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Systolic time intervals in valvular aortic stenosis
and idiopathic hypertrophic subaortic stenosis

Mohsen Ibrahim,' Michele Silie, Jean-Pierre Delahaye, and Roger Froment
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Corrected systolic time intervals of the left ventricle: the interval between the onset of the Q wave and
the first heart sound (Q-MI), isovolumic contraction time (IVCT), and left ventricular ejection time
(LVET) have been measured by noninvasive techniques in 26 patients with valvular aortic stenosis and
in 25 patients with idiopathic hypertrophic subaortic stenosis. The results were compared with the peak systolic
pressure gradient across the aortic valve or the subaortic stenosis. It was shown that the Q-Mi interval was
pathologically long in patients with idiopathic hypertrophic subaortic stenosis. Isovolumic contraction time was
derived by two different measurements (IVCT I and IVCT 2) and in both groups ofpatients it was shortened.
A significant inverse relation was established between the gradient and the isovolumic contraction time only
in patients with valvular aortic stenosis. When the LVET/IVCT ratio was compared with the gradient, a

linear correlation was demonstrated (r=o84, P< o.ooi) in patients with valvular aortic stenosis. In patients
with idiopathic hypertrophic subaortic stenosis no single parameter was found to be of value in assessing the
degree of intraventricular pressure gradient.

In recent years noninvasive techniques have gained
wide acceptance as effective procedures for the study
and evaluation of left ventricular function (Weissler,
Harris, and Schoenfeld, I969). Determination of
the systolic time intervals has been performed in
different diseases of the left ventricle (Jezek, I963;
Margolis, I964; Weissler, Harris, and Schoenfeld,
I968). Jezek (I963) found that in patients with aortic
stenosis there was pathological shortening of the iso-
volumic contraction time (IVCT) and prolongation
of left ventricular ejection time (LVET). Prolonged
LVET has been a known feature of valvular aortic
stenosis for a long time (Katz and Feil, I926) and
recently recognized in patients with idiopathic
hypertrophic subaortic stenosis (Wigle, I963).
Apart from LVET few clinical studies of other sys-
tolic time intervals were made and a correlation
with systolic pressure gradient has not been ade-
quately investigated.
The aim of this report is (i) to measure these

intervals in two groups of patients, one presenting
with valvular aortic stenosis and the other with
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idiopathic hypertrophic subaortic stenosis, and to
compare these measurements with the results ob-
tained in normal subjects, and (2) to determine whe-
ther the degree of aortic obstruction can be assessed
from the externally measured systolic time intervals.

Subjects and method
Studies were performed on two groups of patients. The
first comprised 26 patients where pure or dominant
aortic valvular stenosis was present. Patients with
more than trivial regurgitation were excluded from
the study. The second group comprised 25 patients
with idiopathic hypertrophic subaortic stenosis. In
all the 51 patients the clinical diagnosis was confirmed
by haemodynamic and angiographic studies. The peak
systolic gradient across the aortic valve was measured
in all 26 patients with aortic stenosis, by left heart
catheterization in 25, and at operation in a single
patient. The pressure gradient ranged between 30 and
ISO mmHg with a mean of 76-7 mmHg. The intraven-
tricular pressure gradient in all 25 patients with idio-
pathic hypertrophic subaortic stenosis was measured by
left heart catheterization. The basal systolic gradient in
this group ranged between 8 and IIO mmHg, with a
mean of 57.4 mmHg. The average age of patients with
valvular aortic stenosis was 46 years, whereas the patients
with idiopathic hypertrophic subaortic stenosis averaged
34.7 years. All patients studied were in sinus rhythm
and had no bundle-branch block. None of them had
clinical or radiological evidence of heart failure.
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The duration of the phases of left ventricular systole
was measured from simultaneous recordings of the
electrocardiogram, phonocardiogram, apex cardiogram,
and indirect carotid arterial pulse using a multichannel
Hellige photographic recorder and microphone. Record-
ings were obtained at a paper speed of 50 and Ioo mm a
second. The measurements made are shown diagram-
matically in Fig. i. The onset of the mitral closure
sound (Mi) was measured only if the initial high fre-
quency vibrations of this sound were clearly defined.
The Q-Mi interval was measured from recordings ob-
tained over the mitral and tricuspid areas using low cut-
off frequencies of 50 and Ioo cps.

FIG. I Systolic time intervals defined by simultane-
ous recording of electrocardiogram, phonocardiogram,
carotid pulse, and apex cardiogran. = IVCT I;
2=IVCT 2.

Definitions of intervals (Fig. I)
Q-Mi The interval from the beginning of depolariza-
tion (Q wave in lead II in the standard electrocardio-
gram) to the initial high frequency vibrations of the first
sound.

Isovolumic contraction time (IVCT) This was
derived by two different measurements:

IVCT I From the beginning of apex cardiogram up-
stroke to that of the carotid upstroke.

IVCT 2 From the onset of the first rapid vibrations of
the first heart sound to the beginning of the carotid
upstroke.

Left ventricular ejection time (LVET) This is mea-
sured from the beginning of the upstroke to the trough
of the incisure of the carotid arterial pulse tracing.

In addition to the above measurements the following
two ratios were also calculated: LVET/IVCT i and
LVET/IVCT 2.

All measurements were calculated from the mean of
measurements made on 5 consecutive beats occurring
mid to late expiration, each read to the nearest 5 msec.
All the values were corrected for heart rate using the
Bazett (I920) formula, dividing the absolute value by the
square root of the preceding cycle length (RR interval).
The findings provided by these means were correlated
with the peak systolic pressure gradient which was used
as an index of severity.

Statistical analysis was performed using the usual
parametric statistical methods (regression and correla-
tion coefficients).

Results
The results of this study are shown in Tables i
and 2.

Valvular aortic stenosis
In this group we were not able to define the initial
high frequency vibrations of the first heart sound in
7 patients; accordingly measurements of the Q-Mi
and IVCT 2 intervals were not made in these
patients. The Q-Mi interval ranged, in the group
of patients in which it was measured, between 40
and 89 msec, with a mean of 66-3 ± 147 msec.
Fourteen out of I9 patients had a Q-Mi interval
more than 60 msec. The IVCT I ranged between
55 and I22 msec, with a mean of 85-5±20 msec.
On the other hand, IVCT 2 ranged between 33 and
93 msec, with a mean of 56-8 ± i8 msec. Thirteen
out of I9 patients had an IVCT 2 less than 6o msec;
the LVET was between 28i and 420 msec, the mean
was 359.3 ± 27-I msec. Out of 26 patients studied, 22
had an LVET more than 340 msec, the LVET/
IVCT i ratio ranging between 2-3 and 6-4 with a
mean of 4.4, while the LVET/IVCT 2 ratio was
between 3.5 and I2-7 with a mean of 6-9. The
majority of patients had an LVET/IVCT i ratio
more than 4.
When these measurements were compared with

the peak systolic pressure gradient across the aortic
valve, a significant correlation was established be-
tween the gradient and some of these parameters.
Fig. 2 illustrates the significant linear correlation
between LVET/IVCT i ratio and the peak systolic
pressure gradient in patients with valvular aortic
stenosis (correlation coefficient=o-84); the patients
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TABLE i Systolic time intervals (msec) in patients with valvular aortic stenosis

Case Age Sex Pressure Q-Mx IVCT z IVCT2 LVET LVET/ LVET/
gradient IVCT z IVCT 2
(mmHg)

I 47 F 8o 53 74 53 320 4.3 6
2 44 M 60 8i I06 8i 360 3.4 4.6
3 I7 M iIo 65 76 43 347 4.6 8
4 45 M I20 88 77 33 420 5.4 I2.7
5 65 M 8o 62 98 62 394 4.I 6-6
6 39 M 50 48 io8 84 359 3-3 4'3
7 47 F 30 6I I22 92 28I 2-3 3.5
8 59 M 130 63 63 42 358 5'7 8.5
9 49 F 60 47 II6 93 360 3.I 3.9
10 49 M 50 89 I14 64 366 3.1 5.6
II 48 F I50 46 57 46 367 6.4 8
12 62 M 65 70 93 47 372 4-0 8
I3 63 M ioo 68 79 45 408 5-I 9
I4 40 M 96 76 65 43 369 4-9 8-5
I5 47 M 60 72 92 51 369 4-0 7.2
i6 53 F Ioo 67 67 56 369 5 5 6-6
17 66 F II4 80 55 40 350 6.4 8.7
i8 60 M 66 40 65 55 320 4-9 5.8
I9 I4 M 48 84 78 50 358 4.6 7.I
20 56 M 31 IOO 350 3.5
21 21 M 90 65 367 5.7
22 34 M 86 78 369 4-7
23 48 M 50 ii6 358 3.I
24 9 M 44 78 347 4-5
25 6i M 34 101 335 3-3
26 54 F I07 8i 370 4.6

TABLE 2 Systolic time intervals in patients with idiopathic hypertrophic subaortic stenosis

Case Age Sex Pressure Q-Mi IVCT z IVCT 2 LVET LVET/ LVET/
gradient IVCT z IVCT 2
(mmHg)

I 43 M Io 56 75 42 368 4.9 8.7
2 26 M 40 89 67 45 436 6-5 9.7
3 21 F ioo 67 IOI 79 362 3.6 4.6
4 44 M io8 90 84 54 388 4.6 7.2
5 23 M 8 70 80 50 300 3.8 6-o
6 45 M 50 76 8i 47 343 4-2 7-3
7 50 M 36 83 72 51 312 4-3 6-I
8 26 M 60 I06 95 IO9 362 3.4 3-3
9 i6 M 40 76 98 66 286 2-9 4-3
IO I9 M 28 73 94 63 326 3.5 5-2
II 52 M 88 68 105 79 337 3-2 4-3
12 40 M 32 95 76 57 295 3-9 5-2
I3 25 M 20 85 97 60 329 3-4 5-5
14 54 M I2 82 82 7I 348 4-2 4.9
I5 30 F 70 97 78 59 339 4.3 5-8
i6 41 M 48 66 76 38 37I 4.9 9-8
I7 39 M 72 75 I03 62 38I 3.7 6-2
i8 II M I04 68 79 42 316 4-0 7.5
I9 36 M 50 89 71 29 406 5.7 I4.0
20 55 F IIO I06 117 69 350 3-0 5.I
21 28 M IOO 67 98 39 359 3'0 9-2
22 30 F 70 73 72 67 340 4-7 5.I
23 53 F 40 43 86 65 358 4-2 5-5
24 40 M 8o 90 60 30 370 6-2 I2.3
25 21 M 60 60 80 60 350 4-4 5.8
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FIG. 2 Correlation between the LVET/IVCT I ratio and the peak systolic pressure gradient
in 26 patients with valvular aortic stenosis.

Valvular Aortic Stenosis

n=26
r=0.84
P<O.OO1

Valvu tar Aortic Stenosis

n=26
r=-0.74
p<0.001

LV-AORTIC PEAK GRADIENT (mm Hg)
FIG. 3 Relation between the IVCT i interval and the peak systolic pressuregradient in patients
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FIG 4 Diagram relating the LVET and the peak systolic pressuregradient in 26 patients with
valvular aortic stenosis.
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FIG. 5 Correlation between the LVET/IVCT I ratio and the intraventricular pressuregradient
in 25 patients with idiopathic hypertrophic subaortic stenosis.
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with the lowest gradient had a lower LVET/IVCT
i ratio and patients with the most severe obstruction
had a higher ratio. A significant correlation existed
also between the LVET/IVCT 2 ratio and the pres-
sure gradient (r= 0-72, P <ooi). Fig. 3 illustrates
the relation between IVCT i and peak systolic
gradient: a significant inverse relation existed,
patients with the lowest gradient having a higher
IVCT i or IVCT 2, and patients with the most
severe obstruction having the lowest IVCT. When
LVET is compared with the gradient a fair correla-
tion exists (r=oo44); however, this relation is not
linear (Fig. 4). There is no correlation between the
gradient and Q-Mi interval.

Idiopathic hypertrophic subaortic stenosis
The Q-Mi interval in this group was longer than in
the first one; it ranged between 43 and io6 msec,
with a mean of 78-4 ± I4-8 msec. The majority of
patients were found to have a Q-Mi more than 70
msec. Measurements of IVCT i and IVCT 2 were

Q-MI (msec)
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FIG. 6 Mean values of Q-Mi interval among pa-
tients with valvular aortic stenosis, idiopathic hyper-
trophic subaortic stenosis, and the normal subjects.
The measurements of normal subjects in this study are
based upon the study of Spodick and Kumar (1970).

very similar to those in patients with valvular aortic
stenosis: the IVCT i was between 67 and I17 msec,
with a mean of 85-I ±I3-8 msec, while IVCT 2
was between 30 and I09 msec, with a mean of 57-3
+ I7.5 msec. The LVET was between 295 and 436
msec, with a mean of 349.3 ± 34.3 msec. The

majority of patients were found to have a LVET
more than 340 msec. The LVET/IVCT i ratio was
between 2-9 and 6-5, with a mean of 4-3, and the
LVET/IVCT 2 ratio was between 3.3 and I4-0,
with a mean of 6-7.
When the measurements of the above systolic

intervals and ratios in patients with idiopathic hyper-
trophic subaortic stenosis were compared with the
peak systolic intraventricular pressure gradient, no
correlation could be established (Fig. 5).

Discussion
The measurement of systolic time intervals has been
applied by many investigators to the evaluation of
left ventricular function in nonvalvular heart disease
(Margolis, I964; Schoenfeld et al., I967; Weissler
et al., I969). It was found that haemodynamic mea-
surements of left ventricular performance correlate
significantly with the externally measured systolic
time intervals (Garrard, Weissler, and Dodge, 1970;
Ahmed et al., I970). In patients with valvular aortic
stenosis and idiopathic hypertrophic subaortic steno-
sis, attention has been focused on the ejection time,
carotid arterial pulse contour, and its different
measurements, with little notice taken of the other
components of systole.
The measurement of the Q-Mi interval in pa-

tients with valvular aortic stenosis by different in-
vestigators has yielded conflicting results (Warem-
bourg and Dubar, I967; Braunwald et al., I963;
Delahaye et al., I968). We have selected our
patients carefully to avoid errors in evaluating
the length of the Q-Mi interval; associated mitral
stenosis, left bundle-branch block, left ventricular
failure - or false timing of the aortic ejection sound
as the onset of the first heart sound. We found
that the Q-Mi interval was moderately prolonged
(mean= 66-3 msec). In patients with idiopathic
hypertrophic subaortic stenosis an abnormally long
Q-Mi interval was found (mean= 78-4 msec); the
majority of patients had an interval more than 70
msec (Fig. 6). It seems possible that left ventricular
hypertrophy may be responsible for the delay of
the intraventricular spread of the electric stimulus.
Modification of the elastic properties of the myo-
cardial fibres in left ventricular hypertrophy may
lead to a delay in the transformation of the cardiac
ovoid into a sphere, hence the preisometric phase
of contraction (Q-Mi) will be prolonged (Warem-
bourg and Dubar, I967). However, there was no
correlation between the peak systolic pressure
gradient and the Q-Mi interval in both groups
of patients.

Difficulty in defining the initial high-frequency
vibrations of the first heart sound in patients with
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valvular aortic stenosis made it impossible to mea-
sure the IVCT 2 in 7 patients out of 26. This diffi-
culty certainly limits the application of this measure-
ment. In both groups of patients with valvular aortic
stenosis and idiopathic hypertrophic subaortic steno-
sis, the IVCT i and IVCT 2 were found to be
shorter than in normal subjects. IVCT is a direct
expression of the sum of factors comprising con-

tractility, especially the rate of rise of left ventricular
pressure, and it also reflects the end-diastolic
stretch and end-diastolic volume (Katz and Feil,
I923; Reeves et al., I960; Spodick and Kumar,
I968). The shortening of IVCT in patients with
valvular aortic stenosis and idiopathic hypertrophic
subaortic stenosis might be due to an accelerated
rise of the intraventricular pressure in addition to a

diminished end-diastolic pressure gradient between
the aorta and the left ventricle. Patients with sub-
aortic stenosis have a high peak arterial dp/dt, due
to the absence of obstruction to ejection early in
systole (Mason et al., I964), which may in part
explain the short IVCT.
There is, however, the probability that the hyper-

trophic ventricular muscle also participates in the
shortening of IVCT. Jezek (I963) found this shor-
tening to be much more conspicuous in patients
with valvular aortic stenosis and conspicuous left
ventricular hypertrophy. We found a significant in-
verse relation between the peak systolic pressure
gradient and IVCT in patients with valvular aortic
stenosis, patients with the most severe obstruction
having the shortest IVCT. In patients with idio-
pathic hypertrophic subaortic stenosis no relation
exists between the IVCT and the intraventricular
pressure gradient. The variability of contractility
and outflow obstruction in these patients may ex-

plain this lack of correlation. It must be borne in
mind that idiopathic hypertrophic subaortic steno-
sis is a primary myocardial disease, resulting only
secondarily in obstruction to left ventricular ejec-
tion; indeed, significant obstruction has never been
documented in many patients who were severely
incapacitated (Morrow, Lambrew, and Braunwald,
I964).

Pathological lengthening of LVET in patients
similar to ours has been previously reported by vari-
ous investigators (Donoso et al., I956; Duchosal et
al., I956; Benchimol, Legler, and Dimond, I963;
Robinson, I963; Epstein and Coulshed, I964;
Braunwald et al., I964; Moskowitz and Wechsler,
I965; Wigle, Auger, and Marquis, I967; Polis at al.,
I968; Coblence et al., I968; Delahaye et al., I968).
Contrary to the findings of Delahaye and coworkers
(I968) in young patients with aortic stenosis we

were not able to obtain a linear correlation between
the peak systolic pressure gradient and LVET.

Our findings agree with those of Epstein and Coul-
shed (I964). In patients with idiopathic hypertrophic
subaortic stenosis our findings are similar to those
of Braunwald and coworkers (I964) who found no
relation between the peak systolic pressure gradient
and the duration of the ejection period. Wigle and
coworkers (I967), on the other hand, found a direct
relation between the degree of prolongation of the
ejection time, and the magnitude of the intraven-
tricular pressure gradient. In our two groups of
patients the LVET was more than 340 msec in the
majority of cases and this was independent of the
level of the gradient. However, contrary to the
findings of Polis and coworkers (I968), we did not
find normal ejection time in patients with severe
valvular aortic stenosis. We think the lack of a good
correlation between the gradient and LVET is due
to the many factors which affect the latter. Though
the degree of aortic valve obstruction is an impor-
tant factor in determining the duration of the left
ventricular ejection time, the stroke volume makes
a significant contribution.

Since a high pressure gradient in the aortic orifice
is mostly associated with a shortening of IVCT and
a prolongation of the ejection time, we thought that
a better correlation may exist when the LVET/
IVCT ratio is compared with the pressure gradient.
We found a significant linear correlation between
these two variables, especially when the LVET/
IVCT i ratio was applied (r= o-84, P < o0ooi).
Patients having a LVET/IVCT i ratio of more
than 5 usually have a severe degree of aortic valve
stenosis with a peak systolic pressure gradient across
the aortic orifice more than go mmHg. Generally
patients with a gradient less than 60 mmHg have a
LVET/IVCT I ratio near the normal (the estimated
normal mean LVET/IVCT i ratio according to the
measurements of Kumar and Spodick, I970, is 3-1).
However, this relation applies only to patients in
the compensated state, since the addition of left
ventricular failure will produce lengthening of
IVCT and shortening of LVET.

In patients with valvular aortic stenosis an assess-
ment of the systolic pressure gradient and the
severity of stenosis can be obtained from external
measurement of the IVCT and LVET/IVCT ratio.
In patients with idiopathic hypertrophic subaortic
stenosis no single parameter was found to be of
value in assessing the degree of intraventricular
pressure gradient and the severity of obstruction.
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