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Abstract

Globally, postpartum hemorrhage (PPH) is the top cause of maternal death. Multiple uterotonic medications
are available to prevent PPH; however, it is still unclear whether one is the most effective. The current study
compared the efficacy and safety of intravenous carbetocin with rectal misoprostol for the active
management of the third stage of labor in order to prevent PPH. Eligible studies were found utilizing digital
medical sources, including the Cochrane Central Register of Controlled Trials (CENTRAL), Web of Science
(WOS), PubMed, Scopus, and Google Scholar, from inception until September 2022. Only randomized
controlled trials (RCTs) that matched the inclusion requirements were chosen. We used the Cochrane Risk of
Bias scale (version 2) to assess the quality of the included studies. The Review Manager (version 5.4 for
Windows) was used to conduct the meta-analysis. The results were summarized as mean difference (MD) or
risk ratio (RR) with a 95% confidence interval (CI) in fixed- or random-effects models according to the degree
of between-study heterogeneity. Collectively, we screened 621 articles after omitting duplicates and
eventually included three RCTs for analysis. Overall, 404 patients were included in these studies; 202
patients were allocated to the intravenous carbetocin group whereas 202 patients were allocated to the rectal
misoprostol group. Two RCTs were judged as “low” risk of bias, whereas one RCT was judged as having
“some concerns” regarding the quality assessment. Regarding efficacy endpoints, the intravenous carbetocin
group had significantly lower blood loss (n=3 RCTs, MD=-117.74 mL, 95% CI [-185.41, -50.07], p<0.001), need
for additional uterotonics (n=2 RCTs, RR=0.06, 95% CI [0.01, 0.46], p=0.007), need for uterine massage (n=2
RCTs, RR=0.40, 95% CI [0.20, 0.80], p=0.009), and need for blood transfusion (n=2 RCTs, RR=0.38, 95% CI
[0.15, 0.95], p=0.04) compared with the rectal misoprostol group. Regarding safety endpoints, the rates of
diarrhea (n=3 RCTs, RR=0.18, 95% CI [0.06, 0.55], p=0.003) and chills (n=2 RCTs, RR=0.31, 95% CI [0.12, 0.83],
p=0.02) were significantly lower in the intravenous carbetocin group compared with the rectal misoprostol
group. However, there was no significant difference between both groups regarding the rates of headache
(n=3 RCTs, RR=1.23, 95% CI [0.06, 1.91], p=0.35) and facial flushing (n=2 RCTs, RR=0.88, 95% CI [0.46, 1.68],
p=0.70). In conclusion, it was discovered that intravenous carbetocin was a superior substitute for rectal
misoprostol for the active management of the third stage of labor. With far fewer side effects, intravenous
carbetocin decreased postpartum blood loss and further uterotonic use. For women who have a high risk of
PPH, intravenous carbetocin is advised.
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Introduction And Background

According to a global estimation in 2015, approximately 303,000 women lost their lives while giving delivery
[1]. Up to one-third of these maternal deaths were caused by postpartum hemorrhage (PPH) [2]. The majority
of deaths happened in developing or middle-income nations [3,4]. According to a comprehensive analysis,
the global prevalence of PPH is estimated to be 10.8% [5]. However, there is significant regional variability,
with rates ranging from 7.2% in Oceania to reach the maximum level of 25.7% in Africa [5].

The diagnosis of PPH is confirmed when the blood loss from the female reproductive tract exceeds 500

mL within the first day following a vaginal delivery or exceeds 1,000 mL following a cesarean section [6]. In
about 70% of cases, uterine atony, which is described as the inability of the uterus to contract after giving
birth, is the root cause of PPH [7]. As a result, the World Health Organization (WHO) supports active
management of the third stage of labor and the administration of uterotonic medications as prevention
against PPH in all females giving birth [8]. However, despite the administration of prophylactic medications,
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some investigations have shown that 6% to 16% of women still experience blood loss exceeding 500 mL [9].

The best method for treating and preventing PPH is by administering oxytocin [10]. The primary function of
the peptide hormone oxytocin, released by the posterior pituitary, is to increase uterine contractions during
childbirth and prevent PPH [11,12]. On the other hand, the direct intravenous injection of oxytocin may
result in discomfort, diarrhea, seizures, and hypervolemia [13]. Additionally, it is both photo- and thermo-
labile and requires some precautions such as sterilization [14]. Numerous alternative medications have been
investigated over the past 20 years to overcome oxytocin drawbacks, including prostaglandins such as
misoprostol [15] or oxytocin analogs such as carbetocin [16].

Carbetocin, an oxytocin analog with a long half-life, attaches to the receptors on the uterine muscle fibers,
causing uterine contractility and enhancing the amplitude of the current uterine contractions and uterine
tone [17]. Compared with oxytocin, it has been linked to a considerable decline in the prevalence of PPH
following cesarean section, as well as a reduced requirement for other uterotonic medications and uterine
massaging following natural birth [16].

Misoprostol is an artificial analog of prostaglandins, and it works by activating the G proteins that usually
trigger adenylate cyclase. It is beneficial in preventing and treating PPH because it increases the frequency
and intensity of uterine contractility during pregnancy [18]. It is affordable and thermally stable; thus,
unlike oxytocin, it does not need to be refrigerated. It can be administered in various ways, including orally,
rectally, and vaginally. However, it has been demonstrated that rectally delivered misoprostol has a lower
rate of side effects than misoprostol taken orally in cases of bleeding [14].

The critical job of a gynecologist is to prevent PPH with as few adverse effects as possible. To the best of our
knowledge, no meta-analysis has previously looked into the clinical utility of intravenous carbetocin versus
rectal misoprostol for the prevention of PPH among patients who underwent vaginal delivery. Therefore, the
current study compared the efficacy and safety of intravenous carbetocin with rectal misoprostol for the
active management of the third stage of labor in order to prevent PPH.

Review
Methods

Data Sources and Search Strategy

The study protocol was not retrospectively recorded in the International Prospective Register of Systematic
Reviews (PROSPERO). This investigation followed the instructions outlined in the Cochrane Handbook for
Systematic Reviews of Interventions [19], as well as the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) declaration [20]. Being a systematic review and meta-analysis, our study did
not require an official ethical clearance.

We looked through digital medical sources, including the Cochrane Central Register of Controlled Trials
(CENTRAL), Web of Science (WOS), PubMed, Scopus, and Google Scholar, from inception until September
2022. For our search, we applied the following search strategy: (“normal delivery” OR “vaginal delivery” OR
“vaginal birth”) AND (carbetocin OR pabal OR depotocin OR duratocin OR lonactene) AND (misoprostol OR
“novo misoprostol” OR “apo misoprostol” OR cytotec OR “SC30249” OR “SC29333” OR glefos OR misodel
OR mysodelle OR misotac). In order to expand the literature review, we also looked at the reference lists of
the articles we had collected. During our search, we also considered clinicaltrials.gov and the clinical trial
registry of the WHO. The literature search was not limited by the date of publication, country, or language.

Study Selection

Our inclusion criteria comprised: (i) patients: women undergoing vaginal delivery; (ii) intervention:
intravenous carbetocin; (iii) comparator: rectal misoprostol; (iv) outcomes: select efficacy and safety
endpoints; and (v) study design: human-based randomized clinical trials (RCTs). We excluded all other study
designs other than RCTs or procedures other than vaginal delivery. Also, we did not include research whose
extracted data were unreliable for analysis.

Separately, two authors checked the titles and abstracts of all relevant studies in the sources, deleted
duplicates, and determined eligibility by full-text screening. Additionally, the references of the final
included papers were manually reviewed to find missing or additional citations. Discussions were used to
settle disagreements.

Data Extraction and Quality Assessment of Studies

We used the Cochrane Risk of Bias scale (version 2) [21] to assess the quality of the included studies. This
assessment was done by two authors separately. The following elements are examined by this tool: the
randomization process, deviation from the intended interventions, missing outcome data, outcome
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measurement, and selection of the reported result. The authors assigned a risk level of low, unclear, or high
to each tool domain and the general quality of the selected papers. Discussions were used to settle disputes.
Publication bias is unreliable for pooled studies with fewer than ten trials [22]. Hence, Egger's test for funnel
plot asymmetry could not be used in our analysis to determine whether there was a publication bias.

Two authors separately extracted the data using a standard form. Discussions were used to settle conflicts.
The primary three categories of data were collected. First, we compiled a list of the attributes of the studies
that were included, such as a trial identifier, nation, length of the trial, sample size, and study arms. Second,
we gathered information on the patient's baseline characteristics, including sample size, age (years),
gestational age (weeks), parity, body mass index (BMI), and birth method. Third, we gathered information
on efficacy outcomes such as blood loss (ml), transfusion need, uterine massage need, and further
uterotonics need. Additionally, we gathered information on safety outcomes such as headache, diarrhea,
nausea, vomiting, chills, and facial flushing.

Statistical Analysis

The Cochrane Collaboration's Review Manager Program was used to analyze the data. In order to calculate
the risk ratio (RR) and mean difference (MD) with a 95% confidence interval (Cl), respectively, we combined
the dichotomous and continuous data. The Inverse-Variance and Mantel-Haenszel techniques were used,
respectively, for the analyses. By looking at the graphs on the forest plots, heterogeneity was evaluated, and

the degree of heterogeneity was determined using the chi-square and I-square (IZ) tests. Significant

heterogeneity was determined to be chi-square test with p<0.1 and I test >50% [23]. Fixed- and random-
effects models were used to assess the homogeneous and heterogeneous outcomes. Leave-one-out
sensitivity analysis was done to resolve the heterogeneous outcomes, if available, by omitting one study at a
time and re-pooling the effect size of the remaining studies. If the endpoints had a p-value of 0.05 or lower,
we considered them statistically significant.

Results

Literature Search Results

Our search yielded 621 citations after removing 267 duplicates. After that, 608 citations were excluded
during title/abstract screening. Finally, three RCTs [24-26] met our criteria after excluding ten studies
during full-text screening. Figure I depicts the PRISMA flow diagram for our screening process. Overall, 404
patients were included in these studies; 202 patients were allocated to the intravenous carbetocin group
whereas 202 patients were allocated to the rectal misoprostol group.
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Study identifier

Maged 2019 [26]

Abd EI-Wahab
2020 [24]

Hetiba 2021 [25]

Country

Egypt

Egypt

Egypt

Identification

Screening

[ nctugea | |

Identification of studies via databases and registers ]

Records identified from:
PubMed (n=11), Scopus (n=42),
WOS (n=11), CENTRAL (n=8),

Y

and Google Scholar (n=816)
Databases (n=888)

)

Records screened

Records removed before
Duplicate records removed
Records marked as ineligible

by automation tools (n=0)
Records removed for other

screening:

(n=267)

reasons (n=0)

(n=621)

I

Reports sought for retrieval

Records excluded

(n=608)

(n=13)

Reports assessed for eligibility
(n=13)

Reports not retrieved

(n=0)

Studies included in review
(n=3)

Reports of included studies
(n=3)

Reports excluded (10):

Not met our comparator criteria

Review (n=6)

(n=4)

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

Study Characteristics

All included RCTs were from Egypt but with different durations and trial settings. All included RCTs had the
same intravenous carbetocin dose. However, each study had different rectal misoprostol doses. Tables I, 2

depict a summary of the baseline characteristics of the included trials and participants, respectively.

Trial duration, (hospital)

Between July 2018 and May 2019,

(Kasr Al Ainy)

Between March 2019 and August 2019,

(Beni Suef)

Between December 2019 and

Total sample
size, n

n=150

n=160

December 2020, (Al-Azhar)

Study arms
Intervention

Carbetocin 100
pug/mL (1V)

Carbetocin 100
ug/mL (1V)

Carbetocin 100
ug/mL (1V)

TABLE 1: Summary of the baseline characteristics of the included trials.

Control

Two misoprostol tablets 800
ug (rectal)

Four misoprostol tablets
800 pg (rectal)

Three misoprostol tablets
600 pg (rectal)
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S le size,
Study ID Group e

Carbetocin  n=75
Maged 2019 [26]
Misoprostol n=75

Carbetocin  n=80
Abd EI-Wahab 2020

[24]
Misoprostol n=80

Carbetocin  n=47
Hetiba 2021 [25]
Misoprostol n=47

Age
(years)

26+4.2

27.3+6.4

28.2+4.26

29 +3.81

30.02 +
7.68

Gestational age
(weeks)

38.2+0.9

38+1

37.8+1.26

38.2+1.17

Not available

Parity

1+0.66
1+0.66

2.04
1.09

1.84 +
0.96

213+
1.78

BMI
(kg/im?)

299+1.2

29+13

Not
available

30.59+4.6

TABLE 2: Summary of the baseline characteristics of the included participants.

Type of
delivery

Vaginal

Vaginal

Vaginal

Quality Assessment

Figure 2 depicts the quality assessment of the included RCTs. Two RCTs [25, 26] were evaluated as having a
“low” risk of bias. However, one study [24] was assessed as having an “unclear” risk of bias, because it

provided no information about the randomization process.
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Randomization process

Abd El-Wahab 2020 | ©?

Hetiba 2021 | @

. . . Selection of the reported result

. . -~ | Overall

. . . Deviations from intended interventions
. . . Measurement of the outcome

. . . Missing outcome data

Maged 2019 | @

FIGURE 2: Summary of the risk of bias in the included trials.

?: unclear risk of bias, +: low risk of bias.

Cited articles: [24-26].

Results of the Meta-Analysis

Regarding efficacy endpoints, the carbetocin group had significantly lower blood loss (n=3 RCTs, MD=-
117.74 ml, 95% CI [-185.41, -50.07], p<0.001), need for additional uterotonics (n=2 RCTs, RR=0.06, 95% CI
[0.01, 0.46], p=0.007), need for uterine massage (n=2 RCTs, RR=0.40, 95% CI [0.20, 0.80], p=0.009), and need
for blood transfusion (n=2 RCTs, RR=0.38, 95% CI [0.15, 0.95], p=0.04) compared with the rectal misoprostol
group. All the pooled analyses were homogeneous (chi-square p>0.1 and IZ<50%), except for blood loss (chi-
square p<0.001 and 12=97%) (Figures 3A-3D). The heterogeneous outcome of postpartum blood loss could
not be resolved by leave-one-out sensitivity analysis.
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FIGURE 3: Meta-analysis of the efficacy endpoints: (A) blood loss (mL),
(B) need for additional uterotonics, (C) need for uterine massage, and
(D) need for blood transfusion.

Cited articles: [24-26].

Regarding safety endpoints, the rates of diarrhea (n=3 RCTs, RR=0.18, 95% CI [0.06, 0.55], p=0.003) and chills
(n=2 RCTs, RR=0.31, 95% CI [0.12, 0.83], p=0.02) were significantly lower in the carbetocin group compared
with the rectal misoprostol group. However, there was no significant difference between both groups
regarding the rates of headache (n=3 RCTs, RR=1.23, 95% CI [0.06, 1.91], p=0.35) and facial flushing (n=2
RCTs, RR=0.88, 95% CI [0.46, 1.68], p=0.70). All the pooled analyses were homogeneous (chi-square p>0.1

and 12<50%) (Figures 4A-4D).
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FIGURE 4: Meta-analysis of the rate of safety endpoints: (A) diarrhea,
(B) chills, (C) headache, and (D) facial flushing.

Cited articles: [24-26].

Discussion

The goal of the current study was to compare how rectal misoprostol and intravenous carbetocin prevented
PPH. Our investigation discovered that carbetocin was more efficient than rectal misoprostol for managing
the third stage of labor. Compared with rectal misoprostol, intravenous carbetocin significantly lowered the
need for additional uterotonic medications or uterine massage. Intravenous carbetocin was also associated
with less blood loss and reduced need for blood transfusion. Concerning the adverse events, intravenous
carbetocin had significantly lower incidences of diarrhea and chills than rectal misoprostol. However, the
administration of misoprostol compared with intravenous carbetocin had an insignificant effect on the
incidences of headache and facial flushing.

These findings align with Abd El Aziz et al. [27] and Hetiba et al. [25], who found that blood loss was
substantially lower in the intravenous carbetocin arm compared with the misoprostol arm among women
who gave birth vaginally or via cesarean surgery. Also, when misoprostol, oxytocin, and carbetocin were
tested in a study by Mousa et al. [10], the average blood loss was substantially higher in the misoprostol arm
than in the carbetocin arm.

Misoprostol was compared with a placebo in a different trial conducted by Sallam and Shady [28] at an
Egyptian hospital to determine which drug minimized blood loss and prevented PPH. It was discovered that
the misoprostol arm substantially lowered blood loss compared with placebo. Even in other procedures, such
as in women undergoing myomectomy, carbetocin administration was linked to various positive clinical
outcomes, including decreased operative blood loss and blood transfusion need [12].

Our analysis stated that intravenous carbetocin was associated with a reduced need for blood transfusion
than rectal misoprostol. This result was similar to another study that showed that the requirement for blood
transfusion varied depending on the treatment, with no patients requiring blood transfusion in the
intravenous carbetocin group compared with three cases in the misoprostol group [24]. On the contrary, the
results of another investigation indicated that the type of medicine being used had no impact on the
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requirement for blood transfusion [25]. Also, Maged et al. [26] and Attilakos et al. [29] found that there was
no discernible disparity in the incidence of severe PPH or the need for blood transfusion between carbetocin
and oxytocin groups.

The type of drug utilized as prophylaxis against PPH in the current study impacted the requirement for
uterotonic medications. In cases where carbetocin was administered as prophylaxis, there was no further
need for uterotonic medications. This result was in accordance with the findings of Abd El-Wahab et al. [24];
they found that the requirement for extra uterotonic medications was lower in the carbetocin arm than in
the rectal misoprostol arm. In an RCT conducted by Ibrahim and Saad [30], it was discovered that
misoprostol dramatically increased the requirements for extra uterotonic medications and blood transfusion
compared with carbetocin. In a similar context, Larciprete et al. [31] evaluated carbetocin and oxytocin in
women who had undergone cesarean birth and found that carbetocin was related to a reduced need for extra
uterotonics.

In our study, the side effects produced a variety of findings; some were statistically significant, while others
had no impact. Carbetocin had significantly lower incidences of diarrhea and chills than rectal misoprostol.
However, the administration of misoprostol compared with carbetocin had an insignificant effect on the
incidences of headache and facial flushing. According to another study, there was a significant difference
between the misoprostol and carbetocin groups in the patients who experienced side symptoms such as
fever, nausea, diarrhea, and abdominal discomfort; the subjects in the carbetocin category were less likely to
experience these adverse events following childbirth. On the other hand, it was discovered that there was no
statistically significant difference between the groups receiving carbetocin and misoprostol in cases where
there were side symptoms such as allergies, facial flushing, and headache [25].

Because of numerous variables related to population research designs and population characteristics, the
results of various studies on the side effects of medications used to prevent PPH reveal many discrepancies
and are incompatible with one another. For example, Abd El-Aziz et al. [27] reported that misoprostol had a
greater heart rate and heat feeling than carbetocin in terms of adverse effects. Additionally, Ibrahim and
Saad [30] published the findings on adverse effects, finding that carbetocin was more frequently linked to
nausea, vomiting, and headache. At the same time, misoprostol was more frequently linked to shivering and
pyrexia.

Generally speaking, carbetocin is more expensive than misoprostol. In low-resource settings, Bradley and
colleagues [14] conducted a cost-effectiveness analysis and highlighted the substantial cost-effectiveness of
administering rectal misoprostol to prevent PPH among patients undergoing vaginal delivery. This finding
was echoed in another cost-effectiveness analysis that compared misoprostol with no uterotonic agent (n=5
studies) [32]. In the United Kingdom, Matthijsse et al. [33] carried out a cost-effectiveness analysis of
carbetocin versus oxytocin for the prevention of PPH among patients who delivered vaginally. The results
showed that carbetocin was more cost-effective than oxytocin as it correlated with less number of PPH
incidences, lower treatment-related expenses, and better antihemorrhagic efficacy [33]. Nonetheless, a cost-
effectiveness analysis at the community level from Senegal showed that oral misoprostol was more cost-
effective than intramuscular oxytocin ($40 versus $120, respectively) [34]. Unfortunately, none of the meta-
analyzed RCTs examined cost-effectiveness between intravenous carbetocin and rectal misoprostol, and this
is a critical limitation of these RCTs. Additionally, to our knowledge, there are no cost-effectiveness
analyses that directly compared intravenous carbetocin with rectal misoprostol for prevention of PPH during
vaginal delivery, and this represents an important focus for future research. Among patients undergoing
cesarean delivery, a network meta-analysis of RCTs depicted that carbetocin (not misoprostol) was the most
effective uterotonic agent in decreasing postpartum blood loss [35]. Moreover, among patients undergoing
vaginal delivery, a network meta-analysis by Gallos et al. [36] showed that carbetocin was more effective and
more costly than all other uterotonic agents including misoprostol. Nonetheless, the relative cost-
effectiveness data were questionable as the findings were impacted by uncertainty and discrepancy in the
data of the adverse events [36].

Strengths and limitations of the study

Our study harbors several strength points that ought to be emphasized. Most remarkably, we carried out the
first-ever meta-analysis on the efficacy and safety of intravenous carbetocin versus rectal misoprostol
among patients undergoing vaginal delivery. We pooled data from only RCTs to generate high-quality
evidence. Besides, all outcomes, except one, were homogenous, hence suggesting that almost all studies
produced a similar consistent effect.

Nevertheless, the current study has some drawbacks. The main drawback was the small number of included
trials, which restricted us from evaluating publication bias. Another drawback was the participants' short
follow-up times, the lack of blinding of some investigators and/or participants, and the different dosing of
rectal misoprostol. Additionally, the study protocol of the present research was not retrospectively recorded
in PROSPERO, hence reporting bias could not be fully excluded. Lastly, the findings of the study should be
cautiously interpreted in view of their potential weak evidence, and this is because some outcomes were
pooled from only two RCTs.
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Conclusions

This systematic review and meta-analysis of three RCTs examined the efficacy and safety of intravenous
carbetocin compared with rectal misoprostol for the active management of the third stage of labor. The
findings revealed that carbetocin correlated with significantly lower blood loss, need for additional
uterotonics, need for uterine massage, and need for blood transfusion compared with rectal misoprostol.
Additionally, intravenous carbetocin had significantly lower incidences of diarrhea and chills compared
with rectal misoprostol. All in all, intravenous carbetocin was a superior substitute for rectal misoprostol for
the active management of the third stage of labor. Nevertheless, additional RCTs with larger sample sizes
may be needed to validate these conclusions. Future directions may include studies that apply various
administration methods, assess multiple doses, and determine the effects of both drugs.
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