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We evaluated the postoperative pain relief and side-effects of continuous
epidural infusion of three analgesic regimens following major thoracic and/or ab
dominal surgery. One hundred and twenty patients were randomly divided into
three treatment groups: (1) 0.25% or 0.5% bupivacaine at a rate of 3-7 ml.hr-1 ,

(2) 0.01% morphine at a rate of 1-2 ml·hr- 1 , (3) a combination of 0.125% or
0.25% bupivacaine and 0.0025% or 0.005% morphine at a rate of 2-4 ml·hr-1

.

The study continued for the first 48 postoperative hours. The effect of pain re
lief was evaluated by assessment of the further requirement for parenteral anal
gesics. Sixty-four percent of the patients given bupivacaine, 56% of the patients
given morphine and 80% of the patients given the combination required no sup
plemental analgesics. Continuous epidural infusion of bupivacaine was associated
with hypotension (21%) and with numbness and weakness of hands or legs (18%).
Continuous epidural infusion of morphine was associated with pruritus (18%) and
with peristaltic depression (12%). The combination regimen was associated with
pruritus (17%) and with drowsiness (14%). We conclude that the combination
of bupivacaine and morphine significantly provides superior analgesia with less
deleterious complications compared with either bupivacaine or morphine alone.
(Key words: postoperative pain, epidural, morphine, bupivacaine)

(Sakura S, Uchida H, Saito Y et al.: Continuous epidural Infusion for post
operative pain relief: A comparison of three regimens. J Anesth 4: 138-144, 1990)

Postoperative pain relief can be achieved
more efficaciously by means of continuous
infusion techniques than by intermittent in
jections of analgesics which are invariably
given after pain has developed. Postoperative
analgesia provided by epidural infusion of lo
cal anesthetics or opioids has been described
after abdominal and thoracic surgery'<", Al
though it is obvious that these methods can
be effective, there has been no published
work comparing various epidural infusion
regimens in Japan.
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At our hospital, continuous postopera
tive epidural infusions of both bupivacaine
and morphine have been in use for sev
eral years'':", In addition, our practice has
evolved to combine morphine with dilute so
lution of bupivacaine. The purpose of this
study is to compare the efficacy of three
epidural infusion regimens in terms of their
effects to produce postoperative analgesia
and the side-effects following various major
surgeries. The solutions used contained ei
ther bupivacaine or morphine alone, or a
mixture of the two.

Methods

Subjects
Every patient was interviewed the night
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before surgery by one of the investigators
to explain the purpose of the study and
to obtain consent. Patients who met all
the following criteria were considered eligi
ble for entry into this study: (1) not con
traindicated for the insertion of an epidural
catheter (localized infection, septicemia, pre
operative coagulopathy); (2) scheduled for
thoracic and/or abdominal surgery and; (3)
scheduled preoperatively by surgical staff to
receive postoperative care in an intensive
care unit (ICU) due either to the severity
of pre-existing disease(s), the magnitude of
the anticipated surgical procedure, or both.
All the patients were premedicated with hy
droxyzine (25-100 mg) and atropine (0.3
0.5 mg) intramuscularly 1 hr before arrival
in an operating room, where an i.v. infu
sion of lactated Ringer's solution was com
menced. Before induction of general anesthe
sia an epidural catheter was inserted at the
level corresponding to the middle dermatome
crossed by the surgical incision. The epidu
ral space was identified by the hanging drop
technique. General anesthesia was induced
with thiamylal (4 mg·kg- 1

) followed by sue
cinylcholin (1 mg.kg- 1 ) to facilitate tracheal
intubation. Anesthesia was maintained with
nitrous oxide, oxygen, halothane, and a low
dose of narcotics, and the patients received
intermittent injections of plain mepivacaine
via the epidural catheter. Non-depolarizing
muscle relaxants were used for the control of
ventilation, particularly during surgery of the
upper abdomen or thorax. On completion
of surgery, the patients were transferred to
ICU.

Postoperative analgesia
A continuous epidural infusion was started

immediately after the operation. All the
patients were randomly divided into three
groups to receive postoperative pain treat
ment for a 48 hr period as follows: group
A - continuous epidural infusion of 0.25%
or 0.5% of plain bupivacaine at a rate of
3-7 ml-hrt"; group B - continuous epidu
ral infusion of 0.01% morphine in normal
saline at a rate of 1-2 ml-hr t"; group C
- continuous epidural infusion of a combi
nation of 0.125% or 0.25% bupivacaine and

0.0025% or 0.005% morphine at a rate of 2-4
ml·hr- 1 . The use of narcotics being regulated
in Japan, the study was not double-blinded,
but the patients did not know which drugs
were being used. In groups Band C, if
pain relief was insufficient, bolus injection
of 4 ml of the solution was allowed only
twice in succession. In addition, when the
patients of all the groups asked for more
analgesics or complained of restricted breath
ing because of pain, supplemental analgesics
(usually buprenorphine) were administered
intravenously.

Indomethacin was allowed to alleviate
fever and benzodiazepines (usually fiuni
trazepam or diazepam) were used for night
sedation.

Methods of evaluation
The degree of pain relief was measured

by scoring based on the requirement by
patients for supplemental analgesics during
the first 48 postoperative hours as follows: no
analgesics = 0; no analgesics but antifebriles
= 1; analgesics only once = 2; analgesics
more than once = 3.

Postoperative monitoring of the electro
cardiogram, rectal temperature, urinary vol
ume, and respiratory frequency was carried
out in accordance with the routines of the
ICU. The arterial pressure was measured
throughout this study, and blood gas sam
ples were taken at intervals of 6 hr.

All the side-effects related to epidural
analgesia were recorded by nurses, and were
reported immediately to anesthesiologists for
consultation. The incidence of each side
effect in each group was compared. The
bladder was catheterized in every case, and
so urinary retention could not be assessed.

Statistics
The data are expressed as mean ± SD.

They were analyzed for statistical signifi
cance using one-way analysis of variance,
X2 test, and Student's t-test. P < 0.05 was
considered statistically significant.

Results

A total of 120 patients was used in
this study, 28 in group A, 34 in group B,
and 58 in group C. The profiles of pa-
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Table 1. Profiles of patients in three study groups

J Anesth 1990

Group A
(n=28)

64 ± 14
48 ± 9

13/15

2.2 ± 0.4
6.7 ± 4.4

Group C
(n=58)

62 ± 8
51 ± 8
13/45*

2.1 ± 0.4
6.8 ± 4.9

Group A: continuous epidural infusion of bupivacaine.
Group B: continuous epidural infusion of morphine.
Group C: continuous epidural infusion of a combination.
Values indicate mean ± SD.
"Significantly different from group A, P < 0.05.

Table 2. Surgical procedures in three study groups

Number
Procedure Group A Group B Group C

(n=28) (n==34) (n=58)

Thoracic procedure"
Esophagectomy" 1 10 20
Pneumonectomy 1 3 7
Others 0 1 2

Upper abdominal procedure"
Gastrectomy 15 11 18
Pancreato-duodenostomy 4 3 8
Cholecystectomy 2 1 0
Liver resection 0 3 0

Lower abdominal procedure
Rectosigmoid resection 2 0 0
Others 3 2 3

+Reconstruction was performed simultaneously in all cases.
*Significantly different between group A and others, P < 0.01.

tient groups are summarized in table 1. The
three study groups were comparable with
respect to age, weight and the preoperative
assessment (American Society of Anesthesi
ologists' Physical Status, Goldman Index).
Males dominated in all the groups, and the
female/male ratios in group Band C were
similar, while that in group A was consider
ably higher (P < 0.05).

The surgical procedures in the three
groups are listed in table 2. These were
distributed equally between group Band C,
while in group A the number of thoracic pro
cedures was considerably smaller (P < 0.01).

Every patient who underwent esophagectomy
received postoperative controlled ventilation.

Postoperative analgesia
In group A, 16 patients received 0.25%

bupivacaine solution at a rate of 4-7
ml·hr-1, while the remaining 12 patients
0.5% at a rate of 3-5 ml·hr-1. The mean
total bupivacaine consumption in this group
was 0.35 ± 0.10 mg·kg-1.hr-1 . Eighteen pa
tients (64%) in this group did not request
supplemental analgesics, while the number of
patients who required analgesics more than
once was only 2 (7%) (fig. 1). The mean pain
relief score based on the scale of analgesic
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usage was 0.9 ± 1.1.
In group B, 20, 7, and 7 patients received

0.01% morphine solution at a rate of 1
ml-hr t ", 2 ml-hr r ", and 2 ml-hr"! followed
by 1 ml-hr"! after 24 hr, respectively. The

mean total morphine consumption was 3.1 ±
1.3 ILg·kg-l.hr- l. Patients in group B also
had good postoperative analgesia, the mean
pain relief score being 1.3 ± 1.1, which was
not significantly different from that in group
A. The numbers of patients who did not
request supplemental analgesics and required
analgesics more than once were 19 (56%) and
6 (18%), respectively, both of which were
also not significantly different from those in
group A. All the patients in this group,
however, required additional bolus injections
of morphine especially at the beginning of
the postoperative period, and the frequency
of the injections was 2.1 ± 1.7 injections/ 48
hr period.

In group C, the patients firstly received
0.25% bupivacaine solution with 0.005%
morphine at a rate of 2-4 ml-hr"! un
til the solution amounted to 40 ml. Then
the concentration of bupivacaine was de
creased to 0.125%, while that of mor
phine was kept unchanged (45 patients)
or decreased to 0.0025% (13 patients). The
mean total bupivacaine consumption in this
group was 0.11 ± 0.02 mg.kg-l.hr- l, which
was considerably smaller than in group A
(P < 0.01), while that of morphine was 3.5

GroL() CGroup 8Group A

40

Fig. 1. Frequency of analgesic usage
The degree of pain relief was evaluated in terms

of the frequency of analgesics prescribed during
t.he first 48 postoperative hours. White columns
= no analgesics; oblique-lined columns = no anal
gesics but antifebriles; black columns = anal
gesics only once; crossed-lined columns = anal
gesics more than once.

* Significantly different from group A, P <
0.05.

+ Significantly different from group B, P <
0.05.

Table 3. Complications in three study groups

Complication Group A
(n = 28)

Number
Group B
(n = 34)

Group C
(n = 58)

o
2 (3%)

10 (17%)*
2 (3%)*
0**
8 (14%)*
o

o
1 (3%)
6 (18%)*
0*
0*
2 (6%)
1 (3%)

o
o
o
5 (18%)
5 (18%)
o
o

Headache
Nausea/Vomiting
Pruritus
Numbness
Motor loss
Drowsiness
Respiratory depression'f
Hypotension requiring

volume, pressors 6 (21%) 1 (3%)* 9 (16%)
Peristaltic depression 0 4 (12%) 0+

#Respiratory depression was defined as the appearance of a
respiratory rate lower than 10 breaths per minute and/or Paco 2

higher than 55 mmHg.
*Significantly different from group A, P < 0.05.
**Significantly different from group A, P < 0.01.
+Significantly different between groups B and C, P < 0.05.
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± 1.0 JLg·kg-1.hr-1, which was not signifi
cantly different from that in group B. The
mean pain relief score was 0.9 ± 0.8 and
the number of patients who did not re
quest supplemental analgesics was 46 (80%),
both of which were significantly larger than
in group B. And the number of patients
who required analgesics more than once was
only 2 (3%), which was considerably smaller
(P < 0.05). In addition, the number of pa
tients whose pain relief score was 1 was
significantly larger than in group A. Eighteen
patients in this group required additional bo
lus injections of the combination, and the
frequency of the injections was 0.7 ± 1.2 in
jections/48 hr period, which was significantly
smaller than in group B (P < 0.01).

Complications
The complications in the three study

groups are summarized in table 3. Six pa
tients (18%) in group Band 10 patients
(17%) in group Chad pruritis, while no
patients in group A did (P < 0.05). Six
patients (21%) in group A (P < 0.05) and
9 patients (16%) in group C (no statistical
significance) developed severe hypotension,
which was immediately and successfully con
trolled by the anesthesiologists, while no
patients did in group B. The incidence of
weakness and numbness of hand(s) or leg(s)
in group A was significantly higher than in
the two other groups (P < 0.05). Peristaltic
depression occurred only in group B. A sig
nificantly larger number of patients in group
C complained of drowsiness than in group
A (P < 0.05). Only one patient in group B
developed respiratory depression.

Discussion

Previous studies have demonstrated that
epidural administration of local anes
thetics effectively relieves postoperative
pain1,2 , improves postoperative pulmonary
function2,7 ,8 , and minimizes endocrine
metabolic and stress responses'' associated
with surgery and postoperative pain. This
study likewise demonstrated that the contin
uous postoperative epidural infusion of bupi
vacaine provided excellent analgesia. There
were, however, some unavoidable complica-

tions in these regimens. First, weakness and
numbness of hands and legs often occurred,
which aroused severe anxiety in many pa
tients. Second, severe hypotension took place
due to sympathetic nerve blockade in the up
per thoracic region!". Furthermore, excessive
blood concentration of local anesthetics is a
potential problem associated with continuous
epidural infusion of bupivacaine. There was,
however, no evidence of systemic toxicity
in this study. Satisfactory analgesia would
have required larger volumes of local anes
thetics after major surgery involving simul
taneous thoracic and abdominal procedures
such as esophagectomy. And it has been re
ported that tachyphylaxis is also associated
with maintenance of analgesia by continuous
epidural blockade with local anestheticsll .

Our data demonstrated that postoperative
analgesia provided by the continuous epidu
ral infusion of morphine was also excellent.
More than half of the patients in this regi
men did not request supplemental analgesics,
which was not significantly different from
that of bupivacaine. Several researchersb!
also have recognized its efficacy. El-Baz et
al.", for example, reported that the contin
uous epidural infusion of morphine at 0.1
mg-hr"! with intravenous morphine (2 mg)
supplementation achieved effective pain relief
after thoracic operations. However, several
problems are associated with this regimen.
First, inadequate pain relief at the begin
ning of the infusion often required additional
bolus injections of the solution. Second, peri
staltic depression occurred in a large number
of patients. Parenteral and epidural opi
oids are known to induce gastrointestinal
stasis12 and therefore it would appear that
this method of pain relief should be avoided
following abdominal surgery which inhibits
gastrointestinal motility. Third, we encoun
tered one case of delayed respiratory depres
sion. Therefore, patients, particularly elderly
and high risk patients, should be moni
tored carefullyr". Finally, it has been shown
that the respiratory dysfunction observed af
ter major surgery, such as upper abdominal
surgery, was not modified by selective spinal
analgesia achieved by epidural injection of
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opiates. Simmoneau et a1.14 demonstrated
that the dysfunction was not modified after
epidural opioids.

This study was designed to determine
if postoperative analgesia provided by the
continuous epidural infusion of the combina
tion of bupivacaine and morphine could be
superior to the analgesia provided by the
single regimens. As shown in our results,
this appears to be true, and this regimen
also circumvents to some extent the fore
going problems of the other regimens. Fur
thermore, considering that some analgesics
etdministered in this study group were used
for sedation of ventilated patients and if
surgical procedures had been equally dis
tributed between this group and group A,
there would have been more striking dif
ference in pain relief scores between these
groups. This is in agreement with several
previous studies'" -17 which have shown syn
ergetic effects of combinations of epidural
opioids and local anesthetics, while reducing
the incidence and severity of side-effects. Al
though Logas et aP8 reported contradictory
results which showed no significant difference
between the continuous infusion of morphine
alone and the combination of morphine and
bupivacaine following thoracotomy, it may
presumably be the result of their larger doses
of morphine than ours.

Besides its excellent analgesia, the use of
the combination regimen had some other ad
vantages. First, we found that patients who
received this regimen had a reduced inci
dence of peristaltic depression, which sug
gested that concomitant bupivacaine might
attenuate the depressive effect on gastroin
testinal motility by epidural morphine. It has
been shown that in such a situation with
considerable sympathetic discharge as occurs
after abdominal operations, epidural analge
sia normalizes the electric activity of the
stomach a'nd intestine!". Second, because of
an increased likelihood of drowsiness, which
is presumed to be due to a central effect sec
ondary to vascular absorption of morphine,
we found this regimen to be of great value
in sedating critically ill patients, especially
ventilated patients. Many patients could do

without an administration of sedatives, also
during the night.

On the other hand, some patients were
induced into severe hypotention that neces
sitated immediate treatment by the anesthe
siologists. Considering that 5 out of these
9 patients underwent esophagectomy which
was one of the most invasive operations
and had a tendency to postoperative hypov
olemia, it may be concluded that lower doses
of epidural bupivacaine than in group A were
necessary and successful.

In summary, this study shows that the
continuous epidural infusion of bupivacaine
or morphine alone, or the combination of
bupivacaine and morphine produces a stable
level of analgesia, and proves to be a prac
tical method after major surgery. Out of the
three regimens, the combination technique
can provide most excellent postoperative
analgesia with an acceptable level of com
plications irrespective of surgical procedures
performed.

(Received Jun. 2, 1989, accepted for publica
tion Sep. 21, 1989)
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