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Comparison ofhaemodynamic effects oforal hydralazine
and prazosin hydrochloride in patients with chronic
congestive heart failure1
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suMMARY The comparative haemodynamic effects of oral prazosin hydrochloride and hydralazine were
evaluated in 11 patients with chronic congestive heart failure.

The maximum total dose of prazosin received by an individual varied up to 25 mg. Ten patients
received a maximum of 75 mg and one received 50 mg of hydralazine at six-hour intervals. There was
no significant change in heart rate with either drug. Decrease in mean arterial and left ventricular filling
pressures were modest and similar with both agents. With prazosin, the average cardiac index
increased 20 per cent and systemic vascular resistance decreased 20 per cent. By contrast, hydralazine
increased cardiac index by 58 per cent and decreased systemic vascular resistance by 40 per cent. The
increase in stroke work and stroke volume indices was significantly greater with hydralazine than with
prazosin.

These findings suggest that in some patients with severe chronic congestive heart failure,
improvement in left ventricular performance may be greater with hydralazine than with prazosin.

Vasodilator therapy is effective in some patients
with chronic heart failure. Intravenous vasodilators
can improve the haemodynamic and clinical status
of patients in hospital with severe heart failure
(Majid et al., 1971; Guiha et al., 1974; Chatterjee
et al., 1976a; Kovick et al., 1976; Chatterjee and
Parmley, 1977). Several nonparenteral vasodilators
have also been investigated for long-term use in
patients with chronic heart failure (Gold et al.,
1972; Franciosa et al., 1974b; Gray et al., 1975;
Chatterjee et al., 1976b; Kovick et al., 1976;
Mantle et al., 1976; Taylor et al., 1976). With ac-
cumulated experience, it is apparent that though
most vasodilators produce qualitatively similar
haemodynamic effects, the magnitude of the re-
sponses may differ significantly. Recently, the
haemodynamic effects of two vasodilators, hydrala-
zine and prazosin, have been investigated in different
groups of patients with chronic congestive heart
failure and beneficial responses to both drugs have
been reported (Chatterjee et al., 1976b; Franciosa
et al., 1977; Miller et al., 1977; Awan et al., 1977).
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However, no information about the comparative
haemodynamic effects of these drugs in the same
group of patients is available. The purpose of this
study was to compare the haemodynamic effects of
oral hydralazine and prazosin in the same patients
with severe chronic congestive heart failure.

Methods

PATIENTS
The comparative effects of prazosin and hydralazine
were investigated in 11 patients with chronic con-
gestive heart failure. There were seven women and
four men with an age range of 27 to 76 years. The
aetiology of heart failure was ischaemic heart disease
in seven patients, and cardiomyopathy of unknown
cause in the other four. In two patients, there was a
history of hypertension, though no patient was
hypertensive at the time of the study. One patient
had significant mitral regurgitation on the ven-
triculogram, in addition to poor left ventricular
function, but in the other patients there was no
clinical evidence of significant mitral regurgitation.
All patients had clinical and radiological evidence
of cardiomegaly, poor left ventricular function,
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pulmonary hypertension, and signs and symptoms
of systemic and pulmonary venous congestion.
Seven patients were in class IV of the New York
Heart Association classification, four in class III.
The duration of heart failure ranged from seven

months to five years. All patients were being treated
with digitalis and diuretics. Serum digoxin levels
at the time of the study ranged from 1-0 to 3-7
nmol/l (0 8 to 2-9 ng/ml). The diuretic and digoxin
were continued throughout the study period. Three
patients were in atrial fibrillation with a controlled
ventricular response, while the remaining eight
patients were in sinus rhythm at the time of the
study.

HAEMODYNAMIC MEASUREMENTS
Pulmonary artery (PAP), pulmonary artery wedge
(PAW), and right atrial (RAP) pressures were
measured with the use of a triple lumen, balloon-tip
flotation catheter (Forrester et al., 1972). Pul-
monary artery diastolic pressure was used as a
measure of left ventricular filling pressure in one
patient in whom a wedge pressure record could not
be obtained. Mid-chest level was used as the
reference point of the measurement of intracardiac
pressures. Cardiac outputs were determined in trip-
licate by the thermodilution technique (Forrester et
al., 1972). The variability of triplicate cardiac output
measurements was less than 10 per cent. Arterial
mean pressure was measured by inserting a 20
gauge arterial cannula into the radial artery. In three
patients with atrial fibrillation, arterial pressure was
determined by averaging several consecutive beats.
Derived haemodynamic indices were calculated as
follows:

Cardiac index (CI) (1/min per M2) =cardiac
output/body surface area;
Stroke volume index (SVI) (ml per m2)=
CI/heart rate;
Stroke work index (SWI) (g m per m2) = (LV
mean systolic-PAW mean pressure) x SVI x
0-0136;
Systemic arterial mean pressure (MAP) (mmHg)

systolic-diastolic
=diastolic pressure± 3 ;

Systemic vascular resistance (SVR) (dynes s cm-5)
MAP - mean RA pressure 80

cardiac output
Pulmonary vascular resistance (PVR) (dynes s
cm-5)
PA mean - PAW mean pressure
=- cardiac output x 80

cardiac output

DRUG ADMINISTRATION
After initial control haemodynamic measurements
had been made, prazosin was administered first in
eight patients, followed by oral hydralazine. In
three patients, oral hydralazine was administered
first, and then oral prazosin.
The initial oral dose of prazosin was 40 to 50 ,ug

per kg (2 mg in four patients and 3 mg in seven
patients), comparable with the dose selected by
previous investigators (Awan et al., 1977). Haemo-
dynamic measurements were repeated hourly.
Prazosin was then given in doses increasing by 1 mg
at three-hour intervals, until a 5 mg dose was
administered. Nine patients received two additional
5 mg doses at eight hour intervals.
The initial oral dose of hydralazine was 50 mg

which was increased six hours later to 75 mg in 10
of 11 patients; in one patient there was a large in-
crease in cardiac output with 50 mg hydralazine,
and the dose was not increased. Haemodynamic
measurements were repeated hourly. Oral hydral-
azine was then given at six-hour intervals up to 36
hours, with frequent haemodynamic measurements.

After determination of the haemodynamic re-
sponse to the first drug administered (prazosin or
hydralazine), the haemodynamic variables were
allowed to return to control levels over 12 to 24
hours. Haemodynamic measurements were re-
peated to ensure return to control levels before the
administration of the second drug; those obtained
before administration of this drug served as control.
Haemodynamic measurements made at the time of
maximum effect of the drug on cardiac index were
recorded at each dose level for both drugs and
compared.

Statistical analyses of the data used a two-way
analysis of variance, without replication and a
mixed effects model. Data were expressed as the
mean ±standard error of the mean (SEM).

Results

The control haemodynamic data before the ad-
ministration of prazosin (CI) or hydralazine (C2),
irrespective of the order of their administration,
were remarkably similar (Table). The average
cardiac index was almost the same and there were
only minor differences in other haemodynamic
measurements, none of which were statistically
significant.

HAEMODYNAMIC EFFECTS OF ORAL
PRAZOSIN
The maximum haemodynamic response was defined
in terms of increase in cardiac output and was
usually observed one to two hours after the first
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Table Haemodynamic effects (mean ± SEM) of oral prazosin and hydralazine in patients with chronic congestive
heart failure

HR MAP MPAP LVFP RAP CI SVI SWI SVR PVR
(beatsl (mmHg) (mmHg) (mmHg) (mmHg) (I/min (ml per (g m per (dynes (dynes
min) per mi) mi') mi') s cm-n) s cm'5)

C(1) 86 ±7 87 ±3 36 ±2 24 ±1 12 ±1 2-0 ±0 1 26 ±2 22 ±3 1776 ±85 285 ±40
P 3mg 83 ±4 80±2 28 ±2 19 ±2 10±2 2-5 ±0-2 31 ±2 26±3 1373±82 194±41
P 4 mg 85 ±5 84 ±3 28 ±2 19 ±2 10 ±1 2-4 ±0-2 29 ±2 25 ±3 1631 ±167 222 ±31
P5mg 79±3 79±3 28±3 19±2 8±1 2-5±0-2 30±3 25±3 1410±118 186±29
C(2) 87 ±7 87 ±3 35 ±2 24 ±1 12 ±1 2-0 ±0-1 25 ±2 22 ±2 1760 ±86 270 ±45
HD 50 mg 86 ±7 82 ±3 30 ±3 21 ±2 11 ±1 2-5 ±01 32 ±3 27 ±3 1400 ±111 214 ±31
HD 75mg 89 ±6 79 ±2 30 ±2 20 ±2 11±2 3-3 ±0-2 38 ±3 30 ±2 1045±60 203 ±25

HD 75 mg vs P 5 mg - - - - * * t -

C(1) vs P 5 mg - * t ** ** * **
P3 vs 4 mg vs 5 mg -

C(2) vs HD 50 mg - *** ** * - t * * * *
HD 50 mg vs 75 mg - ** - - - t - -

*P < 0 05; **P < 0-025; ***P < 0 01; tP < 0-005; *P < 0 001.
C(1): control before prazosin; C(2): control before hydralazine; CI: cardiac index; HD: hydralazine; HR: heart rate; LVFP: left
ventricular filling pressure; MAP: systemic arterial mean pressure; MPAP: pulmonary artery mean pressure; P: prazosin;
PVR: pulmonary vascular resistance; RAP: right atrial pressure; SVI: stroke volume index; SWI: stroke work index; SVR: systemic
-vascular resistance.

U.
100 HR 100 AP

80H- E50 H5-0

60 UP60
Cl P3 P4 P5 C2 HD75 Cl P3 P4 P5 C2 HD75

HD50 HD50
50- 2000 R

E 3 1 &X

Cl P3 P4 P5 C2 HD75 CI P3 P4 P5 C2 HD75

Cl P3 P4 P5 C2 HD75 Cl1 P3 P4 P5 C2 HD75

HD50 HD5 5

E 33 E

40 6V 4-

CI P3 P4 P5 C2 HD75 CI P3 P4 P5 C2 HD75

40 svi ~HD50O 0 w HD50

Fig. 1 Effects of oral prazosin (3, 4, and
5 mg) and oral hydralazine (50 and 75 mg)
on heart rate (HR), systemic arterial
(AP), pulmonary arterial (PAP), and
right atrial (RAP) mean pressures and
on cardiac index (CI), stroke volume index
(SVI), stroke work index (SWI), and
systemic vascular resistance (SVR).
Control values before prazosin (Cl) and
before hydralazine (C2) were not different.
Compared with controls, changes in
systemic and pulmonary arterial pressures
were similar with the two drugs. However,
the mean increase in cardiac index and the
decrease in systemic vascular resistance
with hydralazine were significantly greater
than with prazosin. Haemodynamic
changes after 3, 4, or 5 mg prazosin were of
similar magnitude.
P3, P4, P5 =prazosin 3, 4, and 5 mg;
HD5O, HD75=hydralazine, 50 and 75 mg.
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dose. However, at the time of maximal increase in
cardiac output, other haemodynamic changes were
also observed. The haemodynamic changes after
3, 4, and 5 mg doses of oral prazosin are summarised
in the Table and in Fig la and lb. Heart rate did
not change significantly in any patient during
prazosin treatment. There were slight but statis-
tically significant decreases in pulmonary artery
wedge, right atrial, mean pulmonary arterial, and
mean systemic arterial pressures. There was a
significant increase in cardiac index along with a
decrease in systemic vascular resistance. Stroke
volume and stroke work indices increased in most
patients, though the increase in stroke work index
was not statistically significant. An increase in stroke
volume index, accompanying a decrease in pul-
monary artery wedge pressure, suggested improved
left ventricular performance. Haemodynamic
changes were usually observed after the initial dose
of 2 to 3 mg oral prazosin. There were no further
changes when the dose was increased to 4 or 5 mg.
In an attempt to increase the response, two patients
received a 20 mg dose of prazosin without further
increment in cardiac output or reduction in systemic
vascular resistance.

HAEMODYNAMIC EFFECTS OF ORAL
HYDRALAZINE
In the same patients, the maximum haemodynamic
response in terms of increase in cardiac output was
also observed at one to two hours after administra-
tion of oral hydralazine. Haemodynamic changes
after hydralazine in doses of 50 mg and 75 mg are
summarised in the Table and in Fig. la and lb.
After 75 mg hydralazine, there was no significant
change in heart rate. There were slight, but statis-
tically significant falls in pulmonary and systemic
arterial and pulmonary artery wedge pressures.
Right atrial pressure was unchanged. A small de-
crease in pulmonary vascular resistance was noted.
There was a large increase in cardiac index (average
58 %) and a significant decrease in systemic vascular
resistance. Stroke volume and stroke work indices
increased greatly in most patients. Cardiac index,
systemic vascular resistance, and stroke volume
index after 50 mg hydralazine were intermediate,
being significantly different from control measure-
ments, though the changes were less than those
seen at the 75 mg dose level. During continued
administration of 75 mg hydralazine, the haemody-
namic changes were persistent.

COMPARISON BETWEEN HAEMODYNAMIC
EFFECTS OF PRAZOSIN AND HYDRALAZINE

(FIG. 2)
There was a significant difference between the

svI

o6 40-
c
0
u 20

-40

* -20

-40 -

-60

Prazosin

* Hydralazine

LVFP

Fig. 2 Comparison between the haemodynamic effects
of prazosin (5 mg) and hydralazine (75 mg) in patients
with chronic heart failure. The magnitude of the
decrease in left ventricular filling pressure (LVFP)
was similar with both drugs. However, the increase in
cardiac index (CI) and stroke volume index (SVI)
and the decrease in systemic vascular resistance (SVR)
were greater with hydralazine than with prazosin.
The differences between the changes in CI, SVI, and
SVR were statistically significant, whereas the difference
between the changes in LVFP were not.

maximal effects of prazosin (5 mg) and hydralazine
(75 mg) on cardiac output and systemic vascular
resistance. The average increase in cardiac output
during prazosin treatment was 25 per cent. By
contrast, hydralazine increased cardiac output by
58 per cent (P < 0-001). The decrease in calculated
systemic vascular resistance during prazosin treat-
ment (-20%) was significantly less than that pro-
duced by hydralazine (-40 %). The increase in
stroke work and stroke volume indices was also
significantly greater with hydralazine than with
prazosin. The small decreases in pulmonary artery
wedge pressure with prazosin (-21 %) and with
hydralazine (-20%) were, however, similar. There
was no significant change in heart rate with either
drug. The decrease in systemic arterial mean pres-
sure was small (-8 mmHg) with both drugs.
Postural hypotension and other untoward side
effects did not occur with either drug during the
period of administration.
On the other hand, there were no significant

differences between the haemodynamic changes
after prazosin and those after the lower dose of
hydralazine (50 mg).

Discussion

Beneficial haemodynamic effects of various non-
parenteral vasodilator drugs in patients with chronic
congestive heart failure have been documented in
previous investigations. The most widely used non-
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parenteral vasodilators until recently have been the
nitrates which, with adequate doses, decrease
pulmonary and systemic venous pressures signi-
ficantly in most patients (Franciosa et al., 1974b;
Kovick et al., 1976). Though in some patients
cardiac output increases, in the majority there is
little or no change with the use of nitrates (Mantle
et al., 1976; Chatterjee and Parmley, 1977). Since
the major haemodynamic objectives of treatment of
heart failure are to improve cardiac output and
decrease systemic and pulmonary venous pressures,
the search continues for more effective vasodilator
drugs which can be used either alone or in combina-
tion (Awan et al., 1977; Parmley and Chatterjee,
1976). Recently, the haemodynamic effects of the
two antihypertensive agents, hydralazine (Chatterjee
et al., 1976b; Franciosa et al., 1977) and prazosin
(Awan et al., 1977; Miller et al., 1977) have been
investigated in patients with chronic congestive
heart failure and a beneficial response to both drugs
has been documented.
The present study confirms the beneficial

haemodynamic effects of both vasodilator agents in
patients with chronic congestive heart failure. Thus,
with prazosin, there was usually an increase in

cardiac output together with some decrease in
pulmonary artery wedge pressure, suggesting im-
proved left ventricular performance. However,
there appears to be a significant difference between
the haemodynamic response to prazosin observed
in the present study and that reported by Miller
et al. (1977) and by Awan et al. (1977) who observed
a distinct decrease in pulmonary artery wedge
pressure (-45%), as compared with the present
study (-21 %). The average increase in cardiac
output in the present study (+23%) was also
appreciably less than that (+48%) reported by
Awan et al. (1977). These discrepancies were not
the result of inadequate doses of prazosin; the
cumulative dose in our study ranged up to 25 mg,

which was more than in previous studies. Further-
more, the haemodynamic response was no better
with increasing doses of prazosin. In our patients,
the beneficial haemodynamic response was usually
observed with the initial 3 mg dose of oral prazosin.
There was no further significant change when the
dose was increased (Fig. la and b). Furthermore,
preliminary investigations in our laboratory suggest
a poor correlation between the haemodynamic
effects of prazosin and its blood level (Arnold et al.,
1979).

Differences in patient population may explain
some of the differences observed in the response to
prazosin. In the present study, almost all of our

patients with chronic congestive heart failure were

normotensive at the time of the investigation and

the decrease in systemic arterial pressure was only
slight, even with larger doses of prazosin. In the
patients investigated by Miller et al. (1977) and
Awan et al. (1977), the mean arterial pressure was
considerably higher and the decrease in arterial
pressure was also considerably greater. Since there
is a relation between changes in arterial pressure
and changes in pulmonary artery wedge pressure
(Franciosa et al., 1974a), a large fall in arterial
pressure will be associated with a more pronounced
fall in pulmonary artery wedge pressure, as was
observed in the patients studied by Miller et al.
(1977) and Awan et al. (1977). In our normotensive
patients, the decrease in arterial pressure with
prazosin was less, as was the decrease in pulmonary
artery wedge pressure.
These results confirm our previous experience

with oral hydralazine (Chatterjee et al., 1976b).
There was a significant increase in cardiac output
associated with a decrease in calculated systemic
vascular resistance. Additionally, the haemody-
namic effects were greater when the dose of hydrala-
zine was raised from 50 mg to 75 mg. There was
only a slight decrease in systemic arterial pressure
without any significant change in heart rate. In
many patients, there was some decrease in pul-
monary artery wedge pressure after oral hydrala-
zine, but this decrease, however, was relatively
small. Though in our previous study a consistent
decrease in pulmonary artery wedge pressure was
not observed (Chatterjee et al., 1976b), other in-
vestigators have reported a fall in wedge pressure
after oral administration of hydralazine in patients
with chronic heart failure (Franciosa et al., 1977).
The difference in the degree of systolic unloading of
the left ventricle in different patient populations
with varying severity of depression of cardiac func-
tion may account, to some extent, for the variations
in the haemodynamic findings. With more severe de-
pression of cardiac function, a better 'unloading'
effect is expected. In the present study, almost all
patients had severe heart disease and advanced left
ventricular failure.

This study was designed to investigate the com-
parative haemodynamic effects of prazosin and
hydralazine in the same patients with chronic con-
gestive heart failure. The doses of these drugs were
chosen on the basis of those shown to produce bene-
ficial haemodynamic responses in different patient
populations (Chatterjee et al., 1976b); Awan et al.,
1977). Comparison of haemodynamic effects of
hydralazine and prazosin in the same patients
indicates that, in the prescribed doses, hydralazine
produced greater haemodynamic effects than
prazosin. The average increase in cardiac output
with hydralazine was +58 per cent compared with
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+ 25 per cent increase with prazosin, a highly
significant difference (P <O OO1). The increase in
stroke volume and stroke work indices was also
significantly greater with hydralazine. The decrease
in pulmonary artery wedge pressure was similar
with hydralazine and prazosin. These findings
indicate that, though both drugs improved left
ventricular performance, improvement with hy-
dralazine was greater than with prazosin (Fig. 3).

40 1

30

E

,-

10

0

HD

il

0

LVFP (mm Hg)
10 20

Fig. 3 The influence of oral hydralazine (75 mg) (lID)

and oral prazosin (5 mg) (P) on left ventricular
function in patients with chronic heart failure. There
was a greater increase in stroke work index (SWI)
with hydralazine than with prazosin. With prazosin
left ventricular filling pressure (LVFP) decreased to

19±2 from control (24 ± 1 mmHg). With hydralazine,
LVFP decreased to 20 ±2 mmHg from control
(24 ± 1 mmHg). The difference between the decreases in
LVFP with prazosin and hydralazine was not
statistically significant.

Of the 11 patients in this study, eight received
prazosin initially; though hydralazine was not given
to these patients until the haemodynamic measure-

ments had returned to control levels, the possibility
exists that the altered circulatory state induced by
prazosin was still present when hydralazine was

administered, accounting for a greater increase in
cardiac output with hydralazine. However, in three
patients who received hydralazine first, a similar
difference in the haemodynamic response between
hydralazine and prazosin was observed. Further-
more, in previous studies, in which hydralazine
was not preceded by prazosin, a similar haemody-
namic response was observed (Chatterjee et al.,
1976b). It seems unlikely, theretore, that a better
haemodynamic response to hydralazine can be
explained by a possible alteration in the circulatory
state induced by previously administered prazosin.

In conclusion, the present study suggests that
hydralazine may be more effective than prazosin in
improving left ventricular performance in somle
patients with severe chronic congestive heart tailure.
However, the potential complications of long-term
hydralazine treatment may be considerable. The
lupus syndrome, pyridoxine deficiency polyneuro-
pathy, fluid retention, and weight gain may preclude
the use of hydralazine in some patients (Perry,
1973). In such circumstances, prazosin may be a
reasonable alternative drug to consider.
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