CIRCULATORY EFFECTS OF CHLORPROMAZINE BEFORE AND
DURING CYCLOPROPANE ANESTHESIA IN MAN

Bengamin Ersten, M.D., anp Tsuna-Han L1, M.D.

CrLorPROMAZINE (Thorazine®)* has been considered as a useful pre-
anesthetic drug because of its sedative, drying, and antiemetic effect
and its probable potentiation of anesthetic agents (1-7). However,
hypotension, tachycardia, and refractory responsiveness to pressor
agents have been regarded as its undesirable side effects (8, 9, 10).
Changes in position, administration of a barbiturate, and spinal an-
esthesia have caused precipitous fall in blood pressure in patients with
chlorpromazine premedication (11-14).

The considerations concerned with the blood pressure and changes
in cardiac rate were based upon clinical studies, and it was realized
that a quantitative determination of the effect of this drug upon the
circulation was needed. This study was, therefore, undertaken to de-
termine the time of onset, the magnitude and the duration of action
of chlorpromazine upon the cardiac output, direct arterial pressure,
heart rate, total peripheral resistance, intrathoracic blood volume,
stroke volume, and left ventricular work following its administration
and during cyclopropane anesthesia. These changes in cardio-hemo-
dynamics during chlorpromazine and cyclopropane anesthesia were
compared with the changes when morphine and scopolamine were used
for premedication.

MEeTHOD

Two groups of patients were studied prior to surgery. Thirty-
eight determinations of the cardiac output and related hemodynamics
were obtained in one group of 14 patients (average age: 51 years) be-
fore and after the intravenous administration of chlorpromazine. In
7 patients, eyclopropane was administered 60 minutes after the intra-
venous administration of chlorpromazine and the hemodynamic studies
were continued during cyclopropane anesthesia (electroencephalo-
graphic level TI to ITI, blood cyclopropane concentration 5-15 mg.
per cent).

Thirty-five determinations of the cardiac output and related hemo-
dynamics were obtained in a second group of 14 subjects (average age:
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43 years) 60 minutes after the subcutancous administration of 5.5 to
10.0 mg. of morphine sulfate and 0.3 to 0.4 mg. of scopolamine and
during cyclopropane anesthesia (eleetroencephalographic level IT to
111, blood c¢yelopropane eoncentration 5-15 mg. per cent).

The subjeets in both groups were in good physical condition and
had no discernible cardiovascular or pulmonary discase (except one
case with essential hypertension). The patients were placed in the
supine position in a quiet room for study. A 15 gauge needle was in-
serted in the median basilie vein of one arm elevated above the angle
of Louis for the administration of drugs. .\ thin-walled 18 gauge
necdle was inserted into the brachial artery of the other arm for pres-
sure measurements and for the collection of blood samples.  Eleetro-
ardiographic and eleetroencephalographic electrodes were appropri-
ately posttioned (15).

After a steady resting state was maintained for at least 30 minutes,
the following observations were made: cardiac output, arterial blood
pressure, heart rate, total peripheral resistance, stroke volume, mean
circulation time, intrathoracic blood volume, blood oxygen eontent and
capacity, carbon dioxide content, and pll. Chlorpromazine (2.5 per
cent concentration) was administered intravenously (from 0.3 to 1.2
mg. per ke, body weight) at a rate of 1 ce¢. per 5 seconds. The cardiac
output and the blood gases were determined at specifie intervals 15, 30
and 60 minutes after the administration of the drug. Kach patient
served as his own control and the findings were eompared with those
obtained during the resting state.

The eardiac output was determined by the modified dye dilution
method; the injection of the dye, collection of arterial blood samples,
and caleulation of the cardiac output values were carried out accord-
ing to the procedures deseribed previously (16, 17, 18). The electro-
cneephalogram, eleetrocardiogram, and brachial arterial pressure (via
Statham strain gauge, Model P23A) were simultancously and contin-
uously recorded on a multichannel, direet writing oscillograph with a
frequency response ot 60 eyeles per second. The mean arterial pres-
sure was determined by planimetry of the pulse wave. Samples of
arterial blood were drawn, immediately hetfore determination of car-
diac output, for analysis of oxygen content and capacity, carbon di-
oxide content and pH (blood gases by Van Slyke and pIf by Cambridge
Kleetron Ray pll meter—Rescearelr Model).  Values of the pll were
accepted when the duplicates checked within 0.02 unit. The carbon
dioxide tension was calculated from the earbon dioxide serum confent
and pll values by means of the nomogram of Peters and Van Slyvke
(19).  The hematoerit was determined by centrifuging the heparinized
blood in Wintrobe tubes.

Oxvgen was given for at least 15 minutes before the administration
of evelopropane by means of the conventional to-and-fro absorption
technique.  The various levels of surgical anesthesia were classified
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Yolume 18 CIRCULATORY EFFECTS OF CHLORPROMAZINE 205
according to both electroencephalographic level (15) and the concen-
tration of blood cyclopropane, which was determined by the method of
Orcutt and Waters (20).

The intrathoracic blood volume (or central blood volume), the mean
circulation time, total peripheral resistance, and left ventricular work
were caleulated according to the conventional formulas (21).

TABLE 1
SuMmMaRY oF HEMoDpYNAMIC CHANGES RELATED TO INTRAVENOUS CHLORPROMAZINE
Per Cent Change: After Administration of
Resting State hlorpromazine Intravenously
(Absolute Values)
1-15 Minutes 16-30 Minutes 31-90 Minutes

Cardiae index 337 +0.2* +13 £7 -3 45 —12 46

(I /min./m?.) +0.7t +20 +13 +13
Arterial P, 103 +4 —14 +1 —-13 +4 —17 &8

(mm. Hg) +14 +4 +10 +16
Heart rate 71 £3 +17 +5 +23 +13 +29 14

(per minute) +10 +12 +31 +29
Total peripheral resistance 1580 150 —-20 7 -8 10 —18 %7

(dynes-sec.-cm.™5) +500 +17 +23 +14
Stroke volume index 47 %3 -4 48 —14 +6 —-16 +12

(ce./beat/m?.) +11 +20 +13 +24
Mean circulation time 21 1 -2 +12 —11 10 +13  +10

(sec.) +3 +31 +22 +21
Intrathoracic blood volume 1.20 +0.1 +8 +13 —-10 +9 -4 &7

index (I /m.?) +0.2 +32 +21 +15
Left ventricular work 80 +08 = —4 X7 —-12 +5 —38 =10

(kg.-meters/min.) +2.7 i +18 +12 +17

* Standard error

} Standard deviation

REesvrrs

The pertinent data before and after the intravenous administration
of chlorpromazine are summarized in table 1. The per cent change
refers to the mean per cent change of each group of determinations
obtained from 1 to 15 minutes, 16 to 30 minutes and 31 to 90 minutes
after the intravenous administration of chlorpromazine. The hemo-
dynamic changes observed during cyclopropane anesthesia in the
group of patients premedicated with morphine-scopolamine were com-
pared with the values obtained in the chlorpromazine premedicated
subjects during cyclopropane anesthesia (table 2).

Cardiac Index.—The mean cardiac index during the resting state
prior to the administration of chlorpromazine was 3.37 l./min./m.* and
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the standard deviation of the sample was = 0.67 l./min./m.> The av-
erage per cent change of the cardiac index obtained within 15 minutes
after the administration of the drug was 13 per cent (P > 0.05) higher
than the resting value. Within this period of time the cardiac index
was unaltered in three instances. It was reduced 21 per cent In one
instance, and it was increased in the remaining three -- 21, 4 37 and
+ 41 per cent. In the groups of observations obtained 30 minutes and
60 minutes after the administration of the drug, the average cardiac

TABLE 2
Errrcr or MoRPHINE AND ScoPoLAMINE COMPARED WITH CHLORPROMAZINE PREMEDICATION
upoN THE HEMopy~Nasic CHanGes DUriNG CYCLOPROPANE ANESTHESIA*

l A\I_(.n*phi‘m- und (‘/“\'(fl()!u'(l.[l':_l‘lle Chlorpromazine (‘ycl(‘)propt_me
(A lh).:(())lll‘lt;](;”\I"lxltllll?vs) (“\7:0(?::3::(;11‘(:) (Absolute Vulues) (1‘}/:16;1111(::‘@12)
Cardiac index 3.32 018 | —18 &6 3.17  +0.17 +7 45
(1./min./m.2) ‘ +0.67% +17 +0.43 +14
Heart rate per minute 67 2 =17 +3 82 8 -7 <8
+7 +8 +19 +21
Stroke volume index “ 50 +3 —2 47 40 +2 +24 +13
(ce./beat/m.2) I +10 +18 +5 +33
Intrathoracic blood volume index] 1.0 +0.1 -8 %7 1.1 +0.1 +6 +9
(l./m.?) +0.3 +18 +0.2 +23
Arterial P, 95 +4 +17 44 87 +5 +11 47
(mm. Hg) +16 +10 +12 +18
Total peripheral resistance 1600  +130 +46 =10 | 1200 <4140 +12 49
(dynes-sec.-cm,—%) +500 +27 +340 +25
Left ventricular work 6.7 +0.4 —t %9 7.5 *14 +8 +11
(kg.-meters/min.) +1.5 +23 +3.4 +27
Mean circulation time 17 +1 +27 12 22 X2 +0 <+l11
(sec.) +4 +31 +5 +31

* Cyclopropane anesthesia was maintained at an electroencephalographic level TI to TT1 in both
series of experiments,

t Standard error.,

1 Standard deviation.

index was — 2 per cent (P > 0.1) and — 12 per cent (P > 0.1) respec-
tively, as compared with the resting value (table 1). These changes
are not statistically significant.

In the group of patients with chlorpromazine premedication the
cardiac index increased 7 per cent (P > 0.1) during cyclopropane an-
esthesia (eleetroencephalographice level IT to IIT).  In the other group
of patients premedieated with morphine-scopolamine the average
change of the eardiac index during eyelopropane anesthesia was — 18
per eent (P <0.001—table 2).

Arterial Blood Pressure~—The average value of the mean arterial
blood pressure during the resting state prior to the administration of
chlorpromazine was 103 mm. of g (standard deviation: + 15). After
the administration of the drug, in all instances, the blood pressure fell
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Volume 18 CIRCULATORY EFFECTS OF CHLORPROMAZINE 207
and the time of onset varied from 15 seconds to 2 minutes. The aver-
age drop of the mean arterial blood pressure during the first 15 min-
utes was — 14 per cent (P < 0.001), within 30 minutes was —13 per
cent (P > 0.05) and after 90 minutes — 17 per cent (P < 0.05). How-
ever, the per cent fall (from —10 to — 60 per cent) and the duration
(from 2 to 20 minutes) of the mean arterial blood pressure varied from
patient to patient. In two subjects, one hypertensive and the other
normotensive, the decrease in blood pressure persisted for two and
one-half hours (— 50 per cent and — 40 per cent). The per cent drop
in mean arterial blood pressure was plotted against the intravenous
dosage of chlorpromazine in mg. per kg. body weight given at a rate
of 25 mg. per 5 seconds. There was no relationship between the per-
centage drop of blood pressure and the dosage (fig. la).

During cyclopropane anesthesia (electroencephalographic level II
to ITI) in the subjects with chlorpromazine premedication the average
per cent change of the mean arterial blood pressure was + 11 per cent
(P >0.1), and in the patients with morphine-scopolamine premedi-
cation the average percentage change of the mean arterial blood pres-
sure was + 17 per cent (P < 0.001) (table 2).

Heart Rate—The mean heart rate during the resting state was 71
beats per minute (standard deviation: = 11). The average change of
the heart rate was + 17 per cent (P < 0.02) (range from + 3 to + 39
per cent) within 15 minutes after the administration of chlorproma-
zine; within 30 minutes it was -+ 23 per cent (P > 0.1) (range from
—8 to + 79 per cent); and within 90 minutes it was + 29 per cent
(P >0.1) (range from 0 to + 78 per cent). There was no relation-
ship between the per cent change of heart rate and the dosage (fig. 1b).

The average change of the heart rate was —7 per cent (P > 0.5)
during cyclopropane anesthesia in the patients with chlorpromazine
premedication. Of this group the heart rate was increased in one
instance (4 23 per cent); and in all the others there was cither no
change or a decrease. The average change of the heart rate was — 16
per cent (P < 0.001) during cyclopropane anesthesia in the patients
with morphine-scopolamine premedication (table 2).

Stroke Volume Index.—The mean stroke volume index during the
resting state before the administration of chlorpromazine was 47 ce./
heat/m.> with a standard deviation of = 11. The average per cont
change of the stroke volume index obtained within 15, 30 and 90 min-
utes after the administration of the drug was —4 per cent (P > 0.1},
— 14 per cent (P > 0.05) and — 16 per cent (P < 0.1) respectively.

The average per cent change of the stroke volume was not statisti-
cally significant during cyclopropane anesthesia in the patients with
chlorpromazine premedication (P ==0.1) and in the patients with mor-
phine-scopolamine premedication (P > 0.05—table 2).

Total Peripheral Resistance—The mean value of the total periph-
eral resistance during the resting state was 1,600 absolute units with a
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TABLE 3

AvEraGE VALUES 0F ARTERIAL pCO: AND O SATURATION FROM KiGuT EXPERIMENTS BEroRE
AND ForLowiNg INTRAVENOUS CHLORPROMAZINE

Minutes after Chlorpromazine

Resting State S

1-15 16-30 31-90
pCO. (mm. Hg) 40 40 47 43
0. Sat. (9%) 93 95 95 95

standard deviation of = 500. The average per cent change of the total
peripheral resistance obtained within 15, 30 and 90 minutes was — 20
per cent (P <0.02), —8 per cent (I”’>0.1), and —18 per cent
(P < 0.05) respeetively. Within 15 minutes after the administration
of chlorpromazine 5 out of the 6 determinations showed a reduction
from 12 to 41 per cent.

During cyclopropane anesthesia the average change of the total
peripheral resistance was + 12 per cent (P > 0.1) in the subjects with
chlorpromazine premedication and was + 46 per eent (P < 0.001) in
the subjects with morphine-scopolamine premedieation (table 2).

Mean Circulation Time—The average mean cireulation time dur-
ing the resting state was 21 scconds (standard deviation: = 3). Within
15, 30 and 90 minutes after the administration of chlorpromazine the
changes were not statistically significant (> > 0.1—table 2).

During cyclopropane anesthesia the average change of the mean
circulation time was not significant in the chlorpromazine sedated pa-
tients (P > 0.1). In the subjects with morphine-scopolamine premedi-
cation the average change was 4+ 27 per cent (2 < 0.001—table 2).

Intrathoracic Blood Volume—The mean value of the intrathoracic
blood volume index during the resting state was 1.12 1., m.* and there was
no significant change (P > 0.1) after the administration of chlorproma-
zine and during eyelopropane anesthesia with both types of premedi-
cation.

Left Ventricular Work—The mean value of the left ventricular
work during the resting state was 8.0 kg.-meters per minute.  Within
15, 30 and 60 minutes after intravenous chlorpromazine the average
drop of left ventricular work was —4 per cent (P > 0.1), — 12 per cent
(P > 0.5) and — 38 per cent (P < 0.02). During the eyclopropane an-
esthesia following chlorpromazine premedication, the left ventricular
work was 4 8 per cent (P2 > 0.1—table 1). In the patients with mor-
phine-scopolamine premedication during cyclopropane anesthesia the
average change of the left ventricular work was — 4 per cent (P > 0.5
-—table 2).

pC O, und O, Saturation—The mean value of the arterial pCO.
during the resting state was 40 mm. of Hg, and there was no significant
change after the administration of chlorpromazine (table 3).
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Yolume 18 CIRCULATORY EFFECTS OF CHLORPROMAZINE 209

The mean value of the oxygen saturation of the arterial blood dur-
ing the resting state was 93 per cent, and there was no significant
change after the administration of chlorpromazine (table 3).

Variations of the Hemodynamic Changes following Intravenous
Chlorpromazine—The following experiments (figs. 2 to 6) are pre-
sented to show the variable hemodynamic responses to single and re-
peated doses of chlorpromazine.

Figure 2 illustrates the immediate onset of hypotension in a 62-
year-old male, 73 kg., with a resting blood pressure of 175/90. Ten
seconds after the first administration of 25 mg. of chlorpromazine the

CHLORPROMAZINE DOSE RESPONSE
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Fia. la AND b. The per cent changes of (a) heart rate and (b) mean arterial blood
pressure were plotted against different dosages of chlorpromazine given intravenously in pa-
tients. No definite relationship was found.
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blood pressure fell to 125/60 and subsequently to 85/40 within 40
seconds. Within 30 minutes the blood pressure returned to the control
level. Thirty-five minutes later a second dose of 25 mg. was given and
the blood pressure fell to 100,40 within 30 seconds, and gradually re-
turned to the original level of 190/70 within 10 minutes. The heart
rate inereased from 72 to 90 per minute within 5 minutes after the
first dose. Following the second dose the heart rate inereased to 115
per minute within 20 seconds and persisted for 30 minutes.

Figure 3 illustrates hypotension of short duration, prolonged tachy-
cardia, and a moderate degree of tachyphylaxis following repeated
doses of chlorpromazine. Twenty-five milligrams of chlorpromazine

T.5.,8,62 yrs., 73 Kg
CHLORPROM. 25 mgm

Ist dose
4

time 10:50a0m 40 seconds
mmHg

ART B WWMWWWWMMMW

2nd dose 25mgm
¢
time 11:250m 20 40 60 seconds

S

I'16. 2. Onset of hypotension in a 62-year-old male after intravenous chlorpromazine, showing
arterial blood pressure and heart rate.

was given intravenously to a 40-year-old normotensive female. Within
30 seconds the blood pressure fell from 125,75 to 110/60 and within two
minutes dropped further to 90,50. After one minute the blood pres-
sure returned to the control level of 120/65. Seven minutes after the
first dose, a second dose of 25 mg. was given. Within 20 seconds there
was a slight drop in systolic and diastolie blood pressure which lasted
for 30 secconds. Then three minutes after the second dose a third dose
of 25 mg. was given. There was no significant change in blood pres-
sure. The period of transient hypotension shown in the bottom trac-
ing was related to yawning. The increase in pulse rate from 66 to 156
occurred two minutes after the administration of the drug, persisted
for one minute and remained within the range of 84 to 114 per minute.
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Repeated doses caused a slight increase in heart rate lasting for one
minute.

Figure 4 illustrates the blocking effect of chlorpromazine on the
peripheral pressor reflexes after the intravenous administration of 40
mg. chlorpromazine. Although the arterial blood pressure returned
to the control level after the intravenous administration of 40 mg. of
chlorpromazine, the blood pressure overshoot following the Valsalva

2 40 yrs.
CHLORPROMAZINE 25mgm
Iadou
time  9:37om O 20 seconds
mmHg 150 !
80
PR./min.
time
mmNg 150
ART. BP 100
50
PR /min.
2nd dose (25mgm)
$
time 9:44 20 40 9:45% 20 seconds
mmHg 150 ! ! ! ! (
s ol AARAAN
50 T —
PR./min 90 108 90
3rd dose (25 mgm)
time 9: 4*7 20 40 9:46 20 seconds
mmHg | 50
1"
ART.B.R 100 ‘“l” il Hl l | “ \‘L
it \u‘\\ \S\
S04
P.R./min.

YAWNING

F1a. 3. Hypotension of short duration, prolonged tachycardia, and a moderate degree of
tachyphylaxis following repeated doses of intravenous chlorpromazine.

maneuver did not occur. Thus, the blood pressure within normal
levels following the administration of chlorpromazine does not indicate
the duration of the action of this drug upon the peripheral circulation.

Figure 5 illustrates the blood pressure and changes in heart rate
during cyclopropane anesthesia in a patient with chlorpromazine pre-
medication. Fifteen minutes after the administration of chlorproma-
zine the blood pressure fell from 120/65 to 70/45 mm. of Hg. It gradu-
ally returned to 85/50 in the next 15 minutes. At this time anesthesia
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4 38 yrs.,70 K9
BEFORE CHLORPROMAZINE

PHASE IXx m b4

Fi6. 4. Blocking effect of chlorpromazine on peripheral pressor reflexes after intravenous
control levely the blood pressure overshoot following the Valsalva mancuver did not occur.

was indueed with ceyclopropane. Within 15 minutes the blood pres-
sure rose to 118/60 mm. of Hg and subsequently remained at 100,60
mm. of Hg. The most striking change was the reduction in the pulse
pressurc after the administration of chlorpromazine from 55 to 25 mm.
of g and the prompt return of the pulse pressure during anesthesia
from 25 mm. of Hg to 45 mm. of Hg. The cardiac rate increased from

EXPII

CHLORPROMAZINE mgm i.v. S9yrs.

25 15
«— CYCLOPROPANE ——09898M ——
HEART RATE 90 "}V@k\ | peo revem
beats, . S
/min, 704

50

ART Pm 1201

mm Hg ' // \
0o 7 // //{//%///
804 ) ,
60
O o 15 20 T 10 20 30 40 30
TIME  9:204M 10:00 AM

Fic. 5. The blood pressure and changes in heart rate during cyclopropane nnesthesia in a
patient with ehlorpromazine premedication.
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70/minute to 90/minute for 20 minutes after 50 mg. of intravenous
chlorpromazine. During anesthesia the rate ranged from 68 to 85

beats per minutes.
DiscussioN

Following the intravenous administration, of chlorpromazine, the
cardiac output remained constant and within control levels except for
a transient rise that occurred within the first 15 minutes. This occa-
sional rise of the cardiac output was not a constant finding and not
statistically significant. The cardiac output also remained unchanged
during cyclopropane anesthesia when chlorpromazine was used for
premedication. This response was in contrast to the 18 per cent re-
duction of the cardiac output during cyclopropane anesthesia when
morphine and scopolamine were used as premedicants. The reduection
of the cardiac output during cyclopropane anesthesia with morphine-
scopolamine premedication was attributed to the decrease in heart
rate and to the elevation in total peripheral resistance (22). These
changes were minimal in the patients with chlorpromazine premedica-
tion during cyclopropane anesthesia.

The reduction of the total peripheral resistance was prolonged and
oceurred within the first 5 minutes following the administration of
chlorpromazine. This was most likely the cause for the reduction of
the arterial blood pressure since the cardiac output was unaltered.
The decrease in total peripheral resistance in part may explain the
untoward circulatory response when this drug is used with pentothal
anesthesia, spinal or epidural anesthesia, or splanchnic block (11-14).

The time of onset, duration and magnitude of the fall in blood pres-
sure and the increase in heart rate varied from patient to patient and
were not related to the doses of chlorpromazine (fig. 1a and 1b). The
most pronounced change in blood pressure occurred following the first
dose of the drug and with subsequent similar doses the reduction of
the blood pressure was slight. This phenomenon of tachyphylaxis oc-
curred in most instances.

The duration of either the adrenergic or ganglionice blocking effect
of chlorpromazine lasted longer than the period of hypotension. This
was shown by the obliteration of the blood pressure overshoot follow-
ing a Valsalva maneuver after the blood pressure had returned to the
control level. Therefore, it appears that the blood pressure should not
be taken as a guide concerning the duration of the action of the drug.

The use of morphine and scopolamine for premedication served as
a basis to compare the effects of chlorpromazine during cyclopropane
anesthesia. When chlorpromazine was used, the slowing of the heart
rate and the elevation of the blood pressure were not observed during
varying levels of cyclopropane anesthesia. This is in contrast to the
changes of the heart rate and blood pressure during cyclopropane an-
esthesia when morphine-scopolamine was used as a premedicant.
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The use of chlorpromazine as a premedicant for cyclopropane an-
esthesia revealed no untoward circulatory effects. Indeed, the arterial
blood pressure and total peripheral resistance were cither unchanged
or clevated during cyclopropane anesthesia (eleetroencephalographic
level 11 to III) in the subjects with chlorpromazine premedication.
The pressor effect ot cyclopropane (22) may account for the mainte-
nance of the blood pressure under these conditions,

SUMMARY

The intravenous administration of chlorpromazine (0.3 to 1.2 mg./
kg. body weight) caused no significant change of the cardiac output
but a consistent reduetion of the total peripheral resistance. In most
mstances there was a drop in blood pressure and an increase of the
heart rate. The time of onset, duration and magnitude of these
changes varied from patient to patient and were not correlated with
the dosage. During cyclopropane anesthesia in the patients with
chlorpromazine premedication the total peripheral resistance and ar-
terial blood pressure were either unchanged or slightly elevated and
the cardiac output remained at the control level. These hemodynamic
changes were not similar to those observed when morphine-scopol-
amine was used as premedication. No untoward cirenlatory effects
were observed when chlorpromazine was used as a premedicant for
cyclopropane anesthesia.
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