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Haemodynamic effects of salbutamol and
nitroprusside after cardiac surgery
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The haemodynamic effects of a continuous intravenous infusion of salbutamol (15 to 30 'g/min) and nitro-
prusside (50 to 100 tug/min) were compared in 9 patients after cardiac surgical operations. The mean falls in
left atrial pressure and systemic vascular resistance were similar with the two drugs but salbutamol caused a
greater increase in heart rate, maximum acceleration of aortic bloodflow, and maximum rate of change of left
ventricular power. Because these differences would cause greater myocardial oxygen consumption with salbu-
tamol and because the infusion of salbutamol is less easily controlled, nitroprusside is the preferred drug after
cardiac operations.

Drugs that cause vasodilatation and consequently a
reduction in systemic vascular impedance (left
ventricular afterload) have recently been advocated
in a variety of circumstances in which cardiac
function is abnormal. Advantageous effects have
been reported in patients with acute myocardial in-
farction (Chatterjee et al., 1973), chronic ischaemic
heart disease (Miller et al., 1975), refractory heart
failure (Guiha et al., 1974), mitral regurgitation and
stenosis (Goodman et al., 1974; Bolen et al., 1975),
and cardiomyopathy (Rossen et al., 1976). Benefit
from impedance reduction has also been claimed in
patients who have undergone cardiac surgical
operations, particularly in those with high systemic
vascular impedance, raised left atrial pressure, or
suspected subendocardial ischaemia. In such cir-
cumstances, Stinson et al. (1975) compared several
vasodilators: intravenous nitroprusside produced a
more favourable haemodynamic response than
chlorpromazine, nitroglycerin, or trimetaphan.

Salbutamol is a relatively specific 32-adrenergic
receptor agonist and causes peripheral vasodilata-
tion. The haemodynamic effects of a single intra-
venous dose have been reported in normal persons
(Warrell et al., 1970; Leitch et al., 1976) and in
patients with respiratory disease (Warrell et al.,
1970; Leitch et al., 1976), myocardial infarction
(Lal et al., 1972), or mitral regurgitation (Gibson
and Coltart, 1970). Salbutamol has also been ad-
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vocated for use after cardiac operations. Yacoub
and Boyland (1973) reported the effects of a single
intravenous dose and Wyse et al. (1974) compared
the effects of continuous intravenous infusions of
salbutamol and isoprenaline but gave no details of
the basal haemodynamic state of their patients
before administration of the drug.
The present study was undertaken to measure the

haemodynamic changes during a continuous intra-
venous infusion of salbutamol in patients soon after
cardiac operations. A comparison was made with the
effects of an infusion of nitroprusside because this
drug has previously been recommended in similar
circumstances (Stinson et al., 1975).

Methods

Nine patients (7 male, 2 female; age range 36 to 64
years, mean 51 years) were studied. Five had
aortocoronary bypass grafts inserted and 2 had had
aortic and 2 mitral valve replacement. The patients
were unselected consecutive surgical candidates in
whom preoperative catheterisation had excluded
left ventricular dyskinesia or valve disease other than
that for which the operation was being performed.
The exact nature of the investigation was explained
to the patients in order to obtain informed consent.
The study began 24 to 36 hours after operation,

at a time when the patients could be maintained for
several hours in quiet undisturbed circumstances.
During this period no additional drugs were given.
One patient was receiving an inotropic agent (iso.
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prenaline 1 [±g/min) and this was continued at
constant rate throughout the study. Nitroprusside
or salbutamol was diluted in 5 per cent dextrose and
administered by infusion pump (Sage Instruments,
Model 242) through a cannula in the internal
jugular vein. Nitroprusside was prepared in the
pharmacy of St. Thomas's Hospital.

After a control period of 20 minutes, during
which the haemodynamic variables listed in Table 1
were required to be constant, nitroprusside was
given. The infusion rate was adjusted to bring about
a fall of mean left atrial pressure and a reduction of
systemic vascular resistance of approximately 30
per cent. Systolic blood pressure was not permitted
to fall below 80 mmHg or mean left atrial pressure
below zero. The infusion was terminated if the heart
rate rose above 135 beats/min. The dose varied be-
tween 50 and 100 jig/min. The infusion was main-
tained at constant rate for 15 minutes; after dis-
continuing the infusion, measurements were con-
tinued for a further 20 minutes. The values for the
haemodynamic variables at the end of the infusion
were compared with the means of those at the end
of the initial control periods and those after 20
minutes off nitroprusside.
When the patient had again remained haemo-

dynamically stable for 20 minutes, salbutamol was
infused in a dose of 15 ,ug/min (8 patients) or
30 ,ug/min (1 patient) and continued for 45 minutes.
Measurements at the end of this period were com-
pared with those in the control period. Nitro-
prusside was always administered before salbuta-
mol because it has a short clinical half-life (approxi-
mately one minute) whereas the effects of salbuta-
mol last for several hours.

Aortic blood flow was measured with a precali-
brated extractable electromagnetic blood flow
probe (Carolina Medical Electronics, 900 Series). It
was placed firmly around the aorta, 1 to 2 cm above
the sinotubular junction, at the time of operation
and maintained in position by a nylon snare. The
end was brought out through the chest wall. Release
of the snare and gentle traction enabled the probe
to be removed (Williams et al., 1972). The probe
was connected to a flow meter (Carolina Medical
Electronics, Model 601D).

Left atrial pressure was measured with a trans-
ducer (Statham 23P) connected to a fluid-filled line
inserted in the left atrium at the time of operation.
The reference level for pressure measurements was
the sternal angle. Arterial pressure was measured
with a Millar PC 350 catheter-tip micromanometer
connected to a cannula in the radial or femoral
artery. Arterial pressure and aortic flow signals,
with simultaneous electrocardiogram, were pro-
cessed 'on-line' by a small analogue computer

(Bourne and Williams, 1975), recorded on tape
(Philips, Analog 7 FM) and displayed on an
oscilloscope. Heart rate, arterial and left atrial
pressures, stroke volume, stroke work, and systemic
vascular resistance were monitored continuously.
Maximum rate of change of power and maximum
acceleration of flow from the left ventricle during
ejection were calculated by integration and differen-
tiation of the pressure and flow signals (Stein and
Sabbah, 1976). Any delay between the pressure and
flow signals was eliminated by superimposition
of the initial rise of both variables.

Results are expressed as mean ± SEM and were
compared using Student's paired t test.

Results

The haemodynamic consequences of an infusion of
nitroprusside and of salbutamol are illustrated in the
Figure. Nitroprusside has a rapid onset of action
which quickly subsides after withdrawal of the drug.
By contrast the effects of salbutamol appear more
slowly and persist for many minutes after the in-
fusion has ceased. The pooled results are shown in
Tables 1 and 2.

Salbutamol (Table 1) increased the cardiac
index, but this was entirely attributable to a rise in
heart rate and not to a change of stroke volume.
Heart rate rose by a mean of 17 beats/minute. In
2 patients, neither of whom was the shortest or
lightest in the group, the infusion of 15 jig/min was
discontinued after 25 minutes when the heart rate
rose above 135 beats/min. Systemic vascular
resistance fell by 21 per cent and left atrial pressure
by 40 per cent. Maximum acceleration of flow and
maximum rate of change of power were both aug-
mented.

Nitroprusside (Table 2) caused similar changes.
The control values before the infusion of either
drug were the same (Tables 1 and 2). Both drugs
reduced the systemic vascular resistance and left
atrial pressure, and neither increased the stroke
index. However, there were important differences.
The increase in heart rate with salbutamol (17
beats/min) was greater than with nitroprusside
(6 beats/min) (P < 0 01). Maximum acceleration of
flow rose with salbutamol but not with nitroprusside
(P < 0 05). Salbutamol increased the maximum rate
of change of power whereas nitroprusside had the
reverse effect (P < 0 01).

Discussion

After heart operations the management of patients
with cardiovascular disturbances such as low
cardiac output, peripheral constriction, raised left
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Fig. The effects of a continuous
intravenous infusion of
nitroprusside and salbutamol are
shown in the same patient.
Nitroprusside caused a rapidfall
of left atrial pressure (LAP)
which was precisely reversible.
Cardiac output (CO) increased
and the blood pressure (BP) fell.
A small increase of heart rate
(HR) occurred. Salbutamol
caused only a smallfall of LAP
and BP. In this patient the heart
rate increased so much that the
infusion was discontinued after
20 minutes.

Table 1 Haemodynamic variables before and during salbutamol administration

Control Salbutamol (15-30 sAg/min) Significance (P)

Cardiac output (1/min per kg BW) 0-060 ±0-008 0-077 ±0-012 < 0 05
Heart rate (beats/min) 94 ±4 111 ±6 < 0 005
Stroke volume (ml) 50 ±8 51 ±8 NS
Systolic blood pressure (mmHg) 129 ±6 128 ±8 NS
Diastolic blood pressure (nmmHg) 76 ±3 72 ±4 < 0-02
Systemic vascular resistance (units*) 23 ±4 19 ±4 < 0 005
Left atrial pressure (mmHg) 10 ±2 6 ± 1 < 0 05
Maximum acceleration (1 s-5) 8-2 ±1-7 9-8 ±1-8 < 0 001
Maximum rate of change of power (W/s) 110 ±25 141 ±34 <0-02

*Systemic vascular resistance (in arbitrary units) expressed as mean systemic arterial pressure (mmHg)/cardiac output (1/win).
BW=body weight.

Table 2 Haemodynamic variables before and during nitroprusside administration

Control Nitroprusside (50-100 tgg/min) Significance (P)

Cardiac output (1/min per kg BW) 0 064 ±0 010 0-071 ±0 010 < 0 05
Heart rate (beats/win) 98 ±4 104 ±5 <0-005
Stroke volume (ml) 50 ±7 52 ±8 NS
Systolic blood pressure (mmHg) 132 ±6 111 ±8 < 0 005
Diastolic blood pressure (mmHg) 76 ±3 67 ±3 < 0 005
Systemic vascular resistance (units) 23 ±3 16 +1 < 0*005
Left atrial pressure (mmHg) 9 ±2 5 +1 < 0 01
Maximum acceleration (1 s-5) 8-5 ± 1 8-9 ± 1 NS
Maximum rate of change of power (W/s) 135 ±30 100 +20 <0-02

Nitroprusside

5Ojig/min

101_

I/min :
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atrial pressure, or subendocardial ischaemia, is
complex. Inotropic drugs such as isoprenaline are
much used for some of these complications but
their use has been criticised because the oxygen
consumption of the myocardium is increased and
pre-existing ischaemia may be increased (Maroko
et al., 1971). The reduction of systemic vascular
impedance or left ventricular afterload by drugs
which act as vasodilators is an alternative form of
treatment. This has been shown to be beneficial in
myocardial infarction (Chatterjee et al., 1973),
chronic heart failure (Guiha et al., 1974; Miller et
al., 1975), and mitral valve disease (Goodman et
al., 1974; Bolen et al., 1975). Such results, however,
should not immediately be applied to other clinical
situations since the overall haemodynamic response
to such treatment is dependent on the pre-existing
conditions, the pharmacological properties of the
particular drug, the dose of the drug, the site of
action, and reflex changes. Vasodilators may be
advantageous to the myocardium for several reasons:
reduction of systemic vascular impedance permits
greater muscle shortening and reduces systolic left
ventricular wall tension and left ventricular end-
diastolic volume; a fall of left atrial pressure result-
ing from a venodilator effect reduces left ventricular
end-diastolic volume, and in addition encourages
greater blood flow in the subendocardial tissue
during diastole, and may thus relieve pre-existing
ischaemia in the subendocardial myocardium; a
direct action of vasodilators on the coronary vascu-
lature has been reported and blood flow to ischae-
mic segments of muscle may increase (Goldstein et
al., 1974). These many effects tend to result in a
favourable change in the balance of oxygen supply
and demand, but because of the complexity of the
interactions among these and other factors, new
drugs should be evaluated in each clinical situation
in which they might be used. Nitroprusside has
been advocated for use after cardiac operations
(Stinson et al., 1975), and our study was designed
to compare nitroprusside and salbutamol in this
clinical situation.

Salbutamol and nitroprusside both acted as
vasodilators (Tables 1 and 2) and in the doses chosen
the changes in systemic vascular resistance and in
left atrial pressure were similar. However, salbuta-
mol caused a substantially greater increase in heart
rate, and stroke volume was unaltered by either
drug. This effect might sometimes be beneficial but
in general is detrimental since heart rate is an im-
portant determinant ofoxygen consumption (Braun-
wald, 1971). This increase in heart rate with sal-
butamol occurs also in normal persons and in
patients with respiratory failure (Warrell et al.,
1970; Leitch et al., 1976). Oxygen consumption of

the myocardium is increased further by salbutamol
because of the increase in maximum acceleration of
flow (20%) and maximum rate of change of power
(28%). Maximum acceleration was unaffected by
nitroprusside and maximum rate of change of
power diminished (25%). Since stroke volume was
unaltered and preload and afterload equally affected
by the two drugs, these differences might be ex-
plained if salbutamol increased contractility in
association with the greater change of heart rate-
the Bowditch effect (Bowditch, 1871). Whatever
the explanation, an increase in the maximum rate of
change of power and heart rate are both expected to
increase myocardial oxygen consumption. For
these reasons and because the long duration of
action of salbutamol does not allow precise control
of the infusion, nitroprusside is the preferred drug.

The equipment used in this study was funded by the
Endowments (Research) Fund of St. Thomas's
Hospital. The analogue computer for bedside
monitoring was constructed by the Medical
Electronics Department of St. Thomas's Hospital.
We are grateful to Allen and Hanbury's Ltd. for a
supply of salbutamol.
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