cell necrosis and lymphoplasmacytic infiltrates.  

Hepatitis, The Basics:

· 80% of the blood supplying the liver is venous, from the intestines via the portal vein.  

· The transaminase enzymes (liver enzymes) ALT and AST are abundant hepatic enzymes that catalyze transfer of amino groups.  Both are released from the liver during cellular injury.  AST is mostly located in the mitochondria, though some is also in the cytoplasm, and most of the ALT is in the cytoplasm.  This is why different liver conditions produce different ratios of serum ALT and AST.  

· Hepatitis is inflammation of the liver, and is not necessarily contagious (though the viruses that may be causing it can be).  High AST and ALT don’t tell you the extent of the liver damage.  

· Kupffer cells are hepatic macrophages that line the hepatic sinusoids.  The bile canaliculi and blood sinusoids travel in different directs in a hepatic lobule (blood toward the central vein, bile toward the portal triads).  

· Oxygen is most concentrated near the portal triads, so ischemic injury first affects cells nearest the central veins.  Cells throughout the portal triads have pretty constant levels of AST, but ALT is has a distribution like oxygen in which there are lower levels near the central veins.  

· When AST is really high (in the 1000s), the cause is most often ischemia or toxins.  AST will rise really quickly, but if treated appropriately it should decrease pretty quickly.  

· In alcoholic hepatitis, the AST:ALT ratio is about 2:1 (AST>ALT).  AST is rarely higher than 350 in these cases, and if it is another etiology should be considered.  

· Cholestasis is when you have choleopiesis and bile secretion, but stoppage of bile flow in intra or extra-hepatic bile ducts.  

· Alkaline phosphatase is distributed in hepatocytes such that it mostly faces the bile canaliculi.  Some is also present in the cells of the bile ducts (cholangiocytes).  With cholestasis, obstruction of bile flow leads to upregulation of alkaline phosphatase in hepatocytes and cholangiocytes, and it leaks into the blood at higher levels.  A mass in the liver obstructs flow through the bile canaliculi and may likewise increase serum alkaline phosphatase.

· With a bile duct obstruction, the bilirubin system also backs up and you get more conjugated (direct) bilirubin.  Bile acids do the same thing.

· Markers of cholestasis include increased alkaline phosphatase, GGT, 5’-NT, bilirubin and bile acids.  

· There are two patterns of abnormal serum liver tests.  The predominantly hepatocellular pattern shows elevated aminotransferases.  The predominantly cholestatic pattern shows elevated alkaline phosphatase.  Bilirubin can be elevated in either membrane, because it requires a lot of energy so any time a hepatocyte is struggling (liver dysfunction or insufficiency) you can see increased serum bilirubin.  

· Jaundice is both a symptom and a disorder of bilirubin metabolism.  There are three main causes:  hemolysis, liver dysfunction and biliary disease.  Hemolysis shows increased total and indirect bilirubin.  Liver dysfunction shows increased total, indirect and direct bilirubin, and may or may not have increased alk phos.  Biliary disease (ex: choledocholithiasis from gallstones) shows increased total bilirubin and direct bilirubin, and increased alk phos.  

· Hepatitis is chronic if it lasts over 6 months.  

Viral Hepatitis:

· Hepatitis is inflammation of the liver, and it’s definitely not just viral.  It can be caused by alcohol, drugs (acetaminophen, isoniazid), shock, acute obstruction.  There are also non-viral infectious causes of hepatitis like pneumococcus, sepsis, TB, histoplasma, or rickettsia.  Viruses other than hepatitis also cause it, including CMV and EBV.  Just having the virus won’t make you sick, rather it’s the immune response to the virus that makes you feel it.  

· Acute viral hepatitis is most often A, followed by B, followed by C.  These cases are mostly in immigrants or travelers.  It was a huge problem with transfusions until the 1970s when they stopped paying blood donors.  

· The course of an acute hepatitis infection includes exposure (people are often unaware of this), incubation, prodrome, icteric phase (symptoms, jaundice), convalescence, and recovery or persistence.  

· Hepatitis A and E are transmitted fecal-oral.  B and D are sexual, blood or perinatal transmission.  C is mostly blood.  

· Hepatitis A and E are most likely to give you jaundice and least likely to persist, B and D are in the middle, and C is least likely to give you jaundice but most likely to persist.  

· Labs show ALT and AST >10x normal, IgM antibody (in acute infection), viral particles (protein or nucleic acid, indicating ongoing infection), and/or neutralizing antibodies (on recovery).  

· A typical course of hepatitis A:  There’s a short incubation period followed by onset of symptoms and increased ALT.  ALT falls, and IgM and total anti-HAV rise.  Then IgM falls and only anti-HAV antibodies remain. 

· For prevention of hepatitis, there are vaccines for hepatitis A (standard), B (standard), and D.  IgG may be pooled and administered for hepatitis A, or it may be given as a specifically for B or D.  

· For treatment, there is nothing for hepatitis A.  For hepatitis B, you can give IFN-alpha or lamivudine.  For hepatitis C, you can give pegylated IFN-alpha or ribavirin.  

· Hepatitis A:  This is a picornavirus with no envelope, which means that it’s bile stable.  This facilitates its fecal-oral transmission.  The capsid protein elicit a universal neutralizing antibody (one serotype), so if you’re immune to one strain you’re immune to all of them.  There’s not a lot of endemic HAV left.  It produces jaundice, but doesn’t cause chronic disease.  It can cause death though, especially in people who already have liver disease.  

· Diagnosis is by IgM anti-HAV.  Treatment is rest and hydration.  Prevention may be pre-exposure or post-exposure (vaccine, IgG).  To test if a vaccine produced immunity, you can look at total anti-HAV.  

· Hepatitis B:  This may be transmitted by transfusion, body fluids (sexual), transplant, child to child, IV (illicit and hospital drugs), or mother to baby.  The HBV viral genome has overlapping reading frames which constrain its evlution.  It produces 5 proteins from 4 genes, because 1 gene may have an extra addition to one end that confers different function.  C is the core protein, and S is the surface protein (3 different forms).  

· Hepatitis B can be chronic.  The progression goes from mild infection to more severe chronic liver disease.  You get fibrosis and cirrhosis, then liver failure, then maybe hepatocellular carcinoma, then death.  The older you get, the more severe your symptoms but the smaller the chance the virus will persist.  

· With serology in general, you don’t have the antigen and antibody present at the same time.

· The serology of HBV with recovery shows a rise in S antigen (surface antigen) followed by a rise in E antigen, symptoms, a rise in IgM C antibody, and total C-antibody.  IgM C antibody falls after a several months, S antigen falls and S antibody appears.  If the patient recovers, E antigen goes away and you get E antibody.  Then you only have antibodies left, with no antigen.

· The serology of HBV that becomes chronic also begins with a rise in S antigen followed by a rise in E antigen, symptoms, a rise in IgM C antibody, and total C antibody.  But, in this case, S antigen stays high chronically.  IgM C antibody falls.  With chronic hepatitis, E antigen may remains present or be replaced by E antibody.  In the end you have S antigen, C antibody, and E antigen (chronic) or antibody (chronic precore)

· With acute HBV, ALT is elevated, then when it resolves ALT is normal.  

· With chronic hepatitis, you have S antigen, E antigen, and C antibody.  If you are a ‘chronic precore’ Asian pattern patient (this has a high risk of liver cancer), you have the S antigen, E antibody and C antibody.  If you are a ‘healthy carrier’ you have S antigen, E antibody and C antibody, but normal ALT.  

· The HBV vaccine only gives the surface antigen, not the core or e antigens.

· Hepatitis B can be treated with pegylated IFN-alpha, lamivudine/telbivudine, entecavir/tenofovir, and others.

· Prevention can by pre-exposure (vaccine) or post-exposure (vaccine or HBIG).  

· Hepatitis D virus has an RNA genome and requires hepatitis B infection in the host before it can infect someone.  If you can’t get HBV (vaccine), then you can’t get hepatitis D.

· Hepatitis C is made as a single polyprotein that gets cleaved.  It is extremely genetically diverse and mutates quickly, which makes vaccine development difficult, and it make the virus resistant to treatment.  Hepatitis C in the US correlates strongly with sex, IV drug users, and low SES.  

· Hepatitis C is mostly transmitted through blood exposure (IDU, transfusion, needlestick), or a little through sexual, perinatal and nosocomial means.

· The natural history of HCV includes exposure and either becoming chronic or resolving.  If chronic, it can be stable (common) or develop cirrhosis.  This cirrhosis may be compensated or progress to ESLD (#1 indication for liver transplant).  

· Screening for HCV looks for anti-HCV antibodies or HCV RNA.

· Treatment is with pegylated IFN-alpha + ribavirin.  There is no vaccine.  

· Hepatitis E has a 15-25% case fatality rate in pregnant women.  It is transmitted fecal-oral, though person-to-person transmission is fairly low and most US cases have a history of travel to endemic places.  IgM anti-E antibody is used for diagnosis of acute infection, IgG for past infection.  

· Hepatitis G exists, but it doesn’t cause any known disease.  

Metabolic and Inherited Liver Disease:

· Alpha1-antitrypsin deficiency is the most common inherited liver disease to present in infants, whereas hemochromatosis is most common in adults.  

· Wilson Disease:  This is an autosomal recessive disorder in copper transport.  The defective gene (ATP7B, aka WND) encodes a metal transporting ATPase that moves copper into the Golgi for secretion into the bile canaliculi.  Copper is ingested and free copper is absorbed.  This goes to the liver where it enters the Golgi via the ATPase, binds ceruloplasmin, then mostly gets excreted into the bile while some goes to the body bound to ceruloplasmin.  

· Mutated ATP7B leads to accumulation of copper in hepatocytes.  There is oxidative damage and activation of apoptosis.  Some copper also leaks into the blood, which allows it to accumulate in other tissues.  

· This presents as Kayser-Fleischer rings of copper deposition in the cornea (visible via slit lamp, may also be present in cholestatic disease), neuro disorders, Fanconi syndrome (kidney problems), cardiomyopathy, hemolysis and arthropathy.  

· Testing for it includes ceruloplasmin levels (which are very low, but it’s also altered by inflammation, estrogen, protein loss, cirrhosis), serum copper levels (elevated in hepatitis, cholestasis), hepatic parenchymal copper (best diagnostic test, may not be evenly distributed though), or genetic studies.  There are lots of different mutations and most patients are compound heterozygotes.  Certain mutations are predominant in N. Europeans and Asians.

· Treatment includes copper chelation, dietary therapy (avoid copper-rich food and drinking water with copper), or zinc acetate (uses the same transporter, so decreases copper absorption).  If the liver fails, transplantation is the treatment.  

· Hereditary Hemochromatosis:  This is an autosomal recessive disorder causing excessive iron deposition in the tissues, especially the liver.  Mutations in the HFE gene cause increased intestinal absorption of iron, and there’s no mechanism to excrete it.  Iron absorption is usually tightly regulated to maintain homeostasis and only a small fraction of what passes through the intestines is absorbed.  

· Intestinal cells develop in the crypts, and as they develop there they sense the body’s iron levels.  Depending on the iron level, they will be programmed to absorb a certain amount of iron when they reach the villi. This is regulated by HFE (transferrin receptor) and another protein (hepcidin) that affects ferroportin channels that modulate iron absorption and reutilization.  HFE controls hepcidin synthesis.  

· In hemochromatosis, HFE mutations lead to decreased hepcidin and causes epithelium to sense iron deficiency even when none is present.  So you inappropriately absorb too much iron.  This is the most common genetic disorder in Caucasians.  The most common is C282Y.

· The clinical presentation of hemochromatosis is cirrhosis, bronze skin, and diabetes, cardiomyopathy, dysrhythmias, fatigue/malaise/arthralgia, hepatomegaly, increased AST and ALT, increased transferrin saturation and increased ferritin, increased liver iron index.  

· The best diagnostics are to look at transferrin and ferritin levels, both of which should be elevated.  Treatmend is phlebotomy until target ferritin and transferrin levels are reached.  This treatment really improves survival.  

· Alpha1-antitrypsin Deficiency:  This is an autosomal codominant condition.  There are over 75 different protease inhibitor alleles, and the ‘Z’ variant results in abnormal folding of the protein in the secretory organelles of hepatocytes.  The protein gets misfolded and can’t be secreted, so it accumulates in the liver (seen as inclusions in the hepatocytes that stain PAS positive) and causes damage.  But you also get increased protease activity in the body.  In an analysis of blood proteins, the alpha-1 fraction is depleted in this condition.

· The ‘Z’ mutation causes liver disease due to a misfolded protein building up.  It also has a high risk of lung disease due to the lack of alpha-1-antitrypsin activity.  A null mutation in this gene will still cause the lung disease due to a lack of enzyme activity, but won’t build up in the liver and cause liver disease (only happens in 10-20% of ZZ patients).  

· This is diagnosed with clinical presentation, alpha-1-antitrypsin levels, liver biopsy, and phenotyping.  It can be managed by treating complications, surveillance for hepatocellular carcinoma, giving infusions of alpha-1-antitrypsin, treating lung disease, etc.  It can be cured with transplant.  

· Obesity is associated with having a fatty liver and also type II DM (insulin resistance), HTN, and hyperlipidemia.  Non-alcoholic fatty liver disease (NAFLD) may be just fat in the liver (steatosis), fat and inflammation (steatohepatitis - NASH), or fibrosis (cirrhosis).  Insulin resistance is the central component of the metabolic syndrome.  It leads to increased release of free fatty acids from adipose tissue and increased fatty acid synthesis.  

Cholestatic Liver Disease:

· Cholestatis liver disease includes any liver disorder that is characterized by impaired bile flow.  It hallmark is elevated serum alkaline phosphatase, and possibly elevated (direct) bilirubin.  Elevated GGT or 5’ nucleotidase can confirm the liver specificity of the disease.  In cholestasis, ALT and AST are only mildly abnormal.  Cholestasis can lead to acute and/or chronic liver disease and cirrhosis.  

· Alkaline phosphatase is made by biliary epithelium, hepatocytes, intestines, bone and 3rd trimester placenta.  In the liver, retained bile salts (in cholestasis) cause alkaline phosphatase synthesis and it spills into the bloodstream.  GGT and 5’ nucleotidase are liver specific and also elevated with cholestasis.  

· The clinical features of cholestasis include icterus (yellow eyes), jaundice (yellow skin), and other exam findings of cirrhosis.  Typical symptoms include pruritis (itching), RQU pain, fevers and chills, as well as Charcot’s triad and Raynaud’s pentad.  You can also get fat soluble vitamin deficiencies as a result of fat malabsorption in the absence of bile.  Vitamin A deficiency causes night blindness, vitamin D osteomalacia, vitamin E neuropathy (rare), and vitamin K coagulopathy.  

· Imaging studies include ultrasound (great in looking for a dialted biliary tree and gallstones), CT (good for masses that may cause obstruction), MRI (masses), MRCP (MRI specific for bile ducts), ERCP (invasive, allows visualization via fluoroscopy but also intervention).

· The differential for cholestatic liver disease:

· Intrahepatic causes (cause normal bile duct appearance on ultrasound):  Primary biliary cirrhosis, primary sclerosing cholangitis, drug-induced liver disease, systemic diseases and other rare causes.

· Extrahepatic causes:  Obstruction (gallstones, malignant, infectious), and primary sclerosing cholangitis.

· Primary biliary cirrhosis (intrahepatic):  PBC is a chronic, idiopathic autoimmune (T-cell) attack of the small bile ductules that leads to their destruction, chronic cholestasis, and cirrhosis.  95% of patients are women.  Etiology isn’t well characterized and may actually be environmental.  

· Patients present in their 40s or 50s with fatigue, itching and RUQ pain.  They may also get very high cholesterol that causes xanthalasmas/xanthomas (cholesterol deposits on the skin), jaundice, and/or kyphosis (from vitamin deficiency).  But only half of people with the condition are symptomatic.  Alk phos >1000, bilirubin is elevated, but ALT and AST may be normal.  It’s also associated with other autoimmune disorders.  

· AMA (anti-mitochondrial antibodies) are elevated in 97% of patients.  With this, liver biopsy usually isn’t necessary, though it would show inflammatory cells around the bile ducts.

· This is managed with Ursodeoxycholic acid, a naturally occurring bile salt.  Vitamins ADEK may be given to correct deficiency, and cholestyramine for itching (it’s a bile salt sequestrant, and the bile salts are what cause the itching).  Liver transplant may be necessary for decompensated cirrhosis.  

· Primary sclerosing cholangitis (both intra and extrahepatic):  PSC is a chronic, idiopathic cholestatic liver disease leading to progressive inflammation, fibrosis and structuring of the intra and extrahepatic bile ducts.  It’s 75% in men, mostly Caucasians.  

· Patients present around age 40 and 70-80% of them have ulcerative colitis.  They present with diarrhea, bloody stool, jaundice, fatigue (very common in hepatitis), itching (due to bile), very high alk phos, elevated bilirubin and ALT and AST near normal.  

· It is diagnosed with imaging, colonoscopy to look for IBD, liver biopsy (not always necessary) and exclusion of other diseases.  Imaging should show fibrotic strictures of the biliary tree with areas proximal to the stricture dilated.  Biopsy should show an onion skin appearance.  

· It’s managed with dilatation and stenting of the strictures, screening for cholangiocarcinoma and colorectal cancer (in UC patients), and possibly liver transplantation.  

· Primary sclerosing cholangitis is linked to genetic and immunologic factors.  It’s associated with HLA DR2/3/4.  Histologically, you see lymphocytic bile duct infiltration, increased serum gammaglobulins, circulating immune complexes, and metabolism of complement C3.  

· Drug induced cholestasis (intrahepatic):  Meds can cause a variety of chronic and acute cholestatic syndromes.  Most cases are acute and reversible, others may have chronic and irreversible effects on the bile ducts.  Symptoms include jaundice, fatigue, pruritis, anorexia, with possible rash and eosinophilia.  

· The key to diagnosis is establishing a temporal relationship between administration of the drug and development of symptoms, as well as a response after the drug is removed.  

· Liver injury can occur through various mechanisms (uptake, transport, or secretion of bile due to toxic drug accumulation, or immune mediated hypersensitivity).  They may cause just cholestasis (anabolic steroids, celecoxib), cholestatic hepatitis (penicillins, NSAIDs, isoniazid, macrolides), cholangiolitis (bactrim), or vanishing bile duct syndrome (penicillins, tetracyclines, TPN, macrolides).  

· Treatment includes removal of the suspected meds, and maybe cholestryamine for itching, ursodeoxycholic acid, and possibly liver transplantation.  It may take weeks for liver enzymes to return to normal. 

· Overlap syndromes have some features of both autoimmune hepatitis and PBC or PSC.  You can get autoimmune cholangitis which is exactly like PBC but AMA negative.  Or, you can get small duct PSC.

· There are also rare causes of cholestasis like Alagille syndrome (autosomal dom), progressive familial intrahepatic cholestasis (autosomal rec, occus by age 10-15), benign recurrent intrahepatic cholestasis (jaundice and itching, but no permanent liver damage).  

· All of the hepatitis viruses can have a cholestatic presentation.  HBV and HCV can cause a severe type in immunocompromised hosts (often after liver transplant) called Fibrosing Cholestatic Hepatitis.  

· Systemic diseases:  Sepsis can result in liver dysfunction if bacterial lipopolysaccharides impair bile acid transport.  Hepatic congestion from right heart failure can produce cholestasis, as can paraneoplastic syndromes and sarcoidosis.  

· HIV/AIDS cholangiopathy is associated with low CD4 counts (<100), CMV infection, and strictures, dilatations, or papillary stenosis in the biliary tree.  

· Extrahepatic cholestasis (biliary obstruction) can cause a rapid, life-threatening infection (ascending cholangitis).  It produces Charcot’s triad (fevers/rigors, jaundice, RUQ pain) or Reynold’s pentad (Charcot’s plus hypotension and mental status changes).  Emergency decompression of the biliary tree and supportive care are the treatments.  

· Causes of extrahepatic cholestasis include:  choledocholithiasis, PSC, infection, or malignancy.  

Autoimmune Hepatitis, Alcoholic Liver Disease, Non-alcoholic Fatty Liver:

Autoimmune Hepatitis:

· This is a relatively uncommon disorder that may present with asymptomatic ALT elevation, or it may present as fatigue/malaise/arthralgia, or it can present more acutely with jaundice, marked ALT elevation and sometimes acute liver failure.  It’s often associated with thyroiditis or other autoimmune disorders, and it affects women more than men.  

· The histopathology includes interface hepatitis (inflammatory cells at portal areas that spill into the rest of the liver), and if it’s severe it may show bridging necrosis and fibrosis.  

· The injury of autoimmune hepatitis is predominantly hepatocellular, so you see modest changes in alk phos but pretty good changes in ALT.  You also see increased globulin.  Autoantibodies (ANA, SMA, LKM-1, SLA/LP) must be present, though no one alone is specific for AIH.  Autoimmune hepatitis is associated with HLA DR3 and DR4.  

· Subtype 1 (ANA, SMA, HLA DR3 and DR4) is seen in the US.  Type 2 (anti-LKM-1) is uncommon and associated with HCV.  Type 3 (anti-SLA/LP) is similar to type 1.  

· AIH is diagnosed by assigning a score based on autoantibodies and histology.  

· Chronic hepatitis C infection often has SMA or ANA, and less often LKM-1.  Anti-LKM-1 antibodies are against cytochrome P450 2D6, and if IFN is given their ALT often elevates more.  Anti-LKM-1 has a 14-fold increased risk of thyroiditis, and may require immunosuppression.  

· Immunosuppressive therapy has been shown to make significant improvements in survival of severe AIH.  Post-menopausal women and people with cirrhosis respond equally well.  Immunosuppresion corrects many of the lab abnormalities, and without treatment patients will develop cirrhosis and its complications.  Treatment can be continued for 1-2 years then tapered off to lower doses.  

Alcoholic Liver Disease:  

· This category includes fatty liver, alcoholic hepatitis and cirrhosis.  Even if you consume a lot of alcohol, there’s a fairly low risk of developing ALD.  Risk factors include how much you drink, how long you sustain that pattern, obesity, malnutrition, HCV, being female, and genetics.  

· Having more than 1-2 drinks per day increases the risk of cirrhosis and other liver disease.  

· Alcohol is metabolized in the liver.  The major pathway is via alcohol dehydrogenase (reduces NADH), with a minor contribution from cytP450 2E1.  The major pathway can lead to fatty liver by altering the redox state of the organ.  The minor pathway produces reactive oxygen species that can damage the liver.  Alcohol is oxidized to acetaldehyde, which is oxidized to acetate by aldehyde dehydrogenase.  

· So with alcohol you get increased oxidant stress in the liver.  Induction of enzymes (cytP450 2E1, NADPH oxidase) and low glutathione contribute to this.  You also get Kupffer cell (macrophage) activation and release of pro-inflammatory cytokines (TNF-alpha, IL-6).  These stimulate fibrogenesis.  

· Genetics clearly play some role in alcoholic liver disease.  Polymorphisms in alcohol metabolism enzymes also influence ALD (alcohol dehydrogenase, cytP450 2E1, aldehyde dehydrogenase).  

· Alcohol intake and chronic hepatitis C infection both increase the risk of developing cirrhosis.  

· Alcoholic hepatitis:  clinical features include jaundice, nausea/anorexia, abdominal pain, hepatomegaly (fatty liver), fever, leukocytosis, and elevated AST and ALT.  AST and ALT are only modestly elevated, and usually AST>ALT with about a 2:1 ratio.  In the lab, you also see prolonged prothrombin time and elevated bilirubin (conjugated).  

· To assess the severity of alcoholic hepatitis, you can use PT and bilirubin levels.  The single worst prognostic factor is the presence of encephalopathy.  Ascites also usually indicates severe disease.  

· In alcoholic hepatitis, you can get endotoxemia.  These endotoxins correlate with WBC and neutrophil counts, and they may lead to cytokine release that damages the liver.  IL-6, IL-8 and TNF-alpha were higher in alcoholics who developed acute alcoholic hepatitis (AAH).  

· Abstinence is extremely important in improving mortality and disease progression in people with alcoholic hepatitis.  Corticosteroids are also useful in treatment of alcoholic liver disease, because they are anti-inflammatory and anti-fibrotic.  They reduce IL-6 and TNF-alpha, and they have a big effect on mortality.  

· Obese patients have 2.5 more steatosis, acute alcoholic hepatitis, and cirrhosis.  

Non-Alcoholic Fatty Liver Disease and Non-Alcoholic Steatohepatitis (NAFLD and NASH):

· NAFL is a common cause of abnormal liver enzymes.  It is associated with obesity, type II diabetes, increased visceral fat and dyslipidemia (metabolic syndrome), but the pathogenesis is unclear.  Fatty infiltration can be associated with inflammation and/or fibrosis, as well as progression to cirrhosis (it looks a lot like alcoholic liver disease, but it’s MUCH more common).  

· NAFLD affects 10-24% of the general population, and is much higher in obese populations (including kids).  Cirrhosis develops in 10-15% of NAFLD cases.  On CT, NAFL looks like a big and less dense (darker) than the spleen.  

· NASH is not nearly as common as NAFLD, but it’s still more common than alcoholic liver disease.  On lab tests, NASH shows mild to moderate elevation of AST and ALT, and dyslipidemia (high triglycerides, low HDL).  In contrast with alcoholic hepatitis, NASH has ALT>AST and rarely shows increased globulin, low albumin or prolonged PT.  

· Patients with steatosis (fatty liver) without fibrosis progress slowly or not at all.  Those with more advanced lesions (steatosis plus ballooning, fibrosis or Mallory bodies) are at risk for developing cirrhosis.  In patients with marked steatosis, rapid weight loss can increase portal fibrosis and necro-inflammatory disease.  Liver morbidity/mortality are similar in NASH and chronic HCV when they have comparable levels of fibrosis. 

· Severely obese patients are very likely to have NASH if they have insulin resistance, systemic hypertension, and/or elevated ALT.  

· NAFLD patients are more likely to have fibrosis if they are older, obese, have diabetes, or have AST>ALT.  

· Insulin resistance is a key factor in more advanced forms of NAFLD (NASH is an advanced form of NAFLD).  NASH patients showed more metabolic syndrome, insulin resistance and glucose intolerance.  Insulin increases lipolysis in adipose tissue and free fatty acid uptake by the liver.  More free fatty acids in the liver can cause oxidative stress and stimulate cytokines, collagen synthesis, and cell death.  

· To treat NAFL, you should correct insulin resistance (diet, exercise, drugs) and treat based on the mechanisms of cell injury (ex: antioxidants, anti-cytokines, anti-fibrotics).  Often gradual weight loss may be adequate treatment for patients with steatosis who haven’t yet progressed to NASH.  

Cirrhosis and Portal Hypertension:

· Cirrhosis can be the end stage of any chronic liver disease.  It’s characterized histologically by regenerative nodules surrounded by bands of fibrous tissue.  Grossly, it looks like nodular, irregular surface.  

· The natural history of cirrhosis is going from chronic liver disease to compensated cirrhosis, to uncompensated cirrhosis (w/ symptoms like variceal hemorrhage, ascites, encephatlopathy, jaundice, hepatomegaly, splenomegaly), and ultimately organ failure.  Complications of cirrhosis result from portal hypertension (varices, ascites leading to peritonitis or hepatorenal syndrome) or liver insufficiency (encephalopathy, jaundice).  When cirrhosis becomes decompensated and symptomatic, survival really decreases.  

· Cirrhosis is the most common cause of portal hypertension, which it does by increasing resistance in the blood sinusoids.  Other causes of portal hypertension include pre-hepatic (thrombosis), pre-sinusoidal (schistosomiasis), sinusoidal (cirrhosis), post-sinusoidal (veno-occlusive, as in alcoholic liver disease), and post-hepatic (Budd-Chiari syndrome – thrombus in hepatic vein).  

· In cirrhosis, increased intrahepatic resistance is the initial mechanism that leads to portal hypertension.  Hepatic stellate cells are activated during hepatocellular injury, and this causes them to deposit collagen.  This constricts the sinusoids (regenerating hepatocytes contribute too) and also causes defenestration of the sinusoids.  

· Normally NO plays a major role in regulating intrahepatic resistance.  In cirrhosis NO activity is reduced and vasoconstrictors are increased.  So overall in cirrhosis, you get physical obstruction (fibrosis, regeneration) and biochemical vasoconstriction (less NO, more vasoconstrictors).  

· Portal hypertension can result from increased resistance (as described above) or from increased flow into the portal vein.  Portal venous inflow can increase and sustain portal HTN due to splanchnic vasodilatation.  Splanchnic vasodilatation occurs because the shear stress on the vessels from portal hypertension increase NO production.  But splanchnic vasodilatation leads to more portal flow and hypertension, and it’s a vicious cycle.  Even if collaterals form, portal hypertension persists.  

· Variceal hemorrhage is the leading cause of death in cirrhotic patients.  Esophageal varices progressively increase in diameter.  Half of cirrhosis patients will eventually develop them, and the more severe the disease, the more likely you’ll get varices.  You need at least a threshold pressure of 12mmHg to develop them, but people above that pressure can still be ok.  

· Measuring portal pressure is the definitive way to diagnose portal hypertension.  The best way to do it is to measure the hepatic venous pressure gradient (HVPG).  You measure two pressures:  The free hepatic venous pressure (FHVP) is just the pressure in the hepatic vein, and the wedged hepatic venous pressure (WHVP) provides a measure of pressure in the sinusoids/portal vein.  Since the pressure must be higher in the portal vein than in the hepatic vein for blood to flow in the right direction, the HVPG = WHVP – FHVP.  

· If portal hypertension is pre-hepatic or pre-sinusoidal, all of these pressures are normal.  With portal HTN originating in the sinusoids or post-sinusoids, WHVP is elevated but FHVP is normal and the gradient is increased.  With post-hepatic portal HTN (ex: heart failure or Budd-Chiari…but you can’t measure in Budd-Chiari because the hepatic vein is thrombosed) both WHVP and FHVP are elevated and the gradient is normal.

· Varices are more likely to rupture if they are large, show ‘red signs’ or occur in cases of more severe cirrhosis.  Treatment approaches to varicies include:

· Vasoconstrictors - even though they increase hepatic resistance, they decrease splanchnic flow and break the cycle to decrease portal pressure.  Ex: beta blocker, which prevents more 1st time bleeds on bigger varices.  

· Venodilators – even though they decrease splanchnic resistance (and increase splanchnic and portal flow), then decrease hepatic resistance to help overall.  This may not be good if a patient is already hypotensive from reduced venous return to the heart.  

· Endoscopic therapy (band ligation) – this can treat actively bleeding varices, and it does a better job of preventing 1st time bleeds than beta blockers.  

· TIPS/shunt surgery (Transjugular Intrahepatic Portosystemic Shunt) - really decreases intrahepatic pressure, even though splanchnic flow increases a little too.  When you do this the liver still gets perfused, but 100% of the flow comes from the hepatic artery.

· If someone has bleeding varices, you need IV access to get them fluid but caution should be exercised to make sure you don’t overtransfuse a patient.  The prevent re-bleeding, the best treatment is ligation + beta-blockers.  

· Cirrhosis is also the most common cause of ascites.  Portal vein obstruction won’t cause ascites, but hepatic vein obstruction will…so it’s the liver itself that’s leaking fluid when you get sinusoidal hypertension.  Ascites occurs when portal HTN causes shear stress and releases NO.  This vasodilates and decreases systemic blood pressure, which activates RAAS in the kidney and other sodium/water retention mechanisms that produce ascites.  

· You need an increased hepatic venous pressure gradient (portal HTN) of at least 12mmHg to get ascites as a result of cirrhosis and portal HTN.  So if you can get an estimate of someone’s sinusoidal pressure, you can tell whether ascites may be due to cirrhosis and portal HTN.  You can do this by looking at the Serum-Ascites Albumin Gradient (SAAG…difference in [albumin] between the serum and ascites fluid), which correlates closely with hepatic venous pressure gradient.  

· This occurs because cirrhosis causes the sinusoids become increasingly fibrous and decreasingly porous/leaky (capillarization).  So with cirrhosis, less albumin will leak out into the ascites fluid, and the bigger the difference will be from the serum.

· SAAG of 1.1 correlates with sinusoid pressure of 12mmHg.  So if SAAG>1.1 then the pressure in the sinusoids is at least 12mmHg and the ascites you see may be due to increased pressure in the hepatic sinusoids.  If it’s due to cirrhosis and the sinusoids are fibrous/capillarized, there will be low (<2.5) albumin in the ascites.  If it’s due to something post-sinusoidal like heart failure, the pressure in the sinusoids is still high but they are pretty porous, so there’s a lot (>2.5) of albumin in the asciets. 

· If SAAG<1.1, then the ascites is probably coming from the peritoneum.  Information on the [albumin] in the ascites fluid will give you further information here too.

· Overall:  Measure the SAAG and measure the amount of protein in the ascites fluid to figure out where it’s coming from and what’s causing it.  

· With cirrhosis, you get hepatic release of NO that causes vasodilatation and decreased blood pressure.  This activates things like RAAS to retain sodium and water, which contributes to ascites.  At higher levels of activation, they may trigger you to retain water via ADH and make you hyponatremic.  If these neurohormonal systems are maximally activated, you may get renal vasoconstriction and hepatorenal syndrome (renal failure due to liver disease).  In patients with hepatorenal syndrome, vasoconstrictors and albumin may help restore pressure/volume, but liver transplant is the best treatment.  

· Management of uncomplicated ascites addresses sodium and fluid retention, and mainstays of treatment include sodium restriction (hope to lose net sodium) and diuretics.  For some reason in cirrhosis distal kidney Na absorption is most important, so K sparing diuretics like Spironolactone (aldosterone inhibitor) are best.  If you get hyperkalemic, use a loop diuretic.  Then you monitor weight changes to assess how much fluid is being lost. Side effects of this treatment include renal problems, hypoNa, hyperK, encephalopathy and gynecomastia.  

· 10% of cirrhosis patients are refractory to treatment with diuretics.  They have worse survival, but they can be treated with large volume pericentesis.  In these patients, you also give albumin to pull fluid into the intravascular compartment and maintain blood volume (and also try to make your body stop retaining fluid and sodium).  

· Refractory ascites can also be managed with TIPS.  You have a baseline absorption of about 900cc of ascites fluid/day, so as long as you restore normal circulation and don’t make more ascites fluid, it should resolve eventually.  TIPS reduces ascites recurrence more than large volume pericentesis (LVP), but TIPS also has an increased risk of encephalopathy.  There’s no survival difference between the two.  

· Spontaneous bacterial peritonitis (SBP) is the most common infection in cirrhosis patients.  These bacteria get there by bacterial translocation (BT…only aerobic organisms), in which they migrate from the gut lumen to lymph nodes, then to other organs/sites.  In situations like burn, trauma or shock it’s more common…but it’s NOT more common in pre-hepatic portal hypertension.  This means the increased incidence is due to something going on in the liver, not just portal HTN.  

· Congestion of blood in the portal system leads to dysmotility and delayed transit time through the intestine that facilitate bacterial penetration into the portal circulation.  We always get bacteria in the portal circulation, but normally Kupffer cells (macrophages) in the liver filter them out.  In the cirrhosis patient, you can get ineffective Kupffer cells and bacteria get into the systemic circulation.  Also, the liver doesn’t make as much complement, and you can’t respond as well to bacteria in body fluids.  

· The symptoms of SBP include fever, jaundice, abdominal pain, confusion, etc.  But 30% of people with SBP have no symptoms.  

· Diagnosis is made by counting PMNs in the ascites fluid.  

· Hepatic encephalopathy is a devastating consequence of liver disease.  It develops from exposure of the brain to stuff that’s usually removed by the liver.  The best characterized toxin is NH3 (normally goes into urea cycle), since the same thing happens with urea cycle enzyme deficiencies.  Lots of factors contribute though.  You start by getting confusion (stage 1), then drowsiness (2), then somnolence (3), then coma (4).  This first commonly manifests as a reversal of the day-night sleeping pattern…but sedatives should NOT be prescribed because the liver won’t clear it.  These patients will show asterixis (can’t keep wrists extended, and hands flap up and down if they try to).  They may also get changes on EEG and constructural apraxia (trouble orienting in space).  

· Things that make hepatic encephalopathy worse include sedatives, diuretics (low K and alkalosis cause more ammonia and less ammonium), temperature/infection, TIPS (no blood goes through liver and no toxins get removed there…that’s the big drawback), GI bleeds and excess protein (provides lots of ammonia) consumption. 

· Treatment tries to reduce NH3 levels (via laculose, which bacteria convert to lactic acid and the lower pH causes ammonia to be trapped in the colon as ammonium).  Antibiotics may help modify gut bacteria to help too.

Liver Imaging:

· The liver has right and left lobes (divided by the gallbladder fossa), with a total of 8 segments.  The falciform ligament, gallbladder, and vessels running in and out are the main landmarks.  

· The liver has a dual blood supply, but tumors will only be supplied by the hepatic artery (more oxygenated blood).  

· Imaging may be done on CT at different time points.  On certain occasions, masses may be hidden (not-distinguishable) at a given time, so images are often taken at multiple time points to avoid missing these findings.  

· To visualize tumors in the liver, you can inject a dye into the hepatic artery.  Most of the liver is supplied by the portal vein, so wouldn’t light up (white on CT) with the contrast in your dye.  But, a tumor would.  If you inject a dye into the portal vein, most of the liver will be opacified (show up white on CT) whereas the tumor will not. 

· With fast helical scanners, you can inject dye IV.  The hepatic parenchyma peaks in about 60 seconds and then declines.  But a tumor doesn’t enhance as much, peaks around 120 seconds, then declines.  To get the maximum contrast between tumor and liver, you look at around 70 seconds, which is termed the portal venous phase (PVP).  Most hepatic imaging (MRI, CT, etc) is done in the PVP.  

· But, a hypervascular tumor will light up earlier, and the liver still behaves the same way.  A hypervascular tumor opacified more than the liver at about the same peak (~60 seconds) but then as they both faded they overlapped at around 70 seconds when most imaging was done in the PVP.  So only PVP imaging wouldn’t show a hypervascular tumor.  So they added an earlier phase of imaging at 30 seconds and termed it the Hepatic Arterial Phase (HAP).  

· Routinely, they just image in PVP.  But, if you’re looking for liver tumors, you need to use dual phase imaging.  

· The advantage of MRI is you can look in many phases.  

· Most tumors are hypovascular (seen on PVP), but some are hypervascular (not seen on PVP).  Hypervascular tumors include benign ones (focal nodular hyperplasia, adenoma), malignant ones (hepatocellular carcinoma), or mets (carcinoid, renal, melanoma, islet cell, and breast cancers).

· Benign tumors:  

· Hemangioma:  the most common benign neoplasm of the liver, present in up to 20% of the population.  These tumors are nodular, peripheral (subcapsular) and gradually fill in.  You get large, endothelial-lined vascular spaces.  So they have slow flow through the tumor.  Because there’s slow flow, you’ll have early/incomplete filling in the HAP.  By PVP, it’s brighter.  It is the same brightness as the aorta.  

· Focal Nodular Hyperplasia:  This was often missed before they did HAP, since it’s hypervascular.  It’s rarely symptomatic, but can get big.  It is characterized by normal hepatocytes, and you rarely see hemorrhage, fat, necrosis, calcification, etc.  There may be a central scar or septae, but diagnosis really has to be made on imaging, not pathology…so not even worth biopsy if the imaging shows this.  On HAP, it looks homogenously hypervascular (bright).  On PVP it’s isodense (the same color) as the liver.  

· Hepatocellular adenoma:  This is a heterogeneous tumor, with hemorrhage, fat, necrosis, and a capsule.  They are due to exogenous steroid use.  Patients often have a history of oral contraceptive use that present with hemoperitoneum.  Males on anabolic steroids may get it.  They have a risk of malignant degeneration and hemorrhage, so may be resected.  They may have calcification too.  It’s heterogeneous both with and without contrast.  They may have risk of multiple adenomas.  They are hypervascular, so on HAP they are bright, and on PVP they are darker than normal liver (a wash out pattern).  This is a bad sign.  

· Malignant tumors:

· Hepatic metastases are much more common than primary neoplasms of the liver.  Prognosis depends on number and volume.  Commonly, they are from the colon, breast, lung, pancreas, melanoma, or sarcoma.  They tend to be hypovascular, and if you see a dark mass in the PVP, that’s all you need to do.  They tend to have fuzzy outlines and tend to be most normal at the periphery and most abnormal/necrotic in the middle.  These are aggressive features. 

· Hepatic metastases can also be hypervascular (carcinoid, renal, melanoma, pancreatic islet cell, or breast).  Dual phase helps visualize.  You see enhancement around the rim of the tumor in the HAP, but wash out (reverses and becomes darker than the rest of the liver) in the PVP.  

· Hepatocellular carcinoma:  This is a hypervascular tumor, so you see early enhancement on HAP and rapid washout on PVP (becomes darker).  Hepatitis C cirrhosis causes 50% of this in the US, and hemochromatosis is also a common association.  Some patients have alpha-fetoprotein.  They may be a solitary mass, a dominant mass with daughter lesions, diffuse, or multifocal.  Small ones are pretty homogenous, bigger ones can be heterogeneous.  In these cases, the whole liver may look nodular.  

· Complications may include subcapsular bleeds or tumor encroaching on vessels, like the portal vein.

· Cholangiocarcinoma:  Adenocarcinoma of the biliary tree.  10-25% are in the hepatic parenchyma.  These are hypovascular, so you only need PVP.  Because it arises from the biliary tree, you see biliary dilatation.  

· Overall:  things that are bright on HAP and darker than normal liver on PVP are often pretty bad.

Liver Transplantation:

· There’s no treatment that can reverse cirrhosis, so transplantation is a last resort.  

· Both halves of the liver can regenerate if you cut it in half.  Mature hepatocytes can likewise mature in culture, but if they are injured by alcohol they’ll undergo apoptosis.  Chronically injured liver cells can’t regenerate well, which is good because you probably don’t your replicating cells to be subject to chronic damage.  

· In the year a patient gets a liver transplant, it’ll cost them around $400,000.  But, patients do quite well with this treatment.  

· Indications for liver transplantation include pretty much everything that can give you chronic liver disease and cirrhosis.  Of these things, hepatitis B is the #1 risk factor for hepatocellular carcinoma.  

· Criteria for liver transplantation include 1 lesion under a certain size, or less than 3 lesions all under a smaller size, no invasion/mets, and end stage liver disease with alpha-feto protein (marker of cancer) over a certain level.  

· Acute liver failure is acute onset hepatic encephalopathy and coagulopathy within 8 weeks of getting jaundice.  It’s a justification for emergency transplantation.  Criteria for having ‘acute liver failure’ are based on the King’s College model.  

· The sickest patients (status 1, in which life expectancy<7 days) get livers first.  They use models like the Child-Pugh classification and Model of End-stage Liver Disease (MELD) for chronic liver disease/cirrhosis, of the King’s college criteria for acute liver failure to assess prognosis.  None of these models include AST or ALT, since they do NOT indicate severity of liver disease.

· Child A, B, and C correspond to mild, moderate and severe impairment.  Ascites, bilirubin, albumin, PT, etc all get worse from A to B to C.  It was designed to assess surgical risk pre-op.  It’s a bit ambiguous/subjective.  

· MELD accurately predicts short term survival for cirrhosis patients, and it’s derived from bilirubin, PT, and creatinine.  The healthiest score is 6, and the worst is 40.  

· King’s College criteria for acute liver failure include acetaminophen toxicity with acidosis or encephalopathy/prolonged PT/increased creatinine, or other causes with a certain length prothrombin time, or a combo of enough other liver disease markers.   

· Contraindications to transplantation include cardiopulmonary disease, other malignancy, sepsis, thrombosis, EtOH or drug abuse, non-compliance, or inadequate social support.  Age >69, HIV with CD4<100, or BMI>40 are relative contraindications.  

· Pre-transplant evaluation includes H&P, labs to confirm liver disease etiology, cardiopulmonary tests, kidney tests, hepatitis and viral serology, screen for hepatocellular carcinoma, etc.  

· When deciding who gets organs, acute liver failure is the highest priority and MELD determines priority for cirrhosis after that.  If tied, wait time breaks the tie.  Local and regional non-status-1 patients may be given priority over distant national status-1 patients.  

· Expanding the donor pool, whether by split (1/2) liver donation or extended criteria may be important, since there are so many people waiting.  

· Living donor transplants are technically difficult, but have a mortality of only .5%.  Donors must be ABO compatible and preferably under 50.  Half a liver is given and both sides regenerate.  Complications include acute rejection, primary non-function (not rejected, just doesn’t work), acute cellular rejection, infection, chronic rejection, recurrent disease, etc.  

Drugs and the Liver:

· Hepatic drug metabolism may include phase I metabolism (oxidation), phase II (conjugation), or both.  This is generally done to make things more water soluble for excretion.  

· Phase I metabolism includes mostly oxidation reactions by cyt P 450 enzymes.  Electrons are transferred from the substrate, to iron in the heme of the enzyme to oxygen, which creates reactive oxygen species.  These can react with NADPH, but may also react with cellular components and cause problems.  Alcohol induces some of these enzymes.  Many other drugs affect them and are affected by them.  

· Phase II metabolism includes conjugation to glutathione, glucuronate, sulfates, amino acids, etc, which is catalyzed by transferase enzymes.  Both endogenous and exogenous compounds are modified this way.  Most products are non-toxic and water-soluble.  

· Low molecular weight molecules are excreted in the urine.  Higher molecular weight molecules are excreted in bile.  

· Phase III metabolism may refer to transport protein on the canalicular membrane of hepatocytes that move conjugated metabolites into the bile.  The Pgp gene product of the MDR (multidrug resistance) gene normally functions like this, but it can allow drugs to escape cancer cells when they express it.  

· Systemic clearance is hepatic clearance for drugs that are metabolized only in the liver.   Intrinsic clearance is the clearance that depends on hepatic enzymatic metabolism.  The extraction ratio is the fraction of a drug that is metabolized on its first pass through the stomach/liver after ingestion.

· Bioavailability (F) = 1 – extraction ratio

· Hepatic clearance = (hepatic blood flow) x (extraction ratio)

· For drugs with a high extraction ratio, oral bioavailability is low and IV and oral drugs are different.  For these drugs, the flow through the liver has the biggest effect on their hepatic clearance.  With cirrhosis, you no longer get lots of extraction by the liver, so the first pass effect is decreased, you get increased oral bioavailability, and intrinsic clearance (enzymatic) has a bigger effect on clearance.  

· If the extraction ratio is low, oral bioavailability is high and oral and IV doses should be about the same.  For these drugs, the hepatic clearance is more dependent on enzyme activity (cirrhosis, for example, may decrease enzyme activity).  In both of these cases, both enzyme activity and blood flow affect drug clearance.  

· For drugs that are bound in the plasma, it’s only the free concentration that matters for metabolism.  In cirrhosis, you get decreased serum proteins, so there’s more free drug to be metabolized faster.  

· Pharmacogenetics refers to the fact that polymorphisms exist for cyt P450 enzymes, and these may account for toxicity of certain drugs.  Polymorphisms may also influence rates of elimination.  

· Drug metabolism doesn’t correlate with AST/ALT, and only correlates weakly with albumin and prothrombin time.  It correlates modestly with the Childs-Pugh score.  

· Recommendations for drug use in patients with cirrhosis:  Drugs eliminated by cytP450 are affected a lot more by liver disease than drugs eliminated by conjugation.  Oral bioavailability of normally highly extracted drugs may be significantly increased (no longer highly extracted).  Drugs with a narrow therapeutic window should be modified.  

· The liver is a major target organ for serious adverse effects of drugs.  They are a major cause of hepatic failure and are frequently undiagnosed causes of liver disease.  Drug induced liver damage (DILD) is the most common reason for post-marketing withdrawal of drugs.  Drugs can mimic almost any type of liver disease.  

· Drug induced liver damage is classified as intrinsic hepatotoxins (dose related, short interval between ingestion and toxicity, usually reproduced in animal models) or idiosyncratic hepatotoxins (not always dose related, not reproduced in animals, and host factors are very important in risk).  Idiosyncratic drug reactions may be due to metabolic idiosyncracy (responses to drug stress leads to toxicity) or immunologic idiosyncracy (genetically determined, aspects of hypersensitivity).  Some drugs like amoxcaillin-clavulanate have a pretty low frequency of idiosyncracy, but since they’re used so widely it still occurs at a decent rate.

· DILD can cause hepatocellular injury (necrosis, chronic hepatitis), intrahepatic cholestasis (high alk phos), or a mixed injury.  Risk factors for drug induced liver damage include age, gender, dose, genetics, obesity, fasting and underlying liver disease.  

· Metabolic hypersensitivity syndrome shows features of hypersensitivity and is associated with cytopenia and eosinophilia.  The genetic susceptibility (familial patterns) and increased risk conferred by HIV, SLE, or immunosuppression suggest that it has something to do with an immune reaction.  Since most drug metabolism happens in the liver and phase I sometimes produces highly reactive metabolites, it’s hypothesized that the reactive species bind cellular targets and cause injury, triggering apoptosis and releasing cytokines.  They may target transporters of drug excretion, mitochondria, surface antigens that induce an immune response, apoptosis, etc.

· Drugs account for more than half of acute liver failure.  40% is from acetaminophen, half of which are unintentional.  13% of acute liver failure is due to idiosyncratic drug reactions, in which cases survival was lowest.  People often die or require transplant with DILD.  

· Acetaminophen toxicity looks like massive centrilobular necrosis.  Normally a fraction of acetaminophen metabolism converts it to toxic NAPQI, but glutathione reacts with it to make it innocuous.  With acetaminophen toxicity, glutathione is decreased (exacerbated by alcohol) and NAPQI accumulates and can lead to apoptosis, cytokine release, or binding to macromolecules, leading to toxicity.  You can treat it by administering N-acetyl-cysteine to replete the glutathione stores.  

· To diagnose DILD, you really have to get a good history that indicates the timing of onset of symptoms related to drug ingestion.  And, you have to exclude other possible disorders that DILD may mimic.  To treat it, you stop giving the drug.  Corticosteroids are NOT useful here, and Nacetylcysteine can be used to treat acetaminophen toxicity and may help with other drug reactions.  But, at presentation, many patients are past the point where this drug will help.

· The best is to prevent it, by advising patients taking drugs with hepatotoxicity of the signs and symptoms, and investigating the people who have become symptomatic.  You should stick to dosage guidelines, avoid deleterious combos (ex: narcotic + acetaminophen), and for selected drugs or risk factors monitor LFTs (liver function tests).
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