Cardiology 2003 

Question 4

Answer (A)

The short answer:

“Among competitive athletes who die from SCD due to proven cardiac cause, hypertrophic cardiomyopathy may be the most common underlying disorder, accounting for 36 percent of 286 cases in an autopsy series”

Other relevant Uptodate info:

Absence of known structural heart disease — Sudden death can occur in patients younger than 40 years of age who have no previous evidence of heart disease [34,35]. However, most of these patients have underlying structural heart disease. The frequency with which this occurs was illustrated in an autopsy study that evaluated 162 subjects aged 9 to 39 years with SCD; none had previously diagnosed underlying disease and death occurred in the absence of trauma and within 24 hours of onset of symptoms [35]. The following findings were noted:

· Approximately 15 percent of deaths were noncardiac (most often intracranial hemorrhage) and 73 percent were cardiac.

· The most common causes of heart disease were coronary disease (58 percent in those over age 30 compared to 22 percent in younger subjects), myocarditis (11 and 22 percent in the two age groups), hypertrophic cardiomyopathy (13 percent in younger subjects), sarcoidosis, and arrhythmogenic right ventricular dysplasia.

· Approximately one-half had some prodromal symptoms, such as chest pain or dizziness.

· SCD occurred during routine activity in 49 percent, during sleep in 23 percent, and in relation to exercise in 23 percent.

The association with exercise has also been described in competitive athletes. In a registry of sudden death in 286 competitive athletes under age 35 in whom cardiovascular disease was shown to be the cause at autopsy, the most common underlying disorders were hypertrophic cardiomyopathy (36 percent, with possible HCM in another 10 percent), an anomalous coronary artery of wrong sinus origin (13 percent), and myocarditis (7 percent).

Background Info from Harrisons

Hypertrophic Cardiomyopathy

Hypertrophic cardiomyopathy (HCM) is characterized by left ventricular hypertrophy, typically of a nondilated chamber, without obvious cause such as hypertension or aortic stenosis (Fig. 238-3). It is found in about 1 in 500 of the general population. Two features of HCM have attracted the greatest attention: (1) heterogeneous left ventricular hypertrophy, often with preferential hypertrophy of the interventricular septum resulting in asymmetric septal hypertrophy; and (2) a dynamic left ventricular outflow tract pressure gradient, related to a narrowing of the subaortic area as a consequence of the midsystolic apposition of the anterior mitral valve leaflet against the hypertrophied septum, i.e., systolic anterior motion (SAM) of the mitral valve (Fig. 238-4). Initial studies of this disease emphasized the dynamic "obstructive" features, and it has been termed idiopathic hypertrophic subaortic stenosis and hypertrophic obstructive cardiomyopathy. It has become clear, however, that only about one-quarter of patients with HCM demonstrate an outflow tract pressure gradient. The ubiquitous pathophysiologic abnormality is not systolic but rather diastolic dysfunction (Chap. 231), characterized by increased stiffness of the hypertrophied muscle. This results in elevated diastolic filling pressures and is present despite a hyperdynamic left ventricle.


Figure 238-3: Asymmetric septal hypertrophy. Longitudinal section of the heart of a 32-year-old woman with subaortic obstructive HCM who died suddenly. Hemodynamic investigation confirmed subaortic obstruction as well as mitral regurgitation. The regurgitation was partially due to an abnormal mitral valve [insertion of an anomalous papillary muscle (arrow) onto the ventricular surface of the anterior mitral leaflet]. There is asymmetric hypertrophy with a grossly thickened ventricular septum. A narrowed outflow tract between the upper septum and the anterior mitral leaflet, which is very thickened and fibrosed from repeated contact with the septum, can also be seen.
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Figure 238-4: : Functional anatomy of mitral leaflet systolic anterior motion and mitral regurgitation in subaortic obstructive hypertrophic cardiomyopathy (HCM). Drawing of a transesophageal echocardiogram (frontal long-axis plane) demonstrating the anterior and superior motion of the anterior mitral leaflet to produce mitral leaflet-septal contact and failure of leaflet coaptation in midsystole. A. At the onset of systole, the coaptation point (arrow) is in the body of the anterior and posterior leaflets rather than at the tip of the leaflets, as in normal subjects. During early systole (S) and midsystole (C) there is anterior and superior movement of the residual length of the anterior mitral leaflet (thick arrow in C), with septal contact and failure of leaflet coaptation (thin arrow in C) with consequent mitral regurgitation directed posteriorly into the left atrium (dotted area).

The pattern of hypertrophy is distinctive in HCM and differs from that seen in secondary hypertrophy (as in hypertension). Most patients have striking regional variations in the extent of hypertrophy in different portions of the left ventricle, and the majority demonstrate a ventricular septum whose thickness is disproportionately increased when compared with the free wall. Other patients may demonstrate disproportionate involvement of the apex or left ventricular free wall; 10% or more of patients have concentric involvement of the ventricle. A bizarre and disorganized arrangement of cardiac muscle cells in the septum occurs, with disorganization of the myofibrillar architecture, along with a variable degree of myocardial fibrosis and thickening of the small intramural coronary arteries. In some children, systolic compression of an intramyocardial segment of a coronary artery may lead to ischemia and death.

Genetics

About half of all patients with HCM have a positive family history compatible with autosomal-dominant transmission, and more than 100 different mutations have been identified. About 40% of these are associated with mutations of the cardiac [image: image2.png]


-myosin heavy chain gene on chromosome 14, with certain mutations associated with more malignant prognoses. About 15% have a mutation of the cardiac troponin T gene on chromosome 1, 20% a mutation of myosin-binding protein C (chromosome 11), and about 5% a mutation of the [image: image3.png]


-tropomyosin gene. The remainder of familial cases are due to mutations of other genes such as the gene for troponin I. Echocardiographic studies have confirmed that about one-third of the first-degree relatives of patients with familial HCM have evidence of the disease, although in many of these patients the extent of hypertrophy is mild, no outflow tract pressure gradient is present, and symptoms are not prominent. Since the hypertrophic characteristics may not be apparent in childhood and often appear first in adolescence, a single normal echocardiogram in a child does not exclude the presence of the disease. Many sporadic cases of HCM probably represent spontaneous mutations.

 
Hemodynamics

In contrast to the obstruction produced by a fixed narrowed orifice, such as valvular aortic stenosis, the pressure gradient in HCM, when present, is dynamic and may change between examinations and even from beat to beat. Obstruction appears to result from further narrowing of an already small left ventricular outflow tract by SAM of the mitral valve against the hypertrophied septum. While SAM is occasionally found in a variety of conditions besides HCM, it is always found when obstruction is present in HCM. Three basic mechanisms are involved in the production and intensification of the dynamic pressure gradient: (1) increased left ventricular contractility, (2) decreased ventricular volume (preload), and (3) decreased aortic impedance and pressure (afterload). Interventions that increase myocardial contractility, such as exercise, sympathomimetic amines, and digitalis glycosides, and those that reduce ventricular volume, such as the Valsalva maneuver, sudden standing, nitroglycerin, amyl nitrite, or tachycardia, may all cause an increase in the gradient and the murmur. Conversely, elevation of arterial pressure by phenylephrine, squatting, sustained handgrip, augmentation of venous return by passive leg raising, and expansion of the blood volume all increase ventricular volume and ameliorate the gradient and murmur.

Clinical Features

The clinical course of HCM is highly variable. Many patients are asymptomatic or mildly symptomatic and may be relatives of patients with known disease. Unfortunately, the first clinical manifestation of the disease may be sudden death, frequently occurring in children and young adults, often during or after physical exertion. In symptomatic patients, the most common complaint is dyspnea, largely due to increased stiffness of the left ventricular walls, which impairs ventricular filling and leads to elevated left ventricular diastolic and left atrial pressures. Other symptoms include angina pectoris, fatigue, syncope, and near-syncope ("graying-out spells"). Symptoms are not closely related to the presence or severity of an outflow pressure gradient. Most patients with gradients demonstrate a double or triple apical precordial impulse, a rapidly rising carotid arterial pulse, and a fourth heart sound. The hallmark of obstructive HCM is a systolic murmur, which is typically harsh, diamond-shaped, and usually begins well after the first heart sound, since ejection is unimpeded early in systole (Fig. 238-5). The murmur is best heard at the lower left sternal border as well as at the apex, where it is often more holosystolic and blowing in quality, no doubt due to the mitral regurgitation that usually accompanies obstructive HCM.
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Figure 238-5: Physical examination in subaortic obstructive HCM. On palpation, a spike-and-dome arterial pulse can often be felt in the carotid artery. On palpation of the left ventricular (LV) apex, there may be a triple apex beat caused by a palpable left atrial gallop and a double systolic impulse. On auscultation, at or just medial to the LV apex, there is a late onset, diamond-shaped systolic murmur of grade 3 to 4/6 in intensity; caused by both the subaortic obstruction and the concomitant mitral regurgitation. There is often a short diastolic inflow murmur after the third heart sound. Rarely, a mitral leaflet-septal contact (ML-SC) sound may be heard preceding the systolic murmur at the apex. Reversed splitting of the second heart sound may occur. In nonobstructive HCM, there is often a third or fourth heart sound at the apex. The jugular venous pulse frequently reveals a prominent a-wave that rises on inspiration, reflecting RV diastolic dysfunction. HCM, hypertrophic cardiomyopathy. 

Laboratory Evaluation

The electrocardiogram commonly shows left ventricular hypertrophy and widespread, deep, broad Q waves that suggest an old myocardial infarction. Many patients demonstrate arrhythmias, both atrial (supraventricular tachycardia or atrial fibrillation) and ventricular (ventricular tachycardia), during ambulatory (Holter) monitoring. Chest roentgenography may be normal, although a mild to moderate increase in the cardiac silhouette is common. The mainstay of the diagnosis of HCM is the echocardiogram ([image: image5.png]


  Fig. 238-6), which demonstrates left ventricular hypertrophy, often with the septum 1.3 or more times the thickness of the high posterior left ventricular free wall. The septum may demonstrate an unusual "ground-glass" appearance, probably related to its abnormal cellular architecture and myocardial fibrosis. SAM of the mitral valve is found in patients with pressure gradients. The left ventricular cavity typically is small in HCM, with vigorous posterior wall motion but reduced septal excursion. A rare form of HCM, characterized by apical hypertrophy, is often associated with giant negative T waves on the electrocardiogram and a "spade-shaped" left ventricular cavity on angiography; it usually has a benign clinical course. Radionuclide scintigraphy with thallium 201 frequently reveals evidence of myocardial perfusion defects even in asymptomatic patients.

Although cardiac catheterization is not required to diagnose HCM, the two typical hemodynamic features are an elevated left ventricular diastolic pressure due to diminished left ventricular compliance and, when obstruction is present, a systolic pressure gradient between the body of the left ventricle and the subaortic region. When a gradient is not present, it can be induced in some patients by provocative maneuvers such as infusion of isoproterenol, inhalation of amyl nitrite, or the Valsalva maneuver.

 

Treatment

Since sudden death often occurs during or just after physical exertion, competitive sports and probably strenuous activity should be proscribed. Dehydration should be avoided, and diuretics should be used with caution. [image: image6.png]


-Adrenergic blockers are often used and ameliorate angina pectoris and syncope in one-third to one-half of patients. Resting intraventricular pressure gradients are usually unchanged, although these drugs may limit the increase in the gradient that occurs during exercise. It is not known whether [image: image7.png]


-adrenergic blockers offer any protection against sudden death. Amiodarone appears to be effective in reducing the frequency of supraventricular as well as life-threatening ventricular arrhythmias, and anecdotal data suggest that it may reduce the risk of sudden death. Verapamil and diltiazem may reduce the stiffness of the ventricle, reduce the elevated diastolic pressures, increase exercise tolerance, and, in some instances, reduce the severity of outflow tract pressure gradients, although adverse side effects occur in about one-quarter of patients. Nifedipine should be avoided. The combination of beta blockers and calcium antagonists should be used with caution. Disopyramide has been used in some patients to reduce left ventricular contractility and the outflow pressure gradient.

If atrial fibrillation occurs, a strenuous effort should be made to restore and then maintain sinus rhythm. Dual-chamber permanent pacing with a short PR interval has been reported to improve symptoms and reduce the outflow gradient in some patients with severe symptoms, presumably by altering the pattern of ventricular depolarization and contraction. Infarction of the interventricular septum induced by ethanol injections into the septal artery has also been reported to reduce obstruction. The insertion of an implantable cardioverter defibrillator should be considered in patients surviving cardiac arrest and those with high-risk ventricular tachyarrhythmias (Chap. 230). A surgical myotomy/myectomy of the hypertrophied septum may result in lasting symptomatic improvement in about three-quarters of severely symptomatic patients with large pressure gradients who are unresponsive to medical management. The effect of any of these therapies on the natural history is not clear. Digitalis, diuretics, nitrates, vasodilators, and [image: image8.png]


-adrenergic agonists are best avoided if possible, particularly in patients with known left ventricular outflow tract pressure gradients. Even social alcohol ingestion may produce sufficient vasodilatation to exacerbate an outflow pressure gradient.

First-degree relatives of patients with HCM should be screened by echocardiography.

Prognosis

The natural history of HCM is variable, although many patients never exhibit any clinical manifestations. Others demonstrate an improvement of symptoms with time. Atrial fibrillation is common late in the course of the disease; its onset may lead to an increase in symptoms, due to loss of the atrial contribution to filling of the thickened ventricle. Infective endocarditis occurs in fewer than 10% of patients, and endocarditis prophylaxis is indicated, particularly in patients with resting obstruction and mitral regurgitation. Progression of HCM to left ventricular dilatation and dysfunction without an outflow pressure gradient has been reported but is unusual; in about 5 to 10% of patients, however, some degree of left ventricular systolic impairment, wall thinning, and chamber enlargement occurs over time. The major cause of mortality in HCM is sudden death, which may occur in asymptomatic patients or interrupt an otherwise stable course in symptomatic ones. Predictors of sudden death include age less than 30 years, ventricular tachycardia on ambulatory monitoring, marked ventricular hypertrophy, syncope (especially in children), genetic mutations associated with an increased risk, and a family history of sudden death. There is no correlation between the risk of sudden death and the severity of symptoms or the presence or severity of an outflow tract pressure gradient. 

