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Efficacy and safety of rectal misoprostol versus
intravenous oxytocin on reducing blood loss in cesarean
section: A PRISMA-compliant systematic review and
meta-analysis of randomized clinical trials

Sezaryen dogumda kan kaybin azaltmada intravenéz
oksitosin ile rektal misoprostoliin etkinliginin ve giivenliginin
karsilastirilmasi: PRISMA uyumlu sistematik bir inceleme ve
randomize klinik calismalarin meta-analizi
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Abstract

Blood loss is an inevitable complication and a major contributor to maternal morbidity and mortality at cesarean deliveries. We detected a potential
preference regarding the efficacy and safety of rectal misoprostol over oxytocin as a uterotonic agent. We searched PubMed, Scopus, Web of Science,
Cochrane, and other databases for the relevant trials from inception to September 2022. We included randomized clinical trials (RCTs) that compared
rectal misoprostol versus intravenous oxytocin to control bleeding in women undergoing cesarean delivery. Our primary outcomes were the intra- and
postoperative blood loss, and hemoglobin drop after delivery. Secondary outcomes included the need for blood transfusion, need for additional uterotonics,
difference in operative time, as well as safety outcomes such as the incidence of shivering, pyrexia, nausea, and vomiting. Our search strategy revealed 1007
unique records, of them we retrieved full texts of 19 articles to check their adherence to our eligibility criteria. Seven RCTs with 1,090 participants were
included. We found a significant reduction in postoperative blood loss [MD: -27.9; 95% confidence interval (CD): (-53.85, -2.10); p=0.03], and Hb drop
after delivery [MD: -11; 95% CI: (-0.19, -0.03); p=0.01]. There is no significant difference regarding intraoperative blood loss, operative time, need for
blood transfusion, or need for additional uterotonics. We could not find a significant difference between the two groups regarding safety outcomes, except
for a higher shivering incidence in the misoprostol group [RR: 0.33; 95% CI; (0.16, 0.70); p=0.004]. We found a significant reduction in postoperative
blood loss with a potentially favorable safety profile in women who administrated rectal misoprostol compared with oxytocin administration. Our findings
recommend and prefer rectal misoprostol as a cheaper and effective uterotonic agent over oxytocin, which is expensive and requires an adequate cold chain
for transportation and storage.
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Oz

Kan kayb1 sezaryen dogumlarda kacinilmaz bir komplikasyondur ve maternal morbidite ve mortaliteyi artirir. Bir uterotonik ajan olarak rektal misoprostolin
oksitosine kiyasla etkinlik ve guvenliginin daha iyi olduguna dair bir yaklasim bulunmaktadir. Baslangictan Eylul 2022’ye kadar ilgili denemeler icin
PubMed, Scopus, Web of Science, Cochrane ve diger veri tabanlarini aradik. Sezaryen ile dogum yapan kadinlarda kanamay: kontrol etmek icin rektal
misoprostol ile intravenoz oksitosini karsilastiran randomize klinik arastirmalar (RKC) dahil ettik. Primer sonlanim olcutlerimiz intra ve postoperatif kan
kayb1 ve dogumdan sonra hemoglobin dustist idi. Ikincil sonlanimlar arasinda kan transfiizyonu ihtiyact, ek uterotonik ihtiyaci, ameliyat suresindeki fark ve
ayrica titreme, ates, mide bulantisi ve kusma insidansi gibi giivenlik sonuclar yer aldi. Arama stratejimiz 1007 kayit ortaya cikardi, uygunluk kriterlerimize
uyup uymadiklarini kontrol etmek icin bunlardan 19 makalenin tam metnini aldik. Bin doksan katthmcili 7 RKC dahil edildi. Postoperatif kan kaybinda
[MD: -27.,9; %95 guven araligt (GA): (-53,85, -2,10); p=0,03] ve dogumdan sonra Hb duststinde (MD: -11; %95 GA: [-0,19, -0,03; p=0,01) anlaml bir
azalma bulduk. Intraoperatif kan kaybi, operasyon suresi, kan transfizyonu ihtiyact veya ek uterotonik ihtiyaci agisindan iki grup arasinda anlamli bir fark
yoktu. Misoprostol grubunda daha ytiksek titreme insidans: disinda guvenlik sonuclar acisindan iki grup arasinda anlamli bir fark bulamadik [RR: 0,33;
%95 GA; (0,16, 0,70); p=0,004]. Oksitosin uygulamasina kiyasla rektal misoprostol uygulanan kadinlarda potansiyel olarak olumlu bir giivenlik profili ile
postoperatif kan kaybinda onemli bir azalma bulduk. Bulgularimiz, pahali olan ve tasima ve depolama icin bir soguk zincir gerektiren oksitosine gore daha

ucuz ve etkili bir uterotonik ajan olarak rektal misoprostoliin tercih edilmesini desteklemektedir.

Anahtar Kelimeler: Misoprostol, oksitosin, sezaryen, kan kaybi, postpartum kanama

Introduction

Postpartum hemorrhage (PPH) is a serious condition and is
considered the main contributor to death in nations that are both
developing and developed™. PPH is characterized as a blood
loss of more than 500 mL during 24 h after a normal vaginal
birth or more than 1000 mL following a cesarean section®®.
PPH can complicate up to 5% of births in both developed and
developing nations”. The World Health Organization (WHO)
has reported 100,000 deaths yearly due to PPH.

Cesarean section (CS) is the most frequent major surgical
operation done on women in the United States; around one
million CS are performed each year, and 15% of births
worldwide occur by CS®. The rising rate of CS is concerning
because blood loss throughout CS is nearly double that of
vaginal delivery, and the necessity of blood transfusion, with
all its risks, is also greater after CS than after vaginal births®.
Uterine Atony is the cause of up to 80% of PPH leading to
postnatal anemia, and hemorrhagic shock so a rapid transfusion
and surgical interventions are needed®. Oxytocin is considered
as the first line of treatment for PPH™. Despite being effective
and safe, oxytocin has certain drawbacks: 10-40% of the
women who received it were found to require supplementary
uterotonics. The use of oxytocin has been linked to tachycardia,
hypotension, and antidiuresis®.

Misoprostol is an analog of prostaglandin E1 that is used
to prevent and treat PPH because of its uterotonic effect.
Misoprostol is readily accessible, inexpensive, and stable at
room temperature. It is easy to administer via multiple routes
(oral, sublingual, vaginal, rectal, and intrauterine), has minimal
adverse effects and has few contraindications for use. According
to certain research, oxytocin and misoprostol both work well to
prevent intra and postoperative bleeding®?.

Misoprostol may be given orally, or sublingual. Due to the
difficulty in use oral or sublingual misoprostol in general
or spinal anesthesia and based on pharmacological studies
proving that the blood level of rectal misoprostol is the same
of oral misoprostol"'?, therefore rectal misoprostol is a suitable

alternative to oxytocin. We performed a comprehensive review
and meta-analysis to evaluate the effectiveness and safety of
preoperative rectal misoprostol compared with oxytocin for
minimizing blood loss during and after CS.

Materials and Methods

Review Protocol

The current work was carried out in accordance with the
principles of the Cochrane Handbook for Systematic Reviews
of Interventions'”. We completely adhered to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)  statement when writing our manuscript!?.
The research protocol was recorded in the International
Prospective Register for Systematic Reviews (PROSPERO), ID:
CRD42022363622. Because of the context of the study, no
ethical approval was necessary.

Search Strategy

The following electronic databases were systematically
searched: PubMed, Scopus, Web of Science, and the Cochrane
Central Register of Controlled Trials from inception until
September 2022. We used the following search terminologies:
“misoprostol”, “oxytocin”, and “cesarean section”. Supplemental
Table 1 shows the exact literature search strategy for each
database. To prevent missing any research and to ensure high-
quality screening, all of the listed studies’ references were
checked. Furthermore, the Clinicaltrials.gov and the WHO
Clinical Trials Registry were considered during our search for
details of unpublished and ongoing trials.

Eligibility Criteria

We included studies that matched the following criteria: (i)
Patients: Women undergoing CS, (ii) Intervention: Rectal
misoprostol, (iii) Comparison: IV oxytocin, (iv) Outcomes:
Efficacy and safety endpoints, and (v) Study design: Randomized
clinical trials (RCTs). On the other hand, we excluded non-
human studies, conference abstracts, non-RCTs, cohorts, case-
control, case series, and non-English studies.
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Table 1. Summary of the included trials

Study ID

Country | Trial duration

Adanikin Nigeri Between August 2011 and October
20130 BT g0m1

ggg;lfﬁl;l i India Between December 2007 and May 2009
ggfzf}}“” India Between May 2011 and April 2012
Fazel 201319 Iran During 2009

Milhan 2019%®  Indonesia  Between January 2018 and March 2018
Ozori 2022@Y  Nigeria NA

Shah 20219 Pakistan | Between April 2019 and October 2019

NA: Not available, IU: International unit, IV: Intravenous

Screening and Study Selection

We used Endnote software to gather the various entries from
different databases and eliminate duplicates. The collected
references were checked for relevancy. The screening was
conducted in two steps: First, title and abstract screening, and
then full-text screening for the final selection. Two separate
authors finished the screening and resolved these disagreements.

Quality Assessment

To evaluate the quality of each RCT and assess the risk of bias in
the included trials, two authors used the second version of the
Cochrane Risk of Bias assessment tool"?. The tool examined
domains such as randomization process, deviation from the
planned interventions, incomplete outcome data, outcome
measurement, and selection of the reported result. The
reviewers graded the risk of bias in each category and assessed
the overall quality of the studies as “low”, “some concerns”, or
“high”. In the case of disagreements, the group discussed until
they reached a consensus. As per Egger et al."?, determining
publication bias using Egger’s test for funnel plot asymmetry is
unreliable when fewer than ten studies are pooled. Therefore,
we could not use this test to detect publication bias in our
study.

Data Extraction and Outcomes

Two independent authors extracted data from the included
studies. Extracting the summary of the included studies
included country, trial duration, total sample size, and
study arms (intervention group and control group). Baseline
characteristics of the enrolled participants included the route
of administration, the number of participants, age (years),
gestational age (weeks), parity, the type of anesthesia, and type
of CS. Efficacy endpoints involve intraoperative blood loss (mL),
postoperative blood loss (mL), mean difference in hemoglobin
(mg/dL), operative time (min), the need for blood transfusion,
and the need for additional uterotonic agents. Safety endpoints

144

Tota sample

Intervention

n=50 Misoprostol 600 pg (rectal) | Oxytocin 20 TU (IV)
n=190 Misoprostol 800 pg (rectal) = Oxytocin 40 IU (IV)
n=192 Misoprostol 800 pg (rectal) | Oxytocin 20 TU (IV)
n=100 Misoprostol 400 pg (rectal) = Oxytocin 10 TU (IV)
n=84 Misoprostol 800 pg (rectal) | Oxytocin 20 TU (IV)
n=140 Misoprostol 600 pg (rectal) = Oxytocin 40 IU (IV)
n=334 Misoprostol 800 pg (rectal) = Oxytocin 5 TU (IV)

involve the incidence rate of shivering, pyrexia, and vomiting.
Disagreements were solved later by group discussion.

Statistical Analysis

We used the Review Manager software (RevMan, version 5.4
for Windows) from the Cochrane Collaboration to conduct
our meta-analysis. We combined continuous and dichotomous
data and calculated a 95% confidence interval (CI). We
employed the Mantel-Haenszel and Inverse-Variance methods
for analyzing dichotomous and continuous data, respectively.
We evaluated the degree of heterogeneity using the chi-square
and I-square (I?) tests and visually assessed forest plots. We
considered significant heterogeneity present when the chi-
square test yielded a p-value of less than 0.1, and the 12 test
indicated more than 50. We used fixed-effects and random-
effects models for analyzing homogeneous and heterogeneous
results, respectively. We considered p-values of less than 0.05
for the endpoints to be statistically significant. We conducted
subgroup analyses based on the various doses of rectal
misoprostol (400 pg, 600 pg, and 800 pg).

Results

Literature Search

Following the removal of duplicates, the literature search
strategy yielded a total of 1,007 citations. Nineteen articles were
trustworthy enough for full-text screening after our title and
abstract screening. Finally, seven studies">?" were included in
the quantitative synthesis (Figure 1) No missing articles were
found after examining the included studies’ references.

Characteristics of the Included Trials

Seven RCTs with a total number of 1,090 patients; of these, 546
were allocated to the rectal misoprostol group, and 544 were
allocated to the oxytocin group. The RCTs were executed in
India, Nigeria, Iran, Indonesia, and Pakistan. Rectal misoprostol
dosage ranges from 400-800 pg, and oxytocin dose ranges
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from 5-40 international units (IU). The summary and baseline
characteristics of the included studies are shown in Tables 1
and 2, respectively.

Quality Assessment

Five RCTs">171920 were evaluated as having a “low” risk

[ Identification of studies via databases and registers ]

Records removed before
screening:
Duplicate records
removed (n=487)
Records marked as
ineligible by automation
tools (n=0)
Records removed for other

Records identified from:
PubMed (n=355), Scopus
(n=402), WOS (n=478), and
CENTRAL (n=259), d
Databases (n=1494)

l

Records screened
(n=1007)

!

Reports sought for retrieval Reports not retrieved
(n=19) (n=0)

l

Reports assessed for Reports excluded (12):

eligibility > i i _
(n=19) Vaginal delivery (n=4)

Records excluded
(n=988)

Not met our comparator
criteria (n=4)
Non-RCTs (n=2)

IM oxytocin (n=2)

Studies included in review
(n=7)

Reports of included studies
(n=7)

Figure 1. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow diagram

Table 2. Baseline characteristics of the included trials

of bias. However, two RCTs!"®?” were evaluated as having
“some concerns” and a “high” risk of bias, respectively. Fazel
et al."® because they provide no specifics on the method of
randomization and allocation concealment. Shah et al.?”
provided no information about the randomization process, and
there were missing data regarding efficacy and safety endpoints
such as the number of patients who needed a blood transfusion
and the incidence of nausea (Figure 2).

Meta-analysis of Efficacy Endpoints

A. Intraoperative Blood Loss (mL)

Intraoperative blood loss (mL) has been investigated in four
RCTs" 1729 including 622 women. No significant difference
between rectal misoprostol at all three administrated doses
and the oxytocin group in reducing blood loss intraoperatively
[n=4 RCTs, MD=-21.05; 95% CI: (-80.29, 38.19); p=0.49].
Subgroup analysis according to the rectal misoprostol dose did
not reveal any significant findings (Figure 3).

B. Postoperative Blood Loss (mL)

Postoperative blood loss was reported in four RCTs with a
total of 766 patients. Three trials used 800 pg"®!7?” and one
investigated 600 ug">.
reduction in terms of postoperative blood loss in the overall
rectal misoprostol group [n=4 RCTs, MD: -27.98; 95% CI:
(-53.85, -2.10); p=0.03] and specifically in women who were

We found a statistically significant

administrated 800 pg compared to the oxytocin group [n=3
RCTs, MD: -44.05; 95% CI: (-67.34, -20.75); p<0.001] (Figure
4).

o Gestational : Type of
R Age 619) | 4 (weeks) SR

Adanikin Misoprostol Rectal n=25 30.6+6.33 39.03+1.62 1.88£1.42  General or
20130 ) nal Emergency
Oxytocin % n=25 30.84£5.69  39.07+1.26 1.76=1.09  sSpina
Chaudhuri  Misoprostol Rectal n=96 23.95+£3.39  39.46+1.69 NA Spinal Elective or
200919 Oxytocin v n=04 24.32:498 30.18:136  NA emergency
Chaudhuri  Misoprostol Rectal n=96 23.5+4.5 39+1.08 NA
201407 Spinal Emergency
014 Oxytocin Y n=96 23.243.7 38.8£1.2 NA
Misoprostol Rectal n=50 26.6£5.4 38.65+0.58 1.85+0.92
Fazel 20139 Spinal Elective
Oxytocin vV n=50 27.1+£5.3 38.66+0.85 1.91+0.86
Milhan Misoprostol Rectal n=42 NA NA NA
19) Spinal Elective
2019 Oxytocin v n=42 NA NA NA
Ok Misoprostol Rectal n=70 32.4+6.2 38.2x1.1 2+0.6 ' Fllesiive or
20220 i Spinal emergenc
Oxytocin v n=70 32.4+5.2 38.3+1.4 2+0.4 gency
Misoprostol Rectal n=167 30.6+6.5 NA NA
Shah 202122 Spinal Elective
Oxytocin v n=167 30.6+6.5 NA NA

NA: Not available, IV: Intravenous, CS: Cesarean section
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C. Mean Difference in Hemoglobin (mg/dL)

Three RCTs (n=482) reported the mean difference in hemoglobin
(mg/dL)1*®_ Two trials used 800 ng, while Fazel et al."® used
400 pg. Administration of 800 pg misoprostol rectally was

associated with a significant reduction in hemoglobin drop

Adanikin 2013

Chaudhuri 2009

® | ® | ® | Rancomization process

® O O O O ®| ® | Deviationsfromintended interventions
® @ ® | overan

Chaudhuri 2014

-~
-~

Fazel 2013

Milhan 2014

Ozori 2022

~ | ® O S O | ®|missingoutcome data
® OO O S ®| O veasurementofthe outcome
® O O O S ®| O |selectonofthe reported result

~ 00

Shah 2021

Randomization process

Dreviations from intended interventions
Missing outcome data

IMeasurement of the outcome
Selection ofthe reported result

Overall

% 25% 50% 78%  100%
Bl Hioh risk of bias

[=1

DUnclearrisk of bias

| . Low risk of bias

Figure 2. Risk of bias (ROB) summary and graph

Misoprostol Oxytocin

Study or Subgroup Mean SD Total Mean

SD Total Weight

postoperatively [n= 2 RCTs, MD: -11; 95% CI: (-0.19, -0.03);
p=0.01]; however, no significant difference was detected
between 400 g and oxytocin groups (Figure 5).

D. Operative Time (min)

Operative time was mentioned in three RCTs with a total of
290 patients">'%29. Our results found no significant difference
between rectal misoprostol and Oxytocin in reducing the
operative time [n= 3 RCTs, MD: -1.36; 95% CI: (-3.32, 0.59);
p=0.17] (Figure 6).

E. The Need for Blood Transfusion (%)

Four studies (n=622) reported women who needed a blood
transfusion. We could not detect a statistically significant
difference between rectal misoprostol and oxytocin in reducing
the number of patients who needed blood transfusion [n=4
RCTs, RR: 0.37; 95% CI: (0.10, 1.39); p=0.14] (Supplemental
Figure 1).

F. The Need for Additional Uterotonic Agents

The need for an additional uterotonic agent was investigated
in three RCTs enrolling 522 women. Our results found
no significant difference between different doses of rectal
misoprostol and oxytocin in reducing the need for additional
uterotonics [n=3 RCTs, RR: 1.06;95% CI: (0.66, 1.70); p=0.81]
(Supplemental Figure 2).

Meta-analysis of Safety Endpoints

Four RCTs compared postoperative safety outcomes in 532
patients>1829  Postoperative shivering and pyrexia were
reported in all four studies. A statistically significant increase
was detected in the number of shivering women in the rectal
misoprostol group compared with the oxytocin group [n=4
RCTs, RR: 0.33; 95% CI, (0.16, 0.70); p=0.004]. No significant
difference was found between the two groups regarding
postoperative pyrexia, nausea, and vomiting (Supplemental
Figures 3-5).

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

1.3.2 Misoprosrol (400ug) vs Oxytocin

Fazel 2013 578 185 50 620 213 50 221%
Subtotal (95% CI) 50 50 22.1%

Heterogeneity: Not applicable
Test for overall effect: Z=1.05 (P =0.29)

1.3.3 Misoprosrol (600ug) vs Oxytocin

Ozori 2022 6035 1538 70 5974 2009 70 26.4%
Subtotal (95% ClI) 70 70 26.4%

Heterogeneity: Mot applicable
Test for overall effect: Z=0.20 (P = 0.84)

1.3.4 Misoprosrol (800ug) vs Oxytocin
Chaudhuri 2009

Heterogeneity: Tau®= 7767.58; Chi*= 8.67, df=1 (P = 0.003); F= 88%
Testfor overall effect Z=0.37 (P=0.71)

Total (95% CI) 312 310 100.0%

Heterogeneity: Tau®= 2541.94; Chi*=10.01, df= 3 (P = 0.02); F=70%
Testfor overall effect: Z=0.70 (P = 0.49)
Test for subaroun differences: Chi*= 096, df=2 (P=062), F=0%

Figure 3. Meta-analysis of intraoperative blood loss (mL)
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Mean Difference

IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Misoprostol Oxytocin
Study or Subgroup  Mean SD Total Mean SD Total Weight
1.4.2 Misoprosrol (600ug) vs Oxytocin
Adanikin 2013 1008 248 25 108.2 2993 25 433%
Subtotal (95% CI) 25 25 43.3%
Heterogeneity: Mot applicable
Testfor overall effect: Z=0.95 (P = 0.34)
1.4.3 Misoprosrol (800ug) vs Oxytocin
Chaudhuri 2009 73.88 66.62 96 113.68 166.19 94 256%
Chaudhuri 2014 1445 100 96 191.7 1171 96 29.6%
Shah 2021 776 2857 167 817 1,318 167 1.6%
Subtotal (95% ClI) 359 357 56.7%
Heterogeneity: Tau®*= 0.00; Chi*= 0.08, df= 2 (P=0.95); F= 0%
Testfor overall effect. Z=3.71 (P = 0.0002)
Total (95% CI) 384 382 100.0%

Heterogeneity: Tau®= 341.88; Chi*=6.75, df= 3 (P = 0.08); IF= 56%
Testfor overall effect Z= 212 (P=0.03)
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Figure 4. Meta-analysis of postoperative blood loss (mL)
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Oxytocin Misoprostol
Study or Subgroup  Mean SD Total Mean SD Total Weight
1.2.3 Misoprosrol (400ug) vs Oxytocin
Fazel 2013 -1.1 0.38 50 -1.03 081 50 17.5%
Subtotal (95% CI) 50 50 17.5%
Heterogeneity: Not applicahle
Test for overall effect: Z= 0.69 (P = 0.49)
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Chaudhuri 2009 -1.14 0.987 94 -0.929 0.568 96 13.2%
Chaudhuri 2014 -1 0.4 96 -0.9 0.3 96 69.4%
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Heterogeneity: Tau®*= 0.00; Chi*= 0.75, df=1 (P =0.39); F=0%
Test for overall effect: Z=2.52 (P = 0.01)
Total (95% CI) 240 242 100.0%

Heterogeneity: Tau®= 0.00; Chi*=0.94, df=2 (P=0.63); F=0%

Testfor overall effect: Z= 2.57 (P=0.01)
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Figure 5. Meta-analysis of the mean difference in hemoglobin (mg/dL)
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Test for overall effect: Z=0.02 (P =0.98)
Total (95% ClI) 145 145 100.0% -1.36[-3.32,0.59] i
Heterogeneity: Chi*=0.74, df= 2 (P=0.69); F=0% t

Testfor overall effect. Z=1.36 (P=0.17)

Testfor subaroup differences: Chi*=0.74, df=1 (P=0.39), F=0%

Figure 6. Meta-analysis of operative time (min)

Discussion

Finding Summary

We can summarize our findings in three main points: (I) rectal
misoprostol can significantly reduce postoperative blood loss

10

t
8
Favours [Misrprostol] Favours [Oxytocin]

5 0 10

and hemoglobin drop in women undergoing CS compared with
oxytocin, (II) no significant difference between the two study
groups regarding intraoperative blood loss, need for blood
transfusion, need for additional uterotonics, or operative time,
and (I1I) there are some safety concerns on misoprostol in terms

of postoperative shivering.
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Our Results in the Context of Literature

There are three previous systematic reviews in the literature
discussing the efficacy of misoprostol, including the rectal route,
compared with oxytocin in reducing blood loss among women
who underwent CS®222 However, each review included
only one RCT; two of them included the same study"®, and
one study included Elsedeek’s study®”. We have excluded
Elsedeek’s study because the study participants had already
taken 10 IU intravenous oxytocin, which is incompatible with
our criteria. This study is the first to specify on the rectal route
of misoprostol and compare it with the routinely administrated
oxytocin. Thus, we cannot discuss our results against the results
of the previous studies due to the comparison heterogeneit;
otherwise, we will stress on the advantage of misoprostol over
oxytocin and the feasibility of the rectal route.

Intraoperative Blood Loss

Conde-Agudelo et al.® revealed that oral and sublingual
misoprostol did not have significant superiority over oxytocin
in reducing intraoperative blood loss. Addition, the other two
reviews found that the efficacy of sublingual and oral misoprostol
had no significant difference compared with oxytocin, which
is consistent with our results. However, Maged et al.?? found
that the intrauterine misoprostol group had lower blood loss in
comparison with the oxytocin group.

Postoperative Blood Loss

A review reported that there was no significant difference
between oxytocin and neither oral nor sublingual misoprostol
in terms of postoperative blood loss, which is inconsistent
with our findings that showed a significant difference®”. This
disagreement might be referred to the number of included
studies, as we included four studies, while the previous review
included two studies in each route.

Mean Difference in Hemoglobin

Maged et al.*? found that sublingual misoprostol did not
significantly differ from oxytocin in reducing hemoglobin
loss during CS, whereas oxytocin significantly decreased the
hemoglobin loss compared with oral misoprostol. Otherwise,
intrauterine misoprostol was associated with a significant
reduction in hemoglobin drop postoperatively in comparison
to oxytocin, which agrees with our findings concerning rectal
misoprostol.

Secondary Efficacy Outcomes

Our results on rectal misoprostol were consistent with the study
of Conde-Agudelo et al.® regarding both the need for blood
transfusion and for additional uterotonic agents, they could not
find a significant difference between both oral and sublingual
misoprostol compared with oxytocin. However, intrauterine
misoprostol significantly reduced the need for additional
uterotonics compared with oxytocin.
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Safety Considerations

In this review, we found that patients who took rectal
misoprostol had a higher rate of shivering and pyrexia compared
with the oxytocin group. These findings agree with the results
of the previous review. Conde-Agudelo et al.® reported that
sublingual and oral misoprostol groups significantly suffered
from shivering in comparison with the oxytocin group.
Furthermore, there was a significant difference between the
sublingual and oxytocin in terms of pyrexia, but the oral and
intrauterine routes of misoprostol did not significantly differ
from oxytocin.

Misoprostol is not Inferior to Oxytocin

Despite the slight elevation in the rate of women who
experienced shivering and pyrexia after rectal misoprostol
administration, the significant reduction in the amount of
blood loss postoperatively can demonstrate a non-inferior,
even superior, aspect of using misoprostol as a reliable, non-
parenteral, and low-cost uterotonic agent in busy postoperative
wards of hospitals with limited resources.

The efficacy of the drug is not the only advantage that should
be taken into consideration while searching for the drug of
choice. The cost, preparation, and storage requirements, time
and effort needed for administration, and the availability of the
administration routes are critical to be kept in mind. Misoprostol
has an upper hand over oxytocin as it has a lower cost (around
half of the cost), which is appropriate for low-income countries
@9 Furthermore, the variability of the administration routes
allows physicians to deal with different situations avoiding the
risk of the parenteral route. However, it is important to mention
that we cannot alleviate the need for oxytocin with its rapid
action, which could be the choice in difficult situations®?.
Accordingly, we can start with rectal misoprostol, and if there
is a need for additional uterotonics, we can use oxytocin.
This strategy will save oxytocin in health facilities with limited
resources for critically ill patients.

In a comparison of misoprostol with another oxytocic agent
such as carbetocin, a recent systematic review and meta-
analysis of four RCTs compared carbetocin with misoprostol
in women who underwent CS®®. They found the following:
() the superiority of carbetocin in preventing and reducing
PPH in comparison with misoprostol, (ii) the superiority of
carbetocin in reducing the rate of blood transfusion, the need
for additional uterotonic agents, and the need for additional
surgical intervention in comparison with misoprostol, and
(iil) the superiority of carbetocin in terms of safety endpoints
(like fever, shivering, and heat sensation) comparison with
misoprostol. However, the main limitation of this review was
included both rectal and sublingual misoprosto; they could not
assess the efficacy and safety outcomes according to the route of
administration. Furthermore, similar findings were observed in
a published meta-analysis but among women who underwent
vaginal delivery®".
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Strength Points and Limitations

This review has many strong points, including that it is the first
systematic review assessing the efficacy of rectal misoprostol
specifically with a reasonable number of included studies.
Moreover, there was no heterogeneity in all the outcomes.
However, it has some limitations: First, the variability in the
methods used in the included studies to calculate the estimated
blood loss; second, the different cut-off times when the blood
loss was estimated; third, some studies included patients who
already had some additional identifiable risk factors; fourth,
the efficacy of the two drugs in reducing the blood loss during
CS may be affected by the method of removing the placenta,
multiple pregnancy, anatomical variabilities, and surgical skills.

Future Directions and Recommendations

Further RCTs are needed, especially with multicenter and large
sample size to compare difference doses and different routes of
administration. Also, it is highly recommended to compare the
efficacy of the combined regimen of misoprostol and oxytocin
during and after CS to obtain the higher efficacy of these
uterotonic agents. Finally, carbetocin should be investigated as
a new and effective uterotonic agent during the enrollment of
future RCTs.

Conclusion

We found a significant reduction in postoperative blood loss
with a potentially favorable safety profile in women who
administrated rectal misoprostol compared with oxytocin
administration. Our findings recommend and prefer rectal
misoprostol as a cheaper and effective uterotonic agent over
oxytocin, which is expensive and requires an adequate cold
chain for transportation and storage.
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Supplemental Table 1. The exact literature search strategy used in every database

PubMed
All Fields: (“cesarean section” OR CS OR “C-section” OR “abdominal delivery”) AND (misoprostol OR “novo misoprostol” OR

“apo misoprostol” OR cytotec OR “SC30249” OR “SC29333” OR glefos OR misodel OR mysodelle OR misotac) AND (oxytocin OR pitocin OR
syntocin OR ocytocin)

Scopus
Article title, Abstract, Keywords: (“cesarean section” OR CS OR “C-section” OR “abdominal delivery”) AND (misoprostol OR

“novo misoprostol” OR “apo misoprostol” OR cytotec OR “SC30249” OR “SC29333” OR glefos OR misodel OR mysodelle OR misotac) AND
(oxytocin OR pitocin OR syntocin OR ocytocin)

Web of Science
All Fields: (“cesarean section” OR CS OR “C-section” OR “abdominal delivery”) AND (misoprostol OR “novo misoprostol” OR

“apo misoprostol” OR cytotec OR “SC30249” OR “SC29333” OR glefos OR misodel OR mysodelle OR misotac) AND (oxytocin OR pitocin OR
syntocin OR ocytocin)

Cochrane Central Register of Controlled Trials (CENTRAL)
Title Abstract Keyword: (“cesarean section” OR CS OR “C-section” OR “abdominal delivery”) AND (misoprostol OR “novo misoprostol” OR

“apo misoprostol” OR cytotec OR “SC30249” OR “SC29333” OR glefos OR misodel OR mysodelle OR misotac) AND (oxytocin OR pitocin OR
syntocin OR ocytocin)
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Misoprostol Oxytocin

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI

1.5.3 Misoprosrol (400ug) vs Oxytocin

Fazel 2013 0 50 0 50
Subtotal (95% CI) 50 50
Total events 0 0

Heterogeneity: Not applicable
Test for overall effect: Not applicable

1.5.4 Misoprosrol (600ug) vs Oxytocin

Ozori 2022 0 70 1 70 187%
Subtotal (95% CI) 70 70 18.7%
Total events 0 1

Heterogeneity: Not applicahle

Test for overall effect: Z= 0.68 (P = 0.50)

1.5.5 Misoprosrol (800pug) vs Oxytocin

Chaudhuri 2009 0 96 3 94  44.0%
Chaudhuri 2014 2 96 3 96 37.3%
Subtotal (95% CI) 192 190 81.3%
Total events 2 6

Heterogeneity: Chi*= 0.83, df=1 (P = 0.36); F= 0%

Testfor overall effect: Z=1.31 (P=0.19)

Total (95% ClI) 312 310 100.0%

Total events 2 7
Heterogeneity: Chi*= 0.84, df= 2 (P = 0.66); F= 0%
Test for overall effect Z=1.47 (P=0.14)

Test for subgroup differences: Chi*= 0.01, df=1 (P =0.94), F=0%

Risk Ratio Risk Ratio
M-H, Fixed, 95% Cl
Mot estimable
Not estimable
0.33(0.01, 8.04]
0.33 [0.01, 8.04] e ———
0.14[0.01, 2.67) =
0.67 [0.11, 3.90] —a—
0.38 [0.09, 1.62] ~~caEEigR——
0.37 [0.10, 1.39] ~l-
0.005 01 10 200

Favours [Misoprostol] Favours [Oxytocin]

Supplemental Figure 1. Meta-analysis of the rate of patients who needed a blood transfusion

Study or Subgroup

Misoprostol
Events Total

Oxytocin
Events Total

Weight

Risk Ratio
M-H, Fixed, 95% CIl

Risk Ratio
M-H, Fixed, 95% CI

1.6.2 Misoprosrol (600ug) vs Oxytocin

Ozori 2022
Subtotal (95% CI)

Total events

16

16

Heterogeneity: Mot applicable
Test for overall effect: Z=1.28 (P = 0.20)

1.6.3 Misoprosrol (800ug) vs Oxytocin

Chaudhuri 2009

Chaudhuri 2014
Subtotal (95% CI)

Total events

1
4

15

70
70

96

96
192

10 70
70

10
14 94
5 96
190

19

Heterogeneity: Chi®= 0.00, df=1 (P = 0.96), F= 0%
Test for overall effect: Z=0.77 (P = 0.44)

Total (95% CI)
Total events

Kl

262

260
29

Heterogeneity: Chi*= 218, df=2 (P=0.34), F=8%
Test for overall effect: Z=0.24 (P =0.81)
Test for subgroup differences: Chi*= 217, df=1(P=014), F=53.9%

34.3%
34.3%

48.5%

17.2%
65.7%

100.0%

1.60[0.78, 3.28]
1.60 [0.78, 3.28]

0.77[0.37,1.61]

0.80[0.22, 2.89]
0.78 [0.41, 1.47]

1.06 [0.66, 1.70]

—
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Supplemental Figure 2. Meta-analysis of the rate of patients who needed an additional uterotonic agents
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Oxytocin Misoprostol Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.7.3 Misoprosrol (400pg) vs Oxytocin
Fazel 2013 1 50 8 50 29.7% 0.13[0.02, 0.96] &
Subtotal (95% CI) 50 50 29.7%  0.13[0.02,0.96] R R—
Total events 1 g

Heterogeneity: Not applicable
Testfor averall effect: Z= 2.00 (P = 0.05)

1.7.4 Misoprosrol (600pg) vs Oxytocin

Adanikin 2013 2 25 1 25 37% 2.00[0.19,20.67] = I
Subtotal (95% CI) 25 25 3.7% 2.00[0.19,20.67] e EDme——
Total events 2 1

Heterogeneity: Not applicable
Testfor averall effect: Z= 0.58 (P = 0.56)

1.7.5 Misoprosrol (800pg) vs Oxytocin

Chaudhuri 2009 1 94 8 96 29.4% 0.13[0.02,1.00] — &
Chaudhuri 2014 5 96 10 96 37.2% 0.50[0.18,1.41] —
Subtotal (95% CI) 190 192 66.6%  0.34[0.14,0.83] R
Total events 6 18

Heterogeneity: Chi*=1.42, df=1 (P=0.23); F= 29%
Testfor overall effect: Z=2.37 (P=0.02)

Total (95% CI) 265 267 100.0%  0.33[0.16,0.70] R
Total events 9 27

Heterogeneity: Chi*= 4.56, df=3 (P=0.21); F= 34%

Testfor overall effect: Z=2.91 (P =0.004)

Test for subaroup differences: Chi*= 312, df= 2 (P =0.21), F= 36.0%

0.005 0.1 10 200
Favours [Oxytocin] Favours [Misoprostol]

Supplemental Figure 3. Meta-analysis of the rate of shivering

Oxytocin Misoprostol Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.8.3 Misoprosrol (400ug) vs Oxytocin
Fazel 2013 1 50 4 50 25.0% 0.25[0.03, 2.16] =
Subtotal (95% ClI) 50 50 25.0% 0.25[0.03, 2.16] e EERER——
Total events 1 4

Heterogeneity: Mot applicable
Testfor overall effect: Z=1.26 (P=0.21)

1.8.4 Misoprosrol (600ug) vs Oxytocin

Adanikin 2013 2 25 4 25 250%  0.50[0.10,2.49] —_——
Subtotal (95% Cl) 25 25 25.0%  0.50[0.10, 2.49] SR T—
Total events 2 4

Heterogeneity: Not applicable
Test for overall effect: Z=0.85 (P = 0.40)

1.8.5 Misoprosrol (800ug) vs Oxytocin

Chaudhuri 2009 4 94 2 96 12.4% 2.04[0.38,10.89) B . —
Chaudhuri 2014 1 96 B 96 37.5% 0.17[0.02,1.36] L

Subtotal (95% ClI) 190 192 49.9%  0.63[0.21,1.90] g

Total events L] 8

Heterogeneity: Chi*= 3.44, df=1 (P=0.06); F=71%
Test for overall effect: Z=0.82 (P = 0.41)

Total (95% CI) 265 267 100.0% 0.50[0.22,1.15] il
Total events 8 16

Heterogeneity: Chi*= 4.16, df= 3 (P = 0.24); F= 28%

Test for overall effect. Z=1.63 (P=0.10)

Test for subaroup differences: Chi*= 057, df= 2 (P =0.75), F= 0%

0.02 0.1 10 50
Favours [Oxytocin] Favours [Misoprostol]

Supplemental Figure 4. Meta-analysis of the rate of pyrexia
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Misoprostol Oxytocin Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.9.3 Misoprosrol (400ug) vs Oxytocin
Fazel 2013 2 50 3 50 23.0% 0.67[0.12,3.82) e
Subtotal (95% CI) 50 50 23.0% 0.67[0.12,3.82] e ——
Total events 2 3
Heterogeneity: Not applicahle
Test for overall effect: Z=0.46 (P = 0.65)
1.9.4 Misoprosrol (600pg) vs Oxytocin
Adanikin 2013 2 25 2 25 153% 1.00[0.15, 6.55] SR A
Subtotal (95% CI) 25 25 153%  1.00[0.15,6.55] ——aE e
Total events 2 2
Heterogeneity: Not applicable
Test for overall effect: Z=0.00 (P =1.00)
1.9.5 Misoprosrol (800ug) vs Oxytocin
Chaudhuri 2009 2 96 3 94  233% 0.65([0.11,3.82) I
Chaudhuri 2014 4 96 5 96 38.4% 0.80([0.22, 2.89] —
Subtotal (95% CI) 192 190 61.6%  0.74[0.26, 2.10] Rl
Total events 6 g
Heterogeneity: Chi*=0.03, df=1 (P = 0.86); F=0%
Test for overall effect: Z= 0.56 (P = 0.58)
Total (95% CI) 267 265 100.0% 0.77 [0.34,1.71] ‘
Total events 10 13
Heterogeneity: Chi*=0.14, df= 3 (P =0.99); F=0% 002 o 10 50

Test for overall effect: Z= 065 (P =0.52)
Test for subgroup differences: Chi*= 010, df= 2 (P = 0.95), F= 0%

Supplemental Figure 5. Meta-analysis of the rate of vomiting

Favours [Misoprostol] Favours [Oxytocin]

153





