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A comparative study 
patient-controlled 
epidural fentanyl and 
single dose epidural 
morphine for post- 
Caesarean analgesia 

of 

Patrick Y.H. Yu MD FRCPC, 
David R. Gambling MD BS DRCOG FRCPC 

In a prospective, randomized, double-blinded study, 23 patients 

who had undergone Caesarean delivery under epidural anaes- 

thesia were assessed to evaluate the effectiveness o f  patient- 
controlled epidural analgesia (PCEA) with fentanyl compared 

with a single dose o f  epidural morphine for postoperative anal- 

gesia. Group A (n = 11) received epidural fentanyl 100 t~g in- 
traoperatively, then self-administered a maximum of  two epi- 

dural fentanyl boluses 50 ~g (10 t~g" ml -t) with a lockout period 

o f  five minutes for a maximum o f  two doses per hour. Group 

B (n = 11) received a single bolus o f  epidural morphine 3 mg 

(0.5 mg" ml -t) intraoperatively and received the same instruc- 

tions as Group A but had their PCA devices filled with 0.9% 

NaCI. Patients were assessed up to 24 hr for pain, satisfaaion 
with pain relief, nausea and pruritus using visual analogue 

scales WAS). The treatments for inadequate analgesia, nausea 
and pruritus as well as time to first independent ambulation 
were recorded. The ventilatory response to carbon dioxide chal- 
lenge was measured at four and eight hours. Pain relief, sat- 

isfaction with pain relief, and the use o f  supplemental analgesics 
were similar in both groups. The mean 24 hr dose o f  epidural 
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fentanyl used by group A patients was 680 ~g. Pruritus was 
less common in Group A patients at the 8 and24 hr observation 

periods (P < 0.0125). Both groups experienced the same degree 

o f  nausea and clinically unimportant respiratory depression. We 
conclude that PCEA with fentanyl provides analgesia equal to 

a single dose o f  epidural morphine and may be suitable for 
patients who have experienced considerable pruritus after epi- 

dural morphine adminstration. 

Cette ~tude randomis~e et ~ double-aveugle vise ~ ~valuer l'ef- 

ficacit~ de l~pidurale auto-contrrl~e au fentanyl compar~e 
une seule dose de morphine ~pidurale pour l'analg~sie post- 

op~ratoire. Vingt-trois op~r~es pour c~sarienne sont r~parties 
en deux groupes: le group A (n = 11) a re~u une ~pidurale 

avec fentanyl 100 I~g pendant l'intervention puis s'administre 
au pousse-seringue PCA deux bolus de fentanyl 50 I~g (10 
~g. ml -t) avec un intervalle de s~curit~ de cinq minutes pour 
un maximum de deux doses ~ l'heure. Le groupe B (n = 11) 
a refu un seul bolus ~pidural de morphine 3 mg (0,5 mg" ml -t) 
pendant Hntervention, obtient les m~mes directives que le 

groupe A mais ne s'administre que du solut~ physiologique 
par le pousse-seringue PCA. L~valuation se continue jusqu'~ 

24 heures sur des ~chelles visuelles analogiques de la douleur, 
du degr~ de satisfaction, des naus~es et vomissements, et du 

prurit. On enregistre le traitement de l'analg~sie insuffisante, 
des naus~es et du prurit, ainsi que le moment de l'autonomie 

ambulatoire. La r~ponse ventilatoire au dioxyde de carbone 
est mesur~e ~ la quatri~me et ?t la huitikme heures. Le sou- 

lagement, la satisfaaion et la supplementation par des anal- 
g~siques sont les mdmes pour les deux groupes. La dose 
moyenne pour 24 heures de fentanyl ~pidural utilis~e par le 
groupe A est de 680 #g. Le prurit est moins frequent dans 
ce groupe aux p~riodes d'observation de huit et 24 heures (P 
< 0,0125). Les deux groupes ont souffert au m~me degr~ de 
naus~es et de d~pression respiratoire cliniquement sans impor- 

tance. Nous concluons que l'anesth~sie ~pidurale auto-contrdl~e 
au fentanyl produit une analgdsie ~gale ~ celle de la morphine 

~pidurale; cette technique pourrait dtre utilis~e avec avantages 
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chez la patiente qui a d~jgt souffert d'un prurit important aprbs 
radministration de morphine ~pidurale. 

Epidural opioids are successfully used in many clinical 
settings to provide postoperative analgesia by either in- 
termittent bolus, continuous infusion or patient-controlled 
device. Epidural morphine, given as a single bolus, pro- 
vides a long duration of action but can be associated 
with considerable nausea, pruritus, and a small risk of 
delayed respiratory depression. 1.2 Epidural morphine 3 
mg has been reported as the optimal dose for post- 
Caesarean analgesia. 3 Fentanyl is more lipophilic than 
morphine and therefore offers the advantage of a reduc- 
tion in side effects including less risk of delayed respi- 
ratory depression. 4-6 Rapid absorption from the epidural 
space makes fentanyl suitable for use by a patient- 
controlled technique because of its more rapid onset time 
and shorter duration of action. Epidural fentanyl 50 isg 
has been described as the minimum reliably effective dose 
for post-Caesarean analgesia, s whereas epidural fentanyl 
100 I~g has been reported to provide analgesia without 
undesirable side effects.7 The purpose of this study was 
to test in a prospective, randomized, and double-blind 
manner, the effectiveness of patient-controlled epidural 
analgesia (PCEA) using fentanyl compared to a single 
dose of epidural morphine in patients who have under- 
gone lower segment Caesarean delivery. 

Methods 
After the study was approved by the ethics committees 
of the hospital and university, informed consent was ob- 
tained from ASA I or II women presenting for elective 
lower segment Caesarean delivery under epidural anaes- 
thesia. Epidural catheterization was performed in a stand- 
ard manner after adequate intravenous hydration. The 
lumbar interspace at the 2-3 or 3-4 level was employed 
and the epidural catheter inserted through a 17 gauge 
Tuohy needle. Epidural anaesthesia was achieved using 
increments of lidocaine hydrocarbonate 1.73% with epi- 
nephrine 1:400,000, titrated to an upper sensory block 
of "1"4. Intraoperatively, inadequate anaesthesia was sup- 
plemented with additional epidural lidocaine and/or /v 
fentanyl 12.5-25 I~g. Patients were randomly assigned to 
one of two treatment groups. Group A received epidural 
fentanyl 100 ~g diluted to 6 mi volume with 0.9% NaC1, 
20 min after delivery of the newborn. The epidural cath- 
eter was left in situ for 24 hr post-delivery, and was at- 
tached to a PCA device on arrival to the PACU. Women 
in Group B received epidural morphine 3 mg (0.5 
mg. ml-l), 20 rain after delivery. They also had the epi- 
dural catheter left in situ attached to a patient controlled 
analgesia (PCA) device in the PACU. In Group A they 

had the ability to self-administer a maximum of fentanyl 
100 ~tg (10 ~tg-ml-~) every hour, in two increments. 
Women in Group B were given the same instructions 
for postoperative pain relief but the PCA devices were 
Idled with 0.9% NaC1. Group assignment, and medication 
preparations were performed by an anaesthetist who was 
otherwise not associated with the study. The patients, 
attending nurses and physicians, and investigators were 
unaware of treatment group assignment. 

The PCA device used was a Pharmacia Deltec~ 
Model 5200 PXC Computerized Ambulatory Drug De- 
livery Pump (Pharmacia (Canada)) which delivers a max- 
imum bolus of 5 ml. The pump was programmed to 
deliver an epidural fentanyl 50 p.g. 5ml -~ bolus with a 
lockout period of five minutes for a maximum of two 
boluses per hour. The patients were instructed to make 
an initial demand when analgesia was required but to 
repeat the demand five minutes later to obtain the full 
dose (i.e., fentanyl 100 p.g in 10 mi). They were informed 
to expect maximal pain relief within 15-20 min of the 
second demand. 

On returning to the ward, patients could request ad- 
ditional analgesic supplements of oral acetaminophen 325 
mg with codeine 30 mg or im meperidine 50-100 mg 
every three to four hours as required. 

Nausea was treated with im metoclopramide 10 mg 
every six hours as required and pruritus was treated with 
im naloxone 0.2 mg every three hours as required. 

Patients were assessed at 2, 4, 8, and 24 hr after the 
administration of the initial dose of study drugs. At these 
time intervals the following data were collected: 
1 Ten cm visual analog scales (VAS) for pain, satisfaction 

with pain relief, nausea, and pruritus. 
2 The number of patient demands for epidural analgesia. 
3 The number of treatments for pain, itch or nausea. 
4 Time to fast independent ambulation. 

The ventilatory response to carbon dioxide challenge 
(5% CO2 in air) was measured before surgery and at 
four and eight hours after receiving the fast dose of epi- 
dural opioid. Patients had their expired minute volume 
measured with a Wrights' respirometer while breathing 
room air. All patients wore a nose clip and were in- 
structed about the test beforehand. Subsequently they in- 
haled 5% CO2 through a non-rebreathing apparatus. End 
tidal CO2 was measured (Ohmeda 5200 CO2 monitor) 
and after it stabilized, expired minute volume was again 
measured. 

The sample size was estimated before the study com- 
menced, on the basis of detecting a 2 cm + SD of 1.5 
cm difference for VAS scores. A sample size of ten pa- 
tients in each group provided a power of 0.8. Statistical 
analysis consisted of Student's t test for interval data, 
Mann Whitney U test for ordinal data or data with non- 
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normal distribution, and two factor-repeated measures 
ANOVA was used for CO2 challenge test data. Post hoc 

analysis consisted of  Newman Keul's test for multiple 
comparisons of the group and time factors and Student's 
t tests with Bonferroni's correction were used to analyze 
between-group comparisons at each time point. Supple- 
mental treatments for pain, itch or nausea were collapsed 
into counts and analyzed using 2 X 2 tables using Fisher's 
exact test. For VAS data and number of  patient demands, 
a P value <0.0125 was considered significant. A P value 
<0.0166 was considered significant for CO2 challenge test 
data and the use of  supplemental drugs for side effects. 
All other data were considered statistically significant at 
a P value <0.05. 

Results 
Twenty-three patients enrolled in the study. One patient 
withdrew due to accidental dislodgment of her epidural 
catheter. Data for 22 patients were collected with 11 in 
each group. There  were no differences with regard to 
age, height, parity, weight, dose of lidocaine required for 
epidural anaesthesia, amount of intraoperative supple- 
mental medication, duration of surgery and maximum 
sensory level (Table I). Group A patients had a shorter 
time to first ambulation (mean: 18 vs 22 hr, P < 0.05). 

The mean 24-hr dose of  epidural fentanyl used by 
Group A patients was 680 ___ 180 ~g, the result of 13.6 
+ 3.6 patient-demands. Of 158 patient-demands in Group 
A patients, 150 were successful in demanding two con- 
secutive fentanyl 50 ~tg boluses; whereas eight received 
only one bolus. In Group B patients, there was a mean 
of 3.2 + 2.3 patient-demands throughout the study pe- 
riod. The number of patient-demands differed at all time 
points throughout the study except at the two-hour ob- 
servation period (Table II). There were no differences 
between groups in terms of pain relief or patient sat- 
isfaction with pain relief at any of the observation periods. 

Pruritus was less in Group A patients at 8 and 24 
hr (Table III), but we observed no difference in the in- 
cidence of  nausea or the use of  naloxone or metaclo- 
pramide. 

The CO2 challenge test data did not  differ significantly 
between groups at any of the observation periods but 
minute ventilation was significantly reduced in both 
groups at four and eight hours compared to values ob- 
tained prior to surgery (Table IV). No cases of clinically 
significant respiratory depression were observed. 

Discussion 
This study demonstrated that PCEA with fentanyl after 
Caesarean delivery provides analgesia comparable with 
a single dose of epidural morphine 3 mg with less pru- 
titus. The incidence and severity of pruritus as repre- 
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TABLE [ Demographic data (mean • SD) 

Group A Group B 
n : 11 n = 11 P value 

Age (yr) 31.8 + 4.9 29.5 • 4.2 NS 
Parity (median (range)) 1 (0-2) 1 (0-3) NS 
Height (cm) 161 -t- 7 163 • 6 NS 
Weight (kg) 77.7 • 16.6 79.1 + 8.5 NS 
Volume of lidocaine (ml) 17 • 4 17 -t- 3 NS 
Duration of surgery (min) 80 • 16 71 + 16 NS 
Maximum sensory level 

(median (range)) T4 (2-5) T4 (1-5) NS 
Time to ambulation (hr) 18 • 8 22 + 4 0.037 

TABLE 11 Number of patient demands for epidural analgesia 
(median (range)) 

Time Group A Group B P value 

2 hr 0 (0-2) 0 (0-2) NS 
4 hr 2 (0-4) I (0-2) 0.009 
8 hr 3 (2-4) 0 (0-2) 0.0001 
24 hr 8 (4-!2) 1 (0-4) 0.0001 
Total 14 (8-20) 3 (0-7) 0.0001 

TABLE III Median pruritus VAS scores (range) score of 10 = 
maximum pruritus; i = incidence 

Time Group A Group B P value* 

2 hr 0 (0-4.5) 0 (0-5.3) NS 
i = 5  i = 4  

4 hr 0 (0-8.2) 4.6 (0-9.8) NS 
i = 6  i=10 

8 hr 0 (0-2.1) 4.3 (0-7.8) 0.0007 
i = 5  i = i 0  

24 hr 0 (0-16) 5.0 (0-9.5) 0.0064 
i = 4  i = 9  

*VAS ranking using Mann-Whitney U test. 

TABLE IV Ventilatory response to 5% CO 2 in air, L- min -~ 
(mean -I-S D) 

Group A Group B P value 

Before 
surgery Air 8.3 + 3.2 9.0 + 3.1 NS 

5% CO 2 13.7 • 5.4 14.5 • 4.4 NS* 
4 hour Air 7.6 -I- 2.7 8.7 + 3.5 NS 

5% CO 2 12.0 + 4.3 11.8 • 2.8 NS* 
8 hour Air 7.1 • 3.4 9.8 + 3.6 NS 

5% CO 2 11.6 • 4.7 11.6 4- 3.4 NS* 

*Minute ventilation with 5% CO z is decreased at four hours and eight 
hours in both groups compared with before surgery by Neuman-Keul's 
test. 
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sented by VAS scores were less in Group A at the 8 
and 24 hr observation periods. Pruritus occurred in 10 
out of 11 women who received morphine which is con- 
sistent with the incidence reported in the literature. 3,8,9 
Single bolus epidural fentanyl has been reported to pro- 
duce a lower incidence of pruritus; 7,1~ however, this has 
been associated with inadequate duration of analgesia. 
In Group B, three patients complained of mild pruritus 
(only one VAS score ~2) for the entire 24-hr study period. 
Five other patients complained intermittently of mild to 
moderate pruritus (highest VAS score ----- 4.5). 

The analgesic potency of epidural fentanyl compared 
with morphine has been calculated to be about ten. i i 
This study did not attempt to compare equipotent doses 
of epidural fentanyl with epidural morphine since 3 mg 
of morphine would be equal to 300 ~tg of fentanyl and 
most clinical experience has been in doses of between 
50-150 I~g. Over the study period, patients used on av- 
erage 28.4 I~g" hr -~ of epidural fentanyl. Recently, a study 
of PCEA with fentanyl for post-thoracotomy pain showed 
an average fentanyl requirement of 93 ~tg. hr -I. 12 This 
higher rate of fentanyl consumption can be explained by 
their use of a variable background infusion rate and a 
shorter lockout interval of 15 min. In addition, pain levels 
are probably greater in patients following thoracotomy 
than after Caesarean birth. 

We selected the epidural fentanyl dosing regimen by 
default. Our aim was to have patients self-administer fen- 
tanyl 100 ~tg in a 10 ml volume. The PCA pump that 
we used was unable to deliver this volume in a single 
delivery. Therefore, we devised a method whereby the 
full dose could be self-administered in two divided doses 
as described in the methods section. Most patients were 
compliant with the instruction to demand two consecutive 
fentanyl boluses. One patient in one instance did not de- 
mand a second bolus despite inadequate analgesia. In 
another seven instances, five patients demanded only one 
fentanyl 50 ~tg bolus despite our instructions because they 
had achieved satisfactory analgesia. 

Group A women were able to ambulate earlier despite 
no differences in analgesia. The ability to ambulate may 
be more as a consequence of other factors that were not 
measured, for instance, patient motivation. In contrast, 
YarnelP 3 showed that earlier ambulation was associated 
with better analgesia in women who received PCEA using 
meperidine compared to intermittent im meperidine. That 
study was unfortunately not double-blind and therefore 
was subject to both observer and patient bias. 

The inability to demonstrate a larger difference between 
the treatment groups may have been due to inadequate 
sensitivity in the use of VAS scores. Recently, the de- 
velopment of a combined symptom-therapy score has 
been shown to be more sensitive than VAS scores at as- 

sessing nausea during PCA using iv morphine. 14 Clinical 
differences between groups might have been more evident 
in this study by using a similar score. 

Some patients did not enjoy having an epidural catheter 
in situ. It was not painful but they were aware of it. 
One potential problem of an indwelling epidural catheter 
is the possibility of catheter migration or dislodgment. 
In our study, we had one epidural catheter that migrated 
into a subcutaneous position. That patient had good anal- 
gesia initially but gained no relief of pain with subsequent 
demands. 

Patient-controlled epidural fentanyl administration was 
associated with a reduced ventilatory response to CO2. 
This effect was not clinically significant and was con- 
sistent with that found in patients receiving a continuous 
epidural infusion of fentanyl at 1 I~g" kg. min-' after or- 
thopaedic surgery of the knee. 15 We did not observe any 
patient to be excessively somnolent and all patients were 
nursed in a regular ward setting. The sample size in this 
study was too small to comment on the safety of PCEA 
with fentanyl. Recently, Brockway et al. reported a case 
of profound respiratory depression occurring 100 min 
after the epidural administration of fentanyl 100 ~tg to 
a woman undergoing Caesarean section, t6 This was as- 
sociated with a higher than normal sensory block (C4) 
using a mixture of fentanyl 100 ~tg diluted in 0.5% bu- 
pivacaine 20 ml. The authors postulated that the fentanyl 
bupivacaine solution may have diffused to the respiratory 
centre in the fourth ventricle causing respiratory depres- 
sion. This should alert the anaesthetist to the possibility 
of delayed respiratory depression using epidural fentanyl. 
Our patients stayed a minimum of two hours in the 
PACU after receiving their intraoperative dose of epidural 
opioid and thus unusual reactions would have been no- 
riced. Postoperatively, two boluses of epidural fentanyl, 
50 I~g in 5 ml, were given which is less likely to produce 
the spread of fentanyl high enough to reach the fourth 
ventricle than a single 20 ml bolus. Nevertheless, until 
larger clinical series are available, this practice should 
be approached with caution with rigid protocols in place 
for monitoring patients. 

Another drawback to the PCEA with fentanyl is the 
increase in cost associated with its use when compared 
with a single dose of epidural morphine. For Group A 
the cost of supplies for this study was Can$57.15 per 
patient (appendix) whereas in Group B the cost per pa- 
tient is Can$7.57 for one ampoule of epidural morphine 
0.5 mg. ml -t • 10 ml. This cost difference should be 
analyzed relative to total hospital charges and some cen- 
ters may be able to provide PCEA cheaper than that 
quoted above. 

In conclusion, the present study shows that patient- 
controlled epidural administration of fentanyl provides 
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women with comparable analgesia to single bolus epid- 
ural morphine for 24 hr following Caesarean delivery. Pa- 
tients were satisfied with titrating their own analgesia and 
had less pruritus with fentanyl. This method of analgesia 
may be suitable for the motivated patient with a history 
of severe pruritus after epidural morphine administration. 
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Appendix 

Group A patients: cost analysis 
PCA pump purchase price = $4000; amortized over three 
years = $3.65 per day 

Estimate usage of one patient every 
two days: cost per patient $ 7.30 

Disposable medication cassette 32.75 
One 250 ml 0.9% NaC1 for diluent 1.20 
One 20 ml ampoule fentanyl 50 I~g" ml-I 15.90 

Total cost per patient $57.15 
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