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Introduction

The Millennium Development Goal 5 (MDG 5) enjoins India 
to reduce the maternal mortality ratio (MMR) in the coun-
try by three quarters. Between 1990 and 2015, there is a 
gradual yet steady decline in MMR from 398 per 100,000 
live births in 1997–1998 to 178 in 2010–2012 and 174 in 
2017 [1]. While evaluating the causes of maternal deaths, 
it is rather worrisome that in spite of the liberal provisions 
of the Medical Termination of Pregnancy (MTP) Act, unsafe 
abortion still continues to be a major reason contributing 
to a large number of maternal deaths in India [2]. The pos-
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sible explanation behind this is manifold, especially in rural 
areas. Apart from the lack of awareness or access to abor-
tion care services, lack of trained and certified providers of 
MTP in public health facilities is one of the major reasons. 
Considering this fact, a nationwide strategic approach was 
undertaken under the Reproductive, Maternal, Child and 
Adolescent Health (RMNCH+A) to provide a Comprehensive 
Abortion Care (CAC) training to health personals, so that 
they can render this service at the appropriate level of public 
health facilities [3]. The requisite teaching regarding the CAC 
services includes hands-on-training for performing medical 
terminations up to 12 weeks by using a manual vacuum as-
pirator (MVA). MVA is a safe and effective method for abor-
tion that involves evacuation of the uterine contents by the 
use of a hand-held plastic aspirator without the need for any 
electrical connection or pre-surgical cervical preparation as a 
protocol. 

This training is ongoing in all the medical colleges in India in-
cluding R G Kar Medical College, Kolkata, India from 2010 to  
till date [4]. Being the facilitators of the said program, we 
keep in constant touch with the providers who received train-
ing from us. They regularly update us regarding any techni-
cal difficulties they face in their workplace while performing 
MTPs with MVA. Throughout this journey and over a period 
of several years, we have noted that difficulty in inserting the 
cannula through an unripe cervix is the most commonly en-
countered problem as this training does not recommend any 
pre-surgical ripening or dilatation of the cervix. This problem 
is more commonly encountered when the client is a nul-
liparous or carrying a post-cesarean section pregnancy. This 
particular problem leads not only to the dissatisfaction of 
clients regarding this procedure due to discomfort and pain 
but also results in loss of confidence in the providers, thereby 
hampering the ultimate goal of the program. This feedback 
compels us to think about the need for pre-surgical ripening 
before performing MVA, going beyond the stringent pro-
gram guideline, so that the job becomes practically feasible.

Misoprostol tablet was tried successfully as a pre-surgical 
ripening agent in similar circumstances and we initially advo-
cated our trainers to use it before performing the procedure. 
But misoprostol has various side effects ranging from nausea, 
vomiting, diarrhea, fever and quite expectedly, we got feed-
backs regarding arousal of a widespread hostility among our 
clients to accept misoprostol. We realized that, as our target 
population is comprised of uneducated rural women, there 

is a need for another pre-operative cervical ripening agent 
that is both clinically effective and has a lower incidence of 
adverse effects than misoprostol. 

Nitric oxide (NO) donors are now gaining popularity as cer-
vical priming agents [5]. The NO generating system is present 
in the cervix. Human studies using NO donors have shown 
that they are effective for cervical priming before the first- 
trimester surgical abortion and have minimal adverse effects. 
We thought about this priming agent, considering whether 
it can be recommended as a pre-surgical ripening agent in 
place of misoprostol. This incited in our mind the need for a 
comparative study to evaluate the efficacy as well as adverse 
effects of a NO donor isosorbide-5-mononitrate (ISMN) as a 
pre-surgical ripening agent in contrast to misoprostol before 
performing MVA.

Materials and methods

1. Study design
This prospective randomized open- label study was carried 
out in R G Kar Medical College and Hospital, Kolkata, In-
dia over a period of two years from 2015 to 2017. Seventy 
healthy women between the ages of 18–38 years with 
6–12 weeks of pregnancy and requesting termination of 
pregnancy were included. The clinical responses of the two 
drugs, 40 mg ISMN vs. 400 µg misoprostol, applied vaginally, 
were compared. The indications of termination of pregnancy 
were as per the MTP Act [6]. Informed consent from all the 
women was obtained before enrolment and the study was 
approved by the ethical committee of the R G Kar Medical 
College and Hospital.

2. Study population 
Seventy women at 6–12 weeks of gestation and scheduled 
to have surgical termination of pregnancy by MVA were in-
cluded in this study after fulfilling the inclusion and exclusion 
criteria. The exclusion criteria were women with multiple 
pregnancies, baseline hemoglobin level of <8 g/dL, maternal 
local or systemic infection, and any degree of cervical dilata-
tion suggestive of an already ongoing abortion process. We 
also excluded women who had any pulmonary, hepatic, re-
nal, and cardiovascular disease.
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3. Study interventions
The women scheduled to have surgical abortions were ad-
mitted at 7 AM following clinical examination and detailed 
history taking. Routine baseline investigations were also per-
formed. Those women who received ISMN tablets were en-
rolled in group A (study group) and those who received miso-
prostol tablets were enrolled in group B (control group) by 
the doctors who administered the tablets but ultimately did 
not assess the treatment outcomes. In group A, 40 mg ISMN 
(two 20 mg tablets) and in group B, 400 µg misoprostol (two 
200 µg tablets) were placed into the posterior vaginal fornix 
3 hours prior to surgical termination of pregnancy by MVA. 
The outcome assessors were blinded of the treatment alloca-
tion.

The operative procedure was performed after 3 hours of 
drug administration without using any analgesia or anesthe-
sia. The cervical response was assessed by the passage of the 
appropriate and largest size MVA cannula (any of the above 
sizes as per the following chart, passing through the internal 
os without any resistance) at the beginning of the procedure. 
The MVA cannula has sizes of 4, 5, 6, 7, 8, 9, 10, and 12. 
The recommendation of inserting or attempting to insert the 
cannula was followed according to the direction of the CAC 
program [4].

Uterine size Suggested cannula size (mm)

4–6 weeks LMP 4–6

7–9 weeks LMP 6–8

10–12 weeks LMP 8–10

Initially, the widest cannula from the range appropriate to 
the gestational age was selected and if the provider felt the 
slightest resistance during the introduction, he/she shifted 
gradually to the one at the lower end of the range, and the 
number of the latter was noted. If the provider felt dilatation 
was inappropriate and even the narrowest cannula of the 
range could not be passed with ease in the first attempt, the 
lower sized cannula was selected. In that case, the cannula 
size was noted as the primary dilatation and the woman was 
considered and counted for further dilatations. Further dila-
tation up to the desired size as per the chart was performed 
to complete the procedure.

Those patients who complained of moderate to severe 
pain (visual analog scale [VAS] score ≥5) received intravenous 
pentazocine and diazepam injection for analgesia during the 

procedure following assessment of the preliminary cervical 
dilatation [7]. The time taken to complete the procedure was 
calculated with the help of a stopwatch. The counting was 
started from the first introduction of the cannula and ended 
with inspection of the area by the provider at the end of the 
procedure when she/he declared that there was no bleeding 
from the os or the bleeding was within an acceptable range.

4. Randomization
The women were divided into 2 groups (A and B) using a 
computer-generated randomized protocol with 35 women 
in each arm. We used a computer- generated randomization 
sequence to assign the participants into 2 treatment groups 
and the allocation was concealed in sealed, sequentially 
numbered, brown opaque envelopes; which were prepared 
by the statistician of this institution and handed over to the 
Pharmacy Department. The researchers responsible for treat-
ing the women allocated the next available number on entry 
into the trial in the Department of Obstetrics and Gynecolo-
gy. Each woman collected the corresponding sealed envelope 
directly from the Pharmacy Department. The envelope was 
opened just before administration of the drug by the on-duty 
doctors and the drug was administered as per the mentioned 
code. Because of the nature of the drug administration, the 
patients were blinded, but the doctors responsible for the 
drug administration were not blinded to the allocated treat-
ment (Fig. 1).

5. Study outcomes
The primary outcome measure was the cervical response 
assessed by the passage of the appropriate and largest 
size MVA cannula (any of the above sizes as per the chart) 
through the internal os without any resistance at the begin-
ning of the procedure. If the provider felt that dilatation was 
inappropriate and even the narrowest cannula of the range 
could not be passed with ease in the first attempt, the lower 
sized cannula was selected. In that case, the cannula size was 
noted as the primary dilatation and the woman was counted 
for further dilatations. Further dilatation up to the desired 
cannula size as per the chart was performed.

The secondary outcome measures were, need for further 
cervical dilatation, subjective assessment of pain during dila-
tation using VAS, and time taken to complete the procedure. 
Development of any preoperative adverse effects like nausea, 
vomiting, abdominal cramp, vaginal bleeding, pyrexia of sig-
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nificance, loose motion, headache, dizziness, etc. was noted 
and recorded. The women were asked to report to the resi-
dents and nurses when they had any such symptoms follow-
ing administration of the drugs. Per-operative complications 
like cervical injury and uterine perforation, if any, was also 
taken into consideration and recorded.

6. Sample size calculation and statistical analysis
The difference in the mean baseline cervical dilation achieved 
3 hours after application of the cervical priming agent was 
used to calculate the sample size. From a previous study, 
the mean baseline cervical dilatation achieved 3 hours after 
intravaginal application of 400 µg misoprostol as a cervical 
ripening agent for surgical termination of the first-trimester 
pregnancy was 7.84 mm (standard deviation, 2.9) [8]. A dif-
ference of 1.5 cm in the mean baseline cervical dilatation 
using 40 mg ISMN vaginally was considered clinically signifi-
cant. Therefore, a sample size of 30 in each arm was calcu-
lated to have a power of 80% at a 5% significance level to 

detect such a difference in the mean baseline cervical dilata-
tion. Assuming that 15% of the subjects’ data could not be 
used for analysis, the total number of subjects required was 
calculated to be 35 in each arm. 

All data entries were visually double-checked by an inde-
pendent second investigator. The data were analyzed using 
medical statistical software (SPSS software;  IBM Corp., Ar-
monk, NY, USA). Statistical analysis included χ2 test, t-test, F 
test, and Mid P exact tests were used to compare the out-
comes between the study and the control groups. A P-value 
of <0.05 was considered statistically significant.

Results

1. Study population
Table 1 shows the demographic characteristics of the  
2 groups. The mean age of the subjects was comparable 
(24.7±3.1 years in the ISMN group [group A] and 25.1±3.3 

ISMN group 
[n=35]

Misoprostol 
group [n=35]

33 women 
analyzed

32 women 
analyzed

One left 
hospital due to 
social problem

One found to 
have already  
on-going  
abortion process

One wrongly 
enrolled  
>16 weeks 
pregnancy

Two wrongly 
enrolled 
>16 weeks 
pregnancy

Fig. 1. Study flow chart. ISMN, isosorbide-
5-mononitrate.

Table 1. Demographic characteristics of the studied patients

Characteristic ISMN group/group A (n=33) Misoprostol group/group B (n=32) P-value

Age (yr) 24.7±3.1 25.1±3.3 0.728

Primigravida 11(33.33%) 12(37.50%) 0.734

Multigravida 22(66.67%) 20 (63.50%) 0.734

BMI(kg/m2) 23.3±0.85 22.7±0.92 0.658

Gestational age (wk)   7.4±0.89   7.1±0.93 0.805

The results are expressed as the mean±standard deviation or number (%).
ISMN, isosorbide-5-mononitrate; BMI, body mass index.
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years in the misoprostol group [group B]). The distribution 
of the subjects on the basis of parity and gestational age at 
which termination was performed was also comparable be-
tween the 2 groups.

2. Baseline cervical dilatation
Table 2 demonstrates the comparative analysis of the base-
line cervical dilatation 3 hours following administration of the 
cervical priming agent. The mean base line cervical dilatation 
achieved 3 hours after administration of the cervical priming 
agent was significantly higher in the misoprostol group as 
compared to the ISMN group (6.9±1.26 vs. 7.65±1.38 mm;  
P=0.025; 95% confidence interval [CI], −1.4046 to −0.953). 
This is a composite result irrespective of the parity. While 
looking into the subgroups, there appears no statistically 
significant difference in the mean cervical dilatation in the 
multigravid women than the primigravid ones (7.3±1.31 vs.  
7.8±1.42 mm; P=0.242; 95% CI, −1.3513 to 0.3513). How-
ever, in the primigravid women, misoprostol worked better 
with a significantly higher rate of cervical dilatation at 
3 hours. 

3. Further cervical dilatation
The second part of Table 2 shows a comparative analysis of 
the need for further cervical dilatation. The need for further 
cervical dilatation was comparable between the 2 groups 
and did not appear significantly different irrespective of the 

cervical priming agent used (P=0.150). However, the need 
was significantly higher in the ISMN group when the pri-
migravid women were compared separately (8/11 vs. 3/12; 
P=0.032; relative risk, 2.909; 95% CI, 1.024 to 8.268). The 
multiparous women did not behave differently in respect to 
the cervical priming agent used, and the need for further 
dilatation did not appear significantly different in both the 
groups (P=0.877).

4. Pain perception
Table 3 compares the subjective assessment of pain in both 
groups. Thirteen out of 33 women in group A (ISMN group) 
and 8 out of 33 women in group B (misoprostol group) 
complained of moderate to severe pain during the proce-
dure. However, this result was statistically insignificant. While 
comparing the subgroups, a significantly higher number of 
primigravid women in group A complained moderate to se-
vere pain during the procedure in contrast to the women in 
group B.

5. Preoperative adverse effects 
Table 4 shows the comparison between the incidence of pre-
operative adverse effects and per-operative complications 
between the 2 groups. Majority of the women, irrespective 
of the priming agent, expressed no discomfort (23/33 vs. 
18/32). Nausea and vomiting, abdominal cramp, and loose 
motion were noted in a few women in the misoprostol 

Table 2. Comparison of the outcomes following pre-surgical ripening

Results
ISMN group/group 

A (n=33)
Misoprostol group/

group B (n=32)
RR 95% CI P-value 

Baseline cervical dilatation(cm)

Primigravid 6.1±1.21 7.4±1.33 - −2.4061 to −0.1938 0.023

Multigravid 7.3±1.31 7.8±1.42 - −1.3513 to 0.3513 0.242

Total 6.9±1.26 7.65±1.38 - −1.4046 to −0.953 0.025

Further cervical dilatation required (no)

Primigravid 8/11 3/12 2.909 1.024 to 8.268 0.032

Multigravid 6/22 5/20 1.091 0.3931 to 3.027 0.877

Total 14/33 8/32 1.697 0.8262 to 3.485 0.150

Time required for operative procedure(min)

Primigravid 5.32±1.06 4.41±1.01 - 0.0123 to 1.8076 0.047

Multigravid 4.91±1.06 4.32±1.06 - −0.0526 to 1.2326 0.070

Total 5.04±1.06 4.35±1.06 - 0.1744 to 1. 2055 0.009

ISMN, isosorbide-5-mononitrate; RR, relative risk; CI, confidence interval.
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group whereas headache, dizziness, and flushing appeared 
more common in the ISMN group. However, none of these 
adverse effects were significantly different.

Discussion

Apart from prostaglandin, which plays a crucial role in cervi-
cal priming, NO, a free radical gas with a short half-life of 
4 seconds, is also thought to be one of the fundamental 
mediators of cervical ripening. Several NO donors, such as 
like ISMN, glyceryl trinitrate, and sodium nitroprusside have 
been reported to reduce cervical resistance [9]. Among 

these agents, we have chosen ISMN as a priming agent as 
it is available in tablet form, cheap, easy to administer, and 
widely available. 

We have designed to perform the procedure 3 hours fol-
lowing vaginal application of 400 µg of misoprostol or 40 mg 
ISMN. The dose of misoprostol and the waiting time follow-
ing drug administration were decided in accordance with a 
previous study [10]. The author recommended that a time 
frame of 3 hours is necessary to obtain the full effects of 
misoprostol applied either orally or vaginally. Either increas-
ing the dose to >400 µg or escalating the interval beyond 
3 hours does not seem to have any additional effects over 
agents causing cervical dilatation but potentiates the adverse 

Table 4. Adverse effects (pre-operatively) and complications (per-operatively)

Variables ISMN group/group A (n=33) Misoprostol group/group B (n=32) P-value

Pre-operative side effects

No side effects 23 18 0.279

Nausea & vomiting 1 3 0.348

Abdominal cramp 0 4 -

Loose motion 0 2 -

Pyrexia of significance 0 0 -

Vaginal bleeding (mild) 2 5 0.248

Headache 5 1 0.118

Dizziness 2 0 -

Flushing 1 0 -

Per-operative complication

No complication 31 31 0.636

Cervical Injury 2 1 0.636

Uterine perforation 0 0 -

ISMN, isosorbide-5-mononitrate.

Table 3. Subjective assessment of pain during cervical dilatation

Pain (VAS score)
ISMN group/group 

A (n=33)
Misoprostol group/

group B (n=32)
RR 95% CI P-value

No discomfort (0) 12 14 - - 0.556

Mild discomfort(1–2) 5 7 - - 0.507

Mild pain (3–4) 3 3 - - 0.970

Moderate to severe pain requiring 
analgesia/anaesthesia(5–10)

13 8

Primigravid 8/11 3/12 2.909  1.024 to 8.268 0.032

Multigravid 5/22 5/20 0.909 0.3082 to 2.681 0.869

Total 13/33 8/32 0.909 0.3082 to 2.681 0.389

VAS, visual analog scale; ISMN, isosorbide-5-mononitrate; RR, relative risk; CI, confidence interval.
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effects of misoprostol [11]. The vaginal application is also 
found to have greater efficacy than oral application [12], 
although a previous study has found no difference in this re-
gard [13].

The dose of ISMN (40 mg) was in accordance with the 
study of Soliman who compared ISMN, misoprostol, and 
combination therapy of both for pre-induction cervical ripen-
ing at term [14]. The comparative dose of misoprostol was 
also in accordance with similar other studies which showed 
that the lowest misoprostol dose of 200 µg has a significant-
ly lower efficacy, whereas, doses >400 µg leads to increased 
adverse effects [15,16]. Therefore 400 µg misoprostol was 
chosen as an optimum comparative dose [17].

Our results showed that misoprostol is a better cervi-
cal priming agent than ISMN for the first- trimester surgi-
cal abortion irrespective of parity. All other similar studies 
confirmed the better priming effects of misoprostol on the 
gravid cervix, and thus, it was not an unexpected outcome 
[18,19]. However, we analyzed our study outcome a bit dif-
ferently. As our clients were mainly multigravid women, we 
further sub-analyzed the study outcome parity-wise. We 
found that ISMN demonstrated almost equivalent prim-
ing effect in contrast to misoprostol when only multigravid 
women were included. Thus, although primigravid women 
responded better to misoprostol, ISMN did not demonstrate 
a lower efficacy than misoprostol in the multigravid women. 

Failure to achieve optimal dilatation is another point to 
consider as this outcome also reflected the drug-potency. 
Fourteen women in the ISMN group (14/33) and 8 in the 
misoprostol group (8/32) could not achieve the expected cer-
vical dilatation as per the gestational age chart and needed 
further dilatation. This comparison was found to be statisti-
cally insignificant. However, in the parity-wise subgroup-
data, a statistically higher number of primigravid women in 
the ISMN sub-group needed further dilatation, in contrast to 
the misoprostol group. 

The procedure was intended to undergo without anes-
thesia. Thus, the time required to complete the procedure 
is an important outcome measure as the subjects, especially 
in a fully conscious state, often feel very uncomfortable in 
the lithotomy position. Our study results showed that the 
surgeons needed significantly lesser time to complete the 
procedure in the misoprostol group than in the ISMN group. 
However, during parity-wise evaluation, the time taken to 
complete the procedure in the multigravid women appears 

almost equal in both the groups and the time difference ap-
peared statistically insignificant. This is in accordance with 
the previous chart regarding the baseline cervical dilatation 
which showed that the multigravid women responded more 
favorably to ISMN than the primigravid ones and the major-
ity of women in this group needed no additional cervical 
dilatation. This could be a possible explanation of why there 
was no significant difference in the observed procedural tim-
ings while comparing the data of multigravid women in both 
groups.

Pain perceived during the procedure was another factor 
under our consideration as pain was inversely related to the 
ease of dilatation of the cervix. This factor affects the accept-
ability of the method in rural settings. Overall, 13 women 
in the ISMN group and 8 women in the misoprostol group 
perceived moderate to severe pain during the procedure 
and subsequently needed analgesia/anesthesia. However, 
the difference between the 2 groups regarding pain percep-
tion appeared statistically insignificant. On the contrary, in 
the parity-wise sub-analysis, the primigravid women showed 
significantly poor tolerance to pain who received ISMN in 
contrast to misoprostol. However, the multigravid women 
showed no such significant difference in pain perception in 
the sub-group analysis.

This study was initiated considering the adverse effects 
of misoprostol which turns this drug unpopular among the 
women. A study conducted by Tang showed that 32–57% 
of the women suffered from fever and chill following 400 µg 
misoprostol administration when used for controlling post-
partum hemorrhage [11]. Our study, however, showed, that 
a majority of the women in both the groups did not experi-
ence any adverse effects. Few episodes of nausea, vomiting, 
abdominal cramps, and bleeding were common in women 
who were administered with misoprostol, while headache 
and dizziness were common in women who were adminis-
tered with ISMN, although the results were not significantly 
different. Ei-Khayat et al. [20] showed that out of the 162 
subjects, a significantly higher incidence of pain was per-
ceived in the misoprostol group and a significantly higher 
incidence of headache was perceived in the ISMN group. 
This is not unlikely as misoprostol has an additional potency 
for uterine contraction apart from ripening of the cervix, 
whereas, ISMN is a vasodilator and only a priming agent. 
Dhillon et al. [21] in their study involving 25 women in each 
group also showed that headache was statistically higher in 
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the ISMN group than the misoprostol group. Similar findings 
were also shown by Duhan et al. [22]. However, this present 
study fails to demonstrate any significantly higher incidence 
of headache in the ISMN group. 

Finally, this study showed that misoprostol is invariably a 
better priming agent than ISMN. However, multigravid wom-
en responded more favorably to ISMN than the primigravid 
women and ISMN worked almost as well as misoprostol. 
The surgeons were comfortable with the adequate dilatation 
achieved in the multigravid women administered ISMN; simi-
lar adverse effects were observed and the procedure could 
be completed within a similar timeframe. Thus, we can con-
clude that ISMN can be used as a cervical ripening agent in-
stead of misoprostol while performing abortion in multigrav-
id women. Contrary to our feedback as well as other study 
findings, neither misoprostol nor ISMN showed any major 
statistically significant adverse effects in either of the groups. 
Probably our sample size was not powered enough to draw 
a conclusion for any of the secondary outcomes and this 
might have played a crucial role in explaining why our study 
was unable to demonstrate any appreciable adverse effects 
with any of the drugs. Further study should be performed 
with a larger sample size to draw a conclusion regarding the 
different secondary outcomes, especially the adverse effects 
of the 2 drugs.

This study has a few other limitations. First, the procedures 
were performed by different surgeons according to the 
duty-rosters. Thus, we could not rule out the inter-observer 
variations in the study results, as quite expectedly, each sur-
geon works and reacts differently while performing a similar 
procedure. Second, one of the initial feedbacks we received 
was regarding the incidence of difficult cannulation in post- 
cesarean pregnancies. Despite this fact, in this present study, 
we could not differentiate the post- cesarean pregnancies, 
and thus, we are now unable to comment separately on 
them. Though, as a whole, we found that the multigravid 
women responded better to ISMN than to misoprostol, we 
are uncertain whether the same applies when the client is a 
multigravid woman with a post-cesarean pregnancy.
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