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Epidural fentanyl and 
Caesarean section: 
when should fentanyl 
be given? 

Epidural fentanyl is often added to epidural local anaesthetic 

agents to improve the quality of anaesthesia obtained during 

Caesarean section. Fentanyl may be given either before or after 

delivery of the infant. When given before delivery, fentanyl has 
not been reported to cause neonatal depression, although this 

remains a concern. A prospective, randomized, double-blind 

study was undertaken to determine iffentanyl was more effective 

if given before or after delivery of the baby in 64 women 

undergoing Caesarean section under lidocaine epidural anaes- 

thesia. Maternal outcome was determined by time to achieve T 4 

neural blockade, the dose of lidocaine necessary to achieve this 

block and intraoperative scores for pain, nausea, vomiting, 

shivering, and sedation. Neonates were assessed by umbilical 
arterial blood pH and Apgar scores. No differences were 
detected in either group with respect to maternal or neonatal 

outcome. We recommend using only epidural local anaesthetic 

agents before delivery, and giving epidural fentanyl following 
delivery of the infant. 

Le fentanyl est souvent ajoutd aux agents anesthdsiques locaux 

administr~s par voie ~pidurale afin d'am~liorer la qualitd de 

l'anesthgsie au cours d'une cgsarienne. Le fentanyl peut ~tre 

administrd avant ou apr~s la naissance. Une dtude prospective, 

g~ double insu, avec distribution al~atoire, a dtd faite chez 64 
parturientes qui ont accouch# par cdsarienne sous anesthdsie 

~pidurale. Le but ~tait de ddterminer si le fentanyl ~tait plus 
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efficace lorsque donnd avant la naissance. Les param~tres 

~valu~s chez la m~re dtaient le temps requis pour atteindre un 

bloc sensitif au niveau de T 4, la dose de lidocai'ne ndcessaire 

pour atteindre ce niveau d'anesth~sie, la douleur perop~ra- 
toire, le degrd de sddation, ainsi que l'incidence de frissons, 
naus~es et vomissements. L'Apgar et le pH du sang artdriel 

ombilical ont dt~ ~valu~s chez les nouveau-n~s. Aucune 

difference significative n 'a ~t# trouv~e entre les groupes pour 

chacun des param~tres dvalu~s chez les m~res et les nouveau- 

n~s. Nous recommandons d'administrer seulement l'agent 

anesth~sique local par voie dpidurale avant l'accouchement et 

de donner le fentanyl apr~s la naissance. 

The use of epidural opioids in obstetrical anaesthesia 
occurred soon after the discovery of opioid receptors in the 
central nervous system. Epidural narcotics were found to 
provide analgesia in labour, although the analgesia was 
often inadequate. 1 Epidural narcotics were then examined 
as an adjunct to local anaesthetic agents to improve the 
quality of anaesthesia in women undergoing Caesarean 
section under epidural anaesthesia. 2-6 Epidural fentanyl 
given after delivery of the baby was shown to provide 
better intraoperative anaesthesia for the mother than 
epidural bupivacaine alone. 2 Subsequent investigators 
compared giving lidocaine and fentanyl together with 
lidocaine alone, 5 and bupivacaine and fentanyl with 
bupivacaine alone. 3'4'6 Fentanyl was shown to improve the 
quality of the anaesthesia by decreasing intraoperative pain 
scores. Epidural fentanyl can stop established shivering 
caused by epidural anaesthesia, 7 and decrease nausea and 
vomiting during exteriorization of the uterus. 8 Fentanyl 
has not been reported to cause neonatal depression beyond 
that caused by local anaesthetics themselves, although this 
remains a concern. This study compared neonatal and 
maternal outcomes in women having Caesarean sections 
under epidural lidocaine anaesthesia with epidural fentanyl 
given before or after delivery of the infant. 

Methods 
A prospective, randomized, double-blind study protocol 
was designed and approved by the hospital ethics commit- 
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tee. Informed consent was obtained from 64 patients 
having elective Caesarean sections under epidural anaes- 
thesia. All patients were ASA classification I or II, 18 or 
more years of age, single gestation, and gestational age of 
at least 36 wk. A nurse who was not involved in the study 
placed fentanyl 1.5 ml (75 Ixg) or preservative-free normal 
saline 1.5 ml into syringes labelled "A" and "B" according 
to the randomization protocol. 

All inpatients received ranitidine 150 m g p o  the evening 
before operation, and two hours before surgery. All 
patients (inpatients and patients admitted on the day of 
surgery) received 30 ml sodium citrate 0.3 M on call to the 
operating room. A large bore iv catheter was inserted and 
patients were given two litres of lactated Ringer's solution 
at room temperature. Epidural catheters were inserted at 
the L2_ 3 interspace when possible, otherwise at the L3_ 4 
interspace. Each catheter was advanced 3-4 cm in a 
cephalad direction. Patients were then placed supine with 
15 ~ left uterine displacement. All patients received oxygen, 
five litres per minute, by mask, until delivery. Epidural 
anaesthesia was induced with lidocaine 2% with epi- 

nephrine 1:200,000 freshly added (all subsequent refer- 
ences to "lidocaine" mean lidocaine 2% with epinephrine 
1:200,000 added). A test dose of 3 ml lidocaine was given. 
If  no signs of intravascular or intrathecal injection were 
apparent, the patient received study drug "A" 1.5 ml, 
followed immediately by 3 ml lidocaine. A further 3 ml 
lidocaine was given every three minutes until a T 4 block 
was obtained or a dose of 7 mg.  kg -I was reached. Block 
height was measured by loss of cold sensation to ice. 
Hypotension (defined as a decrease in systolic blood 
pressure (SBP) below 100 mmHg) was treated with 
ephedrine 5 mg as needed. After delivery of the infant, 
syringe "B" was diluted to a 10 ml volume with preserv- 
ative-free normal saline and given as a bolus via the 
epidural catheter. Oxytocin 20 u. 1 -I in lactated Ringer's 
solution was begun. Bolus doses of oxytocin were not 
administered. Patients received 10-20 u of oxytocin during 
abdominal closure. The patients who received fentanyl in 
syringe "A" were designated Group I, and those who 
received saline in syringe "A" (fentanyl in syringe "B") 
were designated Group II. 

Maternal outcome was measured by: (1) the time 
needed to achieve a T 4 block, (2) the dose of lidocaine 
required, and (3) the intraoperative variables pain, shiver- 
ing, nausea, vomiting, and sedation. Data concerning the 
variables were obtained at skin incision, bladder retraction, 
uterine incision, uterine exteriorization (if performed), 
peritoneal closure, and skin closure. The scoring systems 
are outlined in Table I. Maternal tympanic membrane 
temperature was measured before insertion of the iv 

catheter and at the end of the Caesarean section. 
Moderate to severe pain was treated initially with inha- 

TABLE I Scoring systems for maternal symptoms during Caesarean 
section 

Score 

Variable 0 1 2 3 

Pain None Mild Moderate 
Nausea _ None Mild Severe 

vomiting nausea nausea 
Sedation Awake Drowsy Asleep 
Shivering None Mild Moderate 

and dis- 
tressing 

Severe 
Vomiting 

Severe, 
distressing 
and inter- 
feres with 
monitoring 

TABLE II Demographic information (mean - SD) 

Group I Group 11 

Age (yr) 29.6 __. 4.0 32.2 -4- 4.6 
Weight (kg) 77.3 ~ 9.3 75.5 • 12.2 
Height (cm) 165 --- 5.5 162 -Z-_ 6.6 
Gest age (wk)* 38.8 --- 1.0 38.9 • 1.3 

*Gest age = gestational age. 

lation of 50:50 nitrous oxide and oxygen. Persistent pain 
before delivery was treated with ketamine 0.25 mg. kg -1 
iv to a maximum of 0.5 mg.  kg -1. Pain after delivery that 
was unrelieved by nitrous oxide and oxygen was treated 
with fentanyl 50 Ixg iv to a maximum of 100 ~g. Severe 
nausea or vomiting was treated with metoclopramide 10 
mg iv. 

Neonatal outcome was determined by: (1) Apgar scores 
at one and five minutes, (2) umbilical arterial blood pH, 
and (3) umbilical venous plasma fentanyl concentrations. 
Following delivery of the placenta, 10 ml of venous cord 
blood was taken and centrifuged at 8,500 rpm for 20 min. 
The plasma was removed and frozen at - 2 0  ~ C until study 
completion. All samples were then analyzed for fentanyl 
by high resolution gas chromatography. The sensitivity of 
this assay was 0.1 ng. m1-1 with a coefficient of variation 
of 8% between samples. 

Power analysis was performed before the study to deter- 
mine the number of patients needed. Based on our experi- 
ence and the literature, we assumed that 75% of patients 
not receiving epidural fentanyl would have adequate 
analgesia (not require supplementation). We assumed that 
95% of patients receiving fentanyl would not require 
supplemental medication. Setting ot = 0.05 and 13 = 0.80, 
it was calculated that 28 patients would be needed in each 
group. This was rounded up to 30 patients per group. Data 
analysis consisted of the unpaired Student's t test for 
parametric data, and for nonparametric data the Chi- 
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TABLE 11I Time to epidural blockade and dose of 2% lidocaine 
needed (mean +_ SD) 

Group I Group H P 

T 4 (min) 17.1 --- 5.2 15.2 --- 3.4 NS 
$2 (min) 13.5 __. 2.5 14.1 __. 3.3 NS 
Lido (ml) 17.8 --- 5.0 15.8 - 3.4 NS 
Lido (mg.kg -l) 4.7 _ 1.4 4.3 +-_ 1.1 NS 

T 4 = time to T 4 level block, S 2 = time to S 2 level block, Lido = dose of 
lidocaine 2% with 1:200,000 epinephrine added. 

TABLE IV Number of patients receiving supplemental medication 

Group I Group H P 

N20 before delivery 1 3 NS 
N20 after delivery 2 4 NS 
Ketamine 1 3 NS 
Fentanyl 0 4 NS 
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squared statistic or the Mann-Whitney rank sum test where 
appropriate. Statistical significance was inferred for 
P < 0.05. 

Results 
Sixty-four patients were enrolled in the study. Four 
patients were withdrawn leaving 30 patients in each group. 
The reasons for withdrawal were: (1) inadvertent dural 
puncture, (2) inability to place an epidural catheter, (3) 
insufficient block despite reaching the maximum dose of  
l idocaine (7 mg.  kg-1), and (4) unusual block (T 4 on the 
right side, T~0 on the left) with reluctance to continue 
giving lidocaine every three minutes as per  protocol. 

Demographic information showed the two groups were 
similar with respect to age, height, weight, and gestational 
age (Table II). All  epidural catheters were placed at L2_ 3 in 
Group II, whereas in Group I, 24 were placed at L2_ 3 and 
six at L3_ 4 (P < 0.05). The times to onset of  T 4 and S 2 
blockade were similar between groups as were the doses 
of  l idocaine used (Table III). Fifteen patients (25%) 
required only 12 ml of  l idocaine to establish a T 4 level 
block, seven in Group I and eight in Group II. Six patients 

in Group I and four in Group II required ephedrine for 
SBP <100 mmHg. 

Pain scores at skin incision, bladder retraction, uterine 
incision, uterine exteriorization (if performed), peritoneal 
closure, and skin closure are shown in Figure 1. Compari-  
son between groups revealed no difference in pain scores 
before or after delivery (Figure 2). No patient required 
induction of  general anaesthesia. 

Nitrous oxide was used by one patient in Group I before 
delivery and by two patients after delivery (Table IV). In 
Group II, three patients used nitrous oxide before delivery 
and four after. There was no statistical difference between 

FIGURE 1 Pain scores during Caesarean sections. I = Group I; II = 
Group II; S.I. = skin incision; U.I. = uterine incision; P.C. = peritoneal 
closure; B.R. = bladder retraction; U.E. = uterine exteriorization; 
S.C. = skin closure. 

FIGURE 2 Maternal pain scores before and after delivery. 
I = Group I; II = Group II. 

groups. Ketamine was required for one patient in Group I 
and three patients in Group II. No patient received fentanyl 
iv in Group I, compared with four patients in Group II. The 
use of  ketamine and fentanyl was not different between 
groups. 

Sedation, nausea and/or vomiting, shivering, and chest 
pain were experienced with similar frequencies in both 
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FIGURE 3 Apgar scores at one minute. FIGURE 4 Apgar scores at five minutes. 

groups (Table V). The differences were not statistically 
different. In the subgroup having uterine exteriorization 
(12 patients), nausea occurred in one of seven patients in 
Group I, and in one in five patients in Group II before 
delivery. After delivery two of seven women in Group I 
and one of five in Group II experienced nausea. No patient 
vomited during uterine exteriorization. Of the patients who 
experienced shivering, the temperature decreased 0.50 ___ 
0.45 ~ C compared with 0.67 ___ 0.45 ~ C in those who did 
not experience shivering (NS). Twenty-six of the 60 
patients (43%) shivered at some time during the operation. 

Umbilical arterial blood pH measureEaents were 7.31 - 
0.03 in Group I and 7.31 _ 0.03 in Group II. No differ- 
ences were determined in the one and five-minute Apgar 
scores (Figures 3 and 4). The lowest one-minute Apgar 
score in Group I was seven whereas there were three 
s c o r e s  o f  f o u r  in G r o u p  II.  Al l  A p g a r  s c o r e s  in b o t h  g r o u p s  

were eight or higher by five minutes. The uterine incision 
to delivery (UID) times, expressed as mean _ SD, were 
76.4 • 25.3 sec for Group I, and 90.6 • 40.7 sec for 
Group II. The UID times were not prolonged in those 
infants having low one-minute Apgar scores (Table VI). 

Umbilical venous plasma fentanyl was detectable in 
many patients but an interfering peak precluded accurate 
determination of plasma fentanyl concentrations. Several 
attempts to separate the masking peak were unsuccessful. 
Thus, no umbilical venous plasma fentanyl concentrations 
are reported. 

Discussion 
This study failed to show any benefit of adding fentany175 

TABLE V Number of patients having symptoms during Caesarean 

section 

Group I Group H P 

Sedation 

- before delivery 7 7 NS 
- after delivery 6 9 NS 

Nausea or vomiting 

- before delivery 5 5 NS 
- after delivery 7 4 NS 

Shivering 
- before delivery 12 11 NS 
- after delivery 8 3 NS 

Chest pain 
- before delivery 3 7 NS 
- after delivery 5 6 NS 

I~g to 2% lidocaine with 1:200,000 epinephrine while esta- 
blishing epidural anaesthesia for Caesarean section. Epi- 
dural fentanyl was equally effective following delivery 
when the potential for neonatal exposure to fentanyl was 
absent. 

An initial postulate, that epidural fentanyl would 
accelerate the onset ofepidural blockade with lidocaine, as 
has been demonstrated with bupivacaine, was not demon- 
strated. The corollary, that women receiving fentanyl with 
lidocaine would need less lidocaine, was not supported 
either. All epidural catheters were at L2_ 3 in Group II, 
whereas six of 30 were at L3_ 4 in Group I (the rest being at 
1.,2_3). Fentanyl did not speed the onset of blockade to 
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TABLE VI Apgar scores and uterine incision to delivery times for 
infants with Apgar scores 4-6 (all Group II) 

I rain Apgar 5 min Apgar UID (sec) 

4 9 152 
4 9 85 
4 8 72 
5 8 52 
6 8 116 
6 9 154 
6 8 195 

overcome the more caudal position of the epidural cathe- 
ters in Group I. 

As lidocaine has a faster onset of action than bupiva- 
caine, fentanyl may not enhance the rapid onset of lido- 
caine epidural blockade. Lidocaine 2% may be more 
potent than bupivacaine 0.5%, so that adding fentanyl to 
lidocaine does not improve the quality of analgesia. Group 
I pain scores were not different from those of Group II, 
before or after delivery. Use of supplemental analgesics 
was not different. Other authors have reported less supple- 
mental medication in women receiving epidural fentanyl 
than in women receiving only epidural local anaesthetic. 3-5 
A possible explanation why we did not show an advantage 
in giving epidural fentanyl with lidocaine while establish- 
ing epidural anaesthesia is that we used undiluted fentanyl 
in a small volume (1.5 ml). In other studies the fentanyl 
was diluted with the local anaesthetic agent. 4-6 Perhaps the 
fentanyl was distributed to a larger area because of this 
dilution. The fentanyl-local anaesthetic combination was 
also given in larger volume boluses in these Studies. 
However, Gaffud et a/.3 demonstrated improved intraoper- 
ative analgesia using epidural fentanyl undiluted with local 
anaesthetic. To date, no study has attempted to show the 
necessity of fentanyl dilution for improvement of analgesia 
during surgery. It has been shown that, for analgesia after 
Caesarean section, fentanyl should be used in doses of 
50-100 p.g and optimally in volumes of 10-20 ml. 9 This 
provides the shortest onset with the longest duration of 
analgesia. 

Sedation occurred in about 25% of patients before and 
after delivery, and was similar in patients in Groups I and 
II. Paech noted a similar incidence with bupivacaine and 
fentanyl. 6 Significant sedation or respiratory depression 
was not observed. The incidence of nausea and/or vomit- 
ing was similar to that reported by Paech 6 and lower than 
reported by Preston et al. 5 and Gaffud et  al. 3 In women 
having uterine exteriorization, three of 12 (25%) experi- 
enced nausea. This contrasts with Ackerman who has re- 
ported that epidural fentanyl reduces the incidence of 
nausea and/or vomiting from 47% to 7%. 8 

Shivering occurred in 26 patients (43%). The incidence 

did not differ between groups before or after delivery. The 
non-invasive blood pressure machine was unable to deter- 
mine the blood pressures of one patient in each group 
because of shivering. Thus, epidural fentanyl did not affect 
the incidence of shivering and this was also reported by 
Paech. 6 It is difficult to reconcile this result with reports 
that fentanyl stopped shaking from epidural anaesthesia in 
72% of patients within 15 min. 7 A recent report showed a 
decreased incidence of shivering when fentany125 Ixg was 
added to 0.5% bupivacaine, j~ Some evidence supports 
using warm iv fluids to decrease shivering, 1t'12 but 
McCarroll et al. refute this claim. 13 We used room tem- 
perature iv fluid in the hope of maximizing the chance that 
women would shiver, and to see if fentanyl affected the 
incidence of shivering. Epidural sufentanil has been re- 
ported to stop shivering after epidural anaesthesia.14'15 As 
shivering is often secondary to hypothermia, blunting the 
shivering response may not be wise. Temperature 
decreased 0.50 ___ 0.45 ~ C in shivering patients and 0.67 ___ 
0.45 ~ C in non-shivering patients. Indeed, sufentanil has 
caused cessation of shivering and patients have then been 
observed to decrease their body temperatures to as low as 
33 ~ C. t5 The aetiology of shivering during epidural 
anaesthesia remains unclear. 16-Is The most reasonable 
approach to avoid shivering may be to maintain body tem- 
perature. 

Chest pain during epidural anaesthesia can occur at any 
time during Caesarean section. In this study chest pain 
occurred as early as before skin incision and up until skin 
closure. No ECG changes were noted in any patient. The 
cause of chest pain remains unclear. While some authors 
think that chest pain may reflect myocardial i schaemia,19 
clinically important coronary artery disease is very uncom- 
mon in young women. Chest pain is often ascribed to 
"visceral reflex" pain. However, this does not explain the 
chest pain before skin incision. The presence or absence of 
epidural fentanyl did not affect the occurrence of chest 
pain. 

Neonatal outcomes as measured by umbilical arterial 
blood pH and Apgar scores at one and five minutes were 
equal in both groups. The lowest Apgar scores occurred in 
women in Group II, and most were not related to a pro- 
longed uterine incision to delivery time. The reason was 
probably difficult extraction and/or uteroplacental unit 
dysfunction before Caesarean section. Epidural fentanyl 
given to the mother had no detectable effect on the neo- 
nate. Other work substantiates this observation. Neonatal 
neurologic and adaptive capacity scoring (NACS) systems 
have been reported to be equivalent whether the mother 
received epidural fentanyl or not. 4'5 Neonatal breathing 
patterns were also similar. 2~ 

In summary, maternal and neonatal outcomes were 
found to be similar whether epidural fentanyl was given 
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with lidocaine during induction of  epidural anaesthesia, or 
when it was given after delivery. As it is impossible to 
"prove" safety, the use of  fentanyl before delivery must be 
justified given the potential for adverse neonatal effects. 
Others have shown the usefulness of  epidural fentanyl as 
an adjunct to lidocaine and bupivacaine. Since equal 
benefit is obtained by giving fentanyl after delivery, when 
the risks of  neonatal depression from fentanyl are zero, we 
suggest that fentanyl be given after delivery of the infant. 
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