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SECTION Vi — Acquired Heart Disease

Chapter 22 — innocent Murmurs, Syncope, and Chest Pain

JANE W. NEWBURGER,
MARK E. ALEXANDER,
DAVID R. FULTON

INNOCENT HEART MURMURS

Innocent heart murmurs occur in about half of all children, (L1 21 They occur in the absence of either anatomic
or physiologic abnormalities of the heart and are not associated with subsequent cardiovascular disease. =5
The differentiation of innocent from organic murmurs for purposes of therapy, prognosis, and insurability is a
leading cause for referral to a pediatric cardiologist (Exhibit 22-1). Discrimination of innocent from organic
murmurs requires knowledge of the auscultatory findings in structural cardiac abnormalities, as well as of the
characteristic findings of innocent murmurs. Innocent murmurs generally can be recognized using history,
skilled physical examination including auscultation, and electrocardiography. 6131

EXHIBIT 22-1 -- Children's Hospital Boston Experience 1988-2002

Mitral Valve
Age First Seen |Congenital Heart No Significant Heart Prolapse (n = Bicuspid Aortic
{years)O Disease {n = 52,721) Disease (n = 6,902) 1,567) Valve (n = 1,123)
(%) (%) (%) (%)
0-1 34 21 8 22
1-5 18 25 12 22
5-10 15 22 21 20
10-15 14 19 28 18
15-20 9 11 21 12
20+ 10 2 10 6
% Male 50 56 42 71
% Female 50 44 58 39

" Age when patients were first seen by a cardiologist.

Prevalence

The reported prevalence of murmurs in the neonatal period varies widely, from 0.6% to 77.4%, with differing
estimates probably attributable to differences in the frequency and timing of examinations, examining
conditions, auscultatory skill, and the threshold for the inclusion of very soft murmurs. 14=18 The estimated
likelihcod of congenital heart disease among neonates with heart murmurs varies from about 1:2 to 1:12, with
higher estimates occurring, not surprisingly, in studies in which residents or senior house officers detect
murmurs under uncontrolled conditions. Echocardiography performed in newborn infants thought to have
innocent heart murmurs reveals benign {physiologic) pulmonary branch stenosis in half, patent ductus
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arteriosus in 60%, and patent foramen ovale in all. 18 A heart murmur heard first at 6 months has been
estimated to carry a 1:7 risk for structural heart disease, and one heard first at 12 months, only a 1:50 risk. '8

After infancy, the reported prevalence of innocent heart murmurs ranges between 17% and 66%, with most
authors reporting between 40% and 60%. [1. 21 [20=23] With exercise or with the use of phonocardiography,
about 90% of children have murmurs. [221 241 251 Even in reviews from cardiology referral centers, most
children with newly referred murmurs have no significant heart disease. 18] (221 [28]

Clinical Manifestations
General Characteristics

Innocent heart murmurs are always associated with normal heart sounds. The murmurs occur in systole, with
the exception of the venous hum, which is continuous. Whereas organic murmurs may be of any length,
innocent murmurs are usually brief, peaking in the first half of systole. Organic murmurs often have
widespread transmission, with a pattern determined by the lesion, whereas innocent murmurs are often well
localized, usually along the left sternal border. It is unusual for the grade of an innocent murmur to be greater
than 3 (on a scale of 1 to 8). The murmur's intensity often changes with position and, occasionally, from
examination to examination. With the exception of venous hums, there are no innocent thrills. Cyanosis
should never accompany an innocent murmur. The quality of the innocent murmur is often vibratory and
musical, or sometimes blowing, in contrast to the harsh quality of many organic murmurs. Independent
predictors of structural heart disease during the first evaluation of children with heart murmurs at a tertiary
pediatric cardiology center included specific features of the murmur (pansystolic timing, harsh quality, murmur
intensity at least grade 3, and location at the left upper sternal border), as well as the presence of a click or
abnormal second heart sound. 13! in the future, screening of heart murmurs in children may be accomplished
using artificial neural networks or automated spectral analysis. (271 28]

The most common innocent heart murmurs are described below.
Still's Murmur

Still's murmur 21 291 is most commonly heard in patients between the ages of 2 and 7 years.
Characteristically, it is a grade 1 to 3, vibratory, buzzing, or twanging systolic ejection murmur, the quality of
which is similar to that of a tuning fork. It is usually maximal between the third intercostal space, left lower
sternal border, and apex; is much louder in the supine position than in the sitting position; and is
characteristically louder with exercise, excitement, or fever. The intensity of ejection murmurs has been
demonstrated by invasive phonocardiography to be greater above the aortic valve than above the pulmonary
valve. 39 The association of Still's murmur with false chordae tendineae in the left ventricle is controversial,
with some authors finding a strong relationship 21 321 and others finding a high prevalence of both Still's
murmurs and false tendons in healthy hearts, but no association. 33 The cardiac index of children with Stili's
murmur is similar to that of children without murmurs. 241 However, individuals with Still's murmurs have been
reported to have a significantly smaller mean ascending aortic diameter relative to body surface area, with
higher average peak velocities in the ascending and descending aorta than are found in children and young
adults without murmurs. These observations suggest that the origin of Still's murmur is in many cases related
to a small aortic root and ascending aortic diameter with concomitant high-velocity flow across the left
ventricular outflow tract and ascending aorta. 3538

Physiologic Ejection Murmur

The physiologic ejection murmur, also called the innocent pulmonic systolic murmur, is identical in quality to
the murmur of an atrial septal defect, comprising a murmur caused by flow through the normal puimonic valve
but associated with a normal second sound. Using phonocardiography, this murmur may be detected in most
normal subjects. 39 It is a grade 1 to 3, blowing, rather high-pitched, diamond-shaped murmur that always
peaks in the first half of systole and is maximal in intensity in the second left intercostal space, without wide
transmission. Like the Still's murmur, it is louder when the patient is in the supine position and is accentuated
by exercise, fever, or excitement. The physiologic ejection murmur may be heard in children of any age and
frequently occurs in children with asthenic builds who have narrow anteroposterior diameters or who have
pectus excavatum. Studies with intracardiac phonocatheters have demonstrated that the physiologic ejection
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murmur is located in the main pulmonary artery and is associated with the ejection of blood into the
pulmonary artery. ¥01 411 The physiologic ejection murmur was the type of murmur most likely to be
misdiagnosed by pediatric residents. 42

Cervical Venous Hum

The cervical venous hum!4l is a continuous murmur with diastolic accentuation that may be elicited almost
universally in normal children. It is located in the low anterior part of the neck, more often on the right than the
left. The murmur is loudest with the patient in the sitting position and disappears or diminishes in the supine
position. Usually the venous hum is accentuated by turning the patient's head away from the side of the
murmur and elevating the chin. The murmur may be obliterated by pressing lightly over the jugular vein with
the stethoscope or a finger. The mechanism of the venous hum has not been definitively delineated, although
it has been postulated to be secondary to turbulence of venous flow in the internal jugular veins and,
occasionally, in the external jugular veins, 26 [40.} [43-48]

Physiologic Pulmonary Artery Branch Stenosis of the Newborn

Physiologic pulmonary artery branch stenosis or peripheral pulmonary artery stenosis is heard in the newborn
period as a low-frequency systolic ejection murmur maximal in the lateral chest, axillae, and occasionally the
back, but is heard less well over the precordium itself. This murmur generally wanes by age 3 months and is
believed to be caused by turbulence from the relative discordance in size between the larger main pulmonary
artery and smaller branch pulmonary arteries.

Supraclavicular Arterial Bruit

The supraclavicular arterial bruit is a crescendo- decrescendo systolic murmur heard best just above the
clavicles, usually on the right side more than on the left. It radiates better to the neck than below the clavicles
and, very occasionally, can generate a faint carotid thrill. The bruit may be accentuated by exercise but is not
affected by posture and respiration. It can be distinguished from the murmur of aortic stencsis by the
disappearance of the supraclavicular murmur with the maneuver of hyperextension of the shoulders & or
compression of the subclavian artery against the first rib. Supraclavicular systolic murmurs have been
postulated to arise from the major brachiocephalic arteries near their acrtic origins. 40 4851

Laboratory Findings

Diagnostic testing should be tailored to the clinical situation. Most children older than 1 year of age can be
evaluated with history, physical examination, and an electrocardiogram (ECG) alone. The qualifications of the
examiner have been shown to have a major bearing on the ability to distinguish innocent from organic
murmurs in children. 21 521 53] |n patients newly referred for evaluation of a heart murmur, the results of
echocardiography are unlikely to change the clinical diagnosis of no significant heart disease when a
pediatric cardiologist is certain of this diagnosis before echocardiography. [2J 12) [13] Perhaps for this reason,
it is more cost-effective for pediatricians to refer patients with newly diagnosed heart murmurs to pediatric
cardiologists than to order two-dimensional echocardiogrars. 54 Heart disease is seldom diagnosed when a
pediatric cardiologist orders an echocardiogram because of a family's or referring physician's anxiety if
patients are older than age 6 weeks with innocent-scunding murmurs and have no worrisome signs or
symptoms. 22 Conversely, the threshold for performing a two-dimensional echocardiogram should be low in
patients with innocent-sounding heart murmurs on skilled auscultation when structural heart disease is
suspected by a pediatric cardiologist because of young age or worrisome history, signs, symptoms, or
abnormalities on electrocardiography or chest radiography. 2l In general, echocardiography for evaluation of
heart murmurs after infancy in the outpatient setting should be performed if, after skilled clinical assessment,
the pediatric cardiologist believes echocardiography is useful because of uncertainty in the diagnosis or to
delineate the nature of suspected heart disease.

Management

For children younger than 2 years old in whom the diagnosis of innocent murmur is first made, the authors
recommend reevaluation after 2 or 3 years if the murmur persists. Children older than age 2 years do not
require reevaluation unless some uncertainty exists {e.g., because of suboptimal patient cocperation or a
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possible abnormality on a diagnostic test).

it is of the utmost importance to reassure the family of a child with an innocent murmur. The label of heart
disease may have adverse effects on the child and the family. 551 581 Even temporary mislabeling may
increase the morbidity from cardiac nondisease. 57

Prognosis

The reliability of the diagnosis of “innocent™ heart murmur on initial evaluation by a pediatric cardiologist is
supported by published follow-up and actuarial studies. Follow-up studies of series of patients diagnosed as
having innocent murmurs have confirmed the original diagnosis in 97% to 100% of the patients. 581 [59
Furthermore, actuarial data on people with systolic murmurs thought to be innocent show no deviation from
the expected mortality—a discovery that led to a decision to remove restrictions on insurance and
employment for those with innocent murmurs. €2
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SYNCOPE
Definition

Syncope is the transient and abrupt loss of consciousness resulting from a decrease in cerebral blood flow,
resuiting in collapse and relatively prompt recovery over a period of seconds. Syncope should be
distinguished from cardiac arrest in which the collapse requires intervention or results in significant end-organ
damage. Presyncope or near syncope has symptoms including dizziness and visual changes that suggest an
impending faint, but that do not progress sufficiently to result in collapse. Aithough these definitions are clear
in the abstract, frequently the history is sufficiently vague that the primary question is how to classify a spell.

Incidence

Syncope is common, with a peak incidence in adolescent girls and a lower but increased incidence in
toddlers. Many faints, appropriately, are managed without seeking medical care and if those are included, as
many as 25% of adults will have had at least a single episode of fainting during childhood and adolescence,
and 10% to 40% of adolescents will either faint or have significant presyncopal symptoms with provocative
testing. 811 821 About 1 in 1000 seek care for syncope each year. 83 In toddiers with pallid breath-holding
spells, boys and girls are equally affected, with the incidence of at least some symptoms being as high as
5%.14 By school age and adolescence, there is a marked female predoeminance, which extends well into
adult life. The incidence of syncope remains relatively steady in early adult life, before gradually and steadily
increasing in older age. &% Syncope represents a common cause of referral for patients seen in the
cardiclogy outpatient setting at Children's Hospital Boston, with 3820 clinic visits in 1923 patients over 13
years, or 5% of all new patients.

This high incidence of syncope contrasts with the exceptionally low incidence of sudden death and aborted
sudden death (1 per 100,000 patient-years) in the pediatric and young adult population. &1 71 The incidence
of sudden cardiac death remains low (about 1 per 100 patient-years}, even in most patients with significant
heart disease. Nonetheless, syncope with heart disease or syncope closely associated with exercise
represents clear risk factors for sudden death and serious heart disease. 821 €2 Resolving the overall low
incidence of serious outcomes and the high incidence of polentially serious sympfoms represents the primary
challenge of evaluating these patients.

Physiology

The core physiclogy of any true syncopal event is abruptly ineffective cerebral blood flow resulting from
ineffective cardiac output or cardiovascular control.

Cardiac syncope occurs secondary to combinations of obstruction to left ventricular filling (pulmonary
hypertension, tachycardia), left ventricular ejection (aortic stenosis or hypertrophic cardiomyopathy), or
ineffective contraction (prefound bradycardia, dilated cardiomyopathy, pathologic tachyarrhythmia) with an
underlying substrate of either structural, functional, or electricat heart disease. By definition, these episodes
are transient.

Common fainting, or neurally mediated syncope, goes by many names, some of them emphasizing the
dominant line of disordered cardiac and vascular regulation that results in symptoms. These include
vasovagal syncope, cardio-inhibitory syncope, pallid breath-holding spells {or reflex anoxic seizures}),
vasodepressor syncope, postural orthostatic tachycardia syndrome, and many others. Although there are
clear distinctions between both the clinical manifestations and the patients who demonstrate each subtype of
physiology, the summary terminology of neurally mediated or neurccardiogenic syncope emphasizes the
inter-relationships between each kind of syncope.
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The most classic form of syncope, often called vasodepressor or vasovagal syncope, is initiated by blood
pooling in the extremities, typically with standing. That results in decreased right ventricular and, several
heart beats later, left ventricular filling, which in turn triggers combinations of left ventricular sensory activation
to the brain stem, combined with carotid body and carotid sinus activation. Each of these initially results in
decreased vagal and parasympathetic activation and increased sympathetic and catecholamine activation to
raise heart rate, increase venous and arteriolar tone, and enhance left ventricutar contractility. When these
are sufficient, there is a modest increase in heart rate and narrowing of pulse pressure with an effective
transition to upright posture. When the initial homeostatic responses are either inadequate or exaggerated,
the homeostatic control mechanisms increase their efforts to maintain adequate blood flow; however, these
same mechanisms can produce paradoxical parasympathetic (vagal) stimulation, resulting in heart rate
slowing, with or without sympathetic withdrawal resulting in decreased vascular tone and lower blood
pressure. External influences, including anxiety and hyperventilation, can exacerbate these responses. Active
use of the skeletal muscle pump (jogging, isometrics) can enhance venous return and raise systemic blood
pressure, blunting the initial responses. Medications or concomitant medical disorders can also exacerbate or
blunt the cyclic swings in cardiac and vascular control. Implicit in this summary is the view of cardiac
physiology as a series of inter-related sensors and amplifiers, so that the specific clinical manifestations are
the result of dynamic control, including but not limited to the baroreflex, not of simple action-reaction

reflexes. €2

Ciinical Manifestations
Qverview

Cardiac syncope is characterized by an abrupt onset of collapse with few premonitory symptoms. The
typical history is one of acute collapse, often with activity or exercise, with nearly immediate recovery.
Palpitations are sometimes noted, but are not diagnostic in any clear fashion. When there is significant
residual of confusion, disorientation, or need for CPR the event is best classified as aborted sudden cardiac
death. For transient events, recovery is similarly rapid. While symptoms of palpitations, occurrence with
exercise, injury, urinary incontinence and an onset while sitting or supine all increase suspicions of a serious
arrhythmia, none are diagnostic (Table 22-1). Indeed the responses to arrhythmias, and other transient
impairments in cardiac output, are in part determined by the effectiveness of baroreflex controls. Hence the
most critical distinction is whether there is historical or exam evidence of heart disease.

TABLE 22-1 - Relative Frequency of Premonitory Symptoms and Residual Findings in Patients with
Common Neurally Mediated Syncope and those with More Serious Cardiac Syncope

Neurally Mediated |Cardiac Syncope
Symptoms
Premonitory Symptoms | +++ ?
Lightheadedness +++ +?
Palpitations + ++
Occurs while upright  §+++ +
Occurs while sitting +? +
Emotional Trigger ++ ++
Exercise Trigger + ++
Residual Findings
Pallor +++ +?
Incontinence = +
Disorientation = +
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