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Abstract: The aim of this study was to compare the efficacy and safety

of the combinational use of bupivacaine and fentanyl versus ropivacaine

and fentanyl in epidural analgesia for labor.

Multiple electronic databases were searched by using appropriate

MeSH terms, and keywords for original research papers published

before October 2014. Meta-analyses were based on mean differences

between the groups as well as odds ratios. Statistical heterogeneity was

tested by I2 index.

Fifteen randomized controlled trials, recruiting 2097 parturient

mothers overall, were selected for the meta-analyses. Concentrations

of the preparations used (weight/volume; mean and standard deviations)

were bupivacaine 0.1023%� 0.0375%, ropivacaine 0.1095%� 0.042%,

and fentanyl 0.00021%� 0.000089%. There were no statistically signifi-

cant differences between both the combinations in the mean change in

Visual Analog Score for pain during labor, incidence of instrumental or

cesarean delivery, neonate Apgar score of <7, maternal satisfaction,

duration of either first or second stage of labor, oxytocin use for induction,

onset of analgesia, and duration of analgesia. Women who received

ropivacaine and fentanyl had significantly lower incidence of motor

blocks (odds ratio [95% CI]¼ 0.38 [0.30, 0.48] P< 0.00001, fixed effect

and 0.38 [0.27, 0.54] P< 0.0001, random effects I2 30%) when compared

with women who received bupivacaine and fentanyl. Incidence of side

effects was similar for both the combinations.

Analgesia with ropivacaine in combination with fentanyl at

0.1%:0.0002% ratio for labor pain relief is associated with lower

incidence of motor blocks in comparison with analgesia with bupivacaine

and fentanyl at similar ratio (0.1%:0.0002%).

(Medicine 94(23):e880)

Abbreviations: AUC = area under the curve, BUPI-FEN =
gjie Gao, and Yue Tian

analgesia, RCTs = randomized controlled trials, REM = random-

effects models, ROPI-FEN = ropivacaine and fentanyl, VAS =

Visual Analog Score, VAS = Visual Analogue Sca.

INTRODUCTION

A nalgesic adequacy during labor along with the avoidance of
adverse effects is vital for obstetric conditions. Painful

labor can have negative impacts on maternal and fetal physi-
ology. In neuraxial analgesia, the analgesics are injected or
infused in close proximity to the spinal cord by using catheter,
usually either intrathecally into the cerebrospinal fluid or
epidurally into the fatty tissues around the dura, to block nerves
that transmits pain signals to the brain.1,2 Much lower pain
scores with least adverse effects on maternal cardiovascular or
pulmonary functions and fetal physiology with higher maternal
satisfaction are reported with the use of neuraxial analgesic
techniques during labor and delivery.3

Epidural administration of amide local anesthetics in com-
bination with opioids is widely used for pain relief in labor
because of the dose minimizing and side effects reducing
benefits.4–6 Bupivacaine is the most widely used long-acting
amide local anesthetic. It is a racemic mixture of 2 stereoisomers.
Ropivacaine, a levorotatory propyl homologue of bupivacaine,
because of its structural features and physicochemical properties,
is found to be less toxic to nervous system and heart in comparison
with bupivacaine, although, it possesses relatively lower
potency.4,7 Fentanyl, a low molecular weight, high potency,
and lipid soluble synthetic opioid, is a suitable analgesic drug
which is in use for labor since many decades.8

Previously, the efficacies of epidural analgesia for labor with
bupivacaine and ropivacaine have been reviewed, and the out-
comes were found similar for both the drugs except for a
statistically untested (because of higher heterogeneity) evidence
of higher incidence of motor blocks in bupivacaine-treated
women.9 Recently, the efficacy and safety of bupivacaine in
combination with sufentanil have been reviewed against levo-
bupivacaine and ropivacaine both in combination with sufentanil
where it has been observed that the incidence of motor blocks was
nonsignificantly higher in the bupivacaine–sufentanil combi-
nation.10 So far, there is no systematic study to review the clinical
trials that examined the efficacy and safety of these local amides
in combination with fentanyl. Purpose of this meta-analysis is to
compare the efficacy and safety of the combinational use of
bupivacaine and fentanyl with ropivacaine and fentanyl in epi-
dural analgesia for labor pain relief by analyzing data generated in
the relevant randomized controlled trials (RCTs).
METHOD
s is carried out by following Preferred
ystematic Reviews and Meta-Analyses
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TABLE 1. Important Features of the Method Used for the Present Study

Literature search Databases searched: Medline/PubMed, Embase, Scopus, CINAHL, Ovid SP, EBSCO, Cochrane
library, and Google Scholar;
MeSH terms and keywords: bupivacaine, ropivacaine, fentanyl, analgesia, anesthesia, labor,
delivery, neuraxial, epidural, efficacy, side effects, motor block, sensory block, and randomized
trial. Major search strategy is given in supplementary material.
Search encompassed original research papers published before October 2014.

Type of studies RCTs that carried out comparative evaluations of bupivacaine with fentanyl vs ropivacaine with
fentanyl as epidural analgesia for labor pain relief. Quasi-randomized/cluster-randomized or
cross-over trials or studies published as abstract were not considered.

Participants Women requiring epidural analgesia for labor pain relief after VAS for pain assessment.
Interventions included Epidural analgesia with bupivacaine and fentanyl vs ropivacaine and fentanyl for pain relief in

labor for the comparative evaluation of efficacy and safety.
Interventions excluded Studies administering analgesia intrathecally; single-arm studies examining either BUPI-FEN or

ROPI-FEN as labor analgesia or double-arm studies with one of these combinations intervened;
studies intervening cesarian section or postdelivery analgesia only; studies examining a
combination of more than 2 of these anesthetics.

Outcomes of interest Adequate pain relief a assessed with Visual Analogue Score (VAS) for pain, incidence of motor
blocks, incidence of instrumental and cesarean deliveries, Apgar score of <7, maternal
satisfaction with analgesia, onset of analgesia, and analgesia duration.

Trial quality assessment The Cochrane Collaboration Risk of Bias Assessment Tool for the assessment of RCTs.11 The
assessment of publication bias was made by the visual examination of asymmetry of the funnel
plots.

VAS for pain definition VAS for pain is a measure of pain intensity in adults by which patient points pain severity (0–
100¼ low to high) on a paper having 10 cm line with 100 divisions.12

Bromage Score definitions used Grade (G)0, no motor block; G1, inability to raise extended leg; G2, able to move knees and feet;
G3, Complete motor block of lower limbs;13 or G1, no movement of the lower extremities; G2,
able to flex ankles; G3, able to flex knees; G4, able to flex hips in the supine position; G5, able to
stand; and G6, able to stand and do a partial knee bend.14

Data extraction Independently by 2 authors. Inter-rater reliability: kappa¼ 0.95
Meta-analysis method Mean differences for continuous variables and odd ratios for dichotomous data. Both fixed- and

random-effects models (FEM and REM, respectively) used depending on I2. The overall effect
of treatment was a weighted average of the inverse variance adjusted individual effects.
Significance of difference between comparator groups was tested by 2-tailed z test.

Subgroup analyses Interstudy dose concentration deviation impact was assessed by comparing subgroups (studies
utilizing �0.125% vs <0.125% bupivacaine/ropivacaine concentrations.

Heterogeneity I2 index used to assess between study heterogeneity. Comparisons with I2< 50% were studied
ity
and
oc
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guidelines. Table 1 summarizes important features of the
method used to carry out the present study. Meta-analysis does
not involve ethical review.

Inclusion and Exclusion Criteria
The inclusion criteria were, RCTs, recruiting women in

labor to study the efficacy and safety of epidural analgesia with
bupivacaine versus ropivacaine, both in combination with
fentanyl (hereinafter BUPI-FEN and ROPI-FEN, respectively);
have compared at least 3 efficacy and/or safety parameters; the
combined analgesic solution infused epidurally to maintain
analgesia during labor and delivery; and the effectiveness of
analgesia has been assessed with Visual Analog Score (VAS)
for pain, and the participants entered the trial after being
assessed with VAS for pain and were found appropriate for
the trial. The exclusion criteria were: studies administering
analgesia intrathecally; single-arm studies examining either

under REM, and sensitiv
Other statistics Correlation coefficients
Software RevMan (Version 5.2; C
BUPI-FEN or ROPI-FEN as labor analgesia or double-arm
studies with one of these combinations intervened; studies
evaluating BUPI-FEN and/or ROPI-FEN combinations as

2 | www.md-journal.com
cesarean section or postdelivery analgesia only; and studies
examining a combination of more than 2 of these anesthetics.

Data Extraction, Synthesis, and Statistical
Analysis

The data were obtained from the published research papers
of respective trials and were organized in datasheets. Data
regarding the participants’ demographic and obstetric character-
istics, interventions, and outcomes were extracted independently
by 2 reviewers. For meta-analyses, mean and standard deviations
(MSD) of the comparator variables of interest were used to
calculate the mean differences along with 95% confidence
intervals (95% CI) for each constituent study, which then led
to the calculation of overall effect size. For dichotomous vari-
ables, meta-analyses were based on odds ratios. Statistical hetero-
geneity was tested by I2 index. Correlation coefficients between
the dose concentrations and important endpoints with their

analyses were performed to investigate the source of heterogeneity.
their significance testing

hrane Collaboration)/Stata 12 SE (Stata Inc., TX)
significance levels were calculated by using Stata 12 software.
Visual examination of the funnel plot was used as proxy measure
to judge selection biases, and sensitivity analyses were performed

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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to investigate the source of higher heterogeneity in comparisons
with I2> 50%.

RESULTS
Fifteen studies15–29 were selected for the meta-analyses by

following the inclusion and exclusion criteria. A flowchart of
literature retrieval, screening, and study selection process is
presented in Figure 1, and the characteristics of the included
studies are presented in Table 2. Overall, the included studies
recruited 2097 women in labor. Age (MSD) of the participants
ranged between 22.9� 0.6 and 31� 4 years. Height and weight
of the parturient women as MSD ranged between 159.7� 2.73
to 167� 7 cm and 64.2� 4 to 84� 13 kg, respectively.

Among the important obstetric data as MSD, gestation
period ranged between 38.6� 0.3 and 39.6� 1.1 weeks and
cervical diameter at the time of entry into the trial ranged between
2.4� 1 and 5.15� 0.2 cm. Concentrations of the preparations
used (weight/volume, MSDs) in this population were: bupiva-
caine 0.1023%� 0.0375%, ropivacaine 0.1095%� 0.042%, and
fentanyl 0.00021%� 0.000089%. Loading dose volume was
10.4� 4.2 (5–20) mL, loading time 15.7� 8.6 (5–30) minutes,
and maintenance dose volume of the study drugs was 8.8� 3.6
(4–15) mL/hour. Studies utilizing patient controlled epidural
analgesia (PCEA) systems had locktime of 12.5� 4.3 (10–
20) minutes and 8� 2 (6–10) mL/hour infusion rate. All studies

FIGURE 1. Flowchart of literature screening and study selection p
utilized study drugs for loading except for one that utilized 0.7%
lidocaine with fentanyl as loading dose followed by study drugs
for the maintenance of analgesia.20

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
The quality of the included trials was generally good when
assessed against the trial manifesto of each study (Table 3). A
low-level selection bias including publication bias was also
evident from the visual examination of the funnel plot
(Figure 2).

There were no statistically significant differences between
both the combinations in the mean change in VAS for pain
during labor, incidence of instrumental or cesarean deliveries,
duration of either first or second stage of labor, neonate Apgar
score< 7, maternal satisfaction with analgesia, oxytocin use of
induction, onset of analgesia, and duration of analgesia
(Table 4).

In the overall study population, 187 of 1015 women in
ROPI-FEN group and 335 of 1022 women in BUPI-FEN group
developed notable motor blocks as measured by modified
Bromage scores given in Table 1. Both the odds ratio-based
models revealed ROPI-FEN group to be significantly superior
to BUPI-FEN combination (OR [95% CI] of 0.38 [0.27, 0.54],
P< 0.00001, REM; and 0.38 [0.30, 0.48], P< 0.00001, FEM; I2

30%, Figure 3).
Incidence of motor blocks increased significantly with

increasing concentration of bupivacaine (correlation coefficient
[r]¼ 0.566, P¼ 0.027 but not significantly with ropivacaine
0.378, P¼ 0.164). Overall, there were no significant relation-
ships between fentanyl concentration and the incidence of

ess.
motor blocks (r¼ 0.153, P¼ 0.58 for BUPI-FEN and
r¼ 0.215, P¼ 0.44 for ROPI-FEN). However, with increasing
concentration of fentanyl from 0.0001% to 0.00025% (all
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TABLE 3. Risk of Bias Assessment in the Included Studies

Other
Bias

Selective
Reporting

Incomplete
Outcome

Data

Blinding of
Outcome

Assessment

Blinding of
Participants/

Personnel
Allocation

Concealment

Random
Sequence
Generator

Asik et al, 2002 L L L L L L L
Atienzar et al, 2008 L L L L L L L
Bolukbasi et al, 2005 L L L L L L L
Campbell et al, 2000 L L L L L L L
Chen et al, 2014 L U L L L L L
Fernandez-Guisasola et al, 2001 L L L L L L L
Finegold et al, 2000 L L L L L L L
Girard et al, 2006 L L L L L L L
Halpern et al, 2003 L L L L L L L
Lee et al, 2004 L L L L L L L
Meister et al 1999 L L L L L L L
Neha et al, 2012 L L L U H U L
Owen et al 2001 L L L L L L L
Paddalwar et al, 2014 L L L L L U L
Pirbudak et al 2007 L U L L L L L
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studies except one which used 0.0005% fentanyl),23 the percent
incidence of motor blockade decreased significantly in ROPI-
FEN (r¼ � 0.549; P¼ 0.034) but not significantly in BUPI-
FEN (�0.284, P¼ 0.3) treated women.

Increasing dose concentrations of either local amide anes-
thetics or fentanyl were not associated with an increased
incidence of instrumental or cesarean deliveries. However, with
increasing concentration of fentanyl from 0.0001% to
0.00025% (all studies except one with 0.0005%),23 the percent
incidence of instrumental deliveries decreased significantly in
ROPI-FEN (r¼�0.532, P¼ 0.04) but not significantly in
BUPI-FEN (r¼�0.185, P¼ 0.51) treated women.

Subgroup analyses were performed to assess the interstudy
dose concentration deviation. In the meta-analyses of the studies
in which bupivacaine and ropivacaine concentrations of either
�0.125% or <0.125% were used, the results did not differ
significantly from the overall results for all parameters studied.

H¼ high risk, L¼ low risk, M¼mediocre risk, U¼ unclear risk.
Statistical heterogeneity was high in 2 comparisons: I2 was
81% in the meta-analysis of the mean change in VAS for pain,
however, sensitivity analysis (exclusion of 1 study23) reduced I2

FIGURE 2. Funnel plot, corresponding to the meta-analysis of
motor block incidence data, showing a low-level publication bias.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
to 38% level without any significant difference on overall
outcomes. In the comparison of the duration of first stage of
labor, I2 was 82%. Sensitivity analysis (exclusion of 1 study24)
reduced I2 value to 7% level with outcomes still nonsignifi-
cantly different between the comparator combinations.

Side effects associated with the combinational use of these
amide local anesthetics in combination with fentanyl noticed in
the included studies were pruritus, nausea, and hypotension
which were observed in at least 4 studies. Percent incidence
was similar in BUPI-FEN versus ROPI-FEN groups (pruritus
29.9%� 24.5% versus 31.25%� 20.68%; nausea 7.57%� 5.6%
versus 7.39%� 6.48%; and hypotension 11.7%� 11% versus
13.12%� 16.49%). Besides, backache (10%), shivering (5%),
and fetal bradycardia (10%) were also observed in 1 study each.
Correlation coefficient between the percent incidence of pruritus
and fentanyl concentration was 0.36, P¼ 0.27 for BUPI-FEN and
0.34, P¼ 0.3 for ROPI-FEN combinations.

DISCUSSION
Several measures of efficacy and safety were examined in

the present meta-analysis, and majority of these were found
comparable. There were no significant differences in the mean
change in VAS for pain during labor, incidence of either instru-
mental or cesarean deliveries, duration of either first or second
stage of labor, neonate Apgar scores of<7, maternal satisfaction
with analgesia, oxytocin use for induction, duration of analgesia,
and onset of analgesia between both the combinations. However,
the incidence of motor blocks was significantly lower in ROPI-
FEN-administered women. Percent women who developed
motor block measurable with Bromage scale were 18.4% in
ROPI-FEN and 32.8% in BUPI-FEN treated groups.

It is postulated that ropivacaine possesses low lipophilic
characteristics and therefore is resistant to rapidly penetrating
the myelinated nerve fibers and thus is less likely to cause motor
blockade and neurotoxicity.30 However, in a meta-analysis, Lv

et al10 could not find a significant difference in the incidence of
motor blocks between bupivacaine�sufentanil and ropivacai-
ne�sufentanil combinations but noted a significantly higher

www.md-journal.com | 7
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incidence of instrumental deliveries in ropivacaine�sufentanil
treated women (P¼ 0.05), although, the percent incidence of
motor blocks was slightly higher in bupivacaine�sufentanil
treated women.

Timing of the incidence of motor blocks can also affect the
overall outcomes of the labor analgesia as seen in one of the
included studies of the present meta-analysis in which all motor
block events initiated in the first 3 hours of labor in ROPI-FEN
and within 4 hours of BUPI-FEN treated women. This was in
accordance with the incidence of instrumental deliveries (9
ROPI-FEN vs 14 BUPI-FEN).21 A similar difference between
these comparators in the timeline of motor block incidence was
observed by Halpern et al23 but this was in accordance with the
incidence of cesarean rather than instrumental deliveries.

In order to seek a causal relationship between the incidence
of motor blocks and ropivacaine use, it was speculated that
lesser ropivacaine use on hourly basis may be a cause of low
incidence of motor blocks,25 but such an association could not
be observed in the present study. However, in the present study,
all except 4 studies (0.125% vs 0.2%,16 0.08% vs 0.1%,19

0.0625% vs 0.1%,20 and 0.125% vs 0.1%21) used same con-
centrations of bupivacaine and ropivacaine, but still the inci-
dence of motor blocks was higher in bupivacaine group.
Moreover, correlational association of motor blocks was sig-
nificant with bupivacaine but not with ropivacaine. These
results favor the notion that motor blockade is a drug effect
and cannot be attributed to potency.31 It has been previously
demonstrated that ropivacaine possesses up to 40% lower
potency relative to racemate bupivacaine.32

Incidence of motor block can prolong the second stage of
labor leading to more chances of instrumental delivery.33

Analgesia with the combination of low dose opioid and local
anesthetic has been suggested to cause lower incidence of
instrumental deliveries.34–36 The present study favors this
notion conditionally as increasing concentration of fentanyl
from 0.0001% to 0.00025% was associated with decreased
incidence of motor blocks and instrumental deliveries, but a
statistically significant effect was observed only for ropivacaine

FIGURE 3. Forest plot showing significantly lower incidence of mo
analysis under random effects model. In Chen et al, 2014, PCEA¼
and fentanyl combination. This significant relationship no
longer existed when a study that utilized 0.0005% fentanyl
was included in the correlational analysis. This may indicate

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
that fentanyl concentrations below 0.0003% may serve as
optimal dose concentrations in combination with about 0.1%
ropivacaine for labor. However, more data will be required to
test such a hypothesis.

In the present study, the incidence of side effects, other
than motor blocks, was similar between the comparator groups.
Notably, the incidence of pruritus was about 30% in each
combination. In the meta-analysis of Lv et al,10 the percent
incidence of pruritus was also similar (BUPI-sufentanil 31% vs
ROPI-sufentanil 35%). Similarly, the incidence of pruritus was
observed as 36% in BUPI-FEN and 40% in BUPI-sufentanil
groups in a meta-analytical review which attempted to study the
efficacy and safety of these combinations.37 Thus, in these 3
reviews, the incidence of pruritus was 30% to 36% in fentanyl
groups and 31% to 40% in sufentanil groups when used in
combination with local amides.

This meta-analysis synthesizes data from 15 studies (over
2000 participants) and for most of the comparisons, statistical
heterogeneity was low or moderate. Among the limitations of
this analytical review, a factor with mild effect can be that some
of the included studies used loading doses of anesthetics other
than bupivacaine–fentanyl or ropivacaine–fentanyl, which
might have slight impact on motor function; however, such
an impact would have been shared by both the groups. Vari-
ations in loading volumes and timing, and PCEA locktime and
volume may also have slight impact on the overall outcomes.
There can be some impact of unaccountable confounding
factors in the correlative analyses of the present study. The
available data did not allow performing meta-regression to
further explore such relationships.

CONCLUSION
Ropivacaine in combination with fentanyl at 0.1:0.0002

ratio for labor epidural analgesia is associated with significantly
lower incidence of motor blocks besides exhibiting comparable
analgesic properties to that of bupivacaine with fentanyl
(0.1:0.0002) as seen in several parameters including onset of

blockade in epidural ROPI-FEN administered women in the meta-
ent control epidural analgesia, CEI¼ continuous epidural infusion.
analgesia, mean change in VAS for pain during labor, Apgar
scores of less than 7, oxytocin use for induction, first and second
stage of labor, incidence of instrumental or cesarean delivery,
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and maternal satisfaction. Safer toxicity profile of ropivacaine
in combination with fentanyl favors its use, especially in
conditions where motor blockade can be a stronger risk factor.
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