
Anesthesiology 2004; 100:142–8 © 2004 American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

Labor Analgesia and Cesarean Delivery

An Individual Patient Meta-analysis of Nulliparous Women
Shiv K. Sharma, M.D., F.R.C.A.,* Donald D. McIntire, Ph.D.,† Jackie Wiley, R.N.,‡ Kenneth J. Leveno, M.D.§

Background: The authors performed an individual patient
meta-analysis of 2,703 nulliparous women who were random-
ized to either epidural analgesia or intravenous opioids for pain
relief during labor from five trials conducted at their hospital.
The primary purpose in this meta-analysis was to evaluate the
effects of epidural analgesia during labor on the rate of cesarean
delivery.

Methods: Between November 1, 1993, and November 3, 2000,
2,703 nulliparous women (2,188 healthy parturients and 515
women with pregnancy-induced hypertension) in spontaneous
labor at term were randomized to receive either epidural anal-
gesia or intravenous opioid analgesia in the five studies. Epi-
dural analgesia was initiated with either epidural bupivacaine
or intrathecal sufentanil and was maintained with a low-dose
(0.0625% or 0.125%) mixture of bupivacaine with fentanyl.
Intravenous opioid analgesia was initiated with 50 mg meperi-
dine and 25 mg promethazine hydrochloride and was main-
tained with intravenous boluses of meperidine as needed.

Results: A total of 1,339 nulliparous women were randomized
to receive epidural analgesia, and 1,364 women were random-
ized to receive intravenous meperidine analgesia. There was no
difference in the rate of cesarean deliveries between the two
analgesia groups (epidural analgesia, 10.5% [140 of 1,339] vs.
intravenous meperidine analgesia, 10.3% [141 of 1,364]; ad-
justed odds ratio, 1.04; 95% confidence interval, 0.81–1.34; P �
0.920). Significantly more women randomized to epidural an-
algesia had forceps deliveries compared to meperidine analge-
sia (13% [172 of 1,339] vs. 7% [101 of 1,364]; adjusted odds ratio,
1.86; 95% confidence interval, 1.43–2.40; P < 0.001). Epidural
women had longer first and second stages of labor. Women
who received epidural analgesia reported lower pain scores
during labor and delivery compared to women who received
intravenous meperidine analgesia.

Conclusion: Epidural analgesia compared to intravenous me-
peridine analgesia during labor does not increase the number
of cesarean deliveries.

THE overall cesarean delivery rate increased progres-
sively in the United States between 1965 and 1988,
increasing from 4.5% of all deliveries to almost 25%.1

After a decline in the cesarean delivery rate between
1989 and 1996, the rate began to increase again and
totaled 21% in 1998.2 The use of epidural analgesia
during labor has also increased in the United States over
the past 10 yr. This coincidence of rising cesarean and
labor epidural analgesia rates3 has generated controversy
as to whether the use of epidural analgesia is associated
with an increased use of cesarean delivery. A recent
evaluation of cesarean delivery sponsored by the Amer-
ican College of Obstetricians and Gynecologists4 con-
cluded, “there was considerable evidence suggesting
that there is in fact an association between the use of
epidural analgesia for pain relief during labor and the risk
of cesarean delivery.” Indeed, although it has been ac-
knowledged that all women in labor should have access
to effective pain relief,5,6 the possible trade-off between
effective pain relief with epidural analgesia during labor
and the alleged risk of cesarean delivery has been a cause
of considerable anxiety to expectant parents, obstetri-
cians, and anesthesiologists.

The controversy regarding the relation of epidural an-
algesia during labor and cesarean delivery can be attrib-
uted in large part to difficulties in interpreting published
studies due to flaws in design.4 Major design problems
have included retrospective analyses rather than ran-
domized trials,7–9 small sample size,10 and noncompli-
ance to the study protocol by a large number of the
participants.11–15

We performed an individual patient meta-analysis of
2,703 nulliparous women who were randomized to either
epidural analgesia or intravenous opioids for pain relief
during labor in five trials conducted at our hospital.11–

13,16,17 Our primary purpose was to evaluate the effects of
epidural analgesia during labor on the rate of cesarean
delivery. To determine the effect of epidural analgesia dur-
ing labor in a general obstetric population, we included in
our analysis women with low-risk as well as high-risk preg-
nancies (pregnancy-induced hypertension).

Materials and Methods

Subjects
The base sample of this individual patient meta-analysis

was 4,465 women of mixed parity (2,703 nulliparous
and 1,762 multiparous) randomized to either epidural
analgesia or intravenous meperidine analgesia in five
studies conducted at Parkland Hospital between Novem-
ber 1, 1993, and November 3, 2000.11–13,16,17 The cur-
rent analysis was limited to nulliparous women only. The
study protocols used for the patients described in this
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meta-analysis were developed by investigators from the
Departments of Anesthesiology and Obstetrics and Gy-
necology and approved by the Institutional Review
Board of the University of Texas Southwestern Medical
Center at Dallas. All protocols were conducted at Park-
land Hospital, which is a tax-supported institution serv-
ing the medically indigent of Dallas County. Women
giving written consent were randomly assigned using
numbered, sealed envelopes to receive either epidural
analgesia or intravenous analgesia at their first request
for relief of labor pain. The randomization sequences
were computer derived in blocks of 20 subjects. Eligible
participants included women with uncomplicated preg-
nancies in labor at term (� 36 weeks gestation) as well
as women with pregnancy-induced hypertension at 36
weeks’ or more gestation.

Obstetric Management
All pregnancies were managed by certified nurse–mi-

dwives under direct supervision by obstetric faculty and
house officers following a written protocol established
by medical staff. Routine intrapartum management of all
women included intravenous fluid administration and
electronic fetal heart rate surveillance for 30 min after
commencing epidural or intravenous analgesia. Contin-
uous internal electronic fetal heart rate monitoring was
used in those women with meconium-stained amnionic
fluid, auscultated fetal heart rate decelerations, or inad-
equate progress of labor. Pelvic examinations were per-

formed approximately every 2 h to evaluate the progress
of labor.

A cervical change of less than 1 cm/h coincidental
with hypotonic uterine contractions measured using in-
trauterine pressure transducers resulted in augmentation
of labor with oxytocin. Oxytocin was administered per
written protocol, which has been described previously.18

Briefly, oxytocin starting at 6 mU/min was increased by
6 mU/min at 40-min intervals up to a maximum of
42 mU/min. Uterine activity of 200–250 Montevideo units
for 2–4 h was considered adequate. Dystocia was diag-
nosed when adequate uterine activity did not result in
progressive cervical dilation or descent of the fetal head.
Indications for the use of forceps were limited to inade-
quate voluntary pushing or fetal heart rate abnormalities.
Inadequate voluntary pushing was determined at the bed-
side when lack of fetal descent due to inadequate maternal
expulsive efforts was observed. Umbilical artery blood for
analysis of gases was obtained at all births from a doubly
clamped cord segment.

Labor Analgesia
Epidural Analgesia. Women randomized to epidural

analgesia received an intravenous bolus of 500 ml lac-
tated Ringer’s solution immediately preceding analgesia.
Analgesia was initiated with either epidural bupiva-
caine11,12,16,17 or intrathecal sufentanil.13 Epidural anal-
gesia was maintained with various concentrations of
bupivacaine and fentanyl (table 1). Analgesia was main-
tained throughout the first stage of labor. If progress

Table 1. Methods of Epidural and Intravenous Meperidine Analgesia Used in Five Consecutive Randomized Trials in Nulliparous
Women

Study/Time Period Epidural Method Intravenous Meperidine Method

Study 111

1993–1994 Initial bolus 0.25% bupivacaine, continuous
0.125% bupivacaine with 2 �g/ml fentanyl

50 to 75-mg boluses every 2 h as needed
n � 355

n � 338
Study 213

1994–1995 Combined spinal–epidural with 10 �g
Intrathecal sufential continuous 0.125%
bupivacaine with 2 �g/ml fentanyl

50 to 75-mg boluses every 2 h as needed
n � 314

n � 336
Study 312

1995–1996 Initial bolus 0.25% bupivacaine, continuous
0.125% bupivacaine with 2 �g/ml fentanyl

n � 197

Initial bolus 50 mg, patient-controlled
pump; 10–15 mg every 10 min as
needed, maximum 400 mg in 6 h

n � 189
Study 416

1996–1998 Initial bolus 0.25% bupivacaine, continuous
0.125% bupivacaine with 2 �g/ml fentanyl

n � 242

Initial bolus 50 mg, patient-controlled
pump; 10–15 mg every 10 min as
needed, maximum 400 mg in 6 h

n � 273*
Study 517

1998–2000 Initial bolus 0.25% bupivacaine, patient-
controlled 0.0625% bupivacaine with 2 �g/ml
fentanyl; 5 ml every 15 min as needed

Initial bolus 50 mg, patient-controlled
pump; 10–15 mg every 10 min as
needed, maximum 400 mg in 6h

n � 226 n � 233

* Pregnancy-induced hypertension.
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during the second stage of labor was inadequate after
1 h, the infusion was halved or discontinued to restore
maternal expulsive efforts. Additional boluses of fentanyl
and/or bupivacaine were injected to overcome inade-
quate analgesia. If required, the epidural catheter was
replaced. Left uterine displacement was maintained to
avoid aortocaval compression.

Maternal blood pressure was recorded every 5 min for
30 min and then every 30 min until delivery. Intravenous
fluids were given to treat hypotension defined as a systolic
blood pressure less than 25% of baseline or a systolic blood
pressure less than 100 mmHg. Persistent hypotension was
treated with 5 mg ephedrine intravenously as needed.

Intravenous Meperidine Analgesia. All women ran-
domized to meperidine analgesia in these protocols re-
ceived an initial bolus of 50 mg meperidine and 25 mg
promethazine hydrochloride intravenously. The meth-
ods of meperidine administration after the loading dose
are shown in table 1. Maternal blood pressure was re-
corded as already described in women who received
epidural analgesia.

Outcomes of Interest
The primary outcome was the overall cesarean deliv-

ery rate. Also analyzed were the indications for cesarean
delivery, forceps delivery rate, duration of the first and
second stages of labor, labor complications, and infant
outcomes.

Statistical Analysis
An individual patient meta-analysis using the original

databases was performed. All tests of significance were
performed using two-tailed tests. Initially, data were an-
alyzed with use of SAS statistical software (SAS Institute,
Inc., Cary, NC; statistical significance, P � 0.05) using
the unpaired Student t test, Pearson chi-square test, and
Mann–Whitney U test as indicated. Data were analyzed
according to group assignment at randomization (intent-
to-treat analysis) regardless of the eventual analgesia re-
ceived. Secondarily, patients compliant to their random-
ization assignment were also compared.

Because data were pooled from five different studies,
we also estimated heterogeneity of results using the
Breslow-Day statistics. If P values were less than 0.10, a
random effect model was used to estimate the effects;
otherwise, the Cochran-Mantel-Haenszel statistic was in-
corporated to establish statistical significance. This ap-
proach differs from typical meta-analyses in which only
summary statistics and sample size are known. Having
data available from the individual patients allows the
incorporation of general statistical methods adjusting for
the individual studies. A statistical difference between
groups was considered to occur if the combined 95%
confidence interval (CI) did not include 1 for the odds
ratio (OR).

Results

A total of 4,465 women of mixed parity (nulliparous,
n � 2,703; multiparous, n � 1,762) were randomized in
five studies (fig. 1).11–13,16,17 Only nulliparous women
were included in this meta-analysis. Of these 2,703 nul-
liparous women, 1,339 women were allocated to receive
epidural analgesia, and 1,364 women were allocated to
receive intravenous meperidine analgesia. Five hundred
fifteen (19%) of all nulliparous women were diagnosed
with pregnancy-induced hypertension.16 Two hundred
forty women (18%) in the epidural group and 182
women (13%) in the intravenous meperidine group did
not receive their allocated analgesia (fig. 1). One hun-
dred sixty-five women (12%) who received intravenous
meperidine analgesia as randomized later crossed over to
epidural analgesia because of inadequate pain relief. An
adjustment for the five studies did not affect any of the
results, so we elected to simplify the presentation and
present analysis on the combined data set.

As shown in table 2, there were no significant differ-
ences in maternal demographic characteristics, cervical
dilation at the time of analgesia, or number of women
with pregnancy-induced hypertension between the epi-
dural and intravenous meperidine analgesia groups.

Labor Events
Intent-to-treat Analysis. Labor events were analyzed

in relation to the type of analgesia used, and the results

Fig. 1. Distribution of women randomized to epidural analgesia
or intravenous meperidine analgesia in five trials.11–13,16,17
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are shown in table 3. Epidural analgesia was significantly
associated with prolongation of the first (P � 0.011) and
second (P � 0.001) stages of labor, the need for aug-
mentation of labor with oxytocin (P � 0.001), and ma-
ternal fever (P � 0.001).

Methods of delivery are shown in table 4. Significantly
fewer women randomized to epidural analgesia experi-
enced spontaneous deliveries compared to those ran-
domized to intravenous meperidine analgesia (adjusted
OR, 0.69; 95% CI, 0.57–0.83; P � 0.001). This difference
resulted from significantly increased forceps deliveries
(both low and outlet forceps) rather than cesarean de-
liveries. Specifically, 13% of women receiving epidural
analgesia (172 of 1,339) had forceps deliveries compared
to 7% (101 of 1,364) in the intravenous meperidine
analgesia group (adjusted OR, 1.86; 95% CI, 1.43–2.40; P
� 0.001). The overall cesarean delivery rates for the

epidural analgesia and intravenous meperidine analgesia
were 10.5% (140 of 1,339) and 10.3% (141 of 1,364),
respectively (adjusted OR, 1.04; 95% CI, 0.81–1.34;
P � 0.920; fig. 2). There were no significant differences
in cesarean delivery for dystocia or fetal heart rate ab-
normalities. We could not detect heterogeneity in the
study results for this outcome.

The cesarean delivery rate was similar among three dif-
ferent methods of epidural analgesia (conventional epi-
dural analgesia, 12% [94 of 777]; combined spinal–epidural
analgesia, 9% [30 of 336]; patient-controlled epidural anal-
gesia, 7.1% [16 of 226]; P � 0.54).

Neonatal Outcomes
Infant outcomes are summarized in table 5. One-

minute and 5-min Apgar scores less than 7 were signifi-

Table 2. Maternal Demographic Characteristics in 2,703 Nulliparous Women Randomized to Epidural or Intravenous Meperidine
Analgesia Using Intent-to-treat Analysis

Characteristic
Epidural Analgesia

(n � 1,339)
Intravenous Meperidine
Analgesia (n � 1,364) P Value

Age, yr 20 � 4.0 20 � 4.0 0.825
Height, cm 155 � 9 156 � 10 0.295
Weight, kg 72 � 12 73 � 12 0.932
Gestational age, wk 39.1 � 1.6 39.1 � 1.5 0.874
Race

Hispanic 864 (65) 887 (65) 0.899
African-American 334 (25) 343 (25)
White 113 (8) 109 (8)
Other 28 (2) 24 (2)

Cervical dilation at first analgesia, cm 4 � 1.5 4 � 1.6 0.308
Pregnancy-induced hypertension 242 (18) 273 (20) 0.199

Data are presented as n (%), mean � SD.

Table 3. Labor Events in 2,703 Nulliparous Women Randomized to Epidural or Intravenous Meperidine Analgesia Using Intent-to-
treat Analysis

Labor Event
Epidural Analgesia

(n � 1,339)
Intravenous Meperidine
Analgesia (n � 1,364) P Value

Labor duration, first stage,* h 8.1 � 5 7.5 � 5 0.011
Labor duration, second stage,† min 60 � 56 47 � 57 �0.001
Oxytocin after analgesia 641 (48) 546 (40) �0.001
Fever � 38°C 309 (23) 94 (7) �0.001

Data are presented as n (%) or mean � SD.

* First stage-initiation of analgesia to complete cervical dilation. † Second stage-complete cervical dilation to delivery.

Table 4. Method of Delivery in 2,703 Nulliparous Women Randomized to Epidural or Intravenous Meperidine Analgesia Using
Intent-to-treat Analysis

Method of Delivery
Epidural Analgesia

(n � 1,339)
Intravenous Meperidine
Analgesia (n � 1,364) P Value

Spontaneous vaginal 1,027 (77) 1,122 (82) �0.001
Forceps 172 (13) 101 (7) �0.001
Cesarean 140 (10.5) 141 (10.3) 0.920

Dystocia 109 (8.1) 123 (9.0) 0.091
Nonreassuring FHR 32 (2.4) 18 (1.3) —

Data are presented as n (%).

FHR � fetal heart rate.
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cantly increased in the intravenous meperidine analgesia
group. Umbilical artery blood acidemia (pH � 7) was not
related to the type of analgesia given to the mother. Six
neonates in the epidural analgesia group and six in the
intravenous meperidine analgesia group required trans-
fer to the neonatal intensive care unit (P � 0.954). There
were no neonatal deaths.

Protocol Compliant Women. Because approxi-
mately 20% of the all randomized nulliparous women did
not comply with their analgesia protocol (fig. 1), we

separately compared those patients who did comply
(table 6). There were no significant differences in demo-
graphic characteristics at the time of analgesia between
the protocol-compliant groups. Analysis of the protocol-
compliant groups also showed no significant difference
between the epidural analgesia and intravenous meper-
idine analgesia groups in the rate of cesarean deliveries
(epidural analgesia, 11.5% vs. parenteral analgesia, 9.6%
[OR, 1.19; 95% CI, 0.93–1.53]; P � 0.172). However,
epidural analgesia was associated with a higher forceps
delivery rate (epidural analgesia, 15% vs. intravenous
meperidine analgesia, 6%; P � 0.001), and prolonged
first and second stages of labor. We could not detect
heterogeneity in the study results for these outcomes,
and an adjustment for the five studies did not affect any
of the results

Crossover from Meperidine to Epidural Analge-
sia. Table 7 summarizes the progress of labor in women
who crossed over from intravenous meperidine to epi-
dural analgesia because of inadequate pain relief. The
cesarean delivery rate was significantly higher in women
who crossed over from meperidine analgesia to epidural
analgesia compared to those who did not cross over
(crossover, 18.8% vs. no crossover, 9.2%, [OR, 2.05; 95%
CI, 1.42–2.95]; P � 0.001). Also, the forceps delivery
rate was higher and the first and second stages of labor
were prolonged in women who crossed over compared
to those who did not.

Fig. 2. Cesarean delivery: individual odds ratios (ORs) with 95%
confidence intervals (CIs) for each randomized study, as well as
overall crude and adjusted ORs with 95% CIs. An OR less than 1
favored epidural over meperidine analgesia.

Table 5. Infant Outcomes in 2,703 Women Randomized to Epidural or Intravenous Meperidine Analgesia Using Intent-to-treat
Analysis

Infant Outcome
Epidural Analgesia

(n � 1,336)
Intravenous Meperidine
Analgesia (n � 1,364) P Value

Birth weight, g 3,256 � 485 3,244 � 437 0.551
Apgar score

� 7 at 1 min 41 (3) 80 (6) � 0.001
� 7 at 5 min 6 (0.4) 16 (1) 0.079

Umbilical artery blood pH � 7.00 8 (0.6) 11 (0.8) 0.338
Admission to NICU 6 (0.5) 6 (0.5) 0.954

Data are presented as n (%) or mean � SD.

NICU � neonatal intensive care unit.

Table 6. Labor Events in Protocol-compliant Nulliparous Women Randomized to Epidural or Intravenous Meperidine Analgesia

Labor Event
Epidural Analgesia

(n � 1,099)
Intravenous Meperidine
Analgesia (n � 1,017) P Value

Labor duration, first stage,* h 8.1 � 5 6.6 � 5 �0.001
Labor duration, second stage,† min 62 � 57 45 � 57 �0.001
Spontaneous vaginal delivery 810 (74) 857 (84) �0.001
Forceps delivery 163 (15) 62 (6) �0.001
Cesarean delivery 126 (11.5) 98 (9.63) 0.172

Dystocia 100 (9.1) 82 (8.1) 0.234
Nonreassuring FHR 27 (2.5) 16 (1.6) —

Data are presented as n (%) or mean � SD.

* First stage-initiation of analgesia to complete cervical dilation. † Second stage- complete cervical dilation to delivery.

FHR � fetal heart rate.
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Satisfaction with Analgesia
The preanalgesic visual analog pain scale scores were

similar between the two study groups (epidural, 9 � 1.6 vs.
intravenous meperidine, 9 � 1.7; P � 0.09). Women who
received epidural analgesia reported lower pain scores dur-
ing the first stage (epidural, 2 � 3 vs. meperidine, 4 � 4;
P � 0.0001) and second stage (epidural, 3 � 3 vs. meper-
idine, 5 � 4; P � 0.001) of labor. When parturients were
queried within 24 h after delivery, 95% of women who
received epidural analgesia rated their satisfaction as excel-
lent or good compared to 69% of women who received
intravenous meperidine analgesia (P � 0.0001).

Discussion

We found that epidural analgesia was associated with
prolonged labor, an increased need for oxytocin stimu-
lation, an increased incidence of maternal fever, and an
increased number of forceps deliveries. However, the
number of cesarean deliveries was not increased. Using
the observed overall cesarean delivery rate in the meper-
idine analgesia group as the baseline, our sample size has
80% power with less than 0.05 significance to detect an
absolute increase due to epidural analgesia of 3% (from
7% to 10%) in the overall cesarean delivery rate.

The results of this individual patient meta-analysis of
randomized epidural versus intravenous meperidine an-
algesia during labor in nulliparous women represent the
culmination of 7 yr of clinical trials focused on measur-
ing the effects of such analgesia on childbirth in a gen-
eral obstetric population at a single hospital.11–13,16,17 It
is our opinion that the combined data of over five trials
including 2,703 randomized nulliparous women pro-
vides a unique opportunity to analyze the effects of
epidural analgesia on childbirth.

Although meta-analysis is an often-used method of ag-
gregating data published in the literature to enhance
sample size, individual patient meta-analyses as we have
conducted using actual data from each studied subject is
comparatively uncommon. Our meta-analysis also has
the additional advantages of including only patients from

a single center using standardized obstetric management
as well as consistent definitions of the outcomes of
interest. Moreover, individual patient data permit statis-
tical adjustment because each subject’s specific charac-
teristics can be linked to an outcome of interest. Such
adjustment is not possible in a standard meta-analysis.

Several retrospective and prospective studies con-
ducted over the past decade have attempted to evaluate
the effect of epidural labor analgesia on cesarean deliv-
ery. Retrospective studies7–9 have selection bias because
women choosing epidural analgesia may have more in-
tense pain due to more difficult labor and therefore may
be intrinsically at greater risk for dystocia necessitating
cesarean delivery.19–21 In this study, we found that those
women who crossed over to epidural analgesia after
meperidine failed had more difficult labor and a higher
cesarean delivery rate (table 7). This supports the
premise that selection of women for study, based on
their need for epidural analgesia, falsely increases the
associated cesarean delivery rate. Prospective studies
have also had methodologic limitations.22 Many women
have firm views on the type of analgesia they prefer in
labor and are reluctant to consent to receiving a prede-
termined method of analgesia, or they may consent and
then withdraw from the study, thereby contributing to
protocol failures.11–13 Another important consideration
is unsatisfactory pain relief in women randomized to the
control group that ethically mandates permitting these
women to cross over to epidural analgesia.11,13–15 This in
turn significantly distorts both study arms. Methodologic
problems such as these have prevented definitive con-
clusions from several prospective trials as to whether
labor epidural analgesia causes cesarean births.

Problems with study execution, such as crossovers
from meperidine to epidural analgesia, obscured the
effects of epidural analgesia in our two earliest trials, in
which the crossover rates from meperidine to epidural
analgesia were very high (16% and 17%).11,13 This prob-
lem was minimized in our three subsequent trials, largely
because of patient satisfaction with patient-controlled
intravenous meperidine, which resulted in few cross-

Table 7. Labor Events in Women Who Did or Did Not Cross Over from Meperidine to Epidural Group Because of Inadequate Pain
Relief

Labor Event
Did Not Cross

Over (n � 1,199)
Crossed Over

(n � 165) P Value

Admission-to-delivery interval, h 7 � 5 13 � 5 �0.001
Second stage* 45 � 56 62 � 52 0.001
Spontaneous vaginal delivery 1,011 (84) 111 (67) �0.001
Forceps delivery 78 (6.5) 23 (14) 0.001
Cesarean delivery 110 (9.2) 31 (18.8) �0.001

Dystocia 93 (7.8) 30 (18.2) �0.001
Nonreassuring FHR 17 (1.4) 1 (0.6) —

Data are presented as n (%) or mean � SD.

* Second stage-complete cervical dilation to delivery.

FHR � fetal heart rate.
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overs (2%, 1%, and 6%).12,16,17 In these subsequent trials,
there was no difference in the rate of cesarean deliveries
between the two analgesia groups based on intent-to-
treat analysis according to original randomization as well
as by analysis of protocol-compliant groups.

Recent reports indicate that epidural analgesia is not
associated with excess cesarean births. Leighton and
Halpern23 performed a meta-analysis in 2002 of 14 stud-
ies including 2,161 women who received epidural anal-
gesia versus 2,163 who received opioids for labor pain.
They reported no increase in the cesarean delivery rate
attributable to epidural analgesia. Zhang et al.24 recently
reported on the effects of the introduction of an on-
demand labor epidural analgesia service at Tripler Army
Hospital, Honolulu, Hawaii. In late 1993, a policy change
within the Department of Defense required the availabil-
ity of on-demand labor epidural analgesia in military
medical centers. As a result, the incidence of epidural
analgesia increased from 1% before the policy to 84% at
1 year after the policy had been implemented. The pri-
mary cesarean delivery rates were 14.4% before and
12.1% after this dramatic change in epidural use.

It is important to emphasize that there has been con-
tinual refinement of techniques used for epidural anal-
gesia during labor. It is likely that early methods of
epidural analgesia using high doses of analgesic agents
had greater effects on labor than contemporary low-dose
techniques such as those used in our trials.

Although epidural analgesia was not associated with
increased cesarean deliveries in our meta-analysis, such
analgesia had effects on labor. Specifically, epidural an-
algesia increased the mean length of labor by approxi-
mately a half-hour, which may in part explain the in-
creased used of oxytocin for correction of prolonged
labor. The second stage of labor was also prolonged
when epidural analgesia was used. Clinically, we believe
epidural-related poor maternal expulsive efforts could be
responsible for the increase in forceps deliveries that we
observed. Further, epidural analgesia was associated
with an increased incidence of maternal fever. However,
the underlying mechanism for fever among parturients
receiving epidural analgesia is unclear.

In summary, epidural analgesia can lengthen the dura-
tion of labor and result in more frequent use of oxytocin
to stimulate labor. However, these effects did not result
in increased cesarean delivery. It is our opinion that the
fear of unnecessary cesarean delivery should not prevent
women from choosing an effective method of pain relief
during labor.
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