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Abstract
Objective Cardiac auscultation is a key clinical
skill, particularly for the diagnosis of valvular heart
disease (VHD). However, its utility has declined due to
the widespread availability of echocardiography and
diminishing emphasis on the importance of clinical
examination. We aim to determine the contemporary
accuracy of auscultation for diagnosing VHD in primary
care.
Methods Cardiac auscultation was undertaken
by one of two experienced general practitioners
(primary care/family doctors) in a subset of 251
asymptomatic participants aged >65 years undergoing
echocardiography within a large community-based
screening study of subjects with no known VHD.
Investigators were blinded to the echocardiographic
findings. Newly detected VHD was classified as mild
(mild regurgitation of any valve or aortic sclerosis) or
significant (at least moderate regurgitation or mild
stenosis of any valve).
Results Newly identified VHD was common, with mild
disease in 170/251 participants (68%) and significant
disease in 36/251 (14%). The sensitivity of auscultation
was low for the diagnosis of mild VHD (32%) but slightly
higher for significant VHD (44%), with specificities of
67% and 69%, respectively. Likelihood ratios were not
statistically significant for the diagnosis of either mild
or significant VHD in the overall cohort, but showed
possible value for auscultation in non-overweight
subjects (body mass index <25 kg/m2).
Conclusion Cardiac auscultation has limited accuracy
for the detection of VHD in asymptomatic patients and
is a poor diagnostic screening tool in primary care,
particularly for overweight subjects. Ensuring easy
access to echocardiography in patients with symptoms
suggesting VHD is likely to represent a better diagnostic
strategy.

Introduction

Cardiac auscultation is one of the key clinical skills
used by physicians in the diagnosis and assessment
of valvular heart disease (VHD). However, its
perceived utility has declined as a consequence of
diminishing emphasis on the importance of clinical examination and the widespread availability
of echocardiography.1 While previous studies

have evaluated the use of auscultation in the diagnosis of VHD (mainly in children) among hospital
doctors,2–6 none have assessed the auscultation
skills of general practitioners (primary care/family
doctors) in older subjects (in whom VHD is more
common). Primary care practitioners rarely have
immediate access to echocardiography, and practical clinical skills such as auscultation are used for
diagnostic assessment.
Symptoms present late in the natural history of
VHD, resulting in delayed referral for specialist
assessment and consideration of surgical or percutaneous intervention. The Oxfordshire Valvular Heart
Disease Population Cohort Study (OxVALVE) is the
first prospective community-based study of VHD
worldwide7 and has demonstrated a high prevalence of undiagnosed VHD in older people. In
this substudy, we evaluated the accuracy of cardiac
auscultation by primary care/family doctors in the
diagnosis of VHD, with transthoracic echocardiography as the reference standard.

Methods

We identified 251 individuals undergoing echocardiography at two primary care sites participating
in OxVALVE—a large 4000-patient community-based prospective screening study identifying the
prevalence of undiagnosed VHD in asymptomatic
subjects aged over 65 years.7
Systematic cardiac auscultation, incorporating
assessment of pulse character and murmur radiation (where appropriate), was undertaken by one
of two fully trained primary care/family doctors. In
the UK, these practitioners complete a prescribed
3-year training programme including a variety of
clinical placements. In subsequent independent
practice, they see unselected patients in primary
care, covering presentations across all areas,
including gerontology, gynaecology, adult internal
medicine and paediatrics. Each of the participating
primary care/family doctors had greater than 10
years of clinical experience (although neither of
them had received specialist cardiology training).
They used an acoustic stethoscope under ‘real world
conditions’ without the knowledge of the echocardiographic findings. During the same study visit,
heart sounds were recorded using an electronic
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Cardiac auscultation poorly predicts the presence of
valvular heart disease in asymptomatic primary
care patients

Valvular heart disease
Results
The mean age of study participants was 75±6 years (51%
male). Cardiac murmurs were heard in 82 subjects (80 systolic,
2 diastolic) by the primary care/family doctors with a higher
likelihood of detection in women. By comparison, cardiac
murmurs were heard in 102 subjects (79 systolic, 23 diastolic)
by cardiologists.
Echocardiography demonstrated mild and significant VHD
in 170/251 (68%) and 36/251 (14%) participants, respectively.
Details concerning the accuracy of VHD diagnosis by auscultation are provided in table 1. Detection of mild VHD by general
practitioners was modest overall (sensitivity 32%, specificity
67%) but slightly better for significant VHD (sensitivity 44%,
specificity 69%). Conversely, the negative predictive value of
cardiac auscultation for the exclusion of significant VHD was
reasonable (88%). However, this was similar to the proportion
of subjects without significant VHD in the cohort (86%), indicating that auscultation did not aid the separation of those with/
without VHD. This was supported by the positive and negative
likelihood ratios which suggested that auscultation had poor
diagnostic yield, with no statistically significant likelihood ratios
for the prediction of either mild or significant VHD (table 1).
Subanalysis according to BMI (table 2) suggested that this yield
was particularly low in overweight patients (BMI ≥25 kg/m2),

Table 1 Accuracy of cardiac auscultation by general practitioners and cardiologists in the diagnosis of VHD, compared with echocardiography as
the reference standard (95% CIs in parentheses)
Significant VHD
(A) General practitioners
Positive

Negative

 Murmur present

16

66

Total
82

PPV: 20% (12% to 30%)

 Murmur absent

20

149

169

NPV: 88% (82% to 93%)

 Total

36

215

251

Prev: 14% (10% to 19%)

Sens: 44% (28% to 62%)

Spec: 69% (63% to 75%)

LR+: 1.45 (0.95 to 2.20)

LR−: 0.80 (0.59 to 1.09)

(B) Cardiologists (mean rating)
Positive

Negative

 Murmur present

11

40

Total
51

PPV: 22% (11% to 35%)

 Murmur absent

25

175

200

NPV: 88% (82% to 92%)

 Total

36

215

251

Prev: 14% (10% to 19%)

Sens: 31% (16% to 48%)

Spec: 81% (76% to 86%)

LR+: 1.64 (0.93 to 2.89)

LR−: 0.85 (0.68 to 1.07)

Mild VHD
(C) General practitioners
Positive

Negative

 Murmur present

55

27

Total
82

PPV: 67% (56% to 77%)

 Murmur absent

115

54

169

NPV: 32% (25% to 40%)

 Total

170

81

251

Prev: 68% (62% to 73%)

Sens: 32% (25% to 40%)

Spec: 67% (55% to 77%)

LR+: 0.97 (0.67 to 1.41)

LR−: 1.01 (0.84 to 1.22)

(D) Cardiologists (mean rating)
Positive

Negative

 Murmur present

37

14

Total
51

PPV: 73% (58% to 84%)

 Murmur absent

133

67

200

NPV: 34% (27% to 40%)

 Total

170

81

251

Prev: 68% (62% to 73%)

Sens: 22% (16% to 29%)

Spec: 83% (73% to 90%)

LR+: 1.26 (0.72 to 2.19)

LR−: 0.95 (0.83 to 1.07)

LR+, positive likelihood ratio; LR−, negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value; Prev, prevalence; Sens, sensitivity; Spec, specificity;
VHD, valvular heart disease.
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stethoscope (3M Littmann Electronic Stethoscope Model 3200),
and these sounds were analysed at a later date by two consultant
cardiologists (without visual analysis of the waveform or knowledge of the echocardiographic findings).
An investigating physician or sonographer undertook detailed
transthoracic echocardiography with a Vivid-Q portable
machine (Vingmed-General Electric, Horton, Norway) immediately following auscultation using standard views according
to the British Society of Echocardiography guidelines. Valve
anatomy, physiology and the severity of VHD were classified
according to international guideline criteria.8–10 For the purposes
of this analysis, VHD was defined as either mild (aortic sclerosis or mild regurgitation of any valve) or significant (at least
moderate regurgitation or mild stenosis of any valve).
Standard measures of diagnostic accuracy (sensitivity, specificity, positive and negative predictive values, positive and negative likelihood ratios) were determined using echocardiographic
assessment as the reference standard. We performed separate
analyses to determine if diagnostic accuracy of auscultation
by primary care/family doctors was different in those with or
without high body mass index (BMI ≥25 kg/m2). For the cardiologists, 2×2 confusion matrices based on their ratings were
combined using means for the purposes of analysis. Statistical
analyses were performed using Stata V.14.2 (StataCorp) and R
V.3.4.3 (R Foundation for Statistical Computing).

Valvular heart disease

BMI <25 kg/m2

BMI ≥25 kg/m2

P values for
difference
between groups

n

86

165

Significant VHD

21 (24%)

15 (9%)

0.002

Sensitivity

57% (34%–78%)

27% (8%–55%)

0.40

Specificity

71% (58%–81%)

69% (61%–76%)

0.99

Positive predictive
value

39% (22%–58%)

8% (2%–19%)

0.01

Negative predictive
value

84% (71%–92%)

90% (83%–95%)

0.84

Positive likelihood
ratio

1.95 (1.15–3.32)

0.85 (0.36–2.04)

0.11

Negative likelihood
ratio

0.61 (0.36–1.02)

1.07 (0.77–1.48)

0.07

P values are for the differences between groups (BMI <25 vs ≥25) and are based on
χ2 test, with the exception of Cochran’s Q test for likelihood ratios.

although lower numbers in the subgroups precluded many statistically significant differences between these groups, and caution
is required in interpreting subgroup analyses.
The assessment of recorded heart sounds by cardiologists was
less sensitive but more specific for the detection of both mild
(sensitivity 22%, specificity 83%) and significant (sensitivity
31%, specificity 81%) VHD. Similar to the primary care/family
doctors, the negative predictive value of auscultation was high
(88%). However, the cardiologists’ analysis of recorded heart
sounds showed no statistically significant likelihood ratios for
the overall prediction of VHD (table 1).

Discussion
Summary of findings

In this study, among 251 asymptomatic elderly subjects, the
prevalence of newly diagnosed mild and significant VHD
detected using echocardiography was 68% and 14%, respectively. Cardiac auscultation (blinded to the echocardiographic
findings) demonstrated only modest sensitivity for the detection
of VHD. Furthermore, both negative and positive likelihood
ratios were close to unity, suggesting that auscultation did not
provide useful discriminative information for the diagnosis of
VHD in an asymptomatic elderly population. However, diagnostic accuracy is likely to be improved in those presenting with
symptoms suggestive of VHD (which has not been examined
in this study). Sub-group analysis has also suggested that clinical screening without the need for echocardiography may have
greater utility in non-overweight subjects, but it may not hold
in overweight subjects (BMI >25 kg/m2) where our data suggest
that auscultation is less accurate.

Comparison with existing literature

Other studies indicate that the widespread availability of echocardiography has led to a decline in cardiac auscultation skills
(and, by inference the ability to diagnose VHD) among medical
students and postgraduate trainees across a wide range of
medical specialties, including cardiology, paediatrics, internal
medicine and family practice.11–13 Indeed, auscultation is
frequently omitted from routine examination by primary care
1834

practitioners, even in the presence of cardiac symptoms.14 Proficiency in cardiac auscultation is low in the USA, Canada and
England15 and in one report, almost 20% of patients with severe
aortic stenosis have been missed during cardiovascular examination by a cardiologist.16 Consistent with our findings, cardiac
auscultation in one hospital-based study demonstrated sensitivities of 0%–37% and specificities of 85%–100% in the assessment
of 294 patients with mainly regurgitant murmurs, using echocardiography as the reference standard.3
Earlier diagnosis of VHD is an important clinical goal to facilitate assessment in a specialist valve clinic, education concerning
key symptoms and the prevention of infective endocarditis, and
timely referral for surgery or percutaneous intervention.17 There
are limited previous data concerning the accuracy of physical
examination in subjects with asymptomatic VHD2 and echocardiographic population screening has a low yield for the detection
of VHD in younger subjects,18 19 except in areas where childhood rheumatic heart disease remains highly prevalent.5 6 Even
in a large study of over 2000 patients undergoing open access
echocardiography, only 127 (18%) of 706 with a murmur had
significant VHD.20

Strengths and limitations

The purpose of this study was to provide a real-world analysis of
auscultation performed in an outpatient setting by primary care/
family doctors without specialist training in cardiology using
echocardiography as the reference standard. Direct comparison
of the accuracy of conventional cardiac auscultation by general
practitioners and cardiologists in the same patients was not
possible for logistical reasons. A resulting significant limitation
of our indirect comparison was that the primary care/family
doctors undertook conventional auscultation using an acoustic
stethoscope while the cardiologists accessed recorded heart
sounds of better fidelity from the same patients but without
access to other clinical features. Furthermore, measures of the
predictive accuracy of any diagnostic test are dependent on the
prevalence of the disease, and significant VHD was present in
only 14% of our study cohort.

Implications for research and/or practice

Our findings demonstrate that cardiac auscultation has only
modest sensitivity for the detection of VHD in an asymptomatic population, and the low negative likelihood ratio suggests

Key messages
What is already known on this subject?

►► Cardiac auscultation is widely taught, and it is believed to

have some diagnostic accuracy for valvular heart disease
(VHD) in symptomatic patients, but the ability to diagnose
VHD in asymptomatic subjects is unclear.

What might this study add?

►► Cardiac auscultation has limited accuracy for the detection

of VHD in unselected asymptomatic patients and is a poor
diagnostic screening tool in primary care, particularly for
overweight subjects.

How might this impact on clinical practice?

►► Echocardiography is likely to represent a better diagnostic

strategy in patients with symptoms suggesting VHD or for
VHD screening in general practice.
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Table 2 Comparison of diagnostic accuracy of auscultation by
general practitioners for the prediction of significant valvular heart
disease (VHD), according to body mass index (BMI) above and below
the upper limit of ‘healthy weight’ as defined by the World Health
Organization (25 kg/m2)

Valvular heart disease
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that auscultation is a poor diagnostic tool for the screening of
asymptomatic patients in primary care. Our data suggest that
it may perform better in non-overweight patients (BMI <25 kg/
m2), and it is likely that diagnostic yield would be higher in
those presenting with symptoms. The wider OxVALVE study
indicates that the diagnostic yield of echocardiography is significantly increased by the inclusion of atrial fibrillation or cardiac
symptoms as indicators of possible underlying VHD7 20—initial
screening in this high-risk group could be performed using
point-of-care echocardiography to reduce demand on scarce
echocardiography resources.21 22

