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Continuous-plus-on-demand Epidural Infusion of Morphine for

Postoperative Pain Relief by Means of a Small, Externally

Worn Infusion Device

J. Chrubasik, M.D.,* and K. Wiemers, M.D.t

In this study, 50 patients received an initial bolus epidural
injection of 2 mg morphine-hydrochloride followed by a contin-
uous-plus-on-demand epidural infusion of a 0.256% morphine-
hydrochloride solution by means of a small, externally worn
infusion device, for constant pain relief after abdominal operations.
Mean morphine consumption on the operation day (until 8:00 AM
on the first postoperative day) was 4.8 + 0.2 mg, on the first
postoperative day (until 8:00 AM on the second postoperative day)
1.9 % 0.2 mg, and on a second postoperative day until 8:00 PM,
0.6 = 0.1 mg. The mean morphine consumption over 50 h was 7.1
+ 0.3 mg; in the first 25 h and in the following 25 h after the
operation, 5.44 * 0.3 mg and the significantly lower amount of
1.64 + 0.2 mg morphine, respectively, were consumed (P < 0.001).
There were no serious side effects. Serum levels of free, unmetab-
olized morphine immunoreactivity decreased during the treatment.
The described method is recommended for treating postoperative
pain, as it offers constant analgesia and the possibility of individ-
ualized treatment. (Key words: Analgesics: morphine-HCI. Anes-
thetic technique: epidural, on-demand infusion. Pain: postoperative.)

SINCE COOMBS first described continuous epidural mor-
phine infusion for chronic pain relief,' other favorable
reports have been published.*™ In order to determine
whether continuous epidural morphine infusion also is
effective in treating acute pain, we recently investigated
patients after abdominal operations.” Surprisingly, only
low doses of morphine were needed to maintain analgesia
of constant quality. Moreover, an initial bolus epidural
injection prior to the morphine epidural infusion reduced
total morphine consumption in the early postoperative
period.® The aim of the present study was to evaluate
the method in a greater number of patients.

Methods

Fifty patients (30 men, 20 women, age range 25-82
yr), who were to undergo abdominal operations, were
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investigated. The subjects were fully informed, and the
protocol received institutional approval by the Depart-
ment of Anesthesiology of the University of Freiburg.
All patients were given 0.5 mg atropine, 50 mg demerol,
and 20 mg triflupromazine for premedication. The
clinical details of the patients are summarized in table
1. Immediately preceding the operation, an epidural
catheter was placed between the TH 10 and L-3 inter-
space, according to the operation. A test dose of 3 ml
mepivacaine was administered to confirm the correct
catheter position. All patients received thiopental, NyO
and halothane; in addition, 46 patients received mepi-
vacaine via the epidural catheter. Pain scores were
assessed on a modified visual pain analogue scale (no
pain = 0, worst pain = 10).” In order to guarantee an
individualized pain treatment, patients were asked to
indicate their pain score frequently, as well as at the
predetermined intervals of our project protocol: at the
beginning of the treatment, after 1 h, at 8:00 PM on
the operation day, and subsequently every 12 h until
8:00 PM on the second postoperative day. Furthermore,
the patients were told that if they experienced any
discomfort or pain, they were to press a button on the
bed to summon the nurse, who would react to their
individual pain according to their scores on the analogue
scale,

Postoperatively, 2 mg of preservative-free morphine—
hydrochloride in 1 ml were administered by syringe
through the epidural catheter, which was already in
place. Following this bolus epidural injection, a 0.25%
morphine-HCl solution was infused by means of a small,
externally worn infusion device (Promedos E1, Siemens,
Erlangen; see fig. 1), at a basal rate of 0.06 m!/h (=0.16
mg morphine/h). If after 60 min from the beginning
of the treatment the pain score remained above 5, a
second bolus epidural injection of 2 mg morphine-HCl
was administered by syringe. If in the course of the
treatment, the pain score exceeded 3 on the pain
analogue scale, extra epidural infusions of 0.25 ml over
60 min, supplementary to the basal rate, were provided
by the staff on demand. The basal dose rate was reduced
stepwise (0.04 ml/h; 0.03 ml/h; 0.01 ml/h) at the
predetermined intervals of 12 h, starting at 8:00 PM on
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Tasre 1. Operations and Clinical Data of the Patients

J. CHRUBASIK AND K. WIEMERS

Proctocolectomy

Proctopexy

Colectomy

Gastrectomy

Cholecystectomy + choledochotomy
Cholecystojejunostomy

Cholecystectomy + hepaticojejunostomy
Cystectomy

Pallative abdominal operation
Nephrectomy

Fascioplasty

Herniotomy

Lymphadenectomy

Exploratory laparotomy in cancer patients
Aortoplasty

Age 25-82 yr
Weight 68 + 14 kg
Size 167 £ 8 cm
Male:female 30:20
Length of operation 137 = 65 min
Length of anesthesia 223 + 73 min
Intraoperative mepivacaine (n = 46) 342 £ 120 mg
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the operation day, but only after the pain score had
remained at 0 for at least 3 h.

In accordance with Zenz et al., morphine consumption
on the operation day (until 8:00 AM) on the first
postoperative day), on the first postoperative day (until
8:00 AM on the second postoperative day), and on the
second postoperative day until 8:00 PM was recorded.”
In addition to the regular supervision, blood pressure,
pulse, and respiratory rate were measured twice daily
until the second postoperative day; the arterial blood
gases were measured daily until the third postoperative
day. Blood samples were taken prior to the operation,
at 8:00 M on the operation day, and subsequently

Fic. 1. The externally portable infusion device, worn around the
patient’s neck, for example (size: 11.4 X 6.6 X 2.7 cm, weight: 260
g with the reservoir empty), is connected to the epidural catheter,
which is fixed on the patient's back by a special plaster.
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every 12 h to determine free morphine immunoreactivity
by radioimmunoassay (RIA Diagnostic Products Corpo-
ration, Los Angeles, California), whose antibody is spe-
cific for pharmacologically active, unmetabolized mor-
phine. Cross-reactivity to morphine-3-glucuronide is
0.22%. For statistical calculations, the ¢ test for paired
and unpaired data were used.

Results

Mean morphine consumption (zSEM) on the opera-
tion day was 4.8 + 0.2 mg (range: 3.8-8.1 mg), on the
first postoperative day, 1.9 + 0.2 mg (range: 1.3-4.5
mg), and on the second postoperative day, 0.6 * 0.14
mg (range: 0.0-1.9 mg) (fig. 2). Because the operations
ended at various times of the day between 11:00 AM
and 6:00 PM, the minimum period of treatment was at
least 50 h. The mean morphine consumption over 50 h
was 7.1 £ 0.3 mg; in the first 25 h and in the following
25 h after the operation, 5.44 =% 0.3 and the significantly
lower amount of 1.64 = 0.2 mg morphine, respectively,
were consumed (P < 0.001). Individual patterns of in-
fusion rates of five patients are presented as examples
in figure 3.

Analgesia was attained in 40 patients within 1 h after
the beginning of the treatment. After 1 h of treatment,
four patients required a second 2-mg bolus epidural
injection of morphine, and six patients required an extra
epidural infusion. Mean subjective pain while immobile
remained continuously under 1, and pain under physical
stress (coughing, moving, etc.), below 2 on the visual
analogue scale (table 2). In order to maintain. analgesia
throughout the treatment, it was necessary to give 18
patients extra epidural infusions, supplementary to the
basal epidural infusion. In individual cases, patients
received up to four extra epidural infusions of 0.25 ml
over 60 min.

During the treatment, blood pressure, heart rate,
respiratory rate, arterial carbon dioxide tension, and
the pH of the blood, measured at the predetermined
intervals and during regular supervision, showed no
change necessitating treatment. Arterial blood oxygen
tension increased from 82 * 1 to 100 = 5 mmHg as a
consequence of postoperative oxygen therapy but sub-
sequently returned to a normal level. Nine patients (five
men, four women, age range: 25-82 yr) complained of
urinary retention, but none required a bladder catheter.
These patients, who were all among the 46 who had
received mepivacaine intraoperatively via the epidural
catheter, consumed a total of 6.6 = 0.9 mg morphine.

Four patients suffered briefly from nausea and vom-
iting before administration of the morphine; three pa-
tients suffered the same following the bolus epidural
injection. None of the patients required antiemetic
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Fic. 2, Mean morphine consumption (mg) on the day of the
operation, the first and second postoperative day during continuous-
plus-on-demand epidural infusion of morphine. Total morphine
consumption = 7.3 + 0.4 mg (range: 5.1-12.6 mg).

drugs. Other side effects did not occur, and there were
no complications with the catheters.

Sixteen patients required a total of 132.4 mg triflu-
promazine and 55 mg diazepam, particularly during the
night, in order to sleep. The total morphine consumption
of these patients until 8:00 PM on the second postoper-
ative day was 8.8 + 0.6 mg. The 34 patients who did

POSTOPERATIVE EPIDURAL INFUSION OF MORPHINE
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Fic. 3. Individual infusion patterns of 5 (of 50) patients who were
treated by continuous-plus-on-demand epidural infusion of morphine
for constant pain relief after abdominal operations. The maximum
basal rate of the 0.25% morphine solution was 0.06 ml/h. | = Bolus
injection of 2 mg morphine;—— = extra infusion of 0.25% morphine
solution.

not need sedatives consumed the significantly lower
amount of 7.3 + 0.4 mg (P < 0.001).

During continuous-plus-on-demand, low-dose mor-
phine epidural infusion, free, unmetabolized morphine
immunoreactivity decreased from 6.7 + 0.9 ng/ml at
8:00 PM on the operation day to 1.3 % 0.4 ng/ml at
8:00 PM on the second postoperative day (P < 0.001)

(fig. 4).

Discussion

The above results confirm that continuous-plus-on-
demand, low-dose epidural infusion of morphine is an
excellent analgesic treatment following abdominal op-
erations. The method offers constant analgesia and the
possibility of individualized treatment. Subjective pain,
which varies greatly among patients undergoing the
same operation, is the variable on which morphine
supply is based. Higher morphine requirements can be
satisfied by infusions supplementary to the basal rate of
morphine, administered on the patient’s demand. The
maximum basal rate of 3.75 mg morphine per day
following the initial bolus epidural injection of 2 mg

TABLE 2. Subjective Pain Score on the Modified Visual Pain Analogue Scale (No Pain = 0, Worst Pain = 10) during Continuous-plus-on-
demand Epidural Infusion of Morphine on the Operation Day, the First and the Second Postoperative
Days (Day 1 and Day 2), (n = 50, mean *x SEM)

Operation Day Day 1 Day 2
After the
Operation at 60 min 8:00 py 8:00 AM TR0 pM 8:00 AM 8:00 pM
While immobile 7+06 1.8 +0.2 0.70.2 0.6 £0.2 0.2 £ 0.1 0.1x0 0x0
While under physical stress
(coughing, moving, etr.) | 8 0.5 26 +0.3 1.7 £ 0.3 1.3 +£ 0.2 1.2 £ 0.2 0.6 + 0.2 0.2 £0.1
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FiG. 4. Serum concentrations of free, unmetabolized morphine
immunoreactivity during continuous-plus-on-demand epidural infusion
of morphine for postoperative pain relief.

was chosen empirically, because bolus epidural injections
of less than 5 mg morphine are generally insufficient
for pain relief after abdominal operations.*”'' With this
dosage, constant analgesia could be maintained in more
than 60% of the patients. Less than 40% of the patients
needed supplementary epidural infusions of morphine
and less than 10% additional bolus epidural injections
of 2 mg morphine to keep the subjective pain score
below 2,

As we have demonstrated recently, there is no loss of
analgesic effectiveness when epidural morphine is in-
jected in low volumes.'?'® Therefore, it is of no surprise
that total morphine consumption for constant pain relief
is at approximately the same level with postoperative,
continuous-plus-on-demand epidural infusion of mor-
phine as with epidural treatment by intermittent bolus
injections of morphine.? Yet periods of pain inevitable
with intermittent treatment are eliminated, presumably
because with low-dose morphine epidural infusion, con-
stant analgesia is maintained by the continuous replace-
ment of morphine that diffuses from the opiate receptors
of the spinal cord. The speed of the morphine that
actually penetrates the dura, its distribution in the
cerebrospinal fluid, and the extent of its binding on
receptors determine the onset time of the analgesic
effect of epidural morphine. Epidural morphine takes
full analgesic effect generally up to 1h after bolus
epidural injections of morphine.”'*"'® Qur results con-
firm this. To minimize the onset of time of analgesia,
the epidural catheter should be placed into the epidural
interspace area with maximum nociceptive input.'’

We already have shown that a 2-mg bolus epidural
injection of morphine prior to the epidural infusion
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reduces total morphine consumption postoperatively.'®
In epidural pain treatment by bolus injections, the
optimal dosage for the first bolus epidural injection
seems to be 2 mg,'* because higher amounts of morphine
do not speed up onset of analgesic efficacy.

The risk of respiratory depression has been a major
point of contention for opponents of administration of
epidural morphine in the postoperative period.™'"*
Until now, however, there has been no indication that
respiratory depression results from continuous infusion
of morphine, even with those increasing basal rates that
are necessary for long-term treatment of cancer pa-
tients.>* Hug et al. have shown that there is a relation
between the morphine concentration in the cerebello-
medullary cistern and the end-tidal COg, following
intravenous morphine administration.?' It seems evident
that morphine concentrations in the cerebellomedullary
cistern should be kept as low as possible. Our investi-
gations in dogs proved that the morphine concentrations
near the respiratory center are significantly lower under
epidural infusion of morphine than with bolus epidural
injections of morphine.22 Therefore, we conclude that
the risk of respiratory depression also will be lower
under treatment by continuous-plus-on-demand epidural
infusion of morphine following an initial, low-volume
bolus epidural injection than by treatment with bolus
epidural injections.

While tachyphylaxis and accumulation of local anes-
thetics in the blood occur under postoperative continu-
ous-plus-on-demand infusion of local anesthetics,?***
our results show that no tachyphylaxis occurred during
postoperative short-term treatment with epidural infusion
of morphine (fig. 2), and that under the treatment,
serum morphine concentrations decreased (fig. 4).

Continuous epidural low-dose treatment with mor-
phine does not appear to sedate the sensorium to a
great extent.?” Therefore, some patients required the
administration of sedatives to be able to sleep at night.
The amounts of morphine consumed by patients who
had received sedatives were not reduced by the concom-
mitantly administered drugs.

Urinary retention, seen in less than 20% of the
patients, can be attributed partly to morphine and partly
to mepivacaine. Morphine affects the tone of the bladder
muscle irrespective of the dosage administered®®; and
approximately 20% of patients who receive local anes-
thetics intraoperatively suffer from bladder disorders in
the early postoperative period.*” At any rate, none of
the cases was so severe that a bladder catheter was
required.

In summary, continuous-plus-on-demand, epidural in-
fusion of morphine for treatment of postoperative pain
has the following advantages: low morphine consump-
tion, constant analgesia, individualized treatment, no
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POSTOPERATIVE

incidence of respiratory depression, the practicality of
the device, and the convenience of the method. The
only disadvantages are occasional urinary retention and
nausea or vomiting. The described method therefore
can be recommended for treating postoperative pain,
especially when epidural anesthesia is indicated.
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