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Outcome of children with heart murmurs referred from general
practice to a paediatrician with expertise in cardiology*
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Abstract Background: Heart murmurs are common in children. The majority are detected incidentally, and
congenital heart disease is rare. There are no published United Kingdom guidelines for management of children
with murmurs in primary care. Common practice is to refer all children for specialist assessment. Aim: To review
outcomes of children with heart murmurs who were referred by general practitioners to a clinic conducted by a
paediatrician with expertise in cardiology.Design and setting:A retrospective review of children referred by general
practitioners to a paediatrician with expertise in cardiology. Methods: Hospital records of all children under
17 years of age who attended the clinic during 2011 were reviewed. We excluded children previously seen by any
cardiology service. Results: There were 313 new primary care referrals, with complete records available for
310 children. Of them, 186 (60%) were referred with a murmur: 154 for an asymptomatic murmur alone,
and 32 for a murmur plus additional symptoms or family history of congenital heart disease. All underwent
echocardiography. Of the patients, 38 (20%) had congenital heart disease. Younger children were more likely to
have congenital heart disease. There was no difference between rates of congenital heart disease in children with
or without symptoms or a family history. Conclusion: The finding that a large proportion of children referred by
general practitioners with asymptomatic heart murmurs have congenital heart disease supports current referral
practice on clinical grounds.
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HEART MURMURS ARE COMMON IN CHILDREN AND

constitute the second most common reason
for referral from primary care to paediatric

secondary care after asthma.1 The majority of
murmurs are found incidentally and will be innocent
flow murmurs. Up to 6 in every 1000 children born
will have congenital heart disease that requires
cardiology intervention, and a further 13 in 1000
will have bicuspid aortic valves that may eventually
need care.2 Many of these conditions are first

diagnosed following detection of a heart murmur.
Identifying this small group of children is important,
as congenital heart disease can cause significant
morbidity and may even lead to death without
prompt and appropriate treatment.3,4

A number of studies have identified clinical pre-
dictors of pathologic murmurs,5,6 but the absence of
abnormal signs does not always guarantee that the
diagnosis of congenital heart disease can be exclu-
ded.7 Echocardiography remains the gold standard of
formal diagnosis. Current local primary care practice
is to refer children with a heart murmur to a paedia-
trician with expertise in cardiology for assessment
and echocardiography in a one-stop clinic. Currently,
general practitioners are under increasing pressure
to reduce referrals to secondary care across all
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specialities. This study reviews the outcomes of gen-
eral practitioner referrals of children with heart
murmurs to the local paediatrician with expertise in
cardiology, with the aim of providing data to develop
evidence-based referral pathways.

Materials and methods

Study design and patient selection
We conducted a retrospective observational study of the
hospital records of all children under 17 years of age
who were referred by their general practitioner to
a paediatrician with expertise in cardiology clinic
during 2011. Children were identified from the hospi-
tal outpatient database and their electronic records were
reviewed. Children previously observed in the cardiol-
ogy service and those with incomplete records were
excluded. New patient referrals to the outpatient clinic
from the emergency department were also screened to
identify children who were referred there initially for
assessment of their heart murmur. This allowed us to
identify all children seen with a murmur.

Study setting
The paediatrician with expertise in the cardiology
clinic serves the local population of Cambridge and
surrounding areas. All referrals for children with
suspected congenital heart disease received by other
consultants in the department are directed to the
paediatrician with expertise in cardiology who carries
out screening investigations, including an echo-
cardiogram. The service is run as part of a network
with paediatric cardiologists from Great Ormond
Street Hospital. There are no direct general practi-
tioner referrals to the specialist outreach clinic.

Data collection and analysis
Data were collected from the electronic hospital
records for all children using a standard proforma.
Information collected included: age, gender, reason
for referral, any additional symptoms the child had
at presentation, family history of cardiac disease,
hospital investigations carried out, and clinic out-
come. Children were included in the study if they
were referred for assessment of a heart murmur.
Except where otherwise stated, data are presented

as percentages. Comparison between groups was
performed using Fisher’s exact test with a significance
level of p< 0.05.

Results

A total of 313 children were newly referred during
2011 and complete records were available for 310.
Of those, 186 (60%) were referred for investigation

of a murmur and were seen at a median age of
1.43 years, ranging from 2 weeks to 15.83 years,
and 53% were male. 154 (83%) of the 186 were
referred for an asymptomatic incidental murmur
alone and 32 (17%) for a murmur plus other symp-
toms or a family history of cardiac disease. All
children underwent echocardiography, and 38 (20%)
of them had some form of congenital heart disease
(Table 1). In all, 148 (80%) children with normal
echocardiograms were immediately discharged back
to the care of their general practitioner.
Table 2 shows a detailed breakdown of the out-

comes of the 154 children with an asymptomatic
murmur. Congenital heart disease was detected in
34 children. Almost all pathology, 33 of 34 (97%),
occurred in children under 5 years of age. The highest
incidence was seen in children under the age of
3 months (13 of 30 (43%)) and the incidence
decreased with age. Congenital heart disease was not
detected in any child with a murmur over 10 years of
age. Of the 34 children referred with an asympto-
matic murmur and found to have congenital heart
disease, eight (24%) required either a surgical or a
catheter-based intervention (five patent ductus
arteriosus, one pulmonary valve stenosis, one atrial
septal defect, and one coarctation of the aorta). Of
these 34 children, six have been discharged as their
pathology resolved without intervention, and the
remaining 28, including those who had interven-
tions, are still being monitored in the specialist out-
reach clinic with the visiting paediatric cardiologist.
Children aged between 3 and 12 months were most
likely to need intervention with 6 of the 10 (60%)
children requiring surgery.
Of the 32 children who were referred with a

murmur plus either symptoms or family history of
cardiac disease, four children had pathology. Of
those, three children were under 6 months of age (one
ventricular septal defect, one patent foramen ovale,
and one bicuspid aortic valve), and one child between
1 and 2 years of age had a functionally bicuspid and
dysplastic aortic valve. Two of these children were
subsequently discharged as their pathology had

Table 1. Outcomes of all children referred for investigation of a
murmur.

Total
(n)

Normal
heart
(n (%))

Congenital
heart disease
(n (%))

All murmurs 186 148 (80) 38 (20)
Asymptomatic murmur 154 120 (78) 34 (22)
Murmur plus either symptoms
or family history of cardiac
disease

32 28 (88) 4 (12)
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resolved and the others are being monitored in the
outreach clinic. None have required intervention at
this stage (Table 3). The presence of family history
or symptoms did not significantly increase the
chances of congenital heart disease (p= 0.33, Fisher’s
exact test).
Three children with heart murmurs were newly

referred to the clinic via the emergency department
over this time period, of whom two presented
with an incidental murmur alone, and one with an
incidental murmur in association with concerns
about Kawasaki’s disease. All had normal echo-
cardiographic evaluations and were subsequently
discharged from follow-up.

Discussion

Summary
To the best of our knowledge, this is the first report
of the outcomes of children with heart murmurs
referred by general practitioners to a paediatrician
with expertise in cardiology clinic in the United
Kingdom. It shows that one in five children with a
murmur were found to have some form of congenital
heart disease, increasing to almost one in two chil-
dren under 3 months of age. Symptoms or a family
history of congenital heart disease were not helpful
when distinguishing between children with and
without congenital heart disease. This study suggests

that murmurs in children, particularly those under
5 years of age, should raise a high index of suspicion
and supports current general practitioner referral
practice from a clinical perspective. It is important to
recognise that congenital heart disease will be detected
both antenatally and postnatally pre-hospital discharge,
and over the study period 11 children were diagnosed
with cardiac problems before they were seen in
primary care.

Strengths and limitations
This study included data collected systematically on
over 99% of children referred by general practitioners
to the clinic over a 12-month period. All children
were seen by the same paediatrician with expertise in
cardiology and all underwent echocardiography.
Although this provides robust data on the outcomes
of children referred to the clinic, it may not include
data on children with heart murmurs that general
practitioners did not refer. It is unlikely that children
would have been referred to other hospitals as the
local service is well established. The fact that only
three children with murmurs were identified follow-
ing attendance in the emergency department further
suggests that referral pathways to the outpatient
service are well organised.
This study is retrospective and relies on what is

documented in hospital letters. The extent of any
information bias resulting from this is reduced

Table 3. Incidence and outcome of congenital heart disease in referrals of murmur plus either symptoms or family history by age at
appointment.

Congenital heart
Management

Age Total (n) Normal heart (n (%)) disease (n (%)) Surgery Monitor Discharged

< 3 months 4 2 (50) 2 (50) 0 0 2
3 to < 12 months 8 7 (88) 1 (13) 0 1 0
1 to< 5 years 7 6 (86) 1 (14) 0 1 0
5 to <10 years 5 5 (100) 0 (0) 0 0 0
10 years 8 8 (100) 0 (0) 0 0 0

Table 2. Variation in incidence and subsequent management of congenital heart disease in children referred with an asymptomatic murmur
by age at appointment.

Congenital heart
Management

Age Total (n) Normal heart (n (%)) disease (n (%)) Surgery Monitor Discharged

< 3 months 30 17 (57) 13 (43) 0 7 6
3 to < 12 months 42 32 (76) 10 (24) 6 4 0
1 to < 5 years 61 51 (84) 10 (16) 1 9 0
5 to < 10 years 18 17 (94) 1 (6) 1 0 0
10 years 3 3 (100) 0 (0) 0 0 0
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as all children were seen by the same paediatrician.
The standardised format for all letters including:
reason for referral, presenting symptoms, signs,
family history of heart disease, diagnosis, and out-
come allowed an accurate review of this cohort.

Comparison with existing literature
Our finding that 20% of children referred with a
murmur have congenital heart disease is consistent
with published data from the United States of
America, where 24% of children referred by
primary care physicians without first ordering
echocardiography had trivial congenital heart dis-
ease, and a further 13% potentially significant
disease.8 The decreasing prevalence of congenital
heart disease with increasing age is also consistent
with other studies.6,9,10 The finding that almost
50% of children seen in clinic with a murmur up
to 3 months of age have congenital heart disease
is within the previously reported range of
31–86%.11–13

Although the numbers are small, our study shows
that additional symptoms and family history of
congenital heart disease were not helpful in this
population in distinguishing which children have a
pathological murmur. This challenges guidance from
a recent American review,6 which included both a
history of congenital heart disease and systems review
in recommendations to help distinguish between
innocent and pathological heart murmurs. They
suggested that the diagnosis of an innocent murmur
can be made in children over 1 year if four criteria are
met: absence of abnormal examination findings,
except for murmur; a negative review of symptoms,
that is, child is asymptomatic; a history that is
negative for features that increase the risk of con-
genital heart disease; and characteristic auscultatory
features of a specific innocent heart murmur.
Although this study does not take into account
the auscultatory features of the murmur, general
practitioners have been shown not to be skilled at
distinguishing innocent and pathological murmurs
clinically.14 Although clinical examination by pae-
diatric cardiologists has a sensitivity and specificity of
over 90%,5,15 asking general practitioners to make a
diagnosis of an innocent murmur based on clinical
examination findings and the presence of symptoms
and family history would likely miss a number of
children with otherwise detectable congenital heart
disease. In this cohort of 186 children, 11 children
with congenital heart disease over 1 year of age may
have been missed, including two who required
intervention.
The clinical significance of missing this small

number of children with congenital heart disease,
particularly those who do not require intervention, is

beyond the scope of this study. Just as important,
however, are the consequences of over-diagnosis
and routinely providing echocardiography for all
children with a murmur. With recent guidelines for
endocarditis antibiotic prophylaxis in children with
congenital heart disease now recommending that
treatment is no longer required when undergoing
dental, respiratory tract, gastrointestinal, and geni-
tourinary procedures,16 a specific echocardiographic
diagnosis in a child with an asymptomatic murmur,
which does not affect the child physically is perhaps
no longer necessary. At the same time, providing
specialist-led echocardiography services for all will
have health-care resource implications and poten-
tially further deskill general practitioners and general
paediatricians. For parents, however, being told that
their child has a heart murmur is understandably an
emotive issue and can generate high levels of anxi-
ety,17 and many seek a definitive diagnosis. A small
number of children with murmurs may also require
surgery under a general anaesthetic, and an accurate
cardiac diagnosis will be important for the anaes-
thetist and surgeon when planning care. Anaes-
thetists will often not proceed with surgery until a
heart murmur has been assessed, resulting in last
minute cancellation of the surgery with disruption
for the family and the surgical waiting list. Justifying
not referring children with murmurs for further
assessment may therefore be a challenge for general
practitioners. Given that echocardiography now
approaches near-perfect sensitivity and specificity
with colour Doppler14,18 referral to a one-stop clinic
would seem appropriate and cost-effective. Organis-
ing services in this way benefits the health economy, a
definitive diagnosis is made, and children do not
return for further follow-up by inexperienced doctors
unnecessarily.

Implications for research and practice
This study suggests that current referral practice to
refer otherwise asymptomatic children under 5 years
of age with a heart murmur that persists after an acute
illness is not unreasonable. The development of a
one-stop clinic for murmur assessment with echo-
cardiography allows early diagnosis of congenital
heart disease and equally importantly the discharge
of children with normal hearts back to the care of
their general practitioner. Further research into the
presenting features and outcomes of all children with
heart murmurs detected in primary care and sub-
sequent economic analyses in the United Kingdom
are, however, needed to determine whether echo-
cardiography for all is a both safe and cost-effective
referral strategy for general practitioners in the
United Kingdom.
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