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Effect of f-adrenergic blockade on beat-to-beat
response to Valsalva manoeuvrel
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Ten normal male volunteers received either TOO mg alprenolol or placebo in a double-blind randomized trial.
Ninety minutes later they performed a standardized Valsalva manoeuvre 40: mmHg airway pressure for 12
seconds. Beat-to-beat measurements were made of heart rate, left ventricular ejection time (LVET), ejection
time index (ETI), and' corrected ejection time' (LVET/Vye).

After placebo, heart rate, left ventricular ejection time, and ejection time indexfollowed essentially the same
beat-to-beat patterns as the normal response reported previously. fl-blockade produced qualitatively sinmlar
curves, but with increased cycle length and reduced left ventricular ejection time per beat at all points. Both
ejection time index and corrected ejection time curves did not differ sigmficantly between placebo and alprenolol
for corresponding phases. fl-blockade, therefore, reduced control and subsequent heart rate so the Valsalva
strain was sustained and completed withfewer heart beats during the standard time but with a pure rate effect
on ejection time. This effect on the time-course of the Valsalva heart rate indicates that the same reflex re-

sponse occurs but at a lower parallel set during fl-blockade.

The Valsalva manoeuvre has long provided a safe,
standardizable, noninvasive test which has proved
useful in investigating both physiological and
pathological cardiocirculatory responses (Gorlin,
Knowles, and Storey, 1957; Levin, I966; Sarnoff,
Hardenbergh, and Whittenberger, 1948; Green-
field et al., I967; Fox et al., I966; Flessas, Kumar,
and Spodick, I970). The Valsalva manoeuvre
divides naturally into a pair of sequential challenge
states: strain and release. Previous investigations
demonstrated the applicability of noninvasive poly-
graphic methods to the Valsalva manoeuvre, and
that beat-to-beat analysis yields lower coefficients of
variation than does time-based analysis (Flessas
et al., I970; Chirife and Spodick, I972). Measure-
ments of systolic time intervals showed that the pre-
ejection period did not change significantly but
heart rate and ejection time showed very character-
istic phasic beat-to-beat patterns of response during
the strain and post-release periods. These phases
were characterized by directional trends each of
which occur within a narrow range of beats after
strain and release.

Received 6 May 1974.
'Supported by a grant from the National Aeronautics and
Space Administration.

Samoff and colleagues (I948) demonstrated the
usefulness of the Valsalva manoeuvre as an indicator
of the integrity of the sympathetic nervous system,
particularly in connexion with baroreceptor reflex
heart rate control in normal individuals. More re-
cently, Leon, Shaver, and Leonard (1970) chal-
lenged this result because in their study fl-adrener-
gic blockade in 4 subjects apparently failed to elicit
significantly different rate responses during a
Valsalva strain. They concluded that Valsalva-
induced heart rate changes were not suitable for
testing sympathetic function.
We evaluated the effect on beat-to-beat analysis of

the Valsalva manoeuvre of aplrenolol, an agent
producing ,B-adrenergic receptor blockade com-
parable to that of propranolol (Kerber et al., I972;
Trinker and Carson, I97I; Spodick, Meyer, and St.
Pierre, I972). A double-blind randomized trial
using placebo control was designed. The results
were plotted beat by beat and compared on the
basis of the beat-to-beat phases of the Valsalva
manoeuvre previously demonstrated (Flessas et al.,
I970).

Subjects and methods
Ten normal, active male volunteers, ages 22 to 35, re-
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ceived either ioo mg alprenol or placebo identical in
appearance on different days on a double-blind random
trial. Ninety minutes later they performed a previously
practised standardized Valsalva manoeuvre, sustaining
40 mmHg airway pressure ('strain') for 12 seconds
(Flessas et al., I970). Subjects were continuously mon-
itored before and during strain and after release from
strain with electrocardiographic lead II and right
carotid pulse using Hewlett-Packard no. 2iooD pulse-
wave pick-up. Beat-to-beat heart rate was measured as
6o,ooo/RR interval in milliseconds. Left ventricular
ejection time (LVET) (Spodick and Kumar, I968) was
measured from the rapid upstroke to the incisura of the
carotid pulse. Rate-correction of LVET was done by two
methods: calculation of ejection time index (ETI) using
the reported regression relation for normal subjects
(Spodick, Dorr, and Calabrese, I969): ETI = LVET+
12 HR, and by 'LVETc', i.e. LVET divided by the
square root of cycle length: LVETc=LVET/VR-R.

Blind procedure
Measurements and calculations were made without
knowledge of whether the subject had received placebo
or alprenolol. When all the data had been recorded for
each subject and all measurements and calculations were
completed, the code was broken. The numerical results
of 'placebo runs' and 'drug runs' were then plotted
together and submitted to statistical analyses.

Breakdown of results and statistical analyses
Beat-to-beat trend charts (Flessas et al., 1970) were
plotted for heart rate and for left ventricular ejection
time. Each common point of inflection (delineating
phases) was established for each subject. The mean beat
number and mean value (± SD and SE, respectively) of
heart rate or left ventricular ejection time were calcu-
lated for all subjects for both placebo and alprenolol.
These data were each compared by the paired t-test for
differences. Additionally, a three-dimensional analysis of
variance (Lindquist, I953) was performed on left ventri-
cular ejection time and heart rate, testing for effects
caused by treatment and by observation sequence and
their interaction. In cases where the analysis of variance
was statistically significant the data were then tested for
critical differences.

Validation of p8-adrenergic blockade
On two different days each, four consecutive subjects
received at random either ioo mg alprenolol or placebo
in identical, coded capsules. Ninety minutes later iso-
prenaline 0o03 ILg/kg per min was infused for 5 minutes.
Heart rate response was monitored and recorded. The
code was broken after all 8 isoprenaline challenges had
been measured. In every case cardioacceleration by
isoprenaline occurred after placebo (mean HR change:
+ I4-50 beats/min) and was blocked by alprenolol
(mean HR change: +2-75 beats/min.)

VALSALVA - HR

ISTRAIN-Beats During Strain -Beats After Release :
+1 5 10 15 20 +1 5 10 15

0
N Placebo
T Dl -- Alprenolol
R

L

+ S.D. Beot
S.E. Rate/Beat

I B'

110-

100-

90

80

HR/
BEAT 70

60

50 -J
Cont. A-A

PR | n.s.+
e-B' c-c'

n.s.+ .02+
D-D' E-E'

.01+ MS.+
F-F'

<.02 n.s. .02 (.01 <.02 n.s. n.s.

FIG. i Beat-to-beat course of heart rate (HR) changes during 12-second Valsalva strain (left)
and following release (right) after placebo (continuous line), and a-blockade by alprenolol (inter-
rupted line). Mean valuesfor control, end-strain (C and C'), andpoints of inflection demarcating
phases plotted for beat nwnber (horizontal scale) and heart rate (vertical scale), with respective
SD and SE. At bottom: point-by-point statistical result for rate (vertical bars) and beat number
(horizontal bars).
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FIG. 2 Beat-to-beat course of ejection time (LVET) changes during 12-second Valsalva strain
(left) and following release (right) after placebo (continuous line) and f-blockade by alprenolol
(interrupted line). Mean values for control, end-strain (C and C'), and points of inflection de-
marcating phases plottedfor beat number (horizontal scale) and LVET (vertical scale) With re-
spective SD and SE. At bottom: point-by-point statistical result for LVET (vertical bars) and
beat number (horizontal bars).
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FIG. 3 Beat-to-beat rate correction of ejection time by regression equation (ETI, top) and
'L VETc' (bottom). Shaded zone of values for ejection time index corresponds to predicted ETI
at theoretical zero heart rate established in comparable subjects. By both methods, curve changes
correspond to those expected for Valsalva strain and release, but alprenolol (interrupted line)
produces no significant changes (PZn.s.) from placebo (continuous line)
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Results
Results are summarized in Fig. I, 2, and 3. For
both placebo and alprenolol, both heart rate and left
ventricular ejection time responded in essentially
the same phasic beat-to-beat patterns as previously
reported; these are depicted in Fig. i and 2 (Flessas
et al., I970).

Heart rate response (Fig. I)
Alprenolol progressively slowed heart rate. Signi-
ficant differences from placebo occurred at control
(difference= -1-03 beat/min), early strain brady-
cardia ('lowest'; - i2z8 beats/min), end-strain
tachycardia ('end-strain'; - 20-56 beats/min) and
at post-strain 'initial rise' (-24-7 beats/min). Sig-
nificant differences disappeared during the later
post-release bradycardia and ,rebound.

Beat number Because of the heart rate slowing,
'end-strain' (standardized at I2 seconds) was
reached at a mean of 3-2 beats earlier (P= o-2)
because of alprenolol. With the release phase (be-
ginning the second physiological challenge state),
the post-release 'initial rise' occurred i-i beat
earlier (P=O-oi) because of alprenolol.

Response of left ventricular ejection time
(Fig. 2)
Both control and 'end-strain' left ventricular ejec-
tion time were longer (P <oo0 each) after alpren-
olol.

Beat number 'End-strain' was reached earlier
(mean -3X2 beats; P < 0X02) as was the post-release
'initial rise' (-i2 beat; P =oo5).

Ejection time index and 'corrected ejection
time' (Fig. 3)
Correcting for heart rate effect on LVET by both
ETI and 'LVETc' (LVET/V/R-R) in each case
resulted in elimination of significant differences at
all points.

Discussion
After both placebo and ,8-adrenergic blockade, heart
rate, left ventricular ejection time, and ejection time
index each followed essentially the same qualitative
beat-to-beat time course as previously reported
(Flessas et al., I970). a-blockade resulted in in-
creased cycle length per beat and increased left
ventricular ejection time per beat at control and
toward end-strain and the early post-release period.
However, at no point did ejection time index and
'LVETc' differ significantly between placebo and

alprenolol. ,-blockade, therefore, significantly re-
duced control and subsequent heart rates so that the
Valsalva strain was sustained with fewer heart beats
(i.e. lower beat number at the end of the standard
12 sec time), but with any effects on ejection time
dependent solely on rate differences.
The very significant rate effect of P-adrenergic

receptor blockade with alprenolol contrasts with the
findings of Leon and colleagues (Leon et al., 1970)
who studied 4 subjects and found no significant
difference in the rate response during Valsalva
strain after fl-blockade with propranolol despite a
decrease in control heart rate similar to the alpre-
nolol effect in our subjects. We cannot account for
these quantitatively divergent results excepting
for possible differences in ,8-blocking agents (which
seems to be an unlikely explanation) (Kerber et al.,
I972; Trinker and Carson, I97I) and differences in
their study, i.e. smaller number of subjects, intra-
venous administration of propranolol, inclusion with
other challenges, and absence of statistical evalua-
tion in this part of their report. There is little doubt
of the objectivity of our results both because of the
quantitatively large effect of alprenolol (NB - Fig.
i, B-B', C-C', and D-D'), and because bias was
minimized by a double-blind randomized design.
On the other hand, the quantitative changes from
control to strain to release in both studies are direc-
tionally the same, so the conclusions from this effect
need not differ.

Left ventricular ejection time varies inversely
with heart rate and directly with stroke volume
(SV). As demonstrated by the beat-to-beat
ejection time index, the Valsalva manoeuvre im-
poses a pronounced divergence from the expected
rate relation (shaded area in Fig. 3). This implies
stroke volume changes caused by decreased filling.
That this does in fact correspond to stroke volume
changes is indicated by the striking agreement of our
results on a beat-to-beat basis with the stroke
volume changes during the Valsalva strain and
release reported by Greenfield and colleagues
(1967), and close resemblance to the curve of
changes in aortic flow reported by Fox and col-
leagues (I966). The values for both ejection time
index and 'LVETc' showed no differences between
placebo and alprenolol at corresponding points,
implying that ,B-adrenergic receptor blockade had a
pure rate slowing effect.

Valsalva rate-responses are particularly important
as a reliable index of cardiac performance (Gorlin
et al., 1957; Levin, I966; Sarnoff et al., I948). The
effect of fl-block with alprenolol on the Valsalva
rate-response indicated that fl-sympathetic activity
does not alter its pattern, but does have a significant
role in setting its level (Gorlin et al., 1957; Levin,
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I966; Sarnoff et al., I948; Flessas et al., I970;
Franklin, Van Citters, and Rushmer, I962). During
,-blockade as opposed to the control state a com-
parable reflex heart rate response occurs at a lower
parallel set.

References
Chirife, R., and Spodick, D. H. (1972). Densitography: a

new method for evaluation of cardiac performance at rest
and during exercise. American HeartJournal, 83, 493.

Flessas, A. P., Kumar, S., and Spodick, D. H. (I970). Effects
of the Valsalva maneuver on the cardiac systolic inter-
vals: beat-to-beat versus timed analysis. American Heart
journal, So, 522.

Fox, I. J., Crowley, W. P., Jr., Grace, J. B., and Wood, E. H.
(I966). Effects of the Valsalva manoeuvre on blood flow
in the thoracic aorta in man. Journal of Applied Physiology,
21, I553.

Franklin, D. L., Van Citters, R. L., and Rushmer, R. F.
(I962). Balance between right and left ventricular output.
Circulation Research, I0, I7.

Gorlin, R., Knowles, J. H., and Storey, C. F. (957). The
Valsalva maneuver as a test of cardiac function. American
journal of Medicine, 22, I97.

Greenfield, J. C., Cox, R. L., Hernandez, R. R., Thomas, C.,
and Schoomaker, F. V. (1967). Pressure-flow studies in
man during the Valsalva maneuver with observations on
the mechanical properties of the ascending aorta. Circula-
tion, 35, 653.

Kerber, R. E., Goldman, R. H., Alderman, E. L., and
Harrison, D. C. (1972). Circulatory responses to beta

adrenergic blockade with alprenolol. American Journal of
Cardiology, 29, 26.

Leon, D. F., Shaver, J. A., and Leonard, J. J. (I970). Reflex
heart rate control in man. American Heart_Journal, 80, 729.

Levin, A. B. (I966). A simple test of cardiac function based
upon the heart rate changes induced by the Valsalva
maneuver. American_Journal of Cardiology, x8, 90.

Lindquist, E. F. (I953). Three dimension design. In Design
and Analysis of Experiments in Psychology and Education,
pp. 220-253. Houghton-Mifflin, Boston.

Samoff, S. J., Hardenbergh, E., and Whittenberger, J. L.
(1948). Mechanism of the arterial pressure response to the
Valsalva test: the basis for its use as indicator of the
intactness of the sympathetic outflow. American J'ournal
of Physio0lgy, 154, 3I6.

Spodick, D. H., Dorr, C. A., and Calabrese, B. F. (I969).
Detection of cardiac abnormality by clinical measurement
of the left ventricular ejection time. A prospective study of
20o unselected patients. Journal of the American Medical
Association, 209, 239.

Spodick, D. H., and Kumar, S. (I968). Left ventricular
ejection period: measurement by atraumatic techniques:
results in normal young men and comparison of methods
of calculation. American Heart Journal, 76, 70.

Spodick, D. H., Meyer, M. B., and St. Pierre, J. R. (1972).
The effect of fl-adrenergic blockade on cardiac response to
orthostatic stress. American Heart_Journal, 83, 719.

Trinker, F. R., and Carson, V. (197I). Pharmacological
effects of H 56/28: a new ,-antagonist on the cardio-
vascular system. Cardiovascular Research, 5, 383.

Requests for reprints to Professor David H. Spodick,
Cardiology Division, Lemuel Shattuck Hospital, I70
Morton Street, Boston, Massachusetts 02130, U.S.A.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.36.11.1082 on 1 N
ovem

ber 1974. D
ow

nloaded from
 

http://heart.bmj.com/

