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Summary

The records of 2,000 consecutive patients who had been examined by auscultation, phonocardio-
graphy (PCG), two-dimensional echocardiography and pulsed Doppler echocardiography (PDE) were
reviewed to assess the clinical significance of apical systolic murmurs which cease well before the aortic
closure sound. Fifty-five patients were verified to have early or mid-systolic apical murmurs. Mitral
regurgitation (MR) was detected in 32 patients by PDE (29/32) and/or PCG with methoxamine test
(27/32). The degree of MR was judged to be mild by PDE in all cases. Apical systolic murmurs due to
MR began mainly with the first heart sound (27/32), were confined to the apex (27/32), and high-
pitched (25/32). Their intensity was grade ITI/VI or less in all cases. Mitral valve prolapse (12 patients)
was the most common cause of MR. Other causes were rheumatic mitral involvement in seven patients,
dilated or ischemic cardiomyopathy in five, mitral annular calcification in three, and hypertrophic card-
iomyopathy in two. The causes of the MR in the remaining three patients could not be identified.
Thus, early or mid-systolic apical murmurs are mainly attributable to mild MR which can be diagnosed
by careful auscultation, PDE and/or PCG with the methoxamine test.

The Second Department of Internal Medicine,
Faculty of Medicine, University of Tokyo, Hongo
7-3-1, Bunkyo-ku, Tokyo 113

Received for publication August 24, 1985; accepted December 9, 1985 (Ref. No. 28-48)

433



AMANO, SAKAMOTO, HADA, et al

Key words
Apical systolic murmur
prolapse Pharmacodynamic maneuver

Mitral regurgitation

Pulsed Doppler echocardiography
Methoxamine

Mitral valve

Introduction

When systolic murmurs of maximum intensity
are audible at the apex, mitral regurgitation is
regarded the most common cause. However,
murmurs originating in the aortic valve or left
ventricular outflow tract are sometimes best
heard at the apex, and in older patients with well
developed chests, or emphysema, the murmurs
are often louder at the apex than in the second
right intercostal space. In patients with idio-
pathic hypertrophic subaortic stenosis, a rough
or harsh systolic murmur is sometimes loudest
at the apex. If the murmur extends throughout
systole, mitral regurgitation can be reliably
diagnosed. However, a murmur which is not
holosystolic, primarily early or mid-systolic,
presents a problem.

To assess the clinical significance of the apical
systolic murmurs which cease well before the
second sound, we reviewed the records of 2,000
consecutive patients who had been examined by
auscultation, phonocardiography, two-dimen-
sional echocardiography, and pulsed Doppler
echocardiography. The purpose of this study is
to document the findings of 55 patients who were
identified as having apical early or mid-systolic
murmurs.

Subjects and Methods

The records of 2,000 consecutive patients who
were examined by auscultation, phonocardio-
graphy, two-dimensional echocardiography and
pulsed Doppler echocardiography were re-
viewed. The data of fifty-five patients who had
apical early or mid-systolic murmurs were ana-
lyzed with special attention to their auscultatory
findings.

Phonocardiography: Tracings were obtained
using multifilter system phonocardiography?.
Prior to the recordings, careful auscultation was
made with special attention to the point of the
maximum intensity, area of transmission, timing,

duration, intensity, pitch (high or medium),
quality (blowing, harsh, rough, musical or
vibratory and scratchy or clicky), and re-
spiratory changes of the murmurs. The phono-
cardiographic tracings were analyzed in detail
with particular reference to the timing and
duration?. Amyl nitrite inhalation was per-
formed for all 55 patients, and the methoxamine
test? was performed for 48 patients. Seven
patients who were hypertensive, elderly, or
diagnosed as having severe left ventricular
dysfunction were not tested by methoxamine.
Pulsed Doppler echocardiography: An uni-
directional ultrasonic pulsed Doppler echo-
cardiograph was used in combination with a
cross-sectional echocardiograph (Aloka SSD
910). The frequency of the pulsed Doppler
transducer was 3 MHz, and the pulsed repetition
rate was 4.4 KHz. The Doppler signal was
recorded simultaneously with the M-mode echo-
cardiogram, phonocardiogram and electrocardio-
gram using a strip chart recorder (Honeywell
model 1219). The sampling site of the Doppler
signal could be set at any depth from 0.5 to
15 cm from the transducer, and displayed on the
simultaneously-recorded M-mode echocardio-
gram. The sampling volume dimension along
the ultrasonic beam could be selected at 3, 4.5
or 6 mm. The Doppler signals were searched for
by continuously moving the sampling site over
a wide area around the mitral ostium in the left
atrial cavity using two-dimensional display, and
was also monitored by Doppler spectro-sound.
The Doppler signal was recorded using real-
time, on-line sound spectrography, showing
flows toward and away from the transducer
below and above the baseline, respectively.
Mitral regurgitation was estimated on the basis
of the location and area of distribution of
abnormal systolic flow detected within the left
atrium, according to the classification of Miya-
take? et al. The appearance and duration of
abnormal systolic flow has been noticed to be
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Fig. 1. Diagram of phonocardiographic findings of mitral regurgitation thought to be the
cause of early or mid-systolic apical murmurs.

Thirty-two patients in whom mitral regurgitation was detected by pulsed Doppler echocardiography
and/or phonocardiography are subdivided into 7 groups according to the peak and timing of their
systolic murmurs. Although the majority of the murmurs begin with the first heart sound and are cre-
scendo-decrescendo in character, those of 5 patients are mid-systolic diamond- or spindle-shaped in
character. The murmurs in question are localized at the apex in 27 of 32 patients.

H and M =high-pitched and medium-pitched murmurs; Rh=rheumatic heart disease; Scl=scle-
rotic mitral valve; MVP=mital valve prolapse; Nor=normal mitral valve; DCM =dilated cardio-
myopathy ; OMI=o0ld myocardial infarction ; HOCM =hypertrophic obstructive cardiomyopathy.

changeable depending on the sampling site. A

particular attention was paid, therefore, to get

the holosystolic signal as possible as we do.
Two-dimensional echocardiography: Two-

sectional images; namely, the long-axis, short-
axis, apical four-chamber, and subxiphoid views.
The images displayed in real-time at a rate of
30 frames/sec were recorded on a video tape,
and simultaneous

dimensional echocardiography was performed in
the supine or slightly left lateral position using a
commercially-available, real-time, wide-angle,
phased-array-sector scanner (Aloka SSD 810)
with a 2.25 MHz transducer. Two-dimensional
echocardiographic records consisted of four

M-mode echocardiograms
were recorded using a strip chart recorder (Aloka
SSZ 91). Valve motion was carefully assessed to
determine the lesions. Special attention was
paid to the presence of mitral valve prolapse,
according to the criteria of Yoshikawa et al?.
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Fig. 2. Phonocardiogram and Doppler echocardiogram of a patient with chorea minor
(11-year-old girl).

An apical systolic murmur begins with the first heart sound and radiates to the third left intercostal
space. The pulsed Doppler echocardiogram shows bidirectional regurgitant flow signal behind the
mitral valve, the duration of which is the same as the apical systolic murmur.

Results Table 1. Causes of apical early or mid-systolic
1. Prevalence of mitral regurgitation in pati- murmurs
ents with early or mid systolic apical murmurs
Among 55 cases, mitral regurgitation was o M{‘ ) - NO, MR
detected'in 32 patients using pulsed Doppl(?r Mitral valve Fish-bone touimnim® 7
echocardiography and/or  pharmacodynamic prolapse 12.  Acitic valviilas
phonocardiography using methoxamine. Pulsed i stenceis 6
Dopplel: ech'ocardiogra.phy dlsclosed. mitral re- disease 7 Cardiorespiratory
gurgitation in 29 patients, but missed three Ischemic or dilated R 3
patients whose regurgitation was detected by swdipmyopthy 5§ Hypeoohic
phonocardlography. with 'pharmacodynamlc Sclerotic mitral valve 3 cardiomyopathy 4
maneuvers. The apical systolic murmurs of 27 .
. i . N . Hypertrophic Others 3
patients were intensified by methoxamine in- .
. G e, 6 : cardiomyopathy 2
fusion and decreased by amyl nitrite inhalation.
; : : Others 3
Methoxamine infusion was not performed for
32 23

four patients because of hypertension or very
poor left ventricular function. In one patient
with hypertrophic obstructive cardiomyopathy,
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Fig. 3. Effects of pharmacodynamic maneuvers on systolic murmurs in a patient with
mitral valve prolapse (24-year-old man).

An apical high-pitched mid-systolic murmur becomes mid- to late systolic and transmits to the second
left intercostal space after methoxamine infusion. Basal systolic murmur is buried in the new murmur.
After amyl nitrite inhalation, the apical systolic murmur becomes trivial and the basal ejection systolic
murmur is greatly intensified.
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Fig. 4. Phonocardiograms of two patients with mitral regurgitation (MR).

Left: Pulmonary valve stenosis and regurgitation with MR (34-year-old woman).

Right: Aortic stenosis and regurgitation with MR (48-year-old man).

The murmurs at the apex start with the first heart sound in both cases. The ejection murmur of
aortic stenosis is differentiated from the apical regurgitant murmur by auscultation. However, it is
difficult to differentiate the ejection murmur of pulmonary stenosis from the apical systolic murmur
since the peaks of the systolic murmurs are very close to each other.

methoxamine infusion diminished both the
obstructive murmur at the left fourth intercostal
space and the apical systolic murmur which
commenced with the first heart sound.

2. The anatomic causes of mitral regurgita-
tion (Table 1)

Mitral valve prolapse (12 patients) was the
most common cause of mitral regurgitation. The
leaflets bowing toward the left atrium beyond
the mitral annulus was the characteristic two-
dimensional echocardiographic finding. Rheuma-
tic etiology was next in frequency (five patients).
In three of the latter, both mitral leaflets were
thickened; the anterior leaflet motion was re-
duced, and the diastolic motion of the posterior

leaflet was markedly restricted. Two other
patients were in the acute phase of rheumatic
fever, and two-dimensional echocardiography
showed mitral valve prolapse in one and normal
motion in the other. In three elderly patients who
had no history of rheumatic fever, there was thick-
ening of the anterior or posterior mitral leaflet
with mild reduction of its motion, and we catego-
rized this finding as sclerotic mitral valve (Table
1). Five patients had papillary muscle dysfunc-
tion due to coronary artery disease or dilated
cardiomyopathy. Two-dimensional echocardio-
graphy showed diffuse or segmental wall motion
abnormalities involving the base of one or both
papillary muscles and the adjacent left ventri-
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cular wall. Two patients had hypertrophic
obstructive cardiomyopathy. The causes of
mitral regurgitation in three patients could not
be identified.

3. The phonocardiographic characteristics of
apical systolic murmurs

The apical systolic murmurs of 32 patients in
whom mitral regurgitation was detected were
classified in seven types according to their timing
and peak amplitude, as shown in Fig. 1. The
murmurs commenced with the first heart sound
(Fig. 2) in 27 patients, whereas they were mid-
systolic in five. The murmurs were localized at
the apex in 22 patients, and radiated to the 4th
left intercostal space in 10 patients. The mur-
murs were high-pitched and blowing, and harsh
or rough in 25 patients. In another seven patients
they were medium-pitched. The murmurs were
of 2/6 or 3/6 intensity in all patients. Methoxa-
mine infusion provoked pansystolic (Fig. 3) or
late systolic murmurs in 26 patients. In one

S| Methoxamine |
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Apical early or mid-systolic murmurs
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Fig. 5. Phonocardiograms of a patient with an apical systolic murmur in whom mitral
regurgitation was not detected (63-year-old man).

A loud ejection sound precedes the apical systolic murmur which decreased with methoxamine
infusion and increases with amyl nitrite inhalation. This is an example of an ejection systolic murmur
loudest at the apex.

patient with hypertrophic obstructive cardio-
myopathy, methoxamine infusion markedly de-
creased an apical systolic murmur with dis-
appearance of a Doppler signal of MR.

Despite meticulous auscultation, mitral re-
gurgitation was not diagnosed before the
phonocardiography in eight patients, because the
loud murmurs of combined valvular disease
(Fig. 4) or hypertrophic cardiomyopathy masked
the stray vibrations after the first heart sounds
and the apical systolic murmurs sounded as
though they began after the first heart sound and
ceased well before the second heart sound.

The relationship of the timing and peak of
the apical systolic murmurs to the etiology of
mitral regurgitation is shown in Fig. 1. Con-
figuration of apical systolic murmurs did not
suggest their etiologies.

The apical systolic murmurs of 23 patients in
whom mitral regurgitation was ruled out by all
the diagnostic means began after the two compo-
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nents of the first heart sound (Fig. 5). Ejection
sounds preceded the murmurs in 12 patients.
The murmurs radiated to the 4th left intercostal
space in 22 patients. One exception was a patient
with a localized musical apical systolic murmur
in which an anomalous band in the left ventricle
was regarded the cause. The murmurs of 11
patients had a characteristic pitch and quality
which facilitated differentiating the systolic
murmurs from the murmurs of mitral regurgita-
tion. There were seven fishbone murmurs®, three
cardiorespiratory murmurs and one innocent
vibratory systolic murmur (Still’s murmur). In
seven of 12 other patients, the murmurs were
high-pitched and either rough or harsh. The
murmurs of the remaining five patients were
medium-pitched.

4. Pulsed Doppler echocardiographic fiind-
dings

Mitral regurgitation of 29 patients was de-
tected by pulsed Doppler echocardiography
(PDE). The Doppler signals detected by PDE
had a wide frequency range, and were either
unidirectional or bidirectional. They were
pansystolic regurgitant in 20 patients. In 13 of
them the flow signals were immediately posterior
to the mitral valves, and in another seven the
signals were recorded over a wider area except
for the area below the aortic root. Early to mid-
systolic regurgitant flow signals were observed
in six patients and they were localized immedia-
tely posterior to the mitral leaflets. In the re-
maining three patients, the flow signals were
late systolic and localized posterior to the mitral
valves.

In 12 patients with mitral valve prolapse, the
relation between the prolapsing phase of the
mitral valve as examined by two-dimensional
and M-mode echocardiography and the mitral
systolic flow patterns were as follows: Among
seven patients who had pansystolic prolapse,
there were six pansystolic regurgitant flow
patterns and one late systolic regurgitant flow
patterns. In five patients who had late systolic
prolapse by two-dimensional and M-mode
echocardiography, three had pansystolic re-
gurgitant flow patterns (Fig. 6) and two had

late systolic patterns.

Discussion

Regurgitant murmurs are produced by the
retrograde flow from a cardiac chamber of rela-
tively high pressure to the one of lower pressure.
Since there is a high pressure difference between
the left ventricle and left atrium throughout
systole, mitral regurgitant murmurs are usually
pansystolic and high-pitched, and usually
plateau-like in configuration. However, as
previously reported by some investigators, the
murmurs of mitral regurgitation may not be
truly pansystolic but may end in late systole
well before the aortic or pulmonic closure
sound’®. In acute mitral regurgitation the
murmur may cease before the aortic second
sound, since regurgitation of a large volume
occurs in the case of a left atrium of normal
size and poor distensibility ; then, an unusually
high left atrial pressure occurs in late systole and
the ventriculo-atrial pressure gradient is resolved
there?. Early systolic murmurs are sometimes
heard in patients with severe mitral stenosis and
mild mitral regurgitation®, and mid-systolic
murmurs can occur in mitral regurgitation due
to papillary muscle dysfunction®. On the other
hand, aortic systolic murmurs often radiate to
the apex or may occasionally be maximal at this
sitel®, and systolic murmurs due to hypertrophic
cardiomyopathy are likewise sometimes loudest
at the apex!?, providing a differential diagnostic
problem.

Development of the ultrasonic pulsed Doppler
techniques and cross-sectional echocardiography
has facilitated the noninvasive analysis of dyna-
mics of intracardiac flow and its spatial and
temporal relations to intracardiac structures.
Using these techniques we studied the genesis
of apical systolic murmurs which cease well
before the second heart sound.

1. The cause of mitral regurgitation

In the present results, neither severe acute
mitral regurgitation nor severe rheumatic mitral
valve involvement was observed ; mitral valve
prolapse was the most common cause. In
1979, Mintz et al'? reported that mitral valve
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Fig. 6. Phonocardiogram, M-mode echocardiogram and pulsed Doppler echocardiogram
of a patient with mitral valve prolapse (34-year-old woman).

An apical systolic murmur starts with the first heart sound and ends well before the second heart
sound (A). M-mode echocardiogram shows mid-systolic buckling of the mitral valve which appeared
in late systole (B). Pulsed Doppler echocardiogram shows a pansystolic decrescendo regurgitant flow
signal behind the mitral valve.

prolapse was the most common cause of mitral
regurgitation which was diagnosed by the
presence either of pansystolic or late systolic
murmurs. Actually, after the development of
two-dimensional  echocardiography, patients
thought to have mitral regurgitation of other
than rheumatic etiology have often been eluci-
dated as having mitral valve prolapse.

2. Phonocardiographic findings

Auscultation by well-trained cardiologists is
an accurate, simple and innocuous method for
making the diagnosis. In our series, 21 early
systolic apical murmurs were diagnosed as mitral
regurgitant murmurs by auscultation with strict
attention to the fact that these systolic murmurs
begin with the first heart sound. Ravin!®

stressed that, in placing great emphasis on the
timing and phonocardiographic shape of mur-
murs, many physicians have lost sight of the
important differences in pitch and quality of
these murmurs which can more easily be re-
cognized than the finer details of timing. How-
ever, among 21 apical systolic murmurs men-
tioned above, only six were high-pitched and
blowing; the others were high-pitched but rough
or harsh in character. Rough or harsh early
systolic murmurs were difficult to differentiate
from the murmurs of aortic origin without
paying attention to their timing. Localization of
murmurs at the apex was highly suspicious of
mitral regurgitation in the present study, since
apical systolic murmurs without evidence of
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mitral regurgitation were transmitted to the 4th
left intercostal space in all but one, while 27 of
32 apical regurgitant systolic murmurs were lo-
calized at the apex.

Coexisting valvular lesions made the diagnosis
of mitral regurgitation more difficult. Eight
apical systolic murmurs were missed by auscul-
tation because of coexisting valvular lesions in
the present study. Multifilter system phono-
cardiography, which provided us simultaneous
recordings of multiple areas, was useful in
determining the precise differences in timing and
configuration of the murmurs, and facilitated
differential  diagnosis?.  Pharmacodynamic
phonocardiography using vasoactive drugs was
also useful in the differential diagnosis of mitral
regurgitation. Intravenous methoxamine pro-
duced an increase in systemic vascular resistance
and a reflex reduction in cardiac rate and output.
As a result, the murmurs of mitral regurgitation
increased and the apical early or mid-systolic
murmurs became pansystolic or late systolic
murmurs?. Amyl nitrite made the regurgitant
murmurs softer, but an increased basal systolic
ejection murmur started earlier and was trans-
mitted well to the apex, so that in some cases, it
became difficult to decide whether an apical
systolic murmur truly decreased in intensity.

3. Pulsed Doppler findings

It is now recognized that pulsed Doppler echo-
cardiography (PDE) is very useful to diagnose
mitral regurgitation noninvasively by detecting
reverse flow through the mitral valve. In a
recent study, it was demonstrated that in all
but one patient the phase of mitral regurgitation
detected by PDE coincided well in timing with a
regurgitant murmur recorded on the PCG.
Furthermore, in patients whose regurgitant
murmurs were intensified by Angiotension II,
abnormal Doppler signals were detected even at
rest, and these signals coincided with newly-
developed regurgitant murmurs on provocation.
The present results were much different from
that report. The regurgitant murmurs of our
patients were early or mid-systolic, whereas most
of the regurgitant flow patterns by PDE were
pansystolic (20 of 29 cases). The late systolic

regurgitant signals obtained in three patients
were also highly suggetive of the presence of
pansystolic regurgitant flow. Their early sys-
tolic signals might be missed in spite of our
meticulous attention to get the pansystolic re-
gurgitat signals as possible. This discrepancy
in timing between phonocardiographic findings
and regurgitant flow patterns in the present
study might have been caused by the complexity
of the sound transmission from the heart to the
chest surface. It is well known that a systolic
murmur is usually recorded by intracardiac PCG
in the pulmonary artery of a normal subject, but
in simultaneous recordings at the second inter-
costal space this murmur is not frequently
observed.

The phase of mitral regurgitation on PDE in
mitral valve prolapse was not synchronous with
the prolapse of mitral leaflets as examined by
two-dimensional echocardiography in four of 12
patients. This suggested that mitral regurgita-
tion did not necessarily occur with mitral valve
prolapse.

Results of the present study showed that
apical early or mid systolic murmurs are mainly
due to mild mitral regurgitation, that mitral valve
prolapse is the most common cause, and that
pulsed Doppler echocardiography and/or phono-
cardiography using the methoxamine test is
valuable for confirming mitral regurgitation.
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