ISCHEMIC HEART DISEASE 

Definition

· Ischemic heart disease (IHD) is a condition in which there is an inadequate supply of blood and oxygen to a portion of the myocardium; it typically occurs when there is an imbalance between myocardial oxygen supply and demand. 
· The most common cause of myocardial ischemia is atherosclerotic disease of an epicardial coronary artery (or arteries) sufficient to cause a regional reduction in myocardial blood flow and inadequate perfusion of the myocardium supplied by the involved coronary artery.
Epidemiology

· IHD causes more deaths and disability and incurs greater economic costs than any other illness in the developed world. 
· A high-fat and energy-rich diet, smoking, and a sedentary lifestyle are associated with the emergence of IHD 
· In the United States and Western Europe, it is growing among low-income groups rather than high-income groups (who are adopting more healthful lifestyles), while primary prevention has delayed the disease to later in life in all socioeconomic groups. 

· Obesity, insulin resistance, and type 2 diabetes mellitus are increasing and are powerful risk factors for IHD. 
· With urbanization in the developing world, the prevalence of risk factors for IHD is increasing rapidly in these regions such that a majority of the global burden of IHD is now occurring in low-income and middle-income countries. 
· Given the projection of large increases in IHD throughout the world, IHD is likely to become the most common cause of death worldwide by 2020
Pathophysiology

· Under normal conditions, for any given level of a demand for oxygen, the myocardium will be supplied with oxygen-rich blood to prevent underperfusion of myocytes and the subsequent development of ischemia and infarction. 
· The major determinants of myocardial oxygen demand (MVO2) are heart rate, myocardial contractility, and myocardial wall tension (stress). 
· An adequate supply of oxygen to the myocardium requires a satisfactory level of oxygen-carrying capacity of the blood (determined by the inspired level of oxygen, pulmonary function, and hemoglobin concentration and function) and an adequate level of coronary blood flow. 
· Blood flows through the coronary arteries in a phasic fashion, with the majority occurring during diastole. 
· About 75% of the total coronary resistance to flow occurs across three sets of arteries: (1) large epicardial arteries (Resistance 1 = R1), (2) prearteriolar vessels (R2), and (3) arteriolar and intramyocardial capillary vessels (R3). 
· In the absence of significant flow-limiting atherosclerotic obstructions, R1 is trivial; the major determinant of coronary resistance is found in R2 and R3.

· The normal coronary circulation is dominated and controlled by the heart's requirements for oxygen. 
· This need is met by the ability of the coronary vascular bed to vary its resistance (and, therefore, blood flow) considerably while the myocardium extracts a high and relatively fixed percentage of oxygen. 
· Normally, intramyocardial resistance vessels demonstrate an immense capacity for dilation (R2 and R3 decrease). 
· For example, the changing oxygen needs of the heart with exercise and emotional stress affect coronary vascular resistance and in this manner regulate the supply of oxygen and substrate to the myocardium (metabolic regulation). 
· The coronary resistance vessels also adapt to physiologic alterations in blood pressure in order to maintain coronary blood flow at levels appropriate to myocardial needs (autoregulation).

· By reducing the lumen of the coronary arteries, atherosclerosis limits appropriate increases in perfusion when the demand for flow is augmented, as occurs during exertion or excitement. 
· When the luminal reduction is severe, myocardial perfusion in the basal state is reduced. 
· Coronary blood flow can also be limited by spasm, arterial thrombi, and, rarely, coronary emboli as well as by ostial narrowing due to aortitis. 
· Congenital abnormalities, such as origin of the left anterior descending coronary artery from the pulmonary artery, may cause myocardial ischemia and infarction in infancy, but this cause is very rare in adults.

· Myocardial ischemia can also occur if myocardial oxygen demands are markedly increased and when coronary blood flow may be limited, as occurs in severe left ventricular (LV) hypertrophy due to aortic stenosis. 
· A reduction in the oxygen-carrying capacity of the blood, as in extremely severe anemia or in the presence of carboxyhemoglobin, rarely causes myocardial ischemia by itself but may lower the threshold for ischemia in patients with moderate coronary obstruction.

· Not infrequently, two or more causes of ischemia coexist, such as an increase in oxygen demand due to LV hypertrophy secondary to hypertension and a reduction in oxygen supply secondary to coronary atherosclerosis and anemia. 
· Abnormal constriction or failure of normal dilation of the coronary resistance vessels can also cause ischemia. 
· When it causes angina, this condition is referred to as microvascular angina.
Coronary Atherosclerosis

· Epicardial coronary arteries are the major site of atherosclerotic disease. 
· The major risk factors for atherosclerosis [high plasma low-density lipoprotein (LDL), low plasma high-density lipoprotein (HDL), cigarette smoking, hypertension, and diabetes mellitus] disturb the normal functions of the vascular endothelium. 
· These functions include local control of vascular tone, maintenance of an antithrombotic surface, and impairment of inflammatory cell adhesion and diapedesis. 
· The loss of these defenses leads to inappropriate constriction, luminal thrombus formation, and abnormal interactions with blood leukocytes, especially monocytes, and platelets. 
· Monocyte interaction ultimately results in the subintimal collections of fat, smooth-muscle cells, fibroblasts, and intercellular matrix (i.e., atherosclerotic plaques), which develop at irregular rates in different segments of the epicardial coronary tree and lead eventually to segmental reductions in cross-sectional area.

· There is also a predilection for atherosclerotic plaques to develop at sites of increased turbulence in coronary flow, such as at branch points in the epicardial arteries. 
· When a stenosis reduces the diameter of an epicardial artery by 50%, there is a limitation on the ability to increase flow to meet increased myocardial demand. 
· When the diameter is reduced by ~80%, blood flow at rest may be reduced, and further minor decreases in the stenotic orifice area can reduce coronary flow dramatically and cause myocardial ischemia.

· Segmental atherosclerotic narrowing of epicardial coronary arteries is caused most commonly by the formation of a plaque, which is subject to rupture or erosion of the cap separating the plaque from the bloodstream. 
· Upon exposure of the plaque contents to blood, two important and interrelated processes are set in motion: (1) platelets are activated and aggregate; and (2) the coagulation cascade is activated, leading to deposition of fibrin strands. 
· A thrombus composed of platelet aggregates and fibrin strands traps red blood cells and can reduce coronary blood flow, leading to the clinical manifestations of myocardial ischemia.

· The location of the obstruction influences the quantity of myocardium rendered ischemic and determines the severity of the clinical manifestations. 
· Thus, critical obstructions in vessels, such as the left main coronary artery or the proximal left anterior descending coronary artery, are particularly hazardous. 
· 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, by themselves, provide sufficient blood flow to sustain the viability of the myocardium at rest but not during conditions of increased demand.

· With progressive worsening of a proximal epicardial artery stenosis, the distal resistance vessels (when they function normally) dilate to reduce vascular resistance and maintain coronary blood flow. 
· A pressure gradient develops across the proximal stenosis, and poststenotic pressure falls. 
· When the resistance vessels are maximally dilated, myocardial blood flow becomes dependent on the pressure in the coronary artery distal to the obstruction. 
· In these circumstances, ischemia, manifest clinically by angina or electrocardiographically by ST-segment deviation, can be precipitated by increases in myocardial oxygen demand caused by physical activity, emotional stress, and/or tachycardia. 
· Changes in the caliber of the stenosed coronary artery due to physiologic vasomotion, loss of endothelial control of dilation (as occurs in diabetes mellitus), pathologic spasm (Prinzmetal's angina), or small platelet-rich plugs can also upset the critical balance between oxygen supply and demand and thereby precipitate myocardial ischemia.
Effects of Ischemia

· During episodes of inadequate perfusion caused by coronary atherosclerosis, myocardial tissue oxygen tension falls and may cause transient disturbances of the mechanical, biochemical, and electrical functions of the myocardium. 
· Coronary atherosclerosis is a focal process that usually causes nonuniform ischemia. 
· Regional disturbances of ventricular contractility cause segmental akinesia or, in severe cases, bulging (dyskinesia), which can greatly reduce myocardial pump function.

· The abrupt development of severe ischemia, as occurs with total or subtotal coronary 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 (compared with the subepicardial region). 

· Ischemia of large portions of the ventricle causes transient LV failure, and if the papillary muscle apparatus is involved, mitral regurgitation can occur. 

· When ischemia is transient, it may be associated with angina pectoris; when it is prolonged, it can lead to myocardial necrosis and scarring with or without the clinical picture of acute MI 

· A wide range of abnormalities in cell metabolism, function, and structure underlie these mechanical disturbances during ischemia. 

· The normal myocardium metabolizes fatty acids and glucose to carbon dioxide and water. 
· With severe oxygen deprivation, fatty acids cannot be oxidized, and glucose is degraded to lactate; intracellular pH is reduced, as are the myocardial stores of high-energy phosphates, i.e., ATP and creatine phosphate. 
· Impaired cell membrane function leads to the leakage of potassium and the uptake of sodium by myocytes, as well as an increase in cytosolic calcium. 
· The severity and duration of the imbalance between myocardial oxygen supply and demand determine whether the damage is reversible (20 min for total occlusion in the absence of collaterals) or whether it is permanent, with subsequent myocardial necrosis (>20 min).

· Ischemia also causes characteristic changes in the electrocardiogram (ECG) such as repolarization abnormalities, as evidenced by inversion of T waves and, when more severe, by displacement of ST segments 
· Transient T-wave inversion likely reflects nontransmural, intramyocardial ischemia; transient ST-segment depression often reflects subendocardial ischemia; and ST-segment elevation is thought to be caused by more severe transmural ischemia. 
· Another important consequence of myocardial ischemia is electrical instability, which may lead to isolated ventricular premature beats or even ventricular tachycardia or ventricular fibrillation 
· Most patients who die suddenly from IHD do so as a result of ischemia-induced ventricular tachyarrhythmias

Stable Angina Pectoris

· This episodic clinical syndrome is due to transient myocardial ischemia. 
· Males constitute ~70% of all patients with angina pectoris and an even greater fraction of those less than 50 years of age. 
Clinical feature

History

· The typical patient with angina is a man older than 50 years or a woman older than 60 years of age who complains of chest discomfort, usually described as heaviness, pressure, squeezing, smothering, or choking, and only rarely as frank pain. 
· When the patient is asked to localize the sensation, he or she will typically place their hand over the sternum, sometimes with a clenched fist, to indicate a squeezing, central, substernal discomfort (Levine's sign). 
· Angina is usually crescendo-decrescendo in nature, typically lasts 2–5 min, and can radiate to either shoulder and to both arms (especially the ulnar surfaces of the forearm and hand). 
· It can also arise in or radiate to the back, interscapular region, root of the neck, jaw, teeth, and epigastrium. 
· Angina is rarely localized below the umbilicus or above the mandible. 
· A useful finding in assessing the patient with chest discomfort is the fact that myocardial ischemic discomfort does not radiate to the trapezius muscles; such a radiation pattern is more typical of pericarditis.

· Although episodes of angina are typically caused by exertion (e.g., exercise, hurrying, or sexual activity) or emotion (e.g., stress, anger, fright, or frustration) and are relieved by rest, they may also occur at rest and while the patient is recumbent (angina decubitus). 
· The patient may be awakened at night by typical chest discomfort and dyspnea. 
· Nocturnal angina may be due to episodic tachycardia, diminished oxygenation as the respiratory pattern changes during sleep, or expansion of the intrathoracic blood volume that occurs with recumbency; the latter causes an increase in cardiac size (end-diastolic volume), in wall tension, and in myocardial oxygen demand that lead to ischemia and transient LV failure.

· The threshold for the development of angina pectoris may vary by time of day and emotional state. 
· Many patients report a fixed threshold for angina, which occurs predictably at a certain level of activity, such as climbing two flights of stairs at a normal pace. 
· In these patients, coronary stenosis and myocardial oxygen supply are fixed, and ischemia is precipitated by an increase in myocardial oxygen demand; they are said to have stable exertional angina. 
· In other patients, the threshold for angina may vary considerably within any given day and from day to day. 
· In such patients, variations in myocardial oxygen supply, most likely due to changes in coronary vascular tone, may play an important role in defining the pattern of angina. 
· A patient may report symptoms upon minor exertion in the morning (a short walk or shaving), yet, by midday, may be capable of much greater effort without symptoms. 
· Angina may also be precipitated by unfamiliar tasks, a heavy meal, exposure to cold, or a combination.

· Exertional angina is typically relieved by slowing or ceasing activities in 1–5 min and even more rapidly by rest and sublingual nitroglycerin 
Physical Examination

· This is often normal in patients with stable angina when they are asymptomatic, but it may reveal evidence of atherosclerotic disease at other sites, such as an abdominal aortic aneurysm, carotid arterial bruits, and diminished arterial pulse in the lower extremities, or of risk factors for atherosclerosis, such as xanthelasmas and xanthomas 
· Examination of the fundi may reveal an increased light reflex and arteriovenous nicking as evidence of hypertension. 
· There may also be signs of anemia, thyroid disease, and nicotine stains on the fingertips from cigarette smoking. 
· Palpation may reveal cardiac enlargement and abnormal contraction of the cardiac impulse (left ventricular akinesia or dyskinesia).

· Auscultation can uncover arterial bruits, a third and/or fourth heart sound, and, if acute ischemia or previous infarction has impaired papillary muscle function, an apical systolic murmur due to mitral regurgitation. 
· These auscultatory signs are best appreciated with the patient in the left lateral decubitus position. 
Investigations

Laboratory Examination

· Although the diagnosis of IHD can be made with a high degree of confidence from the clinical examination, a number of simple laboratory tests can be helpful. 
· The urine should be examined for evidence of diabetes mellitus and renal disease (including microalbuminuria) since these conditions accelerate atherosclerosis. 
· Similarly, examination of the blood should include measurements of lipids (cholesterol—total, LDL, HDL—and triglycerides), glucose, creatinine, hematocrit, and, if indicated based on the physical examination, thyroid function. 
· A chest x-ray is important as it may show the consequences of IHD, i.e., cardiac enlargement, ventricular aneurysm, or signs of heart failure. 
· These signs can support the diagnosis of IHD and are important in assessing the degree of cardiac damage.

Electrocardiogram

· A 12-lead ECG recorded at rest may be normal in patients with typical angina pectoris, but there may also be signs of an old myocardial infarction 
· Although repolarization abnormalities—i.e., ST-segment and T-wave changes—as well as LV hypertrophy and intraventricular conduction disturbances are suggestive of IHD, they are nonspecific since they can also occur in pericardial, myocardial, and valvular heart disease or, in the case of the former, transiently with anxiety, changes in posture, drugs, or esophageal disease. 
· Dynamic ST-segment and T-wave changes that accompany episodes of angina pectoris and disappear thereafter are more specific.

Stress Testing
· Electrocardiographic: The most widely used test for both the diagnosis of IHD and estimating the prognosis involves recording the 12-lead ECG before, during, and after exercise, usually on a treadmill 
· The test consists of a standardized incremental increase in external workload (Table 237-2) while the symptoms, ECG, and arm blood pressure are monitored. 
· Performance is usually symptom-limited, and the test is discontinued upon evidence of chest discomfort, severe shortness of breath, dizziness, severe fatigue, ST-segment depression >0.2 mV (2 mm), a fall in systolic blood pressure >10 mmHg, or the development of a ventricular tachyarrhythmia. 
· This test seeks to discover any limitation in exercise performance, to detect typical ECG signs of myocardial ischemia, and to establish their relationship to chest discomfort. 
· The ischemic ST-segment response is generally defined as flat or downsloping depression of the ST segment >0.1 mV below baseline (i.e., the PR segment) and lasting longer than 0.08 s

· Negative exercise tests in which the target heart rate (85% of maximal predicted heart rate for age and sex) is not achieved are considered to be nondiagnostic

· When interpreting ECG stress tests, the probability that coronary artery disease (CAD) exists in the patient or population under study (i.e., pretest probability) should be considered. 
· Overall, false-positive or false-negative results occur in one-third of cases. However, a positive result on exercise indicates that the likelihood of CAD is 98% in males >50 years with a history of typical angina pectoris and who develop chest discomfort during the test. 
· The likelihood decreases if the patient has atypical or no chest pain by history and/or during the test.

Cardiac Imaging

· When the resting ECG is abnormal (e.g., preexcitation syndrome, >1 mm of resting ST-segment depression, left bundle branch block, paced ventricular rhythm), information gained from an exercise test can be enhanced by stress myocardial radionuclide perfusion imaging after the intravenous administration of thallium 201 or technetium 99m (99mTc) sestamibi during exercise (or a pharmacologic) stress. 
· Recent data also suggest positron emission tomography (PET) imaging (with exercise or pharmacologic stress) using N-13 ammonia or rubidium-82 nuclide as another technique for assessing perfusion. 
· Images obtained immediately after cessation of exercise to detect regional ischemia are compared with those obtained at rest to confirm reversible ischemia and regions of persistent absent uptake that signify infarction

· Two-dimensional echocardiography can assess both global and regional wall motion abnormalities of the left ventricle due to MI or persistent ischemia. 
· Stress (exercise or dobutamine) echocardiography may cause the emergence of regions of akinesis or dyskinesis not present at rest. 
· Stress echocardiography, like stress myocardial perfusion imaging, is more sensitive than exercise electrocardiography in the diagnosis of IHD. 
· Cardiac magnetic resonance (CMR) stress testing is also evolving as an alternative to radionuclide, PET, or echocardiographic stress imaging

· Atherosclerotic plaques become progressively calcified over time, and coronary calcification in general increases with age. 
· For this reason, methods for detecting coronary calcium have been developed as a measure of the presence of coronary atherosclerosis. 
· These methods involve computed tomography (CT) applications that achieve rapid acquisition of images [ultrafast or electron beam (EBCT) and multidetector (MDCT)]. 
· Coronary calcium detected by these imaging techniques is quantified using the Agatston score most commonly, which is based on the area and density of calcification

Coronary Arteriography
· This diagnostic method outlines the lumina of the coronary arteries and can be used to detect or exclude serious coronary obstruction

Prognosis

· The principal prognostic indicators in patients known to have IHD are age, the functional state of the left ventricle, the location(s) and severity of coronary artery narrowing, and the severity or activity of myocardial ischemia. 
· Angina pectoris of recent onset, unstable angina (Chap. 238), early postmyocardial infarction angina, and angina that is unresponsive or poorly responsive to medical therapy or is accompanied by symptoms of congestive heart failure all indicate an increased risk for adverse coronary events. 
· The same is true for the physical signs of heart failure, episodes of pulmonary edema, transient third heart sounds, or mitral regurgitation, and for echocardiographic or radioisotopic (or roentgenographic) evidence of cardiac enlargement and reduced (<0.40) ejection fraction

Stable Angina Pectoris: Treatment

· Each patient must be evaluated individually with respect to his or her expectations and goals, control of symptoms, and prevention of adverse clinical outcomes, such as MI and premature death. 

· The degree of disability as well as the physical and emotional stress that precipitates angina must be carefully recorded in order to set treatment goals. 

· The management plan should include the following components: 

Explanation of the problem and reassurance about the ability to formulate a treatment plan
· Patients with IHD need to understand their condition and to realize that a long and productive life is possible even though they suffer from angina pectoris or have experienced and recovered from an acute MI

· A planned program of rehabilitation can encourage patients to lose weight, improve exercise tolerance, and control risk factors with more confidence

Identification and treatment of aggravating conditions 

· Aortic valve disease and hypertrophic cardiomyopathy may cause or contribute to angina and should be excluded or treated. 
· Obesity, hypertension, and hyperthyroidism should be treated aggressively in order to reduce the frequency and severity of anginal episodes. 
· Decreased myocardial oxygen supply may be due to reduced oxygenation of the arterial blood (e.g., in pulmonary disease or, when carboxyhemoglobin is present, due to cigarette or cigar smoking) or decreased oxygen-carrying capacity (e.g., in anemia). 
· Correction of these abnormalities, if present, may reduce or even eliminate angina pectoris

Recommendations for adaptation of activity as needed 

· Myocardial ischemia is caused by a discrepancy between the demand of the heart muscle for oxygen and the ability of the coronary circulation to meet this demand. 

· Most patients can be helped to understand this concept and utilize it in the rational programming of activity. 

· Many tasks that ordinarily evoke angina may be accomplished without symptoms simply by reducing the speed at which they are performed. 

· Patients must appreciate the diurnal variation in their tolerance of certain activities and should reduce their energy requirements in the morning, immediately after meals, and in cold or inclement weather

· On occasion, it may be necessary to recommend a change in employment or residence to avoid physical stress

· Physical conditioning usually improves the exercise tolerance of patients with angina and exerts substantial psychological benefits. 

· A regular program of isotonic exercise that is within the limits of each patient's threshold for the development of angina pectoris and does not exceed 80% of the heart rate associated with ischemia on exercise testing should be strongly encouraged 

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

· A family history of premature IHD is an important indicator of increased risk and should trigger a search for treatable risk factors such as hyperlipidemia, hypertension, and diabetes mellitus. 

· Obesity impairs the treatment of other risk factors and increases the risk of adverse coronary events.

· Cigarette smoking accelerates coronary atherosclerosis in both sexes and at all ages and increases the risk of thrombosis, plaque instability, MI, and death

· Hypertension is associated with increased risk of adverse clinical events from coronary atherosclerosis as well as stroke. 

· In addition, the LV hypertrophy that results from sustained hypertension aggravates ischemia. 

· There is evidence that long-term, effective treatment of hypertension can decrease the occurrence of adverse coronary events. 

· Diabetes mellitus accelerates coronary and peripheral atherosclerosis and is frequently associated with dyslipidemias and increases in the risk of angina, MI, and sudden coronary death. 

· Aggressive control of the dyslipidemia (target LDL cholesterol <70 mg/dL) and hypertension (target BP 120/80 or less) that are frequently found in diabetic patients is essential, as described below

Drug therapy for angina 

· Pharmacotherapy for IHD is designed to reduce the frequency of anginal episodes and blunt the surge in the patient's heart rate and blood pressure with exertion so that they can perform daily activities without approaching the heart rate–blood pressure threshold that provokes ischemia. 

· Antiplatelet therapy with aspirin is also used to reduce thrombotic events that may occur with destabilization of atherosclerotic plaques

· The agents for which there is the greatest clinical experience include atenolol, metoprolol, and propranolol. 

· It is preferable to use a sustained release formulation that may be taken once daily to improve the patient's compliance with the regimen

· This list of calcium channel blockers that may be used to treat patients with angina pectoris is divided into two broad classes, dihydropyridines and nondihydropyridines, and arranged alphabetically within each class. 

· Among the dihydropyridines, the greatest clinical experience has been obtained with amlodipine and nifedipine.

Consideration of revascularization

· While the basic management of patients with IHD is medical, as described above, many patients are improved by coronary revascularization procedures. 

· These interventions should be employed in conjunction with but do not replace the continuing need to modify risk factors and medical therapy.
· Percutaneous Coronary Intervention: PCI, involving balloon dilatation usually accompanied by coronary stenting, is widely used to achieve revascularization of the myocardium in patients with symptomatic IHD and suitable stenoses of epicardial coronary arteries

· Coronary Artery Bypass Grafting: Anastomosis of one or both of the internal mammary arteries or a radial artery to the coronary artery distal to the obstructive lesion is carried out
