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Genesis of Still's murmurs: a controlled Doppler
echocardiographic study

H M Gardiner, H S Joffe

217

Abstract
Objective-The origin of innocent sys-

tolic murmurs is uncertain. This study
was designed to evaluate the relative
contribution in the same subjects of the
main factors implicated in the genesis of
vibratory innocent systolic murmurs-
that is, the presence of left ventricular
bands and increased left ventricular flow
indices-and to examine evidence for
turbulence in relation to these findings.
Patients-40 children with innocent

systolic murmurs and 40 paired controls
without murmurs were matched for age
and body surface area.
Design-These subjects were

examined prospectively by cross sec-
tional echocardiography with pulsed and
continuous wave Doppler and colour flow
mapping.
Setting-A tertiary referral centre for

paediatric cardiology.
Results-Left ventricular bands were

significantly more prevalent in patients
with innocent murmurs (70%) than in
controls (48%) but only if apical bands
were included (p = 0-039). Cases had sig-
nificantly higher aortic peak flow
velocities (p < 0-001), flow integrals
(p = 0001), and stroke volumes
(p = 0-014), and significantly lower heart
rates (p = 0 033) than controls. There
were no significant differences between
cases and controls in mean aortic
diameter, cardiac output, or ejection
fraction. There was no evidence of tur-
bulence in the left ventricle or outflow
tract in any individual but curvilinear
periodic vibrations and audible
"whoops" were detected in the left ven-
tricle by pulsed wave Doppler echocar-
diography. These were significantly more
common in cases than controls
(p < 0-01) but were not related to the
presence of bands.
Conclusions-Innocent systolic mur-

murs were unrelated to aortic size but
they were strongly associated with
higher aortic flow volume and velocity,
with relative bradycardia, and with
evidence of vibratory phenomena in the
left ventricle. The role of left ventricular
bands remains uncertain.

Innocent systolic murmurs are audible in up
to 70% of school-children.' They are charac-
terised by their musical sound and, as their
name suggests, are benign and cause no symp-

toms. They usually disappear during adoles-
cence. The origin of a musical systolic
murmur is still a matter for debate: some
studies suggest that it is caused by the vibra-
tion of intracardiac structures such as valves
in hearts with structural abnormalities2";
others suggest that vibrations of left ven-
tricular bands or turbulent flow about these
structures cause the innocent systolic
murmur.5 6

Left ventricular flow characteristics have
also been investigated as a possible cause of
the murmur. Schwarz et al reported that the
peak velocities in the ascending and descend-
ing aorta were significantly greater in children
with innocent murmurs and ascribed this to a
narrower aortic diameter in this group com-
pared with children without murmurs.7 These
findings were confirmed by Sholler and
colleagues8 but not by Van Oort et al who
found no difference in the peak velocity,
acceleration, or spectral width of the aortic
flow signal between children with innocent
murmurs and children without.9 There is
currently no consensus on the origin of the
musical murmur in structurally normal
hearts.
This study was designed to determine the

prevalence of bands, the presence of tur-
bulence about the bands and in the left ven-
tricular outflow tract, and left ventricular flow
characteristics and systolic function in chil-
dren with innocent murmurs and without.

Patients and methods
We studied 40 symptom free children (aged 5
months to 13 years) who had been referred to
the Bristol Children's Hospital for evaluation
of murmurs and were found to have the
characteristic musical and vibratory bruit of
the Still's innocent murmur. The control
group consisted of 40 children without mur-
murs. They were inpatients who were fully
recovered after a transient acute illness (400 o)
or children whose parents had responded to a

written request for participants for this study
(60%). Each study child was matched for age
and body surface area with a control child
(table 1).
The children were studied in the supine or

left decubitus position by the Hewlett Packard
77500C machine with a 5 or 3 5 MHz trans-

ducer. A concurrent electrocardiograph recor-

ding was taken to time events and obtain heart
rates. The heart was examined in standard
planes by cross sectional real time ultrasound
and pulsed and continuous wave Doppler.
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Table 1 Clinical andflow data (mean [SDI) of cases and controls

Data Cases Controls
(n = 40) (n = 40) t test p value

Age (month) 60 (39) 63 (40) 1-14 NS
BSA (m') 0-76 (0 26) 0-77 (0 26) 0-46 NS
Aortic data:
Ao diam (cm) 1-41(0-24) 1-44 (0-29) 0-72 NS
Acceln (m/s2) 23-38 (4:96) 21-70 (5 58) 1-57 NS
Peak flow (m/s) 1-62 (0-18) 1-41 (0 19) 5 05 <0-001
Flow integral 26-59 (4 45) 21-20 (3 39) 6-05 <0-001
EF 0 81 (0 07) 0 80 (0 06) 0-28 NS
Stroke vol (ml) 44-12 (18-18) 38 07 (18-39) 2-58 0-014
Heart rate (beats/min) 94-8 (23 5) 101 8 (22 0) 2 21 0 033
CO (1/min) 3 96 (1-38) 3-62 (127) 1-20 NS

Pulmonary data: (n = 28) (n = 28)
Peak flow (m/s) 82-92 (12 86) 86-37 (13-60) -0 64 NS
Flow integral 14-46 (3-19) 15-65 (2-25) -1-22 NS

BSA, body surface area; Ao diam, aortic diameter; Acceln, acceleration; EF, ejection fraction; Stroke vol, stroke volume; CO,
cardiac output.

PREVALENCE OF LEFT VENTRICULAR BANDS
The number and site of any bands in the left
ventricle was noted. Off axis views were

sometimes required to determine the presence

of bands and to distinguish them from left
ventricular trabeculations.'0

ASSESSMENT OF TURBULENT FLOW
The pulsed wave Doppler sample was placed
at three sites along the apical aspect and at
three similar sites along the basal aspect of the
band and the flow pattern in each location was
recorded. Similar recordings were made in the
children without bands, by sampling the four
sites nearest to the ventricular walls to enable
the wave patterns produced about the bands
to be compared with those produced by the
trabeculae along the ventricular walls. Pulsed
wave Doppler recordings were also made
approximately 1 cm proximal to the aortic
valve in the left ventricular outflow tract.
Colour flow imaging of the left atrium, left
ventricle, and left ventricular outflow tract was
recorded from the parastemal and apical long
axis views. A high parasternal long axis view
was used to assess flow patterns in the aortic
root and ascending aorta and this or a short
axis view was used to record flow in the right
ventricular outflow tract and pulmonary

artery.

LEFT VENTRICULAR FUNCTION
Continuous wave Doppler recordings" were
made from the suprasternal notch2" and the
maximum velocity (peak flow), time to peak
(acceleration), and flow integral in the ascend-
ing aorta were measured in systole (the mean
of six measurements for each index was recor-

ded). We used a non-steerable off axis contin-
uous wave pencil probe because this
facilitated the acquisition of higher quality
and more uniform traces in children of various
sizes than the larger pulsed wave probe.'4
Because continuous wave Doppler measures

velocity within the aortic ring or the nar-

rowest portion of the left ventricular outflow
tract,'5 the diameter of the aortic root was

calculated from a mean of six measurements
taken at the origin of the cusps during maxi-
mal separation of the aortic valve leaflets.
We used the Hewlett Packard software

package to calculate the stroke volume from
the flow integral and cross sectional area of the
aorta and the cardiac output from the stroke

volume and the heart rate. For the ejection
fraction the internal diamete'r of the left ven-
tricle was measured at the level of the tips of
the mitral valve-firstly at the end of diastole
(Ed) just after mitral valve closure and then at
the end of systole (Es) just after aortic valve
closure but before mitral valve opening. The
ejection fraction was calculated as Ed - Es/
Ed.

RIGHT VENTRICULAR FUNCTION
Pulmonary peak velocities and flow integrals
were recorded by pulsed wave Doppler from a
high parasternal long or short axis view in
all cases where adequate traces were obtained
(28 pairs of children). Because of poor
reproducibility of pulmonary artery
diameters,'6 derived estimates of right ven-
tricular stroke volume and cardiac output
were not obtained.

DATA COLLECTION
The-examinations were recorded on videotape
for later batch analysis by the Hewlett Pack-
ard software package. Data analysis was per-
formed without knowledge of the status of the
child (case or control).

STATISTICAL ANALYSIS
McNemar, x2, and Student's t test were used
to analyse paired non-parametric data, non-

paired non-parametric data, and paired
parametric data respectively. A p value of
< 0-05 was regarded as significant.

Results
PREVALENCE OF LEFT VENTRICULAR BANDS
Twenty eight cases (70%) and 19 controls
(48%) had bands in the left ventricle. Several
subjects had more than one band and table 2
shows the number and location of bands. Bands
of all types were significantly more common in
children with murmurs than in those without
(McNemar's test, p = 0 0389) and the relative
risk of a child with an innocent murmur having
a band in this study was calculated as 2-8:1
(95% CI 1-2 to 10-1). However, if the four
children with apical bands only were regarded
as having no bands the difference between the
two groups was not significant. Unlike the
findings ofDarazs et al, there was no significant
difference in the location of the bands between
the two groups in this study.6
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Table 2 Number and location of left ventricular bands

Number of children Number of bands

Site of band Cases Controls Cases Controls

LVOT 2 2 2 2
MC 13 13 15 15
A/S 4 0 6 0
LVOT+MC 1 1 3 2
LVOT+A/S 5 0 12 0
MC+A/S 2. 3 6 8
LVOT+MC+A/S 1 0 3 0
Total 28 19 47 27

LVOT, left ventricular outflow tract; MC, mid-cavity; A, apex; S, septum.

ASSESSMENT OF TURBULENCE
By pulsed wave Doppler
Unusual Doppler patterns within the left ven-
tricle were detected in 25 children (figure).
These took the form of curvilinear harmonic
vibrations during systole, usually in the
opposite direction to the flow signal, and they
were associated with audible simultaneous
"whoops" on the microphone. These patterns

were seen more often in cases than controls (18/
40 v 7/40; X2 = 7.040, p < 0-01). The har-
monic vibrations were seen about the bands in
19 (38%) of the 47 children with bands and in
seven (21%) of the 33 children without
bands-along the septum in two cases, in the
left ventricular outflow tract in a further two

cases, and at both sites in three. There was no

significant difference in the frequency of
curvilinear systolic vibrations between the
children with bands and those without
(X2 = 3-262, p = NS) and there was no rela-
tion between these harmonic flow patterns and
the position or orientation of the bands.
The 28 children with bands but no detect-

able evidence of turbulence included 15 who
also had murmurs.

By colourflow mapping
We were unable to detect colour flow evidence
of turbulent flow about the bands, along the
ventricular walls, or in the left ventricular
outflow tract in any of the cases or controls.

LEFT VENTRICULAR FLOW CHARACTERISTICS
Table 1 shows all the measurements (mean
(SD)) and paired t test analyses. There was no

significant difference in the diameter of the

Pulsed wave Doppler as seen adjacent to trabeculae or about a left ventricular band,
showing curvilinear periodic vibrations during systole in the opposite direction to the
negative flow signal.

aortic root between the cases and controls nor
in the rate of acceleration of flow through the
valve. The ejection fraction did not differ in the
two groups of children; but the mean peak flow,
flow integral, and stroke volume were signifi-
cantly greater in the cases than the controls.
However, the cardiac output of the cases was
similar to that of the controls, mainly owing to
the significantly lower heart rate in the cases.

RIGHT VENTRICULAR FLOW CHARACTERISTICS
There was no significant difference in the mean
pulmonary peak flow or flow integrals between
the cases and the controls.

Discussion
Van Oort et al stated that innocent murmurs
could not commonly be produced by left ven-
tricular bands because bands were much less
prevalent (0-8% paediatric patients) than
innocent murmurs.9 However, the reported
prevalence of left ventricular bands varied
widely and often depended on whether the
study was prospective or retrospective because
offaxis views were often essential to detect their
presence. 017 18 The prevalence of bands in this
study (70% cases and 48% controls) was less
than that reported in Darazs et al's prospective
study (92% and 64% respectively), but they
found a prevalence of only 22% in their first
retrospective report.6 Keren et al confirmed the
reliability of echocardiographic diagnosis of
left ventricular bands in patients undergoing
cardiac transplantation but cautioned that
apical trabeculations could be misinterpreted
as bands.'8 In this study, when the McNemar
analysis for paired data was repeated and any
child with apical bands only (n = 4) was clas-
sified as having no bands, the prevalence of left
ventricular bands in cases and controls was not
significantly different.

It is widely accepted that innocent murmurs
are less prevalent in older children and Harpin
et al reported a temporal association between
the disappearance of the left ventricular band
and the murmur in one patient who was
followed longitudinally.5 There are, however,
no large longitudinal studies to provide sup-
porting data for this observation and, indeed, a
cross sectional study by Boyd et al found that
the prevalence of left ventricular bands at
necropsy was similar in each decade of life
(68%).19
We saw no turbulence about the bands

during colour flow mapping, but we detected
systolic curvilinear harmonic patterns in the
left ventricle by pulsed wave Doppler, which
were similar to those detected by Pennestri et al
using continuous wave Doppler in hearts with
structural abnormalities.2 They showed that
murmurs can be produced by the vibration of
intracardiac structures in the absence of tur-

bulent flow. In our study these periodic vibra-
tions and the audible systolic "whoops" were
not confined to sites about the band, however,
but could be clearly shown along the left
ventricular walls. Although the relation of
bands to murmurs was tenuous (see above),
"whoops" were significantly more common in
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children with murmurs than in those without,
suggesting that these appearances may be
produced by vibration of the trabeculae lining
the ventricular walls.
While the pulmonary peak flow and flow

integrals did not differ significantly between
cases and controls, the mean aortic peak flow,
flow integral, and stroke volume were signifi-
cantly greater in children with murmurs than
in those without. These results support the
observations of Schwarz et al that higher flow
indices from the left side of the heart are seen in
children with murmurs: but we could not
confirm their finding that this is owing to the
children with murmurs having smaller aortic
diameters.7 It is unlikely that measurement of
the aortic diameter at different levels (in the
ascending aorta in their study and at the aortic
valve in ours) accounted for this disparity. In
contrast to the closely matched pairs of cases
and controls in our study, the two groups in
Schwarz et al's series were very different in
terms of age and body surface area, though the
difference in aortic diameter remained sig-
nificant when corrected for body surface area.
Our study showed no difference in accelera-

tion through the aortic valve between the cases
and controls, nor did it seem that increased
force of contraction was responsible for the
murmur because the ejection fractions were
similar in both groups. However, children with
systolic murmurs had significantly lower heart
rates than those without murmurs. Nearly all
patients with very slow heart rates due to
junctional bradycardia or complete heart block
have a systolic murmur. It is possible that the
prolonged diastolic filling of the left ventricle
associated with a slower heart rate in the face of
an unchanged ejection fraction and cardiac
output, results in a higher stroke volume and
aortic flow velocity and augments the intensity
of the murmur. This explanation accords with
the frequently observed finding that the
innocent murmur becomes louder in the supine
position-that is, when the heart rate naturally
slows.
This study shows that there is a relation

between vibratory phenomena within the left
ventricle and the Still's vibratory murmur but
the exact mechanism for its production
requires further investigation and other factors
may be implicated. The murmur seems to be
augmented by increased flow volume and
velocity and relative bradycardia; the role of
left ventricular bands remains uncertain.

We thank our colleagues Dr S C Jordan and Dr R P Martin for
referring suitable cases to us for this study and to Mrs J Evans
and Mrs K Waters for their statistical advice.
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