Submodule F:  Coronary Heart Disease





Scope and Objectives





	This submodule is concerned with myocardial ischemia, injury and infarction which are predominantly caused by coronary heart disease.  Knowledge of the pathophysiology of ischemia, predisposing factors, metabolic consequences, complications, and principles of management are all essential, as coronary disease is one of the most prevalent diseases affecting mankind.





Review From Previous Modules:





1.	Atherosclerotic plaque formation and complications produced.





	•	Atherosclerosis refers to the thickening of the arterial intima and accumulation of lipid that


		characterize the typical lesion


	•	In a given arterial bed, atherosclerosis tends to occur focally, typically in certain predisposed


		regions, while sparing adjacent segments





	•	See Robbins, fig 11-11, p480; Harrison, fig 242-1, p1346


	•	Intimal layer of arteries contains some resident smooth muscle cells embedded in extracellular


		matrix and is covered with a monolayer of vascular endothelial cells


	•	The “fatty streak” seems to represent the initial lesion of atherosclerosis


		•	Results from focal accumulation of lipoproteins in regions of the intimal layer of the artery





	•	Lipoprotein particles (especially low-density lipoprotein, rich in cholesterol) accumulates in


		the intima during early atherogenesis


		•	Partially results from an increase in the permeability or leakiness of the overlying 


			endothelium


		•	Lipoproteins may collect in the intima of arteries because the bind to constituents of the 


			extracellular matrix, which increases their residence time in the arterial wall


	•	Lipoproteins that accumulate in the extracellular space of the arterial intima often associate


		with proteoglycan molecules of the arterial extracellular matrix





	•	At sites of lesion formation, the balance of different matrix constituents may vary in 


		important ways


		•	Of the three major classes of proteoglycans, a relative excess of heparin sulfate molecules


			in relation to keratin sulfate or chondroitin sulfate may promote the retention of 


			lipoprotein particles by binding them and slowing their egress from nascent lesions





	•	Lipoprotein particles in the extracellular space of the intima, particularly those bound to matrix


		macromolecules, may undergo chemical modifications (oxidation and nonenzymatic glycation)


		•	Lipoproteins sequestered from plasma antioxidants in the extracellular space of the intima


			may be particularly susceptible to oxidative modification





	•	Leukocyte recruitment and foam-cell formation occur next


		•	Monocytes and lymphocytes may be attracted to the fatty streaks by adhesion molecules


			modified by oxidatively modified LDL


		•	Laminar shear forces can suppress the expression of leukocyte adhesion molecules, 


			which is why sites where atherosclerotic lesions commonly form (e.g., branch points)


			often have disturbed laminar flow





	•	Monocytes and lymphocytes penetrate the endothelial layer and take up residence in the intima


	•	Once resident in the intima, the mononuclear phagocytes differentiate into macrophages, which


		ultimately become lipid-laden foam cells


		•	The transformation of mononuclear phagocytes into foam cells requires the uptake of


			lipoprotein particles by receptor-mediated endocytosis


	•	Macrophages may then return to circulation, clearing lipoprotein from the lesion, or accumulate,


		increasing the lipoprotein of the lesion


		•	Macrophages taking up lipoproteins may produce cytokines and elicit further cellular 


			events in lesion complication, including stimulation of smooth muscle cell proliferation and 


			the production of extracellular matrix


	•	Atherogenesis essentially depends on a complex balance between mediators that can promote


		lesion formation and other pathways that can mitigate it





	•	Not all fatty streaks progress to atheromas


		•	Accumulation of fibrous tissue typifies the more advanced atherosclerotic lesion


		•	Smooth muscle cell synthesizing most of the extracellular matrix is probably a critical 


			transition, yielding a fibrofatty lesion in place of a simple accumulation of macrophage-


			derived foam cells


	•	In advanced fatty streaks, microscopic breaches in the endothelium may occur


		•	Microthrombi rich in platelets can form at such sites, promoting the fibrotic response


	•	As atherosclerotic lesions advance, microvessels develop, complicating the lesion and may


		produce focal hemorrhage


	•	Established atherosclerotic plaques also frequently accumulate calcium





2.	Anatomy of the coronary arteries.





•	See Cecil, fig 1-3, p5 and Netter!





3.	Distribution of the coronary arteries (i.e., what area of myocardium does each major branch 


	supply).





	•	The left main coronary artery bifurcates within a few centimeters of its origin into two major


		vessels


		•	Left anterior descending coronary artery proceeds anteriorly in the anterior 


			interventricular groove (between both ventricles) toward the apex of the heart


			•	Supplies the anterior free wall of the left ventricle and the anterior two-thirds of the


				septum


		•	Circumflex coronary artery travels posteriorly in the AV groove (between left atrium and


			ventricle) 


			•	Usually supplies a portion of the posterolateral surface of the heart





	•	The right coronary artery courses in the right AV groove (between right atrium and ventricle)


		and distributes several branches to the right ventricle, where the AV grooves meet the posterior


		interventricular groove (“crux” of the heart)


		•	In 90% of pts, the right coronary artery reaches the crux of the heart and supplies the


			branches to the AV node and inferobasal third of the septum as the posterior descending


			artery (right dominant distribution)


		•	In 10% of pts, a relatively large circumflex coronary artery reaches the crux of the heart and


			gives rise to the posterior descending coronary artery and the branch to the AV node (left


			dominant distribution)


		•	Blood is supplied to the sinus node via a branch of the right coronary artery (55% of cases)


			or circumflex coronary artery (45%)





Module Objectives





I.	List the risk factors for developing coronary artery disease.





	•	See Harrison, 242-1T, p1349





	List factors for Atherosclerosis:


	•	Hypercholesterolemia


	•	Low HDL level


	•	Hypertension


	•	Male gender


	•	Diabetes mellitus


	•	Family history of premature coronary artery disease


	•	High lipoprotein (a) level


	•	Cigarette smoking


	•	Post-menopausal state


	•	Hyperfibrinogenemia


	•	Hyperhomocysteinemia


	•	Physical inactivity


	•	Obesity


	•	Angiotension converting enzyme polymorphism





II.	List five non-atherosclerotic causes of ischemic heart disease.


	•	Consider oxygen supply and demand, substrate delivery.





	Nonatherosclerotic causes of coronary obstruction


	•	Arterial thrombi or emboli


	•	Spasm


	•	Arteritis (syphilis, polyarteritis nodosa, Takayasu’s disease, disseminated lupus 


		erythematosus, and rheumatoid arthritis)


	•	Coronary emboli (rare)


	•	Ostial narrowing due to luteal aortitis


	•	Congenital abnormalities, such as anomalous origin of the left anterior descending


		coronary artery from the pulmonary artery (rare in adults)


	•	Abnormal constriction or failure of normal dilation of the coronary resistance vessels 


		(intramyocardiac arterioles)





III.	List non-obstructive causes of ischemic heart disease


	•	Consider oxygen supply and demand, substrate delivery





	Non-obstructive causes of ischemic heart disease


	•	Increased myocardial oxygen demands


		•	Severe ventricular hypertrophy due to hypertension or aortic stenosis


	•	A reduction in the oxygen-carrying capacity of the blood


		•	Severe anemia


		•	Presence of carboxyhemoglobin


	•	Decreased blood availability to the heart


		•	Hypotension


		•	Decrease in diastolic perfusion pressure (aortic regurgitation)





IV.	Describe the pathophysiology of myocardial ischemia.





A.	Define ischemia.





	•	Ischemia refers to a lack of oxygen due to inadequate perfusion, which results from an 


		imbalance between oxygen supply and demand


		•	The most common cause of myocardial ischemia is atherosclerotic disease of epicardial


			coronary arteries





B.	Define the amount of obstruction needed to produce ischemia.





	•	When  a stenosis reduces the cross-sectional area by approximately 75%, a full range of 


		increases in flow to meet increased myocardial demand is not possible


		•	At lower levels of stenosis, the arteries may compensate by dilation


	•	When the luminal area is reduced by more than approximately 80%, blood flow at rest may be


		reduced, and further minor decreases in the stenotic orifice can reduce coronary flow 


		dramatically and cause myocardial ischemia





	1.	List the most common locations of obstruction in the coronary arteries.





		•	Epicardial coronary arteries are a major site of atherosclerotic disease


		•	Obstruction of coronary arteries is most likely at the branching points of arteries


			


	2.	Define collateral vessels and their significance.


		


		•	Severe coronary narrowing and myocardial ischemia are frequently accompanied by


			the development of collateral vessels, especially when the narrowing develops 


			gradually


			•	When well developed, such vessels can provide sufficient blood flow to sustain the


				viability of the myocardium at rest but not during conditions of increased demand





C.	Describe the metabolic consequences of ischemia.





	•	With severe oxygen deprivation, intracellular pH is reduced (lactic acid formation) as well as


		the stores of ATP and creatine phosphate


		•	Leads to potassium leakage and the uptake of sodium by myocytes


		•	The severity and duration of the imbalance between myocardial oxygen supply and demand


			will determine whether the damage is reversible or whether it is permanent, with subsequent


			myocardial necrosis





	1.	Alterations of glucose and fatty acid metabolism.





		•	When oxygenated, the normal myocardium metabolizes fatty acids and glucose to carbon


			dioxide and water


		•	With severe oxygen deprivation, fatty acids can’t be oxidized, and glucose is broken down


			to lactate





	2.	Lactate generation and utilization.





		•	In the absence of aerobic conditions, glucose is broken down to lactate





D.	Describe the effects of ischemia on myocardial performance.





	1.	Systolic and diastolic ventricular function.





		•	The abrupt development of severe ischemia, as occurs with total or subtotal occlusion, is


			associated with almost instantaneous failure of normal muscle contraction and relaxation


			•	The relatively poor perfusion of the subendocardium causes more intense ischemia of 


				this portion of the wall





		•	Cardiac ischemia can alter myocardial contraction and relaxation leading to systolic and


			diastolic dysfunction


			•	Severe but reversible ischemia may lead to myocardial stunning, in which systolic and


				diastolic dysfunction persist for hours to days following the episode


			•	Chronic ischemia can also be associated with hibernating myocardium, in which reduced


				flow is sufficient to maintain cell viability but not adequate for normal contractile 


				function





		•	Ischemia of large portions of the ventricle will cause transient left ventricle failure, and if


			the papillary muscles are involved, mitral regurgitation can complicate this event





	2.	Define abnormalities produced by ischemia on the following diagnostic tests.





		a.	Hemodynamic measurements.





			•	Cardiac output may be reduced by altered myocardial contraction


			•	Pulmonary capillary wedge pressure may be increased if ischemia causes left heart


				failure


			•	Pulmonary capillary wedge pressure may be increased if there is right heart failure





		b.	Angiography — left ventricle.





			•	Can reveal obstructed blood flow


			•	May show irregular ventricular wall movement, suggesting severe ischemia





		c.	Exercise testing — define a “positive” exercise test in terms of ECG findings, myocardial


			perfusion imaging (Thallium or Sestamibi), and radionuclide angiography.





			•	Stress testing involves recording the 12-lead ECG before, during, and after exercise


				on a treadmill or using a bicycle ergometer





			•	The ischemic ST-segment response is generally defined as flat depression of the ST


				segment of more than 0.1 mV below the baseline (i.e., the PR segment) and lasting


				longer than 0.08 seconds


				•	This type of depression is designated “square wave” or “plateau” and is flat or


					downsloping


				•	Upsloping or junctions ST-segment changes are not considered characteristic of


					ischemia and do not constitute a positive test


				•	Although T-wave abnormalities, conduction disturbances, and ventricular


					arrhythmias that develop during exercise should be noted, they are also not


					diagnostic


				•	Negative exercise tests in which the target heart rate is not achieved are considered


					to be nondiagnostic


				•	See Harrison, fig 244-1, p1368





			•	The information gained from an exercise test can be enhanced by stress myocardial


				perfusion imaging after the intravenous administration of a radioisotope such as


				thallium 201 or technetium 99m sestamibi during exercise


				•	Technetium 99m can also be used to label the blood pool for gated radioisotope


					angiography


					•	Provides a measure of ventricular volume and ejection fraction at rest and 


						during exercise


						•	A reduction of ejection fraction during exercise suggests the presence of


							severe ischemia and/or multivessel coronary disease





			•	In patients who can’t exercise, intravenous dipryridamole or adenosine can be used in


				place of exercise


				•	The development of a transient perfusion defect with a tracer such as radioactive 


					thallium or technetium 99m sestamibi is used to detect myocardial ischemia


				•	Ambulatory monitoring of the ECG can assess myocardial ischemia as episodes of


					ST-segment depression


				•	These techniques are sensitive and capable of identifying patients with ischemia who


					are at increased risk of coronary events


				•	See fig 244-2





E.	Define and give the clinical characteristics, ECG findings, and coronary anatomy of the following:





	•	See Cecil, Table 7-2





	1.	Angina pectoris.





		•	An episodic clinical syndrome which is due to transient myocardial ischemia


		•	Typically 50- to 60-year old man or 65- to 75-year old woman


		•	Exertional chest pain


			•	Described as heaviness, pressure, squeezing, smothering, or choking


			•	Sternal or substernal


			•	Pain can also arise in or radiate to the back, neck, jaw, teeth, and epigastrium


			•	Pain usually disappears with rest





		•	Physical exam is often normal


			•	Patient may have:


				•	Arterial bruits


				•	S3 gallop


				•	S4 gallop


				•	Apical systolic murmur due to mitral regurgitation if impaired papillary muscle


					function





		•	12-lead ECG at rest normal in about half the patients with typical angina pectoris


			•	May be signs of an old MI


			•	Repolarization abnormalities are suggestive of ischemic heart disease:


				•	T wave abnormalities


				•	ST-segment changes


					•	ST segment usually depressed during angina


				•	Ventricular conduction disturbances


			•	Can also occur in pericardial myocardial, and valvular heart disease or with anxiety, 


				changes in posture, drugs, or esophageal disease





		•	Usually fixed, obstructive coronary lesions due to atherosclerotic plaques in one or more


			coronary arteries





	2.	Unstable angina.





		•	The following three groups are considered unstable angina:


			1.	Patient with new onset (<2 months) angina that is severe and/or frequent (3 or more


				episodes per day)


			2.	Patients with accelerating angina — those with chronic stable angina who develop angina


				that is distinctly more frequent, severe, prolonged, or precipitated by less exertion than


				previously


			3.	Those with angina at rest





		•	Electrocardiogram is the same as stable angina


			•	May occasionally show ST elevation during discomfort





		•	There are critical stenoses in one or more major epicardial coronary arteries in about 85%


			of cases


			•	Atherosclerotic lesions may have a complicated morphology, with evidence of 


				superimposed thrombosis in 25-60% of cases


			•	Segmental spasm in the vicinity of atherosclerotic plaques may also play a role in 


				development of unstable angina





	3.	Variant (prinzmetal’s) angina.





		•	Typically unpredictable rest pain, can be provoked with exercise


		•	Often in the early morning hours


		•	Affects younger patients, men and women equally





		•	Electrocardiogram shows transient ST segment elevation during pain


			•	Baseline ECG often normal


			•	ST depression and/or T wave inversion can also occur





		•	Lesion is a coronary artery spasm at a region of fixed but often nonstenotic lesion


			•	Can also occur in angiographically normal vessel





	4.	Silent ischemia.





		•	Ischemia frequently occurs in patients without any symptoms


		•	Often have severe coronary atherosclerosis, but may occur with any of the cardiac lesions


		•	Exhibit ST-segment changes during activity





F.	Describe the non-cardiac causes of chest pain — examples of pulmonary, musculoskeletal,


	gastrointestinal, and nervous system causes.





	Pulmonary causes


	•	Pulmonary embolism


		•	Acute pain thought to be from pulmonary hypertension and distention of the pulmonary


			artery and infarction


		•	Pain may resemble acute MI and in cases of massive embolism is substernal


		•	In smaller emboli, the pain is from focal pulmonary infarction, is more lateral, pleuritic,


			sometimes associated with hemoptysis





	•	Pleural pain is usually a brief, sharp, knifelike pain precipitated by inspiration or coughing


		•	Results from stretching of a parietal pleura that is inflamed by fibrinous pleurisy or any


			pneumonic process





	Gastrointestinal causes


	•	Acid-induced esophageal pain (heartburn)


		•	Deep thoracic burning discomfort


		•	Relieved by antacid or even by food or water


	•	Hiatus hernia tend to be exacerbated by lying down


	•	Acid-peptic disease may be worse in the early morning, when acidic secretions are not 


		neutralized by food


	•	Esophageal spasm can cause a squeezing pain that may be indistinguishable from myocardial


		ischemia


	•	Pain resulting from injury of the esophagus, such as a Mallory-Weiss tear that is caused by


		severe vomiting, can cause severe acute chest pain


	•	Peptic ulcer disease, biliary disease, and pancreatitis, may present with chest discomfort


		as well as abdominal discomfort


	•	Pain from gastric or duodenal ulcer is epigastric or substernal, 1 to 1.5 hours after meals, and


		usually relieved in several minutes by antacids or mild


	•	Cholecystitis pain usually described as an ache and is epigastric or substernal





	Neuromusculoskeletal causes of chest discomfort


	•	Cervical disk disease may cause compression of nerve roots


	•	Arthritis of the shoulder or the spine


	•	Inflammation of the subacromial bursa or, less commonly, supraspinatus or deltoid tendon may


		cause pain that radiates to the chest


	•	Intercostal muscle cramps may occur throughout the chest





	•	Costochondral and chondrosternal articulations are the most common sites of anterior


		musculoskeletal chest pain


		•	Objective signs in the form of swelling, redness, and heat are rare, but sharply localized


			tenderness is common


		•	Pain may be darting and last for only a few seconds or may be a dull ache enduring for


			hours or days


		•	An associated feeling of tightness due to muscle spasm is frequent


		•	Pressure on the chondrosternal and costochondral junctions and on the pectoralis


			muscles is an essential part of the examination of every patient with chest pain and


			will reproduce the pain arising from these tissues


		•	Herpes zoster pain is persistent, usually accompanied by a rash





V.	Define the Principles of the Medical Management of Angina





	•	Management depends on the patient, their conditions, and prevention of adverse clinical 


		outcomes (like death)





	•	Each management plan should include:


		1.	Explanation and reassurance (stressing a patient with angina might be bad)


		2.	Identification and treatment of aggravating conditions


		3.	Adaptation of activity


		4.	Treatment of risk factors that will decrease the occurrence of adverse coronary outcomes


		5.	Drug therapy for angina


		6.	Consideration of mechanical revascularization





A.	Describe the role of risk factor modification.





	•	Treatment of risk factors can reduce the occurrence of MI and death both in subjects without


		clinical disease as well as those with a history of chronic angina


		•	Slows the growth of atherosclerosis


		•	Stopping smoking, controlling cholesterol, controlling hypertension, etc. help slow the 


			growth of atherosclerosis


		•	Physical conditioning usually improves the exercise tolerance of patients with angina and


			exerts substantial psychological benefits


			•	It may also improve the chances of surviving a myocardial infarction





B.	List the drugs used to treat angina, describe the mechanism(s) by which they can relieve pain, and


	major side effects.





	1.	Nitroglycerin preparations (as a group).





		•	Nitrates causes systemic venodilation by venous smooth muscle dilation


			•	Reduce myocardial wall tension and oxygen requirements


				•	Decreases venous return which decreases preload and left ventricular volume


			•	Dilates epicardial coronary vessels and increases blood flow in collateral vessels





		•	Side effects:


			•	Headache and pulsating feeling in the head


			•	Flushing


			•	Tachycardia


			•	Dizziness


			•	Postural hypertension





	2.	Beta blocking agents


		•	Differentiate b-1 and b-2 effects.





		•	Reduce myocardial oxygen demand by inhibiting the increases in heart rate and myocardial


			contractility caused by adrenergic activity


		•	Beta blockade reduces these variables most strikingly during exercise while causing only 


			small reductions in heart rate, cardiac output, and arterial pressure at rest


		•	Are useful anti-hypertensive agents by reducing afterload





		•	b1 receptors mediate the cardiac actions of the sympathetic nervous system


			•	b1 blockade blocks the effects of epinephrine and norepinephrine


		•	b2 receptors mediate vasodilation of peripheral blood vessels and dilation of pulmonary


			bronchi





		•	Side effects:


			•	Fatigue


			•	Impotence


			•	Cold extremities


			•	Intermittent claudication


			•	Bradycardia


			•	Impaired atrioventricular conduction


			•	Left ventricular failure


			•	Bronchial asthma


			•	Intensification of the hypoglycemia produced by oral hypoglycemic agents and insulin





	3.	Calcium antagonists — note different effects on conduction and vessels.





		•	Coronary vasodilators


			•	Decreases contractility


				•	Decreases myocardial oxygen demand


			•	Dilates peripheral vasculature


				•	Reduces afterload


			•	Decreased SA nodal discharge, increased AV nodal conduction time


			•	Produce variable and dose-dependent reductions in myocardial oxygen demand, 


				contractility, and arterial pressure





	•	Side effects:


		•	Myocardial conduction disturbances and bradyarrhythmias


		•	Negative inotropic effects





	4.	Antithrombotic agents.





		Aspirin


		•	Irreversible inhibits cyclooxygenase, preventing the formation of thromboxane A2 and


			prostaglandins (which induce platelet aggregation)





		•	Side effects:


			•	GI ulceration


			•	Bleeding


			•	Hemorrhage


			•	Salicylism








Drug�
Mechanism�
Side Effects�
�
Nitroglycerin�
Venodilation


•  Reduces myocardial wall tension


•  Reduces oxygen requirements


•  Dilates epicardial coronary vessels


    •  Increases blood flow in collaterals�
Headache


Flushing


Tachycardia


Dizziness


Postural hypotension�
�
b blockers


•   Propanolol


•   Metoprolol


•   Atenolol�
Slows resting heart rate


Blunts increase in heart rate and 


  contractility with exercise (reduces oxygen 


  demand)�
Fatigue, impotence, cold 


  extremities, intermittent


  claudication, depression


Bradycardia, left ventricular


  failure, impaired AV conduction


Bronchial asthma, constipation


Intensification of hypoglycemia�
�
Calcium 


   Antagonists


•  Nifedipine


•  Diltiazem


•  Verapamil


•  Amlodipine�
Coronary and peripheral vasodilation


   Ø Contractility


   Ø Afterload�
Conduction disturbances


Bradyarrhythmias


Negative inotropic effects


Impaired LV function�
�
Antithrombotic


   Agents


•  Aspirin


•  Ibuprofen�
Irreversibly inhibits cyclooxygenase


•  Prevents formation of thromboxane A2


    and prostaglandins�
GI ulceration


Bleeding


Salicylism�
�






IV.	Define the non-medical treatments of angina.





•	Percutaneous transluminal coronary angioplasty (PTCA)


	•	Revascularization of myocardium in patients with symptomatic heart disease and suitable


		stenoses of epicardial coronary arteries


	•	Guidewire with balloon that is repeatedly inflated and deflated to break up plaque





•	Coronary artery bypass graft (CABG)


	•	A section of a vein (usually the saphenous) is used to form a connection between the aorta


		and the coronary artery distal to the obstructive lesion


		•	Anastomosis of one or both of the internal mammary arteries to the coronary artery distal


			to the obstructive lesion may be employed and is preferred when possible


	•	Very effective in reducing or eliminating symptoms in patients with angina pectoris


	•	Indicated over angioplasty in patients with stenosis of the left main coronary artery and those


		three-vessel coronary artery disease (CAD), especially with impaired left ventricular function,


		who require revascularization





VII. Define Acute Myocardial Infarction (MI) and the Mechanism of Production.





	•	Myocardial infarction is irreversible necrosis of the myocardium and generally occurs when 


		there is an abrupt decrease in coronary blood flow following a thrombotic occlusion of a 


		coronary artery previously narrowed by atherosclerosis


		•	Slowly developing, high-grade coronary artery stenoses usually don’t precipitate acute MI


			because of the development of collaterals


		•	Infarction occurs when a coronary artery thrombus develops rapidly at a site of vascular


			injury


			•	Usually occurs when an atherosclerotic plaque fissures, ruptures, or ulcerates and when


				conditions favor thrombogenesis and a mural thrombus forms and occludes the coronary


				artery


	•	Infarction can also be due to coronary artery occlusion caused by coronary emboli, congenital 


		abnormalities, coronary spasm, and a wide variety of systemic—particularly inflammatory—


		diseases





	•	Amount of damage depends of territory supplied by affected vessel, level of inclusion, etc.





A.	Describe the symptoms of MI and pathophysiology of each.





	•	50% of the cases has a precipitating factor, such as physical exercise, emotional stress, or a


		medical or surgical illness


	•	MI may occur any time of day or night, but frequency is highest in the morning within a few


		hours of wakening





	•	Pain is the most common presenting complain in patients with MI


		•	In some instances, it is described as the worst pain the patient has ever felt


		•	Pain is heavy, squeezing, and crushing, and occasionally stabbing or burning


		•	Usually more severe and longer than anginal pain


		•	Usually involves central portion of the chest and/or epigastrium and occasionally radiates 


			to the arms


			•	Less common sites of radiation include the abdomen, back, lower jaw, and neck


			•	Pain may radiate as high as the occipital level, but never below the umbilicus


		•	Produced by abrupt ischemia induced by decrease in coronary flow or increase in 


			myocardial oxygen demand


		•	Pain is not always present





	•	Symptoms produced by increased sympathetic tone:


		•	Weakness


		•	Sweating


		•	Nausea


		•	Vomiting


		•	Anxiety


		•	Sense of impending doom





	•	Shortness of breath


		•	May be caused by right heart failure





B.	Describe the clinical signs of MI and the pathophysiology of each.


	•	Differentiate LV and RV infarction.





	•	Pallor associated with perspiration and coolness of the extremities


	•	Sympathetic nervous system hyperactivity (1/4 of patients)


		•	Tachycardia


		•	Hypertension


	•	Parasympathetic hyperactivity (1/2 of patients)


		•	Bradycardia


		•	Hypotension





	•	Precordium is quiet and apical impulse may be difficult to palpate


	•	Abnormal systolic pulsation in periapical area within first few days of anterior wall infarction


		•	Due to dyskinetic bulging of infarcted myocardium





	•	S4 gallop


		•	From reduced ventricular compliance


	•	S3 gallop


		•	Abnormal ventricular filling


	•	Paradoxical splitting of S2


		•	Delayed closure of aortic valve associated with poor left ventricular contractility





	•	Decreased intensity of heart sounds


		•	Decreased ejection fraction





	•	Transient apical midsystolic or late systolic murmur


		•	Due to dysfunction of the mitral valve (papillary muscle dysfunction)


	•	Pericardial friction rub with transmural infarct





	•	Reduced carotid pulse


		•	Reduced stroke volume


	•	Jugular venous distention with clear lung fields should raise suspicion of right ventricular infarct


	•	Tachyarrhythmias, heart block


		•	Disruption of the conducting system of the heart





	Right ventricular infarction


	•	Approximately 1/3 of patients with inferoposterior infarction demonstrate at least a minor


		degree of right ventricular necrosis


	•	An occasional patient with inferoposterior left ventricular infarction also has extensive right


		ventricular myocardial infarction, and rare patients present with infarction limited primarily


		to the right ventricle





	•	Clinically significant right ventricular infarction causes signs of severe right ventricular failure


		•	Jugular venous distention


		•	Kussmaul’s sign


		•	Hepatomegaly


		•	With or without hypotension


	•	ST-segment elevations of the right-sided precordial electrocardiographic leads, particularly lead


		V4, are frequently present





C.	Describe the laboratory abnormalities and relate to the pathophysiology.





	•	Serum cardiac markers (certain proteins) are released into the blood in large quantities from 


		necrotic heart muscle after myocardial infarction





	1.	Enzymes — CK, AST, LDH





		•	Creatine phosphokinase (CK) rises within 4 to 8 hours and generally returns to normal


			by 48 to 72 hours


			•	A drawback of total CK measurement is its lack of specificity for myocardial infarction


				•	CK may be elevates with skeletal muscle trauma (even an intramuscular injection)


				•	May be elevated in muscular diseases, electric cardioversion, cardiac catheterization,


					hypothyroidism, stroke, surgery, trauma





			•	The MB isoenzyme of CK is not present in significant concentrations in extracardiac


				tissue and is more specific


				•	Cardiac surgery, myocarditis, and electric cardioversion often elevated serum levels


					of the MB isoenzyme


				•	Ratio of CKMB mass:CK activity � EMBED Equation.2  ��� 1.5 percent suggests but is not diagnostic of a


					myocardial rather than skeletal muscle source for CKMB elevation





			•	Series of CK and CKMB measurements are useful


				•	Skeletal muscle release of CKMB is a plateau pattern while myocardial infarction


					produces a CKMB elevation that peaks at 20 hours after the onset of coronary 


					occlusion





			•	Myocardial CKMB (CKMB2) is cleaved to CKMB1


				•	CKMB2:CKMB1 ration of > 1.5 is highly sensitive for the diagnosis of myocardial


					infarction, particularly after 4 to 6 hours have elapsed since coronary occlusion





		•	Serum lactate dehydrogenase (LDH) rise later and may remain elevated for several days


			•	Cardiac LDH is principally LDH1


			•	With myocardial infarction, LDH1 exceeds LDH2





		•	Serum glutamic oxaloacetic transaminase (SGOT) is also known as aspartate transaminase


			(AST)


			•	Rises in 6-12 hours after MI and returns to normal in 5-6 days





The CK-MB isoenzyme is still the most routinely used identifier of nyocardial necrosis.  Another more specific enzyme, troponin, is now being used as a very sensitive screening tool for myocardial damage.  Its specific role is still being refined. 





	2.	Electrocardiogram.





		a.	Describe ECG findings of ischemia, injury, infarction (anterior or inferior).


		b.	Differentiate Q wave and non Q wave myocardial infarction.





			•	Severe, acute ischemia lowers the resting membrane potential and shortens the duration


				of the action potential


				•	Such changes cause a voltage gradient between normal and ischemic zones, resulting


					in current flow between these regions


					•	These are represented on the surface ECG by deviation of the ST segment





				•	When the acute ischemia is transmural, the ST vector is usually shifted in the 


					direction of the outer (epicardial) layers


					•	Produces ST elevations


					•	In the earliest stages produces tall, positive, hyperacute T waves over the 


						ischemic zone





				•	With ischemia confined primarily to the subendocardium, the ST vector typically


					shifts toward the subendocardium and ventricular cavity


					•	Anterior precordial leads show ST-segment depression (ST elevation in aVR)





				•	Profound ST elevation or depression in multiple leads usually indicates very severe


					ischemia


					•	Complete resolution of ST elevation promptly following thrombolytic therapy


						is a relatively specific, but not sensitive, marker of successful reperfusion





			•	With infarction, depolarization (QRS) changes often accompany repolarization (ST-T)


				abnormalities


				•	Necrosis of sufficient myocardial tissue may lead to decreased R-wave amplitude


					or frank abnormal Q waves in the anterior or inferior leads





				•	Abnormal Q waves are usually associated with transmural myocardial infarction


					•	Q wave infarctions typically begin with a current of injury with the subsequent


						development of pathologic Q waves (generally � EMBED Equation.2  ��� 0.04 seconds in duration)


					•	As the current of injury resolves, T waves become inverted for a variable 


						duration


					•	See Cecil, fig 3-5, p25; Harrison, fig 228-16, p1244





				•	Subendocardial infarcts generally don’t produce Q waves


					•	Non-Q wave infarctions are characterized by ST segment depression and/or


						T wave inversion in overlying leads and are often nonspecific in themselves


					•	Clinical correlation with cardiac isoenzyme determinations is necessary to


						verify the infarction





				•	Loss of depolarization forces due to posterior or lateral infarction may cause 


					reciprocal increases in R-wave amplitude in leads V1 and V2 without diagnostic


					Q waves in any of the conventional leads


				•	Complete normalization of the ECG following Q-wave infarction is uncommon but


					may occur, particularly with smaller infarcts


					•	In contrast, ST-segment elevations that persist for several weeks or more after 


						a Q-wave infarct usually correlate with a severe underlying wall motion disorder





			•	Ventricular aneurysm can lead to a persistent ST segment elevation


			•	Pericarditis is another cause of ST segment elevation


				•	Elevation is typically diffuse and may be accompanied by depression of


					PR segment and sinus tachycardia


	


			•	Confounding factors to ECG diagnosis:


				•	Left bundle branch block


				•	Left ventricular hypertrophy


				•	Digitalis


		


	3.	Angiography.





		•	Injection of radiopaque contrast agent into coronary arteries and recording of radiographic


			image


		•	Shows stenosis or occlusion, decreased ejection fraction, abnormal wall motion





	4.	Nuclear techniques.


		•	Differentiate “hot spot” or infarct avid scintigraphy and “cold spot” imaging.





		•	Used less than echocardiography because they are more cumbersome and they lack 


			sensitivity and specificity in many clinical circumstances





		•	Thallium 201 or technetium 99m sestamibi are distributed in proportion to myocardial 


			blood flow and are concentrated by viable myocardium


			•	A “cold spot” is an area where the radionuclide is not taken up by the myocardium


			•	A defect (“cold spot”) is revealed in most patients during the first few hours after


				development of a transmural infarct


			•	Although perfusion scanning is extremely sensitive, it cannot distinguish acute infarcts


				from chronic scars and thus is not specific for the diagnosis of acute MI


		


		•	Infarct avid scintigraphy (“hot spot”)


			•	Technetium 99m accumulates irreversibly in damaged myocardial cells and shows up


				as “hot spots” on scan





D.	List the principles of management of MI and define how each affects the pathophysiology.





	1.	Pain relief.





		•	Decreases anxiety


		•	Decreases sympathetic drive


			•	Decreases O2 demand





		•	Morphine is an extremely effective analgesic for the pain associated with MI


			•	May cause hypotension and should be used cautiously





	2.	Bed rest.





		•	Factors that increase the work of the heart during the initial hours of infarction may increase


			the size of the infarct


			•	Inactivity decreases myocardial O2 demand


			•	Less pressure necessary to perfuse the body while supine





		•	Early mobilization after infarct (4th to 5th day) helps psychic well being and prevents


			reconditioning and decreases the risk of thromboembolism





	3.	Antiarrhythmic drugs.





		•	Many arrhythmias may develop from MI


		•	Prophylactic use of lidocaine is contraindicated due to its side effects


		•	Appropriate antiarrhythmics may be used according to the rhythm to prevent death





	4.	Anticoagulants — heparin, aspirin





		•	Often used for several days after thrombolysis or angioplasty to prevent thrombi


			•	Helps prevent mural thrombi common in acute MI


			•	Maintains patency of the infarct-related artery


			•	Helps prevent deep venous thrombosis


		•	Contraindicated in patients with risk of hemorrhage


		•	Stopped after ambulation


		•	Continued chronically if high risk patients





	5.	Beta blockers.





		•	Acute intravenous b-blockade improves the myocardial oxygen supply-demand 


			relationship, decreases pain, reduces infarct size, and decreases the incidence of serious 


			ventricular arrhythmias


		•	Reduction in mortality, nonfatal reinfarction, and nonfatal cardiac arrest


		•	Contraindicated in patients with CHF





	6.	Thrombolytic agents.





		•	Thrombolytic therapy can reduce the relative risk of in-hospital death by up to 50% when


			administered within the first hour of the onset of symptoms of MI


			•	Reopens occluded vessels


		•	Thrombolytic therapy reduces infarct size, limits left ventricular dysfunction, and reduces


			the incidence of serious complications such as septal rupture, cardiogenic shock, and


			malignant ventricular arrhythmias





		•	Streptokinase and tPA are approved for use post MI


		•	Contraindicated with a history of cerebrovascular hemorrhage at any time, a nonhemorrhagic


			stroke or other cerebrovascular event within the past years, marked hypertension, 


			suspicion of aortic dissection, and active internal bleeding





	7.	ACE inhibitors — prevents left ventricular dilatation after infarction.





		•	ACE inhibitors reduce mortality following MI


			•	These benefits are additive to those achieved with aspirin and beta-blockers


			•	Benefit occur in high risk and even unselectively to all hemodynamically stable patients


				with infarction


		


		•	They involve a reduction in ventricular remodeling after infarction with a subsequent


			reduction in the risk of congestive heart failure


			•	Ventricular remodeling is a series of changes in shape, size, and thickness in both the


				infarcted and noninfarcted segments


			•	ACE inhibitors prevent left ventricular dilatation after infarction





E.	List the complications of acute MI and describe the pathophysiology.





	1.	Myocardial performance.





		•	Congestive heart failure results from transient or permanent impairment of left ventricular


			function


		•	Left ventricular dilatation due to remodeling


		•	Cardiogenic shock is due to severe left ventricular failure associated with marked 


			hypotension and reduction of cardiac index with elevated left ventricular filling pressure


		•	Exacerbated by arrhythmias and metabolic acidosis





	2.	Valve or muscle disruption.





		•	Mitral regurgitation may occur due to dysfunction of the mitral valve (papillary muscles)


			due to ischemia or infarction


			•	Left ventricular dilatation or alteration in the size or shape of the ventricle due to 


				impaired contractility or to aneurysm formation causes disordered contraction of the 


				papillary muscles


			•	A papillary muscle may rupture





		•	Ventricular septal perforation presents with sudden, severe left ventricular failure in 


			association with the appearance of a pansystolic murmur, often accompanied by a


			parasternal thrill


			•	Often very difficult to distinguish from rupture of a papillary muscle





		•	Myocardial rupture is most likely to occur during the first week after the onset of 


			symptoms


			•	Frequency increases with age, first infarction, history of hypertension, no history of


				angina pectoris, and a relatively large Q-wave infarct


			•	Usually sudden loss of pulse, blood pressure, and consciousness while the


				electrocardiogram continues to show sinus rhythm


		


	3.	Aneurysm formation.





		•	Ventricular aneurysm describes dyskinesis or local expansile paradoxical wall motion


		•	Normally functioning myocardial fibers must shorten more if stroke volume and cardiac


			output are to be maintained in patients with ventricular aneurysm


			•	If they can’t, overall ventricular function is impaired


			•	True aneurysms are composed of scar tissue and neither predispose to nor are


				associated with cardiac rupture


		•	Complications of left ventricular aneurysm do not usually occur for weeks to months 


			following MI


			•	Congestive heart failure, arterial embolism, and ventricular arrhythmias


		•	Apical aneurysms are the most common and are detected by a double, diffuse, or displaced


			apical impulse





	4.	Clot formation.





		•	A mural thrombus may form at the site of the infarct


			•	Occurrences are decreased by anticoagulants


		•	Arterial emboli arise from left ventricular mural thrombi


		•	Pulmonary emboli arise in the leg veins from deep vein thrombi





	5.	Arrhythmias.





		•	Ventricular premature beats


			•	Occur in most patients with MI


			•	Don’t require treatment


	


		•	Ventricular tachycardia and fibrillation


			•	Can occur without prior warning arrhythmia within the first 24 hours of MI


			•	Prophylactic use of lidocaine is contraindicated


			•	Sustained ventricular tachycardia should be treated with intravenous lidocaine


				•	If it doesn’t stop, electroversion


			•	Ventricular fibrillation should be treated with shock





		•	Accelerated idioventricular rhythm


			•	A ventricular rhythm with a rate of 60 to 100 beats per minute


			•	Occurs in 25% of patients with MI


			•	Usually benign and doesn’t require treatment





		•	Supraventricular arrhythmias


			•	Sinus tachycardia is most common


				•	Primary cause should be treated (hypovolemia, heart failure, etc.)


			•	Atrial flutter and fibrillation


				•	Treated as usual





		•	Sinus bradycardia


			• 	Treatment indicated if hemodynamic compromise results from the slow heart rate


			•	Atropine increases heart rate





		•	Atrioventricular and intraventricular conduction disturbances


			•	Pacing is helpful if it improves hemodynamics





VIII.	Define the prognostic indicators in ischemic heart disease.





	•	The principal prognostic indicators in patients with ischemic heart disease are:


		•	Functional state of the left ventricle


		•	Location and severity of coronary artery narrowing


		•	Severity of ischemia





	•	Postinfarction risk factors:


		•	Persistent ischemia


		•	Depressed left ventricular ejection fraction (less than 40%)


		•	Rales above the lung bases or congestion on chest radiograph


		•	Ventricular arrhythmias


		•	Previous myocardial infarction


		•	Age over 70 years


		•	Diabetes


		•	Prolonged sinus tachycardia


		•	Hypotension


		•	ST-segment changes at rest without angina


		•	Abnormal signal-averaged electrocardiogram


		•	Nonpatency of the infarct-related coronary artery


		•	Persistent advanced heart block or a new intraventricular conduction abnormality





IX.	Define sudden death.





	•	Sudden death is the unexpected, nontraumatic death occurring within an hour after the onset of 


		symptoms


		•	Kills about 1200 daily in the United States





A.	Describe non-cardiac and cardiac causes.





	Noncardiac causes of sudden death


	•	Central nervous system hemorrhage


	•	Massive pulmonary embolus


	•	Drug overdose


	•	Hypoxia secondary to lung disease


	•	Aortic dissection or rupture





	Cardiac causes of sudden death


	•	Ventricular tachyarrhythmias


		•	Most common cause of sudden cardiac death


		•	Generally related to ischemic heart disease


	•	Bradyarrhythmias, sick sinus syndrome


	•	Aortic stenosis


	•	Tetralogy of Fallot


	•	Pericardial tamponade


	•	Cardiac tumors


	•	Complications of infective endocarditis


	•	Hypertrophic cardiomyopathy (arrhythmia or obstruction)


	•	Myocardial ischemia


		•	Atherosclerosis


		•	Prinzmetal’s angina


		•	Kawasaki’s arteritis





B.	Define signal-averaged ECG.





	•	Signal-averaged ECG is a computerized technique that averages multiple QRS complexes


		to reduce noise and allow detection of low-amplitude, high-frequency potentials occurring


		just after the inscription of the QRS complex


		•	These “late potentials” correspond to delayed and fragmented conduction in areas of the


			ventricle that are responsible for ventricular tachycardia


		•	Late potentials after myocardial infarction constitute an independent risk factor that 


			detects patients prone to develop ventricular tachycardia 





C.	Define the most common rhythm and cause.





	•	Ventricular tachyarrhythmias (especially ventricular tachycardia) are generally related to 


		ischemic heart disease





D.	Define risk factors for sudden death after MI.





	Risk factors for sudden cardiac death after myocardial infarction


	1.	Decreased left ventricular function (ejection fraction < 40%)


	2.	Residual ischemia


	3.	Complex ventricular ectopy


	4.	Late potentials on signal-averaged ECG


	5.	Evidence of decreased vagal effect (blunted sinus cycle length variability or carotid baroreceptor


		sensitivity)


	6.	Induction of sustained monomorphic ventricular tachycardia with programmed ventricular


		stimulation








Submodule G:  Myocardial and Pericardial Disease





Scope and Objectives





	This submodule deals with diseases which affect myocardial function after coronary, valvular, and congenital diseases are excluded.  Most of the time a specific etiology is not found, so many are defined by pathophysiologic characteristics as indicated in the objectives which follow.  Principles of treatment are not detailed here, as they are the same as discussed in Submodule B.  





	The second group of diseases covered are those which affect the pericardium, usually producing pericardial effusion or constriction.  Differentiating tamponade from constriction and constriction from restrictive myocardial disease can be a challenge and is very important.  Diagnostic tests play a crucial role along with clinical examination in these diseases.





	Aging and the cardiovascular system is in this submodule since all aspects of general cardiac disease have been covered in this and prior submodules.  Therefore, understanding the changes in the heart and its function is much easier — no new terms introduced.  Cecil’s and Harrison’s are too sketchy on a subject of such importance, since the percent of elderly people is continually rising.  Appendix B is a synopsis of cardiovascular function in the elderly with specific comments on common disease states.  Don’t forget to study it.





I.	Myocardial Disease





A.	Define myocarditis; list the three general mechanisms by which agents produce it, and give an


	example of each





	List the clinical symptoms and signs that may occur.





	•	Myocarditis indicates involvement of the heart in an inflammatory process


		•	In North America, it is typically viral


			•	Coxsackie virus


		•	In South America, Chagas’ disease due to the parasite Trypanosoma cruzi is more common





		•	Infectious agents can cause myocardial damage by:


			•	Direct invasion of the myocardium


				•	Coxsackie B


				•	Trypanosoma cruzi


			•	Production of a toxin 


				•	Diphtheria


			•	Immunologic mechanisms


				•	Acute rheumatic fever





	•	Cardiac symptoms and signs may develop in the setting of recent flulike symptoms


		•	Fatigue, dyspnea, and palpitations


	•	Chest pain usually is from associated pericardial involvement but can simulate acute MI


	•	Tachycardia is common


	•	If ventricular function is present, S3 and mitral regurgitation murmur may be present


	•	Most common EEG changes are ST segment and T wave alterations


	•	Echocardiography may demonstrate ventricular dysfunction, which in some cases appears


		regional rather than global


	•	Myocardial injury can lead to elevated CK-MB blood levels





B.	Define cardiomyopathy.  Specifically, define the three major pathophysiologic types.





	•	Cardiomyopathy refers to a group of diseases involving the heart muscle itself


	•	See Cecil, Table 9-1, p95





	!.	Dilated (congestive) cardiomyopathy.





		•	Dilated cardiomyopathy is characterized by impaired systolic function and dilation of


			one or both ventricles


			•	Dilated cardiomyopathy often occurs without an identifiable cause and is termed 


				idiopathic





		a.	Describe the symptoms and signs.





			•	The clinical manifestations of dilated cardiomyopathy are related to congestive heart


				failure, which may include:


				•	Dyspnea on exertion


				•	Orthopnea


				•	Fatigue


				•	Paroxysmal nocturnal dyspnea


				•	Peripheral edema


				•	Palpitations





				•	Narrow pulse pressure and elevated JVP in advanced cases


				•	Cardiomegaly


				•	Pulmonary venous congestion and pulmonary edema


				•	S3 and S4 are common


				•	May have murmur of mitral and tricuspid regurgitation





			•	ECG findings are often nonspecific, but may show:


				•	Left bundle branch block is common


				•	Sinus tachycardia


				•	Atrial fibrillation


				•	Ventricular arrhythmias


				•	Left atrial enlargement


				•	Diffuse nonspecific ST-T wave abnormalities


				•	Sometimes intraventricular conduction defects


			


		b.	Describe the ventricular function abnormalities as defined by echo, angiography





			•	Echocardiography and radionuclide ventriculography show:


				•	Left ventricular dilatation


				•	Normal or minimally thickened or thinned walls


				•	Generalized reduced ventricular wall function


				•	Systolic dysfunction (reduced ejection fraction)





			•	Angiography shows:


				•	Dilated, diffusely hypokinetic left ventricle


				•	Often some degree of mitral regurgitation


				•	Coronary arteries are normal, excluding ischemic cardiomyopathy


			


		c.	Describe the abnormal hemodynamic parameters.





			•	Cardiac catheterization is performed only to exclude ischemic heart disease and shows:


				•	Elevated ventricular end-diastolic pressure


				•	Elevated left atrial pressure


				•	Elevated pulmonary capillary wedge pressure


				•	When failure of the right side of the heart supervenes:


					•	Right atrial pressure rises


					•	Right ventricular end-diastolic pressure rises


					•	Central venous pressure rises





		d.	List seven etiologic agents which usually produce this picture.





			Etiologic agents which cause dilated cardiomyopathy.


			1.	Idiopathic


			2.	Infections


				•	Viral, parasitic


			3.	Toxins


				•	Alcohol, cobalt, cocaine


			4.	Radiation


			5.	Metabolic


				•	Starvation, thiamine deficiency (beriberi), thyrotoxicosis


			6.	Sarcoidosis


			7.	Hemochromatosis


			8.	Peripartum or postpartum cardiomyopathy


			9.	Genetic





		e.	Define the principles of treatment.  (Submodule B revisited).





			•	Salt restriction


			•	Diuretics


			•	Vasodilators


			•	Digitalis


			•	ACE inhibitors


			•	Antiarrhythmics should be avoided for fear of proarrhythmic and other side effects


				 unless they are needed to treat symptomatic or serious arrhythmias





2.	Hypertrophic cardiomyopathy.





	•	Hypertrophic cardiomyopathy is characterized by inappropriate left ventricular hypertrophy,


		typically of a nondilated chamber, without obvious cause such as hypertension or aortic 


		stenosis





	•	Generally has heterogeneous left ventricular hypertrophy, often with preferential hypertrophy


		of the interventricular septum resulting an asymmetric septal hypertrophy


	•	Pathophysiology abnormality if a diastolic, not systolic dysfunction, characterized by increased


		stiffness of the hypertrophied muscle that results primarily from an abnormality in calcium


		handling with attendant intracellular calcium overload


		•	This results in elevated diastolic filling pressures and is present despite a hyperdynamic left


			ventricle





	a.	Describe the symptoms and signs with particular attention to mechanisms of syncope, angina,


		carotid and apical impulse characteristics.





		•	Many patients with hypertrophic cardiomyopathy are asymptomatic


			•	The first clinical manifestation may be sudden death, frequently occurring in children 


				and young adults, often during or after physical exertion


		•	Symptoms:


			•	Dyspnea


				•	Largely due to increase stiffness of the left ventricular walls


					•	Impairs ventricular filling and leads to elevated left ventricular diastolic and 


						left atrial pressures, causing pulmonary venous congestion


			•	Angina pectoris


			•	Fatigue


			•	Syncope or near syncope


				•	Due to decreased cardiac output because of obstruction


					•	Narrowing of the subaortic area is a consequence of midsystolic apposition of


						the anterior mitral valve leaflet against the hypertrophied septum


		


		•	Double or triple apical precordial impulse


			•	Double peak due to late contraction to completely expel blood against obstruction


		•	Rapidly rising carotid arterial pulse


		•	S4


		•	Harsh systolic murmur


			•	Crescendo-decrescendo


			•	Usually begins well after S1 since ejection is unimpeded early in systole


			•	Best heard at lower left sternal border 


			•	At apex is holosystolic and blowing due to mitral regurgitation





		•	ECG:


			•	Left ventricular hypertrophy


			•	Widespread, deep, broad Q waves simulating old myocardial infarction


			•	Many patients demonstrate arrhythmias, both atrial (SVT, atrial fibrillation) and


				ventricular (ventricular tachycardia)


			•	In an uncommon form of hypertrophic cardiomyopathy in which the hypertrophy is


				confined to the cardiac apex (apical hypertrophic cardiomyopathy), giant negative 


				T waves may be recorded in leads V4-V6





		b.	Compare and contrast obstructive and non-obstructive forms of the disease in terms of


			ventricular function, hemodynamics, and physical findings.





			•	Only one-fourth of patients with hypertrophic cardiomyopathy demonstrate an


				outflow tract gradient


				•	Obstructive may progress to left ventricular dilatation and dysfunction while it is


					rare in non-obstructive


				•	Obstructive cardiomyopathy shows greater impairment of left ventricular function 


					and a pressure gradient across the aortic valve


				•	Obstructive cardiomyopathy is more likely to show syncope, harsh systolic 


					murmur, and bifid apical precordial impulse





		c.	Describe the characteristics of hypertrophic obstructive cardiomyopathy defined by


			echocardiography and angiography and give the mechanism for each.





			Echocardiography


			•	Left ventricular hypertrophy


				•	Often with the septum 1.3 or more times the thickness of the high posterior


					left ventricular free wall


				•	Septum may demonstrate an unusual ground glass appearance


					•	Probably related to its abnormal cellular architecture and myocardial fibrosis


			•	Systolic anterior movement of the mitral valve in patients with pressure gradients


			•	Left ventricular cavity typically is small, with vigorous posterior wall motion but 


				reduced septal excursion





			Angiography


			•	Systolic subvalvular gradient may or may not be present at rest


				•	Comes and goes with dynamic change in size and shape of outflow tract


			•	Increased left ventricular end diastolic pressures


			•	Thickening of ventricular septum and free wall with large papillary muscles


			•	Mitral regurgitation is common





		d.	Describe maneuvers which increase and decrease the outflow tract gradient and give the


			mechanism for each.





			•	See Cecil, Table 9-3, p96





			•	Three basic mechanisms are involve in the production of the dynamic pressure gradient:


				1.	Increased left ventricular contractility


				2.	Decreased ventricular volume (preload)


				3.	Decreased aortic impedance and pressure (afterload)





			•	Interventions that increase myocardial contractility (exercise, isoproterenol and 


				digitalis) and those that reduce ventricular volume (Valsalva maneuver, sudden standing,


				nitroglycerine, amyl nitrate, tachycardia) may cause an increase in the gradient


				•	This increases the murmur


		


			•	Elevation of arterial pressure by phenylephrine, squatting, sustained handgrip, 


				augmentation of venous return by passive leg raising, and expansion of the blood 


				volume increase ventricular volume


				•	Ameliorate the gradient and murmur





		e.	Describe the genetic inheritance pattern.





			•	About half of cases with hypertrophic cardiomyopathy have a positive family history


				compatible with autosomal-dominant transmission


				•	40% associated with mutations of the beta cardiac myosin heavy chain gene on


					chromosome 14


				•	15% have a mutation of the cardiac troponin T gene


				•	10% have a mutation of myosin binding protein L


				•	5% have a mutation of alpha tropomyosin gene





		f.	Describe the rationale for the use of negative inotropic agents in treatment.





			•	b-blockers can prevent the increase in outflow gradient with exercise


			•	Verapamil can decrease contractility, decreasing the outflow gradient and increased 


				compliance


			•	Nifedipine doesn’t decrease contractility as much as verapamil, but it is a better


				vasodilator (which can be bad) but will also increase compliance





3.	Restrictive cardiomyopathy.





	•	The hallmark of restrictive cardiomyopathies is abnormal diastolic function; the ventricular 


		walls are excessively rigid and impede ventricular filling (hence the term restrictive)


		•	Myocardial fibrosis, hypertrophy, or infiltration due to a variety of causes is usually


			responsible





	a.	Describe symptoms and signs.





		•	Exercise intolerance and dyspnea


			•	From inability of ventricle to fill limits cardiac output and raises filling pressure


		•	Dependent edema, ascites, and an enlarged, tender liver


			•	Result of persistently elevated venous pressures


		•	JVP is elevated and doesn’t fall normally or may rise with inspiration (Kussmaul’s sign)





		•	Heart sounds may be distant


		•	S3 and S4 are common


		•	Apical impulse is usually easily palpable and mitral regurgitation is more common


			•	Helps differentiate from constrictive pericarditis, which is similar in other ways


		•	Pericardial calcification on x-ray, which suggests constrictive pericarditis, is absent


		


		•	ECG:


			•	Low-voltage, nonspecific ST-T-wave changes


			•	Conduction abnormalities





	b.	Describe any specific echocardiographic features.





		•	Echocardiography typically reveals:


			•	Symmetrically thickened ventricular walls


			•	Normal or slightly reduced ventricular volumes and systolic function





	c.	Define the hemodynamic and ventricular function characteristics.





		•	The inability of the ventricle to fill limits cardiac output and raises filling pressure


		•	Accentuated early diastolic filling


		•	Elevation of the right and left end-diastolic pressure


		•	Dip-and-plateau configuration of the diastolic portion of the ventricular pressure pulse 


			resembling that seen constrictive pericarditis


			•	The x and y descents of the atrial pressure pulse are prominent, resulting in a “W”-


				shaped pattern





II.	Pericardial Disease.





A.	Define acute pericarditis.





	•	Acute pericarditis is inflammation of the heart’s pericardial lining 





	1.	Describe the chest pain.





		•	Chest pain is an important but not invariable symptom


		•	Usually present in the acute infectious types and many of the forms presumed to be 


			related to hypersensitivity or autoimmunity


			•	Pain is often absent in a slowly developing tuberculosus, postirradiation, neoplastic, or


				uremic pericarditis





		•	The pain is often severe


			•	Characteristically retrosternal and left precordial, referred to the back and the trapezius


			•	Often pleuritic consequent to accompanying pleural inflammation


				•	Sharp and aggravated by inspiration, coughing, and changes in body position, but


					sometimes is a steady, constricting pain that radiates to either arm or both arms and


					resembles that of myocardial ischemia


			•	Characteristically pericardial pain may be relieved by sitting up and leaning forward and


				is intensified by lying supine





		2.	Describe the friction rub and name the causes of the three components.





			•	The friction rub is diagnostic of pericarditis


				•	Scratchy and high-pitched


				•	Classically has three components, corresponding to movement of the heart with:


					•	Atrial systole


					•	Ventricular systole


					•	Early diastolic filling


				•	In some patients only one or two components can be heard


					•	Ventricular systole component is most common


				•	The rub may be intermittent and variable in intensity


				•	Absence of the friction rub does not exclude the diagnosis





		3.	Describe the ECG changes.





			•	See Laiken, p135





			a.	Type and time course of ST-T changes.





				•	Usually displays changes secondary to acute subepicardial inflammation


				•	Widespread elevation of the ST segments


					•	Involves two or three standard limb leads and V2 to V6


					•	Reciprocal depressions only in aVR and sometimes V1





				•	Usually no significant changes in QRS complexes


					•	Except some reduction in voltage in patients with large pericardial effusions


				•	After several days, ST segments return to normal


					•	Only then do T waves become inverted





			b.	Rhythm disturbances.





				•	Supraventricular arrhythmias, including atrial fibrillation, may occur





		4.	List specific causes of acute pericarditis.





			•	See Harrison, Table 240-1, p1334





			•	Idiopathic


			•	Viral (Coxsackie B, echovirus, adenovirus, mononucleosis, hepatitis B, acquired


				immunodeficiency syndrome)


			•	Fungal (histoplasmosis)


			•	Tuberculosis


			•	Acute bacterial (purulent)


			•	Acute MI


			•	Postpericardiotomy syndrome


			•	Radiation


			•	Neoplasm (metastatic lung or breast carcinoma; leukemia, lymphoma, melanoma)


			•	Uremia


			•	Autoimmune disorders (systemic lupus erythematosus, rheumatoid arthritis, 


				scleroderma)


			•	Drug reaction/hypersensitivity syndromes (e.g., procainamide, hydralazine)


			•	Myxedema





B.	Describe the reaction of the pericardium to injury.





	•	Injury often causes production of fluid by the pericardium


	•	Most cases are self limiting and the inflammation is gone in 2-6 weeks


	•	Pericarditis is recurrent in some patients


	•	Rarely results in constriction or effusion





C.	Describe the hemodynamic effects of fluid in the pericardial cavity.





	•	Elevation of intracardiac pressure


	•	Limited ventricular filling in diastole


		•	Venous pressure increases


	•	Reduction of cardiac output





	1.	List factors determining how much pericardial fluid is necessary to produce hemodynamic


		embarrassment.





		•	Volume of fluid and rate of accumulation are important for production of hemodynamic


			embarrassment


			•	If the fluid accumulates slowly (as often happens with neoplastic causes), the 


				pericardium may accommodate for it up to a point before intrapericardial pressure rises


				significantly


			•	In acute settings, such as trauma, lesser amounts of fluid may be tolerated


			•	The amount of fluid required to produce the hemodynamic effects may be as small as


				200 mL when it develops rapidly and over 2000 mL when developing slowly





	2.	Describe the changes in intravascular and chamber pressures which occur in effusion and


		tamponade.





		•	Tamponade develops when pericardial fluid under pressure compresses the heart





		a.	Magnitude


	


			•	Falling arterial pressure


			•	Rising venous pressure


			•	Increasing intracardiac pressure





		b.	Morphology of pressure pulses.





			•	Pulsus paradoxis is a greater than normal (10 mmHg) inspiratory decline in systolic


				arterial pressure


				•	May be detected by palpating weakness or disappearance of the arterial pulse


					during inspiration


				•	Usually sphygmomanometric measurement of systolic pressure during slow 


					respiration is usually required


			•	Elevation of JVP with a prominent x descent


				•	Often the y descent is diminutive or absent (unlike constrictive pericarditis)





		c.	Relationship of right and left heart pressures.





			•	There is equalization of diastolic pressure throughout the heart


			•	During inspiration:


				•	Right ventricular diameter increases


				•	Left ventricular diameter and mitral valve opening decrease


			•	Often the right ventricular cavity is reduced


			•	Often late diastolic inward motion (collapse) of the right ventricular free wall and of the


				right atrium





	3.	List the symptoms and clinical signs of cardiac tamponade.





		•	Clinical manifestation resemble those of heart failure, including:


			•	Dyspnea


			•	Orthopnea


			•	Hepatic engorgement


			•	Jugular venous hypertension





		a.	Jugular venous pulse (waves, descents, magnitude).





			•	Elevation of JVP with a prominent x descent


				•	Often the y descent is diminutive or absent (unlike constrictive pericarditis)





		b.	Define paradoxical pulse and possible mechanism.





			•	Pulsus paradoxis is a greater than normal (10 mmHg) inspiratory decline in systolic


				arterial pressure


				•	May be detected by palpating weakness or disappearance of the arterial pulse


					during inspiration


				•	Usually sphygmomanometric measurement of systolic pressure during slow 


					respiration is usually required


				•	The enlargement of the right ventricle during inspiration (increased resistance to


					pulmonary blood flow) causes exaggerated reciprocal reduction of left ventricular


					volume because of the compression of the heart


					•	This decreases left ventricular output





	4.	List the most useful diagnostic tests for effusion and tamponade.





		•	Echocardiography is the most effective diagnostic laboratory technique available


			•	Sensitive, specific, simple, noninvasive


		•	Catheterization may also help the diagnosis





D.	Define the hemodynamic effects of pericardial constriction.





	•	Chronic constrictive pericarditis results when the healing of an acute pericarditis or a chronic 


		pericardial effusion is followed by obliteration of the pericardial cavity with the formation of 


		granulation tissue





	•	Basic physiologic abnormality is the inability of the ventricles to fill because of the limitations


		imposed





	•	In chronic constrictive pericarditis, stroke volume is reduced and the end-diastolic pressures in 


		both ventricles and the mean pressures in the atria, pulmonic veins, and systemic veins are all 


		elevated to about the same levels


		•	Despite this, myocardial function may be normal or only slightly impaired; instead the 


			ventricles may be considered to be underloaded





	1.	Compare and contrast with tamponade with regard to:





		a.	Pressure pulse abnormalities





			•	In constrictive pericarditis, the central venous and right and left atrial pressure pulses 


				display an 	M-shaped contour


				•	Prominent x and y descents





			•	The y descent is absent or diminished in cardiac tamponade


				•	Cardiac tamponade also has pulsus paradoxus





		b.	Pattern of cardiac filling





			•	In chronic constrictive pericarditis, ventricular filling is unimpeded during early diastole 


				but is reduced abruptly when the elastic limit of the pericardium is reached


				•	In constrictive pericarditis, both ventricular pressure pulses exhibit characteristic 


					“square root” signs during diastole





			•	In cardiac tamponade, ventricular filling is impeded throughout diastole





		c.	Physical findings and symptoms.


			


�
Cardiac Tamponade�
Chronic Constriction�
�
Symptom duration�
Hours to days�
Months to years�
�
Chest pain�
+�
-�
�
Friction rub�
+�
-�
�
Pulsus paradoxus�
+�
-�
�
Kussmaul’s sign�
-�
+�
�
Pericardial knock


(Early diastolic)�
-�
+�
�
Pericardial calcification�
-�
+�
�
Pericardial effusion�
+�
-�
�
			Table 9-5, 3rd edition of Cecil





		d.	Diagnostic tests





			•	Echocardiography is not diagnostic for constrictive pericarditis


			•	Catheterization shows square root sign and M sign for constrictive pericarditis





E.	Describe similarities and differences between pericardial disease and myocardial disease.





	•	See Harrison, Table 240-2, p1336





	1.	Compensatory mechanisms.





		•	The pericardium may be thickened or calcific in constrictive pericarditis


			•	It is normal in tamponade, restrictive cardiomyopathy, and right ventricular myocardial


				infarction


		•	Myocardial thickness is usually increased in restrictive cardiomyopathy


			•	Normal in tamponade, restrictive cardiomyopathy, and right ventricular myocardial 


				infarction





	2.	Response to fluid volume manipulation





		•	Myocardial disease is more likely to cause CHF and needs diuretics for management





		•	Pericardial disease requires the extra fluids to help keep filling pressures elevated


			•	Diuretics are bad





	3.	Occurrence of pulmonary edema.





		•	Pericarditis results in little or no pulmonary congestion


		•	Restrictive cardiomyopathy often results in pulmonary congestion and pulmonary edema





	4.	Differentiate pericardial constriction from restrictive myocardial disease.





		•	Really, see Harrison Table 240-2, p1336.  I’m serious, go see it!





III.	Aging and the Cardiovascular System





A.	Describe the changes or lack thereof in resting cardiac performance.





	1.	Cardiac output, ejection fraction.





		•	There is no decrement in cardiac output, heart rate, stroke volume or ejection fraction


			in the baseline state as age increases





	2.	Blood pressure.





		•	There is an increase in systolic arterial pressure generally ascribed to increasing arterial


			stiffness that occurs with age


		•	Hypertension is found in up to 40% of the elderly population





	3.	Diastolic filling, LV mass.





		•	Mild left ventricular hypertrophy may result from this increased blood pressure


			•	This normalizes wall stress and preserves normal function


		•	Early diastolic filling is slowed or delayed in the older population


			•	This is probably secondary to prolonged muscle relaxation


			•	This delayed relaxation predisposes the elderly to hemodynamic compromise in the 


				presence of tachycardia, tachyarrhythmia, or superimposed cardiac disease affecting


				myocardial compliance (ischemic or hypertensive disease)





B.	Describe the hemodynamic changes with exercise compared to normal.





	•	There is a decrease in maximum oxygen uptake and in heart rate with increasing age with regard


		to the performance of exercise


	•	The cardiac output increase in response to exercise is maintained by an increase in stroke 


		volume


		•	The left ventricular end diastolic volume is increased and the Frank Starling mechanism


			is preserved, resulting in the larger stroke volume


	•	The end systolic volume is likewise increased in older individuals compared to the young


		•	Therefore ejection fraction in the elderly is less than that in the younger population


	•	There is a decrease in the inotropic, chronotropic and arterial vasodilating effect of 


		catecholamine stimulation


		•	This explains the reduction in heart rate and elevation of ventricular volume


	•	Baroreceptor responsiveness is diminished





C.	Describe the manifestations of cardiac disease in the elderly.





	1.	Coronary heart disease.





		•	Coronary heart disease is responsible for over 1/2 of all deaths 65 or older


		•	3/4 of the coronary heart disease deaths occur in the elderly


		•	Older patients experience more dyspnea than chest pain, reflecting the diastolic dysfunction


			that occurs


		•	Stress testing in the elderly is compromised by abnormal resting electrocardiograms due to


			co-existing disease and the inability to achieve adequate stress


			•	The Dipyridamole-Thallium scan does not require exercise and is better


		•	The management of coronary disease in the elderly is the same as the younger population


		•	With MI, there is increased mortality, congestive heart failure, and ventricular rupture





	2.	Arrhythmias.





		•	In any older person with decreased cerebral perfusion, angina, congestive heart failure, or


			mental status changes, ambulatory monitoring should be done to look for tachycardic or


			bradycardic rhythms


		•	Bradycardia is more common in the elderly


			•	May be related to histologic changes in the conduction system, particularly the 


				sinoatrial and atrio-ventricular nodes, hypersensitivity of the carotid sinus, and the 


				effects of drugs (digitalis, calcium channel blockers, beta blockers)





	3.	Valvular heart disease.





		•	Valvular heart disease in the elderly most often is degenerative calcific aortic stenosis


			(not bicuspid valve or rheumatic), mitral regurgitation secondary to myxomatous


			mitral valve prolapse with severe regurgitation, or mitral regurgitation associated with


			ischemia or calcification of the mitral anulus








Submodule H:  Diseases of the Aorta and Peripheral Vessels





Scope and Objectives





	This submodule is concerned with recognition of diseases of the aorta, particularly aneurysms, and diseases affecting the peripheral vessels, particularly types of vasculitis and obliterative non-inflammatory disorders.  This submodule combines the clinical characteristics of these disorders.  This submodule combines the clinical characteristics of these disorders with the microscopic and gross pathologic characteristics.  The pathology text is a learning resource in this submodule in addition to Cecil’s Essentials of Medicine.





Objectives





I.	Define aortic aneurysm.





	•	Aortic aneurysm is a pathologic dilatation of a segment of the aorta





A.	Define the terminology used for gross appearance of aneurysms.





	•	A true aneurysm involves all three layers of the vessel wall


	•	A psuedoaneurysm is one in which the intimal and medial layers are disrupted and the 


		dilatation is lined by adventitia only and sometimes by perivascular clot





	•	A fusiform aneurysm affects the entire circumference of a segment of the vessel, resulting


		in a diffusely dilated lesion


	•	A saccular aneurysm involves only a portion of the circumference, resulting in an


		outpouching of the vessel wall





B.	Describe the following types of aortic aneurysms according to location, symptoms and physical


	signs, predisposing factors, relative incidence, and complications.





	1.	Atherosclerotic.





		•	Atherosclerosis is the most common pathologic condition associated with aortic aneurysm


			•	Risk factors for atherosclerosis are associated with a higher incidence of aortic aneurysm


		•	Familial clusterings of abdominal aortic aneurysms occur in 20% of patients


			•	A mutation of the gene encoding type III procollagen has been implicated





		•	Usually abdominal


			•	Most commonly between the renal arteries and the aortic bifurcation





		•	Clinical features


			•	Often asymptomatic until rupture


			•	Abdominal fullness or pulsations


			•	Sharp back or epigastric pain


				•	Worsens prior to rupture


			•	Palpable, pulsatile, nontender abdominal mass


			•	May have abdominal bruit (usually below umbilicus)


			•	Peripheral emboli


			•	Associated peripheral vascular disease


			•	25% are not calcified


				•	The remainder are visible on x-ray





	2.	Syphilitic (also microscopic anatomy)  [see also “D”].





		•	Usually affects the proximal ascending aorta, particularly the aortic root


			


		•	Are usually asymptomatic


		•	Symptoms may result from aortic regurgitation, narrowing of the coronary ostia due to


			syphilitic aortitis, compression of adjacent structures (e.g. esophagus) or rupture


			•	Aortic valve insufficiency


			•	Dyspnea (encroaches upon lungs)


			•	Dysphagia (encroaches upon esophagus)


			•	Persistent cough (irritates larynx)


			•	Pain due to erosion of bone


			•	Cardiac disease





		•	Typically presents 15 to 30 years after initial syphilis infection





		•	Uncommon in the United States due to the low prevalence of syphilis





		•	Complications include rupture, cardiac disruption, etc.





	3.	Dissecting aneurysm or hematoma.





		•	Aortic dissection is caused by a circumferential or, less frequently, transverse tear of the


			intima


			•	Usually occurs along the right lateral wall of the ascending aorta


				•	This is where the hydraulic shear stress is high


			•	Also commonly occurs in the descending thoracic aorta just below the ligamentum


				arteriosum





		•	Clinical features:


			•	Severe, sudden unrelenting tearing chest pain


				•	Depending on dissection location, may radiate to back or abdomen


			•	Aortic branch occlusions may cause stroke or spinal cord ischemia, limb or bowel


				ischemia, renal impairment


			•	May have aortic root involvement causing aortic valve regurgitation, myocardial 


				infarction, or rupture into pericardium with tamponade


			•	Syncope


			•	Dyspnea


			•	Weakness


			•	Hypertension


			•	Asymmetric pulses


			•	Pulse deficits


		


		•	Predisposing factors:


			•	Hypertension


			•	Marfan syndrome


			•	Cystic medial necrosis


			•	Aortic coarctation


			•	Trauma





	4.	Sinus of Valsalva.





		•	Separation or lack of fusion between the media of the aorta and the annulus fibrosis of


			the aortic valve





		•	Congenital aneurysms of the sinus of Valsalva may rupture into the right atrium or 


			ventricle, producing a continuous murmur


			•	Abrupt, causing chest pain, bounding pulses, volume overload


		•	Sinus of Valsalva aneurysms can occasionally produce coronary occlusion, conduction 


			disturbances, or valvular malfunction





C.	Describe the significance of size of aortic aneurysms.





	•	Less than 4 cm has a relatively low risk


	•	50% of all aneurysms 6 cm or larger rupture within first year


	•	4-6 cm is moderate and requires surgery if the patient isn’t too high risk for complications





D.	Define cystic medial necrosis in terms of:





	1.	Microscopic pathology.





		•	Cystic medial necrosis describes the degeneration of collagen and elastic fibers in the 


			tunica media of the aorta, as well as medial cell losses that are replaced by multiple clefts of 


			mucoid material





		•	Characteristically affects the proximal aorta, results in circumferential weakness and 


			dilatation, and leads to the development of fusiform aneurysms involving the ascending 


			aorta and the sinuses of Valsalva





	2.	Associated disorders — genetic and non-genetic





		•	Prevalent in patients with


			•	Marfan syndrome


			•	Ehlers-Danlos syndrome type IV





		•	Also seen in:


			•	Pregnancy


			•	Hypertension


			•	Valvular heart disease


			•	Sometimes as an isolated condition in patients without any other apparent disease





	3.	Associated complications.





		•	Expanding aneurysms


		•	Rupture of aorta


		•	Aortic regurgitation





E.	List the three commonly used diagnostic tests (excluding chest x-ray) for aortic aneurysms.





	•	Ultrasound


	•	Angiography


	•	CT or MRI
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