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Some Hemodynamic Effects of Sodium Nitroprusside

M. Styles, MB., BS., F.F.A, R.CS. (Eng.),* A. J. Coleman, M.B., BS. (Lond.), F.F.A.,
R.C.S. (Lond.),t W. P. Leary, M.Sc., M.B., B.Ch. {Rand), D.Phil. (Oxon), F.C.P. (S.A.),
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Arterial hypotension to about 43 mm Hg below
control was induced in 12 patients by infusion of
a 0.01 per cent solution of sodium nitroprusside.
The drug was found relinble, free of tachyphy-
laxis, and evanescent of action. During the hypo-
tensive phases arterial oxygen saturation was
maintained at 95-99 per cent. Cardiac output
decreased insignificantly by a2 mean value of 200
ml/min in conscious individuals, but increased by
about 850 ml/min in anesthetized subjects. Blood
pressures returned to 90 per cent of control values
within 120 seconds of discontinuation of sodium
nitroprusside. The use of the drug merits fur-
ther investigation. (Key words: Hypotension; So-
dium nitroprusside; Available oxygen.)

THE CARDIOVASCULAR EFFECTS of sodium nitro-
prusside in normotensive and hypertensive pa-
tients have been described by Schlant et al.,2
and those following acute myocardial infarc-
tion, by Franciosa et al.2 Two clinical studies
of the use of this drug as a hypotensive agent
in anesthetic practice have been published.>*
Schlant et al.* reported a 37.2 per cent reduc-
tion in mean arterial blood pressure in normo-
tensive patients given intravenous doses of
0.61-3.87 pg/kg/min sodium nitroprusside.
This was associated with a mean decrease of
peripheral vascular resistance of 31.1 per cent,
an 8.8 per cent decline in cardiac index, and
an increase in heart rate of 5.5 per cent. These
effects and the hemodynamic changes found
in patients given sodium nitroprusside after
myocardial infarction 2 suggest that the drug
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is a pure vasodilator, without action upon the
heart or sympathetic nervous system.»»3 Re-
ports of the use of sodium nitroprusside as a
hypotensive agent in clinical anesthetic prac-
tice 4 stress the potency, evanescence of ac-
tion, and absence of tachyphylaxis of the drug,
and suggest that further evaluaton is indi-
cated.

The availability of oxygen to the tissues, an
important factor in clinical anesthetic practice,
merits special attention during induced hypo-
tension, because in this situation cardiac out-
put is commonly reduced.®8 There are no
published reports of the effects of sodium ni-
troprusside on cardiac output or arterial oxy-
genation in anesthetized man. In this study
an attempt has been made to augment avail-
able knowledge by providing this information.

Methods

Twelve patients, five women and seven men,
were investigated, with their consent. Patients
were 20 to 50 years old and had no clinical
evidence of cardiopulmonary or central ner-
vous system disease. In every case elective
surgery involving structures close to the body
surface was indicated, and the surgeons had
requested that arterial blood pressures be con-
trolled during these procedures. Surgical pro-
cedures included excision of facial keloid mal-
formations and lipomata and a salivary gland
exploration. All studies were performed with
the patients supine in the horizontal position.

Patients received 100 mg pethidine (meperi-
dine) and 25 mg promethazine intramuscularly
30 to 60 minutes before the study. Using Jocal
analgesia, plastic catheters were inserted per-
cutaneously into the radial artery, and into the
right atrium from a right antecubital vein.
Pressures were measured by Statham strain-
gauge transducers supported 3 inches above
the surface of the operating table and re-
corded continuously on a Philips 3T recorder.
Heart rate was measured using a SAN-El-
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Taste 1. Hemodynamic Data from Five Patients
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(Group I) Given Sodium Nitroprusside after Coatrol

Periods before and after Induction of Anesthesia®

Sodium, During During
Control, Nitroprusside Control, Control, Anesthesia Anesthesia
Awake Hypotension, Awale during and Sodium after Sodium
Awake hesi: Nif id Nitroprussid

Blood pressure

{mm Hg) 924273 | 4887 | 79557 89.6 = 6.4 | 46.5 == 4.6 90 % 14.1
Heart rate

(beats/min) 70.6 = 11.8] 70.2 = 19.7 51 222 | 80.6 =% 11.1] 93.2 £ 10.3f 66.7 =123
Central venous pres-

sure (mm Hg) 4203 1 = 0251 4 =4 021 202 0 == 0.13} 2 014
Cardiac output

(1/min) 4303 41203 3.6 %02 44121 3309 3804
Stroke volume (ml) 63 =132 62%15 075 54 £ 1050 37 % 10.7 49 4 3.7
Periphersal vascular

resistance

(dynes/sec/em™) | 1,721 == 226} 931 % 156§ 1,708 == 61 1,722 = 333 | 712 = 797 |1,913 == 180
Oxygen saturation

(per cent) 97 =21 97 =13 97 £ 2.4 99 == 3.5 99 =+ 3.7 98 & 3.1
Available oxygen

(rn]/min) 766 =93 | 751 == 108 665 == 90 824 & 315 904 = 196 683 £ 71
Pao, (mm Hg) 95 +£10.5| 93 £11.2 95111 120282 110=:17.9 | 135253
Paco, (mm Hg) 037 3742 | 41247| 40x45| 39x39 42242
pH 7.41 & 0.07] 7.39 £ 0.06 | 7.4 2 0.08 7.37 = 0.05 7.35 = 0.06 | 740 %= 0.07
Pvo, (mm Hg) 45237 47238 45 2= 3.0 50 243 | 49448 45+ 7.1
Pvco, (mm Hg) 47 £ 5.0 42 2.7 47 2 4.5 48 4.7 43 £ 5.0 47 £ 3.7
pH 7.37 % 0.03] 7.30 = 0.05 | 7.30 £ 0.04] 7.30 == 0.05) 7.30 = 0.05 7.35 £ 0.07

» Results are meaus = SD. Statistical data relate to comparison of values obtained during infusion
of sodium nitroprusside with those obtained in the preceding control period.

fP<0.05;IP<0.0‘15;§P<0.01;'ZP <0

2D16 pulsemeter and a finger photocell. Car-
diac output was measured by dye dilution
using indocyanine green and the Philips XO-
1000 combined oximeter/densitometer cuvette.
Arterial osygen saturation and hemoglobin
were measured during the cardiac output esti-
mation. Blood needed for estimating acid—
base and blood—gas status was obtained from
the arterial and venous catheters at regular
intervals during the studies, and analyzed in
duplicate, using the Beckman modular blood—~
gas assembly.

At the conclusion of each experiment the
cardiac output densitometer was calibrated
using the patient’s own blood and known doses
of indocyanine green. Cardiac output was
calculated using the method of Williams et al.®
to prepare an appropriate program for an
Olivetti digital computer. Total peripheral
vascular resistance (PVR) was calculated from
the formula of Aperia 1

__ mean arterial pressure (mm Hg

PVR
cardiac output (I/min)

X 80 dynes sec cm™®

.003; || P < 0.001.
Available oxygen was calculated from the
formula:

Available oxygen (ml/min)
_ cardiac output ml/min
X (hemoglobin X 1.34)
100

X % oxygen saturation

Tests of statistical significance were applied to
the mean differences between values obtained
in the control periods preceding hypotension
and during the hypotensive phases, induced by
halothane on the one hand, and sodium nitro-
prusside on the other, by applying Student’s
t test to the paired comparisons.

Five patients (Group I) received sodium
nitroprusside after control periods both before
and after induction of anesthesia. FPatients
were left undisturbed following introduction
of the catheters until heart rates and arterial
pressures were steady. Cardiac output, ar-
terial oxygen saturation and hemoglobin esti-
mations were then made at about 3-minute in-
tervals until the areas of at least two dye-dilu-
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TasLe 2. Hemodynamic Data from Seven Patients (Group II) Given Sodium Nitroprusside
after Induction of Anesthesia

wn

Control Value during

| urine, Nitroprusside Control
Blood pressure (mm Hg) 99.7 = 13.6 54.6 = 11.7]| 95.7 2= 10.8
Heart rate (beats/min) 88.0 == 22 113.0 = 25t 8.4 206
Central venous pressure (mm Hg) 2303 102} 405
Cardiac output (I/min) 43 £ 1.1 51210 4008
Stroke volume {m!} 50 == 10 47 £ 148 48 £ 9.3
Peripheral vascular resistance {dynes sec cm™3) 1,030 =2 485 917 == 386 1,913 2= 456
Oxygen saturation (per cent) 95 £ 2.1 95 =23 96 = 2.3
Available oxygen (ml/min) 665 = 82 803 = 220 632 £ 72
Pao, (mm Hg) 92 £ 17.1 85 =183 95 =+ 13.7
Paco, (mm Hg) 35E74 3077 37 =80
pH 7.37 = 0.05 7.39 = 0.04 7.37 £ 0.06
Pto, (mm Hg) 41 =9.1 40 £ 7.1 42 353
P¥co, (mm Hg) 4273 3758 49 =+ 3.7
pH 7.31 £ 0.02 7.30 £ 0.07 7.30 = 0.06

* Results are means ==SD. Each period of hypotension was preceded by a control period. Statistical
data relate to comparison of values obtained during infusion of sodium nitroprusside with those obtained

in the preceding control period.

tP <005; tP < 0025; § P <0.01; < P <0.005; [ P < 0.001

tion curves appeared to agree within 10 per
cent and the arterial oxygen saturation was
steady to within 1 per cent. Blood pressures
and heart rates at this moment were recorded
and served as control measurements. Infusion
of a 0.01 per cent solution of sodium nitro-
prusside in 5 per cent dextrose in water was
then commenced, at a rate adjusted to main-
tain the mean arterial blood pressure between
40 and 50 mm Hg below the centrol level
When the hypotensive state had been estab-
lished for at least 5 minutes, all hemodynamic
measurements were repeated. Infusion of so-
dium nitroprusside was then discontinued and
a second series of control estimations was made
when the blood pressure returned to control
levels.

Anesthesia was induced by 100 to 200 mg
of 2.5 per cent thiopental given intravenously
over a period of 30 seconds. All patients re-
ceived 50 mg succinylcholine intravenously to
facilitate intubation of the trachea. Continued
apnea was achieved by giving each patient
either alcuronium or pancuronium. Patients
were connected to a Manley respirator deliver-
ing an expired minute volume of about 5 liters
(70 per cent nitrous oxide and 30 per cent
oxygen). The minute volume was adjusted as
necessary to Paco, between 30 and 40 mm Hg.
A period of 10 minutes was allowed to elapse

following induction of anesthesia and then con-
trol hemodynamic measurements were made.
After incision of the skin, sodium nitroprusside
infusion was commenced, and when mean
blood pressure was 40-50 mm Hg below the
control level, all hemodynamic measurements
were repeated. Surgical intervention was in-
terrupted 3 minutes prior to measurement pe-
riods. Sodium nitroprusside infusion was dis-
continued to coincide with surgical needs, and
when the arterial blood pressure had approx-
imated control values for at least 15 minutes,
a final series of contro]l measurements was
made.

Seven patients (Group II) were investigated
after induction of anesthesia. The initial anes-
thetic management and methods of study were
identical to those described above.

Results

Hypotension was readily obtained following
the infusion of sodium nitroprusside, although
some difficulty in obtaining a steady level of
reduced mean pressure was experienced ini-
tially. The surgeons were well satisfied with
operating conditions in all cases.

Group I patients were unaware of the redue-
tions in their blood pressures preoperatively,
and experienced no ill effects whatever.

The average reduction of mean arterial pres-
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sure during sodium nitroprusside infusion (44
mm Hg) was associated with significant de-
creases in central venous pressure and periph-
eral vascular resistance (table 1). Cardiac
output and arterial oxygen saturation were
not changed, indicating that available oxygen
was maintained at control levels.

Responses to sodium nitroprusside during
anesthesia differed significantly from those in
the conscious state in respect to heart rate,
which increased by 13 beats/min, only. In
addition, mean cardiac output increased by 900
ml/min and mean available oxygen increased
by more than 75 ml/min, but these changes
were not significant.

In Group I, responses to sodium nitroprus-
side were similar in every respect to those in
Group I following induction of anesthesia
(table 2).

There was no notable change in the blood—
gas or acid-base status of patients during this
study except a slight increase in Pago, follow-
ing induction of anesthesia (tables 1 and 2).
Arterial hypotension, once established, was
readily maintained by a fixed rate of sodium
nitroprusside infusion, indicating that there was
no early tendency to develop tachyphylaxis.

Following discontinuation of sodium nitro-
prusside, arterial blood pressure returned to
within 90 per cent of control in less than 120
seconds in all cases.

Discussion

Major considerations in induced hypoten-
sion are oxygenation and the adequacy of blood
flow, particularly to the brain. A technique
which provides good surgical conditions with-
out a reduction in available oxygen is prefer-
able to one known to reduce cardiac output
and available oxygen.

Clinical studies * 4 indicate that sodium ni-
troprusside provides good surgical conditions.
Results of the present study indicate that these
conditions are obtained without jeopardizing
oxygen delivery, and further suggest that re-
duction of arterial pressure rather than blood
flow is the factor that facilitates surgery in
induced hypotension. Venous blood pH and
blood—-gas, although not strictly representative
of mixed venous blood, were maintained at
control levels during the hypotensive phases
of the study, suggesting that total-body perfu-
sion was adequate. In contrast, when hypo-

tension is induced by ganglionic blocking
drugs, spinal anesthesia, or deep halothane
anesthesia, cardinc output is reduced.® &1t
Halothane and trimethaphan, probably the
most popular sequence, were associated in one
study with a significant 11.8 per cent reduc-
tion in cardiac output,® and in another with
3341 per cent reductions in cardiac index.”

It is concluded that sodium nitroprusside
may offer important advantages as a hypo-
tensive agent and merits further scrutiny in
depth regarding, for example, adequacy of
regional perfusion of vital organs.

The authors are grateful to Dr. T. H. Taylor of
the Anaesthetic Department, The London Hospital,
for initiating this study and for supplies of sodium
nitroprusside, and to the surgeons of the Profes-
sorial Surgical Units of King Edward Hospital for
their unstinting cooperation and assistance with the
project.
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