Auscultation While Standing: A Basic and Reliable Method
to Rule Out a Pathologic Heart Murmur in Children
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ABSTRACT
PURPOSE The distinction between physiologic (innocent) and pathologic
(organic) heart murmurs is not always easy in routine practice, leading too often
to unnecessary cardiology referrals and expensive investigations. We aimed to
test the hypothesis that the complete disappearance of murmur on standing can
exclude cardiac disease in children.
METHODS From January 2014 to January 2015, we prospectively included 194

consecutive children aged 2 to 18 years who were referred for heart murmur
evaluation to pediatric cardiologists at 2 French medical centers. Heart murmur
characteristics while supine and then while standing were recorded, and an echocardiogram was performed.
RESULTS Overall, 30 (15%) of the 194 children had a pathologic heart murmur

as determined by an abnormal echocardiogram. Among the 100 children (51%)
who had a murmur that was present while they were supine but completely disappeared when they stood up, only 2 had a pathologic murmur, and just 1 of
them needed further evaluation. Complete disappearance of the heart murmur
on standing therefore excluded a pathologic murmur with a high positive predictive value of 98% and specificity of 93%, albeit with a lower sensitivity of 60%.
CONCLUSIONS Disappearance of a heart murmur on standing is a reliable clini-

cal tool for ruling out pathologic heart murmurs in children aged 2 years and
older. This basic clinical assessment would avoid many unnecessary referrals to
cardiologists.
Ann Fam Med 2017;15:523-528. https://doi.org/10.1370/afm.2105.
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eart murmur is a clinical finding currently affecting about 65%
to 80% of schoolchildren1,2 and one of the most common reasons
for referral to cardiologists. Most murmurs are physiologic (innocent)3 and result from the normal pattern of blood flow through the cardiac cavities and vessels. In a few cases, however, the murmur may be the
single symptom of cardiac disease, even if most congenital heart diseases
are diagnosed before birth or during the first year of life.1
Differences between physiologic and pathologic murmurs are well
known,4-9 but primary care physicians in family medicine or pediatricians
too frequently refer their patients to pediatric cardiologists because they
fear missing a heart disease diagnosis, resulting in unneeded parental
anxiety, time consumption, and expensive evaluations.10,11 Several clinical
features of the murmur such as intensity, timing, quality and pitch, and
the presence of a click are subjective and require extensive training for
use to distinguish between physiologic and pathologic murmur. A simple,
objective, and robust clinical test to exclude cardiac disease in apparently
healthy children could prevent many unnecessary referrals.
McLaren et al12 reported that the prevalence of physiologic heart
murmur in schoolchildren was 65% when they were in a supine position,
whereas it was only 15% when they were standing. To our knowledge,
however, no study has demonstrated that the disappearance of murmur
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on standing can allow clinicians to rule out a murmur
generated by underlying pathology. In this study, we
aimed to test the disappearance of heart murmur in
standing children, aged 2 years and older, as a reliable
test to exclude pathologic murmur.

the included children provided their informed consent,
and the Ethics Committee for Human Research of the
Tours Hospital approved the study. We excluded children aged younger than 2 years, those who could not
stand for at least 1 minute, and those who had already
been examined by a cardiologist or pediatric cardiologist, or who had already had an echocardiogram.
Six pediatric cardiologists participated in the
study. They collected the child’s personal history of
cardiopulmonary symptoms: dyspnea at rest or during
exercise, palpitations, syncope, and failure to thrive or
grow. They also noted the characteristics of heart auscultation with an acoustic-based, nonelectronic stethoscope, first with the patient in the supine position,
and then for at least 1 minute in the standing position:
presence or absence of the murmur, timing (systolic,
diastolic, both, continuous), location of maximal

METHODS
Between January 2014 and January 2015, we prospectively included in our study 194 consecutive children
referred to pediatric cardiologists at 2 French university hospital centers (156 referred to Tours Medical
Center, 38 referred to Poitiers Medical Center) for
evaluation of heart murmur. Children with genetic or
systemic disorders or a family history of heart disease
were excluded, as these findings on their own are sufficient to prompt referral to a specialist. All parents of

Table 1. Clinical and Echocardiographic Characteristics of the 30 Children With Abnormal Findings
on an Echocardiogram
Murmur
While
Standing

Reduction of
Intensity While
Standing

Patient

Sex

Age,
y

Location

Radiation

Patient 1

M

12

No

NA

Low to middle left sternal border

No

Patient 2

F

13

No

NA

Left upper sternal border

No

Patient 3

M

7

Yes

No

Left upper sternal border

No

Patient 4

F

10

Yes

No

Apex

Yes

Patient 5

F

6

Yes

No

Apex

No

Patient 6

F

5

Yes

Yes

Left upper sternal border

No

Patient 7

F

10

Yes

Yes

Low to middle left sternal border

No

Patient 8

F

13

Yes

Yes

Low to middle left sternal border

No

Patient 9

F

5

Yes

No

Low to middle left sternal border

Yes

Patient 10

F

5

Yes

Yes

Left upper sternal border

No

Patient 11

F

8

Yes

No

Left upper sternal border

No

Patient 12

F

13

Yes

Yes

Left upper sternal border

No

Patient 13

F

5

Yes

No

Apex

No

Patient 14

F

6

Yes

Yes

Low to middle left sternal border

No

Patient 15

M

9

Yes

No

Low to middle left sternal border

No

Patient 16

M

2

Yes

No

Low to middle left sternal border

No

Patient 17

M

4

Yes

No

Low to middle left sternal border

No

Patient 18

M

9

Yes

Yes

Low to middle left sternal border

Yes

Patient 19

M

4

Yes

Yes

Low to middle left sternal border

No

Patient 20

M

12

Yes

Yes

Low to middle left sternal border

Yes

Patient 21

M

6

Yes

No

Low to middle left sternal border

No

Patient 22

M

2

Yes

Yes

Low to middle left sternal border

Yes

Patient 23

M

6

Yes

No

Right upper sternal border

Yes

Patient 24

M

10

Yes

No

Right upper sternal border

Yes

Patient 25

M

3

Yes

No

Left upper sternal border

Yes

Patient 26

M

5

Yes

Yes

Right upper sternal border

Yes

Patient 27

M

2

Yes

No

Left upper sternal border

No

Patient 28

M

13

Yes

Yes

Left upper sternal border

No

Patient 29

M

4

Yes

No

Left upper sternal border

No

Patient 30

F

2

Yes

Yes

Under left clavicle

Yes

ASD = atrial septal defect; F = female; M = male; NA = not applicable; OP = ostium primum; OS = ostium secundum; PDA = patent ductus
arteriosus; VSD = ventricular septal defect.
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intensity (right upper sternal border, left upper sternal
border, low to middle left sternal border, under left
clavicle, apex, back), and radiation (yes, no). Changes
in intensity (higher, lower, or comparable) between
supine and standing positions were also evaluated
when a murmur was present in both positions. After
this physical examination had been completed, all children then had an echocardiogram to assess the presence or absence of cardiac anomalies that could explain
the murmur. Trivial valvular regurgitations and patent
foramen ovale were considered to be physiologic and
not to explain the murmur.
Descriptive data are presented as means ± standard deviations, and diagnostic performance data are
presented as values with 95% confidence intervals. We
used the Student t test to compare noncategorical data
and the χ2 or Fischer exact test to compare categorical

Timing

Symptoms

Systolic

No

Cardiac Disease
Muscular VSD

Systolic

No

ASD OS

Systolic

Yes

ASD OS

Systolic

No

Mitral regurgitation

Systolic

No

Mitral regurgitation

Systolic

No

ASD OS

Systolic

Yes

Mitral regurgitation

Systolic

No

Mitral regurgitation

Systolic

No

Aortic stenosis

Systolic

No

ASD OS

Systolic

No

ASD OP

Systolic

No

Pulmonary stenosis

Systolic

No

Mitral regurgitation

Systolic

No

Coronary-to–pulmonary artery fistula

Systolic

No

Perimembranous VSD

Systolic

Yes

Muscular VSD

Systolic

No

Muscular VSD

Systolic

Yes

Muscular VSD, ASD OS

Systolic

Yes

Muscular VSD

Systolic

No

Tricuspid regurgitation

Systolic

No

Mitral regurgitation

Systolic

No

Coarctation of aorta

Systolic

No

Mitral regurgitation

Systolic

No

Aortic stenosis

Systolic

No

ASD OS

Systolic

No

Aortic stenosis

Systolic

Yes

ASD OP

Systolic

No

ASD OP

Systolic

Yes

ASD OS

Continuous

No

PDA
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data. Analyses were performed using Prism version 5
(GraphPad Software, Inc). Statistical significance was
defined as a P <.05.

RESULTS
Among the 194 children studied, 30 (15%) had abnormal findings on echocardiogram that explained the
murmur. The cardiac diseases diagnosed were atrial
septal defects (ASDs) in 9 children, ventricular septal
defects (VSDs) in 5, ASD associated with VSD in 1,
sonographically important mitral regurgitation in 7,
tricuspid regurgitation in 1, aortic valve stenosis in
3, pulmonary valve stenosis in 1, coarctation of the
aorta in 1, patent ductus arteriosus in 1, and coronaryto–pulmonary artery fistula in 1. The clinical and
echocardiographic characteristics of the children are
shown in Table 1.
Persistence of the murmur on standing, the absence
of a decrease of its intensity, location on the left upper
sternal border or at the apex, and presence of radiation
were significantly associated with a pathologic murmur
(Table 2).
Overall, 100 children had complete disappearance of their murmur when they stood up. Within this
group, only 2 (2%) had an abnormal echocardiogram.
One, a girl aged 13 years, had an ASD, and needed
percutaneous closure of the defect. Her murmur was
located on the left upper sternal border without radiation. The other, a boy aged 12 years, had a trivial
muscular VSD, and required neither intervention nor
specialized follow-up. His murmur was located at the
low to middle left sternal border without radiation.
The complete disappearance of murmur on standing excluded a pathologic murmur with a positive predictive value of 98% (95% CI, 93%-100%), a specificity
of 93% (95% CI, 78%-99%), and a sensitivity of 60%
(95% CI, 52%-67%) (Table 3). None of the conventionally used clinical features of physiologic murmur
that we tested had a better positive predictive value for
excluding a pathologic murmur.

DISCUSSION
In this era of highly technical medicine, physical examination should remain the first step of diagnosis. Most
heart murmurs in children are physiologic (innocent),12,13
and these murmurs can be distinguished from pathologic (organic) murmurs by critical clinical assessment.7,14
Too many children, however, are referred to pediatric
cardiologists for fear of missing a cardiac disease.
In our study, 85% of children aged 2 to 18 years
referred to a cardiologist for heart murmur did not
have a cardiac disease, showing the lack of a basic
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follow-up. We have therefore demonstrated
that the disappearance of a murmur on
standing is a valuable clinical feature to
predict the absence of cardiac pathology.
This objective clinical sign could help
primary care physicians manage cardiac
P Value
murmur, and avoid both unneeded costly,
.07
time-consuming referrals to the specialist
and parental anxiety.
.53
Clinical assessment to distinguish
pathologic from physiologic murmur
1.00
in children is taught in medical school.
<.001
Physiologic murmur is characterized by
systolic timing, low intensity, decreased
intensity or disappearance on standing,
<.001
low to middle left sternal border location, lack of radiation, and absence of
associated symptoms.7-9,16 Several studies,
however, have shown that the diagnostic
<.001
accuracy of clinical assessment of heart
murmurs by primary care physicians
.16
is poor and has not been sufficiently
improved by an educational strategy to
reduce unnecessary referrals and misdiagnosis.4,5,17-20 Some attributes in the
.76
description of murmurs, such as intensity,
<.001
quality, or the presence of a click, either
<.001
are highly subjective or require consider<.01
.16
able experience to identify them. Primary
care physicians and pediatricians thus pre<.05
fer to refer their patients for fear of making mistakes concerning the murmur.
We propose a very basic, highly reliable, and objective clinical test to rule out underlying
cardiac disease. Even if sensitivity of this test is low
(60%), it would have decreased the number of referrals
to pediatric cardiologists for murmur by more than
one-half, reducing the workload of a pediatric cardiol-

Table 2. Comparison of Clinical and Echocardiographic
Characteristics Between Children With Pathologic and
Physiologic Murmurs (N = 194)

Characteristic
Age, y
Sex, % (No.)
Male
Female
Symptoms, % (No.)
Yes
No
Murmur present in standing position, % (No.)
Yes
No
Murmur intensity decreased in
standing position, % (No.)
Yes

Pathologic
Murmur
(n = 30)

Physiologic
Murmur
(n = 164)

7.4 ± 3.8

6.2 ± 3.3

57 (17)

64 (105)

43 (13)

36 (59)

20 (6)

9 (14)

80 (24)

91 (150)

93 (28)

40 (66)

7 (2)

60 (98)

43 (12)

80 (53)

57 (16)

20 (13)

Systolic

97 (29)

100 (164)

Diastolic

0 (0)

0 (0)

3 (1)

0 (0)

No
Murmur timing, % (No.)

Continuous
Murmur location, % (No.)
Right upper sternal border

6 (9)

13 (4)
7 (11)

10 (16)

Low to middle left sternal border

33 (10)

82 (126)

Apex

13 (4)

2 (3)

4 (1)

0 (0)

Left upper sternal border

Under left clavicle
Murmur radiation, % (No.)
Yes

33 (10)

15 (25)

No

67 (20)

85 (139)

and reliable clinical measure to reassure primary care
physicians of the absence of cardiac disease in pediatric patients with heart murmur. Physiologic murmurs
result from normal blood flow through the heart and
great vessels. Disappearance of these murmurs on a
change in position from supine
to standing is due to decreased
Table 3. Diagnostic Performance of Clinical Characteristics for
venous return, left ventricular
Excluding a Pathologic Murmur
chamber size, and stroke vol15
ume. We found that murmurs
PPV, %
Specificity, % Sensitivity, %
completely disappeared on standCharacteristic
(95% CI)
(95% CI)
(95% CI)
ing in more than one-half of the
Disappearance on standing
98 (93-100)
93 (78-99)
60 (52-67)
children referred in our study,
Conventionally used characteristics
and this feature predicted the
Low to middle left sternal border
93 (87-96)
67 (47-83)
82 (75-88)
location
absence of cardiac disease with a
Diminution or disappearance on
91 (86-95)
53 (34-72)
90 (85-94)
high positive predictive value of
standing
98%. Only 2 children with disapNo radiation
87 (81-92)
33 (17-53)
85 (78-90)
pearing murmurs had an abnormal
No symptoms
86 (80-91)
20 (7-39)
91 (86-95)
echocardiogram, and just 1 of
Systolic timing
85 (79-90)
3 (0-17)
100 (98-100)
them needed further intervention,
PPV = positive predictive value.
whereas the other did not need
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ogy unit having limited professional resources.21 Moreover, substantial health care savings would be expected
because of the decreased number of consultations and
echocardiograms.22 According to North American recommendations, echocardiograms should be performed
only to assess a cardiac murmur when there is a family
history of heart disease, cardiac symptoms, or abnormal clinical findings.23 Nevertheless, 40% of children
who have a physiologic murmur still undergo echocardiography in some American hospitals.24
In our study, a girl aged 13 years with an ASD had
disappearance of her murmur while standing. Indeed,
contrary to other cardiac defects, ASD-related murmur
is functional, due to increased blood flow through the
pulmonary valve. It is similar to a physiologic murmur,
as it is proto-systolic and discrete, but located in the
left upper sternal border and often associated with
an abnormal fixed split of the second sound.25 ASD is
probably the only cardiac disease with a murmur that
may disappear on standing. The location, associated
sounds, common symptoms, and unusual persistence
of the murmur at each auscultation, however, may help
pediatricians to distinguish between an ASD-related
and a physiologic murmur.
Electronic stethoscopes coupled with automated
phono-spectrographic analysis of heart murmurs have
been recently developed. These systems can distinguish between physiologic and pathologic murmurs
with excellent sensitivity and specificity,26-29 but have
been tested only by pediatric cardiologists and not by
primary care physicians. The clinical standing test that
we report here had lower sensitivity for the diagnosis
of physiologic murmurs, as 40% of children with these
murmurs were not correctly classified. It is easily and
rapidly performed, however, and does not have any
associated cost for acquiring a new device.
This study has limitations. Although we selected
the most objective clinical features of murmurs
(intensity, superimposed noises, and quality were not
considered to be objective criteria), heart auscultation remains subjective, and we did not evaluate the
reproducibility of the clinical features studied among
the clinicians who participated in the study. Similarly, we did not verify the reproducibility of murmur
characterization between pediatric cardiologists and
primary care physicians (pediatricians, family doctors, residents). It would be of great interest to know
whether the referring primary care physicians would
have achieved the same results.
In conclusion, the distinction between a physiologic and pathologic heart murmur remains challenging for primary care physicians and pediatricians,
despite well-known and widely taught criteria of physiologic murmurs. Children with physiologic murmurs
ANNALS O F FAMILY MEDICINE

✦

are too often referred for costly cardiac investigations
because primary care physicians fear missing a cardiac
disease. The complete disappearance of an isolated
heart murmur on standing in otherwise healthy children aged 2 to 18 years without a family history is a
valuable clinical test to exclude a pathologic cardiac
murmur and avoid referral to a cardiologist. A larger
study is necessary to confirm the value of this clinical
tool, with comparison of its reproducibility between
pediatric cardiologists and primary care physicians.
To read or post commentaries in response to this article, see it
online at http://www.AnnFamMed.org/content/15/6/523.
Key words: heart murmur; heart defects, congenital; children; auscultation; primary care; practice-based research
Submitted January 10, 2017; submitted, revised, March 23, 2017;
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