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Effects of Adrenergic Receptor Activation and Blockade on
the Systolic Preejection Period, Heart Rate, and
Arterial Pressure in Man *
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Summary. We have investigated the possibility that alterations in the dura-
tion of the systolic preejection period can be used to estimate adrenergic in-
fluences on the human left ventricle. The preejection period was determined
from high speed, simultaneous recordings of the phonocardiogram, carotid
pulse tracing, and electrocardiogram. The preejection period was shortened
by isoproterenol, epinephrine, and moderate doses of norepinephrine—all of
which activate beta adrenergic receptors—and by cedilanid-D. It was unal-
tered by changes in heart rate induced by atropine and right atrial electrical
pacing. Beta adrenergic receptor blockade by propranolol abolished the
shortening effects of the three catecholamines but did not inhibit that due to
cedilanid-D. Vasoconstriction, both alpha adrenergic (epinephrine and nor-
epinephrine after propranolol) and nonadrenergic (angiotensin), prolonged the
preejection period. Most of the shortening of the preejection period by beta
adrenergic receptor activating agents and cedilanid-D and all of the prolonga-
tion accompanying pharmacologic vasoconstriction occurred after the onset of
the first heart sound, thereby excluding changes in eiectrical-mechanical delay
as a major factor in the observed preejection period responses. Shortening
of the preejection period by beta adrenergic activity induced with isoproterenol
was dose-related. Increasing doses of propranolol produced parallel shifts to
the right in the isoproterenol dose-response curve.

In 37 normal resting subjects intravenous propranolol (10 mg) prolonged
the preejection period an average of 10 (SE = 1) msec. In six patients with
psychogenic sinus tachycardia and a patient with a pheochromocytoma the
presence of excessive beta adrenergic influences on the left ventricle was dem-
onstrated by the finding of an initially short preejection period which re-
sponded with an abnormally great prolongation to beta adrenergic receptor
blockade.

Introduction

The duration of the preejection period of left
ventricular systole can be determined easily and
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atraumatically from high speed, simultaneous re-
cordings of the phonocardiogram, carotid pulse
tracing, and electrocardiogram. As shown by
Raab, De Paula e Silva, and Starcheska, epineph-
rine and norepinephrine shorten the systolic pre-
ejection period in man (1), reflecting the augmen-
tation of the velocity of ventricular contraction by
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ADRENERGIC EFFECTS ON THE SYSTOLIC PREEJECTION PERIOD

these inotropic agents (2-4). The myocardial
actions of catecholamines can be abolished by beta
adrenergic receptor blockade (5, 6). These ob-
servations suggested that one might estimate the
level of beta adrenergic influences on the human
left ventricle by determining the effects of the
beta adrenergic receptor blocking agent, pro-
pranolol [l-isopropylamino-3-(1-naphthyloxy)-2-
propanol hydrochloride] (6, 7), on the preejection
period. Before the application of such a method
it was necessary to test the following hypotheses:
that beta adrenergic-mediated effects on the pre-
ejection period are distinct from alpha adrenergic—
mediated effects, dose dependent, blocked specifi-
cally by propranolol, and independent of heart rate.
The present studies were designed to test these
hypotheses and to determine whether the proposed
approach would actually distinguish between nor-
mal and elevated levels of endogenous beta adre-
nergic activity.

Methods

The 49 normal subjects were healthy male volunteers,
20 to 42 yr old (mean age 33). 44 were inmates of the
Ohio Penitentiary and five were research personnel.
Studies were begun at approximately 9:00 a.m. with the
subjects fasted overnight, unsedated, and supine. Cour-
nand needles were placed in a forearm vein for drug in-
fusions and in a brachial artery. Intra-arterial pressures
were recorded with a Statham P23Db strain gauge trans-
ducer placed in a plane 5 cm below the sternal angle.
Mean pressures were obtained by electronic integration.
The carotid arterial pulse was recorded externally with
a funnel-shaped pick-up and an air-filled Statham P23Db
transducer. The carotid pulse, phonocardiogram (Peiker
microphone), and electrocardiogram were recorded si-
multaneously at a paper speed of 100 mm/sec with 0.02
sec time markers (Fig. 1A). The Q-2 interval, which
estimates total electromechanical systole, was measured
as the interval from the beginning of the QRS complex of
the electrocardiogram to the initial high frequency vi-
brations of the second heart sound. The duration of left
ventricular ejection (left ventricular ejection time) was
derived from the carotid pulse as the interval from the
onset of its upstroke to the trough of the incisura. The
preejection period was calculated by subtracting the left
ventricular ejection time from the Q-2 interval. The
preejection period is that portion of electromechanical
systole which precedes the ejection period (Fig. 1B).
10 consecutive beats were analyzed and averaged for each
determination. When sinus arrhythmia caused heart rate
to vary more than 10 beats/min, 20 consecutive beats
were analyzed. Heart rate was determined by dividing
the average R-R interval into 60.

The preejection period of a single beat is measured
to the nearest 5 msec. Because the value reported for a
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subject is the average of 10 or 20 beats, the last digit of
this value may be any numeral from 0 to 9. With care,
recordings can be obtained showing a sharp delineation
of the four landmarks used to determine the preejection
period: onset of the Q wave, carotid upstroke and sec-
ond heart sound, and trough of the carotid incisura. In
a normal subject with regular sinus rhythm, recordings
of consecutive series of 10 successive beats each yield
averages for the preejection period which do not vary
among series by more than 5-10 msec. Within each
series the beat-to-beat variation is less than 10 msec.
The technique has enhanced validity for pharmacological
studies, such as the present one, in which each subject
is his own control. In such studies it is essential that
the records from both the control and experimental pe-
riods be read in exactly the same way.

The tracings of 20 subjects were analyzed further to
determine the effects of various pharmacologic agents
on the duration of the QRS complex and two subdivisions
of the preejection period: the Q-1 interval (measured
from the onset of the QRS complex to the initial high
frequency component of the first heart sound) and the
interval between the first heart sound and the onset of
ejection (calculated by subtracting the Q-1 interval
from the preejection period).

The initial series of studies attempted to delineate the
effects on the preejection period of pharmacologic agents
producing activation and blockade of beta adrenergic re-
ceptors, activation of alpha adrenergic receptors, and
nonadrenergic vasoconstriction. In these studies iso-
proterenol hydrochloride was infused intravenously at
2.5 pg/min, epinephrine hydrochloride at 5 pug/min,
l-norepinephrine bitartrate at 7.5, 15, and 22.5 ug min, and
angiotensin amide at 2.5 ug/min. The dose of norepi-
nephrine is expressed as the base; for all other drugs,
doses are given in terms of the salt. Normal saline was
the diluent for all agents and was infused as a placebo.
Separate infusions of isoproterenol and one other drug
(epinephrine, norepinephrine, or angiotensin) were given
to 25 subjects before and after beta adrenergic receptor
blockade by 10 mg of intravenous propranolol hydro-
chloride.! 11 additional subjects received isoproterenol
alone without beta adrenergic receptor blockade. Con-
trol observations on heart rate, preejection period, and
intra-arterial pressure were made at the start of each
study, before and after propranolol, and at the end of
the study. The following is a typical experimental
sequence : control, isoproterenol, three dose-levels of nor-
epinephrine, control, propranolol administration, pro-
pranolol control, isoproterenol, three dose-levels of nor-
epinephrine, propranolol control. Propranolol was in-
jected intravenously over a 5-10 min period. All other
agents were administered intravenously at a constant rate
by a motor-driven pump (Harvard Apparatus Co., Inc.,
Dover, Mass.). The total volume of fluid for these in-
fusions was less than 50 ml. Data collection was begun
during the 4th min of infusion of isoproterenol and epi-

1 Propranolol hydrochloride was generously provided by
Dr. Alex Sahagian-Edwards, Ayerst Laboratories, New
York, N. Y.
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phonocardiogram, carotid pulse tracing, and electrocardiogram. ET,
ejection time; Q2, Q-2 interval; PEP, preejection period. Paper speed
100 mm per second. Time lines 0.02 sec.

B, SCHEMATIC REPRESENTATION OF THE PREEJECTION PERIOD.

It extends

from the beginning of the Q wave of the electrocardiogram to the open-

ing of the aortic valve.

nephrine and the 6th min of norepinephrine and angio-
tensin. The end of each infusion, including that of pro-
pranolol, was followed by a 15-20 min stabilization pe-
riod before the next drug infusion was begun.

Another series of studies were performed to evaluate
the effects on the preejection period of changes in heart
rate and of graded doses of isoproterenol. In two nor-
mal subjects the responses of the preejection period were
determined during changes in heart rate produced by
electrical stimulation of the right atrium at various rates
up to 126-142 beats/minute. This was accomplished by
using a Teflon-coated, platinum-tipped, stainless steel
wire catheter (8),2 inserted percutaneously via an ante-
cubital vein, and a 2.5-5 ma direct current stimulus of 2
msec duration. In six subjects the preejection period
was determined every 10-15 min for 30 min before and
2.5 hr after the rapid (5 sec) intravenous injection of
2 mg of atropine sulfate, an agent which produces non-
adrenergic cardioacceleration (9). On a 2nd day, the
same 3 hr study was repeated in three of these subjects
except that 5 ml of saline was injected instead of atro-
pine. On a 3rd day each of these three subjects was
studied with graded doses of isoproterenol (0.625, 1.25,
and 2.5 ug/min).

Additional studies were done to determine whether
propranolol would alter the responses of the preejection
period to a nonadrenergic inotropic agent, such as a
digitalis glycoside (10). In five normal subjects, the
preejection period was determined every 10-20 min for
30 min before and 2 hr after the intravenous injection of
1.2 mg of cedilanid-D. 4 months later these studies were
repeated in the same subjects with the preejection period

2Davis & Geck Division, American Cyanamid Co.,
Danbury, Conn.

determined for 30 min before and 30 min after the intra-
venous infusion of 10 mg of propranolol and then for 2 hr
after the intravenous injection of 1.2 mg of cedilanid-D.

The responses of the preejection period were used to
test for competitive antagonism between isoproterenol
and propranolol in one normal subject. The effects of
propranolol on the isoproterenol dose-response curve
were determined in this subject on 4 different days. Each
day he received graded doses of intravenous isoproterenol
preceded either by a saline placebo or by 2.5, 5, or 10 mg
of intravenous propranolol.

Studies were performed in patients suspected of having
excessive cardiac beta adrenergic activity. In six psy-
chotic patients with persistent sinus tachycardia and one
patient with a pheochromocytoma, secreting epinephrine
and norepinephrine (as evidenced by elevated urinary ex-
cretion of epinephrine, norepinephrine, metanephrine, and
normetanephrine), the duration of the preejection period
was determined immediately before and after beta adre-
nergic blockade. The psychotic patients were afebrile,
euthyroid by laboratory tests, free of organic heart dis-
ease, and off all medication. After propranolol caused
cardiac slowing three of the psychotic patients were given
an intravenous injection of 2 mg of atropine in order to
restore their heart rates to prepropranolol levels. Proba-
bilities were calculated with the paired # test (11).

Results

The average preejection period in the 49 normal
subjects was 105 (sE =2) msec. The control
data before and after 10 mg of intravenous pro-
pranolol are presented in Table I. In normal basal
subjects propranolol lengthened the preejection
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TABLE I
Effects of propranolol in 37 normal subjects*

Brachial artery pressure

Preejection period Heart rate Systolic/diastolic Mean
B A A B A A B A B A
msec beats/min mm Hg
Mean 105 115 +10 69 63 -6 117/65 109/65 84 84
SE +2 +2 +1 +2 =+1 +1 +2/+1 +2/42 +1 +2
P <0.001 <0.001

* B, before propranolol; A, after 10 mg intravenous propranolol; 4, difference between A and B. Average age of
sub]ects is 33 yr (range 20-42 yr) Average body surface area is 1.89 m? (range 1.48-2.21 m?).

period an average of 10 (sE = 1) msec (range 1-
23 msec). Responses before the administration
of propranolol are measured from prepropranolol
control levels, those after propranolol are mea-
sured from postpropranolol control levels. Iso-
proterenol shortened the preejection period an
average of 36 msec before propranolol and 4 msec
after propranolol (P < 0.001, Table II). Isopro-
terenol did not alter the duration of the QRS com-
plex. Epinephrine shortened the preejection pe-
riod an average of 30 msec before propranolol but
lengthened it 15 msec after propranolol (Table
II). Before propranolol administration norepi-
nephrine prolonged the preejection period an aver-

age of 5 msec at 7.5 pg/min but shortened it 8
msec at 15 pg/min and 9 msec at 22.5 pg/min.
After propranolol, all three doses of norepineph-
rine prolonged the preejection period: 16, 21, and
26 msec, respectively (Table IIT). Angiotensin
lengthened the preejection period an average of
18 msec before and 23 msec after propranolol (Ta-
ble II). Cedilanid-D shortened the preejection
period an average of 17 msec before and 24 msec
after propranolol (Table IV). In the 20 subjects
whose preejection subdivisions were analyzed fur-
ther, a decrease in the interval between the first
heart sound and the onset of ejection accounted
for averages of 74, 81, and 76% of the shortening

TABLE II
Effects of isoproterenol, epinephrine, ana angiotensin*

A
Brachial artery pressure

Preeiecti?m period Healﬁ rate Systolic/diastolic Mean
B A B A B A B A
msec beats/min mm Hg
Changes due to isoproterenol (n = 36)
Group I. Before and after propranolol (n = 25)
Mean —36 - 4 +23 + 1 +23/—- 17 + 1/—-1 -3 0
SE + 2 + 1 + 2 + 1 + 2/+ 1 + 1/+ 1 + 1 + 1
P <0.001  <0.001 <0.001 NS <0.001/ <0.001 NS/NS <0.025 NS
Group II. Before propranolol (n = 11)

Mean —45 +23 +19/— 7 -2
SE + 2 + 2 + 4/+ 1 + 1
P <0.001 <0.001 <0.001/ <0.001 <0.05

Changes due to epinephrine (n = 10)
Mean -30 +15 +11 —10 + 6/— 6 +21/412 - 4 +15
SE + 2 + 2 + 3 + 1 + 1/+ + 3/+ 2 + 2 + 2
P <0.001  <0.001 <0.01 <0.001 <0.005/ <0. 005 <0.001/ <0.001 <0.05 <0.001

Changes due to angiotensin (n = 5)
Mean +18 +23 —14 -4 +42/426 +40/+26 +33 +31
SE + 2 + 3 + 5 + 3 + 6/+ 2 + 5/+ 2 + 2 + 3

* B, before propranolol; A, after 10 mg intravenous propranolol; A, difference between the experimental period and
the prepropranolol or postpropranolol control period; NS, not significant.
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TABLE III
Effects of norepinephrine

A
Preejection period

A

Heart rate
Before propranolol After propranolol Before propranolol After propranolol
msec beats/min
Dose} 7.5 15 22.5 7.5 15 22.5 7.5 15 22.5 7.5 15 22.5
Mean +5 —8 -9 +16 +21 +26 —12 —-17 —25 —12 —20 —-27
SE +2 +2 + 3 + 3 + 2 + 2 + 2 +1 + 1
P <0.05 <0.01 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

* The A is the difference between the norepinephrine period and the prepropranolol or postpropranolol control period. The P values refer

to this A.
1 Rate of infusion of norepinephrine, ug/min.
received an additional dose of 22.5 ug/min.

of the preejection period produced by isoprote-
renol, epinephrine, and cedilanid-D, respectively
(Table V). All the prolongation of the preejec-
tion period induced by epinephrine after propra-
nolol, norepinephrine after propranolol, and angio-
tensin occurred after the onset of the first heart
sound.

It is noteworthy that in addition to its effects
on the preejection period propranolol slowed the
control heart rate in normal subjects an average of
6 (s = 1) beats/min (P < 0.001) without affect-
ing arterial mean or diastolic pressure. Pro-
pranolol abolished all the responses to isoprotere-
nol, including its increase of heart rate and ar-
terial systolic pressure and its reduction of arterial
diastolic and mean pressure. The same dose of
propranolol has been shown previously to suppress
almost completely the effects of isoproterenol (2.5
pg/min) on cardiac output and systemic vascular
resistance (12). Hence, the dose of propranolol
employed was adequate to block the cardiac and
peripheral arterial beta adrenergic receptors. As
would be expected from the unmasking of its
alpha adrenergic (vasoconstrictive) properties by
beta adrenergic receptor blockade (12), epineph-
rine after propranolol exhibited a pressor effect
accompanied by reflex bradycardia. The prepro-
pranolol bradycrotic and pressor responses to nor-
epinephrine were unaltered by beta adrenergic re-
ceptor blockade.

In each of three subjects who received a saline
placebo but no drugs the preejection period did
not vary more than 5 msec above or below the sub-
ject’s mean value during a 3 hr observation period.
The effects on the preejection period of cardioac-
celeration by atropine and right atrial electrical
pacing are compared to those during isoproterenol

Each of the 12 subjects received both the 7.5 and 15 ug/min doses.

Three of the subjects also

infusion in Fig. 2. After injection of atropine the
heart rate rose from an average baseline of 68
beats/min to an average maximum of 104 beats/
min and then declined gradually over the next sev-
eral hours. Neither atropine nor right atrial
electrical pacing shortened the preejection period
despite cardioacceleration up to levels of 128 (atro-
pine) and 142 (pacing) beats/min. In contrast,
graded infusions of isoproterenol shortened the
pre-ejection period in a dose-related manner (Fig.
3) while modestly augmenting heart rate (Fig. 2).
In the one patient tested, pretreatment with in-
creasing doses of propranolol produced parallel
shifts of the isoproterenol dose-response curve to
the right (Fig. 4).

The psychotic patients with tachycardia had
short preejection periods, averaging 88 (SE = 4)
msec (Table VI). Propranolol administration
prolonged these an average of 30 msec, or 34%
(three times the normal mean response), while
slowing the heart rate an average of 27 beats/min
but not affecting arterial pressure significantly.
After propranolol the injection of atropine in three
psychotic patients returned their heart rates
nearly to the prepropranolol level without affecting
the preejection period. The patient with a pheo-
chromocytoma had a short preejection period (69
msec) which beta adrenergic receptor blockade
prolonged 23 msec, or 33%.

Discussion

The preejection period encompasses the time
required for ventricular electrical activation, elec-
trical-mechanical coupling, and the rise of left
ventricular pressure from ventricular end-diastolic
to aortic-diastolic levels. The shortening of the
preejection period induced by isoproterenol, epi-
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TABLE III
in 12 normal subjects*

A
Brachial artery pressure

Systolic/diastolic Mean

Before propranolol After propranolol Before propranolol After propranolol

mm Hg
7.5 15 22.5 7.5 15 225 7.5 15 225 7.5 15 225
+30/+15 +52/ 417 +63/+20 +28/+16 +54/ 424 +78/+33 +21 +29 435 +20 +32  +41
+ 3/+ 2 + 3/+ 2 + 4/+ 2 + 5/+ 2 + 2 + 2 + 2 + 3
<0.001/<0.001 <0.001/<0.001 <0.001/<0.001 <0.001/ <0.001 <0.001 <0.001 <0.001 <0.001

nephrine, and cedilanid-D occurs largely between
the onset of the first heart sound and the beginning
of ejection, an interval which takes place entirely
during left ventricular isovolumic contraction.
The duration of isovolumic contraction is in-
versely related to the rate of rise of left ventricu-
lar pressure (13). Since positive inotropic inter-
ventions accelerate this rate of rise (13), it would
appear most appropriate to use the interval be-
tween the first heart sound and the beginning of
left ventricular ejection in the detection of these
inotropic influences. However, the onset of the
first heart sound is often difficult to determine and
its relation to intracardiac pressure events is con-
siderably altered by the very inotropic interven-
tions which shorten the preejection period (14).
For these reasons, the total preejection period is
more reliable than either of its subdivisions as an
indicator of these inotropic influences on left ven-
tricular contraction before ejection. In addition

TABLE IV
Effects of cedilanid-D*

to their positive inotropic actions, peripheral
vasodilatation by isoproterenol and epinephrine,
through its lowering of aortic diastolic pressure,
may also contribute to the shortening of the pre-
ejection period induced by these agents.

The effects of catecholamines on the preejection
period are conveniently discussed in terms of the
dual adrenergic receptor hypothesis (15, 16).
Activation of beta adrenergic receptors causes
cardiostimulation and vasodilatation while activa-
tion of alpha adrenergic receptors produces vaso-
constriction (16). In the present study isopro-
terenol, epinephrine, and norepinephrine, which
activate beta adrenergic receptors, shortened the
preejection period, confirming the earlier obser-
vations of Raab and his associates (1). These
effects of isoproterenol and epinephrine cannot be
attributed to cardioacceleration since the present
results with atropine and right atrial pacing would
indicate that changes in heart rate do not, by
themselves, alter the preejection period in man.
In the present study shortening of the preejection

A A TABLE V
Preejection period Heart rate Per cent of the preejection period respomse occurring after
Bt A$ Bt A% the first heart sound
msec beats/min
A Preejecti iod — AQ — 1 int 1
Mean -7 -2 -9 -3 e Pracjection pe?iod —% X 100
SE + 1 + 4 +3 +3 No. of.
Drug sub- Before After
B . R . jects propranolol propranolol
* The values for cedilanid-D were determined 60 min
after the midpoint of a 3 min intravenous injection of 1.2 %
lanid- Isoproterenol 10 74
mg cedilanid-D. . . . Epinephrine 5 81 100
1B, A due to cedilanid-D before propranolol. This  Norepinephrine* 5 100
was calculated as the mean of the four control determina-  Angiotensin 5 100 100
tions minus the subsequent 60 min cedilanid-D value. gfg;}";‘;‘gfg 3 1e 79

§ A, A due to cedilanid-D after propranolol. This
was calculated as the postpropranolol control value ob-
tained 30 min after the intravenous injection of 10 mg
pr?pranolol minus the subsequent 60 min cedilanid-D
value. .

* Dose of norepinephrine, 15 ug/min. The effects of norepinephrine
before propranolol on the preejection period (average, 12 msec) and the
Q — 1 interval (average, 3 msec) were not large enough to permit a
valid estimate of this per cent.
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Fi1c. 2. EFFECTS ON PREEJECTION PERIOD OF CARDIOAC-
CELERATION BY ATROPINE, ISOPROTERENOL, AND RIGHT
ATRIAL PACING. Each curve presents data from a normal
subject. Three of the six subjects who received atropine
(top panel) were restudied on another day with graded
infusions of isoproterenol (middle panel).

period was greatest with isoproterenol, a drug
with virtually pure beta adrenergic receptor acti-
vating properties (16) (Fig. 5). It was inter-
mediate with epinephrine, a drug with predominant
beta adrenergic but also considerable alpha adre-
nergic properties (16). It was least with nor-
epinephrine, a drug with potent cardiac beta adre-
nergic receptor activating properties (16), but one
which in man is more vasoconstrictive and pressor
than is epinephrine (17). Thus, the degree of
shortening by these three agents appears to be re-
lated directly to their cardiac and vascular beta
adrenergic effects and inversely to their alpha
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F16. 3. DOSE-RESPONSE CURVES FOR ISOPROTERENOL IN
THREE NORMAL SUBJECTS.
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adrenergic, or vasoconstrictive, effects. The modi-
fying influence of alpha adrenergic activation on
the duration of the preejection period is suggested
further by the effects of these three catecholamines
after beta adren@ergic receptor blockade. After
propranolol, isoproterenol had very little effect
while epinephrine and norepinephrine actually
prolonged the preejection period. This new ef-
fect of epinephrine and norepinephrine, which
emerges during beta adrenergic blockade, is pre-
sumably due to the residual alpha adrenergic re-
ceptor stimulating, or vasoconstrictive, properties

ISOPROTERENOL ( g/ min)

O 0625 125 25 50 100 29.0
- " . i A L
~,
\“
N,
\...‘\ .
-10 4 N A Y
Y \ s,
[y \ s,
Y \ M
Y L
Y NN
\ .
=201 \ \‘ "
A N N “
PEP . A
(msec) "\ (S Y
_3°_PROPRANOLOLO 2{» 5, 0mg
N NN
\
\s~~ ‘\\ \‘
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N\
-40- \ \
\‘ ~
\ A )
.
-50.
Fi16. 4. EFFECTS OF PROPRANOLOL ON DOSE-RESPONSE

CURVE FOR ISOPROTERENOL IN A NORMAL SUBJECT. Each
curve was obtained on a separate day. The first curve
(solid line) was obtained after a placebo, the second
after 2.5 mg of intravenous propranolol, and the next
two after 5 and 10 mg of intravenous propranolol, re-
spectively. Increasing doses of propranolol shift the iso-
proterenol dose-response curve in parallel fashion to the
right.

of these two agents (12). This concept is sup-
ported by the observation that angiotensin, a non-
adrenergic vasoconstricting agent, lengthened the
preejection period both before and after propra-
nolol. Thus vasoconstriction, both alpha adrener-
gic and nonadrenergic, prolongs the preejection
period. In contrast, beta adrenergic activity is
characterized by a shortening of the preejection pe-
riod, an effect which propranolol blocks. The pro-
longation of the preejection period accompanying
the administration of norepinephrine after pro-
pranolol or angiotensin has recently been shown to
be absent after cholinergic receptor blockade with
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TABLE VI
Effects of beta receptor blockade in patients suspected of having excessive beta adrenergic activity*

Brachial artery pressure

Preejection period Heart rate Systolic/diastolic Mean
B A A Atr B A A Atr B A A Atr B A A Atr
msec beats/min mm Hg
Six psychotic patients with sinus tachycardial
Mean 88 118 +30 120 109 81 -27 99 131/78 125,77 —6/— 1 122/81 98 96 -2 98
SE +4 5 +2 +4 3 x 2 +3/4+3 £3/4+£3 +£3/+ 2 +3 3 2
P <0.001 <0.001 NS/NS NS
Patient with pheochromocyloma$
69 92 +23 102 77 -25 222/95 214/106 —8/+11 146 152 +6

* B, before beta receptor blockade; A, after beta receptor blockade; A, difference between A and B; Atr, after the intravenous injection of 2 mg

atropine following propranolol administration; NS, not si cant.

Average age is 32 yr (range 22-45 yr).
Age is 56 yr. Body surface area is 1.53 m2,

2 mg of intravenous atropine (18). This finding
is consistent with the hypothesis that the prolonga-
tion accompanying alpha adrenergic and non-
adrenergic vasoconstriction is dependent on re-
flexly induced vagal impulses to the heart.

The shift of the norepinephrine dose-response
curve after propranolol (Fig. 6) demonstrates
that it is possible to use beta adrenergic receptor

blockade to detect beta adrenergic-mediated
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F16. 5. CHANGES IN THE PREEJECTION PERIOD PRODUCED
BY CATECHOLAMINE INFUSIONS. Isoproterenol was given
intravenously to 25 normal subjects, epinephrine to 10
and norepinephrine to 15. Each subject received the
same agent before and after 10 mg of intravenous pro-
pranolol. The bars represent mean changes from con-
trol (* sg) due to catecholamine infusion. The changes
before propranolol are measured from control values be-
fore propranolol; those after propranolol from control
values after propranolol. All changes from control
shown are significant.

Average body surface area is 1.71 m? (range 1.45-2.02 m?).

shortening even in the presence of vasoconstric-
tion-induced prolongation. The observed effect
on the preejection period of a given dose of nor-
epinephrine appears to depend on the relative
proportion of beta adrenergic-mediated shortening
and alpha adrenergic-related prolongation present.
The findings in the present study suggest that the
alpha adrenergic effect of norepinephrine is pre-
dominant at the lower doses while its beta adrener-
gic effect on the ventricle becomes increasingly
prominent at the higher doses.

Stepwise increments in beta adrenergic receptor
activation induced by isoproterenol shortened the
preejection period in a dose-related manner. The
amount of this shortening is therefore a function
of the level of beta adrenergic activity. Increas-
ing doses of propranolol shifted the isoproterenol
dose-response curve to the right. The parallel na-
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F16. 6. EFFECTS OF GRADED INFUSIONS OF NOREPINEPH-
RINE ON PREEJECTION PERIOD IN 12 NORMAL SUBJECTS.
Norepinephrine was given to each subject before and af-
ter intravenous propranolol (10 mg). Three of these
subjects received an additional dose of 22.5 ug/min
(finely broken line).
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ture of these shifts resemble those observed in
pharmacologic studies demonstrating competitive
antagonism between two agents for the same re-
ceptor sites (19). However, because of many un-
controlled variables, it is emphasized that the pres-
ent observations should #not be interpreted as a
rigorous demonstration of the type of blockade.

The results with cedilanid-D support the thesis
that the ability of propranolol to prevent shorten-
ing of the preejection period is specific for beta
adrenergic-mediated shortening.  Cedilanid-D
shortened the preejection period, reflecting its
positive inotropic action on the myocardium.
Propranolol did not¢ block this non—beta adrener-
gic, digitalis-induced shortening. In preliminary
studies in our laboratory, propranolol has also
failed to inhibit shortening of the preejection pe-
riod owing to thyrotoxicosis or to nonadrenergic
reductions in peripheral resistance, such as occur
with the opening of a systemic arteriovenous fistula
or inhalation of amyl nitrite.

In normal resting subjects the intravenous infu-
sion of 10 mg of propranolol lengthened the pre-
ejection period an average of 10 (sE = 1) msec.
The detection of excessive beta adrenergic influ-
ences on the left ventricle therefore requires that
the prolongation by propranolol exceed this normal
response. Although the finding of an effect in
normal resting subjects is consistent with suppres-
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F1c. 7. EFFECTS OF BETA ADRENERGIC BLOCKADE ON
PREEJECTION PERIOD. The patients with psychogenic
tachycardia (“anxiety”) and the patient with a pheo-
chromocytoma tended to have short preejection periods,
which beta receptor blockade lengthened by an amount
greater than normal.
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sion of a basal level of beta adrenergic activity,
the present data do not exclude an additional, pos-
sibly depressant, action of propranolol on the heart.

It is important to emphasize that nonadrenergic
influences on the preejection period may either
simulate or mask the presence of beta adrenergic—
mediated shortening. Low peripheral resistance,
increased cardiac output, excess thyroid hormone,
and positive inotropic agents, such as digitalis,
may shorten the preejection period, while vaso-
constriction may prolong it. For these reasons,
the detection of excessive beta adrenergic influ-
ences on the ventricle cannot depend solely on the
finding of a short preejection period but must in-
clude the demonstration of an abnormally great
prolongation by specific beta adrenergic receptor
blockade.

Two other possible determinants of the dura-
tion of the preejection period deserve mention: the
level of left ventricular end-diastolic pressure and
electrical-mechanical delay. Elevations in left ven-
tricular end-diastolic pressure may occur during
pharmacologic vasoconstriction in patients with
normal left ventricular function (20) and at rest
in some patients with congestive heart failure
(21). A rise in left ventricular end-diastolic pres-
sure, by diminishing the difference between itself
and aortic diastolic pressure, might be expected to
shorten the preejection period. However, both
acute pharmacologic vasoconstriction, as shown
here, and heart failure (22) in fact tend to pro-
long the preejection period, suggesting that other
factors which favor prolongation, such as reflex
mechanisms or a reduced rate of force develop-
ment by the left ventricle, may dominate in these
circumstances. Changes in left ventricular end-
diastolic pressure are unlikely to contribute to the
shortening effects observed with beta adrenergic
receptor activation or digitalis administration,
since these interventions do not raise end-diastolic
pressure. :

The role of electrical-mechanical delay in the
effects of pharmacologic agents on the preejection
period was investigated by determining the per
cent of the preejection period response which oc-
curred before and after the onset of the first heart
sound. On the average, 74-81% of the shortening
of the preejection period by isoproterenol, epi-
nephrine, and cedilanid-D occurred after the onset
of the first heart sound, and consequently during
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the isovolumic period of left ventricular contrac-
tion. The remainder of the shortening by these
agents may be attributed to a reduction of electri-
cal-mechanical delay, an abbreviation of the period
from the onset of the left ventricular pressure rise
to the first heart sound, or both. The prolonga-
tion of the preejection period induced by epineph-
rine after propranolol, norepinephrine after pro-
pranolol, and angiotensin occurred entirely after
the onset of the first heart sound, and therefore
exclusively during the isovolumic period of left
ventricular contraction. Thus, changes in elec-
trical-mechanical delay do not appear to have a
major role in the effects of these agents on the
preejection period.

The psychotic patients with sinus tachycardia
(presumably due to chronic anxiety) and the
patient with a pheochromocytoma had short pre-
ejection periods. Beta adrenergic blockade length-
ened these by an amount clearly greater than nor-
mal (Fig. 7). This marked response of the pre-
ejection period suggests the presence of excessive
beta adrenergic influences on the left ventricle, an
impression consonant with the exaggerated brady-
crotic effect of beta adrenergic receptor blockade
in the same individuals. Restoration of the heart
rate to prepropranolol levels by atropine did not
reverse the effects of propranolol on the preejec-
tion period.

The preejection period can be measured easily
and without trauma an unlimited number of times,
making it well suited for repeated observations in
man. Further studies applying the present ap-
proach may help in detecting abnormal states of
cardiac sensitivity to adrenergic stimuli, in eluci-
dating drug actions in man, and in delineating the
role of autonomic influences in physiologic and
disease states.
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