ventricular volume and transiently worsen obstruction, such as stand- 1569
ing from a squatting position or the Valsalva maneuver.
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TREATMENT

HYPERTROPHIC CARDIOMYOPATHY

Management focuses on treatment of symptoms and prevention of
sudden death and stroke (Fig. 287-18). Left ventricular outflow tract
obstruction can be controlled medically in the majority of patients.
β-Adrenergic blocking agents and L-type calcium channel blockers (e.g., verapamil) are first-line agents that reduce the severity of
obstruction by slowing heart rate, enhancing diastolic filling, and
decreasing contractility. Persistent symptoms of exertional dyspnea
or chest pain can sometimes be controlled with the addition of
disopyramide, an antiarrhythmic agent with potent negative inotropic properties. Patients with or without obstruction may develop
heart failure symptoms due to fluid retention and require diuretic
therapies for venous congestion. Severe medically refractory symptoms develop in ~5% of patients, for whom surgical myectomy or
alcohol septal ablation may be effective. Developed over 50 years
ago, surgical myectomy effectively relieves outflow tract obstruction by excising part of the septal myocardium involved in the
dynamic obstruction. In selected patients, perioperative mortality
is extremely low with excellent long-term survival free from recurrent obstruction and symptoms. Mitral valve repair or replacement
is usually unnecessary as associated eccentric mitral regurgitation
resolves with myectomy alone. Alcohol septal ablation in patients
with suitable coronary anatomy can relieve outflow tract obstruction via a controlled infarction of the proximal septum, which produces similar periprocedural outcomes and gradient reduction as
surgical myomectomy. Until long-term outcomes are demonstrated
for this procedure, it is relegated primarily to patients who wish to
avoid surgery or who have limiting comorbidities. Neither procedure has been shown to improve outcomes other than symptoms.
With both procedures, the most common complication is the development of complete heart block necessitating permanent pacing.
However, ventricular pacing as a primary therapy for outflow tract
obstruction is ineffective and not generally advised.
Patients with hypertrophic cardiomyopathy have an increased
risk of sudden cardiac death from ventricular tachyarrhythmias.
Vigorous physical activity and competitive sport are prohibited.
Factors that increase the risk of sudden death from a baseline
of 0.5% per year are presented in Table 287-6. As sudden death
has not been reduced by medical or procedural interventions, an
implantable cardioverter-defibrillator is advised for patients with
two or more risk factors and is advised on a selected basis for patient
with one risk factor. Nevertheless, the positive predictive value of
most risk factors is low, and many patients receiving a defibrillator

Cardiomyopathy and Myocarditis

At the level of the sarcomere, hypertrophic cardiomyopathy mutations lead to enhanced calcium sensitivity, maximal force generation,
and ATPase activity. Calcium handling is affected through modification of regulatory proteins. Sarcomere mutations lead to abnormal
energetics and impaired relaxation, both directly and as a result
of hypertrophy. Hypertrophic cardiomyopathy is characterized by
misalignment and disarray of the enlarged myofibrils and myocytes
(Fig. 287-17), which can also occur to a lesser extent in other cardiac
diseases. Although hypertrophy is the defining feature of hypertrophic
cardiomyopathy, fibrosis and microvascular disease are also present.
Interstitial fibrosis is detectable before overt hypertrophy develops
and likely results from early activation of profibrotic pathways. In the
majority of patients with overt cardiomyopathy, focal areas of replacement fibrosis can be readily detected with MRI. These areas of “scar”
may represent substrate for the development of ventricular arrhythmias. Increased thickness and decreased luminal area of the intramural
vessels in hypertrophied myocardium contribute to microvascular
ischemia and angina. Microinfarction of hypertrophied myocardium
is a hypothesized mechanism for replacement scar formation.
Macroscopically, hypertrophy is typically manifest as nonuniform
ventricular thickening (Fig. 287-15). The interventricular septum is
the typical location of maximal hypertrophy, although other patterns
of hypertrophic remodeling include concentric and midventricular.
Hypertrophy confined to the ventricular apex (apical hypertrophic cardiomyopathy) is less often familial and has a different genetic substrate,
with sarcomere mutations present in only ~15%. Left ventricular outflow tract obstruction represents the most common focus of diagnosis
and intervention, although diastolic dysfunction, myocardial fibrosis,
and microvascular ischemia also contribute to contractile dysfunction
and elevated intracardiac pressures. Obstruction is present in ~30%
of patients at rest and can be provoked by exercise in another ~30%.
Systolic obstruction is initiated by drag forces, which push an anteriorly displaced and enlarged anterior mitral leaflet into contact with
the hypertrophied ventricular septum. Mitral leaflet coaptation may
ensue, leading to posteriorly directed mitral regurgitation. In order to
maintain stroke volume across outflow tract obstruction, the ventricle
generates higher pressures, leading to higher wall stress and myocardial oxygen demand. Smaller chamber size and increased contractility
exacerbate the severity of obstruction. Conditions of low preload, such
as dehydration, and low afterload, such as arterial vasodilation, may
lead to transient hypotension and near-syncope. The systolic ejection
murmur of left ventricular outflow tract obstruction is harsh and late
peaking and can be enhanced by bedside maneuvers that diminish
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Figure 287-17 Hypertrophic cardiomyopathy. Microscopic image
of hypertrophic cardiomyopathy showing the characteristic disordered myocyte architecture with swirling and branching rather than
the usual parallel arrangement of myocyte fibers. Myocyte nuclei
vary markedly in size and interstitial fibrosis is present. (Image courtesy of Robert Padera, MD, PhD, Department of Pathology, Brigham and
Women’s Hospital, Boston.)

DIAGNOSIS
The substantial variability of hypertrophic cardiomyopathy pathology
is reflected in the diversity of clinical presentations. Patients may be
diagnosed after undergoing evaluations triggered by the abnormal
physical findings (murmur) or symptoms of exertional dyspnea,
angina, or syncope. Alternatively, diagnosis may follow evaluations
prompted by the detection of disease in family members. Cardiac
imaging (Fig. 287-16) is central to diagnosis due to the insensitivity of
examination and ECG and the need to exclude other causes for hypertrophy. The identification of a disease-causing mutation in a proband
can focus family evaluations on mutation carriers, but this strategy
requires a high degree of certainty that the mutation is truly pathogenic and not a benign DNA variant. Biopsy is not needed to diagnose
hypertrophic cardiomyopathy but can be used to exclude infiltrative
and metabolic diseases. Rigorous athletic training (athlete’s heart)
may cause intermediate degrees of physiologic hypertrophy difficult to
differentiate from mild hypertrophic cardiomyopathy. Unlike hypertrophic cardiomyopathy, hypertrophy in the athlete’s heart regresses
with cessation of training, and is accompanied by supernormal exercise capacity (VO2max >50 mL/kg/min), mild ventricular dilation, and
normal diastolic function.
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