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Epidural Bupivacaine /Sufentanil Therapy for
Postoperative Pain Control in Patients Tolerant
to Opioid and Unresponsive to Epidural

Bupivacaine /Morphine
Oscar A. de Leon-Casasola, M.D.,* Mark J. Lema, Ph.D., MDY

Background: Opioids are thought to have equal analgesic
effects when equivalent doses are used. However, sufentanil
may achieve maximum effect while occupying fewer spinal
opioid receptors (higher intrinsic efficacy). Therefore, sufen-
tanil may be more effective than morphine when administered
intraspinally in oploid-tolerant patients.

Methods: This study evaluated 20 chronic cancer pain pa-
tients who underwent abdominal surgery for tumor resection.
All patients used large doses of morphine (> 250 mg/day™")
preoperatively for 3 months or longer. Intraoperatively, pa-
tients received combined general-epidural anesthesia with
0.5% bupivacaine and 0.02% morphine at 8 ml/h™, Postoper-
ative continuous epidural analgesia with 0.1% bupivacaine and
0.02% morphine at 5 ml/h™ plus intravenous patient-con-
trolled analgesia morphine (3 mg every 6 min) was given.
Epidural infusions were increased every 30 min by 1 ml/h™*
to achieve a dynamic (during coughing) visual analog pain
score (VAPS) of less than 5/10. If the desired VAPS was not
achieved after 6 h or the epidural morphine infusion was in-
creased to 2 mg/h™", 50 pug of sufentanil in 10 ml of normal
saline was given as an epidural bolus dose. The epidural in-
fusion then was switched to 0.0002% sufentanil (2 pg/ml™")
and 0.1% bupivacaine (1 mg/ml ") at 7 ml/h™", Further titration
to maintain a dynamic VAPS of less than 5/10 occurred every
4 h.

Results: Mean preoperative daily oral morphine use was 380
+ 97 mg (range 290-490) for 4 + 1 months. Before the switch
to sufentanil, patients had received a mean maximum mor-
phine dose of 8.8 + 0.2 mg intraoperatively plus 9.0 + 1.2 mg
during 4.2 + 0.3 h postoperatively (1.8 + 0.4 mg/h™"), at which
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point VAPS ranged between 7-10/10. All patients experienced
adequate analgesia within 1 h of starting sufentanil therapy.
The mean sufentanil dose during the first 4 h of treatment
was 17 + 0.2 pg/h™'. At this time, VAPS ranged from 0-3/10.
Satisfactory analgesia was achieved with sufentanil at a lower
than a calculated equally potent dose of morphine (23 pg/h™’
vs. 17 ug/h™', P < 0.01). Intravenous patient-controlled anal-
gesia morphine requirements were also lower (7.8 mg/h™* vs.
2.0 mg/h™}, P < 0.01). Length of morphine and sufentanil
therapies were 5 + 3 h and 10 *+ 2 days, respectively. No patient
experienced signs or symptoms of opioid withdrawal.

Conclusions: These results suggest that sufentanil can be used
successfully in opioid-tolerant patients who do not experience
adequate pain control in the early postoperative period despite
alarge dose of epidural morphine. Moreover, sufentanil should
be considered an effective alternative therapy for postoper-
ative pain control in chronic opioid users using high doses of
oral opioids before surgical intervention. (Key words: Anal-
gesics, epidural: morphine; sufentanil. Analgesics, opioid:
withdrawal. Anesthetic techniques: epidural. Pain: postoper-
ative.)

CANCER patients with chronic pain usually require
large doses of opioids due to disease progression, tol-
erance, or a combination of both. Tolerance usually
develops within 1 to 2 weeks after therapy has been
started."? Patients using high doses of opioids may re-
quire surgery. Therefore, postoperative pain control
and physiologic withdrawal may be a problem. We have
suggested that chronic pain patients treated for post-
operative pain exhibit cross-tolerance between sys-
temic and epidural morphine.* This cross-tolerance re-
sults in higher morphine-bupivacaine requirements
than those of opioid-naive patients to obtain the same
degree of pain control.” However, some chronic opioid
users who receive large doses of opioids preoperatively
will not experience adequate postoperative pain con-
trol despite large doses of epidural bupivacaine—mor-
phine.

Sufentanil appears to have a greater antinociceptive
effect than does morphine in both opioid-tolerant
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animals’ and humans.® Therefore, we conducted a study
to evaluate the efficacy of epidural sufentanil-bupi-
vacaine infusions in chronic cancer patients taking large
doses of oral opioids who did not experience adequate
postoperative pain control despite receiving large doses
of epidural morphine-bupivacaine both intraopera-
tively and during the carly postoperative period. The
hypothesis is that patients with opioid tolerance obtain
adequate pain control with epidural sufentanil when
an cquivalent dose of epidural morphine fails to pro-
vide adequate analgesia.

Methods

After gaining the approval by our Committee on Hu-
man Research and obtaining patient consent, we stud-
icd 20 cancer patients requiring postoperative pain
control.

To be included in the study, the patients had to: (1)
be a cancer patient scheduled for abdominal surgery
and using a large dose of oral morphine sulfate (> 250
mg/day™"), (2) have satisfactory control of chronic pain
(visual analog pain score (VAPS) < 4/10, where 0 =
no pain and 10 = excruciating pain), (3) have had no
changes in opioid intake during the 2 weeks before
surgery, and (4) have a VAPS > 5/10 despite epidural
morphine infusions of = 1.5 mg/h™' for at least 4 h.

Exclusion criteria were: (1) refusal to permit epidural
catheter insertion, (2) coagulopathy, (3) existing neu-
rologic deficit, (4) preoperative therapy with < 250
mg oral morphine per day or the use of opioid treatment
for less than 3 months regardless of the dose, (5)
changes in the dose of opioids in the 2 weeks before
surgery, (6) pain intensity > 4/10 in the VAPS, and
(7) antihypertensive therapy with clonidine or cap-
topril.

After routine monitors were placed in the operating
room, the patient was placed in the right lateral de-
cubitus position and given an epidural catheter through
which midazolam (1-2 mg) and sufentanil (5-10 ug)
were administered intravenously (1V) for sedation. For
upper abdominal procedures, catheters were intro-
duced in the T7-T8 or T8~T9 interspace via a para-
median approach. For lower abdominal procedures,
catheters were inserted in the T9-T10 or T10-T11 in-
terspace. All catheters were tested for intravascular or
subarachnoid placement with 3 ml 1.5% lidocaine plus
epinephrine (5 pg/ml™"). General anesthesia was in-
duced with thiopental (2-3 mg/kg™"), and sufentanil

(0.5~1 pg/kg™" IV). After the administration of a prim-

Anesthesiology, V 80, No 2, Feb 1994

ing dose of 0.001 mg/kg™', vecuronium (0.1 mg/kg ™'
1V) was used to facilitate tracheal intubation. Bupiva-
caine 0.5% was then injected through the epidural
catheter in 5 ml increments to a maximum of 10-15
ml, depending on the number of dermatomes that
nceded to be anesthetized. Immediately after the ad-
ministration of the first bolus dose of bupivacaine, a
continuous infusion of 0.5% bupivacaine and 0.026%
morphine (8 mg in 30 ml) was started at 8 ml/h™" and
titrated according to hemodynamic stability.

After surgery, patients were transferred to the post-
anesthesia care unit or the surgical intensive care unit
where an epidural infusion of 0.19% bupivacaine and
0.02% morphine was started at 5 ml/h™', and IV patient-
controlied analgesia (PCA) morphine (3 mg cvery 6
min) was provided within 20 min of arrival. If patients
complained of pain within the first 4 h of therapy, a
test dose of 0.25% bupivacaine (10 ml in 5 mlaliquots)
was administered to determine proper position of the
catheter. If testing by the pin-prick technique indicated
that no sensory block had developed, the catheter was
removed and the patient was withdrawn from the study.
Conversely, if pain relief was achieved, the infusion
rate was increased by 1 ml/h™ every 30 min until the
pain intensity in the VAPS was < 4/10. If a VAPS of <
4/10 was not achieved after 6 h or the epidural mor-
phine infusion was = 2 mg/h™', sufentanil (50 pg in
10 ml of normal saline solution) was administered as
an epidural bolus, and the epidural infusion was
switched to 0.0002% sufentanil (2 pg/ml™") and 0.1%
bupivacaine was infused at 7 ml/h™". Further titrations
to maintain a VAPS of < 4/10 were performed cvery
30 min during the first 6 h of treatment and every 2 h
thereafter by increasing the infusion rate by 1 ml/h™.
No further epidural bolus of sufentanil was adminis-
tered.

All patients were evaluated with the VAPS scale by
the Acute Pain Service every 6 h for pain. Signs of with-
drawal (opioid craving, anxiety, yawning, perspiration,
lacrimation, rhinorrhea, insomnia, mydriasis, pilo-
erection, tremors, hot and cold flashes, hypertension,
tachycardia, hyperpyrexia, tachypnea, vomiting and
diarrhea),® signs of subcutaneous catheter migration
(increased use of IV PCA morphine associated with no
sensory block after a test dose of of 0.25% bupivacaine
with 5 pg/ml™! epinephrine), subdural or subarachnoid
catheter migration (sudden and rapid progression of
the sensory block with increasing somnolence), and
overdosing were assessed. The catheter insertion site
was evaluated every 24 h for signs of infection. In ad-
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dition, ward nurses evaluated patients every 2 h for
quality of pain control and side effects, so that infusion
rates could be adjusted.

Dynamic pain scores (intensity of pain when patient
moved) were kept below 4/10 by titrating infusions
of 1 ml/h™". If no pain control was achicved (VAPS >
4/10) after 2 consecutive hours and the use of IV PCA
morphine was 18 mg or more during that period, the
position of the catheter was reassessed as described
above. If no sensory block developed, patients were
given IV PCA dihydromorphone therapy and withdrawn
from the study. Conversely, if sensory block developed,
the infusion rate was increased by 1 ml/h™'. When dy-
namic pain scores remained less than 4/10 and 1V PCA
morphine use was less than 12 mg during a 6 h period
(while awake), the infusion rate was decrcased by 1
ml/h™". Epidural catheters were removed when the in-
fusion rate was 2 ml/h™" and the dynamic VAPS was <
4/10 during a 6 h period.

Data recorded for analysis included the amount of
epidural morphine that patients received both intra-
operatively and postoperatively before the switch to
sufentanil was made (T,), the total time of postoper-
ative epidural morphine infusion, and the mean infu-
sion dose of sufentanil 4 h after the switch (T,). A two-
sided ¢ test was used to compare the mean effective
dosc of sufentanil (T,) with the dose of morphine that
patients were receiving before the change (T,). For
this comparison, the dose of morphine was converted
to sufentanil equivalents based on a 80:1 ratio.*7:*
Therefore, the null hypothesis was that T, = T, for a
patient, i.e., if a given amount of epidural morphine
did not achieve pain control, then, based on the as-
sumption that morphine and sufentanil are equally an-
algesic, the equivalent amount of sufentanil also should
be insufficient for pain control. The null hypothesis
therefore was rejected at the P < 0.05 level.

Results

Twenty patients, aged 31 % 6 yr, undergoing major
abdominal procedures for cancer were enrolled in the
study during an 18-month period. Twelve patients were
male and eight were female. Preoperative mean oral
morphine usage was 380 £ 97 mg/day™' (range 290-
490) for 4 £ 1 months.

As seen in table 1, the mean intraoperative use of
morphine was 8.8 + 0.2 mg during 4.2 + 0.3 h. Before
the switch to sufentanil (T,), patients were receiving
1.8 + 0.4 mg/h™' (1800 * 432 ug/h™") of epidural
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morphine (23 x5 equianalgesic ug/h™' of sufentanil),
at which point pain intensity, as judged by VAPS, ranged
between 7/10 and 10/10. The length of epidural mor-
phine-bupivacaine therapy was 5 = 2 h. Therefore,
patients received a total of approximately 17 mg of
epidural morphine during 9 h of intra- and postoper-
ative therapy before the switch to sufentanil-bupiva-
caine therapy was made. Moreover, during this period
of time, patients self-administered 39 £ 9 mg of mor-
phine via IV PCA.

During the first 4 h of therapy with sufentanil (T,),
patients received 17.0 + 0.2 ug/h™" (P < 0.01, T, vs.
T,) and used only 8 = 3 mg of morphine via PCA, while
recorded VAPS ranged from 0/10 to 3/10. Thus, all
paticnts experienced adequate pain control within first
4 h of sufentanil-bupivacaine therapy. The length of
epidural bupivacaine-sufentanil therapy was 10 + 2
days. The daily doses of sufentanil and IV PCA morphine
during the first 6 postoperative days decreased from
268 * 34 pg/day”' 1o 187 + 48 pg/day ' and 92 = 7
mg/day”™' to 5 + 3 mg/day”', respectively (table 2).

No patient experienced signs or symptoms of opioid
withdrawal.

Discussion

Cross-tolerance after opioid administration by differ-
ent routes may limit the effectiveness of postoperative
epidural morphine unless three to four times the usual
doses are used.**'* Current evidence suggests that
tolerance occurs as a result of progressive loss of re-
ceptor site action due to prolonged agonist exposure.
Desensitization or uncoupling of the receptor from the
guanosine triphosphate-binding subunit decreases ag-
onist binding affinity.''~'> Loss of receptors from the
cell surface also may result in fewer binding sites and
decreased action.''™'® Thus, the desensitization to ag-
onist binding and the loss in the number of opioid re-
ceptors results in higher dose requirements. Cross-tol-
erance at the spinal level is characterized as being both
time- and dose-dependent'®'”, as well as specific to the
receptor complex.'”!'#

Traditionally, opioid agonists such as morphine, fen-
tanyl, and sufentanil were believed to have equal max-
imum analgesic effect when equivalent doses were
used.'” However, it is possible that maximum drug ef-
fect can be achieved by these opioids while they occupy
different proportions of the available receptor sub-
types.?® This difference is a reflection of the agonist’s
efficacy: Agents that require low receptor occupancy
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Table 1. Summary of Perioperative Data (n = 20)

T1 (Amount of Epidural Mso, Given until Conversion)

T2 (First 4 h of Epidural Sufentanil Therapy)

Intraoperative use (mg)

Duration of surgery (h)

Duration of postoperative epidural morphine use (h)

Rate of epidural opioid use (mg/h)

Total intravenous morphine patient-controlled
analgesia use (mg)

VAPS

Duration of epidural sufentani! therapy (days)

8.8+ 02 —
42+03 —
5.0+2.0 —
18+06 0.017 + 0.0002 (17 % 0.2 ug/h)
39 +9 8+3
7-10 0-3
— 10+2

(e.g., sufentanil) are defined as having high effective-
ness. A study using noncompetitive antagonists (b-fun-
altrexamine) has demonstrated that sufentanil is more
effective than morphine in terms of relative efficacy.””
At the highest concentration of b-funaltrexamine, suf-
ficient receptors were blocked and morphine was con-
verted into a partial agonist. Conversely, sufentanil re-
mained a full agonist and retained full intrinsic activity.

In an experimental model in which animals were
made tolerant to different opioid agonists with chronic
opioid infusions, a marked right shift in the dose-re-
sponse curve for morphine was found (greater than
100-fold). In contrast, the infusion of sufentanil re-
sulted in a significantly smaller shift (less than ten-
fold).?? This observation implies that two agents that
act at the same receptor may show an asymmetric cross-
tolerance.?*

In humans, the tolerance and cross-tolerance phe-
nomenon remains controversial. Patients receiving in-
trathecal morphine have shown less than a threefold
increase in the dose required to achieve pain control
during a 3-month period.?*** Converscly, patients with
well controlled cancer pain using oral opioid therapy
who underwent surgery and complete tumor removal
(source of pain) demonstrated cross-tolerance when
treated with epidural morphine for postoperative pain
control.*?

In this study, patients with well controlled chronic
cancer pain receiving 380 + 97 mg/day”' of oral mor-

phine before admission to the hospital experienced
severe postoperative pain (VAPS 7-10/10) despite
large doses of epidural morphine administered both
intraoperatively (8.8 = 0.2 mg during 4.2 + 0.3 h)
and postoperatively (9.0 = 1.2 mg during 5 £ 2 h),
along with bupivacaine (0.5% intraoperatively and
0.1% postoperatively). Therefore, in this group of pa-
tients, the administration of approximately 17 mg epi-
dural morphine during approximately 9 h (or 1.88 mg/
h™") plus the use of 39 £ 9 mg of IV morphine during
a5 * 2 h period failed to produce even moderate an-
algesia. These doses of morphine are 3—-4 times the
perioperative doses required by opioid-naive cancer
patients to experience adequate pain control within
the first 6 h of treatment.*?® Morcover, in a previous
study, we demonstrated that chronic opioid users re-
ceiving 180 £ 99 mg/day™' of oral morphine (less than
half the dose that patients received in this study) could
experience adequate pain control when epidural mor-
phine was administered at 1 mg/h™! in combination
with 0.1% bupivacaine.?

This study was designed to switch from epidural
morphine-bupivacaine therapy to sufentanil-bupiva-
caine therapy when patients reported dynamic VAPS >
5/10 after 4-6 h of therapy, and/or epidural doses of
morphine exceeded 2 mg/h™' for four reasons. First,
we have demonstrated that patients who used moderate
amounts of morphine preoperatively experienced ad-
equate pain control with epidural bupivacaine~mor-

Table 2. Epidural Sufentanil and Morphine Intravenous Patient-controlled Analgesia Use

Postoperative Day 0 1 2 3 4 5
Sufentanil (1) 268 + 34 346 + 24 319 + 31 264 + 30 240 + 37 187 + 48
Intravenous morphine patient-controlled analgesia 92+ 7 18 £ 13 10+ 6 9+ 5 6+ 3 5+ 3

Data are mean + SD.

* Includes 39 + 9 mg self-administered during § = 2 h of morphine epidural therapy.
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phine at doses of 1 mg/h™'. Second, spinal cross-tol-
crance is directly proportional to both the average ag-
onist concentration at the receptor site and the time of
exposure'*?72%; therefore, the degree of cross-tolerance
between the two routes of administration experienced
by chronic opioid users depends on the previous treat-
ment dose, the length of therapy, and the amount of
agonist presented to the receptor by the new route of
administration. Third, animal data show that at large
doses, morphine can produce localized spinal convul-
sions, hyperalgesia,® and allodynia, all of which are
unresponsive to naloxone reversal. Morcover, hyper-
algesia also has been described in a human being given
intraspinal doses of morphine (47 mg/day™") after re-
ceiving a bolus dose of 4 mg of morphine.®' Fourth,
we felt that it would be unethical to allow patients to
experience pain for more than 4-6 h while epidural
morphine-bupivacaine infusions were titrated to
achieve pain control.

The use of epidural sufentanil resulted in complete
pain control within 1 h of treatment despite statistically
significant lower equivalent analgesic doses of mor-
phine that were associated with poor pain control, sug-
gesting that the phenomenon of higher intrinsic activity
seen in animals also may be important in humans.

There are three alternative hypotheses to explain this
observation. First, drug kinetics are responsible for the
difference in responses seen between morphine and
sufentanil. Because patients were receiving large doses
of oral morphine, one could hypothesize that changes
in the blood-brain barrier, peripheral metabolism, and
drug distribution could be responsible for the asym-
metric response seen between the two agents. However,
there is no evidence that central metabolism or changes
in the blood-brain barrier play a significant role in al-
tering morphine’s efficacy.**** Likewise, a change in
drug distribution does not appear to be a significant
factor, as other agents, such as local anesthetics and «,
agonists, remain effective.’® Second, because patients
received large doses of epidural morphine before the
switch to sufentanil, it is possible that the long half-
life of morphine contributed synergistically to the an-
algesic effects seen with sufentanil. However, during
the course of sufentanil therapy, a steady decrease in
the requirements was seen from day O to day 5 (table
2). This observation suggests that the delayed effects
of morphine were not clinically important. Third, the
magnitude of interaction between sufentanil and bu-
pivacaine is unknown. Although morphine interacts
synergistically with both bupivacaine®** and lido-
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caine,”**” the degree or even presence of synergy can

be affected greatly by the dose ratio of each component
used in the combination. Therefore, sufentanil’s greater
potency, when compared to morphine, may be due to
more pronounced interaction with bupivacaine at the
particular doses used. Because there are no data eval-
uating interactions between sufentanil and bupiva-
caine, we can only speculate on the existence of a syn-
crgistic effect based on the results observed, but com-
ments regarding the magnitude of this possible
synergism cannot be made.

Sufentanil’s higher intrinsic efficacy appears to be re-
lated to its ability to exert an analgesic effect at a lower
fractional receptor occupancy than morphine, as tol-
crance causes the population of total opioid receptors
to decline. For example, rats that rececived either in-
trathecal sufentanil or morphine infusions at equian-
algesic doses demonstrated that sufentanil was nine
times more potent as an antinociceptive drug than
morphine on the first day of infusion and 44 times more
potent on the seventh day of the study.” Therefore, the
sufentanil-morphine potency ratio appears to widen
as tolerance develops, making sufentanil a more effec-
tive opioid analgesic in the presence of tolerance.

Reports of myoclonic movements and the risk of neu-
rotoxicity associated with large doscs of intrathecal su-
fentanil raise concerns about its epidural administra-
tion.>® However, doses as high as 600-800 ug/day™
were administered epidurally to humans for several
weeks to control cancer pain. Boersma et al. demon-
strated that despite the presence of very high concen-
trations of sufentanil in the white and gray matter of
the spinal cord around the site of the catheter tip, no
evidence of histopathologic changes was noted.*” Be-
cause drug toxicity expressed as behavioral changes
can occur in the absence of histopathologic changes,**
close neurologic evaluation of patients for these
changes is paramount.

Finally, a cost analysis between epidural sufentanil
and epidural morphine is appropriate. The cost of 1
mg of preservative-free morphine at our hospital is
$1.05. The cost of 1 ug of sufentanil is $0.15. There-
fore, patients who receive 2 mg/h™" of morphine or
14 pug/h™" of sufentanil will incur similar expenses.
However, the cost of providing adequate analgesia was
less when sufentanil was used in these patients. First,
patients did not experience pain control at a morphine
infusion rate of 2 mg/h™'; therefore, larger doses of
morphine would have been needed to provide adequate
analgesia. Conversely, adequate pain control was pro-
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vided with sufentanil infusion rates of 14 pug/h™". Sec-
ond, patients used high doses of IV PCA morphine (39
+ 9 mg) while receiving epidural morphine. This cost
must be added to the cost of ¢pidural morphine ther-
apy. Conversely, IV PCA morphine use significantly de-
creased (8 + 3 mg) during the first 4 h after epidural
sufentanil therapy was instituted.

In conclusion, ecpidural bupivacaine—sufentanil
therapy can be used successfully in the concentrations
described in this study in opioid-tolerant patients who
are receiving high doses of oral morphine before sur-
gery and are unresponsive to epidural morphine. How-
cver, to demonstrate fully the greater relative potency
of sufentanil compared to that morphine in chronic
opioid users who have developed tolerance, a study
evaluating sufentanil use in opioid-naive wversus tol-
crant patients is needed.
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