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Background: Programmed intermittent epidural bolus (PIEB) as a new technique for labor analgesia
has aroused extensive attention. The character of separation of the motor block to sensory block makes
ropivacaine becoming an important local anesthetic for labor analgesia. In this meta-analysis, we aimed to
assess the efficiency and safety of PIEB regime compared to continuous epidural infusion (CEI) regime on
labor analgesia with ropivacaine following the evidence emerged newly.

Methods: PubMed, EMBASE and the Cochrane library were searched for potential articles. Eligible
studies should meet these criterions: (I) healthy women; (II) it should compare PIEB and CEI; (III)
ropivacaine should be use as local anesthetic for the maintenance of analgesia; (IV) the study should report
the any of the outcomes we need. Maternal satisfaction, consumption of ropivacaine and duration of labor as
well as the adverse effect were used to measure the efficacy and safety of those two regimes. Mean difference
(MD), relative risk (RR), 95% confidence intervals (CI) were used to present the final results.

Results: Ten articles of randomized controlled trials and 3,790 subjects were eventually included in study.
The pooled results showed that PIEB with ropivacaine significantly improved satisfaction (MD, 7.87; 95%
CI: 6.02 to 9.72; I’=0%; P<0.001), reduced the local anesthetic (milligram) in total (MD, -10.37 milligrams;
95% CI: -17.70 to -3.03; '=94%; P<0.001) and hourly (MD, -1.80 milligrams; 95% CI: -2.62 to -0.98;
I’=56%; P<0.001). PIEB shortened the second stage of labor but has similar total duration of labor and it
also decrease the incidence of motor block compare to CEI. There were no differences in mode of delivery
and rescue bolus between two groups.

Conclusions: This study shows that PIEB regime was associated with higher satisfaction, lower
consumption of ropivacaine in hours and totally, and shorter duration of second stage of labor compared to
CEI in analgesia with ropivacaine during childbirth. PIEB regime has greater safety on fetus and maternity
than CEI regime and it decreased the incidence of motor block without increasing other side effects

compared to CEL
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Introduction

Labor pain is one of the most painful experiences of
every mother (1). Severe acute pain during labor is an
important incentive of postpartum persistent pain which
may have serious interference with a number of women’s
daily life (2). Epidural analgesia is one of the most safe and
effective methods for labor analgesia, providing effective
pain relief during labor and may decrease the occurrence
of cesarean delivery (3-5). and it can be administered in
different ways. Continuous epidural infusion (CEI) with
or without patient-controlled epidural analgesia (PCEA)
has been the one of the most common analgesic techniques
we used, which can effectively achieve adequate pain relief
and reduce discomfort, and it also becomes a standard of
labor epidural analgesic in North America and Europe in
recent decades (6). However, CEI may increase the rate
of dystocia and instrumental delivery, and may result in a
higher incidence of motor blockade and lower satisfaction
compared to traditional systemic analgesia (7). With
the development of computer technology, programmed
intermittent epidural bolus (PIEB) is a new automated
method of administering epidural solutions at a fixed
bolus and scheduled interval, which used as an alternative
to CEI alone or as a background administration with the
PCEA technique (8). It also has potential advantages of
better spread of local anesthetic in the epidural space which
made it has greater sensory blockade compared CEI (9).
PIEB may cover the shortages of CEI program, improve
satisfaction. It is not clear that whether PIEB can replace
CEI completely in labor analgesia.

As one of the most important long-acting amide local
anesthetics (10), ropivacaine is commonly used for labor
analgesia. Compared with bupivacaine, ropivacaine has
been associated with less central nervous system and cardiac
toxicity (11). Evidence suggests that ropivacaine results in
greater sensory and less motor block than does bupivacaine,
although their relative potencies differ. Ropivacaine
increases analgesic effect without increasing the degree
of motor block. Because of that, ropivacaine has attracted
increased attention for epidural analgesia on labor analgesia
in recent years. However, some articles recommended CEI
regime while opponent argue that PIEB has better efficacy
and safety. It is not clear yet which is better for maternity
in pain relief when using ropivacaine. Therefore, we
conducted this study in order to investigate the difference in
maternal satisfaction, consumption of ropivacaine (primary
outcomes) as well as duration of labor and other adverse
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effects (second outcomes) between PIEB and CEI in the
labor anesthesia with ropivacaine.

We present the following article in accordance with the
PRISMA reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-1541).

Methods
Search strategy

The literature search was conducted across the electronic
databases including PubMed, Embase and Cochrane
Library from the establishment of the database in February
2020, using the keywords “ropivacaine, intermittent,
epidural, Labor, randomized” as well as relevant synonyms.
The details of search strategy were presented in Appendix 1.
In addition, we also searched the reference lists of relevant
studies by hand to identify other studies meeting the
inclusion criteria.

Inclusion and exclusion criteria (study selection)

Two investigators screened the potential eligible articles
independently by scanning the titles and abstracts. The
duplicates, reviews, case reports, and letters were excluded.
Then, we read the full article of the rest studies to sort
out the ones that did not meet the inclusion criteria. A
third reviewer consulted with the two investigators if there
was any divergence between them. Eligible studies were
present as follows: (I) we included RCTs only; (II) the study
should compare PIEB and CEI with or without PCEA;
(IIT) ropivacaine should be use as local anesthetic with or
without opioid for maintenance of labor epidural analgesia;
(IV) all women should be in healthy conditions. Whether
combining spinal-epidural analgesia or not were included.
These studies could be excluded if the authors had not
clearly described the protocols for maintaining labor
analgesia and the methods of PIEB regime, CEI regime
(such as specific dose, concentration, speed, etc.).

Quality assessment

Two independent authors evaluated the quality of all
eligible studies by using Cochrane Collaboration’s tool (12)
for assessing the risk of bias, which assess quality of
studies according following aspects: randomized sequence
generation, allocation concealment, blinding, incomplete
data, selective reporting, and other potential bias. Each of
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the ten trials was assessed as low risk (+), unclear risk (?),
or high risk () which represent low, moderate, and high
quality of including studies respectively. The final decision
was made by consulting with another investigator if any
disagreement occurred.

Data extraction

Data was extracted from the inclusion studies as following
information: characteristics included first author, year of
publication, country, and analgesia protocols. Primary
outcomes included maternal satisfaction (estimating
by verbal rating scale (VRS) from 0 (presenting very
dissatisfied) to 100 (presenting extremely satisfied), the
consumption of ropivacaine (total consumption and the
dose delivered per hour) and duration of labor (total
duration and second stage of duration). Secondary outcomes
included motor block, mode of delivery (operative vaginal,
cesarean delivery) and rescue anesthesia (patients who need
additional pain relief by anesthetist). Other safety outcomes
included hypotension and nausea-vomiting and fetal
bradycardia.

When the data were not reported directly, we obtained
the consumption of ropivacaine per hour by converting the
total dose of ropivacaine and the mean duration of epidural
analgesia presented in studies (6). If the data was expressed
as medians, ranges, and confidence intervals (Cls) in article,
the mean and standard deviations were calculated from
extracted data according to Hozo et 4l. (13). Differences was
settled by discussion or decided by the third author.

Statistical analysis

All data we extracted were tabulated in Microsoft Excel. All
statistical analysis was performed using Review Manager
5.3. For continuous parameters, pooled data were present
as mean difference (MD) with 95% confidence intervals
(CI). And the relative risk (RR) was applied to dichotomous
variables. Heterogeneity across the studies were assessed
using the Q statistic and the I’ statistic. P values <0.1
(Q test) or I’>50% suggested that there is significant
heterogeneity. When I’<50% or P values >0.1, we use the
fixed effect model to combine the data and the random
effect model was applied when I°>50% or P values <0.1.
Publication bias were assessed by visual examination of
funnel plots. We considered the combined results are
statistically significant when P value <0.05.
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Result
Literature search

Initially, the literature search yielded 93 potential studies.
There remained 56 articles after removing duplicates.
We screened the abstracts of remained 56 articles and
irrelevant articles were excluded, of which 25 full-texts were
reviewed. Finally, ten of those articles were included in this
meta-analysis (14-23). The flow diagram was presented in
Figure 1.

Characteristics of the included studies

"Ten articles were identified to this meta-analysis. All 3,790
participants were included in present articles; 1,894 of
whom were accepted PIEB while 1,896 use CEI regime.
First author, year of publication, regime design was present
in Table 1. All ten included trials were classified as low to
quality. The risk of bias was concluded in Figure 2.

Primary outcomes

Maternal satisfaction

Five of the studies reported maternal satisfaction. One of
the studies used a score from 0 (not satisfied at all) to 10
(completely satisfied) to evaluate satisfaction (22). Higher
maternal satisfaction was observed in PIEB group compared
to CEI in this study. Other researches evaluated satisfaction
using verbal rating scale (VRS) from 0 to 100 (0 presenting
very dissatisfied and 100 presenting extremely satisfied).
The pooled data following other four studies [using verbal
numeric scale (VNS) from 0 to 100] were statistically
significant with no heterogeneity (MD, 7.87; 95% CI: 6.02
t0 9.72; I’'=0%; P<0.001; Figure 3).

Dose of ropivacaine

The concentration and the regimen of ropivacaine for
every trail was present in Zable 1. The data of total dose of
ropivacaine was present in seven studies including 3,454
participants (15-17,19,21-23). And the dose of ropivacaine
per hour were reported in five studies (14,15,18,19,22).
The result indicated that the total dose of ropivacaine was
lower in PIEB group compared with CEI group but with
significant heterogeneity among those studies by pooling
analysis (MD, -10.37 milligrams; 95% CI: -17.70 to -3.03;
I’'=94%; P<0.001; Figure 4A). Therefore, a subgroup analysis
was performed, and heterogeneity was not found by using
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Figure 1 Flow diagram of study selection (PRISMA).

combined spinal anesthesia (CSE) for labor anesthesia while
great heterogeneity was still observed by epidural anesthesia
(EA). For ropivacaine delivered per hour, the result was
consistent with the result of total dose. The consumption
of ropivacaine per hour in PIEB group had 1.08 milligrams
less than in CEI group (MD, -1.80 milligrams; 95% CI:
~2.62 t0 -0.98; T'=56%; P<0.001; Figure 4B).

Duration of labor

Five of the studies reported the total duration of labor
(14,15,17,18,21). There were not statistically significant
when data were pooled from the five trials (MD,
~12.67 minutes; 95% CI: -47.95 to 22.60; ’=28%; P=0.48;
Figure 5A4). Eight of the studies offered the information
of duration of second stage of labor (14-19,22,23). The
pooled results were statistically significant which indicated
that there was a shorter duration of second stage of labor in
PIEB group than CEI group (MD, -5.62 minutes; 95% CI:
~9.81 to ~1.43; ’=67%; P=0.009; Figure SB).
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Secondary outcomes

Motor block

Motor block was assessed by Bromage score (24). Five
articles reported the number of people who experienced
motor blocks (14,15,20,21,23). And we observed that
the occurrence of motor block in PIEB group was lower
compared it in CEI group with no heterogeneity (RR, 0.58;
95% CI, 0.35-0.98; I’=0%; P=0.04; Figure 6).

Mode of delivery

Eight trials present the results of the mode of deliveries. A
total of 3,478 subjects were included in the analysis. The
summarized analysis indicated that there is no difference in
operative vaginal rate (RR, 0.87; 95% CI, 0.69-1.09; I’=0%;
P=0.22; Figure 7A). For cesarean delivery, the pooled data
also showed no difference (RR, 0. 96; 95% CI, 0.69-1.32;
I’=0%; P=0.80; Figure 7B). This all suggested that PIEB
group may not have a reduction in the rates of those two
types of delivery.

Ann Palliat Med 2021;10(3):2408-2420 | http://dx.doi.org/10.21037/apm-20-1541



ivacaine

Huang et al. A comparison of PIEB and CEIl on labor analgesia of rop

2412

‘Buisn jou ‘N ‘eisayisaue [einpids ‘y3 ‘eisayiseue
[euids pauiqwod ‘3590 {30 ‘D ‘g3ld d ‘uoisnui [eanpide snonuiuod ‘|39 ‘snjoq [eunpids jusiiwieiul pawwelboid ‘g3|d ‘eisebleue [einpide psjjoiuoo-jusiied ‘y30d

Jnoy qw/br 70 ‘|Aueiusy (nueyusyns qwi/bd 70 1N0X00|
yw oL Ksone snjog w01 '%80°0 suteoeAldoy ‘euredeAldol 94GZ L0 4O W 0}) Y SeInuIW g ‘Snjoq W G LIy L/PSY' L 6L0c  (ce) rete ueq
senuiw 0g N0X00| (L2) re e
yw g Asens snjoq Jw 8 %80°0 dureseAldoy (Jw 01 1%80°0 ‘euredeAldol) Y3 s@jnNUIW Qg ‘SNjog W 8 8¢/cy 6102 eAouezely
salnuIW Gi qw/brl g 1N0X00|
u/w g Asene snjoq Jw 9 ‘|Auejusy 194 |0 suledeAidoy (W oL 1%1°0 ‘suteceAidos) Y3 seinuIw QL ‘snjoq W g 69/L9  6L0C  (€2) re10 0l0
Jw/br g (brigL N0X00|
U/ G Jnoy Aiona snjog W G “JAUBIUS) (9% | 'O BUIBDBAIdOY  ‘|AUBUS) ‘B g ‘eureoeaidol) 3g0  SenuUIW O} ‘shjog W G 1G/1S c102 (S1) /e 1o eI
Ju/br g (6rigy N0X00|
U/Jw G Jnoy Aians snjog Ju G ‘|Aueiusy (94 |0 suleoenidoy  ‘|Aueiusy (Bw g ‘eureoeaidod) 380 salnuUIW Q| ‘SNjOg W G 12/\e 1002 (y}) /e 19 BIS
qw/br g0 ‘juelusins 1N0X00|
u/w g Jnoy Asens snjog Jw g 1% 1°0 ‘eureoenidoy (w01 ‘%G1'0 ‘euredenidol) 3 s8jnuiw Og ‘snjog W G 66/86 910¢ (91) e 32 UN
senuiw G| Jw/br g (brigp
yw ol Kiene snjoq wi gz ‘|Auejusy ‘9 |0 sureoeaidos  ‘|Auejusy (Bui g ‘eureoeaidos) 380 N Le/le 010z (21 rejewn
Ju/bri g (brigy N0X00|
uy/qw G Jnoy Ausns snjog qw G ‘JAuelusy ‘94 |0 sureoealdos  ‘|Aueiusy (Bw g ‘euredceaidold) 3g0  salnuIW O} ‘SNjog W G Le/1E 0102 (81) /e 18 0O
Jnoy qw/6n g
yw otk Aiene snjog w0 ‘lAuelus) ‘9%z°0 duledceAidos (i | w/Bw g ‘eurecenidol) v N 0¢/0¢ 900z (6}) /e 10 sened
Jqw/bn g
u/w G Jnoy Aseas snjog wi G ‘JAueiusy ‘9 |°Q dureoeaidos (6r gz ‘|Aueyusy) 380 N Le/ke 00z (02) e 18 enuD
uonn|os (0/d)
awibai 39 awibal g3|1d ooUBUSIIEW [2NpId3 uoljeljul eisabjeue |eixeinaN v3aDd o715 ojduwes Jea\ Joyiny

S9IpMIS papnoul JO sIa1oeleyn) | I[qe],

Ann Palliat Med 2021;10(3):2408-2420 | http://dx.doi.org/10.21037/apm-20-1541

© Annals of Palliative Medicine. All rights reserved.



Annals of Palliative Medicine, Vol 10, No 3 March 2021

Random sequence generation (selection bias)

. . . . . ) ' Allocation concealment (selection bias)

. ‘ . . ‘ . ‘ Blinding of participants and personnel (performance bias)
. . . . . . . Blinding of outcome assessment (detection bias)

8
Qo

s 3

b= a

g 2

'

S g

2 <

g =

3 2
2 2 0
[ [0 ©
: i
Chua2004 |2 ‘ ’ ‘
Fan 2019 . . . .
Fettes 2006 . . ‘ ‘
Leo 2010 . . . .
Lim 2010 . . . .
tnzote | @ @ |®|®
Ojo 2019 . . . ’
Riazanova2019 | (2 | (2 | (2 | (2 . . .
sa | @ D DN O O S @
sa20s | @ O DN D O O @

Figure 2 The risk of bias summary; low risk (+), unclear risk (?), or
high risk (-).

Rescue analgesia

Seven trials reported the events for the need of additional
rescue analgesia by anesthetist (14,15,17-20,23). Only two
of these studies had a reduction on the need of additional
rescue bolus (15,19). The summary data on the rescue
analgesia was not statistically significant (RR, 0.78; 95% CI,
0.50-1.21; ’=54%; P=0.27; Figure §).

Additional outcomes

Apgar scores at one minute were offered by five articles
(16,19,21-23). There were not significant differences in
any of those trials. Eight of articles showed the data of
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Apgar scores at five minutes (15-19,21-23). There was
not any significance difference between the two groups.
The all averages of Apgar scores were surpassed the score
of seven in two of the groups which may indicate a safety
effect for fetus. The study conducted by Sia divided the
participants by the score of seven (14). Majority of people in
both groups scored more than seven points (17/21 in PIEB
group; 19/21 in CEI group; RR, 0.89; P=0.38).

Other adverse outcomes were also extracted, which were
listed in 7able 2 including nausea, vomiting, hypotension,
and fetal bradycardia. Statistic difference was not observed
in the pooled analysis of these side effects of parturient.

Publication bias

We assessed the probability of publication bias of included
studies by visual examination of funnel plots. The funnel
plot was symmetrical suggesting that there was no
possibility of publication bias (Figure S1).

Discussion

This meta-analysis of 10 RCTs compared the effect and
safety of PIEB and CEI on maternity and fetus by using
ropivacaine as local anesthetic. The meaningful finding
of the meta-analysis demonstrated that as the background
infusion, PIEB regime with ropivacaine significantly
improve mother’s satisfaction, reduced the consumption of
ropivacaine in hours and total, shortened the second stage
of labor without increasing the total duration of labor and
reduced the incidence of motor block. But no differences
were found with regard to the occurrence of instrumental
and cesarean delivery, need of rescue bolus. There were
similar incidences of those adverse events between two
groups (fetal bradycardia, nausea, vomiting, hypotension).
All including studies were considered as low risk of bias.
Maternal satisfaction is a multidimensional evaluation
which is affected by all care provided during childbirth such
as the length of labor, degree of pain, side effect, etc (25).
To our knowledge, the conventional definition of maternal
satisfaction is using a score of 0 (very dissatisfied) to 100
or 10 (very satisfied) by patient’s verbal reporting or visual
analogue scale (26). Verbal numeric scale (VNS) from 0 (not
satisfied at all) to 10 (completely satisfied) is also frequently-
used in measuring satisfaction. A study conducted by
Fan (22) used a score from 0 (not satisfied at all) to 10
(completely satisfied) to evaluate satisfaction and found that
PIEB markedly improved maternal satisfaction compared
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Figure 3 Forest plot of maternal satisfaction. PIEB, programmed intermittent epidural boluses; CEI, continuous epidural infusion.
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Figure 4 Forest plots of the consumption of ropivacaine. (A) Forest plot of the total consumption of ropivacaine (milligram); (B) forest plot

of the usage of ropivacaine hourly (milligram). CSE, combined spinal anesthesia; EA, epidural anesthesia; PIEB, programmed intermittent

epidural boluses; CEI, continuous epidural infusion.

to CEI group. The pooled result of other four studies also
shows a consistent consequence. The factors related to
maternal satisfaction are having expectations for labor and
delivery (27). It is possible that PIEB may associated with
less uncomfortable feeling and better anesthesia. That could

© Annals of Palliative Medicine. All rights reserved.

be one of the main reasons why PIEB improve satisfaction.
Therefore, PIEB would reduce discomfort, improve
maternal satisfaction.

In this system review, as local anesthetic, ropivacaine
was used to maintain epidural anesthesia. From the
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12.00 [-51.74, 75.74]
62.00 [-52.83, 176.83]
-24.80 [-99.48, 49.88]

-12.67 [-47.95, 22.60]

Mean Difference
IV, Random, 95% CI

—_——

—_—

. S

-200 -100 0 100 200
Favours PIEB Favours CEI

Mean Difference
IV, Random, 95% Cl

Leo2010 4433 221.3 31 4227 200.7 31 11.3%
Lim2010 369 174 25 441 21 25 26.4%
Riazanova2019 498 133 42 486 155.5 38 30.6%
Sia2007 375 1853 21 313 219 21 9.4%
Sia2013 389.4 202.9 51 4142 1813 51 22.3%
Total (95% CI) 170 166 100.0%
Heterogeneity: Chi? = 5.55, df = 4 (P = 0.24); I = 28%
Test for overall effect: Z = 0.70 (P = 0.48)
B

PIEB CEIl
Study or Subgroup Mean SD Total Mean SD Total Weight
Fan2019 51 12 1454 52 12 1411 39.3%
Fettes2006 99.2 66.2 20 102.8 62.6 20 1.1%
Leo2010 62.2 374 31 76.2 582 31 2.8%
Lim2010 76 63 25 98 70 28 12%
Lin2016 55.31 9.71 98 58.53 8.19 99 35.0%
0jo2019 44 26 61 63 25.8 59 13.5%
Sia2007 72 36 21 80 36 21 3.4%
Sia2013 69.8 48.9 51 849 57.9 51 3.7%
Total (95% Cl) 1761 1717 100.0%

Heterogeneity: Tau? = 11.42; Chi? = 20.91, df = 7 (P = 0.004); I =67%
Test for overall effect: Z = 2.63 (P = 0.009)

Figure 5 Forest plots of the time of labor. (A) Forest plot of total duration of labor (minute); (B) forest plot of second stage of labor (minute).
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PIEB, programmed intermittent epidural boluses; CEI, continuous epidural infusion.

PIEB CEIl
Study or Subgroup  Events Total Events Total Weight
Chua2004 1 21 1 21 3.6%
0jo2019 14 61 26 59 94.6%
Riazanova2019 0 42 0 38
Sia2007 1 21 0 21 1.8%
Sia2013 0 51 0 51
Total (95% CI) 196 190 100.0%

Total events 16 27
Heterogeneity: Chi? = 1.36, df =2 (P = 0.51); I? = 0%
Test for overall effect: Z = 2.05 (P = 0.04)

Risk Ratio

M-H, Fixed, 95% CI

| |
L 2
50 25 0 25

Favours PIEB Favours CEIl

Risk Ratio

1.00 [0.07, 14.95]
0.52[0.30, 0.90]
Not estimable
3.00[0.13, 69.70]

M-H, Fixed, 95% CI

Not estimable

4

0.58 [0.35, 0.98]

0.002 0.1 1 10 500

Favours PIEB Favours CEI

Figure 6 Forest plot of motor block. PIEB, programmed intermittent epidural boluses; CEL, continuous epidural infusion.

result we combined, significant differences were found
in consumption of ropivacaine per hour and total. PIEB
can achieve satisfied anesthetic effect by less dose of
ropivacaine. CEI regime may exceed the most appropriate
dose. Extra anesthetic is a burden for maternity and may
result in more adverse reaction. Therefore, the lower
consumption of ropivacaine is benefit for parturient. But
apparent heterogeneity was observed, thus a subgroup
analysis was conducted. The subgroup of CSE showed an

© Annals of Palliative Medicine. All rights reserved.

apparently lower heterogeneity among those trials while
a higher heterogeneity was still found in the subgroup
with EA. Different ways to maintain labor analgesia might
have influenced the consumption. Subgroup analysis was
performed and suggested that heterogeneity was especially
obvious when using epidural anesthesia in labor analgesia,
likely due to the different concentration, volume of
ropivacaine. Pregnant women with different weights and
ages even could have impact on the spread of ropivacaine.
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A

PIEB CEIl Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H. Fixed, 95% CI M-H. Fixed, 95% CI
Fan2019 86 1454 92 1411 67.0% 0.91[0.68, 1.21]
Fettes2006 10 20 10 20 7.2% 1.00 [0.54, 1.86] -
Leo2010 2 31 6 31 4.3% 0.33[0.07, 1.53] I
Lim2010 3 25 6 25 4.3% 0.50[0.14, 1.78] - -
Lin2016 10 98 9 99 6.4% 1.12[0.48, 2.64] -
0jo2019 5 61 5 59  3.6% 0.97 [0.30, 3.17] -1
Sia2007 1 21 2 21 1.4% 0.50 [0.05, 5.10]
Sia2013 5 51 8 51 5.7% 0.63[0.22, 1.78] -
Total (95% ClI) 1761 1717 100.0% 0.87 [0.69, 1.09] ¢
Total events 122 138 . . . .
Heterogeneity: Chi? = 3.51, df =7 (P = 0.83); I? = 0% ! ' J !
Test for overall effect: Z =1.23 (P = 0.22) 0.01 Fg.v10urs PIEB1 Favours C1EOI 190

B
PIEB CEIl Risk Ratio Risk Ratio
Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed. 95% CI

Fettes2006 3 20 5 20 8.4% 0.60[0.17, 2.18] _
Leo2010 8 31 9 31 15.2% 0.89[0.39, 2.00] -
Lim2010 3 25 4 25 6.8% 0.75[0.19, 3.01] - 1
Lin2016 8 98 10 99 16.8% 0.811[0.33, 1.96] - =
0jo2019 15 61 17 59 29.2% 0.851[0.47, 1.55] —a
Sia2007 7 21 3 21 5.1% 2.33[0.70, 7.82] T
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Figure 7 Forest plots of the mode delivery. (A) Forest plot of the mode delivery (instrumental); (B) forest plot of the mode delivery (cesarean).

PIEB, programmed intermittent epidural boluses; CEI, continuous epidural infusion.

PIEB CEI Risk Ratio Risk Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Random, 95% Cl M-H. Random, 95% CI
Chua2004 17 21 16 21 26.1% 1.06 [0.77, 1.46] -
Fettes2006 4 20 12 20 12.7% 0.33[0.13, 0.86]
Leo2010 4 31 6 31 9.8% 0.67 [0.21, 2.13] - 1
Lim2010 9 25 8 25 15.7% 1.13[0.52, 2.44] -
0jo2019 13 61 14 59 18.0% 0.90 [0.46, 1.75] -
Sia2007 5 21 3 21 8.4% 1.67 [0.46, 6.10] -
Sia2013 3 51 12 51 9.3% 0.25[0.07, 0.83] - -
Total (95% ClI) 230 228 100.0% 0.78 [0.50, 1.21] <>
Total events 55 7 . .

Heterogeneity: Tau? = 0.17; Chi? = 12.90, df =6 (P = 0.04); 1> = 54% !

Test for overall effect: Z=1.11 (P = 0.27) 0.01 Fg.v10urs PIEB1 Favours C1EOI 100

Figure 8 Forest plot of rescue anesthesia. PIEB, programmed intermittent epidural boluses; CEI, continuous epidural infusion.

Thus, all of which may cause heterogeneity. Therefore, the labor and outcomes of fetus are always the most important
pooled results have to be interpreted with our cautions. things that puerpera focus about. Length of labor duration
As a matter of fact, Besides the degree of pain, duration of is one of the most intuitive feelings to women in the process
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Table 2 Additional outcomes
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Outcomes Studies

Number of events/
total in PIEB group

Number of events/
total in CEIl group

Relative risk
(95% Cl)

P value

Nausea Leo et al. (18)

7/170

2/166

2.67 (0.73, 9.81)

0.14

Limetal. (17)

Sia et al. (14)

Sia et al. (15)

Riazanova et al. (21)
Vomiting Leo et al. (18) 6/170

Limetal. (17)

Siaetal. (14)

Sia et al. (15)

Riazanova et al. (21)
Hypotension Chua et al. (20) 13/230

Fettes et al. (19)

Leo et al. (18)

Limetal. (17)

Sia et al. (14)

Sia et al. (15)

Ojo et al. (23)
fetal bradycardia Chua et al. (20) 5/128
Leo et al. (18)
Limetal. (17)

Sia et al. (15)

4/166

7/228

5/128

1.50 (0.44,5.14) 0 0.52

1.64 (0.73, 3.68) 0 0.23

1(0.32, 3.14) 0 1

PIEB, programmed intermittent epidural bolus; CEl, continuous epidural infusion.

of childbirth (28). And the duration of second stage of labor
is associated with the safety of fetus. According to the data
we analyzed, the second stage of labor of PIEB group was
shorter than CEI group. Neuraxial analgesia reduces the
mobility of patients and pelvic muscle tone, which may
impair the ability of “bear down”, potentially prolong the
duration of second stage of labor (29). More ropivacaine in
CEI may result in lower pelvic muscle tone and aggravate
block of “bear down” compared with PIEB, and affect the
duration of second stage of labor. Thus, PIEB reduces the
second stage of labor without increasing the total duration
of labor. Also, the reduction of it in PIEB group may
improve the outcomes of fetus. Additionally, we couldn’t
find difference in the rate of fetal bradycardia and Apgar
scores in our investigation. The evidence suggests that the

© Annals of Palliative Medicine. All rights reserved.

safety of fetus in PIEB program is similar to CEI, and PIEB
will not increase adverse effect on fetus. Extra indicators
of safety on fetus are expected to present in future study to
support the finding.

In a published research of Capogna er al. (30), they
suggested that lower incidence of motor blockade was
associated with a lower occurrence of operative vaginal in
PIEB group. Another study (31) also indicated that PIEB
reduced the incidence of instrumental delivery compared
to CEI regime. But in this study as well as the 2013
systematic review by George ez al. (6), we all did not find a
significant difference in combined result. In our study, we
found that PIEB significantly reduced the probability of
motor block. Interestingly, the mode of delivery was similar
between two type of techniques according to the pooled
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result. It is reported that ropivacaine has the advantage of
the separation of the motor block and sensory block, and
may have a short time to recovery of motor function (32).
Though, more consumption of ropivacaine resulted in
more motor block, the dosage of it is small and the time
to recovery of motor function is short, which may not
affect the mode of delivery. Therefore, PIEB reduced the
incidence of motor blockade but the rate of instrumental
vagina delivery has no significant difference but all in low
probability. We can conclude that PIEB is as safe as CEI
and wouldn’t increase the incidence of instrumental and
cesarean delivery. As for rescue bolus and other side effect,
they were similar in two groups too, which showed that
PIEB is the same as CEI in safety.

Limitation of this study should be presented as following.
Firstly, sample size of all including studies were small which
may not lead to a statistically significant potential valuable
clinical outcome. Secondly, different criteria and scales
for the judgment were considered as the main source of
heterogeneity in the pooling results. And different ways of
the evaluation might also cause the heterogeneity. Thirdly,
concentration and usage of drugs were not consistent in
all trials, and the similar but not identical program of the
interventions also affected the final result. Finally, there was
no trial reported all outcomes.

Conclusions

In summary, PIEB show great association with higher
maternal satisfaction, reduction of usage of ropivacaine
hourly and total as well as shorter duration of second
stage of labor without increasing total duration of labor
compared to CEI by using ropivacaine to maintain epidural
anesthesia. PIEB also decreased the incidence of motor
block without increasing other side effects compared with
CEIL The results indicated that PIEB is as safe as CEI for
maternity and newborns. The number of relative articles is
small. Large, high quality, randomized controlled trials are
needed for further investigation. Further researches should
be aimed to explore the best concentration of ropivacaine
and the best interval, volume of bolus to achieve the optimal
analgesia.
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