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SumMARY

Twenty post-open heart surgery patients with low output syndrome
were given dopamine, sodium nitroprusside (SNP) alone and in combina-
tion. Dopamine alone (3-4 mcg/Kg/min) caused an increase of cardiac
output (CO) from 3.2 to 4.6 L/min/M2? (p<0.001), SNP (1-1.5 mcg/Kg/
min) raised the CO to 3.7 L/min/M? (p<0.005). While the combination
of the 2 drugs elevated the CO to 5 L/min/M? (p<0.001). The mean
pulmonary artery wedge pressure dropped moderately with dopamine and
significantly with SNP and combincd drugs. The diastolic pulmonary ar-
tery pressure fell significantly with either drug and in combination. The
stroke index increased significantly with dopamine and combined therapy.
All patients survivied.

It is concluded that in post-open heart surgery patients with low out-
put syndrome substantial hemodynamic improvement results with the
combined use of dopamine and SNP more than with either agent alone.
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OW output syndrome following open heart surgery often necessitates the

use of dopamine, the nearly ideal catecholamine.?’-”  We know from
clinical experience, however, that since its effect may not always be ade-
quate®-®-19 this may demand increasing the dose of dopamine or the addi-
tion of another catecholamine which can result in tachycardia, ventricular
arrhythmias and deleterious alterations of systemic vascular resistance. The
poor survival results of increased sympathetic activity accompanying low out-
put have been previously reported.!¥ In patients without hypotension vaso-
dilators may be used to lower systemic vascular resistance and unload the left
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ventricle.??-1%)  The successful use of dopamine to provide inotropic stimula-
tion to the heart and the afterload reducing effect of sodium nitroprusside
given simultaneously to patients with congestive heart failure has been recently
reported.’”’-*®  The combined use of the 2 drugs resulted in a greater degree
of augmentation of cardiac function than with either drug alone.

During the past 2 years we have used the combination of the positive
inotropic agent dopamine, together with nitroprusside, an afterload reducing
agent in pateints with cvidence of impaired cardiac performance following a
variety of intracardiac surgical procedures. Our data presented herein sup-
port the usefulness of this therapeutic combination in the postoperative cardiac
patient with low output syndrome,.

MaATterIALS AND METHODS

The study group consisted of 20 adult postoperative patients who had under-
gone open heart surgery. The ages ranged from 22 to 45 years (mean 35.5) and
weights ranged from 42-58 Kg (mean 48 Kg). Eighteen had surgery for valvular
rheumatic heart disease, one had repair of an atrial septal defect with pulmonary
valvulotomy and another had coronary artery bypass (Table I). Before surgery
16 pateints were in classes IT-I11 and 4 were in class IV of the New York Heart
Association and all but 3 had congestive heart failure.

The patients were selected for study on the basis of clinical evidence of low
output syndrome together with a cardiac index below 2.5 L/min/M? and systemic
vascular resistance (SVR) more than 1500 dynes-sec.cm™. The cardiac index
and SVR varied from 1.7-2.4 L/min/M? (mean +SEM 2.14+0.19 L/min/M?), and
1608-2278 dynes-sec-cm™ (mean +SEM 1968+-285) respectively. Low output
syndrome appeared in the first 24 hours after surgery in all patients. Systemic
arterial pressure, ECG, pulmonary artery and wedge pressure and right atrial pres-
sures were continuously monitored and recorded. The pulmonary artery was en-
tered percutaneously through the left subclavian vein with a Swan-Ganz cathe-
ter.19520)  Cardiac output was measured by thermodilution method with duplicate
injections, using an Edwards model 9520 cardiac output computer. All pressures

Table I. The Type of Surgery Performed in 20 Patients Suffering
from Low Output Syndrome after Surgery

Procedures : No. of Patients

Mitral valve replacement 6
Mitral valve repair

Mitral valve replacement and tricuspid repair
Open mitral commissurotomy

Aortic valve replacement

Aortic and mitral valve replacements

Pulmonary valvulotomy and repair of ASD

= NN W N

Coronary artery bypass
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were measured using Bentley pressure transducers and recorded on a Roche model
304 recorder.

Left and right ventricular stroke work indexes (LSWI and RSWI) were cal-
culated using the following formulas: LSWI=1.36(P-PCW)x SI/100 and RSWI=
1.36(PAP-CVP)x SI/100, where P=mean systemic arterial pressure, PCW=mean
pulmonary capillary wedge pressure, SI=stroke index, PAP=mean pulmonary
artery pressure, and CVP=central venous pressure.

Systemic and pulmonary vascular resistances {SVR and PVR) were calculated
according to the following formulas: (P-RAP)x80/CO and PVR =(PAP-PCW) x
80/CO, where RAP=mean right atrial pressure, CO=cardiac output in L/min/M?2,
PAP=mean pulmonary artery pressure, and PCW=mean pulmonary capillary
wedge pressure. Stroke index was calculated by dividing cardiac index by heart
rate per minute. All measurements were done before drug infusions with a Braun
microperfusor were begun. Dopamine infusion of 3-4 meg/Kg/min was given for
30 min and measurements obtained. Nitroprusside 1-1.5 mcg/Kg/min was admin-
istered alone for 30 min and determinations again made. Then simultaneous
dopamine and nitroprusside infusion at the same rates was carried out with final
measurcments made after 30 min of combined therapy. Washout time of 30 min
was permitted before each drug infusion and the study drugs were given in reversed
sequence in alternate patients,

REesurrs

All patients survived with continuation of the treatment as required for
8-36 hours. Control cardiac output of 3.2+0.21 L/min (Tables II, 1II, Figs.
1-3) increased slightly to 3.7+0.24 L/min with SNP; rose moderately to 4.6+
0.28 with dopamine p<0.005) and showed a striking increase to 5.0+0.33
L/min (p<0.001) with combined infusion. Mean systemic arterial pressure
decreased from 87+4.8 to 74+3.2 mmHg (p<0.001) with SNP, while do-
pamine produced little change from control pressure. Dopamine and SNP
together reduced it to 77+4.1 mmHg (p<0.005). Heart rate remained fairly
constant with the greatest change occurring with SNP which raised the rate
from 95+5.6 to 107410 beats/min (p<0.005). Control diastolic arterial
pressure of 65+4.6 fell noticeably with SNP to 51 +4.9 mmHg and with com-
bined therapy to 55+5.2 mmHg; with equal significance (p<0.001). Mean
pulmonary artery pressure was little effected by either drugs. However, the
control pulmonary diastolic pressure of 21+2.5 mmHg fell markedly with
SNP to 14+3.0 mmHg (p<0.001) and with simultaneous infusion to 15+2.2
mmHg (p<0.001). The control pulmonary capillary wedge (occluded) pres-
sure of 17+1.5 mmHg decreased to 15+2.0 mmHg with dopamine (p<
0.001), showing further and equal reductions with SNP and combination
therapy to 13+1.8 mmHg and 13+1.9, respectively (p<0.001).

Mean right atrial pressure showed insignificant changes with either drug



328

Table 11

NADJMABADI, ET AL.

Jap. Heart J.

May, 1

Measured Hemodynamic Values (Means+SEM) before and

after Administration of Dopamine 3-4 mcg/Kg/min and
Sodium Nitroprusside 1-1.5 mcg/Kg/min alone and
in Combination in 20 Patients

980

Dopamine SNP Dopamine
Control | 3 4 meg/Kg/min | 1-1.5 meg/Kg/min SNP
Cardiac output o] N
(L/min) 3.240.21 4.6:£0.28% 3.740.24+ 5.040.33*
Heart rate o 7
(beats/miny 95:+5.6 101:+7.1 10710+ 99:+8.5
Mean arterial blood L
pressure (mmHg) 87+4.8 84+5,2+ 7443 2% 77+4.1+
Diastolic arterial ) o .
pressure. (onmEg) 65+4.6 62:+3.5% 51+4.9% 55:4£5.2¢
Pul. arterial pressure
(mmHg)
Systolic 47+3.8 52+4.5 49+3.4 50+4.1
Diastolic 21+2.5 19+1.8 144+3.0* 154+2.2*
Mean 33441 32+3.2 2942 9% 29+-3.0*
Occluded (wedge) 17+1.5 154+2.0* 13+1.8% 1341.9%
Mean right atrial
pressure (mmHg) 10+1.7 10-+0.9 9+1.1 8+1.5
* p<0.001, + p<0.005, *++ p<0.05
Tablc I1II. Derived Hemodynamic Data (Means+SEM) before and

after Administration of Dopamine 3-4 mcg/Kg/min and
Sodium Nitroprusside 1-1.5 mcg/Kg/min alone
and in Combination in 20 Patients

Control Dopamine SNP \ Dopamine
ontro 3-4 mcg/Kg/min | 1-1.5 mcg/Kg/minl SNP
ety 22425 29-+3.0* 1.5 32.+3.0%
Systemic vascular
resistance 1968 4285 1389+ 245* 1421 4+ 166++ 1169+ 248+
(dynes.sec.-cm™?)
Pulmonary vascular
resistance 426+101 300+ 151 308-+89++ 302+ 121+
(dynes-sec.-cm™%)
Left ventricular
stroke work index 21+2.1 26+2.7+ 21413+ 284+1.7+
(Gm/beat/m?)
Right ventricular
stroke work index 7.3+£0.8 8.1+0.9 5.84+0.3++ 9.0+0.8
(Gm/beat/m?)
+ p<0.005, ++ p<0.05

* p<0.001,
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Fig. 1. Average percentile changes of cardiac index (CI), stroke index
(SI), and heart rate (HR) from control values during dopamine and nitro-
prusside administration singly and in combination.
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Fig. 2. Average percentile changes of mean pulmonary pressure (PAP),
mean systemic pressure (AP), mean pulmonary arterial diastolic pressure
(PADP), and mean balloon-occluded pulmonary arterial pressure (PAo) from
control values during dopamine and nitroprusside administration singly and
in combination.
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Fig. 3. Average percentile changes of systemic vascular resistance
(TPR), pulmonary vascular resistance (PVR), right ventricular stroke work
index (RVSWTI), and left ventricular stroke work index (LVSWI) from control
values after administration of dopamine, nitroprusside alone and in combina-
tion,
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or the combination. Stroke index (control) of 224-2.5 ml/beat/M? showed no
significant change with SNP; rose to 29+3.0 (p<0.001) with dopamine alone
and rose further to 32+3.0 ml/beat/min (p<0.001) with combined drugs.
Nitroprusside lowered the systemic vascular resistance from 1968+ 285 dynes-
sececm™ to 1421 +166 (p<0.05), nearly the same as dopamine at 13894245
(p<0.001); but the combination therapy brought about an obvious decrease
to 1169+248 (p<0.005). All drugs lowered pulmonary vascular resistance
to about the same degree. Nitroprusside had little effect on left ventricular
stroke work index, however dopamine alone and in combination with SNP
enhanced cardiac work from 21+2.1 g-m/beat/M~2 to 28+1.7 (p<0.005).

Discussion

Pre-operatively impaired and intra-operatively induced myocardial dys-
function are 2 major factors contributing to the low output state seen after car-
diac surgery. The syndrome can result in significant morbidity and mortality
after surgery, particularly in patients who suffer from impaired myocardial
function and advanced heart disease. The traditional approach of increasing
the force of contraction has consisted of using catecholamines, particularly
dopamine which has recently gained wide popularity.?-® Nevertheless, in
some patients with elevated systemic vascular resistance and high left ven-
tricular end-diastolic pressure, dopamine alonc cannot solve the problem. In
such circumstances, the addition of a systemic vasodilator and a preload re-
ducing agent can serve as an adjunct to dopamine.

We have clearly demonstrated the higher degree of augmentation of car-
diac function when low output syndrome requires the use of fairly large doses
of dopamine for improving the contractility of the left ventricle and a lowering
of impedance to ejection provided by nitroprusside. The 47%, improvement
in cardiac output along with a 159, decrease of the mean systemic pressure
is obviously advantageous. The combination of these drugs allows ideal func-
tioning of the myocardium without the greater demand for myocardial oxygen
which may occur when dopamine is employed solely for the failing heart.

Nitroprusside has been reported®"’ to increase coronary blood flow by
2009, in the dose range we use with a parallel increase of myocardial venous
oxygen content. However, nitroprusside cannot be safely administered to pa-
tients with hypotension and dopamine does not relieve pulmonary venous
congestion or lower left ventricular end-diastolic volume. The disadvantages
of the two are reciprocally compensated when they are given simultaneously
which results in an increase in cardiac performance greater than can be

achieved with either drug alone.
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A recent study®® has shown a 769%, rise of cardiac index with nitroprus-
side given alone in children with low output syndrome following the repair
of congenital cardiac lesions. It is of interest that nitroprusside alone in our
study resulted in less remarkable effects on cardiac index. This can be ex-
plained by the presence of congestive heart failure and impaired myocardial
function in the majority of our cases ~We believe that in such circumstances
the combination of dopamine and nitroprusside is definitely superior to either
agent alone. Thus, dopamine enhances myocardial contractility while nitro-
prusside permits more effective left ventricular emptying along with a lower
arterial pressure which reduces myocardial oxygen consumption.

Miller® performed his study during cardiac catheterization with lightly
sedated patients. The time limitation during catheterieation and the stress
on the awake patient could have provided less than ideal circumstances for
the effects of this drug combination to be thoroughly studied.

Our patients with low output syndrome after surgery are usually sedated
with 200 mg phenobarbital as required and remain intubated until they can
be weaned from both drugs with stable heart function. Furthermore, Miller’s
study group was given 5-7 mcg/Kg/min dopamine which increased the heart
rate by 109, with greater myocardial oxygen demand. This higher dose can
produce more alpha-vasoconstrictive effect than within the lower dosage range
of 3-4 mcg/Kg/min. If the cardiac output remains low with nitroprusside
1-1.5 mcg/Kg/min and dopamine 3-4 mcg/Kg/min, we administer another
inotropic agent such as adrenalin in very low doses. This would probably
minimize the increase in myocardial oxygen demand.?»*’ The infusion rate
of the additional inotropic drug is adjusted to maintain adequate arterial
pressure to increase cardiac output in severe low output states.

Inadequate blood volume after surgery with impaired cardiac perfor-
mance can be avoided by repeated measurements of pulmonary wedge and
diastolic pressures to determine the adequacy of volume replacement. In
patients without tricuspid valve disease, we maintain the pulmonary wedge
pressure at 16-20 mmHg to prevent hypovolemia while giving dopamine and
nitroprusside to enhance pump function as there is sufficient preload and
optimal stroke volume without producing pulmonary venous congestion or
edema.

The ideal inotropic agent, i.e., one which will not increase myocardial
oxygen demand, vasomotor tone, heart rate or disturb rhythm is not vyet
available. Presently, the judicious management of postoperative cardiac pa-
tients necessitates the combined use of nitroprusside for coronary artery dilita-
tion with afterload reduction and dopamine to stimulate left ventricular per-
formance. Impaird myocardial contractility from a variety of causes can be
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effectively augmented with the combined use of dopamine and nitroprusside
while the major disadvantages of either drug are negated so as to provide
favorable physiologic circumstances. We believe that this beneficial com-
bination will gain wide usage for the impaired ventricle until a single agent
is found to be optimal.
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