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SUMMARY Intravenous administration of the vasodilator sodium nitroprusside has beneficial
haemodynamic effects in subjects with severe aortic regurgitation while acute digitalisation can produce
unwanted effects associated with an increase in systemic vascular resistance. This study compares the
haemodynamic effects of the vasodilator prazosin and digoxin in eight patients with isolated severe

aortic regurgitation. Prazosin 5 mg orally resulted in a 12±3 (SE) per cent increase in cardiac index
(thermodilution), maintained over four to six hours, while digoxin 075 mg intravenously did not change
the cardiac index. Prazosin reduced mean arterial pressure by 9±3 mmHg and systemic vascular
resistance by 18±4 per cent while digoxin resulted in a 6±2 per cent increase in the latter. Mean
pulmonary capillary wedge pressure fell 3 mmHg with prazosin. In this group of patients with severe

aortic regurgitation but without severe cardiac failure, the changes with either drug, studied in doses
conventionally used, were small but those with prazosin were directionally more desirable than those
resulting from digoxin.

This study describes and compares the haemody-
namic effects of the orally active vasodilator drug
prazosin and digoxin in a group of patients with
severe chronic aortic regurgitation.

Corrigan," writing in 1832, believed that when
digitalis glycosides were administered in the
treatment of heart failure resulting from aortic
regurgitation, the patients were "always worse".
He attributed the harmful effects he observed to
bradycardia which "allowed more time for regurgi-
tation". In 1908, Stewart2 predicted harmful
effects from digitalis in aortic regurgitation because
of a rise in the systemic vascular resistance. Objec-
tive evidence of the haemodynamic effects of the
digitalis glycosides in the presence of aortic
regurgitation is sparse. Kloster and associates3 found
that ouabain resulted in a fall in cardiac output in
patients with aortic regurgitation without cardiac
failure while Hopkins and Taylor4 found that
ouabain and acetylstrophanthidin increased the
regurgitant fraction in dogs with experimentally
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induced aortic regurgitation.
In contrast, the intravenous administration of

the vasodilator sodium nitroprusside has been
shown to produce distinct haemodynamic improve-
ment in patients with severe aortic regurgitation.
Nitroprusside exerts a beneficial effect by decreasing
both preload and afterload, the latter resulting in
an increase in forward cardiac output and frequently
a reduction in the regurgitant fraction.5 6

Notwithstanding this, digitalis glycosides are
frequently used in the treatment of patients with
aortic regurgitation, sometimes even before overt
signs of cardiac failure develop. Theoretically at
least, an orally acting vasodilator drug could be a
more rational approach to the treatment of such
patients. Prazosin is a vasodilator agent which is
available in oral form and which possesses properties
similar to those of sodium nitroprusside, acting on
both the capacitance and resistance vascular beds.7
While prazosin has been used in the management
of patients with resistant cardiac failure,' 9 the
effects of the drug on the circulation of patients
with aortic regurgitation have not previously been
described.
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Subjects and methods

Eight patients, seven men and one woman, con-

sented to the study. Their mean age was 46 years.

They all had chronic severe isolated aortic regurgi-
tation documented clinically and by cardiac
catheterisation and aortography. Five patients had
a history of probable rheumatic fever and one

patient had pathological evidence of cystic medial
necrosis in the aortic valve when it was subsequently
-excised. The aetiology of the aortic regurgitation in
the other two patients is unknown. Selective
coronary angiography showed the absence of
,obstructive coronary artery disease in all subjects.
No patient had previous cardiac surgery and though
all were candidates for, and subsequently underwent,
aortic valve replacement, no patient was deemed
to be critically ill at the time of study. All were
in sinus rhythm; other details are shown in Table 1.
One patient was in New York Heart Association
(NYHA) class I, four patients were in class II, and
three were in class III. Three patients were not
taking any medication, one was taking digoxin
alone, two were taking diuretics alone, and two
were taking both digoxin and diuretics.

Patients were admitted to the coronary care unit
for study. When treatment included digoxin, this
was stopped one week before, while all other drugs
were withheld for at least 24 hours. A 20 gauge
Teflon catheter was inserted into a radial artery and
used to record systemic arterial pressure. Right
atrial, pulmonary arterial, and pulmonary capillary
wedge pressures were obtained using a 7F balloon
tipped thermodilution flotation catheter (Edwards
Laboratories Inc), which was inserted percutane-
ously. Pressures were measured using Bentley 800
transducers (Bentley-Trantec Inc), and were

displayed on a multichannel recorder (Irex Medical
Systems). Cardiac output was measured by thermo-
dilution (Edwards Laboratories Inc) using iced
5 per cent dextrose, the measurement being

taken as the mean of three readings having less
than 10 per cent variation between them. Echo-
cardiograms were obtained using a Smith Kline
Ekoline 20A and a 2-5 MHz transducer (Smith
Kline Instruments Inc). Standard techniques
for recordings and measurements were used.'0
Echocardiograms of suitable quality for accu-

rate measurement of left ventricular dimensions
were obtained in six out of the eight patients.
Measurements were made by an observer unaware

of the relation of the timing of the recording to the
administration of the drugs.

Patients were studied in the postabsorptive state.
After baseline haemodynamic measurements and an

echocardiogram had been obtained, the subjects
were given prazosin 1 mg orally and observations
were repeated an hour later. Recording cannulae
were left in place, and the next morning 5 mg
prazosin was given after control observations.
Pressure and cardiac output measurements were

repeated at 30-minute intervals for two hours and
then hourly up to six hours. An echocardiogram
was obtained during the period of maximal haemo-
dynamic effect of the drug, one-and-a-half to two
hours after administration. On the third day, after
control observations, digoxin (Burroughs Wellcome)
0.75 mg was given intravenously over 10 minutes.
Pressures and cardiac output were measured at
hourly intervals for six hours and echocardiography
was repeated when maximal haemodynamic effects
of the drug were apparent, approximately three
hours after administration.

Derived haemodynamic indices were calculated
as follows: systemic vascular resistance (SVR
dynes s cm-5) from ((AP - RA) x 80)/CO; where
AP is mean radial arterial pressure, RA is mean

right atrial pressure, 80 is the conversion factor for
converting units of resistance into dynes, and CO
is cardiac output; pulmonary vascular resistance
(PVR dynes s cm-5) from ((PA - PCW) x 80)/CO;

Table 1 Eight patients with aortic regurgitation-clinical information

Patient Age (y) Symptoms NYHA* Duration of aortic Drugs daily
classification regurgitation (y)

Male 37 Dyspnoea II 24 Digoxin 0-5 mg
Male 22 Dyspnoea, chest pain II Unknown Nil
Male 53 Dyspnoea, chest pain II Unknown Nil
Male 59 Dyspnoea, chest pain III 43 Frusemide 40 mg
Male 49 Dyspnoea III Unknown Frusemide 40 mg, digoxin 0 25 mg
Male 36 Nil I 23 Nil
Female 49 Dyspnoea, chest pain III 42 Hydrochlorothiazide lOOmg,

amiloride hydrochloride 10 mg,
digoxin 0-25 mg

Male 59 Dyspnoea, chest pain II 32 Cyclopenthiazide 0-5 mg

*New York Heart Association classification.
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where PA is mean pulmonary arterial pressure and
PCW is mean pulmonary capillary wedge pressure;

stroke work index (SWI g m per m2) from (AP -

PCW) x (CI/HR) x 0-0136 when CI is cardiac
index and HR is heart rate.
For statistical analysis changes induced by each

drug were expressed as percentage changes and the
significance of each mean percentage change was

evaluated using Student's t test rather than using
analysis ofpaired comparisons in individual patients.

Results

There were no relevant side effects from either
digoxin or prazosin, and all the patients who
entered the study were able to complete it. No
untoward effects were apparent from stopping
digoxin a week before study in those patients on

the drug.
Results of prazosin and digoxin administration

are summarised in Table 2. Maximum effects of
prazosin 5 mg were present at one-and-a-half to
two hours and of digoxin at three hours and these
are the results presented in this Table. The time
course of changes in cardiac index, mean pulmonary
capillary wedge pressure, mean arterial pressure,
systemic vascular resistance, and heart rate produced
by the two drugs is illustrated in the Fig.

Prazosin 5 mg resulted in a fall in systemic
vascular resistance of 18 per cent (p < 0 005) and a

smaller fall in systemic arterial pressure since
cardiac index rose 12 per cent (p <0-005). Mean
pulmonary capillary wedge pressure fell and though

this fall was only 3 mmHg it was significant
(p <0-01). Heart rate increased 4 beats/min while
changes in pulmonary vascular resistance, central
venous pressure, and stroke work were not signifi-
cant. There were no significant differences between
the effects of the first dose of prazosin 1 mg and
the second of 5 mg.

In contrast to the results with prazosin, digoxin
increased systemic vascular resistance 6 per cent

(p < 0 05) and there was no change in cardiac index
(Table 2). Heart rate slowed 6 beats/min (p < 0-01).
There was a small fall in pulmonary capillary wedge
pressure which was not significant.

Echocardiograms of suitable quality were obtained
in six out of eight patients. All six patients had
distinctly increased left ventricular end-diastolic
dimensions and in three of the six the fraction of-
shortening was less than 25 per cent. There was no

significant change in end-diastolic dimension or
fractional shortening after either prazosin 5 mg or

digoxin 0.75 mg.
Three of the eight patients had pulmonary

capillary wedge pressures greater than 15 mmHg,
two of these also having fractional shortening less
than 25 per cent, but the results in these patients
with evidence of depression of left ventricular
function were not obviously different from those of
the other patients.

Discussion

The magnitude of regurgitation through an incom-
petent aortic valve depends not only upon the
pathology of the valve but also upon other circula-

Table 2 Haemodynamic changes with prazosin and digoxin in patients with aortic regurgitation

CI PCW MAP SVR PVR HR RA SWI EDD FS
(il/min (mmHg) (mmHg) (dynes s (dynes s (beatsl (mmHg) (g m (cm) (%)
per ms) cm-') cm-5) min) per m')

Control 3-3 14 88 1072 85 72 8 47 7-1 21
Prazosin 1 mg 3-6 11 80 883 92 81 6 46 6-9 27
Per cent change (SE) +14 ±4 -21 ±5 - 9 ±4 -19 ±3 +16 ±6 +9 ±3 -18 ±10 -2±5 -4±4 +6 +3
Significance of change p < 0-01 p < 0 005 p < 0 05 p < 0-001 NS p < 0-02 NS NS NS NS

Control 3-3 12 84 1127 116 74 5 43 7 0 25
Prazosin 5mg 3-7 9 76 914 93 78 5 43 7-1 28
Per cent change (SE) +12 ±3 -26 ±7 - 9 ±3 -18 ±4 -13±13 +6 ±2 0 ±1 -1 ±3 +2 ±2 +3 +2
Significance of change p < 0 005 p < 0-01 p < 0 05 p < 0 005 NS p < 0-02 NS NS NS NS

Control 3-4 14 88 1101 75 75 7 46 7-2 27
Digoxin 0-75mg 3-3 12 89 1171 91 69 6 50 7-2 31
Per cent change (SE) -3±2 -10 ±5 +2±2 +6 ±2 +29 ±18 -8±2 -3±8 +12 ±6 0±2 +4+2
Significance of change NS NS NS p < 0 05 NS p < 0-01 NS NS NS NS

Significance* p < 0-001 NS p < 0-02 p < 0-001 NS p < 0-001 NS NS NS NS

CI, cardiac index; PCW, pulmonary capillary wedge pressure; MAP, mean radial arterial pressure; SVR, systemic vascular resistance;
PVR, pulmonary vascular resistance; HR, heart rate; RA, right atrial pressure; SWI, stroke work index; EDD, end-diastolic dimension;
FS, fraction of shortening; SE, standard error; NS, not significant.
* Significance between group mean changes induced by prazosin 5 mg and digoxin 0 75 mg.
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ding the diastolic pressure fraction under experimental conditions allowing
valve and the duration of accurate measurement of ascending aortic blood
crease in systemic vascular flow.4 14 Reduced impedance enhances forward
y drugs such as isoprenaline flow, and regurgitant flow diminishes concurrently
shown to decrease regurgitant if the diastolic aorto-ventricular pressure gradient is

reduced. In human subjects with aortic regurgita-
tion, intravenous sodium nitroprusside, which

Tmeant 1SE produces dilatation of both the systemic resistance
P'002I and capacitance beds, has been shown to reduceP< 002 , left ventricular end-diastolic pressure and volume,

to increase forward cardiac index and ejection
fraction, and frequently to reduce aortic regurgitant
fraction. Vasodilator therapy with nitroprusside has
become established as one of the most effective
forms of temporary medical treatment before valve
replacement in the critically ill patient with aortic

NS NS NS NS NS regurgitation.5 8 Since prazosin, a post-synaptic
T -

alpha-adrenergic blocker, also acts on resistance
and capacitance beds, but can be administered

Ii/--- L I orally, and is effective in the management of patients
with resistant cardiac failure,8 9 15 it was considered

-17 important to document some of the haemodynamic
effects of prazosin in patients with severe aortic
regurgitation. Prazosin reduced systemic vascular
resistance 18 per cent, increased cardiac indexP<0 1 T 12 per cent, and led to a small fall in pulmonary
capillary wedge pressure. These changes were not

/ associated with consistent changes in left ventricular
dimensions measured echocardiographically.
The patients studied had severe but chronic

stable aortic regurgitation and the results cannot be
P< 002 extrapolated directly to other groups. It is now

Ti X widely appreciated that dilatation and hypertrophy
i 4 - ~ : allow compensation in terms of resting left ventricu-

lar end-diastolic pressure and cardiac output until
late in the natural history of chronic aortic regurgi-
tation. Though our patients as a group were quite
symptomatic, only three had abnormal mean
pulmonary capillary wedge pressures which, in this

P<0t005 situation, probably indicate some depression of1<000T myocardial function.16 The haemodynamic situation
in acute torrential regurgitation is often quite
different, with pronounced rises in left ventricular

T end-diastolic pressure, premature mitral valve
closure, and circulatory failure.
We studied the effects of digoxin because

digitalis is frequently given to patients with severe
3 4 5 6 aortic regurgitation despite the absence of obvious

cardiac failure or atrial fibrillation. The littlenges after prazosin and objective evidence available has actually suggested
f haemodynamic changes after that there might be a deleterious effect in patients
5 mg and aseingle intravenous such as those studied. In the dog with aortic
n. Average valuesi SEM regurgitation, acute digitalisation increases systemic
on thefigurerelate to the vascular resistance and regurgitant flow. Despite
etween group mean the positive inotropic effect of the glycosides, left
din anddigoxin. ventricular end-diastolic pressure increases.4 In
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patients with chronic aortic regurgitation and
without cardiac failure Kloster and associates3
found that intravenous ouabain resulted in an
increase in systemic vascular resistance and a
decrease in resting cardiac output, with only a
trivial fall in left heart filling pressures. In this
present study digoxin was given intravenously to
ensure that a known quantity of the drug was
active at the time of haemodynamic monitoring.
Cardiac glycosides have been shown to have different
effects on systemic vascular resistance and arterial
pressure depending on the rate of intravenous
infusion.'7 Early after the intravenous administra-
tion of some cardiac glycosides the increase in
systemic vascular resistance may precede direct
cardiac effects.'7 This, however, is not relevant to
the observations three hours after intravenous
digoxin when the cardiac inotropic effect would be
expected to be maximal.'8 There are no important
differences between slow intravenous and acute oral
administration but it is possible that there are
differences in effects between acute and chronic
treatment. In this study we were particularly
interested in the effects of digoxin at times greater
than one hour after drug administration when
haemodynamic indices are not affected by the rate
of intravenous administration and changes parallel
the effects of orally administered glycosides. We
did not find any evidence of a harmful effect but the
beneficial effect was minimal. Nevertheless, in
patients with obvious cardiac failure digitalis may
reduce rather than increase systemic vascular
resistance,'9 and we emphasise again that the effects
of digitalis in patients with aortic regurgitation and
severe cardiac failure are unknown.

This study was confined to relatively simple
measurements under resting conditions without any
attempt to measure regurgitant flow. Other con-
straints were imposed by ethical considerations; for
example, digoxin was always administered after
prazosin. This was accepted because of the relatively
short plasma half life of prazosin, two-and-a-half to
four hours,20 and because, in the 24-hour interval
allowed, recordings returned to control levels.
Reversal or randomisation of the order would have
required an interval of at least several days and
this was considered unjustified since the procedure
already required two days of invasive monitoring.
While interpretation must, then, be cautious,

the results give little support for the use of digitalis
glycosides in patients with severe aortic regurgita-
tion in the absence of a more specific indication
such as atrial fibrillation with rapid ventricular
response. It remains conjectural whether long-term
vasodilator therapy will be beneficial in the patient
group we studied, either in reducing symptoms or

in slowing deterioration of ventricular function but,
in principle, vasodilator therapy seems to be more
soundly based than prophylactic digitalisation.

The authors are grateful to Mr L Mina for assist-
ance with the statistical analysis of the results, and
to AHS Australia Pty Ltd and the University of
Western Australia for financial assistance.
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