WHAT MAKES A HEART
MURMUR INNOCENT



c‘—ﬁediatric annals

innocent?

What Makes a Heart Murmur

" IRA H. GESSNER, MD

oting the presence of an innocent heart mur-

mur in a child can raise a significant level of

anxiety for all concerned. Improving the physi-
cian's skills in assessing this physical finding seems a
worthwhile objective for several reasons in addition to
accuracy of diagnosis; these include physician intellec-
tual satisfaction, parental confidence in the physician,
avoidance of stress for the patient and parents, and
appropriate, cost-effective use of medical resources.
This article provides both a framework and an
approach to evaluating an asymptomatic heart mur-
mur. Wich this information, the physician can leam
how to conduct this evaluation simply, expeditiously,
and accurately. Topics for discussion include mechanics
of conducting a cardiac examination, specific skills
necessary to evaluate a murmur, how to describe the
murmur, a simplified method of murmur characteriza-
tion, associated components of cardiac physical diag-
nosis, and assessment of accuracy in defining an inno-
cent murmur. The term innocent, now generally
accepted, conveys both meaning and a value judgment
that the murmur represents a normal finding with no
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implication of a pathologic condition or process.

HOW TO APPROACH THE CARDIAC
EXAMINATION

The most important, indeed essential, aspect of
cardiac auscultation of the child remains familiarity
with what is normal. Innocent murmurs occur in most
children and in many infants; normal, therefore,
includes the presence of 2 murmur. All physicians
develop techniques that help reduce impediments to
examining a young child or infant; these techniques
are especially important for cardiac physical diagnosis.
A struggling, crying patient precludes successful eval-

vation. Similarly, the environment must be pleasant
‘and 25 quiet as possible. In addition, a good stetho-

scope should be used—oné does not expect concert
conlinued on page 84
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~ Examiner's Skills and Traits Required for
Murmur Assessment

* Understand the mechanical events of the cardiac
cycle

e Knowledge of cardiac anatomy as it inlluences
auscultation

* Motivation to accomplish a complete examination

e Awareness of murmurs as expected observation

e Conlidence in acquiring information accurately

conlinued from page 82

hall realism when listening to music on a $25 table
radio. ] recommend the Rappaport-Sprague style, par-
ticularly che model made by Hewlett-Packard.

A consistent method of examination should be
developed. Comfort and ease of access to the patient
is important. The patient should be supine on a com-
fortable table of reasonable height in such a manner
that the examiner can.stand to the right of the
patient. If a young child or infant is not cooperative,
the child should remain with the parent, perhaps
lying down with his or her head on the parent’s lap or
leaning back against the parent. The area to be exam-
ined should be exposed; the examiner should not try

work around clothes or underwear. An appropriate
wn or drape can be used for older girls and young
Pomen. The patient’s general appearance and respira-

«y rate and pattern should be observed.

The examiner palpates pulses in both arms and in
at least one leg followed by the chest and suprasternal
notch. Ausculcation is begun in the second right inter-
costal space at the stemnal border. Abnormal sounds
are less frequent in this aortic area, allowing the exam-
iner to establish cardiac rate and rhythm more easily
and to identify first and second heart sounds; these
data represent the essential framework of auscultation
without which further progress becomes impossible.
Proceed then to the other auscultatory areas, listening
in cach first with the bell of the stethoscope and then
repeating the sequence using the diaphragm.

EXAMINER’S SKILLS AND TRAITS
REQUIRED FOR MURMUR ASSESSMENT
(TABLE 1)
Mechanical Events of the Cardiac Cycle
Medical education includes leaming the mechani-

cal events of the cardiac cycle as depicted in Figure 1.
The examiner must possess a fundamental under-
standing of this information to interpret what is heard
during auscultation. All murmurs are generated by
blood flow. Therefore, one must know at all times
during the cardiac cycle where blood flows normally

nd what possibilities exist for pathologic flow. For

xample, during isovolumetric contraction (Figure 1),
"'l four cardiac valves are closed. Blood does not
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Flgure 1. Machanical events of the cardiac cycle llustrating
these evenls in the lelt heart. A-V valve=mitral valve. Atrial
pressure curve: a=alrial conlraction, c=venlricular contrac-
tion, and v=alrial filling. Phase: a=isovolumetric contraction,
b=venlricular ejection, c=isovolumelric relaxation, d=rapid
venlricular filling, and e=atrial contraction. Note that a and b
comprise systole and diastole includes c, d, and e. (Reprinted
with permission from Gessner IH, Victorica BE, eds. Pediatric
Cardiology—A Problem-Oriepted Approach. Copyright
©1993, WB_Saunders Co.)

move, and an innocent murmur cannot occur. If a
murmur does occur during isovolumetric contraction,
it must represent pathology. The importance of leam-
ing the general principles illustrated in Figure 1 can-
not be overemphasized. '
Knowledge of Cardiac Anatomy as It Influences
Auscultation . )

Itis important to keep in mind the locations of the
main cardiac structures, particularly as they relate to
the chest surface and the standard ausculcatory areas.
Figure 2 projects the ventricles and great arteries onto
the chest surface, localizing acoustic events arising in
these structures according to their distribution areas.
The right ventricle lies in front of most of the left
ventricle so that only the left ventricular apex is
uncovered, hence the best listening area for left ven-
tricular sound events is at the cardiac apex.

Motivation to Accomplish a Complete
Examination

A cursory examination of the heart results in min-
imal information, often incomplete and sometimes
incorrect. How long does it take to accomplish a car-
diovascular physical examination in a cooperative,
normal child? With much experience, one can do this
in 1 or 2 minutes. With reasonable experience, most
physicians can do this in 3 to 4 minutes. Utilization
of these skills requires training, ability, desire, and a
willingness to practice these skills. The examiner
must know what needs to be done (and why), how to
do it (and interpret it), and must want to do it well. It
is analogous with playing cither thé piano or third base.

conltinued on page 87
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Figure 2. Projection of ventricles and great arteries onto the
anlerior ches! wall indicating their areas of sound distribution.
AO=aorta, LV=left venlricle, PA=pulmonary artery, and
RV=right ventricle. (Reprinted with permission from Gessner
{H, Victorica BE, eds. Pedialric Cardiology—A Problem-
Oriented Approach. Capyright ©1993, WB Saunders Co.)

continued {from page 84

Awareness of Murmurs as Expected Events

When examining the car drum, the physician looks
for various landmarks and anatomic structures and
axpects to see them. When listening to a child's heart,
ne expects to hear the first and second heart sounds,

M ncluding splitting of the second heart sound. Since.

most children have an innocent murmur, the physi-
cian should assume this finding will occur in 2 normal
examination. It should be evaluated just as any other
observation would be and its normality confirmed.
These skills are leamed primarily by experience.

Confidence and Ability to Acquire Information
Accucately

It is hard to be good at any technical skill if one
feels insecure or inadequate. Confidence derives from
knowledge and experience reinforced by repetitive
success in accomplishing the task. All physicians can
accomplish cardiac auscultation with sufficient skill
to determine if the examination is normal. Precise
analysis and identification of an abnormality may
require another level of skill and experience such as
one hopes is achieved by a cardiologist. In most
instances, however, it is enough for the primary physi-
cian to determine normal or abnormal.

HOW TO DESCRIBE A MURMUR

Table 2 lists 10 characceristics that can be
described regarding each heart murmur. At first
glance, this list may seem lengthy, even intimidating.
However, learing to evaluate a murmur using these
characteristics generally is orderly and logical.

»@ Timing. Murmurs can be systolic, diastolic, or con-
tinuous.

TABLE 2

Murmur Descriptors

e Timing

e Location

o Intensity

Duration

Frequency

Shape

Quality

Radiation

Effect of respiration
Response to interventions

e & 0 0 0 0

® ]ocadon. Define the area on the chest where the
murmur is the loudest.

© Intersity. Murmurs are graded as I through V1.
Defining the loudness of a murmur is in part subjec-
tive, but if a thrill can be palpated over the mumur,
it is grade IV or more. The specifics of individual
grades are less important than observer consistency
from one examination to another.

® Duration. Know how much of systole or diastole is
occupied by the murmur. It is more important to note
the time of onset of the murmur than how long the
murmur lasts.

® Frequency. Frequency, or pitch, refers to a rough
estimate of the dominant sound range, ie, low, mid-
dle, or high.

© Shape. Judge variation in intensity of the murmur. A
murmur may build up (crescendo), rise and then fall
(crescendo-decrescendo), decrease from a loud onset
(decrescendo), or remain relatively constant (plateau).
® (Qualicy. This refers to the type of noise produced by
the murmur; some are noisier than others. Innocent
murmurs generally are softer and more harmonic than
pathologic murmurs. Terms such as harsh, coarse, blow-
ing, etc can add meaning to the description of the mur-
mur but generally this is of most value to the individ-
ual observer and is hard to convey accurately to others.
© Rediation. Murmurs spread in a predictable direc-
tion from their point of maximal intensity depending
on the anatomic strudtures involved and murmur
intensity.

® Effects of Respiration. Some murmurs, particularly
those arising in the right heart, are altered by varia-
tion in systemic venous return due to respiration.

© Response 10 Intervendon. A few simple procedures
can be used during an examination. These include
Valsalva, sustained hand grip exercise, and change in
patient body position.

MURMUR TYPES

Continuous Murmur

" With one quite rare exception, all continuous
murmurs arise in blood vessels because only in blood
vessels does flow continue from systole to diastole.

1]
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Classification of Systolic Murmurs

o Early (Onset With First Heart Sound)
Atrioventricular valve regurgitation
Ventricular seplal defect

e Ejection (Onsel After Isovolumetric
Contraction)

Ventricular outfiow obslruction
Subvalvar
Valvar
Supravalvar

Innocent
Vibratory (Still's)
Pulmonary flow
Supraclavicular

This defines a continuous murmur, that is, one that
begins in systole, continues through the second heart
sound, and ends in diastole. (No murmur begins in
diastole and continues through the first heart sound
into systole.) The most common continuous murmur
is the venous hum, an innocent murmur audible in
many children placed in the sitting position. The
most common pathologic continuous murmur is that
caused by a ductus arteriosus.

jastolic Murmur

™ ¢ is best for the primary physician to consider all
wastolic murmurs as pathologic in origin. There is
one innocent diastolic murmur that remains difficult
even for trained observers to detect.

Systolic Murmurs
A simplified approach to classification of systolic
murmurs, presented in Table 3, can help organize
what might seem to be a large number of possibilities.
In face, there are only four causes of systolic murmurs:
atrioventricular valve regurgitation, ventricular sep-
tal defect, ventricular outflow tract obstruction, and
innocent. All murmurs confined to systole are ‘gener-
ated by ventricular contraction. At the beginning of
systole during isovolumetric contraction all four car-
diac valves are closed. Blood canno: move and no
sound can occur in the normal heart. A murmur that
occupics carly systole, beginning exactly wich the
firse heart sound, can be caused only by atrioventric-
ular valve regurgitation or by a ventricular septal
defecc. Murmurs starting after opening of the aortic
or pulmonic valve, therefore, are ejection murmurs,
and all innocent systolic murmurs must be in this
category (the mid-systolic murmur of mitral regurgi-
tation duc to mitral valve prolapse represents an
exception to this categorization of mid-systolic mur-

nurs as ejeceion).
> The primary care physician is concemed with one
.ndamental decision: is the murmur pathologic?
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Figure 3. Phonocardiogram from a child with a vibratory
(Stil's) innocent murmur. Note the uniform frequency ol the
murmur and ils bipeaked shape. S,=first heart sound,
SM=systolic murmur, A=aorlic component of S,, P=pulmonic
component of S,, and horizontal'line=0.1 second. (Reprinted
with permission from Gessner IH, Victorica BE, eds. Pedialric
Cardiology—A Problem-Oriented Approach. Copyright
©1993, WB Saunders Co.)

Precise diagnosis may be achieved, but accuracy in
defining existence of pathology is the first priority.
We now tumn to specific characteristics of four com-

“mon innocent murmurs according to the guidelines

just described.

INNOCENT MURMURS
Innocent Systolic Murmurs

Vibratory (Still’s) Murmur. In 1909, Siill
described the innocent, vibracory, systolic murmur
that bears his name. Following the descriptors in Table
2, this murmur is mid-systolic and is best heard over
the lower mid-precordium. It is seldom louder than
grade 11/VI, lasting pechaps one third to two thirds of
systole and ending well before the second heart sound
(Figure 3). Frequency may be either mid or high but
remains reasonably uniform, giving it a-typical-har-
rmonic characcer. The murmur tends to rise, fall, and
then rise again before ending, thereby creating its
characteristic shape. The murmur, being harmonic,
demonstrates less noise than most murmurs and there-
fore has a soft, pleasant quality. The murmur does not
radiate significantly, and because the murmur origi-
nates within the left ventricle, respiration produces no
significant effect. Change in body position to sitting or
standing, however, usually results in decreased intensi-
ty of the murmur. Increased heart rate, as after exer-
cise, also reduces intensity. Most clinical investiga-
tions into the origin of this murmur indicate it comes
from cither turbulence in the Jeft ventricular oudlow
tract or as a result of vibration of fibrous bands of tis-

conlinued on page 90
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~he most important aspect of
ardiac auscultation of the chiid
remains familiarity with what is
normal.

conlinued from page 88
sue crossing the left ventricular lumen, now frequent-
ly identified by echocardiography.

This murmur can be distinguished from ecither a
small ventricular septal defece or mitral regurgitation
because in both of those conditions, the systolic mur-
mur begins directly wich che first heart sound. The
murmur of a small ventricular sepral defect is harsh and
noisy, and tends to radiate toward the right sternal
edge. A murmur of mitral regurgitation usually is best
heard at the apex. It may have a smooth, somewhat
harmonic quality, but it does not demonstrate variation
in intensicy. A loud vibratory innocent murmur might
raise concern regarding either right or left ventricular
outflow tract obstruétion. However, in those patholog-
ic conditions, the murmur generally has a coarser, nois-
ier character, lacking the harmonic quality of the
vibratory murmur. In all of the pathologic conditions
just mentioned, additional clinical findings beyond the
presence of a murmur helps differentiate berween an
*nnocent murmur and a pathologic murmur.
Pulmonic Flow Murmur. The pulmonic flow

ond to third left intercostal space just to the left of
the sternal edge. This murmur is seldom more than
grade 1I/VI], occupying approximately two thirds of
systole. Usually of mid-frequency, the murmur has a-
diamond shape. Its quality generally is soft but noisi-
er than a vibratory murmur. The murmur radiates
over the branch pulmonary arteries, particularly on
the left, and may be audible in the axillae. The mur-
mur tends to decrease during inspiration and also
decreases when the child sits. Conditions that
increase cardiac output such as fever or anemia
increase intensity of the murmur. Turbulent flow, par-
ticulacly at the origin of the right 2nd left pulmonary
arteries, creates this murmur.

Identifying this murmur as innocent generally is
straighcforward based on the criteria just mentioned,
but one also must identify that the remainder of the
cardiovascular examination is normal. In particular,
the examiner must be certain, based on palpation of
the chest, thar there is no evidence of right ventricu-
lar dilation or hyperaophy, that no cjection sound
over the pulmonic artery exists, that the second heart
sound splits and varies normally with normal intensity
of the pulmonic component, and that no diastolic
murmur exists over the right ventricle at the lower left
sternal border. Absence of all of these pathologic find-
ings provides confidence that the pulmonic flow mur-
mur is not associated with an atrial level left to right
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urmur is mid-systolic and is best heard in the sec- . .

shunt or pulmonic valve stenosis. A pulmonic flow
murmue generated by mild stenosis of the pulmonary
arteries cannot be distinguished from the innocent
pulmonic flow murmur in all cases. If physical exami-
nation suggests evidence of right ventricular enlarge-
ment with no other findings than the pulmonic flow
murmur, an clectrocardiogram may prove useful.

Supraclavicular Systolic Munnur. The supra-
clavicular systolic murmur begins after the first heart
sound and is best heard undemeath the righe clavi-
cle. The murmur generally is grade 1l but can be
grade 11l and usually is of short duracion, occupying
less than one half of systole. Murmur frequency is low
and is diamond shaped with a somewhat noisy quali-
ty. The murmur radiates into the neck, particularly
on the right. Respiration has no effect. The murmur
intensity decreases significantly when the child sits
with the shoulders hyperextended by bringing the
arms behind the patient.

This murmur is caused by turbulence in the major
brachiocephalic arteries as these vessels arise from the
aorta. Differential diagndsis of this furmur seldom
presents a problem. The murmur of aortic valve
stenosis may come to mind, but can easily be distin-
guished by its specific characteristics as well as the
presence of an aortic ejection sound.

Innocent Continuous Murmur

The only innocent continuous muemur is a venous
hum. This murmur begins shortly after the first heart
sound and is located just beneath the right stem-
oclavicular junction with the patient sitting. The
murmur is grade 11/VI or less. The murmur begins just
after the first heart sound and lasts throughout all of
systole and approximately two thirds of diastole. Of
medium frequency, the murmur has a characteristic
shape rising to a peak during systole, dzcreasing in
late systole and then increasing again to a louder peak
in early to mid-diastole as the tricuspid valve opens.
The murmur is soft and does not radiate. The murmur
may decrease slightly during inspiration although this
seldom is noticeable. The diastolic componént of the
murmur can be obliterated by compression of the
right jugular veins. The' murmur 2lso disappears when
the patient is supine.

This murmur is caused by turbulence in the major
veins entering the thoracic inlet and is augmented by
gravity when the patienc sits. The highly compliant
right ventricle of a child allows repid flow from these
veins into the right heart. Although one may confuse
this murmur with that of a patent ductus arteriosus,
differentiation seldom is difficulc if appropriate exam-
ination is carried out. The diastolic component of the
venous hum, as mentioned, can bz obliterated easily
whereas the murmur of a ductus arteriosus cannot be
manipulated in this fashion. A ductus murmur char-
acteristically is louder and noisier, and exhibits a sin-
gle peak at the second sound.
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ccuracy of Physical Examination in Identifying
.nnocence of a Heart Murmur

Several studies actest to the ability of experienced
examiners to identify a murmur as innocent without
the use of additional laboratory tests. Most of these
studies involve examination by a pediatric cardiolo-
gist, but resules of examination by primary care physi-
cians indicate they can be successful in this endeavor
as well. The primary carc physician ought not hesitace
to obrtain an clectrocardiogram if a murmur seems
unusual. Echocardiography, on the other hand, ought
not be performed for screening purposes and should
be ordered only by a physician who has clearly iden-
tified a specific diagnostic problem to be resolved by
this significantly more expensive procedure. Proper
assessment of an innocent murmur by the primary
care physician benefits everyone. The patient and
parents are rcassured without delay, the analysis is
intellectually satisfying to the physician accomplish-
ing it, and the process is cost effective.

TOTAL CARDIAC EXAMINATION

Evaluation of a heart murmur does not occur in
isolation from the remainder of the cardiac physical
examination. The murmur must be evaluated in asso-
ciation with the company that it keeps. This presen-
tation cannot review the remainder of the cardiovas-
zular physical examination. The physician must be
.able to evaluate arterial pulses, chest wall movements,
reart sounds, ejection sounds, clicks, and rubs.

SUMMARY

The physician determines that a murmur is inno-

cent by evaluating it on its own merits. The informa-’

tion should be assessed in a logical and orderly fash-

ion, and the possibilities are considered based on the
information that is obtained. All of this information
is processed through the physician’s knowledge and
experience base, and then a decision is made. One
cannot increase one's skill as a catdiac auscultator by
reading articles such as this—one can only leam what
is abnormal by being completely comfortable wich
what is normal. There is no substitution for listening
to many hearts, but the physician must listen to nor-
mal hearts thoughcfully and analytically. What makes
a heart murmur innocent? The answer to this ques-
tion includes the characteristics of the murmur in the
concext of the patient’s total cardiovascular examina-
tion. How are these characteristics determined? They
are determined the same way as any other technical
skill is accomplished—with practice.
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