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Assessment of heart murmurs in childhood

Maria Elisabeth B.A. Kobinger*

Abstract
Objective: to discuss clinical and laboratorial evaluation of heart murmurs in children, an important
problem faced by pediatricians in their practice.

Sources:this review was based on a critical analysis of the current literature, as well as pediatrics and
pediatric cardiology textbooks, which were found to be an important source of information on the subject.
Summary of the findings:it is important for pediatricians to know how to obtain precise information
regarding the patient’'s medical history and to perform extensive physical examination of a child with heart
murmur. The diagnosis of innocent heart murmur is essentially clinical and it can help the pediatrician to

identify situations which are associated with cardiovascular diseases.
Conclusions:the pediatrician is usually the first physician to see a child with heart murmur and he
should be able to distinguish between innocent and pathologic heart murmurs.

J Pediatr (Rio J) 2003;79 Suppl 1:S87-S9&art defects, congenital, heart auscultation, heart
murmurs.

Introduction

The detection of changes in cardiac auscultation, cardiac auscultation and that some changes, such as
especially the presence of murmurs, is the most frequent differences in pulse palpation, are suggestive of disorders
reason for patient referral to cardiologists, followed by and mustbe investigated. Onthe other hand, itisimportant
thoracic pain and syncopdJndoubtedly, an evaluation  to keep in mind that a request for ancillary exams may
performed by a cardiologist is the gold standard for the reveal changes that must be interpreted considering the
diagnosis of heart diseases; however, as these changespecial characteristics of children. Imaging exams, such
often represent variations within the normal range or as echocardiogram, are becoming increasingly
innocent murmurs, it is important to carry out a more sophisticated, showing findings that, despite being within
adequate pediatric evaluation, avoiding unnecessary the normal range, are usually not understood as such by
exams and referrals. It must be emphasized that the patient and his/her famify*
examination of the cardiovascular system goes beyond  apnormalities in the cardiovascular system

development are responsible for a wide variety of clinical

effects. Complex structural malformations can cause
fetal death or be diagnosed in the first weeks or months

* Professor, Department of Pediatrics, School of Medicine, Universidade of life, based on the symptomatology of cardiocirculatory
Federal de Sao Paulo. decompensation. In the transition to postnatal life,
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predominance of the right heart ceases to exist, as well as(excluding premature infants). The most common are

placental circulation; additionally, pulmonary arterial

resistance is modified and left-heart dependent circulation
is installed. At this point, malformations that have been
compensated during intrauterine life become
hemodynamically unstable, and the clinical status will
contribute to diagnosis. However, some congenital
cardiovascular malformations remain asymptomatic
during this transition, and their clinical status will only

be manifested later. These conditions, which include
abnormal communication between chambers and

acyanotic heart diseases and, therefore, those that are
less symptomatic and present a more difficult diagnosis,
unless they are associated with other cardiovascular
malformations, which are frequentin cases of ventricular
septal defect, atrial septal defect, and aortic valve stenosis
(Table 1)2:60n the other hand, acquired heart diseases
have a variable occurrence, depending on the population
being studied. Disorders such as rheumatic fever,
myocarditis, endocarditis, and others have a greater
incidence, as children are more exposed to infectious

hypertrophic cardiomyopathy, have a very heterogeneous agents and become ill more frequently due to other

genetic inheritance, being only acknowledged in adult
life and/or under special circumstances. Small
malformations, such as bicuspid aortic valve, will only

systemic pathologie§? Acquired heart diseases, as well
as congenital, can also be identified later in life, especially
in the case of patients who perform strenuous physical

be revealed if they become the site of infectious processes, activities. Kawasaki disease, for instance, can be a cause

such as endocarditis or steno3iBeing aware of these
developmental characteristics of cardiovascular

for stroke, valvulopathy, and coronary artery and systemic
aneurysms, after having remained asymptomatic for

disorders, it can be assumed that, when facing certain years1?

complaints, signs, symptoms and/or auscultation findings,
pediatricians will be concerned with diagnosing a

The most common abnormalities in the cardiac
auscultation of children are murmurs, which are sounds

congenital or acquired heart disease that has remainedgenerated by turbulent sound waves, originated from the

asymptomatic until then.
Therefore, when dealing with certain clinical situations

heart and/or vascular system. Murmurs must be differentiated
from changes in cardiac rhythm, which require a different

and/or with changes in cardiac auscultation, pediatricians laboratory approach. Innocent heart murmur is a change in
must have a systematized approach that allows them to auscultation observed in the absence of anatomical and/or
establish the difference between a change within normal functional abnormalities of the cardiovascular system.
range and a possible cardiovascular disorder that needs toBetween 50% and 70% of children will, at some point of
be diagnosed by a cardiologist and, then, to decide on thetheir childhood or adolescence, present some change in

urgency of this referral.

Initial approach to heart murmurs

auscultation that will be characterized as a murmur,
especially during school years.

Usually, murmurs are detected in routine medical
appointments, or during appointments scheduled for

The incidence of congenital heart diseases is less thanordinary problems, such as infectious febrile illness,

1%, affecting 8 to 12 out of 1,000 living newborns

Table 1- Frequency of congenital heart diseases

anemia and othes11 These situations raise questions

Cyanotic

Acyanotic

Ventricular septal defect- VSD 15 to 20% *

Atrial septal defect - ASD 5to 10% *
Patent ductus arteriosus - PDA 5to 10%
Coarctation of the aorta - CoA 8 to 10%
Pulmonary stenosis - PS 81t012%
Aortic stenosis - AS 810 12%
Atrioventricular septal defect < 1%

10%
5%

Tetralogy of Fallot - TOF
Transposition of the great arteries - TGA

* VSD and ASD occurrence is associated with other congenital heart diseases in 30% to 50% of the cases.

Tt Frequent association with Turner’s syndrome.
¥ Itoccurs in 30% of the patients with Down’s Syndrome.
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as to the possibility of a previously existing murmur and/ similar effect, being associated especially with VSD,
or modification of its characteristics; possibility thatthe transposition of great vessels, tetralogy of Fallot, and
current pathology is causing a definite injury in a PDA. Arterial hypertension and infections during
previously normal cardiovascular system; chance thatan pregnancy represent an increased risk of prematurity
innocent murmur is being exacerbated by a hyperkinetic and, therefore, PDA. Infections during the first three
state; chance that a murmur, associated with a heart months are potentially teratogenic — possibly resulting in
disease, is being exacerbated by the same condition,complex heart diseases —, while infections in the last
among others. Therefore, the approach must consider three months can cause myocarditis or other cardiac
these various possibilities; some situations can be inflammatory processes, mainly in cases of rubella,
prioritized in order to be more carefully evaluated, in cytomegalovirus, herpes virus, coxsackie B virus, and
consequence of the risk of a cardiovascular efent. human immunodeficiency virus.

Initially, changes observed in the auscultation of a Past history of congenital heart disease in parents or
newborn or a six to 12 month-old infant require a more siblings is very important, increasing the risk of equal or
detailed investigation. Approximately 50% of newborns ~ similar injuries by three, four or even 10 times, especially if
weighing less than 1,500g present some heart disease,the mother and/or more than one family member is affected.
usually patent ductus arteriosus (PDA): the lower the Some forms of heart disease, such as mitral valve prolapse
birthweight the greater the chances of this event. On the and VSD, have a high risk of recurrence, while tricuspid
other hand, newborns considered big for gestational age atresia and truncus arteriosus have low rates of familial
— usually children of diabetic mothers — have a greater recurrence. Rheumatic fever, arterial hypertension and
risk of heart diseases such as transposition of the greatcoronary disease also present high rates of familial
arteries (TGA). Low birthweight children can have a recurrence-®:1
cardiovascular disorder associated with the pathology Unexplained sudden death in children or young adults is
that caused intrauterine compromise (such as a genetica background that must be valued. Hypertrophic
syndrome or a congenital infectioh}in young children cardiomyopathy, which has a genetic inheritance in 20% to
with congenital heart diseases (congestive heart failure), 60% of the cases, can remain asymptomatic for years and
the low specificity of the symptomatology of manifest only in special circumstances, being, therefore, a
decompensation is another reason for concern. Initial cause of concern for adolescents with such background that
manifestations can include eating difficulty, head sweats engage in competitive spof&.
while being breastfed, long-lasting jaundice, respiratory Patients with hereditary diseases, such as
discomfort, and others. Also in this age group, changes in mucopolysaccharidosis, muscle dystrophy (Duchenne),
auscultation that are related to obstructive injuries can be neurofibromatosis, osteogenesis imperfecta, tuberous
audible at birth, but those caused by shunts (ventricular/ sclerosis, sickle cellanemia, congenital arrhythmias, among
atrial septal defect) can only be detected later, when others, must have a cardiovascular evaluation not only
changes in pulmonary circulation are completed. In face when the pathology is detected, but throughout life, since
of these considerations, itis advisable that newborns and structural changes can appear in the course of the disease.
infants be evaluated by a cardiologist in their firstyear of Usually, cardiovascular changes occur in 25% of the cases
life whenever they present symptomatology or findings  of children with congenital malformations in other systems:
on physical examination suggestive of heart disease, in genetic syndromes, such as Marfan’s syndrome, there is
regardless of the existence of innocent murmurs in this a possibility that these changes occur either in childhood or
age group:2-15 adolescencél19-22(Taple 2).

Secondly, some preghancy conditions and personal Considering these characteristics of heart diseases in
and/or familial background associated with anincreased children, the importance of monitoring fetal cardiovascular
risk of cardiovascular compromise must be investigated, development through fetal echocardiogram has been
even in the absence of changes in cardiac discussed.
auscultationt®17 Malformations, such as ventricular Such procedure is not done as a routine, but a more
septal defect (VSD), PDA, coarctation of the aorta, detailed study could be indicated in risk situations - fetal
TGA, and hypertrophic cardiomyopathy, are frequently (arrhythmias, extracardiac anomalies, fetal hydrops,
associated with gestational diabetes. Children of mothers suspected chromosome anomalies, suspected cardiac
with systemic lupus erythematosus or other collagen disease in pregnancy ultrasound); maternal (mother with
diseases can present congenital heart block and atrial-congenital heart disease, diabetes, collagen disease,
ventricular septal defects. If the mother has seizures, previous history of alcohol, drug or medication abuse);
medication used during pregnancy can be teratogenic familial (congenital heart disease in first-degree family
(use of hydantoin and occurrence of pulmonary and members, hereditary disorders, genetic syndromes). This
aortic stenosis, coarctation of the aorta, PDA). The use approach would allow for a more adequate immediate
of other medication (amphetamines, lithium, neonatal care, leading to a greater survival of patients
progesterone, and estrogen), alcohol or drugs can have awith complex heart diseasés.
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Table 2 - Genetic syndromes, congenital malformations and frequency of congenital heart diseases

Condition %CHD Most common problems

Trisomy 13 90% VSD, PDA, dextrocardia

Trisomy 18 95% VSD, PDA, pulmonary stenosis

Trisomy 21 (Down) 50% VSD, AVSD

Turner’'s Syndrome (XO) 35% AS, ASD, COA

Noonan'’s Syndrome Pulmonary stenosis

Marfan’s Syndrome - Aortic aneurysm, aortic insufficiency
(adolescents) and mitral insufficiency (childhood)

Kleinefelter's Syndrome 15% PDA, ASD

Pierre-Robin’s Syndrome 30% VSD, PDA, ASD, COA

VACTERL association 50% VSD

CHARGE association 65% TOF, aortic arch anomalies

Diaphragmatic hernia 25% VSD, TOF

Tracheoesophageal fistula and/or esophageal atresia 20% VSD, ASD, TOF

Anorectal anomalies 20% VSD, TOF

Omphalocele/Gastroschisis 20% Undefined

Renal agenesis 20% Undefined

Horseshoe kidney 40% Undefined

Extrahepatic biliary atresia 20% Undefined

VSD: ventricular septal defect, PDA: patent ductus arteriosus, AVSD: atrioventricular septal defect, AS: aortic stenosis, ASD: atrial septal defect,
COA: coarctation of the aorta, TOF: tetralogy of Fallot.

Clinical assessment regurgitation (suggesting a compressive syndrome of

Upon detection of heart murmur during aroutine medical Vascular malformation); arthritis and/or arthralgia
appointment in an asymptomatic patient, the chance of an (Suggesting an acquired heart disease, such as rheumatic
undiagnosed heart disease, an innocent murmur or anotherfever or infectious myocarditis); recurrent pneumonia and/
disorder affecting auscultation (transient or not) must be Of perennial or severe wheezing (suggesting a heart disease
considered. Therefore, the general assessment of children ig¥ith low pulmonary blood flow, such as atrial or ventricular
just as important as the specific cardiovascular septal defects); and, mainly, anemia, which can be manifested
assessmerit 19,20 by transitory changes in cardiac auscultation (hyperkinetic

. state), then develop with cardiovascular compromise (sickle
Changes in growth and/or developmental patterns, . . :
cell anemia). Anemia can also aggravate cardiac

although nonspecific, suggest the presence of a severe. - ; o

. . ) . insufficiency and hinder the assessment of cyanosis in
disorder, either cardiac and/or in other systems, but not an . . . .
) . ; . normal subjects and in those with cyanotic heart
innocent murmur. Weight compromise can occur in . 71920

. . : ) diseased/ 19

ventricular dysfunctions with low output and in the large
left-right shunts with pulmonary hypertension. These are On the other hand, the following symptomatology is
also associated with a clinical status of recurrent pneumonia strongly associated with cardiovascular disorders and should
and/or recurrent or persistent wheezing. Weight, structural be adequately evaluated in children with heart murmur:
or developmental compromise can occur in congenital cardiac arrhythmia, cyanosis, hypoxemic episodes, syncope,
heart diseases with low pulmonary blood flow, which lead thoracic pain, eating difficulty and/or excessive head sweat,
to severe hypoxemia and/or thromboembolism. The child’'s intolerance to physical activity, headache and arterial
general status can indicate a genetic syndrome or a hereditaryhypertension (especially in young children), tachycardia
disease, as well as reveal a state of discomfort, which would and dyspnea, edema and hepatosplenomegaly. Arrhythmias
suggestthe need for urgent care. Some previous pathologicaland cyanoses are very indicative of heart disease, while
events are relevant, such as vomiting and frequent other signs and symptoms are common to several other
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disorders. Children with arrhythmia must be referred for
investigation, as well as those with perioral cyanosis and
cyanosis of the nail bed, if a differential diagnosis has been
established with mild vasomotor cyanosis and the levels of
oxygenation and hemoglobin are adequate. Hemoglobin
levels below 8 mg/dl turn cyanosis into a practically
unperceivable disorder, even in patients with right-left
shunt6:14.15.20

Infants with congestive heart failure or left-right shunt
can presentwith eating difficulty and excessive head sweat,
pallor and irritability; at this age, these can also be
manifestations of a cardiac rhythm disorder. Sucking

Jornal de Pediatria - Vol.79, Supl.1, 20691

arrhythmia, palpation and tachycardia can be referred by

the child as thoracic pain, and not as changes in heart
rate.10,26

Headache can be a manifestation of systemic arterial
hypertension and, when associated with syncope, it can
be part of the initial symptomatology of obstructive
vascular phenomena.

A detailed physical examination can provide data to
assist mainly in the differential diagnosis of innocent and
pathological murmurs. Such data must be valued, since
auscultation in children is often difficult, and pediatricians
are often unprepared to diagnose specific chahéks’

represents an especially great effortfor the infant, comparable standard measurements of heartand respiratory rate, arterial
to exercise intolerance, requiring an adequate evaluation of pjgod pressure, weight, and others must be performed

older children in regard to the type of symptomatology
presented and to the level of restriction imposed. The
current situation must be compared with previously acquired
abilities, lifestyle, sports activities, and performance in
relation to same-age children. The degree of intolerance to
exercise is directly proportional to the severity of the heart
failure in patients with heart diseadést>

Syncope is a fast and sudden loss of consciousness,

repeatedly and interpreted according to age group standards.
All these measurements must be taken when the child feels
calm. A respiratory rate equal to or above 60 movements
per minute, atrest, isabnormal even in newborns; tachypnea,
with or without dyspnea, can suggest left heart failure.
Measurement of arterial blood pressure in the four limbs is
required for the diagnosis of coarctation of the aorta (a
difference equal to or above 20mmHg, with hypotensionin

which occurs either during exercises or atrest, and can be lower limbs, is considered significant); pulse symmetry
caused by heart diseases that reduce the flow of arterial mustalso be assessed. The child’s general status can suggest

supply to the brain (such as severe aortic stenosis),
arrhythmias, neurological and metabolic disorders, and
others. Syncope can be the initial manifestation of
hypertrophic cardiomyopathy during a physical activity,
even in the absence of a previous auscultatory ch#hge.
It must be differentiated from a hypoxemic respiratory
failure, which constitutes a sequence of events indicating
severe hypoxemia and acidemia, possibly leading to
coma and death in patients with cyanotic heart disease,
such as tetralogy of Fallot, transposition of the great
arteries, tricuspid atresia, and pulmonary stenosis.
Hypoxemic episodes can be triggered by exercise, crying,
waking, and bowel movement. Older children, when
perceiving the episode, usually assume a defensive
position, squatting, while infants may assume, as a
preferred position, sleeping with their knees folded up
against their cheg®

Thoracic pain is the second most common reason for
referring a child to a cardiologist, although heart diseases
are only responsible for 4% to 6% of such pains in
children:26 Acute thoracic pain can be caused by
pericarditis, traumas, pleurisy, pneumonia, asthma, or
foreign body in esophagus. Recurrent or chronic thoracic
pain can be associated with muscle strain, costochondritis,
esophagitis, mitral valve prolapse, congenital and
acquired coronary artery disease, asthma or arrhythmia.
In children, angina pectoris can occur in severe left heart

the presence of hereditary or genetic disorders. The presence
of pallor, cold head sweats, with or without cyanosis, and
without anemia suggest congestive heart failure. Digital
clubbing, changes in perfusion, collateral circulation,
arthritis, erythema marginatum, and other changes need to
be evaluated, as well as the presence of edema, hepatomegaly,
and jugular venous distension, which occur in
decompensations of the right heart. Hepatosplenomegaly is
more common in bacterial endocarditis and severe anemia;
abdominal examination must include an auscultation of
murmurs suggestive of arteriovenous fistulas or aneurysms.
The cervical region must also be screened in search of pulse
changes, murmurs, thrills, visible or palpable heartbeats in
the sternal furcula (suggestive of hyperkinetic states,
disorders of the aorta or aortic valve); the thyroid must also
be examined?-20

In thoracic examination of children with murmurs, a
precordial bulge may suggest chronic heart hypertrophy,
especially inthe left ventricle, and the presence of Harrison’s
groove may point to left-right large shunts and rickets.
Pectus carinatum or excavatum may be associated with
heart diseases, such as mitral valve prolapse, but rarely with
cardiomegaly, altering the cardiac silhouette in chest x-
rays. In heart diseases with pulmonary overflow, such as
VSD, PDA, mitral or aortic insufficiency, the thorax seems
“active” an increase of the anterior-posterior diameter is
observed, heart pumps are visible, and the ictus cordis is

obstructive disease, such as aortic stenosis, hypertrophicdeviated. However, in skinny children, the ictus and cardiac

subaortic stenosis, hypertrophic cardiomyopathy, and in
Kawasaki disease. In rare cases of coronary anomaly,
angina can occur in the first days of life, manifested by
excessive irritability. Mitral valve prolapse and

pumps can be normally visible, though without deviations
from the cardiac axis. During palpation of the thorax, the
location and extension of tietusand the presence of thrills
must be investigatetf
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In newborns, the horizontal position of the heart makes clicks); being located in a small and well defined area; not
theictuspalpable at the fourth leftintercostal space, towards being associated with sound changes; occurring in the
the outside, to the left of the mid-clavicular line; in school- absence of a previous history of murmur or evidence
aged children and adults, in the fifth intercostal space, compatible with acquired cardiac disorder; being associated
towards the inside of the mid-clavicle line. Deviations with normal chest x-ray and electrocardiogram (although
occur in cases of hypertrophy of the heart chamber, changes can be observed in echocardiogram, such as the
pulmonary diseases, changes in the position of the diaphragmfinding of false tendon in the left ventricléf:28

and the spinal cord. The most frequent innocent murmurs in children are

The identification of thrills is always suggestive of heart  vibratory (Still's) murmur, pulmonary ejection murmur,
disease, especially when associated with murmur. At the pulmonary branch murmur, supraclavicular murmur, and
upper left sternal border, it suggests pulmonary stenosis andvenous hum. The origin of innocent murmurs is still
stenosis of pulmonary arteries; in the lower left sternal controversial; most of the time, it is attributed to turbulent
border, VSD; in the upper right sternal border, aortic outflows, originated from narrow areas of the left (Still's
stenosis; in the sternal furcula, aortic stenosis, PDA or murmur) or right ventricle output (pulmonary ejection
coarctation of the aorta. murmur), or from areas of arterial branching (supraclavicular

Pulse palpation is also extremely important: high- murmur). Inthe case of venous hum, the origin is attributed
amplitude pulses in the upper extremities and weak or !0 the turbulence originated from the venous return in the
absent pulses in the lower limbs suggest coarctation of the confluence among innominate, internal jugular and right
aorta. High-amplitude pulses occur in hyperkinetic states; Subclavian veins. These turbulences are probably more
PDA with hemodynamic complications; large systemic audible in children because the outflow tracts are
arteriovenous fistulas; aortic insufficiency (water hammer Proportionally narrower, and the cardiac structures are
pulse); and in premature newborns. Low-amplitude pulses closer to the thoracic wall, which is thinner in comparison
are associated with left heart hypoplasia, local trauma, (0 adults>®1128Still's murmur has been associated with
tachyarrhythmia, cardiac insufficiency and shock (low thepresence offalsetendons; however, asthe prevalence of
cardiac output). Asymmetric pulse is associated with local this finding is high in adults (15% to 20%), it becomes
vascular malformations and coarctation of the aorta (right difficult to justify the disappearance of such murmur,
radial pulse with higher amplitude than left pul$é§-220 common in childhood, during adult lifé.

Cardiac auscultation must be systematized, performed  Still's murmur is the most common innocent murmur,
repeatedly and when the child feels calm, evaluating the identified in 75% to 85% of school-aged children, and
sounds where they are usually more audible. Therefore, Peing rarely found in younger children or adolescents. Itis
the first sound, S1, (closure of atrioventricular valves at better detected in the medial left sternal border or between
the beginning of the ventricular systole) must be evaluated the lower sternal border and the xiphoid appendix, in supine
at the apex of the heart, and the second, S2, at the base oPosition. Stil's murmur occurs at the beginning of the
the heart. The detection of the third (S3) and fourth systole, with vibratory characteristics, low intensity, and it
sounds (S4) (gallop sounds) are suggestive of heart is never unpleasant or very loud. The murmur can disappear
disease. In children, the greatest difficulty is the with the pressure exerted by the device over the thorax, and
auscultation of S2 (asynchronous closure of the semilunar its intensity decreases while standing. Differential diagnosis
valves - aortic and pulmonary - in this order), which is 1S made with low diameter VSD, hypertrophic
usually a split sound, increasing in inspiration and cardiomyopathy, and discrete subaortic stenosis, which
decreasing or becoming only one sound with expiration. present murmurs without melodic patterns, greater intensity,
The absence of a split (single S2) or a wide split usually invariable with changes in position, and possibly associated
indicate abnormality. S1is rarely splitand, when abnormal With thrills (Table 3).
sounds are heard, it is important to differentiate them Pulmonary ejection murmur is found in children,
from ejection sounds (clicks) of pulmonary stenosis and adolescents and young adults, being most common between
S4 (atrial gallop). Other equally important changes in the ages of eight and 14. More audible in the upper left
cardiac auscultation are sound hyperphonesis and sternal border, these murmurs are protosystolic, ejective,
hypophonesis, fixed splits, clicks and sn&pg4:17.19.20 with low intensity and non-vibratory, like Still's murmur.

Pulmonary ejection murmur is better auscultated in supine
position; it is exacerbated in the presencepettus
Characterization of innocent heart murmurs excavatum flat chest and kyphoscoliosis. Differential

Innocent murmurs, which occur in normal cardiovascular - diagnosis is made with atrial septal defect (which is usually
systems, have some characteristics in common, such as:has a S2 fixed split) and valvar pulmonary stenosis.
being more easily audible in hyperkinetic circulatory states; Pulmonary branch murmur occurs frequently in
being systolic or continuous; never occurring inisolationin newborns, especially in premature and low birthweight
diastole; having short duration and low intensity (1+/4+); infants. It originates from relative hypoplasia of the right
not being associated with thrills or accessory sounds (snaps,and left pulmonary branches. Persistence after six months
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Table 3- Differential diagnosis of innocent heart murmurs

Type of innocent heart murmur Differential diagnosis

Still's murmur Ventricular septal defect (VSD)
Hypertrophic cardiomyopathy
Mild subaortic stenosis

Pulmonary flow murmur Atrial septal defect (ASD)
Pulmonary valve stenosis

Pulmonary branch murmur Pulmonary stenosis
Pulmonary branch stenosis

Supraclavicular bruit Aortic stenosis
Bicuspid aortic valve
Pulmonary stenosis

Venous hum Patent ductus arteriosus (PDA)
Cervical arteriovenous malformation

of age suggests a pathological stenosis of pulmonary sternal border, associated with palpation of high-amplitude
branches. Better auscultated inthe upper left sternal border, peripheral pulses.

these murmurs are ejective, systolic, with low intensity,

irradiating towards the left and right sides of the thorax,

axilla, and back. Thisinnocent murmurimposes the greatest Characteristics of pathological murmurs

difficulty for pediatric evaluation, since it occurs in an age Pathological murmurs also have common characteristics
groupinwhichthe incidence of heartdisease is significantly that suggestthe presence of a cardiovascular system disorder:
high. Therefore, its diagnosisis to be made by a cardiologist. jsolated occurrence in diastole or continuous murmur;
Supraclavicular carotid or systolic murmur can be heard greater intensity (2+/4+ or over) or unpleasant tone; well
in normal children of any age, being better ascultated above defined and fixed irradiation to other areas; association
the clavicles, in the supraclavicular fossa and/or unilaterally with normal cardiac sounds (sound hyperphonesis, clicks
in the neck, above the carotid arteries. With a low tone, it and snaps) and/or thrills; association with symptomatology
begins suddenly and, in the half or two thirds of the systole, suggestive of heartdisease, especially cyanosis and changes
the intensity either decreases or disappears completely in rhythm and pulse palpation; abnormal lab tests, with the
when shoulders are hyperextended. Differential diagnosis presence of changes in heart size and/or cardiac silhouette,
includes aortic stenosis, bicuspid aortic valve, and pulmonary or pulmonary vascular abnormalities in chest x-ray, changes
stenosis, considering that, in these pathologies, murmurs in electrocardiogram and/or in echocardiogra®n-1.14.15

are of greater intensity in the base, with irradiation towards When identifying pathological murmurs, itis important
the neck. to establish a relation between the time when murmurs

Venous hum is the only continuous innocent murmur, occur and the cardiac rhythm, as well as to observe murmur
affecting children between the age of three and six. It is transmission, abnormal S2 splits, accessory sounds, noises,
heard in the anterior lower part of the neck, supraclavicular and thrills.

region, possibly extending to the infraclavicular area of the Regurgitant or holosystolic murmurs are never innocent
anterior thoracic wall, bilaterally. Venous hum can either murmurs, being associated with VSD, mitral or tricuspid
change or disappear when the patient turns the head to thestenosis. Ejection murmurs can be innocent, such as Still’s,
opposite side of the murmur, or when finger pressure is put those with increasing-decreasing patterns can be
applied to the jugular vein. Differential diagnosis is made associated with stenosis or deformities in semilunar valves
with cervical arteriovenous fistulas and PDA, considering (aortic and pu|monary). Diastolic murmurs are always
that,inthispathology,murmurshaveClearlyaudiblesystolic patho|ogica| and occur due to aortic or pu|monary
and diastolic components, and that the sound is more insufficiency, stenosis, and changes in outflows through
intense in the leftinfraclavicular region, or in the upper left  mijtral or tricuspid valves. The same pattern is identified in
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continuous murmurs, which are associated with PDA, can be considered if the ribs present notching in the lower
coarctation of the aorta, and pulmonary artery stenosis border.

(except in venous hum). When the size of heart chambers is assessed, an increase
Murmurtransmissionis also indicative of heart disease; in the left atrium size can be detected through double
therefore, for example, a systolic ejection murmur, heard at cardiac contour, elevation of the left main bronchus and
the base of the heartand transmitted to the neck, suggests aprotrusion of the left atrium. An increase in the left ventricle
aortic murmur. On the other hand, murmurs that are makes the tip of the heart deviate towards the left and

transmitted towards the dorsum suggest pulmonary murmur.

In regard to S2 splits, wide split S2, single S2 or
paradoxical split S2 are always considered abnormal,
showing changes that extend ejection time for the right
ventricle (or shorten for the left one), or disorders of
electrical conduction in the heart. Hypophonesis in S2

downwards (into the diaphragm). Laterally, the lower cardiac
border is dislocated towards the spinal cord. Anincrease in
the right atrium size creates a protuberance in the right
upper region of the cardiac silhouette, while the right
ventricle can only be identified if the tip of the heart is
elevated; laterally, retrosternal space is lost. Pathologies of

suggests the absence of pulmonary and aortic componentsthe great vessels modify the pedicle. In evaluation of
and, therefore, stenosis of these valves. Fixed split S2, not pulmonary lobes, data suggesting overflow are increase of
varying while breathing, suggests atrial septal defect; when pulmonary hilum (pulmonary trunk and pulmonary arteries)
no audible splits are found in the tricuspid area, it suggests and presence of visible vascular patterns on the top and
bad position of the great vessels at the base of the heart.lateralthird of pulmonary lobes; data suggestive of low flow
Hyperphonesis of an aortic component of S2 suggests are reduced images of the pulmonary hilum, darkened
systemic arterial hypertension or dilatation of the aortic pulmonary lobes and thin vessels. Images of diffuse

root. Hyperphonesis in a pulmonary component suggests opacification in pulmonary lobes suggest venous

pulmonary hypertension, and hypophonesis suggests congestiorf.

pulmonary stenosis, tetralogy of Fallot or tricuspid stenosis.

Laboratory investigation

The definition of innocent murmur includes normal
results on chest x-rays, electrocardiogram and

echocardiogram, although several authors do not point the

need of these exams, if the initial clinical approach and
follow-up are carefully done and reveal the characteristics
of normality previously discussed here. When a more
detailed diagnosis is needed, the best option, with the
lowest cost, is to refer the patient to a cardiologist, who will

request more adequate ancillary exams. The occasional

request for exams must be delayed when a murmur with

innocent characteristics is detected in the presence of

hyperkinetic state$$
In practice, pediatricians can evaluate previously taken

tests, such as, for example, in cases of children with frequent
wheezing or recurrent pneumonias, who have already taken
several chest x-rays in different situations. These radiographs
can be useful in the diagnosis of heart diseases, in the

evaluation of pulmonary complications secondary to these
diseases, and in the differential diagnosis. In the evaluation

of the cardiac area, the adequate positions are posterior-

anterior and lateral, during inspiration and while standing.
In children, a cardiothoracic index (the relation between the

greatest transversal diameter of the heart and the greatest

internal diameter of the thorax) equal to or below 0.6 is

,29,30

When electrocardiogram (ECG) and echocardiogram
are requested, they must be interpreted considering their
peculiarities in children. In regard to ECG, since birth,
physiological overload is the standard in the right
ventricle, although this continuously changes to a left
ventricle overload®

In younger children, echocardiogram is usually
performed under sedation and, due to the low calcification
of the breastbone, the echocardiographic window is larger,
allowing for a better visualization of the heart and great
vessels. A study mapping the flow in colors can better detail
small defects, such as apical ventricular septal defect, small
arterial vessels, and complex heart disedes.

There are other questions regarding cardiovascular
lab testsin children, such as the performance of preventive
exams for adult cardiovascular disorders and exams in
children who practice sports regularly and
extenuatingly31-33In principle, surveillance of obesity,
arterial hypertension, adequate physical activity and use
of tobacco and drugs is part of the overall pediatric
evaluation and guidance. Preventive exams for
dyslipidemia must be restricted to children belonging to
risk groups, such as those with metabolic disorders and/
or first-degree family members with atherosclerotic
disoders?9-31

In regard to children or adolescents who practice
strenuous physical activities, there is some concern with

considered normal. Changes in cardiac silhouette can suggestongenital or acquired heart diseases not yet diagnosed,

pathologies in the following situations: boot-shaped heart,
with low pulmonary flow (tetralogy of Fallot); “ snowman”

especially septal defect, hypertrophic cardiomyopathy,
Kawasaki disease and others, which can remain

appearance (supracardiac anomalous drainage of pulmonaryasymptomatic for long periods, and only manifest during

veins); and ovoid shape, narrow pedicle, pulmonary overflow

such practices, imposing alife threat to these patients. Here,

(transposition of the great arteries). Coarctation of the aorta also, familial and personal backgrounds are important,
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especially when there is a family history of cardiomyopathy 6.
and complaints of respiratory disorders, hypertensive
episodes, thoracic pain, syncope, hypotensive response,
and exercise intolerance. In these situations, a request for,
examsis more complex, and the evaluation by a cardiologist
is the most adequate proced&?ed

Referral to a specialist

It can be suggested that, in certain situations, some
urgent and others not, children should be referred to a
cardiologist for diagnosis and treatmént.2:36.3These
situations include: when heart murmur or any other

9.

auscultatory change presents characteristics that havell-

been described here as pathological; when heart murmur
has characteristics considered innocent butaccompanied
by symptomatology and/or changes on physical

examination suggestive of cardiovascular disorder; when 13.

children belong to risk groups for cardiovascular disorder,
especially in families in which the incidence of congenital
heart disease and sudden and/or early death is high, even

if they do not present changes on physical examination; 1%

when changes in cardiac auscultation and/or
symptomatology suggestive of cardiovascular disorder
are detected in children less than one year old, especially , 5
during the neonatal period; when patients who had initial
diagnosis of innocent murmur show, during pediatric

follow-up, changes in auscultation and/or clinical history  18.

that can suggest cardiovascular disorder; and when

requested lab tests suggest cardiovascular changes.19:

Additionally, children with signs and symptoms that can

suggest cardiac insufficiency must be urgently referred,
even in the absence of auscultatory changes. Finally,
those cases in which diagnosis was made during a

hyperkinetic state, but clinical and/or auscultatory 21.

changes remain after the underlying disease has been
resolved, especially in the case of infectious diseases,
must also be referred to a cardiologist.

23.

References

1. Amaral F, Granzotti JA, Simdes JG, Balestra DC, Dantas BG.
Perfil ambulatorial em cardiologia pediatrica na cidade de
Ribeirdo Preto - resultados preliminares. Rev Paul Pediatria
2002;20:179-86.

2. Pelech NA. The cardiac murmur. When to refer? Pediatr Clin
North Am 1998;45:107-22.

3. Stanger P, Silverman NH, Foster E. Diagnostic accuracy of
pediatric echocardiograms. Am J Cardiol 1999;83:908-14.

4. Rajakumar K, Weisse M, Rosas A, Gunel E, Pyles E, Neal WA,
et al. Comparative study of clinical evaluation of heart murmurs
by general pediatricians and pediatric cardiologists. Clin Pediatr
1999;38:511-8.

5. Clark EB. Epidemiology of congenital cardiovascular
malformations. In: Moss AJ ,editor. Heart Disease in Infants,
Children and Adolescents. 5th ed. Baltimore: Williams & Wilkins;
1998.p.60-9.

N

10.

12.

14.

16.

24,

5.

26.

27.

29.

30.

Jornal de Pediatria - Vol.79, Supl.1, 20685

Kobinger MEBA, Andrechuck A, Wagenfur J, Moyses RL.
Sopro cardiaco inocente. In: Sucupira ACSL, Bricks LF,
Kobinger MEBA, Saito MI, Zuccolotto SMC, editors. Pediatria
em Consultorio. 4th ed. Sdo Paulo: Sarvier; 2000.p.378-92.
Martin JM, Neches WH, Wald ER. Infective endocarditis. 35
years of experience at a childrerhospital. Clin Infect Dis
1997,24:669-75.

Camargo PR, Azeka E, Ebaid M. Miocardiopatias e miocardites.
In: Ebaid M, editor. Cardiologia em Pediatria. 1st ed. Sao Paulo:
Roca - Série Incor; 1999.p.439-62.

Tanaka ACS, Guilherme L, Kalil J. Febre reumatica. In: Ebaid
M, editor. Cardiologia em Pediatria. 1st ed. Sdo Paulo: Roca -
Série Incor; 1999.p.347-438.

Rowley AH. Incomplete (atypical) Kawasaki disease. Pediatr
Infect Dis J 2002;21:563-5.

Pelech NA. Evaluation of the pediatric patient with a cardiac
murmur. Pediatr Clin North Am 1999;46:167-88.

Friedman WF, Silverman N. Congenital heartdiseases ininfancy
and childhood. In: Braunwald E, Zipes DP, Libby P. Heart
disease. 6th ed. Philadelphia: W. B. Saunders; 2001.p.1505-91.
Kuehl KS, Loffredo CA, Ferencz C. Failure to diagnose congenital
heart disease in infancy. Pediatrics 1999;103:743-7.

Driscoll DJ. Left-to-right shunts lesions. Pediatr Clin North Am
1999;46:355-68.

Fedderly RT. Left ventricular outflow obstruction. Pediatr Clin
North Am 1999;46:369-84.

Park M. Pediatric Cardiology for Practitioners .St Louis (MO):
Mosby; 1994.

. Veasy LG. History and physical examination. In: Moss AJ,

editor. Heart Disease in Infants, Children and Adolescents. 5th
ed. Baltimore: Williams & Wilkins; 1998.p.131-46.

Maron BJ. Hypertrofic cardiomyopathy. A systematic review.
JAMA 2002;287:1308-19.

Fricker FJ, Park SC, Lenox CC. Avaliacao cardiolégica. In:
Zitelli BJ, Davis HW, editors. Diagnéstico clinico em Pediatria.
2nd ed. S&o Paulo: Manole; 1995.p.1-17.

20. Braunwald E, Perloff JK. Physical examination of heart and

circulation. In: Braunwald E, Zipes DP, Libby P. Heart disease.
6th ed. Philadelphia: W. B. Saunders; 2001.p.45-81.

Benson DW, Basson CT, MacRae CA. New understandings in
the genetics of congenital heart disease. Curr Op Peditr
1998;8:505-11.

22. Eronen M. Outcomes of fetuses with heart disease diagnosed in

uterus. Arch Dis Child 1997;77:F41-6.

Silverman NH. Prenatal recognition of cardiac abnormalities.
In: Silverman NH, editor. Pediatric echocardiography. 1st ed.
Baltimore: Wliiamns and Wilkins; 1993.p.533-95.

Driscoll DJ, Jacobsen SJ, Porter C-BJ. Syncope in children and
adolescents. J Am Coll Cardiol 1997;29:1039-45.

Guerra ALP. Crises Hipoxémicas. Rev Soc Cardiol ESP
1993;10:93-97.

Kovics KC. Chest pain in children. Pediatr Clin North Am
1999;46:189-202.

Mangione S, Nieman LZ. Cardiac auscultatory skills of internal
medicine and family practice trainees. JAMA 1997;278:717-22.

. Veasy LG. Innocent heart murmurs in children. In: Moss AJ,

editor. Heart Disease in Infants, Children and Adolescents. 5th
ed. Baltimore: Williams & Wilkins;1998.p.650-3.

Swenson JM, Fischer DR, Miller AS. Are chest radiographs and
electrocardiograms still valuable in evaluating new pediatric
patients with heart murmurs or chest pain? Pediatrics 1997;99:1-3.
Ovitt TW. The chest roentgenogram. In: Moss AJ, editor. Heart
Disease in Infants, Children and Adolescents. 5th ed. Baltimore:
Williams & Wilkins; 1998.p.182-90.



S96 Jornal de Pediatria - Vol.79, Supl.1, 2003 Assessment of heart murmurs in childhood - Kobinger MEBA

31.

32.

33.

34.

35.

36.

Danford DA, Martin AB, Fletcher SE. Children with heart 37. Amaral E, Granzotti JH. Cardiologic evaluation of children with
murmurs? Can ventricular septal defect be diagnosed without an suspect heart disease. Rev Paulista Med 1999;117:101-12.
echocardiogram? J Am Coll Cardiol 1997;30:243-6.

Giddig SS. Preventive pediatric cardiology. Pediatr Clin North

Am 1999;46:253-61.

Schieken RM. Advances in preventive cardiology. Curr Opin

Pediatr 1996;8:527-30.

Daniels CJ, Franklin WH. Common cardiac diseases in Corresponding author:

adolescents. Pediatr Clin North Am 1997;44:1591-1601. Maria Elisabeth B.A. Kobinger

Burns JC, Shike H, Gordon JP. Sequelae of Kawasaki disease in Rua Alberto Hodge, 146

adolescents and young adults. J Am Coll Cardiol 1996;28:253-7. CEP 04740-020 — S&o Paulo, SP, Brazil

Arola A, Tuominen J, Ruskanen O. Idiopathic dilated Tel./Fax: +55 11 5521.9221

cardiomyopathy in children: prognostic indicators and outcome. E-mail: rkobinger@uol.com.br

Pediatrics 1998;101:369-76.



