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Abstract
Objectives  We aimed to determine if auscultation or 
a point-of-care scan could reduce the need for standard 
echocardiography (transthoracic echocardiogram (TTE)) 
in community patients with asymptomatic murmurs.
Methods R equests from general practitioners were 
directed to a new murmur clinic. Auscultation and a 
point-of-care scan were performed by a cardiologist 
between 1 October 2013 and 31 December 2014 and by 
a scientist between 21 July 2015 and 9 May 2017.
Results I n the first phase (cardiologist), there were 75 
patients, mean age 54 (56 women), and in the second 
phase there were 100 patients, mean age 60 (76 
women). In the total population of 175, abnormalities 
were shown on TTE in 52 (30%), on point-of-care 
scan in 52 (30%) and predicted on auscultation in 45 
(26%) (p=0.125; 95% CI −0.02 to 0.29). The sensitivity 
of auscultation was not significantly different for the 
cardiologist (91%) as for the scientist (83%) (p=0.18; 
95% CI −0.22 to 0.175) and the specificity was 100% 
for both. Accuracy was 97% for the cardiologist and 
95% for the scientist. For the point-of-care scan, the 
sensitivity, specificity, positive and negative predictive 
values and accuracy were 100% for both cardiologist 
and scientist.
Conclusion  Most patients in a specialist murmur clinic 
had normal auscultation and point-of-care scans and 
no additional valve disease was detected by standard 
echocardiography. This suggests that a murmur clinic 
is a valid model for reducing demand on hospital 
echocardiography services.

Introduction
Heart valve disease is increasingly prevalent and a 
major cause of morbidity and premature death in 
all countries.1 2 Early identification and specialist 
follow-up allows timely referral for intervention 
and improves outcomes.3 4

Auscultating a murmur followed by echocardiog-
raphy is the principle pathway for detecting valve 
disease in the community and is the second most 
common indication for open access echocardiog-
raphy after suspected heart failure.5 6 However, 
auscultation by general practitioners has recently 
been confirmed to be both insensitive and non-spe-
cific for the detection of heart valve disease.7 8 Valve 
disease of any grade is found on echocardiography 
in less than one-third of patients referred from the 
community because of a murmur.5 6 Furthermore, 
standard echocardiograms (transthoracic  echocar-
diogram (TTE)) take about 45 min to perform and 
are a relatively scarce resource. It has been suggested 

that a more limited ‘point-of-care scan’ taking 
10–15 min can screen out patients not requiring 
TTE.8 9 This has not previously been investigated.

At our hospital, we developed a specialist murmur 
clinic for open access general practitioner requests 
indicated by a murmur. In a first feasibility phase, 
a consultant cardiologist performed both ausculta-
tion and the point-of-care scan, and in a subsequent 
phase these were performed by clinical scientists. 
This study compares results of auscultation and 
a point-of-care scan performed by a scientist or a 
cardiologist against TTE as the ‘gold standard’.

Method
Patients referred for open access echocardiog-
raphy by their general practitioner because of an 
asymptomatic murmur were booked into a once 
weekly afternoon session at Guy’s and St Thomas’ 
Hospitals. The first phase (consultant cardiolo-
gist) study was conducted as a feasibility exercise 
from 1 October 2013 to 31 December 2014 and 
the second phase (scientist) between 21 July 2015 
and 9 May 2017. All patients had a standard study 
(TTE)10 performed by a scientist (first phase JD, 
second phase RB) using a Vivid-7 system (GE 
Medical, Milwaukee, Wisconsin, USA). A point-
of-care scan with the Vivid-7 system and ausculta-
tion were performed either before or after the TTE 
with no knowledge of the results of the TTE, in the 
first phase by a consultant cardiologist (JC) and in 
the second phase, when rostering permitted, by a 
clinical scientist (SS or JD). The point-of-care scan 
consisted of four views (parasternal long-axis and 
short-axis, apical 4-chamber and 5-chamber and 
subcostal) with imaging alone then added colour 
Doppler mapping.11 Auscultation was conducted in 
the four standard points and in intermediate posi-
tions with the patient at 45o then at the left sternal 
edge with the patient sitting forward and at the 
apex and axilla lying on the left side. The clinical 
scientists had received training in auscultation with 
a cardiologist (JC) in a specialist valve clinic and at 
an MSc course run by Swansea University.

Analysis
Auscultation was classed as normal if there was 
no murmur heard or a likely benign systolic flow 
murmur (soft, short ejection systolic murmur with a 
well-heard second sound). Auscultation was classed 
as abnormal if there was a loud, long ejection 
systolic murmur or a soft, or absent second sound 
or a pansystolic or diastolic murmur. The point-of-
care scan was classed as normal if there was no more 
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Figure 1  Consort diagram for the second, scientist phase of the study.

Table 1  Comparison of auscultation and point-of-care echocardiography against standard transthoracic study as % (95% CI) performed by a 
scientist or consultant cardiologist

Auscultation Point-of-care echocardiography

Scientist Cardiologist Scientist Cardiologist

Sensitivity 83 (64 to 94)% 91 (72 to 99)% 100 (88 to 100)% 100 (85 to 100)%

Specificity 100 (95 to 100)% 100 (93 to 100)% 100 (95 to 100)% 100 (93 to 100)%

PPV 100% 100% 100% 100%

NPV 93 (86 to 97)% 96 (87 to 99)% 100% 100%

Accuracy 95 (89 to 98)% 97 (91 to 100)% 100 (95 to 100)% 100 (98 to 100)%

Positive likelihood – – – – 

Negative likelihood 0.17 (0.08 to 0.38) 0.09 (0.02 to 0.33) 0 0

NPV, negative predictive value; PPV, positive predictive value.

than minimal thickening or trivial regurgitation. It was classed 
as abnormal if there was anything more than mild thickening 
or trivial regurgitation. The TTE was classed as: normal, mildly 
abnormal (advised to have serial TTE after 3 years as per inter-
national guidelines),12 moderately abnormal (offered follow-up 
in a specialist valve clinic) and severely abnormal (requiring an 
immediate cardiology opinion). For the purposes of comparison 
with auscultation or point-of-care echocardiography, the three 
grades of abnormal (mild, moderate and severe) were combined.

Mean age was calculated. The sensitivity, specificity, positive 
and negative predictive values, accuracy and positive and nega-
tive likelihood of auscultation and point-of-care scans against 
standard echocardiography were calculated. Comparison of 
results for auscultation and point-of-care scans against standard 
TTE was with a two-tailed exact McNemar’s test. The results 
of auscultation between scientist and cardiologist was with a 
two-sided Fisher’s exact test. Calculations were performed using 
Stata V.14.2. Costs were estimated using the current National 
Health Service tariff of £81.73 for a standard simple echocardio-
gram in an adult. An estimate of £27.24 was made for a point-
of-care scan since three can be performed in the time taken for 
one standard study.

Results
In the first phase (cardiologist), there were 75 patients (56 
women and 21 men) mean age 54 (range 20–94) years. In the 
second phase (scientist), there were 100 patients (76 women and 
24 men) mean age 60 (range 22–92) years. Recruitment was 
slow because 91 patients failed to attend appointments and two 

scientists could not be released for every murmur clinic because 
of general departmental demands (figure 1).

Results of TTE, auscultation and point-of-care scan
Results were similar in both phases. In phase 1, abnormalities 
were detected on TTE in 23 (31%), on the point-of-care scan 
in 23 (31%) and on auscultation in 21 (28%). In the second 
phase, abnormalities were detected on TTE in 29 (29%), on the 
point-of-care scan in 29 (29%) and on auscultation in 24 (24%). 
By comparison with TTE (30%), the proportions for the total 
population detected by point-of-care scan (30%) or auscultation 
(26%) were not statistically significantly different (p=0.125; 
95% CI −0.021 to 0.288).

Comparisons of auscultation and point-of-care echocardiog-
raphy against standard echocardiography are given in table 1. 
Auscultation by the cardiologist was slightly more sensitive than 
by the scientists (91% vs 83%). This difference was not statisti-
cally significant (p=0.184; 95% CI −0.022 to 0.175), although 
the wide 95% CI indicated that equivalence of cardiologist and 
scientist auscultation was not proved. There were no differences 
for point-of-care echocardiography performed by cardiologist or 
scientist (table 1).

For both phases combined, the severe abnormalities detected 
were severe aortic stenosis (n=4); the moderate abnormalities 
were moderate aortic stenosis (n=10), moderate aortic (n=3), 
mitral (n=3) or tricuspid regurgitation (n=3), left  ventricular  
(LV) hypertrophy (n=7) and LV systolic dysfunction (n=1) 
and the mild abnormalities were mild aortic stenosis (n=9), 
mild aortic (n=6) or mitral regurgitation (n=5) or a subaortic 
membrane (n=1).

The murmur clinic model with 52 TTE and 123 point-of-care 
scans would have cost £7600 (Euro 8637, US$10 185) compared 
with the conventional model involving 175 TTE which cost 
£14 303 (Euro 16253, US$19 166). This represents a saving of 
82 hours of scanning time and £6703 (Euro 7616 or US$8981) 
based on current National Health Service tariffs.

Discussion
This is the first published description of a specialist murmur 
clinic. The majority (70%) of patients referred from the commu-
nity with a murmur had structurally normal hearts and could 
safely have been screened using the limited views of a point-of-
care scan.

The sensitivity of auscultation by the scientist was 83% 
compared with 91% by the cardiologist, a difference that was 
not statistically significant although with wide 95% CIs reflecting 
the small population size. We estimate that a sample size of 580 
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Key messages

What is already known about this subject?
►► A murmur is a non-specific guide to the presence of heart 
valve disease but is one of the most common indications for 
echocardiography. This has significant resource implications.

What does this study add?
►► A normal standard echocardiogram can be accurately 
predicted by a point-of-care scan in a specialist 'murmur 
clinic'.

How might this impact on clinical practice?
►► Triage with a point-of-care scan could greatly reduce the 
need for standard echocardiography. A murmur clinic could 
apply evidence-based standards at local hospitals or within 
the community and refer only patients with significant valve 
disease to a specialist valve clinic.

would be necessary to investigate equivalence between scientist 
and cardiologist with 80% power and assuming an acceptable 
difference in performance of  <5%. By contrast, the point-of-
care scan had a sensitivity of 100% when performed by either 
scientist or cardiologist showing its superiority over auscultation 
for the detection of valve disease.8 We believe that auscultation 
should still be included in the assessment at a murmur clinic since 
a number of uncommon abnormalities (eg, muscular ventricular 
septal defect, aortic coarctation or pulmonary stenosis) would 
usually be associated with obvious systolic murmurs but might 
not be detected by a point-of-care scan. Conversely, diastolic 
murmurs as a result of mitral stenosis or pulmonary or aortic 
regurgitation may be hard to hear but should be obvious on a 
point-of-care echocardiogram. An abnormal murmur or point-
of-care scan should prompt a TTE.

National workforce and organisational differences mean that 
the disciplines running a murmur clinic may vary. Often a cardi-
ologist will run a murmur clinic either separately or within a 
specialist valve clinic,3 but in some countries, a specialist senior 
nurse might be trained for the role. In the UK, the cardiac physi-
ologist career structure is now expanding with a Higher Specialist 
Scientific Training programme designed to produce a new class 
of consultant clinical scientists. A murmur clinic is consistent 
with the extended clinical role expected of this discipline.

Comparison with existing literature 
Point-of-care scans have been shown to be safe and effective in 
acute medical presentations13–15 but have not previously been 
examined in patients with a murmur, although their use has been 
suggested in an international opinion paper.9 We found that only 
30% of patients with an asymptomatic murmur had any grade of 
valve disease which is similar to the 29% and 31% frequencies 
shown in large series of open access echocardiograms in the UK5 
and Holland.6 This is also consistent with recently published 
work7 showing that auscultation by general practitioners has a 
sensitivity of only 44% and specificity of 69% for the detection 
of significant valve disease on TTE. In an analysis of open access 
echocardiography,5 we detected significant valve disease in 127 
(18%) of 706 patients referred because of a murmur but in 267 
(15%) of 1745 patients when we extended the indications for 
echocardiography to include a potentially cardiac symptom, or 
atrial fibrillation. Furthermore, descriptive surveys16 17 suggest 
that general practitioners may not have time to auscultate. 
A murmur auscultated by a general practitioner will remain 
important but echocardiography is the ‘gold standard’ for detec-
tion. A point-of-care scan would allow basic echocardiography 
to be more widely available to patients with any risk factor for 
valve disease including abnormalities on the history, examina-
tion or ECG or potentially age >75.7–9

Clinical implications
A point-of-care scan can be seen as an ‘ultrasonic stethoscope’13 
and is useful primarily as an extension of the clinical examina-
tion to reduce the need for relatively time-consuming and costly 
TTEs. The organisation of our clinic means that a TTE can be 
performed immediately if clinically indicated. Furthermore, not 
all clinicians requesting echocardiography may have competen-
cies in the management of valve disease and the murmur clinic 
allows protocol-led application of agreed standards of care.12 
Patients with moderate or severe valve disease are referred 
directly to a specialist valve clinic.

However, a community setting may be geographically more 
convenient for patients. This might increase the attendance 

rate since 91 (40%) of 225 people invited to our clinic failed 
to attend. Those with normal scans would not need to travel to 
hospital and those with minor abnormalities requiring periodic 
follow-up could have this within the community. It would be 
possible to run community clinics with portable or hand-held 
devices14 18 which compare well against high-end machines 
for detection of valve disease.13 14 However, it is essential that 
community-based systems have robust processes to deal with 
abnormalities including quick access to comprehensive TTE 
within a hospital-based specialist valve clinic.
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