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Background: Vibratory innocent murmur is the most common precordial innocent murmur in children. The mechanism of vibratory
innocent murmur is still unclear.

Objectives: The aim of this study is to learn the mechanism of the vibratory innocent murmur.

Patients and Methods: The prospective cross-sectional study was conducted using 32 children who had the vibratory innocent murmur
(cases) in Chiang Mai University Hospital and 27 normal healthy children (controls). Two-dimension, Doppler, and tissue Doppler
echocardiography were performed on each subject to examine the difference between cases and controls.

Results: The left ventricular false tendon was present in 84% of cases and 22% of controls (P < 0.001). Left ventricular outflow tract velocity
was significantly higher in cases than in controls (P < 0.001). Early diastolic myocardial velocity at the base of the interventricular septum
was lower in cases with false tendon than those without false tendon (P= 0.048). No significant difference was found regarding ascending
aorta diameter, cardiac output and ejection fraction between the two groups. Left ventricular diastolic function was normal in all cases
and controls.

Conclusions: The vibratory innocent murmur is associated with the presence of left ventricular false tendon and higher left ventricular
outflow tract velocity. The presence of the left ventricular false tendon was somewhat associated with decreased early diastolic myocardial
velocity. Normal left ventricular systolic and diastolic function can be used as a reassurance in cases with the vibratory innocent murmur.
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1. Background

Vibratory innocent heart murmur is the most com-
mon precordial innocent murmur in children and is
characterized by groaning, vibratory and musical har-
monic qualities at the left lower sternal border (1, 2).
Prevalence of a grade I - III/VI vibratory innocent mur-
mur is 41% in children in the age group 5 - 14 years (3).
The genesis of vibratory innocent murmur is still un-
clear. In the previous studies of pulse, continuous wave
Doppler and color flow echocardiographic assessment,
high blood flow velocity in the left ventricular outflow
tract (LVOT) and ascending aorta (2-6), increased cardiac
output (2, 5), relatively smaller ascending aorta (3, 6, 7),
and left ventricular false tendon (8-12) were purported
to be responsible for the mechanism of the vibratory in-
nocent murmur. Also, the previous study showed that
a musical innocent murmur resulted from a vibration
of the cardiac structure (13). Because of the association
between peak murmur frequency and systolic left ven-
tricular dimension, the vibratory innocent murmur
is thought to originate from the left ventricle (7). New

echocardiographic techniques may be showing prom-
ise in their ability to identify the early changes of the
mechanics of the left ventricle. Tissue Doppler imaging
has been recently used as a relatively load-independent
measure of suspected early myocardial dysfunction (14).
Tissue Doppler echocardiography can measure a region-
al myocardial velocity for assessment of systolic and dia-
stolic function (15).

2. Objectives

To the best of our knowledge, there is no previous study
of tissue Doppler imaging of the vibratory innocent mur-
mur. Therefore, the objective of this study is to evaluate
the mechanism of the vibratory innocent murmur and
the left ventricular function using conventional and tis-
sue Doppler echocardiography.

3. Patients and Methods
We prospectively studied 32 children who had been

Copyright © 2015, Iranian Society of Echocardiography. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCom-
mercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0[) which permits copy and redistribute the material just in noncommercial us-

ages, provided the original work is properly cited.



Silvilairat S et al.

identified as having vibratory innocent murmur by the
clinical assessment of the musical harmonic qualities at
the left lower sternal border and 27 normal healthy chil-
dren without murmur in Chiang Mai University Hospital.
Patients with fever, anemia and congenital heart disease
were excluded. Two-dimension, pulse wave and continu-
ous wave Doppler, and tissue Doppler echocardiography
were performed. The study protocol was approved by the
Chiang Mai University Review Board. All children and
parents had completed consent forms.

3.1. Doppler Echocardiography

Doppler echocardiographic evaluation was performed
using the Philips Sonos 7500. Two-dimension echocar-
diography was performed to assess the possible pres-
ence of the left ventricular false tendon, and also the
dimensions of the LVOT, aortic root and ascending aorta.
Pulse wave Doppler at mitral valve and pulmonary vein,
and tissue Doppler imaging were performed to evaluate
left ventricular diastolic function. Pulse wave Doppler of
mitral valve flow indicated peak early ventricular filling
velocity (E), peak atrial contraction velocity (A), A-wave
duration and deceleration time. Pulse wave Doppler of
pulmonary venous flow included systolic forward flow
velocity, diastolic forward flow velocity, atrial reversal
flow velocity and atrial reversal flow duration. Tissue
Doppler imaging signals were obtained from an apical
four-chamber view at the interventricular septum and
left ventricular free wall. Tissue Doppler imaging vari-
ables included systolic myocardial velocity (Sm), early
diastolic myocardial velocity (Em), late diastolic myo-
cardial velocity (Am) and isovolumic relaxation time.
Echocardiographic data also included LVOT velocity, left
ventricular ejection fraction and cardiac output. Left
ventricular diastolic dysfunction was graded using pulse
wave Doppler of mitral and pulmonary venous flows and
tissue Doppler imaging (16, 17).

3.2. Statistical Analysis

All statistical calculations were assessed using commer-
cially available software (SPSS Version 16, SPSS Inc., Chi-
cago, IL). Continuous data are expressed as median and
range. Categorical data are summarized with the number
and percentage. Comparison of pulse wave Doppler and
tissue Doppler parameters between the two groups was
performed using a t-test, Wilcoxon rank sum as appropri-
ate. Multivariate analysis was performed for predictors of
the innocent murmur. A P value < 0.05 was considered
statistically significant.

4. Results

Thirty-two children with the vibratory innocent mur-
mur in Chiang Mai University Hospital and 27 normal
healthy children were studied. Median age of cases and
controls was 39.7 months (4.3-175.3) and 42.6 months (9.4
- 87.7), respectively. Fourteen of 32 cases (44%) and 13 of
27 controls (48%) were female. Heart rate, blood pressure
and body surface area were not significantly different be-
tween the two groups. Left ventricular false tendon was
present in 84% of cases and 22% of controls (P < 0.001) (Ta-
ble 1). LVOT velocity was significantly higher in cases than
in controls (P < 0.001). Aortic root diameter was smaller
in cases than the controls (P = 0.02). Peak early ventricu-
lar filling velocity (E) and peak atrial contraction velocity
(A) of mitral valve flow were significantly higher in cases
with innocent murmur than those of the controls (P =
0.02 and P = 0.002, respectively) (Table 2). No significant
difference was found regarding pulmonary vein flow
velocity, left ventricular out flow tract diameter, ascend-
ing aorta diameter, cardiac output and left ventricular
ejection fraction between the two groups. For the mul-
tivariate analysis, the left ventricular false tendon and
LVOT velocity were demonstrated to be the independent
predictors for the presence of the innocent murmur (P =
0.0011 and P = 0.0004, respectively).

Table 1. Comparison of Two-Dimensional and Doppler Echocardiography Between Cases With Vibratory Innocent Murmur and the

Controls P

Parameter Cases (N=32) Controls (N=27) PValue
False tendon 27(84) 6(22) <0.0001
LVOT velocity, m/sec 1.21+£0.17 0.99+£0.12 <0.0001
LVOT diameter, cm 1.25+0.20 130+ 0.18 0.2421
Aortic root diameter, cm 1.67+£0.23 1.82+0.23 0.0202
Ascending aorta diameter, cm 1.44+0.20 1.48 +0.21 0.4129
Stroke volume, mL 25.77 £11.23 22.84%7.97 0.3701
Cardiac output, L/min 2.67+0.98 234+0.60 0.3398
Cardiac index, L/min/m? 4.18+0.93 3.95+0.83 0.5206
Fractional shortening, % 38.881+4.30 37.23+4.19 0.2538
Ejection fraction, % 62.46 £5.21 60.43+5.24 0.2538

@ Data are presented as No. (%) and Mean # SD.
Abbreviation: LVOT: left ventricular outflow tract.
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Table 2. Comparison of Pulse Wave Doppler of Mitral Valve Flow and Pulmonary Vein Flow Between Cases With Vibratory Innocent

Murmur and the Controls ¢

Parameter Cases (N=32) Controls (N=27) PValue
MVE, m/sec 1.05%0.12 0.97+0.10 0.0189
MVA, m/sec 0.63+0.08 0.55+0.11 0.0021
E/A 1.66+0.23 1.84£0.40 0.1039
DT, m/sec 123.06 £29.26 115.58 £ 21.74 0.3753
MVA duration, m/sec 115.25 +£19.34 107.31+14.16 0.0977
PVS, m/sec 0.50+0.10 0.50 £ 0.07 0.9808
PVD, m/sec 0.54+0.10 0.53+0.09 0.6711
AR velocity, m/sec 0.21+0.04 0.19 £ 0.04 0.0792
AR duration, m/sec 80.65+14.82 78.46 +14.54 0.5388
AR-MVA duration, m/sec -35.58 £21.72 -28.85+19.51 0.2066

2 Abbreviations: AR: atrial reversal flow velocity; DT: deceleration time; MVA: mitral valve atrial contraction velocity; MVE: mitral valve early ventricular
filling velocity; PVD: pulmonary vein diastolic forward flow velocity; PVS: pulmonary vein systolic forward flow velocity.

4.1. Tissue Doppler Echocardiography

Systolic myocardial velocity, early diastolic myocardial
velocity, late diastolic myocardial velocity, and isovolu-
mic relaxation time at the basal, mid and apex parts of
the interventricular septum and left ventricular free wall
were not significantly different between cases and the
controls. However, the ratio of early ventricular filling ve-
locity to early diastolic myocardial velocity (E[Em) at the
base of the interventricular septum was higher in cases
with innocent murmur than the controls (P=0.008) (Fig-
ure 1). Left ventricular diastolic function graded by using
pulse wave Doppler of mitral and pulmonary vein flow
and tissue Doppler imaging was normal in all cases and
controls.

4.2. The Presence of Left Ventricular False Tendon

The presence of left ventricular false tendon was ana-
lyzed in both cases with innocent murmur and the con-
trols. Early diastolic myocardial velocity (Em) at the base
of the interventricular septum was lower in cases with
false tendon than those without false tendon (P = 0.048).
The ratio of early ventricular filling velocity to early dia-
stolic myocardial velocity (E[Em) at the base of the in-
terventricular septum (Figure 2) and LVOT velocity was
significantly higher in cases with false tendon than those
without false tendon (P = 0.002 and P = 0.0034, respec-
tively). Peak early ventricular filling velocity of mitral
valve flow, pulmonary vein flow velocity, cardiac output,
and left ventricular ejection fraction were not significant-
ly different between the two groups.

5. Discussion

The present study shows that the mechanism of the
vibratory innocent murmur is associated with the pres-
ence of left ventricular false tendon and high blood flow
velocity in LVOT. The presence of the left ventricular false
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Figure 1. Graphic Display Comparing the Ratio of Early Ventricular Filling
Velocity to Early Diastolic Myocardial Velocity (E[Em) at the Basal Level of
the Interventricular Septum Between Cases With Innocent Murmur (N =
32)and Controls (N =27)
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Figure 2. Graphic Display Comparing the Ratio of Early Ventricular Fill-
ing Velocity to Early Diastolic Myocardial Velocity (E/[Em) at the Basal Level
of the Interventricular Septum Between Cases With Left Ventricular False
Tendon (N =33) and Those Without False Tendon (N =26)
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tendon was somewhat associated with decreased early
diastolic myocardial velocity, increased LVOT velocity, and
increased ratio of early ventricular filling velocity to early
diastolic myocardial velocity. Although, E/[Em predicted
left ventricular diastolic pressure, left ventricular diastol-
ic function graded by using pulse wave Doppler of mitral
and pulmonary vein flow and tissue Doppler imaging was
normal in all cases with the false tendon condition.

Two-dimension, pulse wave Doppler, continuous wave
Doppler and color flow echocardiography were used
for assessment of the mechanism of the vibratory inno-
cent murmur. High blood flow velocity in the region of
the LVOT and ascending aorta, resulting from the larger
cardiac output passing through a relatively smaller as-
cending aorta with a vibratory phenomenon of the aortic
valve were the origin of the vibratory innocent murmur
(2-7). Kenchaiah et al. and Perry LW, et al. reported that
the presence of left ventricular false tendon was associ-
ated with the precordial innocent murmur (8, 10). In the
present study, high blood flow velocity in LVOT and a vi-
bratory phenomenon of the left ventricular false tendon
were proposed as the mechanism of the vibratory inno-
cent murmur.

Tissue Doppler imaging can measure a regional myo-
cardial velocity for assessment of the early myocardial
dysfunction (14, 15). To the best of our knowledge, there
is no previous study of tissue Doppler echocardiography
in the vibratory innocent murmur. In the present study;,
peak early ventricular filling velocity of mitral valve flow
was significantly higher in cases with innocent murmur
than those of the controls. Likewise, the ratio of early
ventricular filling velocity to early diastolic myocardial
velocity (E[Em) at the base of the interventricular septum
was significantly higher in cases with innocent murmur
than in the controls. Early diastolic myocardial velocity at
the base of the interventricular septum was significant-
ly lower than in cases with left ventricular false tendon
than those without false tendon. Also, the ratio of early
ventricular filling velocity to early diastolic myocardial
velocity was significantly higher in cases with false ten-
don than those without false tendon. It is postulated that
left ventricular false tendon may cause the decrease of
early diastolic myocardial velocity. However, left ventric-
ular diastolic function graded by using pulse wave Dop-
pler of mitral and pulmonary vein flow and tissue Dop-
pler imaging was normal in both cases with false tendon
and those without false tendon.

The vibratory innocent murmur is strongly associated
with the presence of left ventricular false tendon and
high velocity blood flow in the left ventricular outflow

tract. Left ventricular diastolic function is normal in
cases with left ventricular false tendon. Normal left ven-
tricular systolic and diastolic function can be used as a re-
assurance to parents in cases with the vibratory innocent
murmur and left ventricular false tendon.
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