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COMPARISON OF HEMODYNAMIC EFFECTS OF MORPHINE,
BUTORPHANOL, BUPRENORPHINE AND PENTAZOCINE
ON ICU PATIENTS

BY

Chieko M1taka, Nobue SakaNisHi, Yukio TsuNobpa, and Yoshio MisHIMA*!

ABSTRACT

Morphine and narcotic agonist-antagonists have been used to assist ICU patients in
adapting to mechanical ventilation. In this study, 10 mg of morphine and the equipotent doses
of synthetic analgesics, 2 mg of butorphanol, 0.6 mg of buprenorphine or 30 mg of pentazocine
were administered intravenously to 29 patients requiring a ventilator. Hemodynamic effects on
the heart rate, mean arterial pressure (MAP), cardiac index, stroke index, left ventricular stroke
work index, mean pulmonary arterial pressure (MPAP), pulmonary capillary wedge pressure
(PCWP) and systemic and pulmonary vascular resistance (PVR) were measured. The hemody-
namic effects of the four drugs were mild and not statistically significant except for the
reduction in PCWP and the increase in PVR after morphine and the increase in MAP and MPAP
after pentazocine administration. These doses of the four drugs could be given safely even in
critically ill patients. The hemodynamic effects of these analgesics showed a similarity between
the administration of butorphanol and morphine, and between buprenorphine and pentazo-
cine. This study demonstrates that morphine and butorphanol are preferred to the cases with
hypertension, increased pulmonary arterial pressure or wedge pressure and that pentazocine
and buprenorphine are more suitable for the cases with hypotension or hypovolemia.
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INTRODUCTION diction and hypotension (Rouby et al. [1],

In an intensive care unit (ICU), many
critical patients require mechanical ven-
tilation. The pain and stress associated
with mechanical ventilation as well as the
fear of illness tend to provoke a promi-
nent anxiety state. Usually, morphine
has been used in these patients because
of its sedative and depressant effect on
the patients to adapt to mechanical venti-
lation when their breathing is difficult to
control. However, morphine has the dis-
advantages in some aspects, such as ad-

Samuel et al. [2, 3]). In this meaning, the
sedative drugs with less addictive and
cardiovascular effect would be advanta-
geous in the ICU.

Recently, a number of synthetic nar-
cotic agonist-antagonist analgesics have
been introduced, e.g., pentazocine, bu-
prenorphine and butorphanol, and these
drugs also have sedative effects. So these
synthetic analgesics are used to allay anx-
iety during adaptation to mechanical
ventilation. Although the hemodynamic
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effects of these analgesics have been
studied in the anesthetized patients (Se-
derberg et al. [4], Aldrete et al. [5], Stan-
ley et al. [6]), there have been only a few
reports describing the hemodynamic ef-
fects of these analgesics in the critically ill
patients requiring artificial ventilation
(Samuel et al. [2], Rosenfeldt et al. [7]).
The purposes of the present study are to
examine if 10 mg of morphine, equipo-
tent doses of butorphanol, buprenor-
phine or pentazocine i.v. can be given
safely in the artificially ventilated critical-
ly ill patients and to compare the hemo-
dynamic effects of morphine with those
of these three synthetic analgesics.

MATERIAL AND METHOD

Twenty-nine adult patients, 35 to 81
years (mean 59.9%+11.0) in age and 40 to
65 kg (mean 49.8+7.3) in weight, were
subjected to this study. Informed con-
sent and institutional approval for the
study were obtained. Twenty-three were
postoperative and six were respiratory
failure. The former had underwent ma-
jor thoraco-abdominal surgery (13 esoph-
ageal cancer, 3 aneurysm, 3 hepatoma
and 4 others) and were randomly divided
into four groups. The first group (n=
10) was given 10 mg of morphine, the
second (n=8) 2 mg of butorphanol, the
third (n=6) 0.6 mg of buprenorphine
and the fourth (n=>5) 30 mg of pentazo-
cine. The four groups were similar in
age, sex, weight and disease. All of the
patients had a sinus rhythm with a nor-
mal arterial pressure. None had receiv-
ed drugs that affect the cardiovascular
system within six hours preceding the
study.

All of the patients were intubated and
under mechanical ventilation at a tidal
volume of 10 m//kg at the respiratory
rate of 10—12/min and with F1oz 0.3-0.6
to maintain the Paco: at 40+5 mmHg

(Servo ventilator 900B). On admission to
the ICU, a 20G cannula was inserted into
the radial artery for blood pressure mon-
itoring and to obtain the arterial blood
samples. A 7F thermodilution triple-lu-
men catheter (Model 93A-131H, Ameri-
can Edwards Laboratories) was inserted
by the Seldinger technique through the
right internal jugular vein or the antecu-
bital vein and directed into the pulmo-
nary artery. The arterial blood pressure,
pulmonary arterial pressure, lead II
ECG and clinical status were continously
monitored. After a stable hemodynamic
condition was established, control studies
were started. The heart rate was moni-
tored with ECG. The arterial and mixed
venous blood samples were obtained si-
multaneously for the measurements of
oxygen and carbon dioxide tension (PH/
Blood Gas Analyzer 813, Instrumenta-
tion Laboratory). The mean arterial
pressure (MAP), mean pulmonary arteri-
al pressure (MPAP), pulmonary capillary
wedge pressure (PCWP) and right atrial
pressure (RAP) were measured and re-
corded with a two-channel recorder at
the end-expiratory period (Life Scope
11, Nihonkoden). The cardiac output
measurements were made using the ther-
modilution technique with 5% iced dex-
trose in water solution (thermodilution
cardiac output computer EQ-611V, am-
plifier AH-611V, Nihonkoden). The
cardiac index (CI), stroke index (SI), left
ventricular stroke work index (LVSWI),
systemic vascular resistance (SVR), pul-
monary vascular resistance (PVR), arteri-
ovenous oxygen content difference (a-
vDoz), oxygen delivery (O: delivery) and
oxygen consumption index Vo:) were
calculated with a programmed digital
calculater (CASIO, FX-702P).

On completion of the control measure-
ments, 10 mg of morphine or equipotent
doses of 2 mg of butorphanol, 0.6 mg of
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Table 1. Hemodynamic Data

Control 0.5 hr 1 hr 2 hr
HR Morphine 95.8+14.6 93.3+11.8 93.4x11.4 95.5x16.1
(beats/min)  Butorphanol 96.3+23.8 90.9+18.4 87.2+18.0 87.5+16.6
Buprenorphine  120.6+24.0 110.0+20.9 108.5+21.0 108.7+24.0
Pentazocine 101.2=18.3 100.0+16.3 97.0+18.6 98.6+17.7
MAP Morphine 96.5+12.5 89.2+14.6 88.3x12.4 88.5x14.5
(mmHg)  Butorphanol 88.1+11.3  84.1= 9.0 82.6+14.4 84.1+16.0
Buprenorphine 98.1£12.3  96.5+16.2 99.6+13.0 95.8+11.3
Pentazocine 974+ 5.0 108.2x 8.8*it 101.6= 7.47 103.4% 4.37
MPAP Morphine 129+ 2.8 11.9x 2.6 12.5+ 3.6 13.0x 2.4
(mmHg)  Butorphanol 13.2= 3.3  13.0% 35 13.3= 3.1 13.1= 4.2
Buprenorphine 13.6+ 3.5 15.6+ 3.3% 15.1+= 4.0 14.5+ 4.9
Pentazocine 11.2+ 1.3 13.0x 1.0%77 13.4= 4.3 12.2+ 3.0
PCwWP Morphine 7.0+ 2.2 5.0+ 1.5%* 57« 1.5 57+ 1.7
(mmHg)  Butorphanol 6.2+ 2.6 5.8+ 3.2 7.2+ 4.8 6.7+ 2.9
Buprenorphine 8.1x 4.5 9.6 4.51F 9.5+ 4.01 9.8% 5.0
Pentazocine 5.2+ 2.7 5.4x 2.37% 6.2+ 2.9 54+ 2.3
RAP Morphine 6.2+ 4.4 5.5+ 3.6 49+ 3.9 6.1 4.8
(mmHg) Butorphanol 3.5+ 2.8 4.2+ 3.3 3.5+ 3.2 3.6+ 2.8
Buprenorphine 2.5+ 1.0 3.0 14 2.5 1.0 3.0= 1.0
Pentazocine 1.9+ 1.0 3.0 29 2.6 1.9 3.0 29

0.5, 1 and 2 hr refer to post-drug administration. Values are mean*SD. Abbreviations:
HR=heart rate; MAP=mean arterial pressure; MPAP=mean pulmonary arterial pressure;
PCWP=pulmonary capillary wedge pressure; RAP=right atrial pressure. *P<0.05, **P<0.01,
significant difference from control values in the same group. 7P<0.05, 11P<0.01, ¥11P<0.001,
significant difference from morphine at similar time.

buprenorphine and 30 mg of pentazo-
cine were slowly given intravenously and
each measurement was repeated at 0.5, 1
and 2 hours after injection.

The hemodynamic data in the four
groups were compared and the values
are presented as mean+SD. The data
were analyzed for statistical significance
using the paired t-test for comparison
with the control values in the same group
and the unpaired t-test for comparison
between morphine and other drugs at a
similar time. The statistical significance
was assumed when the P-value was less
than 0.05.

REsuLTS

The hemodynamic measurements be-
fore and at 0.5, 1 and 2 hours after
injection are shown in Tables 1-3 and
Figures 1-6. The control hemodynamic

measurements and control arterial blood
gas tension were similar (P>0.05) in the
four groups.

I. HR, MAP (Table 1, Figure 1)

The heart rate tended to decrease af-
ter the administration of buprenorphine
and butorphanol. The mean arterial
pressure increased from 97.4+5.0 to
108.2+8.8 mmHg (P<0.05) at 0.5 hour
after the administration of pentazocine
but it tended to decrease after the mor-
phine administration. Therefore, the
difference in MAP between the adminis-
tration of morphine and pentazocine was
statistically significant.

II. MPAP, PCWP, RAP (Table 1, Fig-
ures 2 and 3)

Mean pulmonary arterial pressure in-
creased from 11.2+1.3 to 13.0x1.0
mmHg (P<0.05) at 0.5 hour after the
administration of pentazocine and also



34

C. MITAKA, N. SAKANISHI, Y. TSUNODA, anp Y. MISHIMA

(%)
150

50 T T T T
control 0.5 1 2 (hr)

Fig. 1. Percentage Changes in Mean Arterial

Pressure of Control and 0.5, 1 and 2 Hours
After the Drugs. Mean+SD. o: morphine, ®:
butorphanol, O: pentazocine, ®: buprenor-
phine. *P<0.05, significant difference from
control values in the same group. 1P<0.05,
11P<0.01, TTtP<0.001, significant difference
from morphine at similar time.
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Fig. 3. Percentage Changes in Pulmonary Capil-

lary Wedge Pressure of Control and 0.5, 1 and
2 Hours After the Drugs. Mean+SD. ©: mor-
phine, @ : butorphanol, O: pentazocine, m:
buprenorphine. **P<0.01, significant differ-
ence from control values in the same group.
TP<0.05, 11P<0.01, significant difference
from morphine at similar time.
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Fig. 2. Percentage Changes in Mean Pulmonary
Arterial Pressure of Control and 0.5, 1 and 2
Hours After the Drugs. Mean+SD. O: mor-
phine, @: butorphanol, o: pentazocine, m:
buprenorphine. *P<0.05, significnat differ-
ence from control values in the same group.
tP<0.05, 11P<0.01, significant difference
from morphine at similar time.

tended to increase after the administra-
tion of buprenorphine, but it tended to
decrease after the morphine administra-
tion. There were significant differences
in MPAP between the administration of
morphine and pentazocine and between
the administration of morphine and bu-
prenorphine administration.

On the other hand, PCWP decreased
from 7.0+2.2 to 5.0x1.5 mmHg (P<
0.01) at 0.5 hour after the administration
of morphine but it tended to increase
after the administration of buprenor-
phine and pentazocine. There were sig-
nificant differences in PCWP between
the administration of morphine and bu-
prenorphine and between the adminis-
tration of morphine and pentazocine.
I11. CI, SI, LVSWI (Table 2, Figures

4-6)

The cardiac index, SI and LVSWI
tended to decrease after the administra-
tion of morphine, but these parameters
tended to increase after the administra-
tion of pentazocine and buprenorphine.
There were significant differences in CI,
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Fig. 4. Percentage Changes in Cardiac Index of
Control and 0.5, 1 and 2 Hours After the
Drugs. Mean*SD. o: morphine, ®: butor-
phanol, O: pentazocine, ®: buprenorphine.
1P<0.05, significant difference from mor-
phine at similar time.
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Fig. 6. Percentage Changes in Left Ventricular
Stroke Work Index of Control and 0.5, 1 and 2
Hours After the Drugs. Mean=SD. o: mor-
phine, @: butorphanol, O: pentazocine, ®:
buprenorphine. 1P<0.05, 1TP<0.01, signifi-
cant difference from morphine at similar time.

SI and LVSWI between the administra-
tion of morphine and pentazocine and
between the administration of morphine
and buprenorphine.

IV. SVR, PVR (Table 2)

There were no significant changes in
SVR from the control values in any
group. On the other hand, PVR increas-
ed from 85+31 to 123+37 dynes-sec:
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Fig. 5. Perceantage Changes in Stroke Index of
Control and 0.5, 1 and 2 Hours After the
Drugs. Mean=SD. o: morphine, @: butor-
phanol, O: pentazocine, ®: buprenorphine.
TP<0.05, t1P<0.01, significant difference
from morphine at similar time.

cm™® (P<0.05) at 2 hours after the ad-

ministration of morphine. However, no

significant difference in PVR was noted

between the administration of morphine

and other drugs.

V. Paoe, a-7Doz, Oz delivery, Vo (Table
3)

There were no significant differences
in Paos, a-¥Do: and O: delivery from the
control values in any group. The oxygen
consumption tended to decrease after
the administration of morphine and bu-
torphanol but not after buprenorphine.

Discussion

In the present study, morphine and
narcotic agonist-antagonists are used to
help patients by allaying their anxiety
during the adaptation to mechanical ven-
tilation. Since morphine is the standard
drug used for comparison with other
analgesics, we also compared the hemo-
dynamic effect of morphine and the
equipotent doses of synthetic analgesics
(Dobkin et al. [9, 10], Nagashima et al.
[11]).

The present study demonstrated that
morphine decreased PCWP significantly
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Table 3. Arterial Blood Oxygen Pressure, Arteriovenous Oxygen Content Difference,
Oxygen Delivery and Oxygen Consumption

Control 0.5 hr 1 hr 2 hr
Pao: Morphine 135.6+ 15.8 134.4= 25.1 131.0x 26.1 130.0% 19.1
(mmHg) Butorphanol 130.6= 25.9 125.3+ 20.0 128.0+ 25.8 126.4* 32.5
Buprenorphine 108.1= 48.9 131.4% 74.3 1314=x 82.0 124.1x 475
Pentazocine 111.2+ 19.8 127.8%= 39.6 1199+ 53.0 1314+ 43.2
a-vDo: Morphine 53+ 1.3 49+ 1.2 49+ 1.2 53= 1.0
(ml/dl) Butorphanol b4x 1.6 49+ 1.5 53x 1.1 5.0 1.1
Buprenorphine 52+ 0.9 49+ 0.0 5.0 0.2 5.6+ 0.2
Pentazocine 4.7+ 1.1 4.3+ 1.5 3.8 1.2 44+ 1.5

O2 Morphine 754 *146 716 =175 685 *182 643 =209
delivery Butorphanol 677 *249 627 *262 630 *227 628 =209
(ml/min/m*)  Buprenorphine 476 =148 506 + 88 543 =125 482 = 91
Pentazocine 648 =211 689 =189 714 =202 717 +238

Voe Morphine 199 = 38 178 = 43 168 = 41 178 = 28
(m//min/m*)  Butorphanol 185 = 62 158 = 60 171 = 49 167 = 56
Buprenorphine 154 * 54 155 * 6 166 + 23 168 + 10

Pentazocine 180 =+ 53 174 = 61 160 = 36 183 =+ 54

0.5, 1 and 2 hr refer to post-drug administration.

Values are mean=SD. Abbreviations;

Paoz=arterial blood oxygen pressure; a-vDoz=arteriovenous oxygen content difference; Vo

=oxygen consumption.

in association with the decreasing ten-
dency of MAP, CI, ST and LVSWI. This
result coincides with that in the previous
reports that morphine increases the pe-
ripheral venous capacitance and at the
same time decreases the venous return
(Alderman et al. [8], Downig et al. [12],
Kay et al. [13]). Morphine has been wide-
ly used due to its potent analgesic activity
and sedative effect, as well as the benefi-
cial effects on pulmonary congestion (Al-
derman et al. [8]). However, morphine
may produce hypotension (Rouby et al.
[1], Samuel et al. [2, 3]), therefore, mor-
phine should be given carefully in the
presence of reduced cardiac reserve or
hypovolemia.

On the other hand, our study revealed
a significant increase of PVR at 2 hours
after the injection of morphine. Because
MPAP did not change during the study,
the decline of PCWP and CI may explain
the increase in PVR. Grendahl et al. [16]
also observed an increase of PVR after
the i.v. injection of 10 mg of morphine in

the patients with pulmonary hyperten-
sion. They suggested that an increase in
PVR will protect the alveoli against tran-
sudation due to congestive heart failure
and pulmonary edema. In addition, they
reported that morphine diminished Vo:
by the sedative action. Our study also
demonstrated a tendency for Vo: to de-
crease after the morphine injecticn.
Pentazocine

Thirty mg of pentazocine intravenous-
ly resulted in a significant increase of
MAP and MPAP with a resultant increase
of the ventricular afterload stress. These
results coincide with the previous reports
(Alderman et al. [8], Downig et al. [12],
Zellis et al. [15]). Further, pentazocine-
induced augmentation of the left ventric-
ular preload and afterload increased the
myocardial oxygen demand (Grendahl e
al. [16]). Therefore, pentazocine may be
unsuitable in the cases with myocardial
infarction and congestive heart failure.
On the contrary, pentazocine may be
useful in the cases with hypotension or
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hypovolemia, because in increases MAP.
Buprenorphine

After the administration of buprenor-
phine, MPAP, PCWP, CI, SI and LVSWI
tended to increase and HR tended to
decrease, but the changes were not statis-
tically significant compared to the con-
trol values. These findings was almost
the same as the results of Rosenfeldt et al.
[7].

On the other hand, there were signifi-
cant differences in MPAP, PCWP, CI, SI
and LVSWI between the administration
of morphine and buprenorphine. These
changes after the buprenorphine injec-
tion were similar to those caused by pen-
tazocine. In addition, caution should be
taken into consideration to administer
buprenorphine to the patients with a
high pulmonary arterial pressure or
wedge pressure, because of its tendency
to increase MPAP and PCWP.

In the present study, 0.6 mg of bupre-
norphine was administered intravenous-
ly. . Although this dose may be a little
stronger than 10 mg of morphine, 0.3
mg of buprenorphine was inadequate to
adapt the patients to mechanical ventila-
tion and had no influence on Vos. There-
fore, the sedative effect of buprenor-
phine may be less than that of morphine.
Butorphanol

Butorphanol produced no statistically
significant hemodynamic change from
the control values. However, Popio et al.
[19] reported that CI and MPAP increas-
ed significantly. As their patients were
breathing spontaneously, the situation of
their ventilation was different from those
of our patients. In our study, Vo: tended
to decrease after butorphanol injection.
This fact may be due to the sedative
effect of butorphanol. In addition, we
found no adverse effect of butorphanol
on the cardiovascular system. Butor-
phanol appears to be a safe analgesic for

the critically ill patients.

In conclusion, the hemodynamic ef-
fects of the four drugs were mild and
could be given safely even on the criti-
cally ill patients. The hemodynamic ef-
fects of these analgesics showed a similar-
ity between butorphanol and morphine
and between buprenorphine and pentaz-
ocine. This study demonstrates that
morphine and butorphanol are prefer-
red to the cases with hypertension, in-
creased pulmonary arterial pressure or
wedge pressure and that pentazocine
and buprenorphine are more suitable for
the cases with hypotension or hypovo-
lemia.
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