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Comparison between 
epidural infusion of fen- 
tanyl/bupivacaine and 
morphine/bupivacaine 
after orthopaedic surgery 

P u r p o s e :  To compare epidural infusions of bupivacaine-fentanyl and bupivacaine-morphine mixtures for postoperative pain 
relief after total hip replacement. 
M.r In a prospective, randomized, double-blind study, 30 ASA physical status I-II patients undergoing total hip replace- 
ment were studied. Anaesthesia was provided by combined general/epidural anaesthesia without epidural opioids. 
Postoperative epidural analgesia was by continuous infusion of bupivacaine 0.125% (4 ml.hr :~) with either 0.05 mg.ml -~ mor- 
phine (morphine, n = I 5) or 0.005 mg'ml -u fentanyl (fentanyl, n = 15). Visual analogue pain scale 0/AS), sedation (four- 
point scale), respiratory rate, pulse oximetry, rescue analgesics and supplemental oxygen were recorded by a blind observer 
at 1,3, 6, 9, 12 and 24 hr after surgery. 

Results" No differences in pain relief, sedation, or non-respiratory side effects were observed between the two groups. 
Rescue analgesics were required in three patients in the fentanyl group (20%) and in two receiving morphine (13.3%) 
(P:NS). Two patients in the fentanyl group and three in the morphine group required oxygen due to SpO 2 < 90% (P:NS). 
Both opioidlbupivacaine mixtures decreased haemoglobin oxygen saturation compared with preoperative values. The 
mean -_+ SD SpO z values measured at 3, 6, 12 and 24 hr were 94.4 --- I, 92.6 ___ 0.9, 92 _ 0.8, and 92.8 _ I in the 
morphine group, 95.3 ___ 0.5, 95 __+ 0.S, 94.6 __. 1.2, and 95.6 --- I in the fentanyl group (P < 0.05). 

Conclusion: Continuous epidural infusion of bupivacaine-morphine or bupivacaine-fentanyl mixtures provided similar pain 
relief. Patients receiving morphine showed a more marked decrease in SpO 2 than those receiving fentanyl. However, the 
average SpO 2 remained > 90% in both groups. 
Ob jec t i f  �9 Comparer des perfusions Epidurales de melanges de bupivacai'ne-fentanyl et de bupivaca'(ne-morphine utilis~s 
comme analg&ique post op&atoire ~ la suite de la mise en place d'une proth~se totale de la hanche. 
M & h o d e s  : Dans une &ude prospective, randomis~e et en double insu, on a &udi(~ 30 patients ASA de condition phy 
sique I et II, devant subir la mise en place d'une prothEse totale de la hanche. On a proc~d~ ~ une anesth&ie gEn&ale 
combinEe ~ une anesth&ie ~pidurale sans opio'ides Epiduraux. l'analgEsie Epidurale post opEratoire consistait en une per- 
fusion continue de bupivaca'(ne 0, 125 % (4ml'hr -i) avec, soit 0,05 mg.mlIde morphine (morphine, n = IS), soit 0,005 
mg.ml'Ide fentanyl (fentanyl, n = 15). l'~chelle visuelle analogique (EVA) de la douleur, la sedation (&helle en quatre 
points), la frEquence respiratoire, l'oxym~trie de pouls, les doses analg&iques de rattrapage et l'oxyg~ne de suppl~ment 
ont Et~ enregistr& par un observateur aveugle ~ la r~partition ~ I, 3, 6, 9 12 et 24 heures aprEs la chirurgie. 

R~ix l ta ts  : Aucune difference dans l'analg~sie, la s(~dation ou les effets secondaires non respiratoires n'a ~t~ observ~e 
entre les deux groupes. Des analg&iques de rattrapage ont Et~ n&essaires pour trois patients dans le groupe qui avait 
re~u du fentanyl (20 %) et pour deux patients dans le groupe ayant re~u de la morphine ( 13,3 %) (P : NS). Deux patients 
dans le groupe fentanyl et trois dans le groupe morphine ont eu besoin d'oxygEne ~ la suite d'une SpO 2 < 90 % (P : NS). 
Les deux melanges d'opio'(de et de bupivaca'l'ne diminuent la saturation en oxyg~ne de l'h~moglobine par rapport aux 
valeurs pr~ op&atoires. La moyenne _+ l'Ecart type des valeurs de la SpO 2 mesurEe ~ 3, 6, 12 et 24 heures ont ~t~ de 
94,4 --- I ; 92,6 --- 0,9 ; 92 --- 0,8 et 92,8 --- I dans le groupe morphine, 95,3 ___ 0,5 ; 95 --. 0,5 ; 94,6 --- 1,2 et 95,6 --. 
I dans le groupe fentanyl (m < 0,05). 

C_~nclmion : Une perfusion ~pidurale continue du m~lange de bupivaca~'ne-morphine ou du m~lange de bupivaca'~'ne-fen 
tanyl foumit une analg&ie semblable. Les patients qui ont re~u de la morphine ont montr~ une plus grande diminution de la 
SpO~ que ceux qui ont recju du fentanyl. Toutefois, la moyenne de la SpO 2 demeure > 90 % darts les deux groupes. 
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p OSTOPERATIVE epidural analgesia by 
means of opioid and local anaesthetic mix- 
tures is an effective method for the manage- 
ment of  postoperative pain. Although 

contrasting results have been reported in humans stud- 
ies, 1-7 a synergistic effect between local anaesthetic and 
opioids has been demonstrated in animal models, in 
which the antinociceptive effects of opioid/local anaes- 
thetic mixtures were greater than those of opioid or 
local anaesthetic alone, s Since hydrophilic opioids, such 
as morphine, remain in the cerebrospinal fluid and may 
be responsible for undesirable side effects (e.g. delayed 
onset of  peak analgesic effect and late respiratory 
depression), highly lipophilic opioids such as fentanyl 
have been used to reduce the side effects of extradural 
opioid administration, sq~ 

The goal of  the present investigation was to com- 
pare, in a double-blind study, the analgesic effect of  
postoperative epidural infusions of  either bupivacaine- 
morphine or bupivacaine-fentanyl mixtures after total 
hip replacement. 

Methods 
The study protocol was approved by Hospital Ethics 
Committee, and informed consent was obtained from 
each patient. Patients undergoing elective total hip 
replacement and having an epidural catheter as part of  
their anaesthetic technique participated in the study. 
Obese patients as well as patients with pulmonary, car- 
diac, renal, hepatic, cerebrovascular, or psychiatric dis- 
ease were excluded from the study. 

The day before surgery baseline peripheral haemo- 
globin oxygen saturation was measured with the 
patients spontaneously breathing room air (Oxypac 
Station, Dr~iger, Germany), and all patients were edu- 
cated in the use of  the 100 mm visual analogue pain 
scale (VAS). 

After arrival in the operating theatre, patients 
received a standard intravenous infusion of  10 ml-kg -1 
Ringer's lactate solution, then an epidural catheter was 
inserted at the Ls-L 4 or L2-L s interspace. After an 
epidural test dose (60 mg lidocaine 2%) confirmed the 
correct catheter location, epidural block up to T~0 
(loss of pinprick sensation) was induced by 10-12 ml 
lidocaine 2%. Before induction of  general anaesthesia, 
all patients received 1 lag.kg -1 fentanyl iv; then com- 
bined general (isofluranerT 0.2 - 0.6%) and epidural 
anaesthesia (continuous infusion 3-5 ml-hr q bupiva- 
caine 0.5%) was provided. No epidural opioids were 
given until the start of  postoperative epidural infusion. 
Standard ASA monitoring was used during surgery. 
Before the cement for the prosthesis had been applied, 
the lungs were ventilated with oxygen 100% and 5 

mg.kg -1 hydrocortisone iv were administered. Patients 
developing a sudden decrease in oxygen saturation 
and hypocapnia at the time of prosthesis cementation 
were excluded from the study. 

Using sealed envelopes, patients were randomly allo- 
cated to two groups for the choice of epidural opioid. 
Patients in the morphine group (n = 15) received 0.05 
mg-m1-1 morphine in bupivacaine 0.125%; patients in 
the fentanyl group (n = 15) received 0.005 mg.m1-1 
fentanyl in bupivacaine 0.125%. A continuous epidural 
infusion of the study solution was started immediately 
after surgery at a rate of 4 ml.hr q after a 5 ml bolus of 
the same solution. The mixture of local anaesthetic and 
opioid was injected into the epidural space by means of 
a syringe pump for 24 hr after surgery. The infusion 
syringes were prepared in a double-blind fashion by one 
anaesthetist, who did not take any further part in the 
evaluation of patients. If the patients asked for more 
analgesia, or the visual pain scale was > 40 mm a non 
steroidal antiinflammatory drug was allowed as rescue 
analgesic (75 mg diclophenac iv). Postoperatively, 
patients remained in the recovery room for four hours, 
then they were transferred to the orthopaedic ward 
where standard thromboprophylactic therapy was start- 
ed (5000 U heparin sc every 12 hr). Pulse oximetry 
was continuously recorded in all patients from the end 
of surgery to the end of the study (Oxypac Station, 
Dr~iger, Germany). 

Non invasive arterial blood pressure, heart rate, res- 
piratory rate and haemoglobin oxygen saturation were 
measured at 1, 3, 6, 9, 12 and 24 hr after the end of  
surgery. At the same time, the degree of  sedation and 
pain relief was also evaluated. Sedation was evaluated 
according to a four-point scale (1 = awake and alert, 2 
= mildly sedated easy to wake up when spoken to, 3 = 
moderately sedated, easy to wake up when slightly 
shaken, 4 = deeply sedated and difficult to wake up 
when shaken). Pain relief was assessed using a 100 mm 
visual analogue scale (VAS) with end points labelled 
"no pain" and "worst possible pain". At the occur- 
rence of  nausea 10 mg metoclopramide iv was given 
and the need for antiemetic drug was recorded. 

If  oxygen saturation decreased to < 90% for more 
than one minute, supplemental oxygen by face mask 
was administered. Need for oxygen therapy during the 
postoperative period was recorded as a minor respira- 
tory complication, and pulse oximetry values recorded 
during oxygen therapy were not considered for statis- 
tical analysis. A decrease of respiratory rate < 10 bpm 
together with deep sedation was considered a major 
respiratory complication. 

Both patients and anaesthetists caring for postoper- 
ative analgesia and recording measured parameters 
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were blinded to the opioid administered. 
Statistical analysis was performed using the statisti- 

cal software package Statview 11 (Abacus Concepts, 
USA). Anthropometric comparisons were made using 
unpaired Student's test and Fisher exact test for ordi- 
nal data. Pain scores, oxygen saturation, as well as res- 
piratory rate and haemodynamic parameters results 
were compared using two-factor ANOVA for repeated 
measures with Scheffe and Dunnett  tests for multiple 
comparisons. Side-effects were compared with Fisher 
exact test. A value of  P < 0.05 was considered signifi- 
cant. Results are presented as mean + standard devia- 
tion (SD) for continuous variables and as median 
(range) for ordinal data. 

Results 
Anthropometric data of  studied patients are summa- 
rized in Table I: no differences in age, weight, height, 
sex distribution and ASA physical status were observed 
between those patients receiving epidural morphine- 
bupivacaine and those receiving fentanyl-bupivacaine. 

Six patients in the morphine (40%) and three in the 
fentanyl group (20%) required antiemetic therapy (P. 
NS). 

There were no differences between either group in 
the degree of  pain relief at any of  the measurement 
times: mean pain scores during the study period 
ranged between 15 mm and 53 mm in the morphine 
grou p and between 11 mm and 58 mm in the fentanyl 
one (Figure 1). Two patients in the morphine group 
(13%) and three in the fentanyl group (20%) required 
rescue iv analgesia due to inadequate pain relief which 
produced clinical improvement. 

No differences in haemodynamic parameters, respi- 
ratory rate or degree of  sedation were observed at any 
measurement time between the two groups (Table II). 

None of  the patients developed major respiratory 
complications requiring naloxone. Three patients in 
the morphine group (20%) and two in the fentanyl 
group (13%) required oxygen by face mask due to a 
decrease in SpO 2 < 90% (/~. NS). Patients requiring 
oxygen therapy were not  different from others in 
terms of  height, weight and age. One of  them, receiv- 
ing the morphine mixture, showed preoperative SpO 2 
of  94% while, in the others, baseline SpO 2 ranged 
between 95% and 98%. However, none of  the patients 
showing at least one episode of  mild hypoxia required 
more than a one hour of  oxygen therapy. In both 
groups oxygen saturation was lower than basehne dur- 
ing the study period (P < 0.05). At 3, 6, 9, 12 and 24 
hr SpO 2 was lower in patients receiving morphine- 
bupivacaine than in those receiving fentanyl-bupiva- 
caine (P < 0.05) (Figure 2). 

Discussion 
The present study demonstrated that continuous 
epidural infusion of  low doses of  either morphine or 
fentanyl in combination with bupivacaine 0.125% pro- 
vided good postoperative analgesia after total hip 
replacement with no difference in pain relief or non- 
respiratory side effects. Higher bupivacalne and lower 
opioid concentrations were used than in previous 
reports, s,60~ However, the doses of  morphine and fen- 
tanyl used were similar to those reported in other stud- 
ies. n,12 Our results also suggested that, when using 
low doses of  either morphine or fentanyl in combina- 
tion with local anaesthetic solutions, the dose ratio of  
10:1 between the two opioids provided similar anal- 
gesia and may be considered as the equianalgesic ratio. 

Both morphine and fentanyl groups developed 
decreases of  SpO 2 during the study. Many surgery- 
related factors might have contributed to these results, 
and the present study shows the lack of  a control 
group of  patients receiving alternative analgesic meth- 
ods, such as conventional parenteral opioid therapy. 
While differences in SpO 2 were noted between the 

TABLE I Anthropometric parameters of studied patients receiving 
conthluous epidural infusion of morphine/bupivacaine (Morphine, 
n = 15) or fentanyl/bupivacaine (Fentanyl, n = 15) mixtures. 

Morphine Fentanyl 

(n ~ I s )  (n = Is) 

Age (yr) 62.6 • 8.3 64.1 • 7.1 
Weight (kg) 72.6 • 16.4 60.0 • 22.0 
Height (cm) 164 • 10.5 162 • 9.8 
Male/Female 7/8 8/7 
ASA II (I-II) II (I-II) 

FIGURE 1 Mean (• SD) pain scores on the 100 mm visual ana- 
logue scale (VAS) measured at 1, 3, 6, 9, 12 and 24 hours after the 
end of surgery in patients receiving continuous epidural infusion of 
morphine/bupivacaine (Morphine, n = 15) or fentanyl/bupivacahle 
(Fentanyl, n = 15) mixtures. 
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TABLE II Descriptive statistics of mean arterial blood pressure (MAP), heart rate (HR), respiratory rate (RR) and sedation scores recorded at 
each of measurement times in patients receiving continuous epidural infusion of morphine/bupivacaine (Morphine, n = 15) or fentanyl/bupi- 
vacaine (Fentanyl, n = 15) mixtures. [Sedation was assessed on a four-point scale: 1 = awake and alert, 2 = mildly sedated easy to wake up 
when spoken to, 3 = moderately sedated, easy to wake up when slighdy shaken, 4 = deeply sedated and difficult to wake up when shaken]. 

I hr 3 hr 6 hr 9 hr 12 hr 24 hr 

Morphine (n = 15) 

MAP (mm Hg) 83 • 7.6 86 • 14 77 • 10 82 • 13 84 • 13 85 • 16 

H R  (bpm) 78 • 9.5 78 • 15 76 • 10 82 • 12 80 + 14 80 • 16 

RR (bpm) 15 • 3 15.9 • 2.5 15 + 2.1 14 • 2.1 15.6 • 2.3 13 • 3 

Sedation scale 2 (1-2) 1(1-2) 1(1-2) 1 (1-3) 1 (1-3) 1(1-2) 

Fentanyl (n = 15) 

MAP (ram Hg) 79 • 7.5 85 • 9.2 82 • 9 85 • 12 84 • 10 85 • 8.1 

H R  (bpm) 74 • 11 84 • 15 78 • 7 79 • 7 82 • 9 79 • 10 

RR (bpm) 16 • 4 15.8 • 1.7 16 • 1.6 15 • 2.0 14.2 • 2.5 16.5 • 1.6 

Sedation scale 1 (1-2) 1 (1-2) 1 (1 -1) 1 (1-2) 1 (1-3) 1 (1 - 1) 

FIGURE 2 Mean (+ SD) peripheral haemoglobin oxygen satura- 
tion (%Sp02) measured preoperatively (Bas.) and at 1, 3, 6, 9, 12 
and 24 hours after the end of surgery in patients receiving continu- 
ous epidural infiasion of morphine/bupivacaine (Morphine, n = 15) 
or fentanyl/bupivacaine (Fentanyl, n = 15) mixtures. 

two groups, the clinical importance o f  this change 
might be questioned, since the average SpO 2 in both 
groups remained at levels which might be typical for 
elderly patients undergoing major surgery. When 
using highly lipophilic fentanyl, the epidural fat prob- 
ably acted as a drug reservoir minimizing the rostral 
spread of  opioid molecules within the cerebro-spinal 
fluid.10 This would probably explain the lower effects 
on SpO 2 observed in patients receiving the fentanyl- 
bupivacaine mixture than in those receiving the more 
hydrophilic morphine, is,14 

Respiratory depression has been reported after 
epidural administration o f  either morphine or fen- 
tanyl; s,90s but  severe respiratory depression during 
continuous epidural opioid infusion is rare, occurring 
in < 1% of  patients receiving epidural opioids. 16 It 

should be also considered that the combination o f  
local anaesthetic and opioid allows further reduction 
in the daily dose o f  epidural opioid. 

One further concern with the present study might 
be the choice ofSp02 values < 90% as the threshold for 
supplemental oxygen therapy. We considered mild 
hypoxia a minor respiratory complication. It  has been 
demonstrated that postoperative episodic decreases o f  
SpO 2 < 90% for more than one minute are likely to be 
hypoxic phenomenona. 17,1s 

Previous studies reported higher incidences of  
undesired non-respiratory side effects in patients 
receiving epidural morphine compared with those 
receiving epidural fentanylJ ~ Although, in the pre- 
sent study, the need for antiemetic drugs was 50% less 
with epidural fentanyl than morphine, this did not  
reach statistical significance. Patients in our study 
received a non-abdominal surgical procedure, while 
other studies considered patients undergoing major 
abdominal surgery, which probably emphasized the 
opioid-related emetic effects. 

Concerning epidural administration o f  opioid/local  
anaesthetic mixtures, while animal studies are uniform 
in finding analgesic potentiation when epidural or 
intrathecal opioid and local anaesthetic solutions are 
combined, s,19,2~ clinical studies have produced con- 
flicting results. Badner et al.s,6 reported no advantages 
to pain relief by adding bupivacaine 0,1% to fentanyl 
0,001% for postoperative epidural analgesia. Others 
reported that low doses o f  epidural morphine and 
bupivacaine reduced pain more than morphine alone 
during mobilization and coughing, but  not  at rest; 1 
while Cullen et al. demonstrated that pain scores in 
patients receiving an epidural infusion of  opioid-local 
anaesthetic mixture were superior to those of  patients 
receiving bupivacaine alone. 21 

Although severe complications have been reported 
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after the insertion of  epidural catheters in patients 
receiving prophylactic anticoagulant therapy, 22 the use 
of  routine thromboprophylaxis prior to epidural anaes- 
thesia was considered to be safe. 23,24 Nonetheless, rou- 
tine postoperative epidural analgesia has its own risks 
and benefits. To perform a cost/benefit analysis, all 
anaesthesia-related benefits should be considered; but 
this is not easy because benefits are more difficult to 
value than costs. 2s Minimizing or preventing side 
effects and risks are economic benefits which can be bal- 
anced against, or purchased by, costs, and it is known 
that regional anaesthesia (particularly epidural tech- 
nique) leads to reductions in intraoperative and postop- 
erative complications thus improving morbidity and 
mortality after major surgery. 4~6-29 Studies with suffi- 
cient statistical power, including patients receiving post- 
operative analgesia by conventional parenteral opioid 
therapy, are necessary to evaluate the cost-benefit ratio 
of  postoperative epidural analgesia after total hip 
replacement, especially in terms of  postoperative mor- 
bidity and hospital stay. However, our results demon- 
strated that continuous epidural infusion of  low doses 
of  either morphine or fentanyl associated with bupiva- 
caine provides effective postoperative analgesia, with 
clinically acceptable effects on haemoglobin oxygen sat- 
uration. 
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