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Abstract

Objectives This study is aimed to compare the effect of oral misoprostol with vaginal misoprostol to induce labor as
a systematic review and meta-analysis.

Methods Electronic databases including PubMed [Medline], Scopus, Web of science, Embase, Ovid, Cochrane library,
and ClinicalTrials.gov were searched using the relevant keywords. All RCTs comparing the effect of oral vs vaginal
misoprostol on labor induction were considered. The Cochrane Risk of Bias checklist was used for assessing quality of
included RCTs. All statistical analyses were completed using STATA (Version 16) and Revman (Version 5).

Results Thirty-three RCTs with 5162 patients (1560 in oral and 2602 in vaginal groups) were included in this meta-
analysis. Labor induction length did differ significantly between the two routes of misoprostol administration [Stand-
ardized Mean Difference: 0.40 h, 95% confidence interval (Cl) 0.34, 0.46; 1*: 66.35%; P=0.04]. In addition, the risk of
neonatal death, tachysystole, uterine hyperstimulation, preeclampsia, non-FHR and abortion was lower in the oral
misoprostol group and the risk of hypertonus, PROM, oxytocin need and cesarean fever was higher in this group than
the vaginal misoprostol group.

Conclusions Based on results of this meta-analysis, it can be inferred that currently, clinical specialists can decide to
use this drug orally or vaginally on a case-by-case basis, depending on the condition of the pregnant mother and the
baby.
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Background

Induction of labor means stimulation of uterine con-
tractions before the onset of spontaneous labor [1,
2] and is indicated in cases where the benefits to the
mother or fetus outweigh the ones of continued preg-
nancy [2]. Factors affecting the success of labor induc-
tion can be summarized in multiple pregnancies, body
mass index less than 30 kg/M?, birth weight less than
3500 gr and favorable cervical conditions [2—4]. One
of the few methods to predict the outcomes of labor
induction is the bishop scoring system in which factors
including cervical dilatation, cervical effacement, pres-
entation organ position, cervical consistency and cervi-
cal conditions are used to score. The cervix readiness
is important for successful induction of labor [5-7].
The methods used to prepare the cervix include phar-
maceutical products and various forms of mechanical
cervical dilators. Pharmacological techniques mainly
involve the use of prostaglandin products. In the past,
the role of the laminaria and E-series of prostaglandins
has been proven in cervical dilatation and reduction in
its dilatation complications during surgery. Misopros-
tol is a synthetic analogue of prostaglandin E1, used in
the treatment and prevention of gastric ulcers and is
widely used today in gynecology and obstetrics [8—10].
Its applications in gynecology and obstetrics include
medical abortion in the first and second trimesters of
pregnancy, preparation of the cervix before dilatation
and evacuation or dilatation and curettage as well as
prevention and treatment of postpartum hemorrhage
[9-12]. The advantage of misoprostol over other pros-
taglandin analogues is that it is cheaper, stable at the
room temperature and also available in the form of oral
tablets. Although misoprostol has been formulated for
oral administration, numerous pharmacokinetic stud-
ies have shown the concentration of its active metabo-
lite remains in the vaginal administration for a longer
time period [9, 13]. For example, in a study by Cem
Batukan et al., which examined the effect of vaginal and
oral misoprostol on cervical preparation, the results
showed vaginal misoprostol prescription was preferable
to oral administration [14, 15]. Waleed E Khayat et al.
also compared the effect of vaginal isosorbide mononi-
trate with vaginal misoprostol in cervical preparation
and concluded the rate of primary cervical dilatation
and the duration of dilatation were higher in the mis-
oprostol group but there was not a statistically signifi-
cant difference between the two groups in the duration
of surgery or difficult dilatation [14, 15]. Based on the
results of these studies, vaginal misoprostol is expected
to be more effective than oral preparations of the cer-
vix, but clinical trial studies have reported conflicting
results [5, 7, 8, 10, 12, 14—17]. Therefore, this study
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aimed to compare the effect of oral misoprostol with
vaginal misoprostol to induce labor as a systematic
review and meta-analysis.

Methods

This article was written based on the Standards of Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) [18].

Search strategy and screening

Intervention studies published from January 1990 to Jan-
uary 2022 in 5 electronic databases (PubMed [Medline],
Scopus, Web of science, Embase, Ovid, Cochrane library,
and ClinicalTrials.gov) were reviewed using keywords
“Misoprostol’, “Induction of Labor’, and “Induced Labor”.

In each electronic database, related keywords were
selected using MeSH and EMTREE. Reporting checklist
for search strategy was based on PRISMA. The selection
criteria were based on the PICO structure, so that the
desired Population was pregnant women, Intervention
oral use of misoprostol, Comparison vaginal misopros-
tol and Outcomes were labor induction, drug side effects
as well as maternal and neonatal outcomes. Finally, the
studies included randomized, cross-sectional, or paral-
lel clinical trial ones. Non-English language studies as
well as cohort studies, case studies, clinical trials, letters
to the editor and systematic reviews were excluded from
this meta-analysis. In addition, articles whose statistical
population was other than pregnant women or examined
other interventions were removed. To find gray litera-
ture, manual search was performed using references of
related articles. The search strategy was developed by two
independent authors (YM and PK) and the disputes were
resolved with the opinion of a third researcher (LH) with
more experience.

In the next step, an Endnote (Version 8) library was
created to collect articles, remove duplicates, and review
titles and abstracts. Initially, the review of titles and
abstracts was independently done by the researcher
(PK) and 10% of the reviewed articles were randomly
reviewed by the second researcher (YM) and disputes
were resolved by discussion and referral to the third party
(LH) if necessary. The screened references were selected
for full-text review if they contained the desired infor-
mation in the title or abstract. Full text review was sepa-
rately performed by the two authors (YM and MS). Data
were extracted from eligible studies and were entered
into Excel 2019.

Extraction of data

To extract data from the articles, first a checklist was
prepared with the opinion of the research team and
required information including author name, year of
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article publication, sample size of study groups, country
of the study, age of mothers, dose of the drug in the vagi-
nal and oral misoprostol groups, follow-up period in the
study, maternal outcomes (preeclampsia, oligohydram-
nios, abortion, cesarean section, mean labor duration,
uterine tachysystole, uterine muscle strength or traction
and oxytocin requirement), drug side effects (nausea and
vomiting, headache and fever) and neonatal complica-
tions (meconium excretion, the Apgar score less than 7 at
the first and fifth minutes, neonatal death, hospitalization
in the neonatal intensive care unit (NICU), IUGR and
PROM) was extracted.

Risk of bias

The risk of bias in the included studies was assessed using
the Cochrane bias risk tool for interventional studies.
Areas of evaluated bias included sequence generation,
allocation concealment, blinding, outcome data and out-
come reporting. Clinical trial studies, after evaluation
by this tool, were classified into low, high, and unclear
groups. The two authors independently evaluated the
quality of the articles using this tool.

Statistical analysis

In this meta-analysis, the effect sizes were equal to the
standardized mean difference (SMD) and risk ratio. The
means reported in the two groups of studies included in
the meta-analysis were combined using the DerSimo-
nian-Liar random-effects model and finally the weighted
average was reported. To report the risk ratio, the fre-
quency of the desired outcomes in the two intervention
and comparison groups was extracted and using the con-
stant effects model, the logarithm and logarithm standard
deviation of the risk ratios were combined and finally the
pooled risk ratio was reported. Cochrane Q and 12 tests
were used to investigate the heterogeneity and variance
between the studies selected for meta-analysis. Funnel
Plot and Egger test were used to evaluate the publication
bias. In addition, the meta-regression analysis and dia-
gram were applied to investigate the association between
variables of women’s age, the sample size of selected
studies and the estimated pooled risk ratio. All two-way
statistical tests were considered with a« =0.05 and statisti-
cal analyses were performed in STATA software version
16 and Revman version 5.

Results

Qualitative results

In this study, after completing the search strategy and
searching in international databases, 1290 articles were
found. After removing duplicates and screening based on
article titles, 500 studies remained, which were entered
into the screening phase based on their abstracts. In the
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next stage, 416 articles were removed due to the irrele-
vance of their abstracts and type of study with the objec-
tives of the present research and 84 articles were included
in the full-text review. After review and evaluation of the
full-text of articles, 33 clinical trial studies were entered
into the meta-analysis (Fig. 1).

In these 33 clinical trial studies, in 25 studies in the
intervention group, pregnant women were orally given
50 pg, in 5 studies 25 pg, in 2 studies 20 pg and in 1 study
100 pg of misoprostol. In the comparison group, where
misoprostol was vaginally given, in 17 studies, 25 and in
the remaining studies, 50 mg of misoprostol were given
to pregnant women. The sample size in all these clinical
trial studies was equal to 5362 pregnant women, of whom
2660 were in the oral misoprostol group and 2702 were
in the vaginal misoprostol group. The majority of clinical
trial studies included in the meta-analysis measured the
desired outcomes 4 h after the intervention (Table 1).

Quantitative results

The first outcome of this study was calculation of the
mean duration of labor, measured in clinical trial studies
included in the meta-analysis as the mean and standard
deviation. Of the 33 clinical trial studies included in the
meta-analysis, 30 reported the mean duration of labor
in the both groups. After combining the results of these
studies, the difference in the weighted mean was 0.40
with a confidence interval of 0.34 to 0.46 h (SMD 0.40;
95% CI 0.34, 0.46; 12: 66.35%; P: 0.04). Therefore, orally
taking misoprostol can be said to increase the duration
of labor by 0.40 h compared to vaginally taking this drug
(Fig. 2).

The results of the publication bias showed the publica-
tion bias occurred in these clinical trial studies included
in the meta-analysis (B=14.67; SE=2.50; P=0.0001)
(Fig. 3). The results of meta-regression also showed the
age of pregnant mothers was indirectly related to the
duration of labor based on hours but was not statisti-
cally significant (B=-0.189; SE=0.116; P=0.102; 95%
CI— 0417, 0.037) (Fig. 3). In addition, meta-regression
results to determine the effect of the sample size (B=—
0.049; SE=0.034; P=0.197; 95% CI — 0.011, 0.002) and
the duration of follow-up after the intervention (B=—
0.025; SE=0.062; P=0.692; 95% CI — 0.154, 0.103) on
the difference of the pooled weighted mean were not
statistically significant but showed an indirect associa-
tion between these variables and the desired effect size
(Fig. 3).

Based on the different doses of misoprostol, the
weighted mean of the duration of induction was exam-
ined in the two groups. The results have been shown in
Table 2. The results showed if misoprostol was equally
prescribed for the both groups in doses of 50 mg, the
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Fig. 1 Flow diagram for related article numbers which included in meta-analysis

weighted mean of the induction duration per hour would
be 0.31 h (i.e., approximately 19 min) in mothers who
orally took misoprostol compared to ones who vaginally
received the drug (WMD: 0.31; 95% CI 0.23, 0.39; 12
44.07%; P 0.09). If the dose was 50 mg in the oral mis-
oprostol group and 25 mg in the vaginal misoprostol
group, the induction time would increase by 0.48 h (i.e.,
29 min) (WMD: 0.48; 95% CI 0.38, 0.58; 12 76.36%; P
0.05). In addition, if the drug dose in the both groups was
25 mg, the induction duration would increase by 0.57 h
(i-e., 34 min) (WMD 0.57; 95% CI 0.39, 0.75; 12 59.14%; P
0.08) (Table 2).

Other maternal outcomes

Studies were reviewed based on the Apgar score in the
first minute, of which 22 had established an association
between the Apgar score less than 7 in the first minute
and orally and vaginally receiving misoprostol. Among

the articles, the highest risk ratio (3.00) was observed in
Sheikher et al. study with a confidence interval of 0.13 to
70.83 and the lowest risk ratio (0.05) was seen in Cheng
et al. study with a confidence interval of 0.00 to 0.84.
After combining the results of these studies, the pooled
risk ratio was 0.81 with a confidence interval of 0.70 to
0.94 (12 56.58% and P 0.00). Therefore, the ratio of the
Apgar score less than 7 in the first minute can be said to
be 0.81 in cases who orally took the drug compared to
those who vaginally took misoprostol. Therefore, it was
19% lower in the oral group than the vaginal one (Fig. 4).
Also, 20 studies examined the Apgar score in the fifth
minute and determined the association between the
Apgar score less than 7 in the fifth (Fig. 5) minute, oral
and vaginal misoprostol. Among the articles, the highest
risk ratio (5.00) was observed in Ezechukwu et al. study
with a confidence interval of 0.24 to 102.30 and the low-
est risk ratio (0.08) was seen in Cheng et al. study with a
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Table 1 Characteristics of included randomized control trial studies
Authors Years Country Dose oral Dose vaginal Hours of Total sample Sample Sample Age
indevotional interventional intervention oral Vaginal
indevotional Interventional
Cheng et al. 2008 China 25 mcg 25 mcg 4 207 101 106 283
Rezaie et al. 2016 Iran 100 ug 25ug 4 120 60 60 27.7
Souza et al. 2013 Brazil 20 ug 25 ug 6 200 100 100 23
Sarella et al. 2021 India 20 ug 25ug 2 80 40 40 225
Kaur et al. 2015 India 25ug 25ug 4 100 50 50 256
Mehta et al. 2020 India 25ug 25ug 4 100 50 50 26
How et al. 2001 USA 25 ug 25 ug 4 219 109 110 234
Bagariya et al. 2020 India 25 ug 25ug 4 196 98 98 NR
Rezaie et al. 2016 Iran 50 ug 25ug 4 120 60 60 284
Wing et al. 1999  USA 50 ug 25ug 4 220 110 110 NR
Komala et al. 2013 India 50ug 25ug 4106 200 100 100 NR
Rahman et al. 2013 India 50ug 25ug 4 220 110 110 272
Colon et al. 2005 USA 50 ug 25 ug 4 204 93 1M 28.1
Zvandasara et al. 1999 Zimbabwe 50 ug 25ug 1 134 69 65 23
Paisarntantiwong etal. 2005  Thailand 50 ug 25 ug NR 146 73 73 256
Galidevara et al. 2018 India 50ug 25ug 4 163 80 83 244
Sheela et al. 2007  India 50 ug 25ug 6 100 50 50 24
Deshmukh et al. 2013 India 50 mcg 50 mcg 6 200 100 100 264
Nopdonrattakoon et al. 2003  Thailand 50mg 50mg 4 106 53 53 249
Sheikher et al. 2009 India 50 ug 50 ug 4 60 30 30 NR
Roux et al. 2002  South Africa 50 ug 50 ug 6 240 120 120 28.1
Kwon et al. 2001 Canada 50ug 50 ug 6 160 78 82 27.2
Bennett et al. 1998 Canada 50 ug 50 ug 4 206 104 102 28.7
Shetty et al. 2001 UK 50 ug 50 ug 4 245 122 123 28
Promila et al. 2011 India 50ug 50ug 4 103 51 52 26
Elhassan et al. 2007  Sudan 50ug 50ug NR 100 50 50 NR
Ezechukwu et al. 2015 Nigeria 50ug 50ug 24 140 70 70 272
Fisher et al. 2001 Canada 50ug 50ug 6 126 62 64 27
Young et al. 2020 Canada 50ug 50ug 4 339 167 172 29.1
Ambika et al. 2017 India 50 ug 50 ug 6 200 100 100 20
Mehrotra et al. 2010 India 50 ug 50ug 4 128 60 68 26.24
Adam et al. 2005 Sudan 50 ug 50 ug 6 80 40 40 NR

confidence interval of 0.00 to 1.41. After combining the
results of these studies, the pooled risk ratio was 0.72
with a confidence interval of 0.58 to 0.88 (I2: 61.14%
and P: 0.00). Therefore, the ratio of the Apgar score less
than 7 in the fifth minute can be concluded to be 0.72 in
cases who orally took the drug compared to those who
vaginally took it. Therefore, it was 28% lower in the oral
group than the vaginal one (Fig. 4).

Subgroup results

The results of this study were divided into three groups
of Neonatal (The Apgar<7 in 1 min, The Apgar<7 in
5 min, IUGR, Oligohydramnios, MSAF, Non-FHR,
Neonatal Death and NICU), Maternal (Tachysystole,

Hypertonus, Uterine hyperstimulation, Preeclampsia,
PROM, Oxytocin Need, Abortion, LSCS and Cesarean)
and Adverse effects (Nausea, Vomiting, Headache and
Fever) (Table 3).

The results in the subgroup of neonatal outcomes for
the oral and vaginal groups showed the risk ratio for
the outcomes of Apgar<7 in 1 min was 0.81 (B=0.57;
SE=0.16; P=0.04; 12=56.58, 95% CI 0.70, 0.94),
Apgar<7 in 5 min 0.72 (B=0.57; SE=0.14; P=0.03;
[12=61.14%, 95% CI 0.58, 0.88), IUGR 1.01 (B=0.29;
SE=0.85; P=0.73; 12=40.36%, 95% CI 0.71, 1.43), Oli-
gohydramnios 0.96 (B=— 0.51; SE=0.48; P=0.29;
12=47.35%, 95% CI 0.79, 1.16), MSAF 1.32 (B=0.49;
SE=0.50; P=0.33; [12=54.71%, 95% CI 1.10, 1.57),
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Oral Misoprostol ~ Vaginal Misoprostol Wieghted Mean Difference Weight
Study N Mean SD N Mean SD with 95% CI (%)
Deshmukh et al, 2013 100 1524 347 100 1274 2.6 L 0.82[ 0.53, 1.10] 4.20
Kaur et al, 2015 50 1442 5.01 50 13.14 55 . 0.24[ -0.15, 0.64] 2.26
Cheng et al, 2008 101 82 54 106 17.6 185 || -0.68 [ -0.96, -0.40] 4.45
Mehta et al, 2020 50 22 612 50 185 .612 — 572 4.83, 6.61] 0.44
Rezaie et al, 2016 60 11.6 49 60 126 5.7 k2 -0.19[ -0.55, 0.17] 2.72
Rezaie et al, 2016 60 11 S5 60 126 5.7 R -0.40[ -0.76, -0.03] 2.68
Wing et al, 1999 110 2896 14.09 110 2322 12.79 | 0.43[ 0.16, 0.69] 4.90
How et al, 2001 109 288 835 110 17.52 495 L 1.65[ 1.34, 1.95] 3.72
Sheikher et al, 2009 30 155 333 30 1035 333 —— 1.55[ 097, 2.13] 1.04
Komala et al, 2013 100 14.04 122 100 1292 1.22 L 092 0.63, 1.21] 4.12
Nopdonrattakoon et al, 2003 53 1476  7.39 53 10.61 6.22 k3 0.61[ 0.22, 1.00] 2.31
Roux et al, 2002 120 23 733 120 12 433 u 1.83[ 1.53, 2.13] 3.85
Kwon et al, 2001 78 22.85 1455 82 4755 398 -0.82[ -1.14, -0.49] 3.36
Bennett et al, 1998 104 17.87 9.88 102 141 641 ] 0.45[ 0.18, 0.73] 4.57
Shetty et al, 2001 122 178 87 123 279 1288 M -0.92[ -1.18, -0.65] 5.04
Rahman et al, 2013 110 2221 24 110 20.15 3.1 [ | 0.74[ 0.47, 1.02] 4.68
Colon et al, 2005 93 193 6.7 111 18 83 | 0.17[ -0.11, 0.45] 4.59
Zvandasara et al, 1999 69 103 144 65 6.8 1.83 - 2.13[ L1.71, 2.56] 1.93
Promila et al, 2011 51 1623 693 52 1228 6.67 k3 0.58 [ 0.19, 0.98] 2.25
Elhassan et al, 2007 50 16.06 424 50 151 478 L 0.21[ -0.18, 0.61] 2.26
Paisarntantiwong et al, 2005 73 169 344 73 11.8  3.99 L 3 1.37[ 1.01, 1.73] 2.69
Ezechukwu et al, 2015 70 207 121 70 162 104 = 0.40[ 0.06, 0.73] 3.12
Fisher et al, 2001 62 289 1826 64 19.55 12.83 R 3 0.59[ 0.24, 0.95] 2.75
Young et al, 2020 167 226 1721 172 255 54.15 [ ] -0.07[ -0.28, 0.14] 7.71
Ambika et al, 2017 100 15 375 100 129 24 L 0.67[ 0.38, 0.95] 431
Galidevara et al, 2018 80 109 59 83 114 6.6 L -0.08 [ -0.39, 0.23] 3.71
Sheela et al, 2007 50 17.51 1073 50 152 10.63 & 022 -0.18, 0.61] 2.26
Mehrotra et al, 2010 60 2253 2.1 68 14.6 555 k= 1.85[ 1.43, 2.26] 2.03
Adam et al, 2005 40 20.06 6.5 40 155 75 - 0.65[ 0.20, 1.10] 1.73
Dadashaliha et al, 2021 100 8.4 92 100 9.2 1.5 | -0.64 [ -0.93, -0.36] 4.33
Overall | 040 0.34, 0.46]
Heterogeneity: I’ = 66.35%, H' = 8.41
Test of 6 = 0;: Q(9) = 84.94, p=0.04
Testof 6 =0:z=13.23, p=0.00

2 0 2 4 6

Fixed-effects inverse-variance model

Fig. 2 Forest plot for pooled weighted mean difference of induction labor length in oral and vaginal misoprostol groups

LSCS 1.50 (B=0.20; SE=1.56; P=0.89; 12=0.00%, 95%
CI 1.06, 2.12) and NICU 0.96 (B=— 0.05; SE=0.47;
P=0.91; 12=22.30%, 95% CI 0.80, 1.16). Therefore, the
risk of the outcomes of Apgar<7 in 1 min, Apgar<7 in
5 min, Oligohydramnios and NICU can be concluded
to be lower in the oral group than the vaginal one and
the risk of the outcomes of IUGR, MSAF and LSCS be

higher in the oral group compared to the vaginal group
(Table 3).

The results in the subgroup of maternal outcomes for
the oral and vaginal groups showed the risk ratio for
the outcomes of neonatal death was 0.60 (B=— 0.09;
SE=1.71; P=0.95; 12=0.00%, 95% CI 0.15, 2.48), tachy-
systole 0.71 (B=— 1.38; SE=0.44; P=0.00; 12=69.14%,
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Fig. 3 Results of publication bias and effect of age and follow-up duration on pooled weighted mean difference (WMD)

Table 2 Comparison of pooled weighted mean difference of induction labor length in oral and vaginal misoprostol groups based on

differ doses
Outcomes Variables Effect size Heterogeneity Publication bias
(hours) assessment
WMD %95Cl (%) Q Pvalue B SE P value
Induction labor length  Oral misoprostol (50 mg)/Vaginal misoprostol (50 mg)  0.31 023,039 4407 21.00 0.09 020 0.09 0.29
Oral misoprostol (25 mg)/Vaginal misoprostol (25 mg)  0.57 039;0.75 59.14 4890 0.08 059 0.10 033
Oral misoprostol (50 mg)/Vaginal misoprostol (25 mg) 048 038,058 76.36 570 0.05 033 020 073

95% CI 0.60, 0.85), hypertonus 1.81 (B=0.31; SE=0.95;
P=0.74; 12=0.00%, 95% CI 1.00, 3.46), uterine hyper-
stimulation 0.82 (B= - 1.01; SE=0.27; P=0.00;
[2=52.26%, 95% CI 0.69, 0.97), preeclampsia 0.72 (B= —
0.78; SE=1.60; P =0.62; 12=42.90%, 95% CI 0.42, 1.24),
PROM 1.44 (B=— 1.46; SE=0.90; P=0.61; 12=136.66%,
95% CI 1.20, 1.72), oxytocin need 1.11 (B=0.78;
SE=0.30; P=0.01; [2=285.70%, 95% CI 1.03, 1.20), non-
FHR 0.89 (B= — .27; SE=0.57; P=0.02; 12=28.10%,

95% CI 0.69, 1.16), abortion 0.67 (B=1.65; SE=0.17;
P=0.45; 12=0.00%, 95% CI 0.19, 2.34) and cesarean fever
1.04 (B=-0.36; SE=0.50; P=0.47; 12=63.16%, 95% CI
0.93, 1.16). As a result, the risk of neonatal Death, Tachy-
systole, Uterine hyperstimulation, preeclampsia, Non-
FHR and Abortion was lower in the oral group than the
vaginal group and the risk of outcomes of hypertonus,
PROM, oxytocin need and cesarean fever was higher in
the oral group than the vaginal group (Table 3).



Rahimi et al. European Journal of Medical Research (2023) 28:51 Page 8 of 13
Oral Misoprostol ~ Vaginal Misoprostol RR Weight
Study Yes No Yes No with 95% CI (%)
Deshmukh et al 30 70 28 72 L 3 1.07[ 0.69, 1.65] 9.65
Kaur et al 5 45 3 47 — 1.67[ 0.42, 6.60] 1.03
Cheng et al 0 101 10 96 = 0.05[ 0.00, 0.84] 3.53
Mehta et al 1 49 1 49 1.00[ 0.06, 15.55] 0.34
Wing et al 9 101 6 104 —— 1.50[ 0.55, 4.07] 2.07
How et al 25 85 19 91 i 1.32[ 0.77, 225] 6.55
Sheikher et al 1 29 0 30 3.00[ 0.13, 70.83] 0.17
Komala et al 14 86 24 76 = 0.58[ 0.32, 1.06] 8.27
Souza et al 7 93 9 91 —i— 0.78 [ 0.30, 2.01] 3.10
Nopdonrattakoon et al 0 53 0 53 1.00[ 0.02, 49.49] 0.17
Roux et al 2 118 3 117 L 0.67[ 0.11, 3.92] 1.03
Kwon et al 9 69 21 61 - 045[ 0.22, 092] 7.06
Bennett et al 7 97 17 85 —— 040[ 0.17, 093] 592
Colon et al 4 89 16 95 —— 0.30[ 0.10, 0.86] 5.03
Elhassan et al 4 46 2 48 S a— 2.00[ 0.38, 10.43] 0.69
Bagariya et al 14 84 26 72 . 3 0.54[ 0.30, 097] 8.96
Ezechukwu et al 11 59 8 62 —— 1.38[ 0.59, 3.21] 2.76
Young et al 27 140 37 135 B 0.75[ 0.48, 1.18] 12.57
Galidevara et al 12 68 6 77 —— 2.08[ 0.82, 5.26] 2.03
Mehrotra et al 8 32 17 32 —— 0.58[ 0.28, 1.20] 5.27
Adam et al 38 2 36 4 [ | 1.06[ 0.93, 1.20] 12.41
Sarella et al 3 37 4 36 — 0.75[ 0.18, 3.14] 1.38
Overall ) 0.81[ 0.70, 0.94]
Heterogeneity: I’ = 56.58%, H' =2.30
Test of 6 = 0;: Q(21) =48.36, p=10.00
Testof 6 =0:z=-2.83, p=0.00
1/2IS6 1/I16 i 1I6

Fixed-effects Mantel-Haenszel model

Fig. 4 Forest plot for pooled risk ratio of Apgar <7 at 1 min in oral than vaginal misoprostol groups

The results in the subgroup of adverse effects for the
oral and vaginal groups also showed the risk ratio for
the outcomes of nausea was 1.28 (B=0.68; SE=0.13;
P=0.01; 12=35.52%, 95% CI 1.00, 1.72), vomiting 1.32
(B=0.89; SE=0.55; P=0.11; 12=13.30%, 95% CI 1.00,
1.74) and headache 0.74 (B=0.69; SE=0.32; P=0.45;
12=0.00%, 95% CI 0.22, 2.24). The outcome of head-
ache can be concluded to be less in the oral group than

the vaginal one and the outcomes of nausea and vomit-
ing be higher in the oral group than the vaginal group
(Table 3).

Risk of bias results

The results of qualitative evaluation of articles based on
the Cochrane checklist showed the initial selected stud-
ies were low risk (Additional file 1).
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Oral Misoprostol ~ Vaginal Misoprostol RR Weight
Study Yes No Yes No with 95% CI (%)
Deshmukh et al 9 91 19 81 i 0471 023, 1.00] 13.65
Kaur et al 0 50 1 49 033[ 0.01, 7.99] 1.08
Cheng et al 0 101 6 100 = 0.08[ 0.00, 1.41] 4.6
Mehta et al 3 47 2 48 e — 1.50[ 0.26, 8.60] 1.44
Wing et al 0 110 1 109 033[ 0.01, 8.09] 1.08
How et al 3 107 5 105 —— 0.60[ 0.15, 2.45] 3.59
Komala et al 14 86 24 76 B 0.58[ 032, 1.06] 17.25
Souza et al 1 99 3 97 I E— 033[ 0.04, 3.15] 2.16
Nopdonrattakoon et al 0 53 0 53 1.00[ 0.02, 49.49] 0.36
Roux et al 2 118 3 117 —— 0.67[ 0.11, 3.92] 2.16
Kwon et al 0 78 2 80 = 0.21[ 0.01, 4.31] 1.75
Bennett et al 1 103 0 102 2941 0.12, 71.41] 0.36
Rahman et al 8 102 15 95 —— 0.53[ 024, 1.21] 10.78
Colon et al 0 93 0 111 1.19[ 0.02, 59.47] 0.33
Bagariya et al 6 92 12 86 —— 0.50[ 0.20, 1.28] 8.62
Ezechukwu et al 2 68 0 70 5.00[ 0.24, 102.30] 0.36
Young et al 4 163 3 169 — 1.37[ 031, 6.04] 2.12
Galidevara et al 4 76 2 81 2.08[ 0.39, 11.02] 141
Adam et al 38 2 36 4 [ | 1.06 [ 0.93, 1.20] 25.87
Sarella et al 0 40 1 39 033[ 0.01, 7.95] 1.08
Overall ¢ 0.72[ 0.58, 0.88]
Heterogeneity: I' = 61.14%, H =2.57
Test of 6, = 6;: Q(19) =48.90, p=0.00
Testof 6 =0:z=-3.15,p=0.00
1/1I28 1}8 é 3I2

Fixed-effects Mantel-Haenszel model

Fig. 5 Forest plot for pooled risk ratio of Apgar <7 at 5 min in oral than vaginal misoprostol groups

Discussion

Prolonged labor is a major cause of maternal mortal-
ity and morbidity. Common causes of prolonged labor
include inadequate uterine contractions, malpresentation
or position of fetus, inadequate pelvic capacity or fetopel-
vic disproportion. In addition, arrest of labor progress is
one of the causes of primary cesarean section, especially
in primiparous mothers [19-21]. Therefore, identifying
solutions to reduce labor duration can be very important.
In this study, the effect of oral and vaginal misoprostol
on the labor induction was investigated from different
aspects of labor. The labor duration is the most important

factor and misoprostol is used for its faster induction
[22]. According to the results of this study, vaginal use
of misoprostol can induce labor faster and puts child-
birth ahead by an average of 24 min (0.4 h), which can
significantly reduce the outcomes during labor and post-
partum. However, the study results were not the same
in other subgroups showed that other factors than how
misoprostol was used could affect labor outcomes. In
this study, the outcomes were divided into 3 categories of
Neonatal, Maternal and Adverse effects. In all three cat-
egories, some outcomes were reduced when misoprostol
was taken orally and some reduced when misoprostol
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Table 3 Comparison of maternal, neonatal outcomes and adverse effects in two groups

Outcomes Variables Effect Size Heterogeneity Assessment Publication Bias

RR % 95 Cl 12 (%) Q P value B SE P value

Neonatal Apgar<7in 1 min 0.81 0.70; 0.94 56.58 48.36 0.00 0.57 0.16 0.04
Apgar<7in5min 0.72 0.58;0.88 61.14 48.90 0.00 0.57 0.14 0.03
IUGR 1.01 0.71;143 4036 5.70 0.68 0.29 0.85 073
Oligohydramnios 0.96 0.79;1.16 47.35 6.79 0.75 —0.51 048 0.29
MSAF 1.32 1.10;1.57 54.71 39.74 0.07 049 0.50 0.33
Non-FHR 0.89 0.69;1.16 28.10 13.97 017 —1.27 0.57 0.02
NICU 0.96 0.80; 1.16 2230 21.88 0.19 —0.05 047 091

Maternal Neonatal Death 0.60 0.15;248 0.00 0.21 0.90 —0.09 1.71 0.95
Tachysystole 0.71 0.60; 0.85 69.14 45.36 0.00 — 138 044 0.00
Hypertonus 1.81 1.00; 3.46 0.00 4.80 0.78 031 0.95 0.74
Uterine hyperstimulation 0.82 0.69;0.97 5226 39.80 0.00 —1.01 0.27 0.00
Preeclampsia 0.72 042;1.24 4290 7.00 0.14 —0.78 1.60 0.62
PROM 1.44 1.20;1.72 36.66 511 0.41 — 046 0.90 0.61
Oxytocin Need 1.1 1.03;1.20 85.70 77.04 0.00 0.78 0.30 0.01
Abortion 0.67 0.19;234 0.00 1.69 0.48 1.65 0.17 045
Cesarean 1.04 093;1.16 63.16 6533 0.00 —0.36 0.50 047
LSCS 1.50 1.06; 2.12 0.00 0.70 0.95 0.20 1.56 0.89

Adverse effects Nausea 1.28 1.00;1.72 3552 15.51 0.11 0.68 0.13 0.01
Vomiting 132 1.00; 1.74 13.30 12.69 0.31 0.89 0.55 0.1
Headache 0.74 022;224 0.00 0.94 0.62 0.69 032 045
Fever 0.98 0.63;1.52 0.36 7.03 044 1.22 1.12 0.27

was taken vaginally. Therefore, to prevent any of these
outcomes, making a decision is necessary to be personal-
ized to reduce the risk of the outcome that the person has
its risk factor.

In the category of neonatal outcomes, the Apgar scores
in the first, and fifth minutes were examined and the
results showed the mean of these two indicators was sig-
nificantly lower in infants whose mothers received mis-
oprostol orally. Based on the results of various published
systematic reviews and meta-analyses, especially those
published by the Cochrane Center, oral prescription of
misoprostol significantly increases the Apgar score than
its vaginal administration and in oral use of this drug, the
Apgar score less than 7 in the first and fifth minutes is
reduced by 19% and 28%, respectively, compared to its
vaginal consumption [21, 23-25]. These results are in line
with the ones of the present meta-analysis.

The results showed meconium-stained amniotic fluid
was 32% higher in infants of mothers who orally took
misoprostol than ones whose mothers vaginally received
the drug. The rest of the variables examined in the sec-
tion of neonatal outcomes did not show a significant
association.

In the category of maternal outcomes, the rate of pre-
mature rupture of membranes in oral consumption was

44% higher than vaginal consumption, and this showed,
although the induction duration was longer in the group
of mothers taking oral misoprostol than those taking the
vaginal drug, rupture of the membranes occurred earlier
in this group. On the other hand, in the oral misopros-
tol group, tachysystole was 29% lower than the vaginal
misoprostol group and this finding was different from
previous published results. For example, in the study of
Galidevara et al. [26], the results showed tachysystole was
lower in the vaginal group. The reason for this difference
can be attributed to the difference in doses consumed by
the study groups or it can even be attributed to the stud-
ied populations and the difference in their clinical status
and pregnancy. Based on the results of previous studies,
tachysystole does not increase neonatal complications
[27, 28]. The results of the present meta-analysis showed,
although tachysystole at similar doses was higher in vagi-
nal use than oral and the non-reassuring fetal heart rate
tracing was higher in vaginal use, the rate of neonatal
hospitalization in NICU was not significantly different
(4% fewer hospitalizations in NICU in the oral group).
Based on the results of the present meta-analysis, the
need for oxytocin in oral administration was 11% higher
than vaginal consumption. One of the outcomes of the
research was uterine hyperstimulation, the results of the



Rahimi et al. European Journal of Medical Research (2023) 28:51

present meta-analysis showed it was 18% lower in moth-
ers taking oral misoprostol than those taking the vagi-
nal drug. These results can be attributed to the neonatal
outcome of the non-reassuring fetal heart rate tracing in
the present meta-analysis, which was 11% lower in oral
administration than vaginal prescription. In previous
studies, the results showed increased uterine hyperstim-
ulation could have an increasing effect on non-reassuring
fetal heart rate tracing [27-30]. These results were in
line with the findings of the meta-analysis, because this
study showed in mothers taking oral misoprostol, Uter-
ine hyperstimulation was less and lead to a decrease in
non-reassuring fetal heart rate tracing. Regarding the
side effects of misoprostol, gastrointestinal side effects
were higher in the oral group than the vaginal one, so
that nausea and vomiting were 28% and 32% higher in the
oral group, respectively. The complication of headache in
oral administration was 26% lower than vaginal and for
fever, statistical results were not significant. These dif-
ferent effects may be due to the mechanism of action of
the two methods of misoprostol consumption, because
when orally taken, it shows its effect more systemically,
and it may be better able to avoid systemic effects, such
as headache. It prevents contraception, and when vagi-
nally taken, its topical effect is stronger and can better
and more effectively reduce outcomes, such as PROM [3,
21, 23]. In general, the use of vaginal or oral misoprostol
should be decided on a case-by-case basis. The results of
the present meta-analysis showed with the use of vaginal
misoprostol, uterine contractions were more frequent,
and the baby was born earlier, but the Apgar score in the
infant and other neonatal outcomes were not appropriate
due to lack of or insufficient blood supply to the infant,
while the Apgar score and hospitalization in NICU were
better in mothers who consumed oral misoprostol.
Therefore, it can be concluded that on a case-by-case
basis and according to the conditions of the mother and
baby, it should be decided to use this drug vaginally or
orally. On the other hand, the need for oxytocin in oral
misoprostol consumers was higher than vaginal users,
because this drug used when the uterine contractions
are not enough. The results of the present meta-analysis
showed the rate of uterine contractions was lower in oral
misoprostol but in contrast the need for oxytocin was
higher in this group. There are some hypotheses about
premature rupture of membranes and increase in non-
reassuring fetal heart rate tracing. The clinical justifica-
tion is that premature rupture of membranes increases
the pressure on the umbilical cord and may lead to
increase in non-reassuring fetal heart rate tracing. The
results of the present meta-analysis refute this hypoth-
esis. Oral misoprostol users had earlier and more rupture
of membranes, which was an interesting result in its own
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right, but the risk of non-reassuring fetal heart rate trac-
ing was lower in the oral misoprostol group that the vagi-
nal misoprostol group.

The present meta-analysis was performed by analyzing
33 clinical trial studies in which one group of pregnant
mothers was given only oral misoprostol and the other
group was given only vaginal misoprostol to measure
and compare their different pregnancy and neonatal out-
comes. The main difference between this meta-analysis
and previous ones, especially the Cochrane Center meta-
analyses, was that the main study outcome, the dura-
tion of labor, was calculated and analyzed as a weighted
average, while in previous meta-analyses, this outcome
was reported as the risk ratio or odds ratio. On the other
hand, the present meta-analysis is the most complete in
terms of examining and comparing different maternal
and neonatal outcomes. Based on the heterogeneity per-
centages, all sources of heterogeneity can be inferred to
be identified among published clinical trial studies. In
this meta-analysis, subgroup analyses were performed
based on all possible variables reported in published clin-
ical trial studies.

One of these subgroups analyses was based on differ-
ent doses of the drug in the two groups and the results
showed the labor duration was different for different
doses. The main factor in the difference between the
results of published clinical trial studies comparing the
effect of the labor duration in the two groups of oral and
vaginal misoprostol users can be said to be the use of
different doses of misoprostol. Therefore, future clinical
trial studies should consider this. These studies are nec-
essary in the future, because this drug is currently the
most economical medicine in low- and middle-income
countries and its use is possible to be continued or even
increase with different doses. One of the main limita-
tions of this study was the lack of a sufficient number of
studies to compare different outcomes at different doses
of misoprostol in the two groups. Therefore, multicenter
clinical trial studies with a large sample size and different
doses for pregnant mothers are suggested to compare the
important maternal and neonatal outcomes.

Conclusion

The results of the present meta-analysis showed that the
oral use of misoprostol was better than vaginal route of
administration in several aspects. The labor duration was
longer in the oral group, but it had fewer adverse preg-
nancy and neonatal side effects. In contrast, vaginal use
of misoprostol increased uterine contractions. Therefore,
it can be inferred that currently, clinical specialists can
decide to use this drug orally or vaginally on a case-by-
case basis, depending on the condition of the pregnant
mother and the baby. However, to provide more accurate
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evidence and information about the optimal oral or vagi-
nal dose of this drug, multicenter clinical trial studies
with a large sample size are required.
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