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Abstract
Background  However, misoprostol is often used to terminate a pregnancy, but it can also cause side effects. 
Isosorbide mononitrate (ISMN) can help the cervix mature by increasing the production of prostaglandin E2 and 
vasodilation. Considering that the results of studies in this field are contradictory, it is the purpose of this study to 
evaluate the efficacy and safety of vaginal ISMN plus misoprostol compared to misoprostol alone in the management 
of first- and second-trimester abortions.

Method  The search process was conducted for MEDLINE through the PubMed interface, Scopus, Web-of-Science, 
Science Direct, the Cochrane Central Register of Controlled Trials (CENTRAL), Google Scholar, ClinicalTrials.gov, and the 
World Health Organization International Clinical Trials Registry Platform until November 10, 2023. Our assessment of 
bias was based on version 2 of the risk-of-bias tool (RoB2) for randomized trials and our level of evidence quality was 
determined by GRADE. Meta-analysis of all data was carried out using Review Manager (RevMan) version 5.1.

Result  Seven randomized clinical trials were included in the systematic review and three in the meta-analysis, 
with mixed quality. The results of the meta-analysis revealed that in the second-trimester abortion, the inclusion of 
ISMN in conjunction with vaginal misoprostol results in a noteworthy reduction in the induction abortion interval, 
specifically by 4.21 h (95% CI: -7.45 to -0.97, P = 0.01). The addition of vaginal ISMN to misoprostol, compared to vaginal 
misoprostol alone, increased the odds of a completed abortion by 3.76 times. (95% CI: 1.08 to 13.15, P = 0.04).

Conclusion  The findings of this study can offer valuable insights aimed at enhancing counseling and support for 
non-surgical methods of medication abortion within professional settings. Moreover, it improves the effectiveness 
of clinical treatment and reduces the occurrence of unnecessary surgical interventions in the abortion management 
protocol.
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Introduction
Miscarriage is a prevalent challenge experienced by 
women during pregnancy and stands as one of the pri-
mary contributors to maternal mortality [1]. Approxi-
mately 15% of all clinically diagnosed pregnancies fall 
into this category [2]. In 2020, 51% of legal abortions 
registered with the Centers for Disease Control and Pre-
vention were early-term abortions [3]. Medical abortion 
treatment is effective in women with missed abortions 
or empty sacs [4, 5]. However, misoprostol is often used 
to terminate a pregnancy in the second trimester [6], but 
it can also cause side effects like vomiting, nausea, and 
vaginal bleeding [7–9]. Many other substances have been 
utilized in the management of abortion, including oxyto-
cin, corticosteroids, estrogens, and relaxin [10] whereas 
nitric oxide donors (NO donors) are relatively new short-
lived free radical gas compounds [11].

The isosorbide mononitrate (ISMN) a NO donor, facili-
tates cervical dilation by promoting the secretion of pros-
taglandin E2 and dilating the blood vessels in that area. 
When used carefully, it is safe, does not stimulate the 
myometrium, and causes few life-threatening side effects 
[12].

Previous clinical trials have confirmed that the combi-
nation of ISMN and misoprostol administration is associ-
ated with a higher chance of success for second-trimester 
abortions when compared to misoprostol administration 
alone [10, 13–17]. However, a study from the UK in 2001 
found that using misoprostol with nitric oxide donor 
was not better than using misoprostol alone for cervical 
maturation in the first trimester [18]. The results of other 
studies also showed that the vaginal use of ISMN before 
the vaginal administration of misoprostol does not signif-
icantly increase the number of pregnancy terminations in 
the second trimester [19, 20].

Given the controversy regarding the matter, the exis-
tence of studies with small sample sizes, and the signifi-
cance of incorporating high-quality recommendations 
on this topic to draw clear conclusions to estimate the 
efficacy and safety of ISMN plus misoprostol compared 
to misoprostol alone in the management of first- and sec-
ond-trimester abortions.

Method
This systematic review and meta-analysis adhere to the 
2020 Preferred Reporting Items for Systematic Review 
and Meta-Analyses (PRISMA) standards [21]. Further-
more, we adhered to the procedures outlined in the 
Cochrane Handbook for Systematic Reviews of Interven-
tions [22].

Search strategy
For original publications about " efficacy and safety 
of combined misoprostol and ISMN versus only 

misoprostol for cervical ripening in both the first and 
second-trimester abortion,” a search was conducted until 
November 10, 2023. The search process was conducted 
for MEDLINE through the PubMed interface, Scopus, 
Web-of-Science, Science Direct, the Cochrane Central 
Register of Controlled Trials (CENTRAL), and Google 
Scholar. To identify additional ongoing or completed tri-
als, we conducted searches on ClinicalTrials.gov and the 
World Health Organization International Clinical Tri-
als Registry Platform (apps.who.int/trial search/), which 
encompasses various trial registers, including ISRCTN 
and ClinicalTrials.gov.The search terms encompassed 
MESH, entry phrases, and keyword choices made by 
specialists. They comprised: Misoprostol, Cytotec, Iso-
sorbide Mononitrate, Nitric oxide donor, first trimester, 
second trimester, abortion, missed abortion, miscarriage, 
termination of pregnancy, pregnancy loss, surgical evac-
uation, curettage, anembryonic, cervical ripening, termi-
nation of pregnancy, and second-trimester termination.

Inclusion and exclusion criteria
Articles were included that met the following criteria: 
(a) Type of study: randomized clinical trials (RCTs); (b) 
Participants: pregnant women candidates for the first 
and second-trimester abortion without vaginal bleeding, 
uterine contractions, cervical dilatation, and any clini-
cal symptoms that indicate the beginning of the abortion 
process; (c) Type of intervention: administration of vagi-
nal ISMN at any dose and length of time plus with vaginal 
misoprostol (intervention group) compared with vaginal 
misoprostol alone (control group); (C) Outcomes: induc-
tion abortion interval, completed abortion rate (primary 
outcomes), and side effects of the ISMN and misoprostol 
compared to misoprostol (secondary outcome).

A successful abortion refers to the complete expulsion 
of all pregnancy-related products without the need for 
surgical intervention.

Exclusion criteria included (a) studies conducted on 
animals; (b) lack of access to full text; (C) letters to the 
editor; commentary; articles presented at conferences; 
preprint articles; and retracted articles. There were no 
limitations for setting, language, or time.

Data abstraction
Two independent investigators reviewed the main out-
put of the search process in terms of title and abstract 
after removing duplicate articles and rejecting unrelated 
items. The complete texts of the remaining articles were 
subsequently reviewed. Only full texts that satisfied the 
criteria for eligibility remained after irrelevant ones were 
removed. In cases where there was disagreement between 
reviewers, the variations were discussed between the two 
appraisers to get a final, unified opinion. If disagreement 
persisted, a third person would join the debate.
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Data extraction
The research team initially constructed a data extraction 
tool, and the data was extracted based on the items. This 
was done to extract the data from the articles in an inte-
grated manner. The first author’s name, the publication 
year, the country, the type of study, the sample size, the 
sample characteristics, the intervention, the compari-
son, the tools used to collect the data, the quality assess-
ment, and the outcomes were all listed. Two independent 
researchers (LK and ML) used independent pairwise 
ratings to perform this assessment. Disagreements were 
resolved through further discussion and, when resolution 
was not achievable through dialogue, consultation with 
an independent third coder was sought.

Risk of bias assessment
Two authors autonomously evaluated the quality of 
the encompassed studies. Two authors autonomously 
assessed the quality of the incorporated studies. The risk 
of bias for RCTs was evaluated using Version 2 of the 
risk-of-bias tool (RoB2) for randomized trials as outlined 
in the Cochrane Handbook [23].

The ROB2 comprises five domains that encompass 
potential sources of bias in study outcomes, namely [1] 
the randomization process [2], deviations from intended 
interventions [3], missing outcome data [4], measure-
ment of the outcome, and [5] selection of the reported 
result. Each domain, as well as the overall assessment of 
each study, is categorized as exhibiting either a low risk of 
bias, some concerns regarding the risk of bias, or a high 
risk of bias.

Grading of evidence
According to the Grading of Recommendations Assess-
ment, Development, and Evaluation (GRADE) criteria 
[24], two authors assessed the level of evidence for the 
outcomes to judge the reliability of the results. For ran-
domized trials, the assessment was divided into five pan-
els: risk of bias, inconsistency, indirectness, imprecision, 
and publication bias. The level of evidence quality was 
classified into four grades: high, moderate, low, and very 
low.

Statistical analyses
Meta-analysis of all data was carried outperformed using 
Review Manager (RevMan) version 5.1. For the same out-
come that had a mean and standard deviation, if the same 
assessment scale was used between studies, the mean dif-
ference (MD) was utilized to estimate the effect size, with 
95% confidence intervals (CI) to express the confidence 
level. We used the odds ratio (OR) with a 95% CI to 
express dichotomous data. Heterogeneity between stud-
ies was evaluated utilizing Chi-squared and I-squared, 
and I-squared > 50% was considered to be significantly 

heterogeneous. Where no significant statistical heteroge-
neity was identified, the fixed effects estimate was used 
preferentially as the summary measure. The forest plots 
served as a means to succinctly present information from 
individual studies, visually indicate the degree of study 
heterogeneity, and depict the estimated common effect, 
amalgamating these elements into a single figure. Publi-
cation bias was not evaluated given the limited number 
of studies incorporated in each forest plot. Moreover, 
subgroup analyses were set up to explore whether the 
results of the effect values were the same under differ-
ent conditions, and sensitivity analysis was used to ver-
ify the reliability of the meta-analysis results and reduce 
heterogeneity.

Ethical considerations
We rigorously adhered to all research ethics require-
ments in the current study. The authors exerted atten-
tion to prevent plagiarism and refrain from manipulating 
the data for personal gain. The research team thoroughly 
addressed all ethical concerns throughout the process of 
identifying, screening, extracting, and analyzing the data.

Result
Search results
Electronic databases yielded 340 articles in the initial 
search. After removing duplicates, 215 articles remained. 
Figure  1 provides a detailed explanation of the stages 
involved in the selection of articles. After a full-text 
review, 7 studies were included in the systematic review 
and 3 in the meta-analysis (Fig. 1).

Study characteristics
The characteristics of the included studies are shown 
in Table  1. All seven included studies were randomized 
controlled trials. The studies were conducted in various 
countries, including India [16, 17], Egypt [13, 14, 25], the 
UK [18], and Greece [15]. The studies were published 
from 2001 [18] to 2023 [13]. The sample sizes ranged 
from 54 [13] to 160 [14] per study. The interventions 
included the combination of vaginal ISMN and misopro-
stol versus misoprostol alone for first and second-trimes-
ter abortions.

Description of interventions and comparisons
In three studies [13, 18, 25], women who were going to 
have an abortion in the first trimester of pregnancy were 
included in the study. Two studies were conducted on 
pregnant women at 12–20 weeks of gestation [16, 17], 
and in the remaining two studies [14, 15], women were 
included in the study from the 13th to the 24th week of 
pregnancy. All RCTs had two arms, except the study by 
Ledingham et al. [18]., which had three arms (a com-
bination of ISMN and misoprostol, ISMN alone, and 
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misoprostol alone). In the combination therapy group, 
the initial dose of vaginal misoprostol varied from 200 to 
800 mcg. The dose of added ISMN also varied from 20 
to 60 mg. In some trials, the intervention was done as a 
single dose, and in other studies, the intervention was 
repeated with time intervals. More information can be 
seen in Table 1.

Risk of bias description
Table  2 shows the risk of biased judgment for included 
RCTs. Regarding the overall risk of bias, there were three 
low-risk studies [16, 18, 25], one some-concern study 
[17], and three high-risk studies [13–15].

In the domain of bias arising from the randomization 
process, five studies employed a low-risk randomization 
process and ensured its concealment. In two RCTs, suf-
ficient information about the randomization process and 
its concealment was not stated [13, 15].

In the domains of bias due to deviations from intended 
interventions and bias due to missing outcome data, the 

Atalla et al. (2022) study [14] was rated a high risk of bias 
because, in some outcomes, the missing outcome data 
was high and unbalanced, the intention-to-treat was not 
done, and also no information was included in the field of 
blinding.

In four trials, the method of measuring the outcome 
was not deemed inappropriate, but the assessment of the 
outcome might have been influenced by knowledge of the 
intervention received [13–15, 17]. All RCTs were rated as 
low risk of bias in the domain of bias in the selection of 
the reported result.

Effect of intervention on the first-trimester abortion
Three studies [13, 18, 25] evaluated the effect of combi-
nation intervention compared to vaginal misoprostol 
alone for the first-trimester abortion. The referenced 
studies administered vaginal misoprostol at dosages 
ranging from 200 to 800 mcg and utilized ISMN in quan-
tities ranging from 20 to 40 mg. Khalifa et al. [25], spe-
cifically applied a combination therapy consisting of 800 

Fig. 1  Flowchart of the process of selecting articles based on PRISMA 2020
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First 
author 
(year)

Country Subjects Trimester of 
pregnancy

Intervention 
group

Comparison(s) Findings

Abdel 
Dayem 
(2023) 
[13]

Egypt Women with 
missed abortions 
and the absence 
of uterine activity, 
vaginal bleeding, 
cervical dilatation, 
and effacement

First trimester N = 27
200 mcg Misopro-
stol plus 20 mg 
ISMN in the poste-
rior vaginal fornix 
(single dose) 4 h 
before the surgical 
evacuation

N = 27
400 mcg 
Misoprostol in 
the posterior 
vaginal fornix 
4 h before the 
surgical 
evacuation

Both groups were effective in achieving cervical 
ripening in terms of effacement, dilatation, and 
softening but the combination group was more 
effective than the Misoprostol group.
The operative duration was statistically signifi-
cantly shorter in the combination group than in 
the Misoprostol group.
Abdominal pain was statistically significant and 
more prominent in group Misoprostol group 
while headache was more significant in the 
combination therapy group

Khalifa 
(2021) 
[25]

Egypt Women 
scheduled for ter-
mination of anem-
bryonic, maternal 
age ≥ 20 years, no 
vaginal bleeding, 
no dilation of the 
internal os, mean 
gestational sac 
diameter greater 
than 25 mm, and 
no yolk sac

First trimester N = 54
800 mcg Misopro-
stol plus 40 mg 
ISMN tablets in the 
posterior vaginal 
fornix (single dose)

N = 54
800 mcg 
Misoprostol 
plus placebo 
were applied 
in the posterior 
vaginal fornix

A combination of Misoprostol and ISMN is more 
effective than misoprostol alone in the termina-
tion of anembryonic pregnancy and with less 
frequency of side effects.

Leding-
ham 
(2001) 
[18]

United 
Kingdom

Primigravid 
women undergo-
ing surgical
termination by 
vacuum aspiration

First trimester N = 22
400 mg Misopro-
stol plus 40 mg 
ISMN intravaginally 
(single dose)

N = 21
400 mcg 
Misoprostol 
intravaginally

No discernible benefits were observed in 
combining misoprostol with ISMN as opposed 
to using misoprostol alone for pre-operative 
cervical ripening in the first trimester.
There was no difference in the incidence of 
headaches between the ISMN and combination 
groups. Women who received combination 
therapy experienced the side effects of each 
agent used alone

N = 22
40 mg ISMN 
intravaginally

Atalla 
(2022) 
[14]

Egypt 18–35 years old 
women with 
missed abortion 
or IUFD confirmed 
by ultrasound, sin-
gleton pregnancy, 
unscarred uterus, 
normal uterus and 
cervix on clinical 
examination, uter-
ine cervix is not 
dilated, no cervical 
dilatation or vagi-
nal bleeding

Second 
trimester

N = 80
400 mcg Misopro-
stol plus 20 mg 
ISMN vaginally;
Then one 200 mcg 
Misoprostol every 
4–6 h to a maxi-
mum of four doses 
or until reaching 
cervical ripening.

N = 80
400 mcg Miso-
prostol vaginally
then one 200 
mcg Misopros-
tol every 4–6 h 
to a maximum 
of 4 doses or 
until reach-
ing cervical 
ripening.

Combination therapy gives better results 
regarding cervical consistency improvement, 
cervical dilatation, effacement, the whole induc-
tion time, and the number of misoprostol doses 
needed to complete expulsion when compared 
to misoprostol alone
Fewer side effects such as abdominal pain.
among the misoprostol plus ISMN group com-
pared to the Misoprostol group
Headache showed a significant difference with a 
higher proportion among the Misoprostol plus 
ISMN group compared to the Misoprostol group

Mou-
siolis 
(2013) 
[15]

Greece Women with 
elective
terminations of 
pregnancy due 
to a major fetal 
anomaly

Second 
trimester

N = 30
200 mcg Misopro-
stol plus 60 mg 
ISMN vaginally., and 
if the abortion was 
not completed, 
another 60 mg was 
administered, 6 h 
after the first dose

N = 30
400 mcg 
Misoprostol per 
vaginum and 
400 mcg miso-
prostol per os, 
followed by 6 h 
of administra-
tion of 400 mcg 
Misoprostol per 
vaginum until 
the fetus was 
expelled

The mean duration from induction to complete 
abortion interval was comparatively shorter in 
the group subjected to combination therapy.

Table 1  Characteristics of included studies
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mcg of misoprostol and 40 mg of ISMN as a single dose 
to the posterior vaginal fornix. We evaluated this regi-
men against the administration of 800 mcg of misopro-
stol alone. The results showed that using misoprostol 
and ISMN together was much more effective than using 
misoprostol alone to end anembryonic pregnancies, and 
it was also linked to fewer side effects. Ledingham et al. 
[18] conducted a three-arm RCT to evaluate the efficacy 
of 400 mcg of misoprostol combined with 40 mg ISMN 
administered intravaginally as a single dose, in com-
parison to two control groups: one receiving 400 mcg of 
misoprostol intravaginally and the other receiving 40 mg 

ISMN intravaginally. The study found no significant 
advantages in combining misoprostol with ISMN over the 
use of misoprostol alone for pre-operative cervical ripen-
ing during the first trimester. Additionally, the incidence 
of headaches was comparable between the ISMN group 
and the combination therapy group. Notably, women 
subjected to the combination therapy experienced side 
effects consistent with those observed when each agent 
was administered independently. In a separate trial [13], 
a single dose of 200 mcg of misoprostol plus 20 mg ISMN 
placed in the posterior vaginal fornix was compared with 
400 mcg of vaginal misoprostol administered four hours 

Table 2  Risk of bias assessment for included randomized controlled trials (RCTs)
First author’s name (year) Bias arising from 

the randomization 
process

Bias due to 
deviations 
from intended 
interventions

Bias due to 
missing out-
come data

Bias in the mea-
surement of the 
outcome

Bias in the 
selection of the 
reported result

The over-
all risk 
of bias 
judgement

Abdel Dayem (2023) [13] Some concerns Some concerns Low Some concerns Low High
Atalla (2022) [14] Low High concerns High concerns Some concerns Low High
Khalifa (2021) [25] Low Low Low Low Low Low
Ledingham (2001) [18] Low Low Low Low Low Low
Mousiolis (2013) [15] Some concerns Low Low Some concerns Low High
Rukkayal Fathima (2016) [17] Low Low Low Some concerns Low Some 

concerns
Saxena (2021) [16] Low Low Low Low Low Low

First 
author 
(year)

Country Subjects Trimester of 
pregnancy

Intervention 
group

Comparison(s) Findings

Ruk-
kayal 
Fa-
thima 
(2016) 
[17]

India 100 pregnant 
women undergo-
ing induced 
abortion.

Second 
trimester

N = 50
400 mcg of Miso-
prostol plus 40 mg 
of ISMN intravagi-
nally. Repeat doses 
consist of a combi-
nation of 400 mcg 
of misoprostol and 
20 mg ISMN every 
4 h for an upper 
limit of 4 doses

N = 50
400 mcg of 
Misoprostol 
intravaginally 
every 4 h for 
maximum 4 
doses

The mean duration between induction and 
abortion was significantly shorter in the combi-
nation therapy group.
The mean dosage of misoprostol exhibited a re-
duction in the combination therapy group com-
pared to the comparison group. Furthermore, 
the combination therapy group demonstrated 
a higher rate of complete abortion. Side effects 
such as abdominal pain and fever were more 
prevalent among patients in the misoprostol-
alone group as opposed to the combination 
therapy group.
The side effect profile exhibited a decrease in 
the combination therapy group as compared to 
the comparison group; however, the observed 
difference did not achieve statistical significance.

Saxena 
(2021) 
[16]

India Women with sin-
gleton pregnancy 
require termina-
tion of pregnancy. 
Without multiple 
gestations, previ-
ous uterine 
incisions, genital 
infections, and 
any underlying 
medical

Second 
trimester

N = 35
400 mcg of 
misoprostol plus 
40 mg of ISMN 
intravaginally. A 
repeat dose of 400 
mcg misoprostol 
plus 20 mg of ISMN 
was given every 4 h 
up to a maximum 
of 5 doses

N = 36
400 mcg of 
misoprostol per 
vaginum every 
4 h up to an 
upper limit of 5 
doses.

Women in the combination therapy group 
had statistically significantly lower induction 
abortion time intervals when compared with 
misoprostol alone.
There was no statistical difference in the 
incidence of adverse effects between the two 
groups.

ISMN: Isosorbide Mononitrate, IUFD: Intrauterine Fetal Demise

Table 1  (continued) 
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before surgical evacuation. While both regimens effec-
tively induced cervical ripening, as evidenced by efface-
ment, dilatation, and softening, the combination therapy 
proved to be more effective than the misoprostol-only 
group.

Effect of intervention on the second-trimester abortion
In four studies, vaginal misoprostol plus ISMN was used 
to manage second-trimester abortion [14–17]. Two sepa-
rate clinical trials [16, 17], administered a regimen of 400 
mcg of misoprostol and 40  mg of ISMN intravaginally. 
The subsequent doses consisted of a mixture of 400 mcg 
of misoprostol and 20 mg of ISMN, administered at four-
hour intervals, with a maximum of four to five doses. For 
comparative analysis, control groups were given 400 mcg 
of misoprostol intravaginally at the same four-hour inter-
vals, also capped at a maximum of four to five doses.

Atalla et al. [14], administered an initial dose of 400 
mcg misoprostol and 20 mg ISMN vaginally. This was fol-
lowed by 200 mcg of misoprostol at intervals of 4–6 h, up 
to a maximum of four doses, or until the desired cervi-
cal ripening was achieved. The control group adminis-
tered 200 mcg of misoprostol at intervals of 4–6 h, up to 
a maximum of four doses, or until they achieved cervi-
cal ripening. An additional RCT [15], 200 mcg of miso-
prostol combined with 60 mg of ISMN was administered 
vaginally. Six hours after the first administration, they 
administered a second dose of 60 mg of ISMN if an abor-
tion did not occur. They treated the control group with 
400 mcg of misoprostol both vaginally (per vaginum) 
and orally (per os), followed by a 6-hour interval before 
administering another 400 mcg of misoprostol vaginally, 
repeating this process until they achieved fetal expulsion. 

The meta-analysis findings based on the drug dose are as 
follows:

The effect of the intervention on the induction abortion 
interval
Common effect size
Figure 2 shows the forest plot of the pooled mean differ-
ences of the effects of the ISMN and misoprostol com-
pared to misoprostol on the induction abortion interval 
in the second-trimester abortions. The results of the 
meta-analysis show that the addition of ISMN to vaginal 
misoprostol causes a significant shortening of the induc-
tion abortion interval for 4.21 h (95% CI: -7.45 to -0.97, 
P = 0.01). Due to the high heterogeneity between studies, 
a random effect model was used (Chi-squared = 12.87, 
I-squared = 84%, P = 0.002). Due to the limited number of 
articles, the evaluation of publication bias was not done.

Subgroup Analysis
Subgroup analysis was carried out based on the dose of 
ISMN. The findings showed that by adding both doses of 
20 and 40 mg of ISMN to 400 mcg of vaginal misopro-
stol, the induction abortion intervals were significantly 
shortened.

The effect of the intervention on the completed abortion 
rate
The effect of the ISMN plus misoprostol compared to 
misoprostol alone on the completed abortion rate in 
second-trimester abortions is presented in Fig.  3. The 
meta-analysis of two RCTs [16, 17] including 171 women 
showed that the addition of 40 mg vaginal ISMN to 400 
mcg vaginal misoprostol compared to 400 mcg vagi-
nal misoprostol alone increased the odds of completed 

Fig. 2  Forest plot of the pooled mean differences (MD) of the effect of the ISMN and misoprostol compared to misoprostol on the induction abortion 
interval (h) in second trimester abortions
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abortion 3.76 times. (95% CI: 1.08 to 13.15, P = 0.04). 
Due to the very low heterogeneity between stud-
ies, a fixed effect model was used (Chi-squared = 0.02, 
I-squared = 0%, P = 0.88). Evaluation of publication bias 
was not done because of the small number of trials.

Side effects of the intervention
In a review of five studies [14, 16–18, 25], adverse effects 
associated with the intervention were documented. How-
ever, it’s crucial to acknowledge that the primary design 
of these included RCTs did not aim to evaluate the drug’s 
safety profile or its spectrum of side effects. Conse-
quently, they lacked the statistical power to identify sig-
nificant differences in adverse effects. In light of this, our 
discussion will focus on a qualitative analysis of the side 
effects observed with combination therapy in compari-
son to the administration of misoprostol alone.

The most common side effect was abdominal pain 
[16–18, 26], which favored the misoprostol alone group, 
ranging from 31.8% [18] to 66.6% [16] in the combina-
tion therapy group versus 42.8% [18] to 77.7% [16] in 
the misoprostol alone group. The most common com-
plication after abdominal pain was headache, which was 
reported in three studies and was more common in the 
combination therapy group than in the misoprostol-only 
group. The combination therapy group reported a head-
ache rate ranging from 36.3% [18] to 38.8% [25], whereas 
the misoprostol alone group only reported a headache 
rate in two studies [14, 25], which was lower than the 
intervention group. The difference in headache between 
the two study groups was significant only in Khalifa et 
al.‘s study [25] and was not statistically significant in other 
studies. Diarrhea and fever were less common side effects 
in the misoprostol plus ISMN group compared to the 
misoprostol alone group. Both of these complications in 
the included RCTs were significantly more common in 
the comparison group than in the combination therapy 
group [16, 17, 25].

Quality of evidence
The GRADE pro-GDT was utilized to assess the quality 
of evidence for the two main outcomes, and the results 
are presented in Table  3. The quality of the evidence 

was moderate for the completed abortion rate, with 
one downgrade by imprecision. The quality of evidence 
about the induction abortion interval was very low. It 
downgraded three levels due to substantial limitations in 
the risk of bias within the included studies, and serious 
imprecision and inconsistency.

Discussion
This meta-analysis aimed to determine the efficacy and 
safety of vaginal ISMN plus misoprostol versus only 
misoprostol management in first- and second-trimester 
abortions. This review includes seven randomized trials. 
Our pooled analysis demonstrated that adding ISMN to 
vaginal misoprostol significantly shortens the induction 
abortion interval in the second-trimester abortion.

Based on the presented data, misoprostol is a useful 
cervical ripening medication that can soften the cervix 
and increase effacement; however, a synergistic effect 
occurs when misoprostol and NO donors are combined. 
NO causes the collagen tissue to produce prostaglandins 
and other inflammatory mediators, which explains how 
this process occurs [16].

The meta-analysis of two RCTs [16, 17] including 171 
women candidates for the second-trimester abortion 
showed that the addition of vaginal ISMN to misopro-
stol compared to vaginal misoprostol alone increased 
the odds of complete abortion 3.76 times. This clinical 
finding is critical because many serious problems can 
happen after an incomplete abortion, including pelvic 
infections, cervical damage, infertility, severe bleeding or 
sepsis, death, uterine rupture, uterine perforation, sub-
sequent hysterectomy, failure of multiple organ systems, 
and/or mental effects [27]. Also, incompleted abortions 
must be treated surgically, medically, or expectantly [28]; 
therefore, the consensus is that abortion and post-abor-
tion care place a significant financial burden on society 
[29]. However, another source of heterogeneity was the 
variations in the medical assessment of a complete mis-
carriage. Some studies relied on a history- and examina-
tion-based approach, whereas others combined clinical 
assessment with ultrasound to check for an empty uterus. 
Also, more research is needed to determine the best 
combination therapy regimen, including the appropriate 

Fig. 3  Forest plot of the pooled odds ratio (OR) of the effect of the ISMN and misoprostol compared to misoprostol on the completed abortion rate in 
second trimester abortions
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dosages and administration schedule because misopros-
tol and ISMN were administered at different dosages and 
in different gestational ages.

In some included trials, the rate of side effects, includ-
ing abdominal pain, fever, and diarrhea, were less in the 
combination therapy group than in the comparison of 
only misoprostol. On the other hand, the rate of head-
ache in the combination therapy group was higher than 
in the misoprostol alone group. There is a pressing need 
to design robust RCTs that evaluate the safety profile 
and range of side effects associated with vaginal miso-
prostol plus ISMN in comparison to misoprostol alone. 
This is particularly imperative in obstetric management, 
where safety considerations take on heightened impor-
tance due to the dual concern for both the fetus and 
the mother. According to a meta-analysis conducted in 
2023, the incidence of headaches and palpitations was 
significantly greater in the ISMN group of individuals 
[26]. Also Abuzaid et al. (2022) confirmed the incidence 
of maternal headache was significantly elevated in the 
group receiving both misoprostol and ISMN [30]. Nev-
ertheless, these side effects were deemed clinically insig-
nificant, as none of the women requiring treatment and 
symptoms were well tolerated. However interpretations 
must be approached with caution, and multiple aspects 
concerning women’s safety were carefully examined 
before the use of ISMN for abortion registration. In com-
mon, PGs used for cervical ripening and labor induction 
are usually administered inpatiently, and fetal monitor-
ing is required. However according to a meta-analysis by 
Ghosh (2016), the rate of uterine hyperstimulation with 
FHR alterations with NO donors was lower [31]. If sub-
sequent research validates the safety and efficacy of NO 
donors, outpatient treatment for abortion may emerge as 
a viable alternative option. Implementing such a strategy 
will significantly decrease hospital expenses and poten-
tially enhance maternal contentment with the complete 
abortion process. However, it is important to conduct a 
comprehensive cost-effectiveness survey about the utili-
zation of ISMN.

We are conscious that no one method has been con-
firmed to be effective in determining the degree of cer-
tainty associated with the effect estimates that were 
produced by the meta-analysis. As a result, we used the 
rigorous procedure that the GRADE Working Group 
recommended to assess the degree of certainty associ-
ated with the evidence. In summary, while there is some 
evidence to suggest that ISMN plus misoprostol may be 
beneficial for reducing the induction abortion interval 
and increasing the completed abortion rate, the certainty 
of this evidence is low to moderate, indicating that more 
research is needed to confirm these effects.

The risk of bias among studies contributing to this 
meta-analysis exhibited variability, with only the three 

RCTs being appraised as having a low risk of bias. These 
RCTs were acknowledged as well-conducted and meth-
odologically robust trials. The meta-analysis compared 
the effects of misoprostol plus ISMN versus misoprostol 
alone on promoting cervical ripening during labor induc-
tion in mothers and babies. It included five RCTs and 
found that all of them had a low overall risk of bias [30]. 
In another meta-analysis, 2023 assessed the risk of bias 
of four studies included that were low [26]. The variance 
can be attributed to the fact that various authors imple-
ment different tools. On the other hand, the process of 
evaluating the potential for bias is not a precise science 
and involves a great deal of subjective evaluation. Addi-
tionally, it is well known that the researcher’s adopted 
views and attitudes have an impact on the evaluation 
process of research studies. Anyway, in our study, it is 
clear that overall, based on the GRADE assessment, we 
have very low levels of evidence that ISMN decreases 
induction abortion interval because the high risk of bias 
has an unpredictable impact on the results. Therefore, we 
recommend conducting more RCTs with a more power-
ful and less biased design and with strong and transpar-
ent randomization to strengthen the evidence.

We took several steps to lessen bias, including having 
two review authors decide whether to include articles, 
having the two authors independently carry out all data 
extraction procedures, GRADE evaluations, and risk 
assessments, and having a third review author resolve 
arbitration disputes and reevaluate the data as neces-
sary. Second, for us to investigate every potential pub-
lication bias, there were not enough studies included 
in each comparison in the review. Because not all trials 
recorded data on side effects and their degree of severity, 
these analyses were frequently limited, or meta-analysis 
was impossible. This meta-analysis did not conclude that 
major side effects such as hospital readmissions, mean 
blood loss volumes, or blood transfusions indicate that 
such trials should be conducted in the future.

WHO 2022 states that women’s values and choices, 
intervention acceptability, and resource availability to 
safely apply the recommended strategy determine imple-
mentation [28]. Therefore, to assist women in making 
treatment decisions, future studies will look at the types 
of management techniques’ longer-term impacts, such as 
future fertility rates. Also, future research should, to be 
precise, help clinicians figure out if the benefits of less-
ened serousal cervical dilatation are greater than the risks 
of these drugs’ effects. Patient acceptance, convenience, 
and satisfaction should also be assessed.

Conclusion
It seems that the administration of ISMN plus misopro-
stol through the vaginal route offers potential benefits 
for women candidates for abortion with fewer uterine 
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cramps compared to prostaglandins alone, which are 
undesirable before cervical ripening. Given that agents 
of ISMN and misoprostol are both simple to store, this 
combined treatment has the potential to be extremely 
applicable. However, it is necessary to conduct additional 
trials of high quality to increase the certainty of the evi-
dence about the related outcomes. The results of this 
study can provide valuable insights for improving coun-
seling and support for non-surgical methods of medica-
tion abortion among professionals. Moreover, improves 
the effectiveness of clinical treatment and reduces the 
occurrence of unnecessary surgical interventions in the 
abortion management protocol.

Abbreviations
ISMN	� Isosorbide mononitrate
RCTs	� randomized controlled trials
RoB2	� version 2 of the risk-of-bias
RevMan	� Review Manager

Acknowledgements
The authors thank the researchers whose articles were used to write this 
research.

Author contributions
S.M. and L.K conducted search process, title and full-text screening. S.M. and 
L.K. extracted data. M.L. and SM performed a risk of bias assessment and 
GRADE. M.S. and S.M. formulated the final tables, and drafted the first version 
of the manuscript. M.L. conceived the study, provided methodologic and 
content expertise, and supervised all steps of the study. All authors reviewed 
the article and approved its content.

Funding
None.

Data availability
The datasets used and/or analyzed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval
Not applicable.

Consent for publication
Not applicable.

Competing interests
We declared that we have no conflict of interest.

Author details
1Department of Midwifery, Menopause Andropause Research Center, 
Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran
2Behavioral Sciences Research Center, Life Style Institute, Faculty of 
Nursing, Baqiyatallah University of Medical Sciences, Tehran, Iran
3Department of Women’s Health Nursing and Midwifery, Graduate School 
of Medicine, Tohoku University, Sendai, Japan
4Nursing and Midwifery Care Research Center, Mashhad University of 
Medical Sciences, Mashhad, Iran
5Department of Midwifery, School of Nursing and Midwifery, Mashhad 
University of Medical Sciences, Mashhad, Iran

Received: 3 January 2024 / Accepted: 29 May 2024

References
1.	 Moradinazar M, Rostami R, Armaghan N, Shakiba M, Rai A, Azizi SA, Shakiba 

E. Epidemiological features of spontaneous abortion in the North Africa and 
the Middle East from 1990 to 2019: results from the global burden of Disease 
Study 2019. J Family Reproductive Health. 2022;16(3):183.

2.	 Mi M, Hall H, Rupp T. Threatened Abortion. StatPearls [Internet] Treasure 
Island (FL): StatPearls Publishing. 2022.

3.	 Kortsmit K, Nguyen AT, Mandel MG, Clark E, Hollier LM, Rodenhizer J, White-
man MK. Abortion surveillance—United States, 2020. MMWR Surveillance 
Summaries. 2022;71(10):1.

4.	 Goel A, Mittal S, Taneja B, Singal N, Attri S. Simultaneous administration of 
mifepristone and misoprostol for early termination of pregnancy: a random-
ized controlled trial. Arch Gynecol Obstet. 2011;283:1409–13.

5.	 von Hertzen H, Huong N, Piaggio G, Bayalag M, Cabezas E, Fang A, et al. 
Misoprostol dose and route after mifepristone for early medical abortion: 
a randomised controlled noninferiority trial. BJOG: Int J Obstet Gynecol. 
2010;117(10):1186–96.

6.	 Wildschut H, Both MI, Medema S, Thomee E, Wildhagen MF, Kapp N. Medical 
methods for mid-trimester termination of pregnancy. Cochrane Database 
Syst Reviews. 2011(1).

7.	 Prasad S, Kumar A, Divya A. Early termination of pregnancy by single-
dose 800 µg misoprostol compared with surgical evacuation. Fertil Steril. 
2009;91(1):28–31.

8.	 Stockheim D, Machtinger R, Wiser A, Dulitzky M, Soriano D, Goldenberg M, et 
al. A randomized prospective study of misoprostol or mifepristone followed 
by misoprostol when needed for the treatment of women with early preg-
nancy failure. Fertil Steril. 2006;86(4):956–60.

9.	 Fernlund A, Jokubkiene L, Sladkevicius P, Valentin L. Misoprostol treatment 
vs expectant management in women with early non-viable pregnancy and 
vaginal bleeding: a pragmatic randomized controlled trial. Wiley Online 
Library; 2018.

10.	 Abdellah MS, Hussien M, AboAlhassan A. Intravaginal administration of iso-
sorbide mononitrate and misoprostol for cervical ripening and induction of 
labour: a randomized controlled trial. Arch Gynecol Obstet. 2011;284:25–30.

11.	 Bollapragada S, MacKenzie F, Norrie J, Eddama O, Petrou S, Reid M, Norman 
JE. Randomised placebo-controlled trial of outpatient (at home) cervical rip-
ening with isosorbide mononitrate (IMN) prior to induction of labour–clinical 
trial with analyses of efficacy and acceptability. The IMOP Study. BJOG: Int J 
Obstet Gynecol. 2009;116(9):1185–95.

12.	 Dave A, Mourya P, Dave A. Role of Isosorbide Mononitrate as an Agent for 
Cervical ripening in second-trimester abortions. J South Asian Federation 
Obstet Gynecol. 2021;13(5):311–5.

13.	 Abdel Dayem HM, Ahmed TA, Mohammed AH, Elmasrawy AH. Use of 
Misoprostol versus Combined Misoprostol and Isosorbide Mononitrate for 
Cervical Ripening before Surgical evacuation of early missed abortion. Egypt 
J Hosp Med. 2023;90(2):2339–44.

14.	 Atalla EI. Second trimester a abortion induction with misoprostol only versus 
misoprostol plus isosorbide mononitrate: a randomized controlled study. 
Al-Azhar Int Med J. 2022;3(4):92–6.

15.	 Mousiolis A, Sindos M, Papantoniou N, Antsaklis A. Can isosorbide mononi-
trate be useful in second trimester termination of pregnancies? Contracep-
tion. 2013;88(1):41–4.

16.	 Saxena P, Jaiswal N, Kabra SL, Kadam VK, Saxena V. Second trimester termina-
tion of pregnancy with misoprostol alone and misoprostol with isosorbide 
mononitrate: a comparative study. Int J Reprod Contracept Obstet Gynecol. 
2021;10(3):971–4.

17.	 Rukkayal Fathima P. Comparison of misoprostol and misoprostol with iso-
sorbide mononotrate in second trimester termination of pregnancy. Madras 
Medical College, Chennai; 2016.

18.	 Ledingham M-A, Thomson AJ, Lunan CB, Greer IA, Norman JE. A comparison 
of isosorbide mononitrate, misoprostol and combination therapy for first 
trimester pre-operative cervical ripening: a randomised controlled trial. Br J 
Obstet Gynaecol. 2001;108(3):276–80.

19.	 Li C-fI. Ho P-c. A study of the efficacy of cervical ripening with nitric oxide 
donor versus placebo for cervical priming before second-trimester termina-
tion of pregnancy. Contraception. 2003;68(4):269–72.

20.	 Hidar S, Bouddebous M, Chaïeb A, Jerbi M, Bibi M, Khaïri H. Randomized con-
trolled trial of vaginal misoprostol versus vaginal misoprostol and isosorbide 
dinitrate for termination of pregnancy at 13–29 weeks. Arch Gynecol Obstet. 
2005;273:157–60.



Page 12 of 12Makvandi et al. BMC Pregnancy and Childbirth          (2024) 24:419 

21.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. Int J Surg. 2021;88:105906.

22.	 Higgins JP, Green S. Cochrane handbook for systematic reviews of interven-
tions. 2008.

23.	 Cumpston M, Li T, Page MJ, Chandler J, Welch VA, Higgins JP, Thomas J. 
Updated guidance for trusted systematic reviews: a new edition of the 
Cochrane Handbook for Systematic Reviews of Interventions. Cochrane 
Database Syst Rev. 2019;2019(10).

24.	 Guyatt GH, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, Schüne-
mann HJ. GRADE: an emerging consensus on rating quality of evidence and 
strength of recommendations. BMJ. 2008;336(7650):924–6.

25.	 Khalifa EA-DM, Abdellah MS, Abdelaleem MA, Saad S. Misoprostol plus 
Isosorbide Mononitrate versus Misoprostol for termination of anembryonic 
pregnancy. Archives Health Sci. 2021;5(1):1–7.

26.	 Abu-Zaid A, Khadawardi K, Al-Matary A, Alshahrani MS, Miski NT, Abuzaid 
M, et al. Isosorbide mononitrate versus dinoprostone for cervical ripening 
during labor induction: a systematic review and meta-analysis of randomized 
controlled trials. Reproductive Sci. 2023;30(2):380–9.

27.	 Redinger A, Nguyen H. Incomplete abortions. 2020.
28.	 Organization WH. Abortion care guideline. 2022.
29.	 Movahed MS, Barghazan SH, Askari F, Zozani MA. The economic burden of 

abortion and its complication treatment cares: a systematic review. J Family 
Reproductive Health. 2020;14(2):60.

30.	 Abuzaid M, Baradwan S, Alkhamis WH, Alshahrani MS, Khadawardi K, Miski 
NT, et al. Misoprostol plus Isosorbide Mononitrate versus misoprostol alone 
for cervical ripening during labor induction: a systematic review and meta-
analysis of randomized controlled trials. J Gynecol Obstet Hum Reprod. 
2022;51(1):102235.

31.	 Ghosh A, Lattey KR, Kelly AJ. Nitric oxide donors for cervical ripening and 
induction of labour. Cochrane Database Syst Reviews. 2016(12).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Efficacy and safety of isosorbide mononitrate plus misoprostol compared to misoprostol alone in the management of the first and second trimester abortion: a systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Method
	﻿Search strategy
	﻿Inclusion and exclusion criteria
	﻿Data abstraction
	﻿Data extraction
	﻿Risk of bias assessment
	﻿Grading of evidence
	﻿Statistical analyses
	﻿Ethical considerations

	﻿Result
	﻿Search results
	﻿Study characteristics
	﻿Description of interventions and comparisons
	﻿Risk of bias description
	﻿Effect of intervention on the first-trimester abortion
	﻿Effect of intervention on the second-trimester abortion
	﻿The effect of the intervention on the induction abortion interval
	﻿Common effect size


	﻿Subgroup Analysis
	﻿The effect of the intervention on the completed abortion rate
	﻿Side effects of the intervention
	﻿Quality of evidence
	﻿Discussion
	﻿Conclusion
	﻿References


