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Introduction

 Heart Valve disease accounts for 10% to 20% of all car-
diac surgical procedures carried out in the United States[1]. Ap-
proximately two thirds of these operations are for aortic valve 
replacement associated with aortic stenosis (AS)[1]. Mitral valve 
surgery is mainly performed for mitral regurgitation (MR), 
whilst most patients with mitral stenosis (MS) are treated by a 
percutaneous approach[1]. There is also a large group of patients 
with mild to moderate disease, who require accurate diagnosis 
and appropriate medical management[2].
 A murmur is a sound generated when blood travels 
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Abstract 
Aims: Auscultation is a straight forward and inexpensive method for the preliminary 
diagnosis of heart valve disease. However, many valve diseases are clinically silent and 
therefore echocardiography may be the preferred option. In this prospective study we 
aimed to investigate the sensitivity of auscultation in patients with mitral and aortic valve 
disease in comparison to Doppler echocardiography.
Methods: 300 consecutive patients with heart valve disease who attended the echocardi-
ography department at Erbil Cardiac Centre between May 2015 and February 2016 were 
included in this study. Patients were excluded if they were under 15 years of age, had 
poor window echocardiography, had prosthetic aortic and/or mitral valves, had a history 
of infective endocarditis, were pregnant or had congenital heart diseases. All of the in-
cluded patients underwent cardiac auscultation of the mitral and aortic valve, which was 
carried out by 2 experienced cardiologists. All of these patients were then investigated 
by transthoracic echocardiography.
Results: 215 mitral valve lesions and 122 aortic valve lesions were detected by echo-
cardiography. The most common lesion detected was mitral regurgitation followed by 
aortic regurgitation, aortic stenosis and mitral stenosis. Auscultation was only able to 
detect 51.6% of the mitral valve lesions and 56.6% of the aortic valve lesions. There was 
a significant association between inaudible murmurs and mild valve lesions on echo-
cardiography (p = 0.001) and between inaudible murmurs and systolic dysfunction as 
identified by echocardiography (p = 0.001).
Conclusions: Approximately half of the valve diseases detected by echocardiography 
were silent clinically.
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through vessels or valves in a turbulent or energy-dissipating 
manner. This can occur in valve and congenital heart disease, 
where the murmur is usually the major evidence of the abnormal-
ity. The murmur is usually detected during a basic cardiac exam-
ination by auscultation. Indeed, cardiac auscultation remains the 
most widely used method of screening for heart disease partic-
ularly in resource poor regions and when performed properly is 
a valuable and cost-effective clinical skill that often establishes 
the diagnosis, etiology, and severity of heart disease. The bell, 
when applied gently to the skin, will “bring out” low-frequen-
cy sounds and murmurs (e.g. S4 or S3 gallops, diastolic rumble 
of mitral stenosis). The diaphragm, when pressed firmly against 
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the chest wall, will accentuate high-pitched auscultation events 
(e.g., diastolic murmur of AR, pericardial friction rub)[3]. The 
intensity of a detected murmur corresponds to the loudness or 
amplitude of the sound wave, and is inversely related to the size 
of the opening, and directly proportional to the pressure gradient 
and the amount of blood flow through that opening[4,5]. For ex-
ample, a loud and late-peaking murmur may indicate relatively 
severe mitral stenosis and a systolic murmur of grade 3 intensity 
or greater suggests severe AS. It should, however be noted that 
many murmurs in asymptomatic people are innocent and of no 
functional significance[6].
 In the evaluation of heart murmurs, the purposes of 
performing a Doppler echocardiogram are to define the primary 
lesion and its etiology and judge its severity. For example aortic 
stenosis is said to be severe if the valve area is less than 1.0 cm2, 
the mean pressure gradient across the valve is greater than 40 
mm Hg, or the jet velocity is greater than 4.0 m/s[7]. Echocardi-
ography is also used to define hemodynamics, detect coexisting 
abnormalities, detect lesions secondary to the primary lesion, 
evaluate cardiac size and function, establish a reference point 
for future observations, and reevaluate the patient after an inter-
vention. 
 Despite the widespread utility of cardiac auscultation, 
some hemodynamically significant regurgitation lesions may 
be silent. The rationale underpinning the current study was that 
cardiac auscultation may lack the sensitivity to detect all types 
of heart valve disease and that this may possibly lead to com-
promises in patient care. Therefore, the aim of the current study 
was to investigate the sensitivity of clinical auscultation in com-
parison to echocardiography in the detection of all types of heart 
valve disease.

Methods

 This study was conducted in the cardiac center of the 
Surgical Specialty Hospital in Erbil Governorate. Ethical ap-
proval for this study was granted by the human ethics committee 
of the Surgical Specialty Hospital, Erbil. This study conforms to 
the declaration of Helsinki regarding research involving human 
subjects. All subjects gave informed consent.
 This prospective study involved 300 patients who at-
tended for echocardiography between May 2015 and February 
2016 at the Cardiac Center of the Surgical Specialty Hospital in 
Erbil. All of these patients had heart valve disease, as detected 
by echocardiography, and were between 15 - 85 years old. 
 In the first place all of the subjects were examined by 
cardiac auscultation. This was conducted by 2 cardiologists. The 
cardiologists did not know that all of the subjects had heart valve 
disease. Mitral sounds and murmurs were detected at the left 
5th intercostal space mid clavicular line, whilst sounds and mur-
murs of the aortic valve and aorta were examined at the second 
right intercostal space and the mid left sternal border. In addition 
murmur radiation to the neck was examined as an indicator of 
the systolic ejection murmur of AS and left axilla radiation was 
examined as an indicator of MR[4,5].
 Following auscultation all of the patients were exam-
ined by transthoracic echocardiography using a VIVID E9 ul-
trasonic machine (USA). M-mode was used to detect structural 
cardiac abnormalities, chamber dimensions and systolic func-
tion.Continuous wave Doppler echocardiography was used to 

measure the diastolic pressure gradient. The severity of mitral 
valve stenosis was classified as mild when the mitral valve area 
(MVA) was more than 2 cm2, moderate when MVA was 1.5 cm2 
to 2.0 cm2, severe when MVA was 1.0 to 1.5 cm2 and very se-
vere if the MVA was 1.0 cm2 or less[8]. The severity of AR was 
classified as mild when the jet width was < 25% of the left ven-
tricular out flow tract (LVOT), moderate when the jet width was 
25% - 64% of LVOT and severe AR when the jet width was ≥ 
65% of LVOT[2]. Ejection fraction was calculated using the bi-
plane Simpson method[9]. All of the echocardiography staff were 
blinded as to the results of the auscultation.
 Data were analyzed using the Statistical Package for 
Social Sciences (SPSS, version 19). Chi square test of associ-
ation was used to compare between proportions. When the ex-
pected count of more than 20% of the cells of the table was less 
than 5, Fisher’s exact test was used. McNemar test was used 
when comparing the auscultation results with the echocardiog-
raphy results for the same patients. A p value of < 0.05 was con-
sidered statistically significant.

Results

 Mitral valve disease (either isolated or mixed) was de-
tected by transthoracic echocardiography in a total of 215 pa-
tients. Only 111 (51.6%) of these cases were detected by aus-
cultation (p < 0.001). The lesion with the greatest percentage 
detected by auscultation was MVP and MR, whilst the lesion 
with the least percentage detection by auscultation was MR (ta-
ble 1). 

Table 1: Comparison of number of mitral valve diseases detected by 
auscultation compared with echocardiography. 

Valve lesion
No. detected 
by 
auscultation

No. detected by 
echocardiography

Percentage 
detected by 
auscultation

MR 71 156 45.5
MS 13 20 65
MR+MS 11 16 68.8
MVP 3 6 50
MVP+MR 13 17 76.5
Total Detected 111 215 51.6

 P = 0.001

 Valve lesions that were inaudible by auscultation were 
most likely to be mild and/or moderate according to echocardio-
graphic criteria for valve severity as shown in table 2. 
 These results reveal that auscultation is of low sensitiv-
ity in the detection of mitral valve disease. The sensitivity was 
51.6%, The specificity 100%, PV positive was 100% with an 
agreement rate of 88.3% (p < 0.001).
 A significant number of lesions that were inaudible 
were found in patients with low systolic function, typically with 
an ejection fraction of 25% to 54% (p = 0.001) as shown in table 
3.
 Table 4 shows a comparison of the aortic valve lesions 
detected by auscultation compared to echocardiography. Forty 
one percent of lesions involving AR were detected by auscul-
tation, 91.7% of lesions involving AS were detected by auscul-
tation and 50% of lesions involving AR & AS were detected by 
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auscultation. The lesions, which were most likely to be missed during auscultation, were of mild severity according to echocardio-
graphic criteria. A low ejection fraction (25 - 54%) was found in 45% of the patients whose aortic valve lesions were not detected 
by auscultation.

Table 2: Number and percent of mitral valve disease which are inaudible during examination according to severity.
ECHO MITRAL FINDINGS

ECHO MITRAL 
SEVERITY

MR No 
%

MS No.
 %

MR+MS 
No. %

MVP No.% MR+MVP 
No.%

TOTAL 
PAIENTS %

TOTAL 
LESION No.

Mild
33.0 5.0 2.0 2.0 3.0 45.0

113

74.5% 10.6% 4.3% 4.3 % 6.4 % 100.0 %

Moderate
30.0 1.0 1.0 1.0 1.0 34.0

88.9 % 2.8% 2.8% 2.8% 2.8% 100.0 %

Severe
3.0 1.0 0.0 0.0 0.0 4.0

80.0% 20.0% 0.0% 0.0% 0.0% 100.0 %

Mild-Moderate
19.0 0.0 1.0 0.0 0.0 20.0

95.5% 0.0 % 4.5 % 0.0 % 0.0 % 100.0 %

Mild MR & Moderate 
MS

0.0 0.0 1.0 0.0 0.0 1.0
0.0% 0.0% 100.0% 0.0% 0.0% 100.0%

Total Patients
85.0 7.0 5.0 3.0 4.0 104

82.9% 6.3 % 4.5 % 2.7 % 3.6 % 100.0 %
P VALUE* 0.001 0.001 0.62 0.02 0.226

*Fisher’s Exact Test
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Table 3: Correlation between cardiac mitral auscultation and systolic 
function during echocardiography examination.
ECHO SYSTOLIC 
FUNCTION(EF %)

Positive 
auscultation 
No. (%)

Negative 
auscultation 
No. (%)

25 - 35 4 (3.6%) 11 (10.57%)
36 - 45 12 (10.8%) 19 (18.3%)
46 - 54 22 (19.8%) 36 (34.6%)
55 - 70 73 (65.77%) 38 (36.5%)
TOTAL PATIENTS 111 (100.0%) 104 (100.0%)

Fisher’s Exact Test P = 0.001

Table 4: Comparison of number of aortic valve diseases detected by 
auscultation compared with echocardiography.
Valve lesion No. detected

by 
auscultation

No. detected by 
echocardiography

Percentage 
detected by 
auscultation

AR (including 
isolated AR, 
AR&MR, 
AR&MS, 
AR&MVP, 
AR&bicuspid 
aortic valve)

34 82 41.5

AS (including 
isolated AS, 
AS&MR, 
AS&bicuspid 
aortic valve)

33 36 91.7

AR+AS 2 4 50
Total Detected 69 122 56.6

 P = 0.001

 Auscultation is of low sensitivity (56.6%) in detecting 
aortic valve lesion with high agreement rate (94.3%) (p = 0.001). 
The specificity was 100%, the PV positive 100% and the PV 
negative 93.9%.

Discussion

 The greater prevalence of MR in this study compared 
to other heart valve disease agrees with other studies[10-13]. The 
second most common lesion was AR followed by AS and MS. 
This is similar to the study by Godown, et al[11] but different 
from the study by Reddy, et al[10]. These differences could be 
due to the different ages of the patients involved in these studies 
with Reddy, et al[10] enrolling children from 5-16 years old and 
the current study involving adults.
 The reporting indices of different studies in the litera-
ture varies with some reporting the sensitivity by auscultation 
for detecting MR[10,11,14], one reporting the sensitivity for detect-
ing all mitral valve lesions[15] and two reporting the sensitivity 
for detecting all valve lesions[12,16]. For those reporting the sen-
sitivity of auscultation for detecting MR the values range from 
15.9%[11] to 95%[17]. The percentage detection of MR in the cur-
rent study is similar to the study by Rahko, et al[18]. Reasons for 
the wide differences in the sensitivity for detecting MR could 
include the young age of the subjects[10,11] and the small size of 
the study whose focus was assessing the need for cardiac cath-
eterization rather than the sensitivity of auscultation per se[17]. 
The greater likelihood of missing mild and moderately severe 
mitral valve disease is in agreement with another study, which 
found there was a positive correlation between the ability to de-
tect valve lesions and the severity of the lesion[18]. It has also 
been stated that the ability to detect murmurs is dependent on 
the years of experience of the clinical examiners[19]; however this 
study employed experienced personnel.



 In the current study the detection of isolated AR and 
of all aortic valve diseases was similar to the studies of Jost, et 
al[15] and Rahko, et al[18] but higher than the studies of Godown, 
et al[11] and Stokke, et al[14]. It should be noted however that the 
study of Godown, et al[11] was carried out on juveniles where 
the incidence of AR is known to be rare and AS is known to be 
absent in this age group[10].
 Overall the sensitivity for detecting all heart valve dis-
ease was 50% in the study by Kobal, et al[12], which is very sim-
ilar to the current study. They went onto state that heart valve 
diseases that cause a systolic murmur, i.e. AS and MR, were the 
most accurately detected by auscultation[12]. This was also the 
case in the current study, which was particularly notable in the 
good detection of isolated AS.      
 One of the limitations of the current study is the rel-
atively low number of patients enrolled. This number was still 
bigger than many of the comparator studies[10,12-17] but lower than 
one study[11]. A second limitation is the conduct of this study at 
a single cardiac center where the proportions of patients suffer-
ing different heart valve diseases may not be reflected global-
ly. In this study the 3M Littmann classic stethoscope was used; 
however there is another newer Littmann stethoscope the Lit-
tmann cardiology IV stethoscope which the manufacturer’s 
claim has excellent sensitivity including the detection of “S3 
grade 3 heart sound” (http://solutions.3m.co.uk/wps/portal/3M/
en_GB/3M-Littmann-EMEA/Littmann-Stethoscope/). There 
may have been a slight difference in the detection of murmurs 
by the 2 cardiologists.  

Conclusion

 The results of this study show that clinical auscultation 
is not very accurate compared to echocardiography for the de-
tection of heart valve disease.
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