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Abstract. The objective of this study was to deter-
mine the differences between neonatologists and
pediatric cardiologists with regards to the initial
assessment of neonatal heart murmur and to evaluate
the role of ecchocardiography in this group of
patients. During a period of 1 year, all neonates with
heart murmur seen in pediatric cardiology consulia-
tion from neonatal intensive care units at the Chil-
dren Hospital of Eastern Ontario and Ottawa
General Hospital were included in this study. Neo-
nates with heart murmur were initially evaluated
clinically by a neonatologist and the most likely
clinical diagnosis was recorded. This was followed by
similar evaluation and assessment by the pediatric
cardiologist, who did not know the result of the
previous assessment. Fchocardiography diagnosis
was considered the gold standard for the accuratc
diagnosis in the two groups, and it was done for all
patients. For the neonatologists, the sensitivify to
detect a pathological murmur was 78% and the
specificity was 33%; the positive predictive value was
179 and the negative predictive value was 37%. For
the pediatric cardiologists, the accuracy of the chinical
examination showed a sensitivity of 83% in detecting
a pathological murmur and a specificity of 25%; the
positive predictive value was 80% and the negative
predictive value was 29%. There was no significant
difference between the two groups. Certified neona-
tologists are able to assess the significance of neonatal
murmurs well as pediatric cardiologists, although
echocardiogram is needed to reach the accurale
diagnosis of congenital heart disease in neonates even
if a pediatric cardiologist is consulted,
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Necnatal heart mormur is the mos{ common reason
for pediatric cardiologist consultation in neonatal
intensive care units and nurseries [7]. Two-thirds of
normal newborns have innocent murmurs for several
days after birth [14]. However, a normal neonatal
examination does not exclude congenital heart dis-
ease (CHD), and rountine examination may fail to
detect more than hall of the cases of CHD [16, 14}
Unrecognized neonatal heart disease carries a SErious
risk of avoidable mortality, movbidity, and handicap
{12]. The dynamic nature of neonatal circulation
makes it more difficult to assess heart murmurs in the
neonate compared to other pediatric age groups.
Assessment of neonates with heart murmurs based on
clinical examination alone may not be complete
without the use of echocardiograph, which is the
most accurate tool for diagnosing beart lesions [2,
11}

The purpose of this study was to determine the
differences between neonatologists and pediatric
cardiologisis with regard to the inrtial assessment of
peonatal heart murmur and to evaluate the role of
echocardiography in this group of patients.

Materials and Methods

This prospective study was carried out during a i-yoar period from
Suly 1997 to June 1998 at the Children Hospitai of Eastern Ontario
and Ottawa General Hospital. All neonates with heart murmur
seen in pediatric cardiclogy consultation from peonatal intensive
care umis at the ape of 128 days were inchuded in the study.
fnfants who had abnormal antenatal echocardicgrams and dys-
morphic infanfs, such as those with Down’s syndromes, Were ex-
cluded from the study. The study was approved by the ethics
commitice at the Children Hospital of Eastern Ontario and the
Ottawa General Hospital. There were no changes in the routine
standard protocol management of neonates egroiled in the study.

Meonates with heart murmur were initially evaluated chini-
cally (including 12-ead electrocardingram and chest x-tay when
required) by a2 neopatologist in service {onc of four certified neo-



patologists), The type of the murmur and the most likely clinical
diagnosis were recorded. This was followed by simnilar evaluation
and assessment by the pediatiic cardiologist in service {ons of foar
certified cardiclogists), who did not kunow the results of the provi-
ous assessment. After the ofinical evalustion, echocardiography
study (two-dimensional, Doppler echo, and M-mode) was per-
formed by the cardiologist, cardiology fellow, or an experi so-
nogropher. The machine used was the HP 5500, Heart murmurs
were classified as innocent murmur and pathological marmur {2,
11]. When the examiner failed Lo classify the murmur, it was labeled
as possible pathological murmur. Fehocardiography diagnosis was
considered the gold standard in comparing the accuracy of the
diagnosis in the two groups and it was done for afl patienis. Data
were analyzed for sensitivity and specificity by means of 2% 2
tabies. Kappa coefficient was used to caloulate the interrater
agresment between the Two groups.

Resnfis

A total of 75 neonates were enrolled during the study
period. The initial clinical diagnoses of the heart
murmur by the neonatologists were innocent in 10
neonates, pathological in 56, and possible patholog
ical in 9 patients (Table 1). After echocardiography
(Table 2), the diagnosis of inpocent murmur Wias
changed to pathological in 7 patients. Of the 56
neonates with the initial clinical diagnosis of patho-
logical murmur, the diagnosis of 13 of them was
changed to innocent murmur after echocardiography.
Of the remaining 9 infants with the clinical diagnosis
of possible pathological murmus, the diagnosis of 4
of them was changed to innocent and that of 5 of
them was changed to pathological after echocardi-
ography. The injtial clinical diagnoses of the heart
murmilr by the cardiologists were innocent murmur
in 9, pathological in 61, and possible pathological m 5
neonates. After performing  cchocardiography
(Table 3), the diagnosis of ipnocent MUMUL Was
changed to pathological in 6 neonates, that of path-
ological murmur was changed to innocent in and 12,
for the diagnosis of possible pathological murmur, 1
was changed to inmocent and 4 were changed to
pathological murmur. The results were apalyzed by
means of 2 x 2 tables, considering echocardiography
as the gold standard to assess the accuracy of the
olinical examination. For the neonatologists, the
sensitivity to detect a pathological murmur was 78%
and the specificity was 33%; the positive predictive
value was 77% and the negative predictive value was
1TOL,
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For the cardiologists, the accuracy of the chnicat
examination showed a sensitivity of 83% in detecting
a pathological murmur and a specificity of 25%; the
positive predictive value was 80% and the negative
predictive value was 29%. There was no significant
difference between the two groups for all parameters.
The kappa coefficient to assess the agreement In
auscultation between the two groups was (.62 (95%
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Table I, Initial cvaluation by neonatologist and cardiologist of 73
neonates with heart murmur

Chintcal diagnosis No. of Neopatologist  No. of cardiologist

assessments () assessments (%)

Innocent murmur 13 (13} 9(12)
Pathological murnmsr 56 (75) 61 (&81)
Possible pathological 8 (12) 5{7)
nnrmur
Total 75 (160} 75 (106)

Table 2. Changes in neopatologist clinical diagnosis after perfor-
mance of echocardiography

No. after echocardi-
agraphy (%)

{linical diagnosis No. (neonatologisty Innocent Pathological

(95) murmur  murmnr
Innocent HIUTMar 16 €13} 3 {4) 7
Pathological murmur 56 (76} 13(17y 43457
Possibie pathological 9 (12} 4(5) 5{(7
Jiikitererkis
Total 75 (166) 000 5573

Table 3. Changes in pediatric cardiologist clinical diagnosis after
performance of echiocardiography

MNo. afier echocardiog-

raphy (%)
Clinical diagnosis Me. {cardiologist) Innocent Pathological
(%) MUFMYr  MRImur

Innocent murmur Q17 3(4) 6 (8)
Pathological murmur 61 (81} 12{16) 49 (65
Possible pathelogical 5 (7} (N 4 (5}

fiztiiasiding

Total 75 {100} 621y 38(79)

confidence inferval, 0.41-0.83}, The most common
etiology for pathological heart murmur was patent
ductus arteriosus (49%), followed by ventricular
septal defect (8%), atrial septal defect (79%), transpo-
sition of the great arteries (3%), and others (8%)
{Table 4).

Discussion

Detection of a murmur depends on the examiger’s
skill and experience, the tming and frequency of
the examination, and the conditions under which
the examination takes place. Failure to identify
pathological murmur may delay necessary medical
or surgical intervention and cause unwanted se-
quences [12]. Therefore, reaching a final diagnosis is
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Tabte 4. Heart lesion-specific diagnosis of 75 neonates with heart
murmur

Diagnosis Mo, of cases (%)
Mormal heart 19 (25}
Patent ductus arteriosus 37 (49}
Ventricular septal defect 6 (8)
Atrial septal defect 5(%h
Transposition of the great arteries 2 (%
Aortic stenosis 1{E3)
Pulmonary stenogis 1 (1.3}
Atrioveniricular sepial defect 1{1.3)
Others 34
Total 75 {100}

essential in a neonate with a heart yourmur. The
neonatal cxamination detects only 44% of cardiac
malformations that present i infancy, and if a
murmur is heard there is a 54% chance of an
underlying cardiac malformation i1}, Our study
chowed that 75% of nconatal murmurs referred to
pediatric cardiology from a nepnatgl fertiary care
center were secondary to organic heart disease.
Only 25% of patients had innocent heart murmur,
most were secondary to pulmonary artery branch
stenosis or trcuspid regurgitation. The most com-
mon mrurmur diagnosis in the neonatal intensive
care unit was patent ductus arteriosus; this is also
reported by Geggel [M] iz 2 simitar study. In oider
infants and children, clinical cardiovascular exami-
nafion is a very sensitive and accurate method of
screening for the underlying heart disease, and
echocardiogram is uniikely to reveal clinically
unsuspected heart disease [3, 4, 13]. This scenario
did not hold true in the case of neonates with heart
murmur, in whom echocardiography is necessary
whenever congenital heart disease is suspected |2,
11]. Our study showed that in a neonatal tertiary
care center the sensitivity of clinical gxamination
alone in detecting pathological murmurs by expert
neonatologists and cardiologists was only 78 and
83%, respectively, whereas the accuracy of both
groups (neonatologists and cardiologists) in detect-
ing innocent MUMNULS Was unsatisfactory. This
supports the fact that echocardiography has dra-
matically improved the accuracy of diagnosis of
congenital hear! disease in peonates, and it s an
essential tool in the evaluation of neonates with
heart murmur.

Our study showed that there were only minimal
differences between the neonatologists and cardiol-
ogists in the initial clinical evaluation of nconates
with heart murmur;, no similar comparison hetween
such groups was found in the lferature. Previous
studies have assessed the diagnostic accuracy of

(¥}

pediatricians’ clinical auscuitation skills 1o assess
murmurs in children and cardiac simulators. Hansen
et al. {8] concluded that generai pediatrictans were
good at diagnosing innocent MUTMULS, whereas
MeCrindle et al. [91 concluded that pediatric cardi-
clogists have excellent diagnostic accuracy. How-
ever, Gaskin et al. [6] showed that pediatric
residents had oaly 33% diagnostic accuracy. Farrer
et al. [5] showed that the sepsitivity of the senior
house officers’ examination to assess the clinical
significance of the necnatal murmur was 71% and
the specificity was 21%; the positive predictive value
was 71%. and the negative predictive value was 91%.
These results are similar to those reported in this
study. That is, a traned neonatologist is able to
assess the significance of, and determine appropriate
management for, neonatal MEMUS, although
echocardiogram is needed to reach the accurate
diagnosis of congenital heart disease in neonates
even if a pediatric cardiclogist is consulted.

Beferences

1. Ainsworth SB, Wyllie IP, Wren C (1999) Prevalence and
clinical significance of cardiac spurmurs in neonates. Arch s
Child Fetal Neonaial Fd 80:-F43-F45

2. American Heart Association (1994) Guidelines for evaluation
and menagement of common congenital cardiac problems in
infants, children aad adolescents. Circulation 9,2186-2188

1. Castello-Herbretean B, Vaillant MC, Magontier N, et al
{2000} Diagnostic value of physical examination and electro-
cardiogram in the injtial evaluation of heart murmurs in chil-
dren. Arch Pediatr 7:1041-1049

4. Danford DA, Martis AB, Fleicher SE, Crumbiner CH (2002)
Echocardiographic yield in chitdren when mnocent WML
seems itkely but doubts finger. Pediair Cardiol 23:410-414

5. Farrer KFM, Rennie JM (2003) Neonatal murmurs: are senior
house officors good enough? Arch Dis Child Fetal Neonatal Ed
$8:F147

6. Gaskin PRA, Owens SE, Talner NS, et ol (2000) Clinical
auscultation skills in pediatdc residents. Pediatrics 1051184~
P87

7. Geapet RL {2004} Conditions teading to pediatric cardiclogy
consultation iz a tertiary academic hospital. Pediatrics 114
¢409-e417

% Hansen LK, Birkeback NFI, Oxhoj H (1995} Initial evajuation
of children with heart murmurs by the non-specialised paedi-
atrician. Eur J Pedigtr 154:15-17

9. MoCrindle BW, Shaffer KM, Kan IS, et al. (1996) Cardinal
clinical signs in the differentiation of heart mummars in chil-
dren. Areh Pediatr Adolesc Med 150;169-174

16, Meberg A, Otterstad JE, Froland G, et al. (1999) Barly clinical
sereening of neonates for congenital heart defects; the cases we
miss. Cardiol Young 9:169-174

11. Rice MJ, McDonald RW, Reller MD), Salin DL (1996) Pedi-
atric echocardiography: curreat role and & review of techmical
advances, J Pediotr 128114

12, Silove ED {1994) Assessment and management of congenital
heart 7o the newborn by the district paediairician. Arch Dis
Child 70:FT1-F14



4 - Pediatric Cardiclogy Vol. xx, No. x, 2005

13. Smythe JF, Teixeira OHP, Viad P, et ab. {1990} Initial gvaiu- 14, Wren C, Richmond 8, Donaldson L (1999) Presentation of
ation of heart murmars: are laboratory tests necessary? Pedi- congenital heart disease in infancy: implications for routine
ateics §6:497--500 examination, Areh Dis Child Feial Neanatal Ed 80:F49-F353



