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Right ventricular performance in essential hypertension
after beta-blockade
JACK FERLINZ, JOHN L EASTHOPE, DAVID HUGHES, JACK SIEGEL,
JONATHAN TOBIS, WILBERT S ARONOW

From the Cardiovascular Section, Medical Service, Veterans Administration Medical Center, Long Beach,
California; and the University ofCalifornia School ofMedicine, Irvine, Califomia, USA

SUMMARY Recent studies indicate that right ventricular performance is impaired even in uncom-
plicated systemic hypertension. Because ofwidespread use ofbeta-blockade in essential hypertension,
it is possible that such treatment often further depresses right ventricular contractility. To test this
premise, and to evaluate the changes induced by different beta-adrenoceptor blocking agents on the
contractility of right ventricular myocardium, 20 patients with essential hypertension were divided
into two groups on a double-blind randomised basis, and maintained on oral oxprenolol or propranolol
for five weeks. Cardiac catheterisation and right ventricular cineangiography were performed at the
beginning and again at the end of the five week period. Right ventricular end-diastolic volume index
did not change significantly in either group. In contrast, right ventricular end-systolic volume index
increased, and right ventricular ejection fraction significantly decreased after chronic beta-blockade.
Cardiac index decreased in both groups, but these changes were not statistically significant.

When the intergroup differences were compared for all measured indices none of the changes
between the two groups was statistically significant. Despite its intrinsic sympathomimetic activity,
oxprenolol therefore impairs right ventricular performance to an extent nearly equal to that of
propranolol. Moreover, right ventricular contractility is clearly diminished after the institution of
beta-blockade in hypertensive patients-an effect that has until now been thought to be limited to the
left side of the heart. Great caution must therefore be exercised when beta-blockade is initiated in
patients with severely abnormal right ventricular function, because frank right ventricular
decompensation may result.

Recent studies in our laboratory have shown a
commonly accepted concept-that right ventricular
function is normal in uncomplicated systemic hyper-
tension-to be incorrect. Right ventricular perform-
ance diminishes even with early abnormal increases in
arterial pressure.' Because systemic hypertension is
frequently treated with beta-blockade, it was essential
to determine how such treatment affects the integrity of
the right heart which is already compromised by the
hypertension itself.
The effects of beta-blockade on left ventnrcular per-

formance have been extensively investigated.2-6 There
is a virtually unanimous agreement that one ofthe most
commonly used beta antagonists, propranolol, depres-
ses left ventricular contractility.7-9 More controversy,
however, surrounds some of the newer experimental
beta-adrenergic blocking agents, especially those that
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possess intrinsic sympathomimetic activity. Moreover,
the effects on right ventricular performance generated
by beta-blockers with or without intrinsic sympatho-
mimetic activity are still completely unknown.

Oxprenolol, which is still not approved for general
clinical use in the United States, possesses intrinsic
sympathominx tic activity. I0-13 When the drug is used
intravenously, this activity is said to minimise the
negative inotropic effects on the left ventricle charac-
teristic of beta-blocking agents,'4-'6 while antihyper-
tensive"7 and antianginal'82' effects are retained.
In order to compare the effects of long term oral
administration ofoxprenolol on right ventricular func-
tion and haemodynamics with the effects generated by
an established beta-antagonist without intrinsic
sympathomnimetic activity, propranolol,2223 we per-
formed a five week, double-blind randomised study on
20 patients with uncomplicated essential hypertension
who were maintained on equipotent oxprenolol or
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propranolol regimens. The study was specifically
designed to compare the haemodynamic and right
ventricular effects of the two drugs over a prolonged
period, to evaluate the changes induced by different
beta-blocking drugs on right ventricular volumes and
ejection fraction in essential hypertension, and to
determine if oxprenolol is truly a lesser cardiac
depressant than propranolol.

Methods

Twenty patients with uncomplicated essential hyper-
tension (having outpatient diastolic blood pressures
above 100 mmHg and below 125 mmHg) were selected
for this study. All gave informed consent, were sub-
sequently randomised into two 10 patient groups, and
were then maintained on a five week equipotent
oxprenolol or propranolol regimen on a double-blind
basis. The design of the study is shown in Fig. 1, with
oxprenolol patients representing group 0, and
propranolol patients group P. Right heart cardiac
catheterisation which included right ventricular
cineangiography was performed before and at the end
of the five week beta-blockade.

Randomisation
(20 pts)

Group 0 Group P
(10 pts) (10 pts)

I t

Study design

First Second
CO HR RV-Gram CO HR RV-Gram
pressure pressure
measurementl measurements

5 weeks
beta blockade

Group O: Oxprenolol
b Group P: Propranolol

Fig. 1 The design ofthe study. The experimentwas performed in
a double-blind manner, so that the composition ofthe two groups
therefore occurred only after the stdy was completed, and the drug
code became known.

The clinical profiles of the two patient populations
were comparable. None of the patients had a history of
coronary or cerebrovascular disease, puLmonary dis-
orders, congestive heart failure, or significant valvular
or congenital lesions. All subjects were in normal sinus
rhythm without any conduction abnormalities. The
mean age ofpatients in the oxprenolol group was 49± 11
years, and in the propranolol group 54±4 years (p not
significant). Age-related changes in response to beta-
blockade24 therefore had little or no effect on the results
of this study. Five patients in the oxprenolol group and
two patients in the propranolol group had electro-
cardiographic evidence ofleft ventricular hypertrophy.
No other electrocardiographic abnormalities were

present in any ofthe patients. Cardiomegaly (defined as

a cardiothoracic ratio of 20*50 on a standard postero-
anterior chest x-ray film) was absent in all patients.

Some of the patients were receiving antihypertensive
drugs; these were stopped at least two weeks before the
study. Close monitoring of these patients was instituted
after the antihypertensive medications were discon-
tinued in order to detect immediately any potentially
dangerous acceleration of hypertension but none
occurred. Thus, no patients had to be excluded from
the study because the withdrawal of drugs was poorly
tolerated, and none was withdrawn because of adverse
reactions caused by 'beta-blockade. Moreover, no
patients had to be reinstated on the original antihyper-
tensive treatment because the beta-adrenergic
antagonists failed effectively to control raised blood
pressures.

Oxprenolol or propranolol therapy was started with
daily doses of 240 mg divided into three aliquots.
Identical initial doses for both beta-adrenergic
antagonists were used because it has been shown that
oxprenolol is approximately equipotent with pro-
pranolol.25 Dosage was subsequently titrated in
increments or decrements of 40 mg to achieve the
following objectives: resting diastolic blood pressure
had to be reduced by at least 10 mmHg, and resting
heart rate maintained above 50 beats per minute. All
patients fulfilled these criteria without any adverse side
effects.
The means ofthree supine blood pressures and heart

rates were recorded for all patients at the beginning
(the control period), and thereafter at weekly clinic
visits until the completion ofthe study. Supine readings
were selected because cardiac catheterisation was also
performed in the supine position. Right heart cardiac
catheterisation and right ventricular cineangiography
were performed, with patients fasting but without
sedation, before drug therapy was started and again
after the completion of the five week beta-blockade.
Cardiac output and pressure data were collected before
the right ventriculograms. Cardiac output (CO) was
determined with the Lyons indocyanine green indica-
tor-dilution computer by averaging four sequential
measurements. All pressures-arterial (AP) systolic,
diastolic, and mean; right ventricular systolic and end-
diastolic; mean right atrial (RAP); mean pulmonary
artery (PAP); and mean pulmonary capillary wedge
pressure (PCWP)-were measured over three respir-
atory cycles with Statham P23Db strain gauges and an
Electronics for Medicine DR-12 Simultrace recorder.
Heart rate was monitored throughout the study. In
addition, systemic vascular resistance (SVR= [mean
AP-mean RAP]/CO) and pulmonary vascular
resistance (PVR=[mean PAP-mean PCWP]/CO)
were calculated for each patient.

Single plane cine right ventriculograms in 300 right
anterior oblique projection were performed in all 20
patients. Fifty-five to 65 ml of76% meglumine sodium
diatrizoate (Renografin 76) were injected over a three
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second interval into the right ventricular chamber
through a No. 8 Eppendorf or NIH catheter, and right
ventriculograms recorded at 64 frames per second on
35 mm Ilford Cinegram F film with Philips 9 inch
image intensifier. The first six beats after complete
opacification were analysed by two independent
observers; their results showed only a negligible
variance. If a premature ventricular contraction was
encountered, at least two successive normal sinus beats
had to occur before a frame was selected for volumetric
analysis. Right ventricular volumes were determined
using the method for single plane measurements pre-
viously developed in our laboratory.26 End-diastolic
volume index (EDVI), end-systolic volume index,
stroke volume index (SVI), and ejection fraction (EF=
SVI/EDVI) were calculated for each patient.

Chest x-ray films (posteroanterior and lateral) and
electrocardiograms were obtained before and after
beta-blockade. Blood samples for plasma renin activity
were collected from all patients just before each cardiac
catheterisation. All subjects were kept on their normal
sodium diets, and were, instructed to stand for three
hours before their blood was drawn for the plasma
renin activity determination. Plasma renin activity was
measured by radioimmunoassay27 (Bio-Science
Laboratories). Two blood samples for plasma oxpreno-
lol or propranolol concentration were drawn during the
second cardiac catheterisation. The first sample was
collected 90 minutes from the time of drug ingestion,
and the second sample 30 minutes later. This timing for
the blood collection was selected because it has been
shown that the peak effect of orally administered pro-
pranolol occurs between 90 and 120 minutes after the
ingestion of the drug,28-30 and that the plasma half-life
of oxprenolol resembles that of propranolol.3'32 The
blood sample collections took place concurrently with
the measurements of haemodynamic indices. Plasma
oxprenolol levels were determined by gas-liquid
chromatography33 (Ciba-Geigy), and plasma pro-
pranolol levels by high pressure liquid chroma-
tography34 (Bio-Science Laboratories). The results of
the first and second blood sample obtained during the
second cardiac catheterisation were combined and
averaged. Arterial and central venous blood samples for
the arterial-venous oxygen difference calculations were
drawn just before the measurement of cardiac output.

All data were analysed with the two-tailed Student's
t test.33 The t test for the non-paired variables was used
when comparing inter-group oxprenolol and proprano-
lol differences, while the data comparing values before
and after beta-blockade within a single group were
analysed with the t test for paired variables.

Results

All outpatient blood pressure readings taken at the end

of the five week beta-blockade with either drug were
significantly lower in comparison with the control
values, the difference between the two sets of values
achieving a statistical significance with both drugs. The
pretreatment outpatient systolic and diastolic blood
pressures were 168+15 and 109+8mmHg for oxpreno-
lol, and 164±14 and 105±6 mmHg for propranolol.
After five weeks on the respective beta-antagonist, the
oxprenolol group reduced its systolic and diastolic
blood pressures to 144±15 and 91±11 mmHg, and the
propranolol group to 139±11 and 87±5 mmHg. All
intragroup reductions in systolic and diastolic blood
pressures were highly significant (p<O0O1). Con-
comitantly, no statistically significant changes between
oxprenolol or propranolol groups were detected
neither at the beginning of the study, nor at the end of
the beta-blockade. The supine decreases in the out-
patient heart rates were also greatly lowered (p<001)
by both drugs (from 80±6 to 59±5 beats/min with
oxprenolol, and from 85±8 to 60±5 beats/min with
propranolol), and the intergroup comparison again
showed no difference between oxprenolol and
prop. nolol.
The complete haemodynamic data obtained before

and again at the end of the five week beta-blockade are
given in Fig. 2 and 3. In contrast to a distinct decrease
in systolic and diastolic blood pressure obtained on an

*- Group 0 (oxprenolol )
o--o Group P (propranotol)
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Fig. 2 Arterial pressures, systemic vascular resistance, cardiac
index, and heart rate before (IstCATH), and at the end ofthefive
week beta-blockade (2nd CATH). (AP, arterial pressure;
CATH, cardiac catheterisation; Cl, cardiac index; HR, heart
rate; SVR, systemic vascular resistance.) Brackets in this
illustration, andinFig. 3,4, andSindicate one standarddeviation
of the mean.
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Fig. 3 Right-sided pressures andpulmonary vascular resistance
before (Ist CATH), and at the end ofthefive week beta-blockade
(2ndCATH). (CATH, cardiaccatheterisation;PAP, pulmonary
artery pressure; PCWP, pulmonary capillary wedge pressure;
PVR, pulmonary vascular resistance;RAP, right atrialpressure;
RVEDP, right ventricular end-diastolic pressure; RVP, right
ventricular pressure.)

outpatient basis after beta-blockade, the intra-arterial
systolic, diastolic, and mean pressures recorded during
cardiac catheterisation were lowered only slightly and
insignificantly. The heart rate, however, was main-
tained at amuch lower level (p<O O1) during the second
cardiac catheterisation with either oxprenolol or

propranolol.
All right-sided pressures remained essentially un-

changed after beta-blockade, so did the pulmonary and
systemic vascular resistances. Cardiac index decreased
with both drugs, but the decrease was less with
oxprenolol than with propranolol. These changes,
however, were not statistically significant. Moreover,
the values of all variables depicted in Fig. 2 and 3 were
not significantly different when oxprenolol and pro-

pranolol groups were compared with each other during
the first, and again during the second cardiac
catheterisation.
The arterial-venous oxygen difference, while un-

changed after oxprenolol administration, was signifi-
cantly higher after propranolol (p<0-04) (Fig. 4).
Cardiothoracic ratio increased slightly, but signifi-
cantly, after beta-blockade with both drugs. Not

_ I
Lr 1-2 " r

0-2- -L ' p-o001

1st 2nd
Cath

12500

1-0]

E 10 T
750

V0

E T

350-I

~2 I

1st 2nd
Cath

Fig. 4 Arterial-venous oxygen difference, cardiothoracic ratio,
plasma concentration ofoxprenolol orpropranolol, and plasma
renin activity before (Ist CATH), and at the end ofthefive week
beta-blockade (2nd CATH). ((AV)02, arterial-venous oxygen
difference; CATH, cardiac catheterisation; CTR, cardiothoracic
ratio; PRA, plasma renin activity.)

unexpectedly, the plasma renin activity was lowered
substantially by both beta-blocking agents (p<O0Ol),
and by approximately equal margins. The administered
oral doses ofoxprenolol and propranolol were 418±155
and 440±129 mg/day, respectively (p not significant).
Though both oral agents produced substantial plasma
concentrations, the absolute level ofplasma oxprenolol
was almost five times as high as that of propranolol
(1021±393 versus 244±210 ng/ml, respectively,
p<O0O1).

Right ventricular volumetric analysis is presented in
Fig. 5. The right ventricular end-diastolicvolumeindex
did not change appreciably in either the oxprenolol or
the propranolol group. In contrast, the right ventricular
end-systolic volume index rose signicantly after beta-
blockade with both drugs, causing a decrease in the
right ventricular ejection fraction from 59+8 to
52+12% after oxprenolol, and from 59+5 to 54+7%
after propranolol administration (p<0 02 for both
groups). No statistically significant difference was
found when the effects of the two drugs on right ven-
tricular volumes and ejection fraction were compared
with each other.
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Fig. 5 Right ventricular volumes and ejectionfraction before
(Ist CATH), and at the end ofthe five week beta-blockade (2nd

CATH). (CATH, cardiac catheterisation; EDVI, end-diastolic

volume index; EF, ejection fraction; ESVI, end-systolic volume

index; SVI, stroke volume index; RV, right ventricular.)

Discussion

Because it has been shown that right ventricular

function and right-sided pressures are abnormal even

in patients with uncomplicated systemic hyperten-
sion,3637 this study was undertaken to determine if
there is further depression of right ventricular per-
formance in such subjects after beta-blockade. More
than one beta-blocker was thought to be needed for
such a study to obviate a possible interpretation that
the effects on right-sided circulation are idiosyncratic
for a particular drug, and do not represent the action of
beta-blockers as a group.

Within the past decade, several new beta-adrenergic
blocking agents have become available and have been
investigated. Their actions are frequently compared
with those of an established beta-blocker, proprano-
101.38-41 The interest in oxprenolol is understandable in
view of the claims that it may be as good an antihyper-
tensive42 antianginal,'921 and possibly anti-
arrhythmic43-45 agent as is propranolol, yet it possesses
substantially less negative inotropic effects.'4'646
Unfortunately, some previous studies have used cardiac
output as an index of myocardial contractility,'415
ignoring the fact that the cardiac output and the
contractile state of myocardium are not related in a

simple manner.47 Furthermore, the extent of cardiac
pathology between the two treatment groups (oxpreno-
lol versus propranolol) has sometimes been sufficiently

diverse virtually to preclude meaningful con-
clusions.'41I When, in another study, an identical
experimental preparation was used to compare the
effects of oxprenolol and propranolol on myocardial
function, the administered doses ofthe two drugs were
sufficiently different to negate any conclusions on
differences in biological action." Our study showed
slightly smaller effects on cardiac index and arterial-
venous oxygen difference with oxprenolol than with
propranolol. But the difference between the drugs was
not significant and no firm conclusions can be drawn
relating to their relative negative inotropic properties.

Both oxprenolol and propranolol had a distinct
antihypertensive effect when administered to subjects
on an outpatient basis. Yet this substantial antihyper-
tensive response was not maintained when the patients
were brought to the cardiac catheterisation laboratory
for a repeat examination.49 Numerous mechanisms
have been evoked to explain why beta-blockers lower
high blood pressures. Among these are the negative
inotropic effect which lowers the cardiac output, the
resetting of baroreceptors, an effect mediated through
the central nervous system, a decrease in renin output,
a reduction in venous return or plasma volume,25 and a
myogenic response of the arteriolar wall to decreased
blood flow. WoWhile some (or most) ofthese mechanisms
may account for the decrease in blood pressure that was
observed in our subjects on the outpatient basis, they
failed to maintain their antihypertensive effects when
the patients were subjected to the stress of the repeat
cardiac catheterisation. In contrast to the heart rates
which continued to be significantly lower during the
entire second haemodynamic study, the systolic,
diastolic, andmean intra-arterial pressures rose to levels
that were virtually identical to those observed during
the first catheterisation. Thus significant stress can
almost eliminate the antihypertensive effect of beta-
blockade, but it cannot overcome its negative chrono-
tropic effect. Similar findings were observed during our
earlier study with a different beta-blocking agent,5'
and were recently confirmed in a report by Waal-
Manning.52
Both oxprenolol and propranolol conspicuously

lowered the plasma renin activity after five weeks of
beta-blockade, but no correlation was found between
the antihypertensive effect of the two beta-blockers at
cardiac catheterisation and the degree of renin
suppression.
The oral doses of oxprenolol and propranolol were

almost identical and the haemodynamic and volumetric
effects priuced by each drug were similar. Yet, the
plasma level ofoxprenolol was almost five times as high
as that of propranolol. This large difference in plasma
levels between the two drugs is probably the result of
different pharmacokinetics. While propranolol under-
goes extensive presystemic metabolism by the liver (the
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"first pass effect"), oxprenolol is almost completely
devoid of first pass elimination.53 Furthermore, the
Bio-Science assay for propranolol34 does not measure
active propranolol metabolites, while the Ciba-Geigy
assay for oxprenolol33 does. An active metabolite of
propranolol, 4-hydroxypropranolol, was therefore not
measured in this study. It is, however, equipotent to
propranolol, and can achieve approximately the same
circulating concentrations as the parent drug shortly
after an oral dose, with effects which are added to those
of propranolol.54 A simple comparison between plasma
levels of oxprenolol and propranolol by the assays
employed in this study can therefore not be used as an
index of the bioavailability of the two drugs, or as a
predictor of the cardiovascular potency of oxprenolol
versus propranolol.

Ventricular ejection fraction is one of the most sensi-
tive indices of cardiac function.55-7 In evaluating the
changes induced by oxprenolol and propranolol on
right ventricular performance, the volumetric right
ventricular analysis-which yields ejection fraction for
the two groups-was of major importance, and is the
cornerstone of this study. Both beta-blockers adversely
affected right ventricular function of hypertensive
patients by significantly decreasing the right ventricular
ejection fraction. Oxprenolol produced a similar degree
of depression of right ventricular contractility as pro-
pranolol, and therefore cannot be considered to have
substantially less negative inotropic properties than
propranolol. The intrinsic sympathomimetic activity
of oxprenolol must therefore be relatively weak.
This study, therefore, shows that in hypertensive

patients the right ventricular contractility is clearly
diminished after the institution of beta-blockade with
two agents-an effect that has until now been thought
to be limited to the left side of the heart. Great caution
must therefore be exercised when beta-blockade is
initiated in patients with conspicuously abnormal right
ventricular function, because frank right ventricular
decompensation may result. If overt right ventricular
decompensation is already present the administration
of beta-blocking drugs should probably be avoided.

The authors thank Ms. Kathleen Mellars for statistical
analysis. Oxprenolol and propranolol were supplied by
the Ciba-Geigy Corporation, Summit, New Jersey.
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