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Abstract: Currently, there is no meta-analysis comparing intravaginal misoprostol plus intracervical
Foley catheter versus intravaginal misoprostol alone for term pregnancy without identifying risk
factors. Therefore, the purpose of this study is to conduct a systematic review and meta-analysis of
randomized control trials (RCTs) comparing concurrent intravaginal misoprostol and intracervical
Foley catheter versus intravaginal misoprostol alone for cervical ripening. We systematically searched
Embase, Pubmed, and Cochrane Collaboration databases for randomized controlled trials (RCTs)
comparing intracervical Foley catheter plus intravaginal misoprostol and intravaginal misoprostol
alone using the search terms “Foley”, “misoprostol”, “cervical ripening”, and “induction” up to 29
January 2019. Data were extracted and analyzed by two independent reviewers including study
characteristics, induction time, cesarean section (C/S), clinical suspicion of chorioamnionitis, uterine
tachysystole, meconium stain, and neonatal intensive care unit (NICU) admissions. Data was pooled
using random effects modeling and calculated with risk ratio (RR) and 95% confidence interval (CI).
Pooled analysis from eight studies, including 1110 women, showed that labor induction using a
combination of intracervical Foley catheter and intravaginal misoprostol decreased induction time by
2.71 h (95% CI —4.33 to —1.08, p = 0.001), as well as the risk of uterine tachysystole and meconium
staining (RR 0.54, 95% CI0.30-0.99 and RR 0.48, 95% CI 0.32-0.73, respectively) significantly compared
to those using intravaginal misoprostol alone. However, there was no difference in C/S rate (RR 0.93,
95% CI 0.78-1.11) or clinical suspicion of chorioamnionitis rate (RR 1.22, CI 0.58-2.57) between the
two groups. Labor induction with a combination of intracervical Foley catheter and intravaginal
misoprostol may be a better choice based on advantages in shortening induction time and reducing
the risk of uterine tachysystole and meconium staining compared to intravaginal misoprostol alone.
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1. Introduction

Labor induction (induction of labor-IOL), or initiating labor before spontaneous onset of labor in
a viable pregnancy, is often considered when the benefits of induction outweigh the risks of continued
pregnancy or at the request of the pregnant women at term [1-23]. In modern obstetrics, it is an
increasingly common practice and offers a better care for both fetus and mother. The World Health
Organization (WHO) Global Survey on Maternal and Perinatal Health, which surveyed 24 countries,
showed that 9.6% of deliveries involved labor induction and the induction rate in the United States has
more than doubled in 2006 at 22.5% of all deliveries [11,24].

Cervical ripening is an important factor for a successful induction. Unripe cervix with a lower
Bishop score is associated with an increased risk of induction failure, while a favorable cervix
significantly predicts a timely delivery [25]. There are two main methods of cervical ripening. One
is mechanical, including (1) the introduction of a catheter through the cervix into the extra-amniotic
space with balloon insufflation; (2) introduction of laminaria tents, or their synthetic equivalent
(Dilapan), into the cervical canal; (3) use of a catheter to inject fluid into the extra-amniotic space (EASI),
and the other is pharmacological [1,7,8,14,15,26-30]. Intracervical Foley catheter is the most common
mechanical method that was first described by Embrey and Mollison in 1967, where a Foley is inserted
into the cervical canal and dilated just past the internal os with mild traction outward dilating the
cervix directly, as well as indirectly stimulating prostaglandin (PG) and oxytocin secretion [31-38].
Pharmacological methods include many agents, such as PG (PGE2 or PGE1), progesterone receptor
antagonists (mifepristone), oxytocin, and nitric oxide (NO) donors, but the most commonly used are
prostaglandins and oxytocin. Misoprostol is a synthetic PGE1 analog and is used frequently, because
of low cost and easy preservation (refrigeration is not needed), although it is not licensed for labor
induction [6,10,19,39,40]. It achieves cervical softening through disintegration and dissolution of
extracellular collagen [41]. There are multiple routes of administration for misoprostol, including oral,
buccal, sublingual, vaginal, and rectal [41-47]. Compared to an oral or sublingual route, which creates
a rapid spike in misoprostol plasma concentrations more beneficial in postpartum hemorrhage (PPH)
management, intravaginal administration has a more gradual onset and greater bioavailability [45].
It has also been shown to be more effective in other obstetric treatments, such as abortion [43].

Many studies have compared the two methods, intravaginal misoprostol and intracervical Foley
catheter, individually or when used concurrently [48-59]. It has been proposed that the two different
mechanisms may have synergistic effects, as found by Al-Ibraheemi Z et al. and numerous other
authors [48-50,52,53]. However, there have been other studies that showed a lack of such synergistic
effect [54,55], while another study showed no significant benefits to the induction-delivery time but
did reduce complications such as uterine hyper stimulation [51]. A meta-analysis in 2015 by Chen et al.
showed that combined use of Foley catheter plus misoprostol is associated with a shorter mean time to
delivery and reduced tachysystole, but increased clinical suspicion of chorioamnionitis when compared
to misoprostol alone, but it included oral misoprostol [16]. Furthermore, Chen’s meta-analysis included
studies with premature rupture of membrane, which affects induction times. Another meta-analysis
by Eikelder et al. in 2016, which looked mainly at the safety profiles for both induction methods,
showed that there was less uterine hyperstimulation in the combination group [15]. Moreover, a
subgroup analysis with Foley catheter plus 25 ng vaginal misoprostol versus 25 ng vaginal misoprostol
only also found less hyperstimulation in the combination group, although it did not reach statistical
significance. However, time to delivery was not analyzed in this meta-analysis [15]. A 2019 Cochrane
review was also performed encompassing several mechanical methods and pharmaceutical methods
as well as extensive analysis various combinations including “any mechanical methods and low dose
misoprostol versus low dose misoprostol alone” [1]. In this analysis, laminaria tent, balloon catheters
extra-amniotic infusions were all grouped as one intervention. Currently, there is no meta-analysis
specifically comparing intravaginal misoprostol plus intracervical Foley catheter versus intravaginal
misoprostol alone for term pregnancy without identifying risk factors. Therefore, the purpose of
this study is to conduct a systematic review and meta-analysis of randomized control trials (RCTs)
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comparing concurrent intravaginal misoprostol and intracervical Foley catheter versus intravaginal
misoprostol alone for cervical ripening. This systematic review and meta-analysis was registered with
PROSPERO, and PRISMA protocol was followed (ID:164559).

2. Materials and Methods

2.1. Data Sources and Searches

A literature search was conducted on PubMed, Cochrane Collaboration, and Embase databases
up to January 29, 2019 for randomized controlled trials using the search terms “Foley”, “misoprostol”,
“cervical ripening”, and “induction”. Reference lists from relevant articles, reviews, and meta-analyses

were further screened and a cursory search on Google Scholar performed for potential articles.

2.2. Study Selection

Studies were included if they were of RCT design comparing combined intracervical Foley
catheter and intravaginal misoprostol versus intravaginal misoprostol only for the purpose of cervical
ripening and induction in viable singleton pregnancies. Studies that included ruptured membranes or
intrauterine demise were not accepted, nor were studies that used other concurrent induction agents
such as oxytocin, oral misoprostol or other PGs. Studies containing oxytocin used sequentially after
last dose of intravaginal misoprostol or after the allotted time for intracervical Foley catheter were
accepted. Additionally, studies with more than two intervention groups were not excluded as long as
one of the groups included combined intravaginal misoprostol plus intracervical Foley catheter, and
another intravaginal misoprostol only. Due to the nature of the interventions, the studies were not
required to be blinded.

Two authors (H.H.L. and P.-H.W.) independently reviewed potentially eligible studies for inclusion.
Disagreements were resolved by discussion until a consensus was reached.

2.3. Data Extraction

Data was extracted independently by two authors onto a structured excel sheet which included
data on author, year, intravaginal misoprostol dosage, intracervical Foley balloon size and balloon
volume, number of patients analyzed in each group, pregnancy duration, Bishop score, and outcomes.
Differences in data between the two authors were reassessed and discussed until a consensus was
reached. Attempts were made to contact authors of studies that lacked full text from conference posters
or where clear definition of outcome and other relevant data was missing.

Quality assessment was performed using the Revised Cochrane risk-of-bias tool for randomized
trials (RoB 2), 9 October 2018 version, and its modification in 2019 [60,61] by the two authors
independently and differences resolved after discussion by consensus. The third author was
brought in if no consensus could be reached. Five domains were assessed, including randomization
process, deviations from intended interventions, missing outcome data, measurement of the outcome,
and selection of the reported result. Questions pertaining to blinding in domain 2 and 4 were assessed
as not applicable since the distinct nature of the interventions precluded blinding in the study design.
Furthermore, for the last domain, selection of the reported results, pre-trial protocol had to be obtained
for full assessment, which was not readily available for the majority of studies. Therefore, quality
assessment without the last domain was also performed. Studies were categorized into low risk of
bias, some concern, and high risk of bias. Studies were considered of low quality if any of the domains
were assessed to be high risk for bias.

2.4. Selection of Outcomes

The primary outcome of this study was mean time from start of induction to delivery.
Secondary outcomes included cesarean section rate, clinical suspicion of chorioamnionitis, uterine
hyperstimulation, tachysystole with fetal heart rate changes, meconium stained liqueur, and admission
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to the neonatal intensive care unit (NICU). Many of the clinical outcomes were defined differently in
each of the studies so data was collected according to the definition provided by each of the authors.
For example, most studies defined chorioamnionitis in regard to clinical presentation rather than
pathological. Therefore, chorioamnionitis in the context of this study is a clinical suspicion in line with
the definitions used in the studies included in the meta-analysis.

2.5. Statistical Analysis

Statistical analyses were performed using Comprehensive Meta-Analysis Version 3.3.070 (Biostat
inc. Englewood, NJ, USA, 20 November 2014). Overall mean difference and 95% confidence interval
were estimated for continuous data such as time to delivery while summary risk ratios with 5%
confidence interval were estimated for dichotomous data. All data was pooled using Mantel-Haenszel
randome-effects modeling. p-value was set at <0.05 for significance.

Then, I? statistic and Cochrane Q test were used to assess heterogeneity between the studies using
I2 > 50% and p < 0.10 respectively for significance. Sensitivity analysis was performed using different
study characteristics as well as omitting one study at a time to evaluate the stability of results.

Publication bias was assessed using Funnel plots, Egger’s regression test, and Duval and Tweedie’s
trim and fill test.

3. Results

3.1. Study Selection, Quality Assessment, and Study Characteristics

Of the 224 records found through database searches, 30 RCTs were identified and assessed for
eligibility. Seventeen of the RCTs did not meet the inclusion criteria for the correct intervention and
full text could not be obtained for 3 of the studies, leaving a total of 10 RCTs to be included in the
meta-analysis [33,48-54,56,57] (Figure 1).

Among the 10 included studies, all were categorized as at least some concern for risk of bias due
to the fifth domain requiring pre-trial protocol for assessment. Two of the studies were categorized as
high risk. If risk is assessed without the fifth domain, 5 studies are considered low risk, 3 with some
concerns, and 2 are categorized as high risk (Table 1). Two of the studies (Kashanian et al. 2006 [33]
and Ashwini et al. 2018 [56]) had high risk of bias in almost all of the domains assessed, as well as
overall assessment, so they were excluded from further analyses.

Table 1. Study Risk of bias assessment.

Study Prlzzgjs «  Deviations Miss * Measure Selection * OB * OSBe 1:’ i:?:rft
Chung et al. 2003 [54] Low Low Low Low Con. Con. Low
Kashanian et al. 2006 [33] High High High Low Con. High High
Carbone et al. 2013 [52] Low Low Con. Low Con. Con. Con.
Ugwu et al. 2013 [53] Low Low Con. Low Con. Con. Con.
Lanka et al. 2014 [51] Low Low Low Low Con. Con. Low
Aduloju et al. 2016 [50] Low Low Low Low Con. Con. Low
Levine et al. 2016 [49] Low Low Low Low Con. Con. Low
Al-Ibraheemi et al. 2018 [48] Low Low Low Low Con. Con. Low
Ashwini et al. 2018 [56] High High High Low Con. High High
Gilani et al. 2018 [57] Con. Low Low Low Con. Con. Con.

* Pre-trial protocol could not be obtained so all studies were categorized as “some concerns: Con.”; Rand:
randomization process; Deviations: deviations from the intended interventions; Miss: missing outcome data;
Measure: Measurement of outcome; Selection: selection of the reported results; OB: overall bias.
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Figure 1. Flow chart of study selection.

The characteristic of each trial is listed in detail in table 2. Pregnancy duration ranged from
24 weeks to >38 weeks and Bishop score ranged from <4 to <6. Most of the trials used 16 F urinary
catheters except for one that used 18 F, another that used 24 F, and two that did not provide information
on the size of catheter used. All of the trials used some form of traction for the intracervical Foley
catheter except for one trial that did not specifically mention Foley traction. Misoprostol dosage ranged
from 25ug every 4-6 h to 50ug every 6 h with max redosing from 4-8 times. Oxytocin was used
sequentially and amniotomy use was up to the healthcare provider if mentioned at all (Table 2).
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Table 2. Study characteristics.
Study Inclusion Criteria IAinF+M IAin M Oxytocin Used AROM No.
PD (gw) BS F size (mL) M Dose and Dose and F+M M
Frequency Frequency
= 16 Fr. 30 mL, traction with tape 25 ug q3h, until AC, 25 ug q3h, until AC, 3 h later at the end of At cervical
Chung etal. 2003 [54] >28 <6 to inner thigh, max 12 h max 6 doses max 6 doses procedure dilation > 3 cm = 49
Kashanian et al. 2006 * [33] >28 <5 16 Fr. traction with 500 mLNs 20 M8 a3hymax6  25ugqsh max6  12hafterif absence NA 100 100
doses doses of AC
Carbone et al. 2013 [52] >4 <6 Size (NA?, 60 l'l’.lL undef gentle 25 pg q4h, untilBS 25 ug g4h, untilBS 4 h later at the end of Discretion 57 61
traction to inner thigh > 6, max 6 doses > 6, max 6 doses procedure
4 h after last M later
16 Fr. 30 mL, traction with tape . .
Ugwu et al. 2013 [53] >37 <6 to inner thigh, max 12h, 2> #& q4h, until BS 25 ug qdh, until BS at the end of NA 50 45
. > 6, max 6 doses > 6, max 6 doses procedure or once
repeated once if BS < 5 :
reaching favorable BS
. . . . AM before
Lanka et al. 2014 [51] 58 " 16 Fr. ?:O mL, traction with tape 25 pg q4h, until BS 25 ug g4h, until BS AM oxytocin was 63 63
to inner thigh, max 12 h > 6, max 8 doses > 6, max 8 doses added
. . 6 h after last M later
16 Fr. 30 mL, traction with tape . . .
Aduloju et al. 2016 [50] at term <6 to inner thigh, max 12 h, 25 ug qoh, until BS 25 ug qoh, until BS at the end of .At.cerv1cal 70 70
R > 6, max 4 doses >6, max 4 doses procedure or once dilation > 4 cm
repeated once more if BS < 6 .
reaching favorable BS
Started if additional
. ) 18 Fr. 60 mL, traction with tape 25 ug q3h, max 6 25 ug q3h, max 6 cervical ripening was  Discretion (after
Levine et al. 2016 [49] >37 <6 to inner thigh, max 12 h doses doses not indicated or at the cervix > 4 cm) 123 120
end of procedure
Al-Ibraheemi et al. 2018 [45] 537 <6 Size (NA?, 60 n'.lL undef gentle 25 pg q6h, until BS 25 pg q6h, until BS Started if AC after Discretion 100 100
traction to inner thigh >6, max 8 doses >6, max 8 doses last M
25 pg q4h, until 25 pg q4h, until
Ashwini et al. 2018 * [56] >28 <6 16 Fr. ?0 mL u nder 8¢ ntle cervix favorable, cervix favorable, NA NA 50 50
traction to inner thigh
max 6 doses max 6 doses
Gilani et al. 2018 [57] 538 NA 16 Fr. 60 mL, traction with tape 50 ug g6h, until BS 50 ug q6h, until BS NA NA 48 48

to inner thigh, max 12 h

> 6, max 3 doses

> 6, max 3 doses

IA: Induction agents; F: intracervical Foley balloon; M: intravaginal misoprostol; AROM: artificial rupture of membrane; No.: number of patients; PD: pregnancy duration; gw: gestational
weeks; BS: Bishop Scores; q3h: every 3 h; g4h: every 4 h; q6h: every 6 h; max: maxima; mins: minutes; NA: no data available; AC: adequate contractions meaning >3 contractions/10 min:
at the end of procedure: the last dose of misoprostol or Foley catheter expulsion or removal; AM: active management. * study was not included in final meta-analysis due to high risk of
bias after quality assessment.
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3.2. Time to Delivery

All 10 of the studies reported on induction to delivery time. However, Ugwu et al. reported
the data in terms of number of patients per time interval so pooling into the meta-analysis was not
possible [53]. Two of the papers reported results with median and range for induction to time of
delivery so mean and standard deviation was estimated using a standard formula [62]. Levine et al.
reported results without standard deviation so effects were estimated using mean, sample size, and
p-value [49]. Two of the studies were excluded due to low quality of the studies.

Using randome-effects estimation, the combination group was statistically significant for shorter
mean time to delivery compared to intravaginal misoprostol alone by 2.705 h (p = 0.001) (Figure 2).

Model Study name Statistics for each study Sample size
Difference  Standard Lower Upper Combination Intravaginal
in means error Variance  limit limit Z-Value p-Value group misoprostol group
Chung etd. 2008[4] -0900 2373 5631 -5561 3751 -037M 0704 ) 31
Caboreetd. 2013[52 -3000 140 2066 588 -0197 -20%8 0036 % 61
Lenkaetd. 2014 [51] -1120 2750 754 651 421 -0407 0634 63
Addquetd. 2016[50] -0510 0331 0110  -1160 0140 -1538 0124 70 0
Levreetd. 2016 [51] -450 0236 0086 493  -4037  -19083 0000 13 120
A-lbreheari etd. 201848 -4.000 0286 0082 450  -3440  -14007 0000 100 100
Gllani etd. 2018[57] -280 083 06% 4483 1197 -337 0001 48 48
Fixed -3377 01% 004  -3681 -30713 2176 0000
Random -2706 080 0687 430  -1081 -3264 0001
Model Study name Difference in
means and 95% CI
Chung et al. 2003 [54] .
Carbone et al. 2013 [52] —F
Lanka et al. 2014 [51] L
Aduloju et al. 2016 [50] B
Levine et al. 2016 [51] [ ]

Al-lbraheemi et al. 2018 [48]
Gilani et al. 2018 [57]
Fixed
Random

-7.00 -3.50 0.00 3.50 7.00

Favors combination Favors misoprostol

Figure 2. Comparison 1: Combination of intracervical Foley catheter and intravaginal misoprostol
versus intravaginal misoprostol alone for cervical ripening, Outcome 1: Time to delivery. Heterogeneity:
Tau? = 3.500; x? = 104.455, df = 6 (p = 0.000); I? = 94.256%. Test for overall effect (random): Z = —3.264,
(p = 0.001).

However, there was significant heterogeneity between the studies (p < 0.001, I = 94.256%)
so several methods were used to identify the source of heterogeneity. First, each of the studies
were systematically omitted and re-analyzed but no specific study accounted for the cause of the
heterogeneity. Then subgroup analyses by study quality, Bishop score, gestational age, Foley size and
misoprostol dose were conducted, all of which still had considerable heterogeneity. Finally, subgroup
by sample size was performed, showing decreased heterogeneity when studies with over 200 subjects
were put together and those with smaller sample sizes were grouped together (Figures 3 and 4).
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Study name Statistics for each study Sample size
Difference Standard Lower Upper Combination Intravaginal
in means error  Variance limit limit Z-Value p-Value group misoprostol group
Levine et al. 2016 [51] -4.500 0.236 0.056 -4.963 -4.037 -19.063 0.000 123 120
Al-Ibraheemi et al. 2018 [48] -4.000 0.286 0.082 -4.560 -3.440 -14.007  0.000 100 100

-4.297 0.182 0.033 -4.654 -3.940 -23.617  0.000

Study name Difference in
means and 95% CI

Levine et al. 2016 [51] B
Al-lbraheemi et al. 2018 [48]
¢

-7.00-3.500.00 3.50 7.00

Favors combination Favors misoprostol

Figure 3. Comparison 2: Combination of intracervical Foley catheter and intravaginal misoprostol
versus intravaginal misoprostol alone for cervical ripening, Outcome 2: Time to delivery in sample size
> 200. Heterogeneity: Tau? = 0.056; x2 =1.821df =1 (p =0.177); I2 = 45.089%. Test for overall effect
(fixed): Z = =23.167 (p = 0.000)

Model  Study name Statistics for each study Sample size
Difference Standard Lower Upper Combination Intravaginal
in means error  Variance limit limit Z-Value p-Value group misoprostol group
Chung et al. 2003 [54] -0.900 2.373 5631 -5551 3751 -0.379 0.704 25 31
Carbone et al. 2013 [52] -3.000 1.430 2045 -5803 -0.197 -2.098 0.036 56 61
Lanka et al. 2014 [51] -1.120 2.750 7.564 -6.511 4271  -0.407 0.684 63 63
Aduloju et al. 2016 [50] -0.510 0.331 0.110 -1.160 0.140 -1.538 0.124 70 70
Gilani et al. 2018 [57] -2.830 0.833 0.694 4463 -1.197 -3.397 0.001 48 48
Fixed -0.925 0.297 0.088 -1.507 -0.343 -3.116 0.002
Study name Difference in

means and 95% ClI

Chung et al. 2003 [54]
Carbone et al. 2013 [52]
Lanka et al. 2014 [51]
Aduloju et al. 2016 [50] ]
Gilani et al. 2018 [57] —f=—

| 4
-7.00 -3.50 0.00 3.50 7.00

Favors combination Favors misoprostol

Figure 4. Comparison 3: Combination of intracervical Foley catheter and intravaginal misoprostol
versus intravaginal misoprostol alone for cervical ripening, Outcome 3: Time to delivery in sample size
< 200. Heterogeneity: Tau? = 1.282; x> = 8.907 df = 4 (p = 0.063); I? = 55.093%. Test for overall effect
(random): Z = -2.215 (p = 0.027)

8 of 19

3.3. Cesarean Delivery

All eight of the studies analyzed included information on Cesarean delivery rate. There was no

significant difference between the two groups using fixed effects model (Figure 5).
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Model Study name Statistics for each study Cesarean delivery / Total
MHrisk Lower Upper Combination Intravaginal
ratio limit limit Z-Value p-Value group misoprostol group
Chung et al. 2003 [54] 1.140 0.685 1.896 0.503 0.615 18743 181749
Carbone et al. 2013 [52] 1.021 0558 1.868 0.068 0.946 15/ 56 16/ 61
Ugwu et al. 2013 [53] 1.800 0.665 4.869 1.158  0.247 10/50 5/45
Lanka et al. 2014[51] 1.000 0.621 1.611 0.000 1.000 22/63 22/63
Aduloju et al. 2016[50] 0.789 0.437 1.425 -0.785 0.433 15/70 19/70
Levine et al. 2016[49] 1.144 0746 1753 0.617 0.537 34/123 29/120
Al-Ibraheemi et al. 2018 [48] 0.789 0.534 1.166 -1.187  0.235 30/100 38/100
Gilani et al. 2018 [57] 0.545 0.306 0.973 -2.054 0.040 12/48 22/48
Fixed 0935 0.780 1.122 -0.723  0.470
Random 0932 0.768 1.129 -0.721  0.471
Model Study name MH risk ratio and 95% CI

Chung et al. 2003 [54]
Carbone et al. 2013 [52]
Ugwu et al. 2013 [53]
Lanka et al. 2014[51]
Aduloju et al. 2016[50] .
Levine et al. 2016[49]
Al-lbraheemi et al. 2018 [48]
Gilani et al. 2018 [57]
Fixed
Random

0102 05 1 2 5 10

Favors inati Favors mi

P!

Figure 5. Comparison 4: Combination of intracervical Foley catheter and intravaginal misoprostol
versus intravaginal misoprostol alone for cervical ripening, Outcome 4: Cesarean Section. Heterogeneity:
Tau? = 0.006; x% = 7.631, df = 7 (p = 0.366); I> = 8.266%. Test for overall effect (fixed): Z = —0.723,
(p = 0.470).

3.4. Uterine Tachysystole with and without Fetal Heart Rate Changes

Eight of the nine studies provided data on uterine tachysystole with the definition >5 or 6
contractions within 10 min. However, three of the studies (Lanka et al. [51], Gilani et al. [57], and Ugwu
et al. [53]) had no cases of uterine tachysystole in both groups so they were not included in the analysis.
Using random effects model, there was less risk for uterine tachysystole with the combination group
(Figure 6).

Four of the studies also provided information on fetal heart rate changes due to hyperstimulation.
However, there were no events in either of the groups for Aduloju et al. [50] so it was not included
in the analysis. Chung et al. [54] analyzed both uterine tachysystole and hyperstimulation where
uterine tachysystole was defined as >6 contractions in 10 min for 2 consecutive 10 min periods and
hyperstimulation was defined as tachysystole or hypertonus associated with new onset of prolonged or
late decelerations. Carbone et al. defined tachysystole as >5 contractions in 10 min with decelerations
requiring cessation of oxytocin infusion or terbutaline [52]. Lanka et al. defined it as >5 contractions in
10 min with fetal heart rate changes [51]. Upon further analysis of these three studies, there was a
trend for higher risk of tachysystole with fetal heart rate changes, but it was not statistically significant,
probably due to the small sample size (Figure 7).
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Model Study name Statistics for each study Tachysystole / Total
MHrisk Lower Upper Combination Intravaginal
ratio limit limit Z-Value p-Value group misoprostol group
Chung et al. [54] 0.735 0.500 1.080 -1.566 0.117 20/ 43 31/49
Carbone et al. 2013 [52] 0.892 0418 1.902 -0.296 0.767 10/ 57 12/61
Lanka et al. 2014 [51] 0.200 0.082 0.489 -3.527 0.000 5/63 25/63
Al-lbraheemi et al. 2018 [48] 0.500 0.195 1.280 -1.445 0.148 6/100 12/100
Fixed 0.550 0.402 0.752 -3.747  0.000
Random 0.541 0.295 0.991 -1.989  0.047
Model Study name MH risk ratio
and 95% CI

Chung et al. [54]
Carbone et al. 2013 [52]
Lanka et al. 2014 [51]
Al-lbraheemi et al. 2018 [48]
Fixed
Random

0102 051 2 5 10

Favors combination = Favors misoprostol

Figure 6. Comparison 5: Combination of intracervical Foley catheter and intravaginal misoprostol
versus intravaginal misoprostol alone for cervical ripening, Outcome 5: Tachysystole. Heterogeneity:
Tau? = 0.242; x%2 = 8.705, df = 3 (p = 0.033); 12 = 65.536%. Test for overall effect (random): Z = —1.989,
(p = 0.047)

Model Study name Statistics for each study
MH risk Lower Upper Combination Intravaginal
ratio limit limit Z-Value p-Value group misoprostol only
Chung et al. 2003 [54] 0499 0.227 1.09% -1.731 0.083 7143 16/ 49
Carbone et al. 2013 [52] 0.892 0418 1.902 -0.296 0.767 10/57 12/61
Lanka et al. 2016 [51] 0.200 0.082 0.489 -3.527  0.000 5/63 25/63
Fixed 0.442 0.282 0.694 -3.553 0.000
Random 0459 0.198 1.061 -1.822 0.068
Model Study name MH risk ratio
and 95% Cl

Chung et al. 2003 [54]
Carbone et al. 2013 [52]
Lanka et al. 2016 [51]
Fixed
Random
0102 051 2 5 10

Favors ination Favors mi

p

Figure 7. Comparison 6: Combination of intracervical Foley catheter and intravaginal misoprostol
versus intravaginal misoprostol alone for cervical ripening, Outcome 6: Tachysystole with fetal heartbeat
change. Heterogeneity: Tau? = 0.377; x2 = 6.406 df = 2 (p = 0.041); 12 = 68.778%. Test for overall effect
(random): Z=-1.822 (p = 0.068).
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3.5. Meconium Stain

Six of the studies had analysis for meconium stained amniotic fluid/liquor. Among them, only
Al-Ibraheemi et al. stratified meconium stain into light, moderate, and thick [48]. For analysis, all three
of the categories were included and pooled into the meta-analysis. The rest of the studies did not give
in-depth definitions of meconium stained amniotic fluid/liquor nor provide further degrees of severity.
For the 772 pregnant women analyzed, there was a significant increased risk for meconium stained
amniotic fluid/liquor in the intravaginal misoprostol only group based on both fixed and random
effects model (Figure 8).

Model Study name Statistics for each study Meconium stain / Total
MH risk Lower Upper Combination Intravaginal
ratio limit limit Z-Value p-Value group misoprostol group
Chung et al. 2003 [54] 1.140 0434 2989 0.265 0.791 7143 7149
Carbone et al. 2013 [52] 0571 0.262 1.243 -1.412 0.158 8/57 15/61
Lanka et al. 2014 [51] 0.235 0.084 0.660 -2.749 0.006 4/63 17/ 63
Aduloju et al. 2016 [50] 1.000 0.145 6.902 0.000 1.000 2/70 2/70
Al-Ibraheemi et al. 2018 [50] 0.267 0.092 0.776 -2.427 0.015 4/100 15/ 100
Gilani et al. 2018 [57] 0.600 0.152 2371 -0.729 0.466 3/48 5/48
Fixed 0.479 0.315 0.727 -3.452 0.001
Random 0.510 0.301 0.864 -2.506 0.012
Model Study name MH risk ratio and 95% CI
Chung et al. 2003 [54] _t.——
Carbone et al. 2013 [52] B
Lanka et al. 2014 [51] —l—
Aduloju et al. 2016 [50] B
Al-Ibraheemi et al. 2018 [50] L
Gilani et al. 2018 [57]
Fixed
Random

0102 05 1 2 5 10

Favous combinationFavors misoprostol

Figure 8. Comparison 7: Combination of intracervical Foley catheter and intravaginal misoprostol
versus intravaginal misoprostol alone for cervical ripening, Outcome 7: Meconium stain. Heterogeneity:
Tau? = 0.119; x> = 6.942, df = 5 (p = 0.225); I? = 27.972%. Test for overall effect (fixed): Z = —3.452
(p =0.001)

3.6. Other Outcomes

There were no significant differences between the two groups for both risk of chorioamnionitis
or neonatal intensive care unit (NICU) admission using fixed model. In regard to chorioamnionitis,
four of the studies included relevant data [48,49,52,54]. One study by Lanka et al., which provided data
on chorioamnionitis, was not included in the analysis since there were zero cases in both groups [51].
Chung et al. defined chorioamnionitis as body temperature >38.0 °C at any time during the induction
process [54]. Levine et al. took into consideration maternal or fetal tachycardia and uterine tenderness
as well as body temperature >38.0 °C [49]. The two remaining studies did not specify the definition
of chorioamnionitis [48,52]. Using random effects model, there was no significant increased risk for
chorioamnionitis between the two groups (Figure 9). As for NICU admission, criteria for admission
were not specifically mentioned in any of the studies (Figure 10).



Int. |. Environ. Res. Public Health 2020, 17, 1825

Model Study name

ratio
Chung et al. 2003 [54] 3.419
Carbone et al. 2013[52] 0.778
Levine et al. 2016 [49] 1.626
Al-lbraheemi et al. 2018 [48] 0.500
Fixed 1.263
Random 1.219

Model Study name

Chung et al. 2003 [54]
Carbone et al. 2013[52]
Levine et al. 2016 [49]
Al-lbraheemi et al. 2018 [48]

Fixed
Random

12 0of 19

Statistics for each study Chorioamnionitis / Total
MHrisk Lower Upper Combined Intravaginal
limit limit Z-Value p-Value group misoprostol group
0.989 11.823 1.942  0.052 9/43 3/49
0.262 2311 -0.452 0.651 5/56 7161
0.740 3573 1210 0.226 15/123 9/120
0.156 1.607 -1.163 0.245 4/100 8/100
0.778 2.050 0.944 0.345
0.577 2574 0519 0.604
MH risk ratio
and 95% CI
0102 051 2 5 10

Favors combination Favors misoprostol

Figure 9. Comparison 8: Combination of intracervical Foley catheter and intravaginal misoprostol

versus intravaginal misoprostol alone for cervical ripening, Outcome 8:

Chorioamnionitis.

Heterogeneity: Tau? = 0.291; x> = 6.049, df = 3 (p = 0.109); 1> = 50.403%. Test for overall effect

(random): Z = -0.519 (p = 0.604)

Model Study name

MHrisk Lower Upper

ratio

Chung et al. 2003 [54] 0.456

Carbone et al. 2013 [52] 0.214

Ugwu et al. 2013 [53] 1.800

Lanka et al. 2014 [51] 1.000

Aduloju et al. 2016 [50] 1.200

Levine et al. 2016 [49] 0.650
Al-lbraheemi et al. 2018 [48] 0.333

Fixed 0.757
Random 0.776

Model Study name

for each study NICU admission / Total
Combination Intravaginal

limit limit Z-Value p-Value group misoprostol group
0.093 2230 -0.970 0.332 2/43 51749
0.010 4.360 -1.003 0.316 0/57 2/61
0.346 9.362 0.699 0.485 4/50 2/45
0.304 3.285 0.000 1.000 5/63 5/63
0.384 3.751 0.314 0.754 6/70 5/70
0.304 1.390 -1.110 0.267 10/123 157120
0.035 3.150 -0.959 0.338 1/100 3/100
0473 1.212 -1.158  0.247
0478 1.258 -1.030 0.303

Chung et al. 2003 [54]
Carbone et al. 2013 [52]
Ugwu et al. 2013 [53]
Lanka et al. 2014 [51]
Aduloju et al. 2016 [50]
Levine et al. 2016 [49]

Al-Ibraheemi et al. 2018 [48]

Fixed

MH risk ratio and 95% CI

"
_.__
o

0102 05 1 2

5 10

Favors combinationFavors misoprostol

Figure 10. Comparison 9: Combination of intracervical Foley catheter and intravaginal misoprostol
versus intravaginal misoprostol alone for cervical ripening, Outcome 9: neonatal intensive care unit
(NICU) admission. Heterogeneity: Tau? = 0.000; x> = 3.631 df = 6 (p = 0.726); I> = 0.000%. Test for
overall effect (fixed): Z = —1.158 (p = 0.247).
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3.7. Publication Bias

Using Egger’s Test, there were no significant publication biases. Using Duval and Tweedie’s trim
and fill analysis, adjusted risk ratios were not significantly different clinically to calculated risk ratio
for any of the events analyzed (Table 3).

Table 3. Publication bias.

Eeoer’s Test P Trim and Fill,
Outcomes Studies ggValue No. of Missing  Calculated RR  Adjusted RR
Studies
ng‘c;gg‘ ~4.136
Time to delivery 7 0.558 4 (-4 ,3;30 to (—5.845 to
—i.081) —2:428)
Sample size < 200 5 0.302 0 N/A N/A
Fixed 0910
Cesarean Section 8 0.563 1 0.930 )
(0.775 to 1.112) (0.775 t0 1.117)
Chorioamnionitis 4 0.825 0 NA NA
Uterine
tachysystole 4 0.414 0 NA N/A
w/FHR change 3 0.124 0 NA NA
Fixed
. . 0.418
Meconium Stain 6 0.881 1 0.512
(0332 10 0.789) (0.282 to 0.621)
NICU 7 0.567 0 NA NA

No.: number of patients; RR: risk ratio; NIC: neonatal intensive care unit’ NA: no data available; FHR: fetal heart rate.

4. Discussion

This meta-analysis of 8 randomized controlled trials with 1110 women showed that combined use
of Foley catheter and intravaginal misoprostol for induction of pregnancy leads to faster induction
time with no increase in caesarean section rate as well as decreased risk for tachysystole and meconium
when compared to intravaginal misoprostol alone. These findings are mostly in line with a previous
2015 meta-analysis, which also showed decreased induction time for combined Foley catheter and
misoprostol use [16].

However, there are several strengths to our meta-analysis in contrast to the previous study. In this
study, RCTs were assessed for risk of bias, and low quality studies were excluded from further analysis.
The 2015 meta-analysis included one low quality RCT [33], which was also deemed of low quality
under our analysis. Additionally, rupture of membrane may affect the speed for induction, so we have
controlled for this factor by excluding all trials that include pregnant women with ruptured membranes
in contrast to earlier meta-analysis. Furthermore, both oral as well as intravaginal misoprostol were
used in the 2015 meta-analysis. To date, this is the only meta-analysis performed using a uniform
administrative route, intravaginal, for misoprostol in combination with intracervical Foley catheter.

There are some limitations for this study. Not all randomized trials provided all the clinical
outcomes analyzed in this meta-analysis decreasing the sample size in some of the outcomes measured.
Some of the data reported were analyzed using different parameters making pooling difficult and
further decreasing the number of papers included in each analysis. There are also variations in parity,
Bishop score, pregnancy duration, and size of Foley catheter and dose regimen between each study.
Furthermore, even though concurrent oxytocin use was excluded from this meta-analysis, difference in
sequential oxytocin use may have affected the results. Other clinical circumstances, such as difficulty
in Foley placement due to obesity or other unforeseen circumstances, are not accounted for. Moreover,
the intravaginal route itself has a larger variation in uptake compared to other routes, which may be
another source of variability [45].
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The heterogeneity between the studies is also a concern. Sensitivity analysis according to patient
characteristics, study quality, and systematic removal of one study did not account for the heterogeneity.
However, size of the study did. When re-analyzed with subgroups according to size of the study with
study size 200 as a divider, heterogeneity was greatly decreased. Quality of the studies was accounted
for in our study, but pretrial protocols were difficult to obtain for the studies, which made it difficult
to do a comprehensive risk of bias assessment. Moreover, the nature of the interventions precluded
blinding from study design. Despite this, most of the studies included rated low for risk of bias.

Unlike Chen et al.’s analysis showing the increased risk of chorioamnionitis in women with
intracervical Foley catheter [16], risk for chorioamnionitis was not increased with intracervical Foley
catheter in our current study. This is perhaps due to the rupture of membrane being excluded from our
study, since some studies have shown that rupture of membrane is a known risk factor for infection [63].
Despite this, another study from Battarbee et al. did not find an increased risk for any adverse maternal
or neonatal outcome in early amniotomy after Foley balloon catheter removal for labor induction among
nulliparous women [64]. An early 2011 meta-analysis by Fox et al. comparing intravaginal misoprostol
only versus Foley catheter only has already shown no increased risk of chorioamnionitis [34]. The
following 2015 meta-analysis from McMaster et al. evaluated 26 randomized trials including 5563
women to compare the risk of infectious morbidity between prostaglandin preparations alone and
Foley catheter insertion alone and also failed to show an increased risk of chorioamnionitis in the Foley
catheter insertion group (relative risk (RR) 0.96, 95% confidence interval (CI) 0.66-1.38) [17]. Of course,
we still cannot totally exclude the baseline difference and/or bias among these studies, which might
have contributed to the discrepancies of findings.

Tachysystole was significantly increased in the intravaginal misoprostol only group, which was
also seen in the 2015 meta-analysis [17]. This may be due to the difference in total dosage of misoprostol
between the two groups. Carbone et al. remarked that fewer doses of misoprostol were needed for
the combination group [52] and in the study by Al-Ibraheemi et al., the combination group received
statistically significant fewer misoprostol doses compared to the intravaginal misoprostol group [48].
However, it is difficult to come to a definite conclusion as apart from the above two studies, most
studies did not provide the total dose of PGE; for each group. Oxytocin usage may also affect the risk
of tachysystole between the two groups. Of the RCTs analyzed, four studies used less oxytocin for the
combination group whereas only one study, by Ugwu et al., used less oxytocin for misoprostol only
group [53]. The rest of the studies did not mention total oxytocin needed until delivery. This provides
a hint that combination use decreases oxytocin requirements, but again, more studies are needed for a
more definitive conclusion.

As for tachysystole with fetal heart rate changes, only a trend favoring combined Foley and
misoprostol use was seen but with only three studies included, further research with adequate power
as well as more uniformed and detailed definition of fetal heart rate change is needed for a more
conclusive result.

Interestingly, unlike any of the previous reviews and meta-analyses, risk for meconium stain
was significantly increased in the misoprostol only group in this study. This may be explained by the
increased tachysystole in the misoprostol-only group, stimulating bowel movement in the fetus. On
the other hand, NICU admission was not significant in this meta-analysis, which is compatible with
the previous 2015 meta-analysis [17].

In comparison to the 2019 Cochrane review, the findings of this study are mostly in line with
the “Any mechanical method and low dose misoprostol versus low dose misoprostol alone” analysis.
Whereas there was no significant decreased in vaginal deliveries achieved in 24 h there was a trend
favouring combined mechanical and pharmaceutical cervical ripening methods. Adverse effects, such
as uterine hyperstimulation without FHR changes, were also shown to decrease with combined use,
as was with this study. There was also no increase in chorioamnionitis and endometritis rates in the
Cochrane review [1]. However, it is important to keep in mind that all mechanical methods were
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included, such as laminaria tents, extra-amniotic infusion in addition to Foley catheters, and so the two
studies cannot be directly compared.

Furthermore, it is important to note that none of the studies reported any uterine rupture so it
was not possible to compare uterine rupture rate between the two methods, although this catastrophic
situation should be always kept into mind [65,66]. In addition, the evidence based for cervical ripening
for term induction, as well as caution of the using pharmacological agents or any mechanical methods
for induction of labor should be always followed [67-69]. It should administer misoprostol cautiously
using 25 pg every 4 h as recommended by the WHO and is also the dosage used by most of the included
studies. The findings in this study are mostly in line with the 2019 Cochrane review, where Foley
catheter in conjunction to vaginal misoprostol should be considered to decrease time to delivery as
well as to decrease adverse effects associated with misoprostol, especially in countries where induction
agents with better safety profiles, such as PGE2, are not available.

5. Conclusions

In pregnant women of viable gestation and no premature rupture of membranes, concurrent use
of intracervical Foley catheter and intravaginal misoprostol shortens induction time and decreases
risk of tachysystole compared to intravaginal misoprostol only without increasing risk for Cesarean
section, chorioamnionitis, meconium stain, or NICU admission.
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