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Bupivacaine decreases 
epidural meperidine 
requirements after 
abdominal surgery 

Sophie St-Onge MD, 
Fran{ois Fug&e MD FRCPC, 

Michel Girard MD MHPE FRCPC 

Purpose: The purpose of this study was to determine the optimal of three concentrations of bupivacaine (0.0%, 
0.05%, 0.10%) to add to an epidural infusion of meperidine (I mg.ml -t) for postoperative pain relief, 

Methods :  in this prospective, double blind study, 60 patients undergoing abdominal surgery with general anaes- 
thesia were randomized into three groups to receive for postoperative epidural analgesia: I ) I mg.ml i meperi- 
dine (0% group), 2) bupivacaine 0,05% and t mg.ml i meperidine (0.05% group), 3) bupivacaine 0, 10% and I 
mg.ml i meperidine (0.10% group). Postoperatively, the epidural infusion rate was titrated to produce adequate 
analgesia and pain was assessed at rest and on movement, 

Results: There were no differences in demographic data, average pain scores or side effects among the three 
groups, However. there was improvement of pain relief at rest over time in the three groups (P<0.05). 
Postoperative epidural analgesic infusion rates increased over time for the three groups (P<0.05) and were lower 
in the 0.10% group (mean of ~0.0 ml.hr ~) than in the 0% group (mean of 12.6 ml.hr -~) (P<0.05). More than 
half of the 0% group had serum meperidine concentrations >400 g.L -~ to control moderate postoperative pain, 

Conc lus ion :  Although analgesia was identical among groups, the lower serum concentrations of mependine 
support the addition of bupivacaine 0.10% to meperidine when administered as a continuous infusion following 
abdominal surgery. 

Ob jec t i f  : DEterminer avec trois concentrataons de bupivaca:lne (0,0%, 0,05%, 0, 10%) ajoutEes .~ une perfusion 
Epidurale de meperidine (I mg.ml ~), la dose la plus eflicace pour le soulagement de la douleur postop&atoire. 

M & h o d e s  : I~tude prospective en double aveugle. Soixante patients opErEs pour une intervention abdominale 
sous anesthEsie gEnErale Etaient rEpartis alEatoirement en trois groupes devant recevoir pour I'analgEsie 
postopEratoire Epidurale : I) mEp&idine I mg'ml P(groupe 0%), 2) bupivacaJne 0,05% et mEp&idine I mg.ml I 
(groupe 0,05%), 3) bupivaca'l'ne 0, 10% et mEpEridine I mg'ml '~ (groupe 0, 10%). En postop&atoire, la perfusion 
Epidur-ale 6tait rEglEe pour produire une analgEsie adequate et la douleur Etait EvaluEe au repos et en mouvement. 

R~sultats : II n'y avait pas de differences en rapport avec les donnEes dEmographiques, les scores moyens de 
douleur et les effets secondaires entre les trois groupes. Cependant, la douleur au repos s'amenuisait avec te 
temps dans les trois groupes (P<0.05). La vitesse des per'fusions Epidurales analgEsiques augmentait avec le 
temps dans les trois groupes (P<0,05) et EtaJt plus basse dans le groupe 0, 10% (moyenne I 0,0 ml.h ~) que dans 
le groupe 0% (moyenne 12.6 ml,h J) (P<0.05), Plus de la moitiE des sujets du groupe 0% avaient besoin de 
concentrations sEriques >400/ . /gL"  pour le contr61e de la douleur mod&Ee. 

Conc lus ion  : Bien que le niveau d'analgEsie ait EtE identique pour les trois groupes, les concentrations 
infErieures de mEpEridine justifient I'ajout de mEpEndine 0, 10% en perfusion continue aprEs une intervention 
abdominale. 
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T 
HERE has been growing interest in provid- 
ing postoperative analgesia for more than 
20 yr. Epidural infusion has been increas- 
ingly popular since the publication of many 

reports demonstrating its superiority with regard to 
cardiovascular, pulmonary and gastro-intestinal post- 
operative complications. 1-3 

Since local anesthetics and opioids act by different 
mechanisms, their effects should be additive thus lead- 
ing to a decreased requirement for each drug, thereby 
minimizing their individual side effects. However, the 
mechanism of action of lipid-soluble opioids is uncer- 
tain because serum concentrations when administered 
epidurally are similar to those obtained when given by 
intravenous or intramuscular routes.4, s Although mix- 
tures of bupivacaine and meperidine have been used 
previously, 6-9 the optimum combination of the two 
drugs has not been determined. 

Meperidine is an opioid of intermediate lipophilici- 
ty (partition coefficient of  38.8, compared with mor- 
phine 1.4, fentanyl 813.0 and sufentanil 1778.0) 1~ 
and has local anaesthetic activity. Alone, it has been 
used as a spinal H as well as an epidural anaesthetic 
agent for surgery. 12 These properties and its low cost, 
make it attractive for postoperative epidural analgesia. 

The purpose of this study was to determine the opti- 
mal of three concentrations of bupivacaine (0.0%, 
0.05%, 0.10%) to add to an epidural infusion of 
meperidine (1 mg.m1-1) and to determine if side effects 
and serum concentrations ofmeperidine with the bupi- 
vacaine-meperidine mixtures were different from those 
with an epidural infusion of meperidine alone. 

Methods 
This randomized double blind study was carried out 
after the approval of the institution's ethics and 
research committees. Each patient gave written 
informed consent. During the study, all ASA physical 
status I-III patients undergoing elective abdominal 
surgery, either vascular or bowel resection surgery, 
requiring a midline incision, who had agreed to 
receive postoperative epidural analgesia were consid- 
ered eligible. Patients <18 yr or >75 yr, >100 kg, those 
with preexisting neurological deficit or psychiatric dis- 
order, allergy to the study drugs or history of drug 
abuse were ineligible. 

All patients received premedication with 1-2 mg 
lorazepam sl 90 min before anaesthesia that was 
induced with 4-7 mg.kg -I thiopentone, 3 pg.kg -I fen- 
tanyl and maintained with nitrous oxide and isoflu- 
rane. Fentanyl was allowed up to a maximum of 
10 ~ag.kg -1 and no opioid was administered during the 

last hour of the operation. Tracheal intubation was 
facilitated with 0.05 mg.kg -1 d-tubocurarine followed 
by 1.5-2 mg.kg -1 succinylcholine and muscle relax- 
ation was maintained with vecuroniunl as required. 

In the operating room, after routine monitoring 
and iv placement and before induction of anaesthesia, 
an epidural catheter was inserted at the level of 
T10-T11, T11-T12 or T12-L1. Its position was con- 
firmed by a dose of  5 ml lidocaine 1.5 % with adrena- 
line 1:200,000 and the presence of a sensory block was 
identified with ice before proceeding with general 
anaesthesia. Each patient was randomly assigned to one 
of three treatment groups: (1) 1 mg.m1-1 mepefidine 
without bupivacaine (0% group), (2) 1 mg.m1-1 
meperidine with bupivacaine 0.05% (0.05% group), (3) 
1 mg-m1-1 meperidine with bupivacaine 0.10% (0.10% 
group). The infusion solution was prepared by the hos- 
pital pharmacy and the anaesthetist and investigator 
were blinded to which solution was used. Upon initia- 
tion of wound closure, the patients received an epidur- 
al bolus of 10 ml of the study solution followed 
immediately by a continuous infusion of 8 ml.hr -l. 

Analgesia was assessed using a visual analog scale 
(VAS: 0 = no pain up to 10 = worst pain ever). The 
rate of the epidural infusion was adjusted according to 
the patient's pain assessment. If, at anytime, the VAS 
was 24/10,  an epidural bolus dose of 5 ml solution 
was given and the infusion was then increased by 2 
ml.hr -I. If, at anytime following recovery room depar- 
ture, the pain score was _< 1 /10  and/or  the patient was 
drowsy (sedation scale 23) or respiratory frequency 
<10.min -1, the infusion was decreased by 2 ml.hr -1. If  
a patient complained of  severe pain despite an infusion 
rate as high as 22 ml.hr -l, catheter dislodgment was 
excluded by physical examination and/or testing with 
lidocaine 2% with adrenaline 1:200,000 and the anal- 
gesic technique was changed. 

Postoperatively, data were collected for 48 hr di~4ded 
into 12 hr periods. Respiratory rate and somnolence 
were monitored hourly, and blood pressure and heart 
rate every four hours. Patients received oxygen at the dis- 
cretion of the attending anaesthetist or surgeon. Oxygen 
saturation was continuously measured with a Nellcor N- 
200 pulse oximeter using a Nellcor D-25 Adult Digit 
Oxygen transducer placed on the finger. The SpO z data 
were not accessed by attending staffand, therefore, were 
not used to modify oxygen administration. An episode of 
desaturation was defined as two consecutive measure- 
ments of SpO2<90% of at least one mhaute. 

Analgesia was assessed by evaluation of VAS at rest 
every hour and with movement (sitting up) twice a day. 
The total volume of analgesic solution administered 
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during each of  the 12 hr of  the 48 hr of  the study was 
noted as well as the number of  epidural boluses of  the 
tested solution. 

Side effects were assessed twice daily for 48 hr with 
the following scales: somnolence (1-- oriented and ini- 
tiates conversation, 2 = occasionally drowsy, 3 = fre- 
quently drowsy, easy to arouse, 4 = sleepy, responds to 
pain only, 5 = unresponsive), nausea, vomiting and 
pruritus (1 = none, 2 = mild, no treatment required, 
3 = moderate, treatment effective, 4 = severe, treat- 
ment not effective). Sensory loss was determined with 
ice and motor blockade by using a modified Bromage 
scalO s (for each leg: 0 = able to raise extended leg off  
bed, 1 = able to flex knee and ankle, 2 = able to dor- 
siflex ankle only, 3 = unable to flex hip, knee or ankle; 
the score for each leg was added to give a possible 
maximum score of  6). Side effects were considered 
present when the following values were attained: seda- 
tion >3, nausea, vomiting and pruritus >2 and motor 
blockade > 1. Postural hypotension was considered to 
be present if  blood pressure decreased : ,30/20 
m m H g  upon sitting. 14 Finally, the delay after surgery 
until oral fluids were tolerated was noted. Urinary 
retention was not studied because all patients had a 
urinary catheter. 

Blood for gas analysis was sampled every morning 
if an arterial line was present. Venous samples for mea- 
surement of  serum meperidine and normeperidine 
concentrations were also taken in the morning of  the 
first and second postoperative days. Samples were cen- 
trifuged and stored at -20~ until analysis were per- 
formed at the Centre de toxicologie du Qu6bec using 
a Hewlett Packard 5890 GC gas chromatographer 
equipped with a split injector on dual capillary 
columns and two nitrogen-phosphorus detectors. 
Products are recognized by a system of  retention 
index. Calibration was linear between 100 and 1000 
pg-L -1 for meperidine (R=0.9997) with a detection 
l imi t  o f  10 p g - L  - l .  N o r m e p e r i d i n e  was  n o t  q u a n t i t a t -  

ed, the detection limit on this system is 500 pg.L-L 
Derivatization would be required to reach adequate 
sensitivity. 

In common with Badner, is we believe that a differ- 
ence in the VAS of  2 or in the epidural infusion rate o f  
2 ml-hr -~ would be necessary to warrant using the 
bupivacaine-meperidine combination. Considering 
the standard deviation for both measurements, a sam- 
ple size of  20 patients per group was considered suffi- 
cient. 16 Demographic comparisons were made using 
unpaired Student's t test for parametric data and chi 
square analysis for nonparametric data. Pain scores, 
infusion rates, blood gas and oxygen saturation results 
were compared using two-factor ANOVA for repeated 

measures. Side-effects were compared by a log linear 
technique. P<0.05 was considered significant. 

Results 
Sixty patients were enrolled in the study. There were 
no differences in age, weight, sex or surgery distribu- 
tion among the groups (Table I). All patients in the 
vascular group had an aorto-bifemoral bypass, while 
all in the digestive group had a bowel resection. One 
patient was excluded because of  complications unre- 
lated to the investigation in the immediate postopera- 
tive period. Six patients did not complete the study 
but each 12 hr of  completed data was kept for analy- 
sis. Of  the six patients, one had the technique inter- 
rupted because of  surgical complications (haemorragic 
shock), two had epidural catheter dislodgment and 
three (two in the 0% and one in the 0.10% group) did 
not complete the 48 hr because of  unsatisfactory anal- 
gesia in spite of  a well positioned catheter. 

Average pain scores at rest and upon movement for 
each 12 hr varied between 0.7 and 2.4 at rest, and 3.9 
and 5.7 upon movement (P.NS) (Figures 1 and 2). 

TABLE I Demographic data 

Group 07o Group 0.05% Group 0.10% 
(n=19) &-20) (n=20) 

Age (yr) 59 • 11 58 • 112 56 • 11 
Weight (kg) 70 • 12 70 • 12 74 • 16 
Sex (M/F) 11/8 13/7 13/7 
ASA I (n) 0 1 6 
ASA II (n) 12 10 8 
ASA III (n) 7 9 6 
Surgery 

(Vascular/alimentary, n) 14/5 13/7 13/7 

Mean + SD 

10.0. 
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P e r i o d s  

FIGURE 1 VAS at rest 

*/><0.02 for mean of VAS score over time. VAS among groups: NS. 
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lo.o [ [ ]  croup 0% 

VAS [ []  Group 0.05*/0 

Z5~ 

! I ! 
Period 0-12 Perks [ 12-24 Period 24-36 Period 36-48 

Periods 
FIGURE 2 VAS with movement 

However, there was an improvement of  pain relief at 
rest over 48 hr in all three groups (/'<0.02). The aver- 
age infusion rates varied between 9.1 and 13.5 ml.hr -] 
(Figure 3) and it was lower (/'<0.05) for the whole 
period in the 0.10% group (average of  10.0 ml.hr -l) 
than in the 0% group (average of  12.6 ml.hr-]). In 
addition, infusion rates increased (/'<0.0001) over 
time for the three groups. 

There were no differences among the groups for the 
incidence or severity of  side effects as assessed by the 
different scales (Table II). All motor blockade was 
mild, modified Bromage scale of  1, with the exception 
of  one patient in the 0.10% group who had a modified 
Bromage scale of  2 associated with numbness of  the 
affected limb. Decreased sensation to ice was docu- 
mented in a similar number of  patients in the three 
groups (12 in 0% group, 15 in 0.05% group and 18 in 
0.10% group, NS). Two patients had hypotension 
associated with hypovolaemia, one in the 0% group and 
one in the 0.05% group. One patient in the 0% group 
had orthostatic hypotension, that was associated with a 
high infusion rate (average of  19.2 ml-hr -] for the 
whole period). There was no difference in the number 
of  patients given oxygen nor in the percentage of  time 
desaturation was present for each period. When blood 
gases were measured there was no difference in arteri- 
al saturation compared with the pulse oximeter read- 
ings. No patient experienced severe desaturadon (SpO 2 
<80%), respiratory depression or had any major com- 
plications related to the analgesia technique. 

Meperidine serum concentrations were higher in all 
groups on the second day than on the first day 
(P~0.0001, Figure 4). On the first postoperative day, 
concentrations were higher in group 0% (353 • 
31 lag.L -1) than in group 0.05% (248 • 29 lag.L -1, 
P<0.02) or in group 0.1% (236 • 30 lag-L -], / '<0.02).  

20.0 
ml/hr  

15.0- 
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5.0 - 

0.0 

[ ]  

!+++ 

,-....is 

,..o.. �9 

::::::-,,, i~i~ , , ,  
I I I I 

Period 0-12 Period 12-24 Period 24-36 Period 36-48 

Periods 
Group 0% [ ]  Group 0.05*/0 [ ]  Group 0.1% 

FIGURE 3 Average infusion rate 

Infusion rate increased over time for each group (/><0.0001) 

* For each period, mean infusion rate of group 0.1% was lower 
than mean infusion rate of group 0% (P<0.05%) 

500 .  

Meeead~ SC ~ / L )  
4 ~ -  
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FIGURE 4 Serum concentrations ofmeperidine on the first and 
second postoperative day (mean • SEM) 

For each group, serum concentration on the second day was high- 
er than on the first (P<0.0001) 

* Group 0% higher than group 0.05% and group 0.1% (P<0.02) 

t Group 0% higher than group 0.1% (P<0.01) 

TABLE II Side effects 

Group 0% Group 0.05% Group 0.10% 
(n~19) (n~2o) (n=2O) 

Motor block 0 1 4 
Nausea/vomiting 8 11 10 
Pruritus 3 2 2 
Orthostatic hypotension 1 0 0 
Sedation 2 8 6 
Hypoxia (SpO 2 <90%) 6 8 6 
Respiratory depression 0 0 0 
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On the second day, concentrations were higher in 
group 0% (421 • 32 ~ag.L -I) than in group 0.1% 
(293 • 31 pg.L -1, P<0.01). 

The delay before patients could tolerate a liquid 
diet was 4.3 • 2.0 days (mean + SD) for the group 0%, 
4.0 • 1.6 days for the group 0.05% and 3.7 _+ 1.1 days 
for the group 0.10% (NS). 

Discuss ion  
Our study showed that bupivacaine 0.1% decreased 
epidural meperidine requirements after abdominal 
surgery. The addition of  bupivacaine did not influ- 
ence the incidence of side effects nor the return of 
gastrointestinal function. There was considerable 
absorption of  meperidine into the systemic circulation 
with the meperidine only epidural solution. 

With the increasing popularity of  epidural analge- 
sia, many agents have been studied in the search for 
the ideal combination. In labour pain, a combination 
of very low doses of bupivacaine and epidural opioids 
has been used with success) 7 However, higher con- 
centrations of local anaesthetics seem necessary with 
epidural opioid infusion for postoperative analgesia. 
The addition of  bupivacaine 0.125% Is but not bupiva- 
caine 0.1% is to epidural fentanyl 10 }ag.m1-1 amelio- 
rated pain relief after abdominal or thoracic surgery. 
Although epidural administration of a mixture of  
bupivacaine and meperidine has been reported, s49 few 
have tried to determine the optimal concentration of 
bupivacaine to add to meperidine. 9,2~ 

Epidural meperidine has been administered previ- 
ously as a continuous infusion at a concentration of  
1 to 2.5 mg-ml q 19or by bolus at a concentration of  
42I or 1022 mg.m1-1. The meperidine and bupiva- 
caine concentrations in our study were in the range 
recommended by Ferrante s and reflect our clinical 
practice. 

Infusion rates were lower with the addition of bupi- 
vacaine 0.10% to epidural 1 mg.m1-1 meperidine. This 
did not provide better analgesia at rest or with move- 
ment or fewer side effects, probably because we 
adjusted the infusion rate of the solution. Two studies 
have evaluated the effect of  changing bupivacaine con- 
centration in a bupivacaine-meperidine epidural solu- 
tion. However, the population of  patients and the 
design of the studies were different from ours. In the 
first, 9 the solution was given as a bolus for labor pain 
relief and showed no difference in pain score between 
bupivacaine 0.125%, 0.1875% and 0.25% when com- 
bined with epidural 2.5 mg.m1-1 meperidine. The sec- 
ond was the only study 24 in which attempts were made 
to determine the ideal combination of  bupivacaine- 
meperidine for postoperative analgesia. The authors 

reached similar conclusions: addition of  bupivacaine 
0.01% or 0.10% to 1 mg.m1-1 meperidine did not 
improve pain relief. However, the surgery was differ- 
ent (thoracotomy), NSAIDs were administered to all 
patients and patient controlled epidural analgesia 
(PCEA) was used to titrate the optimal dose. 

The pain relief obtained with epidural meperidine 
in our study is in agreement with previous reports of  
its analgesic efficacy for labour pain 6,s,zs-27 and for 
post-cesarean, 7,21 low-abdominal 7 and thoracic 2s sur- 
gical pain. Mean hourly meperidine consumption, 
reported in the literature, ranges from 5 to 20 
mg-hr -I, the lowest doses being with the use of PCEA. 
However, comparison with our study is difficult 
because the surgical procedures were different. 
Nevertheless, the average pain scores are equivalent to 
those reported in previous studies with epidural 
meperidine 21,22 and with other opioids, is,is,29 

The incidence of side effects is comparable with that 
reported in other studies. The incidence of pruritus is 
similar to that reported with epidural meperidine 
administration 7,22 but lower than the incidence report- 
ed with other opioids. 29,3~ The incidence of  nausea and 
vomiting is in the range reported in the literature 
(between 9% and 50%). Any comparisons are difficult 
because the operations were different and did not 
involve major surgery or bowel surgery as in our study. 

Despite a recent trial sl showing that meperidine 
administered by the intramuscular or the epidural 
route should be considered a risk factor for confusion 
in older patients, no such episode occurred in our 
study. However, our patient population was younger 
(average of 58 yr compared with 73 yr). As suggested 
previously, meperidine should be used with caution in 
the elderly and in patients at risk for delirium. 

The principal mechanism of  action of  epidural 
meperidine is controversial. Cousins 32 reported post- 
operative pain relief in non-pregnant patients with 
100 mg cpidural meperidine. He attributed it to a 
selective spinal action of  meperidine. Glynn, 3s after 
demonstrating an absence of  sympathetic blockade 
with epidural mepetidine administered for cancer 
pain relief, concluded that the dorsal horn was the 
major site of action and was distinct from the con- 
duction blockade produced by local anesthetics, thus 
indicating a "selective" spinal mechanism of analge- 
sia. On the contrary, Husemeyer 2s noting hypoalgesia 
to pinprick combined with high serum meperidine 
concentrations attributed its local anaesthetic proper- 
ties and the mechanism of action of epidural meperi- 
dine to a systemic effect. In our study, plasma 
concentrations of  meperidine obtained with epidural 
infusions did not allow us to exclude a systemic effect 
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as the main mechanism of  action as has been report- 
ed for more liposoluble opioids. 4 During the highest 
infusion rates, more than half of  the meperidine only 
group had concentrations, at some time, >400 
pg.L-1; concentrations sufficient to control moderate 
postoperative pain. a4 

The epidural infusion rate increased over time in 
the three groups. As this occurred together with 
improved analgesia at rest, it could indicate a bias in 
the protocol that encouraged an increase in infusion in 
response to pain rather than a decrease when the 
patient was painless. Secondly, tachyphylaxis may have 
occurred but, although reported with epidural bolus 
injection as or continuous infusion 36 of  local anaesthe- 
tics, it has never been reported with epidural meperi- 
dine. On the contrary, tachyphylaxis has been shown 
to be prevented by the addition of  an opioid to a local 
anaesthetic administered epidurally, s7,38 Thirdly, with 
time the patients may have greater mobility with 
increased pain stimuli and higher analgesic needs. This 
increase of  epidural infusion rate over time has been 
reported before. 23 

This is the first study that attempted to establish the 
benefits of  combining bupivacaine and meperidine for 
postoperative analgesia in a continuous epidural infu- 
sion. It has been suggested 39 that the opioid-sparing 
effect of  NSAIDs could decrease the incidence of  side 
effects but this hypothesis still has to be tested with 
the epidural bupivacaine-meperidine combination. A 
reduction of  side effects was not observed in our study 
despite lower serum concentrations of  meperidine 
when bupivacaine was added to epidural meperidine 
infusion. However, our study was not sufficiently 
powerful to detect any difference in the incidence of  
side effects. We believe that the addition of  bupiva- 
caine to epidural meperidine is warranted because of  
the decreases in infusion rate and in serum meperidine 
concentrations with bupivacaine 0.10%. 

In conclusion, the addition of  bupivacaine 0.10% 
did allow a reduction in the administered doses of  
meperidine. Although analgesia and the incidence of  
side effects were identical, the lowest serum concen- 
trations of  meperidine support the addition of  bupiva- 
caine to meperidine when administered as an epidural 
infusion following abdominal surgery. 
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