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A systematic Review and Meta-
Analysis Comparing programmed 
Intermittent Bolus and Continuous 
Infusion as the Background Infusion 
for parturient-Controlled epidural 
Analgesia
Jiqian Xu1,2,3, Jie Zhou4, Hairong Xiao1,3, Shangwen pan3, Jie Liu2, You shang3 & 
shanglong Yao1,3

The programmed intermittent epidural bolus (PIEB) technique offers multiple benefits over continuous 
epidural infusion (CEI), but controversy still exists when it is used in conjunction with a parturient-
controlled epidural analgesia (pCeA) regimen. A systematic review and meta-analysis was thus 
conducted using the Medline, EMBASE, CENTRAL and Web of Science databases with the aim of 
identifying those randomized controlled trials (RCts) that performed a comparison between pIeB 
and CEI in healthy parturients using a PCEA regimen with regard to the duration of labor, labor pain, 
anesthesia interventions, maternal satisfaction and main side effects. The data were analyzed using 
a random-effects model. Eleven eligible trials were included, in which 717 participants were allocated 
to the pIeB + PCEA group and 650 patients were allocated to the CEI + pCeA group. the rate of 
instrumental delivery, incidence of breakthrough pain, PCEA usage rates and local anesthetic usage 
were significantly reduced, the labor duration was statistically shorter, and the maternal satisfaction 
score was significantly improved in the PIEB + pCeA group compared with that in the CeI + pCeA group. 
There were no differences in the side effects between the two groups. The results of the present study 
suggest that the PIEB technique in conjunction with the PCEA regimen was more advantageous than 
CeI + PCEA, but additional studies should be conducted to consistently demonstrate an improvement 
in the maternal and fetal obstetric outcomes.

Labor pain is one of the most painful experiences for a woman1. The degree and relief of pain affects maternofe-
tal physiology and neuropsychology, as well as maternal satisfaction2. It is thus necessary that feasible analge-
sia is used to improve maternal satisfaction and decrease the side effects on the mother and fetus3. It has been 
acknowledged that patient-controlled epidural analgesia (PCEA) is an effective method of labor analgesia that 
has been associated with superior maternal satisfaction and a lower incidence of adverse events compared with 
other analgesia techniques4,5; however, the PCEA regimen without a background infusion is not beneficial for 
decreasing pain scores of the parturient and the workload of the medical staff. Therefore, the continuous epidural 
infusion (CEI) technique added to the PCEA regimen has become a standard labor epidural analgesic regimen 
in North America and Europe in recent decades5–7, but CEI + PCEA could increase the risk of instrumental 
delivery and prolong the second stage of labor compared with PCEA-only epidural labor analgesia8, and it is 
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controversial whether there is a decrease in local anesthetic (LA) usage and an improvement in analgesic efficacy 
with CEI + PCEA compared to PCEA alone6,8.

Compared with CEI + PCEA, the computer-integrated PCEA regimen comprising a PCEA regimen plus a 
programmed intermittent epidural bolus (PIEB), which automatically administers epidural solution at scheduled 
intervals, has resulted in a lower incidence of motor block and instrumental delivery9, lower rate of requiring res-
cue boluses10, and greater patient satisfaction10,11. However, it has been demonstrated that the PIEB + PCEA mode 
has similar LA consumption, motor blockade, instrumental delivery and breakthrough pain rates compared with 
the PCEA or CEI + PCEA regimens5,9,12–14. Therefore, the aim of this systemic review and meta-analysis was to 
compare whether PIEB in conjunction with PCEA in healthy pregnancy improved delivery mode, labor analgesia, 
patient satisfaction, maternal and neonatal obstetric outcomes compared to the CEI + PCEA regimens.

Methods
Approval. Our IRB did not require ethics approval because there were no data directly collected from 
patients. We evaluated and synthesized only data in published trials.

search strategy. The study was performed and reported in accordance with the recommended methods of 
the PRISMA checklist (Supplementary Appendix S1). The Medline, EMBASE, CENTRAL and Web of Science 
databases were searched by two authors independently without filters and language restrictions. Available arti-
cles were updated through February 15, 2018. The MeSH terms “epidural analgesia” or “pregnancy” and text 
words “intermittent”, “continuous”, “automated” and “programmed” as well as relevant synonyms were searched 
and then these results were combined. The exhaustive search strategy is described in the supplemental material 
(Supplemental Appendix S2). The references of the retrieved articles and relevant reviews were screened to iden-
tify additional studies. We attempted to contact the authors when the original data were missing. We did not 
search for unpublished data or trials.

study selection and Quality Assessment. The potentially eligible trials were independently examined 
at the title/abstract level by two investigators. The divergences between the 2 authors were settled by consensus 
and discussion with a third author. The studies considered for this analysis included any published RCTs com-
paring the PIEB + PCEA regimen and the CEI + PCEA regimen in healthy parturients. These subjects received 
lumbar epidural catheters for maintaining labor analgesia. The studies that did not clearly describe the methods 
of delivering the PIEB, CEI and PCEA and the protocols for maintaining labor analgesia were excluded. Abstracts 
of scientific meetings, termination of pregnancy, and trials in which PCEA was not available in both the PIEB and 
CEI groups were also excluded.

The risk of bias of all eligible trials was evaluated by two independent investigators based on “Risk of Bias 
Assessment Tool” adapted by the Cochrane Back and Neck (CBN) Group15. Each of the 12 criteria was scored as 
yes, no, or unsure, and if at least 6 of the 12 criteria were scored as “yes”, the trial was rated as having a “low risk of 
bias”16. Any divergences that occurred were settled by consulting a third author.

Data Extraction and Management. The primary outcomes were the evaluation of the mode of delivery 
(instrumental vaginal or cesarean delivery, CD), duration of labor, efficacy of analgesia and anesthesia interven-
tions, which was reflected by visual or verbal analog scale (VAS, 0–100 mm) scores, incidence of breakthrough 
pain, PCEA usage rate, time to first PCEA or breakthrough pain, LA dose delivered per hour, and patient satis-
faction. The secondary outcomes included the degree of sensory blockade and motor blockade, the incidence of 
pruritus, hypotension, nausea and vomiting. Apgar scores were determined at 1 minute and 5 minutes. Studies 
were included if they reported any of the primary outcomes. Two investigators independently extracted the rele-
vant data. All data were tabulated in Microsoft Excel. Any discrepancies regarding the inclusion of eligible trials 
were handled by discussion; if a consensus was not achieved, the opinion of the third investigator was sought. If 
the data were reported as medians, ranges, and confidence intervals (CIs), the mean and standard deviations were 
calculated as previously described17. The epidural LA dose per hour from the summarized data and milligram 
equivalents of ropivacaine per hour of anesthesia delivery were calculated as previously described16; ropivacaine 
and levobupivacaine were assumed to be approximately 60% as potent as bupivacaine18–20.

statistical Analysis. Pooled analysis was conducted with Review Manager Version 5.3 (Cochrane, London, 
UK). An inverse variance random-effects model was applied due to clinical or methodological heterogeneity 
across studies. Continuous parameters were weighted using the mean difference (MD) with 95% CI, and binary 
variables were calculated using the odds ratios (OR) with 95% CI. The I2 statistic was used to assess the hetero-
geneity of the trials. P values < 0.1 were predefined as indicating statistically significant heterogeneity. I2 > 50% 
was viewed as indicating heterogeneity. It was decided a priori that the primary outcome would be subanalyzed 
according to the technique (subarachnoid or epidural anesthesia) used to initiate labor analgesia, if possible. 
Sensitivity analyses were performed using the leave-one-out method to explore the heterogeneity; if particular 
studies were methodologically different from the others, these studies were excluded. When meta-analytic meth-
ods were unavailable due to different types of data or significant heterogeneity in the outcome effect, a qualitative 
descriptive analysis was considered for these data. Publication bias was appraised with the Egger test using Stata 
version 12.0, and P < 0.05 indicated a significant publication bias.

Results
Characteristics of the Included studies. A total of 646 records were initially searched, and 388 records 
were removed as duplicates. A total of 231 irrelevant records were excluded, and 27 articles remained for in-depth, 
full text review after screening titles or abstracts. Finally, eleven potentially eligible articles were retrieved for this 
systematic review9–11,21–27. The flow diagram is depicted in Fig. 1. The eleven trials included 1367 participants, of 
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whom 717 subjects used the PIEB + PCEA regimen and 650 patients applied the CEI + PCEA regimen for main-
taining labor analgesia in the study, and the characteristics of the individual studies are summarized in Table 1. 
Five studies initiated labor analgesia with a combined spinal-epidural (CSE) technique10,11,24,25,27. The risk of bias 
is shown in Fig. 2, and all 11 trials were considered to be at low risk of bias (Table 1).

Mode of Delivery. Ten trials, which included 1167 subjects, reported the mode of delivery. A significant 
difference in CD rate between the two groups was not present in these studies. The pooled analysis did not find 
a difference in the rate of CD (OR, 1.03; 95% CI, 0.72–1.47; Fig. 3A). Nine trials reported the number of instru-
mental deliveries, and the overall results showed a significant difference between the two groups (OR, 0.51; 95% 
CI, 0.30–0.84; Fig. 3B). Eight trials, which included 984 subjects, recruited only nulliparous women, and the 
remaining trials, Wong et al.11 and Zhao et al.27, included parous parturients. The pooled results did not show a 
difference when these two trials were removed (OR, 0.47; 95% CI, 0.25–0.89). There was no publication bias in 
the trials involving CD (P = 0.089) and instrumental delivery (P = 0.747).

Duration of Labor. All trials reported the duration of labor, and ten of the studies offered information on 
the total duration of labor. The overall analysis showed that there was a significantly shorter total duration of 
labor when the PIEB + PCEA regimen was available (MD, −15.06 minutes; 95% CI, −22.16 to −7.96; I2 = 0%; 
P < 0.0001; Fig. 4A). The pooled analysis of the duration of the first stage of labor from eight reports also showed 
that a significantly shorter duration was observed in the PIEB + PCEA group than in the CEI + PCEA group 
(MD, −11.22 minutes; 95% CI, −16.44 to −6.01; I2 = 0%; P <0.0001; Fig. 4B). Seven trials, which included 846 
subjects, reported the duration of the second stage of labor. There was a significantly shorter duration in the 
PIEB + PCEA group than in the CEI + PCEA group (MD, −2.83 minutes; 95% CI, −4.57 to −1.08; I2 = 0%; 
P = 0.001; Fig. 4C). There was no publication bias in the studies reporting the total duration of labor (P = 0.371), 
duration of the first stage of labor (P = 0.711) or duration of the second stage of labor (P = 0.764).

Analgesia and Anesthesia Interventions. There was significant heterogeneity among studies regard-
ing the timing of the VAS scoring and the assessment of average or maximal VAS values. We therefore report 
the results qualitatively. Nine trials estimated the efficacy of labor analgesia with a VAS at different intervals, 
of which 6 reports9–11,22,24,25 failed to observe significant differences in pain scores between the two groups at 
different times. Fang et al.21, Lin et al.23 and Wang28 reported higher VAS scores in the CEI + PCEA group than 
in the PIEB + PCEA group during the later stages of labor. Five trials reported the incidence of breakthrough 
pain10,11,22,24,25, which generally requires physician intervention. There was a significant reduction in the incidence 
of breakthrough pain in the PIEB + PCEA group compared with that in the CEI + PCEA group (OR, 0.43; 95% 

Figure 1. Study selection flow diagram.
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CI, 0.23–0.82; Fig. 5A). There was no publication bias for the studies reporting the incidence of breakthrough 
pain (P = 0.593). Six trials reported the rate of PCEA usage and showed that fewer subjects administered a bolus 
through the PCEA regimen in the PIEB + PCEA group, and there was a significant decrease in the rate of PCEA 
usage in the PIEB + PCEA group compared with that in the CEI + PCEA group (OR, 0.30; 95% CI, 0.16–0.56; 
Fig. 5B). There was no publication bias in the trials reporting the rate of PCEA usage (P = 0.976).

Local Anesthetic Dose. The specific regimens and LA concentrations are summarized in Table 1. Five stud-
ies provided the total dose of LA administered, and a decrease in the total dose of ropivacaine was recorded 
for the women in the PIEB + PCEA group compared with that in women in the CEI + PCEA group; however, 
significant heterogeneity was observed (MD, −17.38 mg ropivacaine equivalents; 95% CI, −19.35 to −15.41; 
I2 = 57.8%; Fig. 6A) among these studies after pooling analysis. Therefore, a subgroup analysis was conducted, 
and heterogeneity was not observed when the same technique was used to initiate labor analgesia. The total dose 
of LA delivered per hour was extracted in eight of the published datasets9–11,21,22,24,25,27 including 784 participants, 
and the overall analysis showed that a significant decrease was observed with the PIEB + PCEA regimen com-
pared with the CEI + PCEA regimen (MD, −0.74 mg ropivacaine equivalents per hour; 95% CI, −1.02 to −0.46; 
I2 = 23%; Fig. 6B). There was no publication bias in the studies reporting total (P = 0.452) and hourly (P = 0.129) 
LA delivered.

Maternal satisfaction. Nine trials reported overall maternal satisfaction with labor analgesia, and most 
studies used a verbal rating scale (VRS) in which 0 represented very dissatisfied and 10 or 100 represented 
extremely satisfied. Only one trial reported maternal satisfaction with a visual analog scale (VAS) score11. All 
trials, except for Sia et al.25 and Zhao et al.27, reported higher maternal satisfaction scores in the PIEB + PCEA 

Study, year Country N Parity

Neuraxial 
Analgesia Initiation 
(medications)

Epidural maintenance 
solution (drug/
concentration)

Maintenance of analgesia + treat breakthrough pain
Risk of bias 
assessmentPIEB + PCEA regimens (n) CEI + PCEA regimens (n)

Capogna 
et al.9 Italy 145 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 + PCEA (5 mL bolus, 
10 minute lockout, 0.125%) 
(n = 75)

10 mL/h 
(0.0625%) + PCEA (5 mL 
bolus, 10 minute lockout, 
0.125%) (n = 70)

Low risk

Fang et al.21 China 200 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 + PCEA (6 mL bolus, 
15 minute lockout, 0.075%) 
(n = 100)

8 mL/h (0.075%) + PCEA 
(6 mL bolus, 15 minute 
lockout, 0.075%) (=100)

Low risk

Ji et al.22 China 50 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 
(or 20 minutes after successful 
PCEA dose) + PCEA (5 mL 
bolus, 20 minute lockout, 0.075%) 
(n = 25)

8 mL/h (0.075%) + PCEA 
(5 mL bolus, 20 minute 
lockout, 0.075%) (n = 25)

Low risk

Leo et al.10 Singapore 62 Nulliparous SA (ropivacaine, 2 mg; 
fentanyl, 15 µg)

Ropivacaine 0.1%; 
fentanyl, 2 µg/mL

5 mL (0.1%) bolus every hour 
(or 30 minutes after successful 
PCEA dose) + PCEA (5 mL bolus, 
10 minute lockout, 0.1%) (n = 31)

5 mL/h (0.1%) + PCEA 
(5 mL bolus, 10 minute 
lockout, 0.1%) (n = 31)

Low risk

Lin et al.23 China 197 Nulliparous EA (ropivacaine, 
0.15%; 10 mL)

Ropivacaine, 0.1%; 
sufentanil, 0.3 µg/mL

5 mL (0.1%) bolus every 
hour + PCEA (5 mL bolus, 
20 minute lockout, 0.1%) (n = 98)

5 mL/h (0.1%) + PCEA 
(5 mL bolus, 20 minute 
lockout, 0.1%) (n = 99)

Low risk

Sia et al.25 Singapore 42 Nulliparous SA (ropivacaine, 2 mg; 
fentanyl, 15 µg)

Ropivacaine 0.1%; 
fentanyl, 2 µg/mL

5 mL (0.1%) bolus every hour 
(or 1 hour after successful PCEA 
dose) + PCEA (5 mL bolus, 
10 minute lockout, 0.1%) (n = 21)

5 mL/h (0.1%) + PCEA 
(5 mL bolus, 10 minute 
lockout, 0.1%) (n = 21)

Low risk

Sia et al.24 Singapore 102 Nulliparous SA (ropivacaine, 2 mg; 
fentanyl, 15 µg)

Ropivacaine 0.1%; 
fentanyl, 2 µg/mL

5 mL (0.1%) bolus every hour 
(or different time after successful 
PCEA dose) + PCEA (5 mL bolus, 
10 minute lockout, 0.1%) (n = 51)

5 mL/h (0.1%) + PCEA 
(5 mL bolus, 10 minute 
lockout, 0.1%) (n = 51)

Low risk

Wang et al.26 China 200 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 + PCEA (5 mL bolus, 
30 minute lockout, 0.1%) 
(n = 100)

10 mL/h (0.08%) + PCEA 
(5 mL bolus, 30 minute 
lockout, 0.1%) (n = 100)

Low risk

Wang et al.28 China 186 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 0.5 or 
1 hour + PCEA (5 mL bolus, 
30 minute lockout, 0.1%) 
(n = 124)

10 mL/h (0.08%) + PCEA 
(5 mL bolus, 30 minute 
lockout, 0.1%) (n = 62)

Low risk

Wong et al.11 USA 126 Parous
SA (bupivacaine, 
1.25 mg; fentanyl, 
15 µg)

Bupivacaine, 0.625%; 
fentanyl 2, µg/mL

6 mL (0.625%) bolus every 
30 minutes + PCEA (5 mL bolus, 
10 minute lockout, 0.625%) 
(n = 63)

12 mL/h (0.625%) + PCEA 
(5 mL bolus, 10 minute 
lockout, 0.625%) (n = 63)

Low risk

Zhao et al.27 China 57 Parous SA (ropivacaine, 3 mg) Ropivacaine 0.1%; 
sufentanil, 0.5 µg/mL

3 mL (0.1%) bolus every 
hour + PCEA (3 mL bolus, 
10 minute lockout, 0.1%) (n = 29)

6 mL/h (0.1%) + PCEA 
(3 mL bolus, 10 minute 
lockout, 0.1%) (n = 28)

Low risk

Table 1. Study Characteristics and Risk of Bias Assessment of the Included Studies. PIEB, programmed 
intermittent epidural boluses; CEI: continuous epidural infusion; PCEA: patient-controlled epidural analgesia; 
SA: subarachnoid anesthesia; EA: epidural anesthesia.
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group than in the CEI + PCEA group; the overall analysis showed that participants had a significantly higher 
maternal satisfaction score in the PIEB + PCA group than in the CEI + PCEA group (MD, 9.25; 95% CI, 4.06 to 
14.44; Fig. 7), but significant heterogeneity was observed (I2 = 98%) among these studies. A subgroup analysis was 
thus conducted. The subgroup of subarachnoid anesthesia initiation showed a significantly lower heterogeneity 
(I2 = 15%) among the trials, while a higher heterogeneity was still observed in the subgroup using epidural tech-
nique initiation (I2 = 99%). There was no publication bias in the trials reporting maternal satisfaction (P = 0.608).

Additional outcomes. The incidence of motor block, assessed with the Breen-modified Bromage score9,29 
<6 or a traditional Bromage score11,21,22,24–26,28 >1, occurring at least once during labor (Table 2) was signifi-
cantly increased in the CEI group compared with the PIEB group, but significant heterogeneity was observed 
(I2 = 54%). A sensitivity analysis suggested that Capogna et al.9 appeared to increase the heterogeneity and used 
the Breen-modified Bromage score29, which is different than the Bromage score used by other trials; after remov-
ing this trial, the overall results showed no significant difference between the two regimens.

Six trials reported 1-minute Apgar scores21–23,26,27. There was no difference between the 2 groups in any trials. 
Eight trials reported the 5-minute Apgar scores, of which five trials gave the concrete scores10,23,25–27. There were 
no significant differences observed between the two regimens across all trials. Fang et al.21 and Wang et al.28 
reported that the 5-minute Apgar score for all subjects exceeded 7. Sia et al.25 reported that 81% (17/21) of the 
subjects in the PIEB + PCEA group and 90% (19/21) of subjects in the CEI + PCEA group surpassed scores of 
seven. Significant differences were not observed between the two groups.

Other maternal side effects (nausea/vomiting, pruritus, hypotension) are listed in Table 2. Significant differ-
ences were not found between the two regimens. Neonatal adverse effects (fetal bradycardia) were not reported in 
these trials except in Leo et al.10 and Sia et al.24, and there was no difference between the two groups.

Discussion
The important findings of this systematic review and meta-analysis study show that PIEB in conjunction with 
the PCEA regimen is of greater benefit to the parturient and fetus. In these healthy women requesting labor 
epidural analgesia, PIEB as the background infusion of the PCEA, compared with CEI plus PCEA, significantly 
reduced the risk of instrumental delivery, improved labor pain and pain relief, reduced LA consumption, resulted 
in higher maternal satisfaction, and statistically shortened the labor duration, but there were no differences with 
regard to the incidence of adverse events (motor block, Apgar score, etc.).

PCEA allowed the parturient to self-administer a bolus and thereby reduce the time between the onset of pain 
and the administration of additional analgesia8. CEI with or without PCEA boluses has been regarded as standard 
labor epidural analgesic regimens in many institutions in North America and Europe16. However, a higher risk 

Figure 2. The risk of bias for the included studies.
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of instrumental delivery exists when CEI was added to the PCEA regimen than for the PCEA-only regimen8. 
Multiple studies have found that the rate of instrumental delivery was decreased when PIEB was added to PCEA 
compared with that for CEI + PCEA9,28,30, but the 2013 systematic review by George et al.16 did not show a signif-
icant difference in the combined results. Our study showed that PIEB reduced the risk of instrumental delivery 
compared with CEI when pooling the data reported in the recent studies that conducted a comparison of PIEB 
and CEI being added to the PCEA regimen.

The incidence of instrumental delivery is associated with pelvic muscle tone, motor blockade and the ability 
to “bear down” during the second stage of labor31. A lower incidence of motor blockade was observed with the 
PIEB + PCEA regimen than with the CEI + PCEA regimen. Motor blockade may influence the duration of labor, 
and the use of PCEA for maintenance of labor analgesia may have a noteworthy effect on the duration of the first 
stage and the total duration of labor. George et al.16 showed that the duration of the second stage was as much as 
22 minutes shorter with IEB alone than with the CEI with or without PCEA, and when IEB added to PCEA was 
used for maintenance of labor, the duration of the first stage was longer (20 minutes). The total duration of labor 
was reduced (−4 minutes) compared with that for CEI, and thus, they speculated that IEB may enter the realm of 
clinical significance and positively affect labor progression. Our pooled results showed a statistically significant 
difference (−15, −11 and −3 minutes) in the length of total, first and second stage of labor, but such differences 
are hardly clinically significant.

In fact, patients’ preferences about labor are focused on both pain relief and labor duration, and patients pre-
ferred lower intensity, longer duration to higher intensity, short duration labor pain; thus, direct management of 
labor pain is needed to meet patient expectations32,33. A superior efficacy of labor analgesia for parturients with 
the PIEB + PCEA regimen was presented in our study, and there was a significant decrease in the incidence of 
breakthrough pain, which is a transitory exacerbation of pain that occurs once previously used labor analgesia 
becomes ineffective and often requires supplemental epidural medications using a PCEA regimen or manual 
bolus34–37. A lower rate of PCEA usage was also observed, and the time to first PCEA usage or first breakthrough 
pain was postponed in most included studies10,11,22,24,25,27. The relief of labor analgesia is partially contingent 
upon a greater LA consumption38. Our pooled results showed that the total or hourly dose of LA was markedly 
decreased in the PIEB + PCEA group compared with that in the CEI + PCEA group. Lower LA usage to achieve 
optimal analgesia was indeed disputed between the PIEB or PCEA regimen maintaining labor analgesia, likely 
due to lack of a standardized useful tool to assess the degree of pain. The VAS is one of the most commonly used 
methods39, but when an acceptable VAS pain score for parturients is a consistently controlled score of less than 
340, a significant difference could not occur easily; once the scores were greater than 3, the parturients or anesthe-
tists would take measures to relieve the pain, therefore a difference would not be observed.

Figure 3. (A) Forest plot of the pooled analysis for mode of delivery (cesarean delivery). (B) Forest plot of the 
pooled analysis for mode of delivery (instrumental delivery). PIEB, programmed intermittent epidural boluses; 
CEI, continuous epidural infusion; PCEA: patient-controlled epidural analgesia; CI: confidence interval.
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The main goal of labor analgesia is to accomplish an ideal and desired level of pain relief and greater satisfac-
tion of care provided to the patients. Maternal satisfaction, a multidimensional measure, is a common evaluation 
method that involves personal expectations, labor pain, perception of emotional control, communication skills 
of her caregiver and maternal involvement in decision making40–43. The meta-analysis and review by George 
et al.16 stated that PIEB with or without PCEA slightly improved maternal satisfaction. Our study showed that 
PIEB + PCEA resulted in significantly higher maternal satisfaction scores than CEI + PCEA, but the aggregated 
studies had significant heterogeneity (I2 = 98%). The use of a different neuraxial analgesia technique to initiate 
labor analgesia might have influenced maternal satisfaction. Our subgroup analysis suggested that heterogeneity 
was especially apparent when an epidural technique was used to initiate labor analgesia, likely due to the analgesia 
efficacy of the epidural technique itself being influenced by many factors (concentration, volume, composition of 
medicine, etc.). In fact, women’s self-diagnosis of the onset of labor and their perception of their labor duration 
when meeting their midwives has some impact on their admission to the labor ward and the timing of epidural 
analgesia32,44; thus, it is difficult to accurately measure maternal satisfaction at standard intervals or the same 
times with the standard assessment tools, all of which could cause heterogeneity, so the pooled results have to be 
interpreted with caution.

There are several limitations to this study. First, none of the included studies reported all of the relevant out-
comes, thus limiting the statistical power of this systematic review. Second, labor analgesia was not evaluated in 
the same way; some trials recorded VAS scores during the overall labor progression at different time points, while 
several studies used the incidence of breakthrough pain to indirectly reflect labor analgesia. Third, most trials 
nearly consistently reported maternal satisfaction to evaluate the relief of labor pain, but significant heterogeneity 
was observed among studies. Fourth, only two trials recruited parous subjects; the remaining studies included 
uncomplicated nulliparous women, which likely limits the conclusions to be extrapolated to women presenting 
with multiple gestations and parous women. Fifth, despite only these trials directly comparing the PIEB + PCEA 
regimen with the CEI + PCEA regimen were included in this systematic review, significant clinical heterogeneity 

Figure 4. (A) Forest plot for the total duration (minutes) of labor. (B) Forest plot for the duration (minutes) of 
the first stage of labor. (C) Forest plot for the duration (minutes) of the second stage of labor. PIEB, programmed 
intermittent epidural boluses; CEI, continuous epidural infusion; PCEA: patient-controlled epidural analgesia; 
CI: confidence interval.
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Figure 5. (A) Forest plot for the incidence of breakthrough pain. (B) Forest plot for the rate of using PCEA for 
labor analgesia. PIEB, programmed intermittent epidural boluses; CEI, continuous epidural infusion; PCEA, 
patient-controlled epidural analgesia; CI: confidence interval.

Figure 6. (A) Forest plot for total milligrams of local anesthetic (ropivacaine equivalents) consumption 
and the subgroup analysis for the initiating form of labor analgesia (epidural or spinal initiation). (B) Forest 
plot for milligrams per hour of local anesthetic (ropivacaine equivalents) consumption. PIEB, programmed 
intermittent epidural boluses; CEI, continuous epidural infusion; PCEA: patient-controlled epidural analgesia; 
CI: confidence interval.
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with respect to labor analgesia initiation, LA concentration or volume and drug delivery regimens still existed, 
which may affect maternal and obstetric outcomes28,45.

In conclusion, the PIEB + PCEA regimen, compared with the CEI + PCEA regimen, showed greater benefit 
for decreasing the risk of instrumental delivery, relieving labor pain, decreasing LA consumption, and improving 
maternal satisfaction, but future prospective and adequately powered studies should be conducted to confirm 
earlier findings and optimize the PIEB settings with respect to LA concentration, volume boluses, time intervals, 
etc. Given that women’s own perceptions and expectations regarding the onset and process of labor affect the 
evaluation of satisfaction, educational strategies for the implementation of these techniques should be taken to 
guide pump programming.

References
 1. Melzack, R. The myth of painless childbirth (the John J. Bonica lecture). Pain 19, 321–337 (1984).
 2. Lavand’homme, P. Chronic pain after vaginal and cesarean delivery: a reality questioning our daily practice of obstetric anesthesia. 

Int J Obstet Anesth 19, 1–2, https://doi.org/10.1016/j.ijoa.2009.09.003 (2010).

Figure 7. Forest plot for maternal satisfaction (visual analog scale [VAS] 0–100 mm; 0 represents very 
dissatisfied, 100 represents extremely satisfied) and the subgroup analysis for the initial form of labor analgesia 
(epidural or spinal initiation). PIEB, programmed intermittent epidural boluses; CEI, continuous epidural 
infusion; PCEA: patient-controlled epidural analgesia; CI: confidence interval.

Outcome Studies
Number of events/total 
in PIEB + PCEA group

Number of events/total 
in CEI + PCEA group

Odds ratio (95% 
confidence interval) I2 (%) P-Value

Motor blockade

Capogna 
et al.9
Fang et al.21

Ji et al.22

Sia et al.25

Sia et al.24

Wang et al.26

Wang et al.28

Wong et al.11

8/435 (1%) 34/430 (6.7%) 0.18 [0.09, 0.38] 54 <0.0001

Hypotension

Fang et al.21

Ji et al.22

Leo et al.10

Sia et al.25

Sia et al.24

Wang et al.26

Zhao et al.27

4/357 (1.1%) 8/356 (2.5%) 0.53 [0.17, 1.64] 0 0.27

Nausea/vomiting

Fang et al.21

Ji et al.22

Leo et al.10

Sia et al.25

Sia et al.24

Wang et al.26

6/328 (1.8%) 4/328 (1.2%) 1.47 [0.43, 5.03] 0 0.54

Pruritus

Fang et al.21

Leo et al.10

Sia et al.25

Sia et al.24

Wang et al.26

69/303 (22.8%) 65/303 (21.5%) 1.13 [0.70, 1.84] 0 0.62

Table 2. Additional Outcomes. PIEB, programmed intermittent epidural boluses; CEI, continuous epidural 
infusion; PCEA: patient-controlled epidural analgesia.

https://doi.org/10.1038/s41598-019-39248-5
https://doi.org/10.1016/j.ijoa.2009.09.003


1 0Scientific RepoRts |          (2019) 9:2583  | https://doi.org/10.1038/s41598-019-39248-5

www.nature.com/scientificreportswww.nature.com/scientificreports/

 3. Hawkins, J. L. Epidural analgesia for labor and delivery. The New England journal of medicine 362, 1503–1510, https://doi.
org/10.1056/NEJMct0909254 (2010).

 4. Sharma, S. K. et al. Cesarean delivery: a randomized trial of epidural analgesia versus intravenous meperidine analgesia during labor 
in nulliparous women. Anesthesiology 96, 546–551 (2002).

 5. Sng, B. L., Kwok, S. C. & Sia, A. T. Modern neuraxial labour analgesia. Current opinion in anaesthesiology 28, 285–289, https://doi.
org/10.1097/aco.0000000000000183 (2015).

 6. Halpern, S. H. & Carvalho, B. Patient-controlled epidural analgesia for labor. Anesth Analg 108, 921–928, https://doi.org/10.1213/
ane.0b013e3181951a7f (2009).

 7. Onuoha, O. C. Epidural Analgesia for Labor: Continuous Infusion Versus Programmed Intermittent Bolus. Anesthesiology clinics 35, 
1–14, https://doi.org/10.1016/j.anclin.2016.09.003 (2017).

 8. Heesen, M. et al. The effect of adding a background infusion to patient-controlled epidural labor analgesia on labor, maternal, and neonatal 
outcomes: a systematic review and meta-analysis. Anesth Analg 121, 149–158, https://doi.org/10.1213/ane.0000000000000743 (2015).

 9. Capogna, G., Camorcia, M., Stirparo, S. & Farcomeni, A. Programmed intermittent epidural bolus versus continuous epidural 
infusion for labor analgesia: the effects on maternal motor function and labor outcome. A randomized double-blind study in 
nulliparous women. Anesth Analg 113, 826–831, https://doi.org/10.1213/ANE.0b013e31822827b8 (2011).

 10. Leo, S., Ocampo, C. E., Lim, Y. & Sia, A. T. A randomized comparison of automated intermittent mandatory boluses with a basal 
infusion in combination with patient-controlled epidural analgesia for labor and delivery. International Journal of Obstetric 
Anesthesia 19, 357–364 (2010).

 11. Wong, C. A. et al. A randomized comparison of programmed intermittent epidural bolus with continuous epidural infusion for 
labor analgesia. Anesth Analg 102, 904–909, https://doi.org/10.1213/01.ane.0000197778.57615.1a (2006).

 12. Delgado, C., Ciliberto, C., Bollag, L., Sedensky, M. & Landau, R. Continuous epidural infusion versus programmed intermittent 
epidural bolus for labor analgesia: optimal configuration of parameters to reduce physician-administered top-ups. Curr Med Res 
Opin, 1–8, https://doi.org/10.1080/03007995.2017.1377166 (2017).

 13. McKenzie, C. P., Cobb, B., Riley, E. T. & Carvalho, B. Programmed intermittent epidural boluses for maintenance of labor analgesia: 
an impact study. Int J Obstet Anesth 26, 32–38, https://doi.org/10.1016/j.ijoa.2015.11.005 (2016).

 14. Tien, M., Allen, T. K., Mauritz, A. & Habib, A. S. A retrospective comparison of programmed intermittent epidural bolus with 
continuous epidural infusion for maintenance of labor analgesia. Curr Med Res Opin 32, 1435–1440, https://doi.org/10.1080/03007
995.2016.1181619 (2016).

 15. Furlan, A. D., Pennick, V., Bombardier, C. & van Tulder, M. 2009 updated method guidelines for systematic reviews in the Cochrane 
Back Review Group. Spine 34, 1929–1941, https://doi.org/10.1097/BRS.0b013e3181b1c99f (2009).

 16. George, R. B., Allen, T. K. & Habib, A. S. Intermittent epidural bolus compared with continuous epidural infusions for labor 
analgesia: a systematic review and meta-analysis. Anesth Analg 116, 133–144, https://doi.org/10.1213/ANE.0b013e3182713b26 
(2013).

 17. Hozo, S. P., Djulbegovic, B. & Hozo, I. Estimating the mean and variance from the median, range, and the size of a sample. BMC 
medical research methodology 5, 13, https://doi.org/10.1186/1471-2288-5-13 (2005).

 18. Capogna, G., Celleno, D., Fusco, P., Lyons, G. & Columb, M. Relative potencies of bupivacaine and ropivacaine for analgesia in 
labour. British journal of anaesthesia 82, 371–373 (1999).

 19. Polley, L. S., Columb, M. O., Naughton, N. N., Wagner, D. S. & van de Ven, C. J. Relative analgesic potencies of ropivacaine and 
bupivacaine for epidural analgesia in labor: implications for therapeutic indexes. Anesthesiology 90, 944–950 (1999).

 20. Polley, L. S. et al. Relative analgesic potencies of levobupivacaine and ropivacaine for epidural analgesia in labor. Anesthesiology 99, 
1354–1358 (2003).

 21. Fang, X., Xie, L. & Chen, X. Clinical efficacy of programmed intermittent epidural bolus and continuous epidural infusion for labor 
analgesia. Journal of Clinical Anesthestology 32, 757–760 (2016).

 22. Ji, J., Xu, Z., Jin, C. & Liu, Z. A randomized comparison between intermittent bolus and continuous infusion in combination with 
patient-controlled epidural analgesia in labor. Shanghai Medical Journal 39, 461–465 (2016).

 23. Lin, Y., Li, Q., Yang, R. & Liu, J. Comparison of continuous epidural infusion and programmed intermittent epidural bolus in labor 
analgesia. Therapeutics and Clinical Risk Management 12, 1107–1112 (2016).

 24. Sia, A. T., Leo, S. & Ocampo, C. E. A randomised comparison of variable-frequency automated mandatory boluses with a basal 
infusion for patient-controlled epidural analgesia during labour and delivery. Anaesthesia 68, 267–275, https://doi.org/10.1111/
anae.12093 (2013).

 25. Sia, A. T., Lim, Y. & Ocampo, C. A comparison of a basal infusion with automated mandatory boluses in parturient-controlled 
epidural analgesia during labor. Anesth Analg 104, 673–678, https://doi.org/10.1213/01.ane.0000253236.89376.60 (2007).

 26. Wang, Z., Xu, S., 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 36, 1134–1137 (2016).

 27. Zhao, J., Wu, J., Li, S. & Wang, X. Comparison of automated mandatory bolus and continuous epidural infusion in parturient-
controlled epidural analgesia during labor. Shanghai Medical Journal 36, 504–506 (2013).

 28. Wang, Z. et al. Comparison of programmed intermittent epidural bolus with continuous epidural infusion at different time intervals 
for epidural labor analgesia. Journal of Clinical Anesthestology 33, 755–759 (2017).

 29. Breen, T. W., Shapiro, T., Glass, B., Foster-Payne, D. & Oriol, N. E. Epidural anesthesia for labor in an ambulatory patient. Anesth 
Analg 77, 919–924 (1993).

 30. Nunes, J., Nunes, S., Veiga, M., Cortez, M. & Seifert, I. A prospective, randomized, blinded-endpoint, controlled study - continuous 
epidural infusion versus programmed intermittent epidural bolus in labor analgesia. Braz J Anesthesiol 66, 439–444, https://doi.
org/10.1016/j.bjane.2014.12.006 (2016).

 31. Thornton, J. G. & Capogna, G. Reducing likelihood of instrumental delivery with epidural anaesthesia. Lancet (London, England) 
358, 2 (2001).

 32. Petersen, A., Penz, S. M. & Gross, M. M. Women’s perception of the onset of labour and epidural analgesia: a prospective study. 
Midwifery 29, 284–293, https://doi.org/10.1016/j.midw.2012.08.006 (2013).

 33. Carvalho, B., Hilton, G., Wen, L. & Weiniger, C. F. Prospective longitudinal cohort questionnaire assessment of labouring women’s 
preference both pre- and post-delivery for either reduced pain intensity for a longer duration or greater pain intensity for a shorter 
duration. British journal of anaesthesia 113, 468–473, https://doi.org/10.1093/bja/aeu149 (2014).

 34. Haydon, M. L. et al. Obstetric outcomes and maternal satisfaction in nulliparous women using patient-controlled epidural analgesia. 
American journal of obstetrics and gynecology 205, 271 e271–276, https://doi.org/10.1016/j.ajog.2011.06.041 (2011).

 35. Randive, S. & Mehta, V. Breakthrough pain-novel analgesics. Current clinical pharmacology 7, 116–120 (2012).
 36. Sng, B. L. et al. Incidence and characteristics of breakthrough pain in parturients using computer-integrated patient-controlled 

epidural analgesia. Journal of clinical anesthesia 27, 277–284, https://doi.org/10.1016/j.jclinane.2015.01.003 (2015).
 37. Ueda, K., Ueda, W. & Manabe, M. A comparative study of sequential epidural bolus technique and continuous epidural infusion. 

Anesthesiology 103, 126–129 (2005).
 38. Leighton, B. L. & Halpern, S. H. The effects of epidural analgesia on labor, maternal, and neonatal outcomes: a systematic review. 

American journal of obstetrics and gynecology 186, S69–77 (2002).
 39. Lowe, N. K. The nature of labor pain. American journal of obstetrics and gynecology 186, S16–24 (2002).

https://doi.org/10.1038/s41598-019-39248-5
https://doi.org/10.1056/NEJMct0909254
https://doi.org/10.1056/NEJMct0909254
https://doi.org/10.1097/aco.0000000000000183
https://doi.org/10.1097/aco.0000000000000183
https://doi.org/10.1213/ane.0b013e3181951a7f
https://doi.org/10.1213/ane.0b013e3181951a7f
https://doi.org/10.1016/j.anclin.2016.09.003
https://doi.org/10.1213/ane.0000000000000743
https://doi.org/10.1213/ANE.0b013e31822827b8
https://doi.org/10.1213/01.ane.0000197778.57615.1a
https://doi.org/10.1080/03007995.2017.1377166
https://doi.org/10.1016/j.ijoa.2015.11.005
https://doi.org/10.1080/03007995.2016.1181619
https://doi.org/10.1080/03007995.2016.1181619
https://doi.org/10.1097/BRS.0b013e3181b1c99f
https://doi.org/10.1213/ANE.0b013e3182713b26
https://doi.org/10.1186/1471-2288-5-13
https://doi.org/10.1111/anae.12093
https://doi.org/10.1111/anae.12093
https://doi.org/10.1213/01.ane.0000253236.89376.60
https://doi.org/10.1016/j.bjane.2014.12.006
https://doi.org/10.1016/j.bjane.2014.12.006
https://doi.org/10.1016/j.midw.2012.08.006
https://doi.org/10.1093/bja/aeu149
https://doi.org/10.1016/j.ajog.2011.06.041
https://doi.org/10.1016/j.jclinane.2015.01.003


1 1Scientific RepoRts |          (2019) 9:2583  | https://doi.org/10.1038/s41598-019-39248-5

www.nature.com/scientificreportswww.nature.com/scientificreports/

 40. Leong, W. L., Sng, B. L. & Sia, A. T. A comparison between remifentanil and meperidine for labor analgesia: a systematic review. 
Anesth Analg 113, 818–825, https://doi.org/10.1213/ANE.0b013e3182289fe9 (2011).

 41. van der Vyver, M., Halpern, S. & Joseph, G. Patient-controlled epidural analgesia versus continuous infusion for labour analgesia: a 
meta-analysis. British journal of anaesthesia 89, 459–465 (2002).

 42. Angle, P. et al. Phase 1 development of an index to measure the quality of neuraxial labour analgesia: exploring the perspectives of 
childbearing women. Can J Anaesth 57, 468–478, https://doi.org/10.1007/s12630-010-9289-1 (2010).

 43. Lee, M. et al. Remifentanil as an alternative to epidural analgesia for vaginal delivery: A meta-analysis of randomized trials. Journal 
of clinical anesthesia 39, 57–63, https://doi.org/10.1016/j.jclinane.2017.03.026 (2017).

 44. Favilli, A. et al. What women want? Results from a prospective multicenter study on women’s preference about pain management during 
labour. European journal of obstetrics, gynecology, and reproductive biology 228, 197–202, https://doi.org/10.1016/j.ejogrb.2018.06.038 
(2018).

 45. Wong, C. A., McCarthy, R. J. & Hewlett, B. The effect of manipulation of the programmed intermittent bolus time interval and 
injection volume on total drug use for labor epidural analgesia: a randomized controlled trial. Anesth Analg 112, 904–911, https://
doi.org/10.1213/ANE.0b013e31820e7c2f (2011).

Acknowledgements
We appreciate all of the authors of the studies included in this analysis. There were no sources of funding involved 
in this study.

Author Contributions
S.Y. conceived and designed the study. J.X., J.Z., H.X., J.L. and Y.S. developed the search strategy for the 
identification of articles and identified the articles. J.X., J.Z. and J.L. extracted and analyzed the data. J.X., J.Z. 
S.P. and Y.S. drafted the manuscript. S.Y. helped to revise the manuscript with all the other authors. All authors 
approved the final version of the manuscript. S.Y. is the guarantor.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-019-39248-5.
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-39248-5
https://doi.org/10.1213/ANE.0b013e3182289fe9
https://doi.org/10.1007/s12630-010-9289-1
https://doi.org/10.1016/j.jclinane.2017.03.026
https://doi.org/10.1016/j.ejogrb.2018.06.038
https://doi.org/10.1213/ANE.0b013e31820e7c2f
https://doi.org/10.1213/ANE.0b013e31820e7c2f
https://doi.org/10.1038/s41598-019-39248-5
http://creativecommons.org/licenses/by/4.0/

	A Systematic Review and Meta-Analysis Comparing Programmed Intermittent Bolus and Continuous Infusion as the Background Inf ...
	Methods
	Approval. 
	Search Strategy. 
	Study Selection and Quality Assessment. 
	Data Extraction and Management. 
	Statistical Analysis. 

	Results
	Characteristics of the Included Studies. 
	Mode of Delivery. 
	Duration of Labor. 
	Analgesia and Anesthesia Interventions. 
	Local Anesthetic Dose. 
	Maternal Satisfaction. 
	Additional Outcomes. 

	Discussion
	Acknowledgements
	Figure 1 Study selection flow diagram.
	Figure 2 The risk of bias for the included studies.
	Figure 3 (A) Forest plot of the pooled analysis for mode of delivery (cesarean delivery).
	Figure 4 (A) Forest plot for the total duration (minutes) of labor.
	Figure 5 (A) Forest plot for the incidence of breakthrough pain.
	Figure 6 (A) Forest plot for total milligrams of local anesthetic (ropivacaine equivalents) consumption and the subgroup analysis for the initiating form of labor analgesia (epidural or spinal initiation).
	Figure 7 Forest plot for maternal satisfaction (visual analog scale [VAS] 0–100 mm 0 represents very dissatisfied, 100 represents extremely satisfied) and the subgroup analysis for the initial form of labor analgesia (epidural or spinal initiation).
	Table 1 Study Characteristics and Risk of Bias Assessment of the Included Studies.
	Table 2 Additional Outcomes.




