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Abstract

There are inconsistent results regarding the efficacy and safety of intermittent epidural bolus

(IPB) versus continuous epidural infusions (CPI) for labor analgesia. This study used a

meta-analytic approach to assess the safety and treatment efficacy of IPB versus CPI for

labor analgesia based on randomized controlled trials (RCTs). Four electronic databases

were used to identify eligible RCTs. Pooled effect estimates at 95% confidence intervals

(CIs) were calculated using a random-effects model. Twenty-two RCTs with 2,573 parturi-

ents were selected for final analysis. The findings revealed no significant differences

between IPB and CPI for the incidences of cesarean and instrumental delivery. IPB was

shown to be associated with shorter total duration of labor [weighted mean difference

(WMD): −21.46; 95% CI: −25.07 to −17.85; P < 0.001], duration of the first of stage of labor

(WMD: −13.41; 95% CI: −21.01 to −5.81; P = 0.001), and duration of the second stage of

labor (WMD: −4.98; 95% CI: −9.32 to −0.63; P = 0.025). Furthermore, IPB significantly

reduced the incidences of required anesthetic interventions compared with CPI [relative risk

(RR): 0.61; 95% CI: 0.39–0.95; P = 0.030], whereas there was no significant difference

between IPB and CPI for the time required in the first anesthetic intervention (WMD: 7.73;

95% CI: −33.68–49.15; P = 0.714). The local anesthetic IPB (bupivacaine equivalents) was

associated with lower milligrams per hour of local anesthetic (WMD: −0.89; 95% CI: −1.41

to −0.36; P = 0.001) and better maternal satisfaction (WMD: 8.76; 95% CI: 4.18–13.35; P <
0.001). There were no significant differences between IPB and CPI for the risk of adverse

events. This study found that parturients with IPB have short total duration of labor and dura-

tion of the first and second stage of labor, reduced requirements for additional anesthetic

interventions, and improved maternal satisfaction.

Introduction

Childbirth is arguably one of the most painful experiences for parturients [1]. The degree of

pain experienced and relief could affect maternal satisfaction during the birthing process,

resulting in long-term emotional and psychological effects [2]. A study has recommended the
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need for an effective analgesic strategy for the improvement of maternal satisfaction with mini-

mal adverse events [3]. Another study has demonstrated that the analgesic effects of labor

neuraxial analgesia were superior to those of parenteral opioids, nitrous oxide, and other non-

pharmacologic strategies, with limited effects on the mode of delivery and outcomes in moth-

ers and neonates [4]. Moreover, patient-controlled epidural analgesia (PCEA) was associated

with better maternal satisfaction and lower risk of adverse events, whereas the use of PCEA

monotherapy did not yield a significant effect on pain control in parturients and clinician’s

workload [5, 6].

At present, the continuous epidural infusions (CEI) technique is a standard labor epidural

analgesic regimen in North America and Europe irrespective of PCEA status [7, 8]. However,

the risk of instrumental delivery is high and the duration of the second stage of labor is pro-

longed in parturients receiving CEI [9]. A study has reported that regularly spaced intermittent

boluses may result in more extensive spread of local anesthetic in the epidural space [10].

Therefore, the same dose of the local anesthetic given via intermittent epidural bolus (IPB)

might improve analgesic effects. However, there are inconsistent results regarding the treat-

ment efficacies of IPB and CEI for labor analgesia. Therefore, the current meta-analysis was

conducted based on randomized controlled trials (RCTs) to determine the efficacy and safety

of IPB and CPI for labor analgesia.

Materials and methods

Data sources, search strategy, and selection criteria

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) State-

ment was used as a guide for conducting this study [11]. The study was designed as an RCT

that compared the efficacy and safety of IPB and CPI for the eligibility of labor analgesia. How-

ever, publication language and status were not restricted. The electronic databases of PubMed,

EmBase, the Cochrane library, and Chinese National Knowledge Infrastructure were systemat-

ically searched for potentially included studies from their inception to November 2019 using

“epidural” and/or “intermittent”/”programmed”/”automated” and “continuous” and “ran-

domized controlled trials” as core search terms. The details of the search strategy in PubMed

are displayed in S1 Appendix. The reference lists of the retrieved studies were also reviewed to

identify whether the study met the inclusion criteria. The inclusion criteria of this study were

as follows:

(1) Participants: Parturients;

(2) Intervention: IPB;

(3) Control: CPI;

(4) Outcomes: Cesarean delivery, instrumental delivery, total duration of labor, duration of

the first stage of labor, duration of the second stage of labor, required anesthetic interventions,

time to first required anesthetic intervention, milligrams per hour of local anesthetic (bupiva-

caine equivalents), maternal satisfaction, and potential adverse events;

(5) Study design: RCT.

Data collection and quality assessment

The variables in each trial were abstracted, including first authors’ name; publication year;

country; sample size; age; parity status; neuraxial analgesia initiation; epidural maintenance
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solution; IPE, CPI, or PCEA strategies; spontaneous/induced labor; and reported outcomes

(S2 Appendix). The quality of the included studies was assessed using the Jadad scale based on

randomization, blinding, allocation concealment, withdrawals and dropouts, and the use of

intention-to-treat analysis [12]. The scoring system of the Jadad scale ranged from 0 to 5, with

studies scoring 4 or 5 deemed as high quality.

Statistical analysis

The efficacy and safety of IPB compared with CPI for labor analgesia were assigned as categor-

ical and continuous data, and the relative risks (RRs) or weighted mean differences (WMDs)

with 95% confidence intervals (CIs) were calculated before data pooling. The pooled analyses

for all outcomes using the random-effects model were considered as the underlying variables

across included trials [13, 14]. Heterogeneity among the included trials was assessed using I2

and Q-statistic with I2> 50% or P< 0.10 regarded as significantly heterogeneous [15, 16]. The

robustness of the pooled conclusion was assessed using sensitivity analysis by sequentially

excluding individual trials using the random-effects model [13, 14, 17]. Moreover, subgroups

analysis for the efficacy of outcomes was conducted based on PCEA status and differences

between subgroups evaluated using interaction P-value, which assumes that the value in the

subgroup meets the normal distribution and calculated t-test [18]. Publication biases were

assessed using funnel plots and Egger and Begg test results [19, 20]. The inspection level for

pooled results was two-sided, and P< 0.05 was considered as statistically significant. The

STATA software (Version 10.0; StataCorp, Texas, United States of America) was used to con-

duct all analysis in this study.

Results

Literature search

The PRISMA flowchart shows the details of the study selection process (Fig 1). The initial elec-

tronic database search yielded 791 records; 445 articles were excluded owing to duplicated top-

ics. Another 285 studies were excluded owing to irrelevant topics after reviewing the title and

abstracts. The remaining 61 studies were retrieved for full-text evaluations; 39 articles were

excluded as they lacked appropriate control (15), desirable outcomes (7), and RCT design (17).

The reviewed reference lists of the 22 RCTs yielded 9 potentially included studies. All these

studies were present in electronic searches and were used for final quantitative analysis [21–

42].

Study characteristics

A total of 2,573 parturients from 22 RCTs were used. The baseline characteristics of the studies

and participants are summarized in Table 1. The studies published between 2004 and 2019

included 40–205 parturients in each individual trial. Sixteen studies were conducted in Asia,

while the remaining six studies were conducted in US or Europe. Eighteen studies included

nulliparous parturients; two included parous parturients; and the remaining included both

nulliparous and parous parturients. Sixteen studies included participants who received PCEA,

while the remaining six studies included patients who did not receive PCEA. Study quality was

evaluated using the Jadad scale: eight trials scored 5, five trials scored 4, and the remaining

nine trials scored 3.
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Cesarean and instrumental deliveries

The data for the effect of IPB versus CPI on the incidence of cesarean delivery were available

in 17 studies. The pooled results indicated no significant difference between IPB and CPI for

the incidence of cesarean delivery [RR: 0.87; 95% CI: 0.70–1.09; P = 0.226; no evidence of het-

erogeneity (I2 = 0.0%; P = 0.857), as shown in Fig 2]. The conclusion was robust and did not

change by excluding any particular trial (S3 Appendix). The results of subgroups analysis indi-

cated no statistical significance between IPB and CPI on cesarean delivery irrespective of

PCEA status (Table 2). Although the symmetry for funnel plot could not rule out potential

publication bias, the quantitative tests found no significant publication bias for cesarean deliv-

ery (P-values for Egger and Begg tests: 0.361 and 0.592, respectively; S4 Appendix).

The data for the effect of IPB versus CPI on the incidence of instrumental delivery were

available in 16 studies. There was no significant difference between IPB and CPI on the inci-

dence of instrumental delivery [RR: 0.77; 95% CI: 0.53–1.12; P = 0.174; potential significant

heterogeneity (I2 = 40.8%; P = 0.046]; Fig 3). Sensitivity analysis indicated that IPB was asso-

ciated with a lower incidence of instrumental delivery than CPI after excluding the study

conducted by Nunes et al. [35], which specifically included both nulliparous and parous

Fig 1. The PRISMA flowchart regarding the study selection process.

https://doi.org/10.1371/journal.pone.0234353.g001
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Table 1. The baseline characteristics of the included participants and studies.

Study Country Sample

size

Age

(years)

Parity Neuraxial analgesia

initiation

Epidural

maintenance

solution

IEP CEI PCEA Spontaneous/

induced labor

Study

quality

Chua

2004 [21]

Singapore 42 (21/

21)

NA Nulliparous EA (fentanyl, 25 µg) Ropivacaine, 0.1%;

fentanyl 2 µg/mL

5 mL bolus

every hour

5 mL/h No Spontaneous

labor;

preanalgesia

oxytocin; CEI,

8; IEB, 9

4

Lim 2005

[22]

Singapore 60 (30/

30)

30.5 Nulliparous EA (fentanyl, 25 µg) Levobupivacaine,

0.1%; fentanyl, 2

µg/mL

5 mL bolus

every 30

min

10 mL/h No Preanalgesia

oxytocin; CEI,

4; IEB, 9

3

Salim

2005 [23]

Israel 127 (64/

63)

25.6 Nulliparous NA Bupivacaine,

0.125%- 0.25%;

fentanyl, 2 µg/mL

10 mL

bolus every

hour

(0.25%)

8 mL/h

(0.125%)

Yes (3 mL

bolus,

20-min

lockout)

Induction of

labor; CEI, 17;

IEB, 14

4

Fettes

2006 [24]

UK 40 (20/

20)

26.5 Nulliparous NA Ropivacaine, 0.2%;

fentanyl, 2 µg/mL

10 mL

bolus every

hour

10 mL/h No Induction of

labor; CEI, 12;

IEB, 14

5

Wong

2006 [25]

US 126 (63/

63)

NA Parous SA (bupivacaine,

1.25 mg; fentanyl,

15 µg)

Bupivacaine,

0.625%; fentanyl, 2

µg/mL

6 mL bolus

every 30

min

12 mL/h Yes (5 mL

bolus,

10-min

lockout)

Induction of

labor; CEI, 63;

IEB; 63

5

Sia 2007

[26]

Singapore 42 (21/

21)

NA Nulliparous SA (ropivacaine, 2

mg; fentanyl, 15 µg)

Ropivacaine 0.1%;

fentanyl, 2 µg/mL

5 mL bolus

every hour

5 mL/h Yes (5 mL

bolus,

10-min

lockout)

Spontaneous

labor;

preanalgesia

oxytocin; CEI,

5; IEB, 7

5

Lim 2010

[27]

Singapore 50 (25/

25)

NA Nulliparous SA (ropivacaine, 2

mg; fentanyl, 15 µg)

Ropivacaine, 0.1%;

fentanyl, 2 µg/mL

2.5 mL

bolus every

15 min

10 mL/h No Spontaneous

labor;

Preanalgesia

oxytocin; CEI,

10; IEB, 5

5

Leo 2010

[28]

Singapore 62 (31/

31)

NA Nulliparous SA (ropivacaine, 2

mg; fentanyl, 15 µg)

Ropivacaine 0.1%;

fentanyl, 2 µg/mL

5 mL bolus

every hour

5 mL/h Yes (5 mL

bolus,

10-min

lockout)

Preanalgesia

oxytocin; CEI,

10; IEB, 15

4

Capogna

2011 [29]

Italy 145 (75/

70)

28.0 Nulliparous EA

(levobupivacaine,

0.0625%; sufentanil,

10 µg/mL; 20 mL)

Levobupivacaine,

0.0625%–0.125%;

sufentanil, 0.5 µg/

mL

10 mL

(0.0625%)

bolus every

hour

10 mL/h

(0.0625%)

Yes (5 mL

bolus,

10-min

lockout,

0.125%)

Spontaneous

labor; oxytocin

use not reporte

5

Skrablin

2011 [30]

Croatia 205

(101/

104)

28.0 Nulliparous EA

(levobupivacaine 20

ml, 0.07% with 2

mg/mL fentanyl)

Levobupivacaine 20

ml, 0.07% with 2.5

µg/mL fentanyl

20 mL

bolus every

hour

14 mL/h No Spontaneous

labor;

preanalgesia

oxytocin; CEI,

50; IEB, 54

3

Sia 2013

[31]

Singapore 102 (51/

51)

NA Nulliparous SA (ropivacaine, 2

mg; fentanyl, 15 µg)

Ropivacaine 0.1%;

fentanyl, 2 µg/mL

5 mL

(0.1%)

bolus every

hour

5 mL/h

(0.1%)

Yes (5 mL

bolus,

10-min

lockout,

0.1%)

Preanalgesia

oxytocin; CEI,

18; IEB, 14

5

Zhao 2013

[32]

China 57 (29/

28)

25.0 Parous SA (ropivacaine, 3

mg)

Ropivacaine 0.1%;

sufentanil, 0.5 µg/

mL

3 mL

(0.1%)

bolus every

hour

6 mL/h

(0.1%)

Yes (3 mL

bolus,

10-min

lockout,

0.1%)

Preanalgesia

oxytocin; CEI,

6; IEB, 8

3

(Continued)
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parturients (S3 Appendix). Subgroup analysis did not observe significant difference

between IPB and CPI on instrumental delivery when stratified by PCEA status (Table 2).

The symmetry for funnel plot for instrumental delivery was good, and no significant publi-

cation bias was detected for instrumental delivery when tested using the Egger (P = 0.433)

and Begg (P = 1.000) tests (S4 Appendix).

Table 1. (Continued)

Study Country Sample

size

Age

(years)

Parity Neuraxial analgesia

initiation

Epidural

maintenance

solution

IEP CEI PCEA Spontaneous/

induced labor

Study

quality

Feng 2014

[33]

China 125 (63/

62)

27.5 Nulliparous EA (10 ml of

0.125% ropivacaine;

0.4 µg/mL

sufentanil)

0.08% ropivacaine;

0.4 µg/mL

sufentanil

10 mL

bolus every

hour

10 mL/h Yes (5 mL

bolus,

30-min

lockout)

Preanalgesia

oxytocin; CEI,

44; IEB, 40

4

Lin 2016

[34]

China 200

(100/

100)

27.8 Nulliparous EA (ropivacaine,

0.15%; 10 mL)

Ropivacaine, 0.1%;

sufentanil, 0.3 µg/

mL

5 mL

(0.1%)

bolus every

hour

5 mL/h

(0.1%)

Yes (5 mL

bolus,

20-min

lockout,

0.1%)

Spontaneous

labor and

oxytocin use

not reported

5

Nunes

2016 [35]

Portugal 130 (70/

60)

29.0 Both EA (10 mL of 0.16%

ropivacaine plus

sufentanil, 10 µg)

Ropivacaine 0.15%;

sufentanil 0.2 µg/

mL

10 mL

bolus every

hour

5 mL/h Yes (5 mL

bolus,

20-min

lockout)

Spontaneous

labor and

oxytocin use

not reported

4

Maggiore

2016 [36]

Italy 104 (52/

52)

32.9 Both EA (20 mL of

0.0625%

levobupivacaine

plus sufentanil, 10

µg)

0.0625%

levobupivacaine

with sufentanil 0.5

µg/mL

10 mL

bolus every

hour

10 mL/h No Spontaneous

labor and

oxytocin use

not reported

5

Ji 2016

[37]

China 50 (25/

25)

28.0 Nulliparous EA (ropivacaine,

0.075%; sufentanil,

0.3 µg/mL; 8 mL)

Ropivacaine,

0.075%; sufentanil,

0.3 µg/mL

8 mL

(0.075%)

bolus every

hour

8 mL/h

(0.075%)

Yes (5 mL

bolus,

20-min

lockout,

0.075%)

Preanalgesia

oxytocin; CEI,

21; IEB, 24

3

Fang 2016

[38]

China 200

(100/

100)

24.6 Nulliparous EA (ropivacaine,

0.075%; sufentanil,

0.5 µg/mL; 10 mL)

Ropivacaine,

0.075%; sufentanil,

0.5 µg/mL

8 mL

(0.075%)

bolus every

hour

8 mL/h

(0.075%)

Yes (6 mL

bolus,

15-min

lockout,

0.075%)

Spontaneous

labor;

preanalgesia

oxytocin; CEI,

67; IEB, 62

3

Wang

2016 [39]

China 200

(100/

100)

27.5 Nulliparous EA (ropivacaine,

0.125%; sufentanil,

0.4 µg/mL 10 mL)

Ropivacaine 0.08%;

sufentanil, 0.4 µg/

mL

10 mL

(0.08%)

bolus every

hour

10 mL/h

(0.08%)

Yes (5 mL

bolus,

30-min

lockout,

0.1%)

Spontaneous

labor and

oxytocin use

not reported

3

Wang

2017 [40]

China 186

(124/62)

26.0 Nulliparous EA (ropivacaine,

0.125%; sufentanil,

0.4 µg/mL 10 mL)

Ropivacaine 0.08%;

sufentanil, 0.4 µg/

mL

10 mL

(0.08%)

bolus every

hour

10 mL/h

(0.08%)

Yes (5 mL

bolus,

30-min

lockout,

0.1%)

Spontaneous

labor;

preanalgesia

oxytocin; CEI,

24; IEB, 36

3

Wang

2019 [41]

China 120 (60/

60)

26.8 Nulliparous EA (ropivacaine,

0.08%; sufentanil,

0.4 µg/mL 10 mL)

Ropivacaine,

0.08%; sufentanil,

0.4 µg/mL

10 mL

(0.08%)

bolus every

hour

10 mL/h

(0.08%)

Yes (5 mL

bolus,

30-min

lockout)

Spontaneous

labor;

preanalgesia

oxytocin; CEI,

12; IEB, 4

3

Zhao 2019

[42]

China 200

(100/

100)

NA Nulliparous EA (ropivacaine,

0.10%; sufentanil,

0.45 µg/mL)

Ropivacaine,

0.10%; sufentanil,

0.45 µg/mL

6 mL bolus

every hour

6 mL/h Yes (6 mL

bolus,

15-min

lockout)

Spontaneous

labor and

oxytocin use

not reportes

3

https://doi.org/10.1371/journal.pone.0234353.t001
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Duration of labor

The data for the effect of IPB versus CPI on the total duration of labor were available in 17

studies. It was noted that IPB was associated with a shorter total duration of labor [WMD:

Fig 2. Effect of IPB versus CPI on the incidence of cesarean delivery.

https://doi.org/10.1371/journal.pone.0234353.g002

Table 2. Subgroup analyses based on PCEA status.

Outcomes Group No. of

studies

WMD or RR and 95%

CI

P-value I2 (%) P-value for Q-

statistic

P-value for subgroup

effect

Cesarean Yes 13 0.94 (0.73–1.21) 0.626 0.0 0.919 0.190

No 4 0.64 (0.39–1.06) 0.081 0.0 0.472

Instrumental Yes 13 0.75 (0.47–1.20) 0.235 50.4 0.019 0.698

No 3 0.89 (0.53–1.50) 0.660 0.0 0.609

Total duration (minutes) of labor Yes 13 −21.27 (−24.92–

−17.62)

<0.001 0.0 0.583 0.511

No 4 −50.57 (−97.81–

−3.34)

0.036 37.0 0.190

Duration of the first stage of labor Yes 11 −12.80 (−20.45–

−5.14)

0.001 53.5 0.018 0.227

No 2 −61.31 (−128.58–

5.96)

0.074 0.0 0.453

Duration of the second stage of labor Yes 10 −4.78 (−9.21–−0.35) 0.035 91.1 <0.001 0.729

No 2 −13.72 (−40.84–

13.41)

0.322 0.0 0.517

Required anesthetic interventions Yes 5 0.56 (0.34–0.91) 0.018 25.3 0.253 0.031

No 4 0.64 (0.30–1.38) 0.253 76.7 0.005

Time to first required anesthetic intervention Yes 2 −15.99 (−47.77 to

15.79)

0.324 0.0 0.506 <0.001

No 4 15.60 (−32.81–64.01) 0.528 81.0 0.001

Milligrams per hour of local anesthetic (bupivacaine

equivalents)

Yes 9 −1.12 (−1.74–−0.51) <0.001 77.1 <0.001 0.012

No 3 −0.11 (−0.85–0.63) 0.761 19.1 0.290

Maternal satisfaction Yes 9 9.25 (4.05–14.45) <0.001 98.4 <0.001 0.001

No 2 6.58 (3.64–9.51) <0.001 11.0 0.289

https://doi.org/10.1371/journal.pone.0234353.t002
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−21.46; 95% CI: −25.07 to −17.85; P< 0.001; no evidence of heterogeneity (I2 = 0.0%;

P = 0.483); as shown in Fig 4]. Sensitivity analysis indicated that the conclusion was stable and

not changed by excluding any particular trial (S3 Appendix). Moreover, this significant differ-

ence remained irrespective of PCEA status (Table 2). The symmetry for funnel plot indicated

potential publication bias, but the Egger (P = 0.334) and Begg (P = 0.343) tests suggested no

significant publication bias (S4 Appendix).

The data for the effect of IPB versus CPI on the duration of the first stage of labor were

available in 13 studies. The duration of the first stage of labor in parturients treated with IPB

was significantly shorter than that of those treated with CPI [WMD: −13.41; 95% CI: −21.01 to

Fig 3. The effect of IPB versus CPI on the incidence of instrumental delivery.

https://doi.org/10.1371/journal.pone.0234353.g003

Fig 4. The effect of IPB versus CPI on total duration of labor.

https://doi.org/10.1371/journal.pone.0234353.g004
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−5.81; P = 0.001; potential significant heterogeneity (I2 = 49.0%; P = 0.023); Fig 5]. The conclu-

sion was stable and not sequentially altered by excluding any individual trial (S3 Appendix).

Subgroups analysis indicated that this significant difference was mainly detected in parturients

who received PCEA (Table 2). Although the symmetry for funnel plot could not rule out publi-

cation bias, there was no significant publication bias for the duration of the first stage of labor

(P-values for Egger and Begg tests: 0.131 and 0.360, respectively; S4 Appendix).

The data for the effect of IPB versus CPI on the duration of the second stage of labor were

available in 12 studies. The summary of WMD indicated that IPB was associated with a shorter

duration of the second stage of labor as compared with CPI [WMD: −4.98; 95% CI: −9.32 to

−0.63; P = 0.025; significant heterogeneity (I2 = 89.2%; P< 0.001); Fig 6]. The pooled conclu-

sion was not sequentially altered by excluding any individual trial (S3 Appendix). Subgroup

analysis indicated that there was a difference between IPB and CPI on the duration of the sec-

ond stage of labor when parturients received PCEA (Table 2). The symmetry for funnel plot

was relative good, and no significant publication bias was observed by the Egger (P = 0.160)

and Begg (P = 0.150) tests (S4 Appendix).

Anesthetic interventions

The data for the effect of IPB versus CPI on the incidence of required anesthetic interventions

were available in nine studies. Parturients treated with IPB were associated with a lower inci-

dence of required anesthetic interventions than those treated with CPI [RR: 0.61; 95% CI:

0.39–0.95; P = 0.030; significant heterogeneity (I2 = 65.1%; P = 0.004); Fig 7]. The conclusion

was variable owing to marginal 95% CI through sensitivity analysis (S3 Appendix). Subgroup

analysis indicated that there was a significant difference between IPB and CPI on required

anesthetic interventions mainly in parturients who received PCEA (Table 2). Review of the

funnel plot could not rule out potential publication bias; however, the Egger (P = 0.127) and

Begg (P = 0.348) test results suggested no significant publication bias (S4 Appendix).

The data for the effect of IPB versus CPI on the time required for first anesthetic interven-

tion were available in six studies. There was no significant difference between IPB and CPI on

the time required for first anesthetic intervention [WMD: 7.73; 95% CI: −33.68 to 49.15;

P = 0.714; significant heterogeneity (I2 = 83.4%; P< 0.001); Fig 8)]. This non-significant differ-

ence between IPB and CPI remained and was not sequentially altered by excluding any indi-

vidual trial (S3 Appendix). The results of subgroup analysis were consistent with overall

analysis irrespective of PCEA status (Table 2). The symmetry for funnel plot was general, and

quantitative analysis found no significant publication bias for the time required for the first

anesthetic intervention (P-values for Egger and Begg tests: 0.091 and 0.707, respectively; S4

Appendix).

Milligrams per hour of local anesthetic (bupivacaine equivalents)

The data for the effect of IPB versus CPI on local anesthetic (bupivacaine equivalents) in milli-

grams per hour were available in 12 studies. It was noted that IPB was associated with local

anesthetic (bupivacaine equivalents) in lower milligrams per hour compared with CPI [WMD:

−0.89; 95% CI: −1.41 to −0.36; P = 0.001; significant heterogeneity (I2 = 74.8%; P< 0.001); Fig

9]. The conclusion was stable after sequentially excluding any individual trial (S3 Appendix).

This significant difference was mainly observed for parturients who received PCEA (Table 2).

The symmetry for funnel plot was not good, while publication bias was not associated with sta-

tistical significance (P-values for Egger and Begg tests: 0.355 and 0.373, respectively; S4

Appendix).
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Maternal satisfaction

The data for the effect of IPB versus CPI on maternal satisfaction were available in 11 studies.

It was noted that IPB could significantly improve maternal satisfaction compared with CPI

[WMD: 8.76; 95% CI: 4.18–13.35; P < 0.001; significant heterogeneity (I2 = 98.0%; P< 0.001);

Fig 10]. The pooled conclusion was not altered by excluding any specific trial (S3 Appendix),

Fig 5. The effect of IPB versus CPI on the duration of the first stage of labor.

https://doi.org/10.1371/journal.pone.0234353.g005

Fig 6. The effect of IPB versus CPI on the duration of the second stage of labor.

https://doi.org/10.1371/journal.pone.0234353.g006
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and this significant improvement remained irrespective of PECA status (Table 2). The sum-

mary for funnel plot could not rule out potential publication bias, but quantitative analysis

found no significant publication bias (P-values for Egger and Begg tests: 0.514 and 0.755,

respectively; S4 Appendix).

Adverse events

The summary results of IPB versus CPI on the risk of specific adverse events are shown in

Table 3. There was no significant difference between IPB and CPI on the risk of motor block-

ade (RR: 0.44; 95% CI: 0.19–1.03; P = 0.058), pruritus (RR: 1.03; 95% CI: 0.87–1.23; P = 0.703),

Fig 7. The effect of IPB versus CPI on the incidence of required anesthetic interventions.

https://doi.org/10.1371/journal.pone.0234353.g007

Fig 8. The effect of IPB versus CPI on the time to the first required anesthetic intervention.

https://doi.org/10.1371/journal.pone.0234353.g008
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nausea and vomiting (RR: 1.44; 95% CI: 0.57–3.64; P = 0.435), shivering (RR: 0.98; 95% CI:

0.72–1.34; P = 0.913), hypotension (RR: 1.43; 95% CI: 0.95–2.16; P = 0.084), intrapartum fever

(RR: 0.63; 95% CI: 0.34–1.18; P = 0.149), perineal tears (RR: 1.44; 95% CI: 0.77–2.70;

P = 0.258), retained placental products (RR: 1.00; 95%CI: 0.29–3.50; P = 0.998), postpartum

hemorrhage (RR: 0.73; 95% CI: 0.22–2.44; P = 0.607), and fetal bradycardia (RR: 1.04; 95% CI:

0.32–3.40; P = 0.944).

Discussion

This study was based on published RCTs, and it compared the efficacy and safety of IPB versus

CPI for labor analgesia through a meta-analytic approach. The analysis recruited 2,573

Fig 9. The effect of IPB versus CPI on the milligrams per hour of local anesthetic (bupivacaine equivalents).

https://doi.org/10.1371/journal.pone.0234353.g009

Fig 10. The effect of IPB versus CPI on maternal satisfaction.

https://doi.org/10.1371/journal.pone.0234353.g010
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parturients from 22 RCTs across various individuals’ characteristics. This study determined

that IPB could shorten the total duration of labor and duration of the first and second stage of

labor, reduce requirements for additional anesthetic intervention, and improve maternal satis-

faction. However, there was no significant difference between IPB and CPI for the mode of

delivery and specific adverse events. Furthermore, the treatment effects of IPB versus CPI on

required anesthetic interventions, the time required for first anesthetic intervention, local

anesthetic (bupivacaine equivalents) in milligrams per hour, and maternal satisfaction could

be affected by PECA status.

Several systematic reviews and meta-analyses have addressed the treatment efficacy of IPB

versus CPI for labor analgesia [43, 44]. George et al. [43] conducted a meta-analysis of nine

studies and observed that IEB was associated with slightly reduced local anesthetic usage and

improved maternal satisfaction as compared with CPI. Moreover, a meta-analysis conducted

by Xu et al. [44] included 11 studies and observed that IEB with PCEA significantly reduced

the incidences of instrumental delivery, breakthrough pain, PCEA usage rates, and the use of

local anesthetics. In addition, it was pointed out that labor duration was significantly shorter

and that maternal satisfaction was significantly improved in those who received IEB with

PCEA compared with those who received CPI with PCEA. However, several important studies

were not included, and the results need to be updated. Therefore, the current meta-analysis

was conducted based on RCTs to determine the efficacy and safety of IPB versus CPI for labor

analgesia.

The summary of the results suggested that the mode of delivery was not affected by IEB or

CPI because studies reported no significant difference between IEB and CPI for the incidences

of cesarean delivery and instrumental delivery. The study conducted by Skrablin et al. [30]

reported that IEB was associated with a lower incidence of cesarean delivery as compared with

CPI. Moreover, two included studies revealed that the incidence of instrumental delivery in

the IEB group was significantly lower than that in the CPI group [29, 40]. However, the study

conducted by Nunes et al. [35] showed that IEB was associated with a high incidence of instru-

mental delivery. It was pointed out that extensive blocking of IEB causes relaxation of the soft

birth canal, softening of the cervix, and a smooth descent of the soft fetal head, suggesting that

IEB pulse injection did not affect contractile reduction of the pelvic floor muscle tone [35].

The present study observed that the duration of labor was significantly reduced in the IEB

group, irrespective of the total duration of labor and the duration of the first and second stage

of labor. The potential reason for this could be that the analgesic effect of IEB was better than

that of CPI, possibly reducing the risk of maternal motor block and promoting the progression

of labor. Moreover, the incidence required for additional anesthetic interventions was

Table 3. The summary results for adverse events.

Outcomes No. of studies RR and 95% CI P-value I2 (%) P-value for Q-statistic

Motor blockade 10 0.44 (0.19–1.03) 0.058 65.8 0.002

Pruritus 8 1.03 (0.87–1.23) 0.703 0.0 0.958

Nausea and vomiting 7 1.44 (0.57–3.64) 0.435 57.2 0.029

Shivering 5 0.98 (0.72–1.34) 0.913 39.8 0.156

Hypotension 10 1.43 (0.95–2.16) 0.084 0.0 0.756

Intrapartum fever 7 0.63 (0.34–1.18) 0.149 51.2 0.056

Perineal tears 2 1.44 (0.77–2.70) 0.258 0.0 0.586

Retained placental products 2 1.00 (0.29–3.50) 0.998 0.0 0.511

Postpartum hemorrhage 3 0.73 (0.22–2.44) 0.607 9.1 0.333

Fetal bradycardia 3 1.04 (0.32–3.40) 0.944 0.0 0.711

https://doi.org/10.1371/journal.pone.0234353.t003
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significantly lower in the IEB group than in the CPI group, although no significant difference

were observed between the groups for the time required for the first anesthetic intervention.

The potential reason for this could be the uniform distribution of the drug in the IEB group in

the epidural space, close contact with the spinal nerve root, and more extensive blockade [36].

Furthermore, maternal satisfaction in the IEB group was significantly improved compared

with the CPI group. The potential reason for this significantly correlated with the requirement

for additional anesthetic interventions, which was mostly used for suppressing a transitory

exacerbation of pain [45, 46]. Finally, the incidence of adverse events between IEB and CPI

were not statistically significant, which may have been due to lower event rates and insufficient

power for the detection of potential difference between IEB and CPI.

This study has several limitations. First, the heterogeneity of the included trials was not

fully interpreted via the use of sensitivity and subgroups analyses. Second, the strategies of

analgesia differed across the included studies, possibly affecting the results of this study. Third,

the details regarding mechanical delivery interventions were not reported in most of the

included studies, affecting the safety and treatment efficacy of IPB with CPI for labor analgesia.

Forth, individual data were not available, restricting a more detailed analysis. Finally, the anal-

ysis based on published articles, the inclusion of studies published in English and Chinese, and

publication bias were inevitable problems.

Conclusion

The findings of this study revealed that the models of delivery were not different between IEB

and CPI. Moreover, the duration of labor, irrespective of the total stages, first stage, and second

stage was significantly shorter in the IEB group than in the CPI group. Furthermore, the

requirements for additional anesthetic interventions were significantly reduced and maternal

satisfaction was significantly improved in the IEB group. Further large-scale RCTs should be

conducted to verify the findings of this study to assess differences according to parity status.

Supporting information

S1 Appendix. Search strategy in PubMed.

(DOCX)

S2 Appendix. Abstracted data.

(XLSX)

S3 Appendix. Figures of sensitivity.

(DOCX)

S4 Appendix. Figures for the funnel plot.

(DOCX)

S1 Checklist. PRISMA 2009 checklist.

(DOC)

Author Contributions

Data curation: Haijing Zhang, Mengzhuo Guo, Yuanchao Gao, Chunyan Du.

Formal analysis: Xian Liu.

Resources: Haijing Zhang, Mengzhuo Guo, Yuanchao Gao, Chunyan Du.

Writing – original draft: Xian Liu, Huan Zhang.

PLOS ONE IPB versus CPI for labor analgesia

PLOS ONE | https://doi.org/10.1371/journal.pone.0234353 June 12, 2020 14 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234353.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234353.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234353.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234353.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0234353.s005
https://doi.org/10.1371/journal.pone.0234353


Writing – review & editing: Huan Zhang.

References
1. Melzack R. The myth of painless childbirth (the John J. Bonica lecture). Pain. 1984; 19:321–337.

https://doi.org/10.1016/0304-3959(84)90079-4 PMID: 6384895

2. Lavand’homme P. Chronic pain after vaginal and cesarean delivery: a reality questioning our daily prac-

tice of obstetric anesthesia. Int J Obstet Anesth. 2010; 19:1–2. https://doi.org/10.1016/j.ijoa.2009.09.

003 PMID: 19959352

3. Hawkins JL. Epidural analgesia for labor and delivery. The New England journal of medicine. 2010;

362:1503–1510. https://doi.org/10.1056/NEJMct0909254 PMID: 20410515

4. Wong CA, Scavone BM, Peaceman AM, McCarthy RJ, Sullivan JT, Diaz NT, et al. The risk of cesarean

delivery with neuraxial analgesia given early versus late in labor. The New England journal of medicine.

2005; 352:655–665. https://doi.org/10.1056/NEJMoa042573 PMID: 15716559

5. Sharma SK, Alexander JM, Messick G, Bloom SL, McIntire DD, Wiley J, et al. Cesarean delivery: a ran-

domized trial of epidural analgesia versus intravenous meperidine analgesia during labor in nulliparous

women. Anesthesiology. 2002; 96:546–551. https://doi.org/10.1097/00000542-200203000-00007

PMID: 11873026

6. Sng BL, Kwok SC, Sia AT. Modern neuraxial labour analgesia. Curr Opin Anaesthesiol. 2015; 28:285–

289. https://doi.org/10.1097/ACO.0000000000000183 PMID: 25827278

7. Leighton BL, Halpern SH. The effects of epidural analgesia on labor, maternal, and neonatal outcomes:

a systematic review. Am J Obstet Gynecol. 2002; 186:S69–77. https://doi.org/10.1067/mob.2002.

121813 PMID: 12011873

8. Onuoha OC. Epidural Analgesia for Labor: Continuous Infusion Versus Programmed Intermittent

Bolus. Anesthesiol Clin. 2017; 35:1–14. https://doi.org/10.1016/j.anclin.2016.09.003 PMID: 28131113

9. Heesen M, Bohmer J, Klohr S, Hofmann T, Rossaint R, Straube S. The effect of adding a background

infusion to patient-controlled epidural labor analgesia on labor, maternal, and neonatal outcomes: a sys-

tematic review and meta-analysis. Anesthesia and analgesia. 2015; 121:149–158. https://doi.org/10.

1213/ANE.0000000000000743 PMID: 25902319

10. Power I, Thorburn J. Differential flow from multihole epidural catheters. Anaesthesia. 1988; 43:876–

878. https://doi.org/10.1111/j.1365-2044.1988.tb05605.x PMID: 3202300

11. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews and meta-

analyses: the PRISMA statement. PLoS medicine. 2009; 6:e1000097. https://doi.org/10.1371/journal.

pmed.1000097 PMID: 19621072

12. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ, et al. Assessing the quality

of reports of randomized clinical trials: is blinding necessary? Controlled clinical trials. 1996; 17:1–12.

https://doi.org/10.1016/0197-2456(95)00134-4 PMID: 8721797

13. DerSimonian R, Laird N. Meta-analysis in clinical trials. Controlled clinical trials. 1986; 7:177–188.

https://doi.org/10.1016/0197-2456(86)90046-2 PMID: 3802833

14. Ades AE, Lu G, Higgins JP. The interpretation of random-effects meta-analysis in decision models.

Medical decision making: an international journal of the Society for Medical Decision Making. 2005;

25:646–654. https://doi.org/10.1177/0272989x05282643 PMID: 16282215

15. Deeks JJ, Higgins JP, Altman DG. Analysing data and undertaking meta-analyses. Cochrane handbook

for systematic reviews of interventions. 2008:241–284.

16. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ

(Clinical research ed). 2003; 327:557–560. https://doi.org/10.1136/bmj.327.7414.557 PMID: 12958120

17. Tobias A. Assessing the influence of a single study in the meta-analysis estimate. Stata Tech Bull.

1999; 47:15–17.

18. Altman DG, Bland JM. Interaction revisited: the difference between two estimates. BMJ (Clinical

research ed). 2003; 326:219. https://doi.org/10.1136/bmj.326.7382.219 PMID: 12543843

19. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected by a simple, graphical

test. BMJ (Clinical research ed). 1997; 315:629–634. https://doi.org/10.1136/bmj.315.7109.629 PMID:

9310563

20. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for publication bias. Bio-

metrics. 1994; 50:1088–1101. PMID: 7786990

21. Chua SM, Sia AT. Automated intermittent epidural boluses improve analgesia induced by intrathecal

fentanyl during labour. Canadian journal of anaesthesia = Journal canadien d’anesthesie. 2004;

51:581–585. https://doi.org/10.1007/BF03018402 PMID: 15197122

PLOS ONE IPB versus CPI for labor analgesia

PLOS ONE | https://doi.org/10.1371/journal.pone.0234353 June 12, 2020 15 / 17

https://doi.org/10.1016/0304-3959(84)90079-4
http://www.ncbi.nlm.nih.gov/pubmed/6384895
https://doi.org/10.1016/j.ijoa.2009.09.003
https://doi.org/10.1016/j.ijoa.2009.09.003
http://www.ncbi.nlm.nih.gov/pubmed/19959352
https://doi.org/10.1056/NEJMct0909254
http://www.ncbi.nlm.nih.gov/pubmed/20410515
https://doi.org/10.1056/NEJMoa042573
http://www.ncbi.nlm.nih.gov/pubmed/15716559
https://doi.org/10.1097/00000542-200203000-00007
http://www.ncbi.nlm.nih.gov/pubmed/11873026
https://doi.org/10.1097/ACO.0000000000000183
http://www.ncbi.nlm.nih.gov/pubmed/25827278
https://doi.org/10.1067/mob.2002.121813
https://doi.org/10.1067/mob.2002.121813
http://www.ncbi.nlm.nih.gov/pubmed/12011873
https://doi.org/10.1016/j.anclin.2016.09.003
http://www.ncbi.nlm.nih.gov/pubmed/28131113
https://doi.org/10.1213/ANE.0000000000000743
https://doi.org/10.1213/ANE.0000000000000743
http://www.ncbi.nlm.nih.gov/pubmed/25902319
https://doi.org/10.1111/j.1365-2044.1988.tb05605.x
http://www.ncbi.nlm.nih.gov/pubmed/3202300
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
https://doi.org/10.1016/0197-2456(95)00134-4
http://www.ncbi.nlm.nih.gov/pubmed/8721797
https://doi.org/10.1016/0197-2456(86)90046-2
http://www.ncbi.nlm.nih.gov/pubmed/3802833
https://doi.org/10.1177/0272989x05282643
http://www.ncbi.nlm.nih.gov/pubmed/16282215
https://doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
https://doi.org/10.1136/bmj.326.7382.219
http://www.ncbi.nlm.nih.gov/pubmed/12543843
https://doi.org/10.1136/bmj.315.7109.629
http://www.ncbi.nlm.nih.gov/pubmed/9310563
http://www.ncbi.nlm.nih.gov/pubmed/7786990
https://doi.org/10.1007/BF03018402
http://www.ncbi.nlm.nih.gov/pubmed/15197122
https://doi.org/10.1371/journal.pone.0234353


22. Lim Y, Sia AT, Ocampo C. Automated regular boluses for epidural analgesia: a comparison with contin-

uous infusion. Int J Obstet Anesth. 2005; 14:305–309. https://doi.org/10.1016/j.ijoa.2005.05.004 PMID:

16154735

23. Salim R, Nachum Z, Moscovici R, Lavee M, Shalev E. Continuous compared with intermittent epidural

infusion on progress of labor and patient satisfaction. Obstetrics and gynecology. 2005; 106:301–306.

https://doi.org/10.1097/01.AOG.0000171109.53832.8d PMID: 16055579

24. Fettes PD, Moore CS, Whiteside JB, McLeod GA, Wildsmith JA. Intermittent vs continuous administra-

tion of epidural ropivacaine with fentanyl for analgesia during labour. British journal of anaesthesia.

2006; 97:359–364. https://doi.org/10.1093/bja/ael157 PMID: 16849382

25. Wong CA, Ratliff JT, Sullivan JT, Scavone BM, Toledo P, McCarthy RJ. A randomized comparison of

programmed intermittent epidural bolus with continuous epidural infusion for labor analgesia. Anesthe-

sia and analgesia. 2006; 102:904–909. https://doi.org/10.1213/01.ane.0000197778.57615.1a PMID:

16492849

26. Sia AT, Lim Y, Ocampo C. A comparison of a basal infusion with automated mandatory boluses in par-

turient-controlled epidural analgesia during labor. Anesthesia and analgesia. 2007; 104:673–678.

https://doi.org/10.1213/01.ane.0000253236.89376.60 PMID: 17312228

27. Lim Y, Chakravarty S, Ocampo CE, Sia AT. Comparison of automated intermittent low volume bolus

with continuous infusion for labour epidural analgesia. Anaesth Intensive Care. 2010; 38:894–899.

https://doi.org/10.1177/0310057X1003800514 PMID: 20865875

28. Leo S, Ocampo CE, Lim Y, Sia AT. A randomized comparison of automated intermittent mandatory

boluses with a basal infusion in combination with patient-controlled epidural analgesia for labor and

delivery. Int J Obstet Anesth. 2010; 19:357–364. https://doi.org/10.1016/j.ijoa.2010.07.006 PMID:

20832282

29. Capogna G, Camorcia M, Stirparo S, Farcomeni A. Programmed intermittent epidural bolus versus con-

tinuous epidural infusion for labor analgesia: the effects on maternal motor function and labor outcome.

A randomized double-blind study in nulliparous women. Anesthesia and analgesia. 2011; 113:826–831.

https://doi.org/10.1213/ANE.0b013e31822827b8 PMID: 21788309

30. Skrablin S, Grgic O, Mihaljevic S, Blajic J. Comparison of intermittent and continuous epidural analgesia

on delivery and progression of labour. Journal of obstetrics and gynaecology: the journal of the Institute

of Obstetrics and Gynaecology. 2011; 31:134–138. https://doi.org/10.3109/01443615.2010.542840

PMID: 21281028

31. Sia AT, Leo S, Ocampo CE. A randomised comparison of variable-frequency automated mandatory

boluses with a basal infusion for patient-controlled epidural analgesia during labour and delivery. Anaes-

thesia. 2013; 68:267–275. https://doi.org/10.1111/anae.12093 PMID: 23278328

32. Zhao J, Juan WU, Shenghua LI. Comparison of automated mandatory bolus and continuous epidural

infusion in parturient-controlled epidural analgesia during labor. Shanghai Medical Journal. 2013.

33. Feng SW, Xu SQ, Ma L, Li CJ, Wang X, Yuan HM, et al. Regular intermittent bolus provides similar inci-

dence of maternal fever compared with continuous infusion during epidural labor analgesia. Saudi Med

J. 2014; 35:1237–1242. PMID: 25316469

34. Lin Y, Li Q, Liu J, Yang R, Liu J. Comparison of continuous epidural infusion and programmed intermit-

tent epidural bolus in labor analgesia. Ther Clin Risk Manag. 2016; 12:1107–1112. https://doi.org/10.

2147/TCRM.S106021 PMID: 27471390

35. Nunes J, Nunes S, Veiga M, Cortez M, Seifert I. A prospective, randomized, blinded-endpoint, con-

trolled study—continuous epidural infusion versus programmed intermittent epidural bolus in labor anal-

gesia. Braz J Anesthesiol. 2016; 66:439–444. https://doi.org/10.1016/j.bjane.2014.12.006 PMID:

27591455

36. Leone Roberti Maggiore U, Silanos R, Carlevaro S, Gratarola A, Venturini PL, Ferrero S, et al. Pro-

grammed intermittent epidural bolus versus continuous epidural infusion for pain relief during termina-

tion of pregnancy: a prospective, double-blind, randomized trial. Int J Obstet Anesth. 2016; 25:37–44.

https://doi.org/10.1016/j.ijoa.2015.08.014 PMID: 26431778

37. Jie JI, Zhendong XU, Jin C, Liu Z, Anesthesiology DO. A randomized comparison between intermittent

bolus and continuous infusion in combination with patient-controlled epidural analgesia in labor. Shang-

hai Medical Journal. 2016.

38. Fang X, Xie L, Chen X. Clinical efficacy of programmed intermittent epidural bolus and continuous epi-

dural infusion for labor analgesia. The Journal of Clinical Anesthesiology. 2016; 32:757–760.

39. Wang Z, Shiqin X, Feng S, Qian R, Shen X. Efficacy of programmed intermittent epidural bolus for labor

analgesia in parturients and the effect on neonates. Chinese Journal of Anesthesiology. 2016;

36:1134–1137.

PLOS ONE IPB versus CPI for labor analgesia

PLOS ONE | https://doi.org/10.1371/journal.pone.0234353 June 12, 2020 16 / 17

https://doi.org/10.1016/j.ijoa.2005.05.004
http://www.ncbi.nlm.nih.gov/pubmed/16154735
https://doi.org/10.1097/01.AOG.0000171109.53832.8d
http://www.ncbi.nlm.nih.gov/pubmed/16055579
https://doi.org/10.1093/bja/ael157
http://www.ncbi.nlm.nih.gov/pubmed/16849382
https://doi.org/10.1213/01.ane.0000197778.57615.1a
http://www.ncbi.nlm.nih.gov/pubmed/16492849
https://doi.org/10.1213/01.ane.0000253236.89376.60
http://www.ncbi.nlm.nih.gov/pubmed/17312228
https://doi.org/10.1177/0310057X1003800514
http://www.ncbi.nlm.nih.gov/pubmed/20865875
https://doi.org/10.1016/j.ijoa.2010.07.006
http://www.ncbi.nlm.nih.gov/pubmed/20832282
https://doi.org/10.1213/ANE.0b013e31822827b8
http://www.ncbi.nlm.nih.gov/pubmed/21788309
https://doi.org/10.3109/01443615.2010.542840
http://www.ncbi.nlm.nih.gov/pubmed/21281028
https://doi.org/10.1111/anae.12093
http://www.ncbi.nlm.nih.gov/pubmed/23278328
http://www.ncbi.nlm.nih.gov/pubmed/25316469
https://doi.org/10.2147/TCRM.S106021
https://doi.org/10.2147/TCRM.S106021
http://www.ncbi.nlm.nih.gov/pubmed/27471390
https://doi.org/10.1016/j.bjane.2014.12.006
http://www.ncbi.nlm.nih.gov/pubmed/27591455
https://doi.org/10.1016/j.ijoa.2015.08.014
http://www.ncbi.nlm.nih.gov/pubmed/26431778
https://doi.org/10.1371/journal.pone.0234353


40. Wang Z, Feng S, Shiqin X, Zhang P, Wang N, Shen X. Comparison of programmed intermittent epidural

bolus with continuous epidural infusion at different time intervals for epidural labor analgesia. The Jour-

nal of Clinical Anesthesiology. 2017; 33:755–759.

41. Wang Y, Wang C, Zhou A. Application effect of intermittent epidural pulse injection in parturient delivery

and its effect on neonatal score. J Med Theor Prac. 2019; 32:3684–3685.

42. Dong-fang Z, Xiao-li Z, Fu-jun Z, Zhong-feng S, He-dong W, Yan-mei D, et al. The Clinical Observation

of Programmed Intermittent Epidural Bolus in Combined Spinal Epidural Analgesia for Labor. World Lat-

est Medicine Information. 2019.

43. George RB, Allen TK, Habib AS. Intermittent epidural bolus compared with continuous epidural infu-

sions for labor analgesia: a systematic review and meta-analysis. Anesthesia and analgesia. 2013;

116:133–144. https://doi.org/10.1213/ANE.0b013e3182713b26 PMID: 23223119

44. Xu J, Zhou J, Xiao H, Pan S, Liu J, Shang Y, et al. A Systematic Review and Meta-Analysis Comparing

Programmed Intermittent Bolus and Continuous Infusion as the Background Infusion for Parturient-

Controlled Epidural Analgesia. Scientific reports. 2019; 9:2583. https://doi.org/10.1038/s41598-019-

39248-5 PMID: 30796286

45. Haydon ML, Larson D, Reed E, Shrivastava VK, Preslicka CW, Nageotte MP. Obstetric outcomes and

maternal satisfaction in nulliparous women using patient-controlled epidural analgesia. Am J Obstet

Gynecol. 2011; 205:271.e271-276. https://doi.org/10.1016/j.ajog.2011.06.041 PMID: 22071061

46. Ueda K, Ueda W, Manabe M. A comparative study of sequential epidural bolus technique and continu-

ous epidural infusion. Anesthesiology. 2005; 103:126–129. https://doi.org/10.1097/00000542-

200507000-00019 PMID: 15983464

PLOS ONE IPB versus CPI for labor analgesia

PLOS ONE | https://doi.org/10.1371/journal.pone.0234353 June 12, 2020 17 / 17

https://doi.org/10.1213/ANE.0b013e3182713b26
http://www.ncbi.nlm.nih.gov/pubmed/23223119
https://doi.org/10.1038/s41598-019-39248-5
https://doi.org/10.1038/s41598-019-39248-5
http://www.ncbi.nlm.nih.gov/pubmed/30796286
https://doi.org/10.1016/j.ajog.2011.06.041
http://www.ncbi.nlm.nih.gov/pubmed/22071061
https://doi.org/10.1097/00000542-200507000-00019
https://doi.org/10.1097/00000542-200507000-00019
http://www.ncbi.nlm.nih.gov/pubmed/15983464
https://doi.org/10.1371/journal.pone.0234353

