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Changes in systolic time intervals in acute

myocardial infarction

Roland Samson?

From Medical Research Council Cardiovascular Research Unit, Royal Postgraduate
Medical School, Hammersmith Hospital, London W.12

After acute myocardial infarction there is a shortening of the QS interval and the ejection time.
The pre-ejection time is either normal or prolonged. After the stage of maximum shortening of the
QS interval and ejection time, there is a progressive improvement towards the normal. In this
study there was no correlation between the shortened QS interval and ejection time, and the

level of urinary catecholamine excretion.

The physiological and clinical significance of these changes in the systolic time intervals and
their relation to the altered haemodynamics and mechanics are discussed.

The evaluation of the systolic time intervals
as a bloodless method of measuring cardio-
vascular function is of interest to cardiologists
and clinicans. Garrod (1874), Lombard and
Cope (1926), and Braunwald, Sarnoff, and
Stainsby (1958) noted an inverse relation be-
tween the left ventricular ejection time (ejec-
tion time) and heart rate. Jezek (1963)
described some of the changes in systolic time
intervals in both myocardial and valvular
heart disease. Weissler, Harris, and Schoen-
feld (1968) found a normal Q—second heart
sound interval (QS; interval) with a shortened
ejection time and prolonged pre-ejection time
in patients with chronic myocardial disease,
who were in heart failure. We have previ-
ously described (Toutouzas et al., 1969) some
of the patterns of change of the QS; interval
after acute myocardial infarction.

This paper describes the magnitude and
course of the changes occurring in the systolic
time intervals in patients after acute myocar-
dial infarction. In view of the fact that the
ejection time is known to be influenced by
inotropic agents (Braunwald et al., 1958;
Wallace, 1968), and as urinary catecholamines
are increased in patients following acute myo-
cardial infarction (Gazes, Richardson, and
Woods, 1959; Nuzum and Bischoff, 1953;
Valori, Thomas, and Shillingford, 1967;
Wallace, 1968), we have also attempted to
determine whether there is any correlation
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between the systolic time interval and cate-
cholamine excretion.

Methods

Thirty-one patients with acute myocardial infarc-
tion were studied. The patients were accepted for
study if they showed the typical signs of acute
myocardial infarction with chest pain, diagnostic
changes in the electrocardiogram, and an increase
in the serum lactic dehydrogenase. Patients with
electrocardiographic evidence of bundle-branch
block, raised systemic arterial pressure, and those
receiving digitalis were excluded from the study.

The patients were grouped clinically according
to the absence (Group 1) or presence (Group 2)
of radiological pulmonary oedema and major
arrhythmias. There were 15 patients in Group 1
and 16 patients in Group 2.

The electrocardiogram, phonocardiogram, and
the external carotid arterial pulse tracing were
recorded simultaneously on an Elema Schonander
Minograph recorder at a paper speed of 100
mm./sec. The recording was done during held
quiet respiration in the supine position. The pa-
tients were studied at a fixed time daily or on
alternate days, from the day of admission to the
day of discharge and thereafter at a time which
varied between 2 and 8 months.

The QS; interval was measured from the onset
of the Q wave to the onset of the aortic component
of the second heart sound, which was taken as the
beginning of the first high frequency vibration.
The left ventricular ejection time (ejection time)
was measured from the upstroke of the incisura

. of the carotid pulse tracing to its trough. The pre-

ejection period was obtained by subtracting the
ejection time from the QS, interval. Five con-
secutive cycles were measured and averaged for
the final reading. Measurements were only made



840 Roland Samson

if the initial vibration of the first and second heart
sounds and the beginning of the upstroke and the
trough of the incisura were clearly shown on the
recordings.

The regression equation relating heart rate to
the systolic time intervals in normal subjects has
already been established with a standard deviation
of 14 msec. for the QS, interval, 10 msec. for the
ejection time, and 13 msec. for the pre-ejection
time (Weissler et al., 1968). The magnitude of
change in the systolic time intervals was obtained
by subtracting the observed value from the mean
normal value at the same heart rate, and expressed
in the results as the decrease or shortening in the
QS:; interval and ejection time and as an increase
in the pre-ejection time in milliseconds (msec.).

Urine was collected from 11 patients daily,
during the first 5§ days of admission, for catechol-
amine estimation in an attempt to correlate chan-
ges in the systolic time intervals with sympathetic
activity.

Results

In each patient the QS; interval and the ejec-
tion time were abnormally shortened at some
stage during the illness, usually during the
acute phase. The changes in the systolic time
intervals occurring in the 31 patients during
the course of acute myocardial infarction
can be illustrated by comparing the mean
shortening of the QS; interval and ejection
time at the time of maximum shortening, at
discharge, and at the follow-up. The changes
are shown in Fig. 1. This shows a progressive
improvement in the mean values of the QS,
interval and ejection time shortening.

The magnitude of shortening of the QS,
interval and ejection time was related to the
clinical state, as shown in Fig. 2. The patients
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measurement.

Shows a distinction between clinical Groups 1 and 2, both in mean and in maximum

decrease in QS interval and in mean and maximum decrease in ejection time

(a) QS, interval

Separation of mean decrease in
QS interval into those with values

Separation of maximum decrease in
QS interval into those with values

Under 30 msec. 31 msec. and over Under 50 msec. 5I msec. and over
Group 1 (15 patients) 13 pat?ents 2 patients 12 patients 3 patients
Group 2 (16 patients) 3 patients 13 patients 3 patients 13 patients

(b) Ejection time

Separation of mean decrease in

ET into those with values

Separation of maximum decrease
in ET into those with values

Under 40 msec. 41 msec. and over Under 61 msec. 61 msec. and over
Group 1 (15 pan:cnts) 11 patients 4 patients 12 patients 3 patients
Group 2 (16 patients) 3 patients 13 patients 2 patients 14 patients
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in Group 1 had a mean QS; shortening of 18
msec. (a range of shortening of 5 to 35 msec.)
and a mean ejection time shortening of 33
msec. (a range of shortening of 12 to 45 msec.).
The patients in Group 2 had a mean QS
shortening of 40 msec. (a range of shortening
of 16 to 64 msec.) and a mean ejection time
shortening of 52 msec. (a range of shortening
of 32 to 74 msec.). The QS; and ejection time
intervals were more significantly decreased in
Group 2 than in Group 1 patients.

The degree of change in the shortened QS,
interval and ejection time occurring in the
patients in Group I and in patients in Group
2 during the course of their illness is shown in
Fig. 3. At each stage, the patients in Group 2
had more significantly shortened QS, and
ejection time intervals.

The change in the pre-ejection period in
the two groups is shown in Fig. 4. The mean
pre-ejection was slightly more prolonged in
Group 2 patients than those in Group I.

The ratio of pre-ejection time to the ejection
time (P/E ratio) was not significantly different
in the two groups. Group 1 had a mean P/E
ratio of 0'456 (range 0-307 to 0-569) and
Group 2 had a mean P/E ratio of 0464
(range 0-310 to 0°579). The normal values
are a mean of 0-345, with a range of 0-309 to
0-381 (Weissler, Harris, and Schoenfeld,
1969).

In order to show a further distinction be-
tween the two clinical groups, the mean values
and the values at maximum decrease of the
QS; interval and ejection time shortening
were arbitrarily divided into two groups. This
was done by choosing a value at which there
was an obvious separation of the data into
two groups. The distinction was sufficiently
clear to warrant documenting the values.
The value around which separation was made
is indicated in Table 1 with the number of
patients from Group I and Group 2 who fell
under such separation. This shows that the
mean value and the maximum value of shor-
tening of the QS; interval and ejection time
was greater in Group 2 than in Group I
patients.

A comparison between the changes in the
QS; interval and ejection time and the level
of urinary catecholamine excretion is shown
in Fig. 5 to 8. Fig. 5 and 6 show the daily
values for QS; and ejection time shortening
and the mean daily value of adrenaline and
noradrenaline excretion in one patient over
six days. This shows no correlation between
the catecholamine value and the QS; and
ejection time values. Fig. 7 and Fig. 8 show
the mean values of QS; and ejection time
shortening and the mean values of the daily
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FI1G. 2 Comparison between clinical Group 1
and clinical Group 2 in the mean and the
maximum decrease in the QS interval and the
ejection time. The limits show the standard
error of the mean.

adrenaline and noradrenaline excretion over 5
days in 11 patients. This shows no correlation
between the mean daily catecholamine excre-
tion and the mean QS; and ejection time
shortening. Table 2 shows a comparison be-
tween the QS; decrease and the urine cate-
cholamine excretion in the II patients who
have been divided into those with radiological
pulmonary oedema and major arrhythmias
(Group 2) and those without radiological
pulmonary oedema and major arrhythmias
(Group 1). There were 5 patients in Group 2
and 6 patients in Group 1. This shows that
patients in Group 2 had a greater QS decrease
and a greater catecholamine excretion.

Discussion

Our results show a shortening of the QS,
interval and ejection time after acute myocar-
dial infarction and a gradual return towards
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FIG. 4 Comparison between clinical Group 1

and clinical Group 2 in the mean and the
maximum increase in the pre-ejection period.

normal in the majority of patients. This is in
agreement with the work of Wiggers in experi-
mental animals (Wiggers, 1945) and the work
of Jezek (1963) in man, which showed a short-
ened ejection time after acute myocardial in-
farction, and our previous studies (Toutouzas
et al., 1969) which showed a shortened QS,
interval in this disease. The pre-ejection
period is either normal or prolonged. In
addition, our results show the ejection time to
be shorter than the QS. interval. After ad-
mission the QS; interval and ejection time
tended to become shorter after a variable
period, reaching a maximum shortening dur-
ing the first week. Before discharge, the
majority were returning towards the normal,
and this trend continued at the time of follow-
up.

We have shown that the degree of shorten-
ing of the QS; interval and the ejection time
correlated with the severity of the clinical
state as judged by pulmonary oedema and
major arrhythmias. The daily QS, interval
and ejection time shortening did not correlate
with the mean daily catecholamine excretion.
However, the patients who were more ill
with pulmonary oedema and major arrhyth-
mias had a greater degree of shortening of the
QS; interval and ejection time and a greater
increase in catecholamine excretion.

The mechanism of the changes in the sys-
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FIG. 3 Comparison between Group 1 and
Group 2 patients in the mean values at the
time of maximum shortening, at discharge, and
at the follow-up measurement.

tolic time intervals in patients with acute myo-
cardial infarction is of physiological and clini-
cal interest.

As our patients had no prolongation of ven-
tricular depolarization time, the prolonged
pre-ejection period could be due to an increase
in the isovolumetric time. We are not aware
of any data of intraventricular measurements

TABLE 2 Comparison between mean decrease
in QS interval and mean adrenaline and
noradrenaline excretion in Group 1 and
Group 2 patients over § days after an acute
myocardial infarction

Clinical group Mean decrease in  Mean urinary catecholamine excretion
(11 patients) QS interval
Adrenaline Noradrenaline
Group 1 (6 patients) 18 (msec.) 471 (1.32-6°8) 376 (24-2-61°5)
ug./g. creatine
Group 2 (5 patients) 40 (msec.) 2017 (5°7-52) 94.5 (65-137)
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FI1G. 5 Comparison between the urinary level of adrenaline excretion and the decrease in the

QS interval and ejection time in one patient observed daily over 6 days.
FI1G. 6 Comparison between the urinary level of noradrenaline excretion and the decrease in

the QS interval and ejection time in one patient observed daily over 6 days.
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FI1G.7 Comparison between the mean values of urinary adrenaline excretion and the mean
decrease in QS, interval and ejection time in 11 patients each studied over the first § days
of admission after an acute myocardial infarction.

of the isovolumetric period in patients with
acute myocardial infarction. Atraumatic clini-
cal methods of determining the isovolumetric
period are as yet too inaccurate. In experi-
mental myocardial infarction, Wiggers (1945)
observed a slow rise of pressure during the
isovolumetric period and ballooning of the
infarcted area during the isovolumetric and
ejection periods.

The shortening of the QS interval is pre-
dominantly due to shortening of the ejection
time. Factors known to shorten the ejection
time are physiological variables, such as an in-
creased heart rate, decreased myocardial con-
tractility, and decreased stroke volume (Weis-
sler, Peeler, and Roehll, 1961), and inotropic
agents such as catecholamines, hypercal-
caemia (Seifen, Flacke, and Alper, 1964;
Shiner, Harris, and Weissler, 1969), digi-
talis (Weissler et al., 1965), and isoprenaline.

Further study is required for a clear under-
standing of the mechanisms and significance
of the shortened ejection time occurring after
acute myocardial infarction. However, certain
considerations concerning the measured ejec-
tion time and the cardiac function after acute
myocardial infarction are relevant. Weissler

et al. (1965) showed that the ejection time as
measured at the external carotid artery is
related to the central aortic ejection time. They
also showed a direct relation between ejection
time and stroke volume in normal man and
in patients with myocardial failure with
chronic myocardial disease. Some of the
features of cardiac function after acute infarc-
tion include an altered myocardial contrac-
tility, reduced stroke volume, and a reduced
stroke velocity.

The infarcted site behaves as an area of in-
creased compliance, and presents clinically,
in many cases, as an area of paradoxical
systolic pulsation over the praecordium, re-
sulting in asynergic contraction and reduc-
tion in the over-all contractile force. In this
respect the area of infarction may behave as
the focal areas of altered contraction in
patients with coronary heart disease, as
described by Herman and Gorlin (1969), who
suggest that the ‘slack’ area of paradoxical
systolic pulsation may account for the slower
rise of pressure during the isovolumetric period
with reduction in the rate of over-all tension
development. More contractile element is
therefore utilized in the development of ten-
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FI1G. 8 Comparison between the mean values of urinary noradrenaline excretion and the
mean decrease in QS interval and ejection and ejection time in I1 patients each studied
over the first § days of admission after an acute myocardial infarction.

sion and less remains available for expulsion
of blood.

As there are dynamic cellular changes at
the infarcted area with thinning and later
scarring of the muscle wall (Lodge-Patch,
1951), there may well be related changes in
compliance at this site and changes in con-
traction and in the over-all contractile force.
The measurement of compliance and contrac-
tion would be important for a clearer apprecia-
tion of their significance, and of their relation
to atraumatic clinical measurements such as
the ejection time.

Haemodynamic studies in man after acute
myocardial infarction appear to be in agree-
ment on the finding of a reduced stroke vol-
ume which improves during recovery and
which is related to the clinical state (Smith,
Wikler, and Fox, 1954; Gilbert, Goldberg,
and Griffin, 1954; Gammill et al., 1955;
Broch et al., 1959; Murphy et al., 1963).
Doing serial studies, Nager, Thomas, and
Shillingford (1967) found that the reduced
stroke volume reached a maximum around
the 3rd and 4th day, followed by progressive
improvement, the magnitude of which de-
pended on the clinical severity of the case.

The stroke velocity is also reduced, as shown
by Mills using a catheter tip velocity probe
(C. Mills, 1969, personal communication).

The infarcted myocardium, with its reduced
contractile force, seems to eject a smaller
volume, at a reduced velocity and in a shorter
time. Thus the shortened ejection time may
be used as an index of cardiac function in
patients after acute myocardial infarction. It
could provide us with information regarding
the stroke volume, and in this respect it could
be more sensitive than the QS, interval.

The presence of pulmonary oedema and
major arrhythmias in patients with an acute
myocardial infarction could well argue a
smaller stroke volume in comparison with
those without these associated complications.
This could be in keeping with the shorter
ejection time observed in the Group 2 patients.

The patients in Group 2 with a shorter
ejection time had a higher level of urinary
catecholamine excretion. We have no evidence
as yet that the catecholamine level in this
situation plays any dominant role in shorten-
ing the ejection time. The mechanism of in-
creased serum catecholamine in acute myo-
cardial infarction is still unknown.
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In this regard, we must conclude that the
shortened ejection time and the raised cate-
cholamine levels have no direct relation but
are associated features of acute myocardial
infarction and both undergo progressive
change during the course of the illness.

I wish to thank Professor J. P. Shillingford for
his encouragement, Dr. Michael Thomas, Dr.
Ivor Gabe, and Mr. Christopher Mills for their
helpful suggestions, and Mr. Peter Burgess and
Miss Jean Powell for their invaluable technical
assistance.
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