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A double apical impulse has been described as a
physical sign in hypertrophic obstructive cardio-
myopathy (Mounsey, 1959; Braunwald et al., 1960;
Boiteau and Allenstein, 1961; Pare et al., 1961;
Benchimol, Legler, and Dimond, 1963; Cohen et al.,
1964; Gillam, Deliyannis, and Mounsey, 1964;
Tafur, Cohen, and Levine, 1964). In this study
we have used the impulse cardiogram, which is an
optical record of what the hand feels, to determine
more exactly the nature of these abnormalities of
the cardiac impulse. Our object has been to assess
the clinical significance of the different forms of
cardiac impulse in this disease, relating them to the
underlying heemodynamic disturbances.

THE INVESTIGATION
Studies were carried out on 14 patients with hyper-

trophic obstructive cardiomyopathy. The clinical
diagnosis, supported by radiological and electrocardio-
graphic evidence of ventricular, and often atrial, hyper-
trophy, was confirmed at cardiac catheterization and
angiocardiography. A pressure gradient across the
outflow tract of the left, or both right and left, ven-
tricles was demonstrated, which varied with different
physiological and pharmacological manceuvres. The
configuration of the cavity of the left ventricle was shown
on angiocardiography to be characteristic of hyper-
trophic obstructive cardiomyopathy, with gross regional
thickening of the ventricular wall and a functional form
of stenosis in the outflow tract during systole.

In every patient the cardiac impulse was recorded at
the apex and at the left stemal edge by means of the
impulse cardiograph (Beilin and Mounsey, 1962) which
records displacement of the chest wall relative to a fixed
point in space. It was calibrated in this study so that
movement of the chest wall of 1 mm. produced a deflec-
tion in the record of 60 mm. Records were made with
the patient lying supine propped up at an angle of about
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45 degrees. They were taken when the breath was held
at the end of quiet expiration and a simultaneous electro-
cardiogram and phonocardiogram were recordedJ as
reference tracings. In every patient the form of the
impulse cardiogram corresponded closely to the clinical
impression on palpation of the prmcordium.

Retrograde left ventricular catheterization was per-
formed in all of the patients. In addition, in 9 patients
in whom right heart involvement was suspected, right
heart catheterization was also performed. Bi-plane
angiocardiograms, using an Elema roll-film changer, and
also one-plane cine-angiocardiograms were taken
during the same investigation.
The pressure records thus obtained were available for

detailed study. Pressure gradients between the left
ventricular cavity and the aorta were measured. Where
right heart catheterization had been performed, any
pressure gradient between the right ventricle and the
pulmonary artery was noted. Three moments in diastole
were selected for pressure measurement: diastasis (or
the period immediately preceding atrial systole); atrial
systole, when the height of the "a" wave was measured;
and end-diastole, between the "a " wave and the
beginning of ventricular systole. These measurements
were selected as affording evidence of increased force
of atrial contraction and of diminished compliance of the
ventricle.

In order to gain an impression of changes in cavity
volume throughout the cardiac cycle, three of the cine-
angiocardiograms were selected for detailed analysis
and sequential changes in ventricular cross-sectional
area were measured. The three cine-angiocardio-
grams selected were free from ventricular ectopic beats,
tachycardia, or technical imperfections which made the
other cine-angiocardiograms unsuitable for detailed
study. The cine-films were taken at a speed of about
40 frames a second, the exact speed in each run being
arrived at by dividing the number of exposed frames
into the duration of x-ray exposure, which was recorded
alongside a simultaneous electrocardiogram. Individual
frames could thus be accurately related to the electro-
cardiogram and, in a more general way, to hemodynamic
events recorded during the same investigation, the
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FIG. 1.-Three types of abnormal apical impulse inrcardiomyopathy. (a) Large atrial beat (AB) and normal
ventricular systolic impulse. (b) Moderately large atrial beat and sustained ventricular systolic impulse.

(c) Moderately large atrial beat and bifid sustained ventricular systolic impulse.
Phonocardiograms: AA=aortic area; LSE=left sternal edge; MF=xmedium frequency; SM=systolic

murmur; 1 and 2 =first and second heart sounds. Electrocardiogram lead II.

electrocardiogram being used to link the two. For
sequential analysis, the film was projected onto a screen
and the outlines of the cavities of the ventricle and
atrium traced onto celluloid. The cross-sectional areas
of the cavities were determined by planimetry.

RESULTS

Apical Impulse. A cardiac impulse at the apex
with two or more major deflections was recorded in
13 ofthe 14 patients studied. In 10 ofthese patients
the double nature of the impulse was due to a large
atrial beat accompanying atrial systole and preceding
the ventricular systolic impulse (Fig. 1) (Beilin and

Mounsey, 1962). In the other 3 patients the
ventricular systolic impulse itself was bifid, and,
since it was preceded by a large atrial beat, the car-
diac impulse showed three major outward deflec-
tions (Fig. lc).

Impulse during ventricular systole. Detailed analy-
sis of the ventricular systolic portion of the apical
impulse showed this to be normal in form in 4
patients (Beilin and Mounsey, 1962) (Fig. la). In
the remaining 10 patients, it was abnormally sus-

tained at the apex (Beilin and Mounsey, 1962)
(Fig. lb). In addition in 3 of these 10 patients the

TABLE
APEX IMPULSE AND H&MODYNAMIC CORRELATIONS IN 14 PATIENTS WITH OBSTRUCTIVE CARDIOMYOPATHY

Case No., sex, and age (yr.) Leftventr. Ventricular impulse Atrial Height Atrio-ventricular Left ventr.
syst. (apex) impulse of atrial impulse ratio diast. pressure

gradient (apex) impulse (mm. Hg)
(mm. Hg) (mm.) __l_ |__

0

II

15 M 25 100 Sustained (bifid) Moderate 3 0-25 5 38 18
16 F 18 100 Sustained Moderate 4 0 4 5 35 20
9 M 30 81 Sustained Large 6 0-2 12 38 18

13 M 30 80 Sustained (bifid) Giant 14 1-5 0 55 15
17 F 36 75 Sustained (bifid) Giant 25 0-8 0 24 9
8 F 52 63 Sustained 0 0 0 0 20 12
6 M 39 60 Normal Large 5 0-8 5 15 13

11 F 17 56 Normal Giant 12 0 9 1 47 21
2 M 45 50 Sustained Giant 18 0 9 0 25 12
3 M 43 50 Normal Giant 12 0 9 7 32 13
18 F 45 40 Normal Large 8 0 4 3 17 9
7 M 33 30 Sustained Moderate 3 0 4 8 21 17
14 F 52 10 Sustained Moderate 2 0-1 0 15 5
1 M 13 10 Sustained Giant 15 1-25 0 20 8
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sustained impulse had a bifid character, showing 2
distinct humps during ventricular systole (Fig. lc).

Hcmodynamic correlations. A sustained apical
impulse has been shown to be associated closely
with the development of left ventricular hyper-
trophy (Beilin and Mounsey, 1962; Deliyannis
et al., 1964). Some correlation, therefore, might
be expected between the systolic gradient across
the left ventricular outflow tract in patients with
hypertrophic obstructive cardiomyopathy and the
nature of the apical impulse. In the Table it will
be seen that all patients having a gradient of more
than 60 mm. Hg showed a sustained impulse. In
the remaining 8 patients with smaller gradients at the
time of catheterization the type of impulse was
variable, 3 of the patients with the smallest gradi-
ents showing conspicuously abnormal impulses.

Giant Atrial Beat. It was in the portion of the
cardiac impulse during atrial systole that the physical
sign most suggestive ofthe diagnosis ofhypertrophic
obstructive cardiomyopathy was usually seen.
A small atrial beat at the apex, measuring 1 to

2 mm. in the impulse cardiogram, is sometimes
seen in health but is seldom easily palpable (Beilin
and Mounsey, 1962). In left ventricular hyper-
trophy from hypertension or aortic stenosis, an
augmented atrial beat of 5 to 10 mm. is commonly
seen and felt. In our series of patients with cardio-
myopathy, however, outstandingly large "giant"
atrial beats were common. Thus in 6 patients
they were more than 10 mm. in height, approaching
and, in two cases, exceeding the height of the
ventricular systolic impulse (Fig. 2a). Two of
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these giant atrial beats were followed by a ventricu-
lar systolic impulse of normal configuration.
Seven patients had moderate-sized atrial beats of
between 2 and 8 mm. in height: in 5 they were
associated with a sustained ventricular beat, while
in 2 they were followed by a ventricular beat of
normal form. Only one patient had no atrial
beat, but in him the ventricular beat was abnormally
sustained.

Hamodynamic correlations. The frequency of a
large atrial beat in the cardiac impulse of our
patients reflected the underlying heemodynamic
disturbances. There is good evidence that de-
creased compliance of the ventricles and increased
atrial systolic pressure are important heemodynamic
abnormalities in hypertrophic obstructive cardio-
myopathy (Braunwald and Ebert, 1962; Wigle,
Heimbecker and Gunton, 1962; Cohen et al.,
1964; Gillam et al., 1964). In order to gain some
idea of the extent of the disturbances of ventricular
filling in these patients, measurements of the left
ventricular pressure at three moments during
diastole were made as described above. In the Table
it will be seen that, with one exception, the pressure
was not raised during diastasis, immediately before
atrial contraction. During atrial systole, however,
very high pressures were recorded, the peak of the
"a" wave reaching 55 mm. Hg in Case 13. Equally
abnormal was the height of the end-diastolic
pressure which, with one exception, was always
raised. These figures, therefore, gave confirmation
both of the increased force of left atrial contrac-
tion and of decreased compliance of the left ven-
tricle in end-diastole.
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FIG. 2.-Giant atrial beat (AB) in cardiomyopathy, exceeding in amplitude the ventricular systolic impulse

(Case 1). (a) Apical impulse. (b) Left parasternal impulse.
Phonocardiogram at left sternal edge (LSE); medium frequency (MF); ASM=atrial systolic murmur
1 and 2=first and second heart sounds; SM=systolic murmur. Electrocardiogram lead II.
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FIG. 3.-Sequential changes of left ventricular cavity area in left lateral cine-angiocardiogram (Case 17), with
simultaneous electrocardiogram. Note major increase in left ventricular cavity area during second half of
P wave and in end-diastole (including first 0 5 sec. of QRS): virtually no ventricular filling before P wave.

(Areas in square "units," since measurements made on projected film.)

Left Parasternal Impulse. At the left sternal
edge all but 4 of the patients had a normal ventricu-
lar systolic impulse and a normal atrial beat also.
One showed a sustained ventricular impulse, and 3
a large atrial beat which was of giant size in 2,
exceeding 10 mm. in height.

In most patients hemodynamic disturbances in
right ventricular function were relatively slight
compared with those in the left ventricle. In one
of the two patients, however, with a giant atrial
beat at the left sternal edge, the height of the "a"

wave and the end-diastolic pressure in the right
ventricle were considerably raised and of the same
order as those in the left ventricle, being 20 and
8 mm. Hg, respectively (Case 1, Fig. 2b). In the
second patient with a giant atrial beat at the left
sternal edge, right-sided catheterization was not
performed.

CINE-ANGIOCARDIOGRAPHIC STUDIES
A direct relationship might be expected between

evidence of increased atrial transport fimction and a
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FIG. 4.-Superimposed tracings of cine-angiocardiograms of right ventricle (Case 1), in left lateral view,
at three points during cardiac cycle, indicated in simultaneous electrocardiogram. Note major increase
of ventricular cavity area during downstroke of P wave (--- line) and beginning of QRS (- line),

i.e. in atrial systole and end-diastole.

giant atrial beat in the impulse, since the latter
reflects ventricular wall displacement during atrial
systole. While pressure records at catheterization
provide evidence of diminished ventricular com-
pliance and increased atrial systolic pressure in
cardiomyopathy, it is in the cine-angiocardiogram
that direct evidence of increased atrial transport
function is to be found. Case 17, who showed the
largest giant atrial beat in the series, had a left
ventricular angiocardiogram suitable for detailed
analysis. In Fig. 3 it will be seen that the major
increase in cross-sectional area of the left ventricle
in the frontal projection did not take place until
atrial contraction occurred and the atrium dis-
charged its contents into the ventricle. These
changes in cross-sectional area were noted in both
the antero-posterior and the lateral view cine-
angiocardiogram. Since the cine-angiocardiograms
were not taken by a bi-plane method, no direct in-
ference could be drawn from them about volume
changes in the left ventricular cavity, but they lent
support to the concept of increased atrial transport
function in ventricular filling in this patient.

Case 1 was a patient who was also of special
interest (Table). A giant atrial beat was present

at both apex and left parasternal areas. At cardiac
catheterization there was evidence of increased
atrial systolic pressure and decreased ventricular
compliance on both sides of the heart, the pressure
in right and left ventricles rising to 20 mg. Hg
during atrial systole, with an end-diastolic pressure
of 8 mm. Hg, as already described. His right-
sided cine-angiocardiogram was studied and showed
evidence compatible with increased atrial transport
function on the right side of the heart, similar to
that shown in Case 17 on the left side of the heart.
Fig. 4 shows superimposed outline tracings of the
right ventricular cavity in the left lateral view at three
points during the cardiac cycle, together with their
timing in the simultaneous electrocardiogram. In
Fig. 5 the sequential changes in cross-sectional area
of the right ventricle in the oblique view are shown
throughout diastole, where it is clear that the major
increase in area of the right ventricular cavity occurs
during atrial systole and end-diastole.

DISCUSSION
Our study shows that the double apical impulse of

cardiomyopathy is usually due to an abnormally
large atrial beat, preceding the impulse accompany-
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FIG. 5.-Sequential changes of right ventricular cavity area, calculated from cine-angiocardiogram illustrated
in Fig. 4 (Case 1). 0= in postero-anterior projection; * =left lateral. Analysis of frames, at 0-025 sec.
intervals, confirms that major increase in area of ventricular cavity takes place in atrial systole and end-

diastole.

ing ventricular systole. It is the very large size of
this atrial beat, at times reaching giant proportions
and dwarfing the ventricular systolic impulse, that
gives it its characteristic quality. A bifid character
to the ventricular systolic portion of the impulse
was a relatively rare finding and, where present, was
always preceded by an atrial beat also.

In some patients the apical impulse of cardio-
myopathy did not differ in any major respect from
that of left ventricular hypertrophy from other
causes, such as hypertension or aortic stenosis,
where a large atrial beat is followed by a taller
sustained ventricular systolic impulse. Where the
atrial beat dwarfs the ventricular beat, or approaches
it closely in height, as in 7 of our patients, the
diagnosis of cardiomyopathy should be considered
on the evidence of the cardiac impulse alone, since
this sign is rarely seen in other diseases.

Both the ventricular and the atrial portion of the
apical impulse reflect the underlying heemodynamic
abnormalities. A general correlation was noted in
our series between a large pressure gradient across

the left ventricular outflow tract on the one hand and
the sustained nature of the ventricular systolic
impulse on the other. This was to be expected in
so far as the pressure gradient partly reflected the
degree of ventricular hypertrophy, since a sustained
cardiac impulse has been shown to be a reliable sign
of ventricular hypertrophy (Beilin and Mounsey,
1962). The degree of fimctional obstruction,
however, in this disease is not directly related to
over-all ventricular hypertrophy, but rather to the
amount of localized hypertrophy in the outflow
tract and also to varying myocardial contractility
under different physiological conditions (Braun-
wald and Ebert, 1962; Cohen et al., 1964). For
these reasons alone a closer correlation between the
pressure gradient and the form of the apical
impulse was not to be expected, a number of patients
showing a sustained impulse with only a small
gradient across the left ventricular outflow tract at
the time of catheterization.
Of equal interest, from the haemodynamic view-

point, was the frequent finding of a large atrial beat

Al24.
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in the apical impulse of our patients, an observation
previously noted in other series (Mounsey, 1959;
Pare et al., 1961; Wigle et al., 1962; Benchimol
et al., 1963; Cohen et al., 1964; Gillam et al., 1964;
Tafur et al., 1964). This augmented atrial beat of
obstructive cardiomyopathy reflects one of the basic
hemodynamic abnormalities of the disease, namely
decreased ventricular compliance, with increased
atrial systolic pressure and increased atrial transport
function. Cine-angiocardiography confirmed the
abnormally large outward movement of the ven-

tricular wall during atrial systole, responsible for the
large atrial beat on the overlying cardiac impulse.

SUMMARY

The cardiac impulse has been studied in 14
patients with hypertrophic obstructive cardio-
myopathy, using the impulse cardiogram. The
diagnosis and extent of the lesion were examined in
all cases by cardiac catheterization and angio-
cardiography.
At the apex, the most characteristic physical sign

in the cardiac impulse was an atrial beat of "giant"
size, approaching or exceeding the amplitude of the
ventricular systolic impulse-a sign that was met
in 6 of the 14 patients, and gave a clear "double
impulse" on palpation at the bedside. Smaller
atrial beats were met in all but one of the other
patients.
The apical ventricular systolic impulse was ab-

normally sustained in 10 patients, with a bifid
character in 3: in the remaining 4 patients it was

normal.
The large atrial beat reflected increased left atrial

transport function, demonstrated on cine-angio-
cardiography, associated with a raised atrial systolic
pressure and decreased ventricular compliance.
A general correlation was found between an ab-

normally sustained ventricular impulse and the
presence of a marked pressure gradient between the
hypertrophic left ventricle and the aorta.

With one exception, heemodynamic disturbances
in the right ventricle were slight compared with those
in the left, and this accorded well with the normal
left parasternal impulse in all but 4 patients.

We would like to thank Professor J. F. Goodwin
and Dr. Celia Oakley for allowing us to study patients
under their care and Professor R. E. Steiner for his help
in the analysis of the angiocardiograms. We are also
grateful to Mr. Peter Burgess and Miss Jean Powell for
technical assistance.
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