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Abstract

Objective: To evaluate the safety and efficacy of Isosorbide mononitrate (IMN) as a cervical ripening
agent prior to induction of labour in term pregnant women.

Materials and methods: A randomized placebo-controlled study was conducted on 100 term singleton
pregnancies planned for induction of labour. The participants were randomly assigned to two groups.
One group received 40 mg IMN and the other group received 40mg of placebo kept vaginally. The main
outcome of this study was to evaluate the efficacy of IMN in cervical ripening based on the change in
modified Bishop score and the effect on time duration between the drug insertion and delivery. Safety of
isosorbide mononitrate was assessed by measuring variables related to maternal and neonatal outcomes.
Results: Baseline demographic characteristics were similar in both groups. The mean change in
modified Bishop score after 2 doses of 40mg IMN was insignificant when compared to placebo. Though
IMN shortened the time duration between the drug insertion to delivery when compared to placebo, it
was statistically insignificant. The need for oxytocin and 2 ripening agent was less in IMN group when
compared to placebo group but statistically this also proved to be insignificant. It was noted that there
was an increase in caesarean deliveries in IMN than in placebo group. IMN did not cause any significant
change in maternal hemodynamics and adverse side effects. Though NICU admission and stay was less
in IMN than in placebo group, it was statistically insignificant.

Conclusion: Though IMN did not cause any maternal and neonatal adverse effects, it was found to be
inefficient in comparison to placebo as a cervical ripening agent.
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Introduction rupture of membranes (1). The condition or
Induction of labour is one of the most commonfavourability of cervix is an important prognostic
interventions carried out in modern obstetrics.indicator for the success of induction. In
Induction implies stimulation of contractions befor primigravida, the mean time taken from induction to
the spontaneous onset of labour, with or withoutdelivery is 27 hours, of which up to 18 hours isrgp
in the cervical ripening phase before labour itself
starts.Cervical ripening is an active process wvingl
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conditioning step done mainly to reduce the risk of
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ideal agent for cervical ripening would induce was < 6, A second dose of treatment drug was given.
adequate cervical ripening without causing utering=or those whose cervical score remained < 6, even
contractions, uterine hypertonus and without thedne after 24 hours from the first dose, a second ripgni
for fetal monitoring with minimal maternal and feta agent (PGE2 gel), was instilled intracervically for
side effects. One of the major problems of usingmaximum of 2 doses 6 hours apart. Those with
prostaglandins for cervical ripening is the indaoti favourable cervix (Bishop Score 6) during the

of uterine contractions due to their stimulatorfeef  cervical ripening process underwent amniotomy
on the myometrium which sometimes requiresalong with oxytocin stimulation. Women who went
tocolytic therapy (3). Human cervix is capable ofinto labour during the cervical ripening processeave
producing nitric oxide and it has been postulated t managed according to our hospital active
nitric oxide represents the final metabolic mediato  management of labour protocol. Failure of induction
cervical ripening at the end of the ripening cascad was defined by non-occurrence of labour despite two
prior to onset of labour (3). Nitric oxide donorbish  doses of second ripening agent i.e., PGE2 and where
liberate nitric oxide in vivo have generated amiast  oxytocin stimulation using maximum effective
for use as compared to prostaglandins for cervicalosage was done. Monitoring consisted of fetal
ripening because of their negligible uterine efett  cardiotocogram (FCTG), maternal pulse and blood
this study we aimed to evaluate the safety angressure at 30 minutes before drug insertion then a
efficacy of isosorbide mononitrate as a cervicallhour and 6 hour post drug insertion. ACOG
ripening agent in term pregnant women prior toguidelines were followed for intrapartum monitoring

induction of labour. of fetal heart rate and maternal vitals. The primar
. outcomes studied were the change in modified
Materials and methods Bishop Score at 12 and 24 hr after drug insertiwh a

This randomized controlled trial was conducted onthe time from initiation of cervical ripening till
100 term pregnant women who were admitted fordelivery. We also studied secondary outcomes ssich a
induction of labour and were approached for consenthe delivery outcomes such as labour duration, oéed

of participation. We included primigravida with oxytocin augmentation and mode of delivery. Materna
singleton pregnancy and cephalic presentation, atutcomes like uterine hyperstimulation, tachysystol
gestational age of 38 completed weeks or more andeadache, tachycardia, palpitations, hypotension,
with a modified Bishop score of less than 6. Wenausea and vomiting were also recorded and compared
excluded teenage (< 18 yr) pregnancy, scarred sjterubetween the groups. Fetal outcomes including Apgar
ruptured membranes, presence of uterinescores <7 at 1 min and 5 min, fetal distress, abn
contractions, medical complications, any intensive care unit (NICU) admissions and length of
contraindications to  vaginal delivery and neonatal stay in NICU were noted. We also compared
contraindications to Isosorbide mononitrate therapythe proportions of unripe cervix (Bishop Score <ab)

A written informed consent was taken from all the 24 hr after first drug insertion.

participants who fulfilled the inclusion and exdlus Descriptive and inferential statistical analyses
criteria of the study. Randomization of the havebeen carried out in the present study. Restilts
participants into two groups was done according to continuous measurements are presented as Mean =SD
computer generated random number table andnd results of categorical measurements are pezsent
allocation was done according to sequentiallyas Number (%). Significance was assessed at 5%
numbered opaque envelope technique. One groulevel. The following assumptions about the dataewer
received 40mg of isosorbide mononitrate (ISMO 40)made: 1. Dependent variables are normally
and the other group received 40 mg of the placebdistributed, 2. Samples drawn from the population
(Pyridoxine). The drug insertion was done by a@eni was random. Independent Student’s t test was used t
resident who was not a part of the investigation. O find the significance of study parameters on
admission, cervical assessment was done to samntinuous scale between two groups on metric
dilatation (cm), length (cm), position, consistency parameters. Chi-square/ Fisher Exact test were used
and station of presenting part to get the modifiedo find the significance of study parameters on
Bishop score, the allocated drug was insertecdategorical scale between groups. A P value 0DS§ 0.
vaginally and kept in the posterior fornix. 12htela was considered statistically significant. Microsoft
cervical assessment was repeated. If Bishop Scomgord and Excel were used to generate graphs, tables
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etc. Statistical analysis was carried out using SPSSvas 1787.30 + 260.28 min and 1821.50 + 269.25
version 19.0 (IBM SPSS, US) software with mins respectively. IMN did not significantly shamte

regression modules installed. the time from drug insertion to delivery with the
mean difference IMN- placebo being -34.2 (95%
Results confidence interval -139.3 to 70.9, p = 0.52).

The baseline characteristics of both the IMN and Spontaneous vaginal delivery was seen more
Placebo groups were similar. The mean age o€ommonly in placebo group (70%) than in IMN
patients in IMN and Placebo were 23.3 £ 2.79 andyroup (48%) which was statistically significant
23.58 + 3.0year respectively. The mean gestationglp = 0.025). Instrumental vaginal delivery was more
ages for the two groups were 40.26 + 0.85weeks.Fatommon in IMN group than placebo with the mean
IMN and 40.22 + 0.84weeks for placebo group.difference being 4.26 (95% CI of 0.46 to 39.54,
Majority of patients were induced for prolonged p = 0.02). Though, the incidence of caesareanaecti
pregnancy (76% in IMN and 66% in placebo). Thewas more in IMN group than in placebo group, the
second most common indication was oligohydramnioglifference did not reach statistical significanthere
and only one patient in IMN group was induced for R was no significant difference seen in length oblah
negative pregnancy at 40 wks. All the patientsdthb need of oxytocin and need forf2ripening agent
groups had a baseline modified bishop seof® the  between the groups. 40 women in the IMN group and
mean being 1.78 £ 0.52 in IMN and and1.89 + 0.38 id0 women in placebo group had Bishop score less
placebo group (Table 1). than 6 at the end of 24 hours from drug initiatibhe
There was no significant difference (p = 0.283)proportions of patients with unripe cervix after 24
between the mean baseline cervical Bishop score fdrours was similar in both the groups (80%) which
IMN (1.82 + 0.52) and placebo (1.92 + 0.38). Thewas statistically insignificant (p = 1.000) (Tal3e
mean Bishop Score after 12 hours of drug insertion None of the patients in either of the groups had
was 4.28 + 1.01 and 4.41 + 0.86 in IMN and placebabnormal fetal heart tracings in CTG during thetfir
groups respectively. Similarly the mean scores wer@4 hrs. of drug insertion. There was no case othyp
4.64 £ 1.33in IMN and 4.77 £ 1.20 in placebo groupstimulation of uterus or tachysystole during that
at 24 hr post drug insertion (2 doses). There was nperiod. No patient in IMN group complained of any
significant statistical difference in the changer@fan  side effects like headache, nausea, vomiting or
cervical bishop score at 12hr, (mean differenc@3,0. palpitations. Maternal monitoring of pulse rate and
95% confidence intervals -0.36 to 0.42, p = 0.881)blood pressure across the time points as deschibed
and 24 hours (mean difference -0.03, 95% confidencthe methodology did not reveal any instance of
intervals -0.53 to 0.54, p = 0.983) between the twdypotension or tachycardia in the mother. IMN was
groups (Table 2).The mean time taken from drugound to be safe for use as a cervical ripeninghge
insertion to delivery in IMN group and placebo goou for both the mother and fetus.

Table 1: Baseline characteristics

Characteristics IMN (n =50) PLACEBO (n = 50)
Mean age in yearszSD 23.3+2.79 23.58+3.0
Mean gestational age in weeks+SD 40.26 £ 0.85 40.22 £ 0.84
Indication of labour

Prolonged pregnancy 38 (76.0%) 33 (66.0%)

Oligohydramnios 11 (22.0%) 17 (34.0%)

Rh negative pregnancy 1 (2.0%) 0 (0.0%)
Baseline modified Bishop score

Mean £ SD 1.78 +£0.52 1.89+0.38

1 12 (24.0%) 6 (12.0%)

2 35 (70.0%) 42 (84.0%)

3 3 (6.0%) 2 (4.0%)

0-3 50 (100.0%) 50 (100.0%)
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Table 2: Change in modified Bishop Score
IMN PLACEBO IMN-PLACEBO

MBS n Mean n Mean M ean difference (95% ClI) PRI
Baseline 50 1.82+052 50 1.92+0.40 -0.10 (-0(288) 0.283
12 hours 50 4.28+1.01 49 4.41 £ 0.86 -0.13 (-0.50, 0.25) 0.500
24 hours 45 464+133 47 4,77 +1.20 -0.13 (-00640) 0.647
Mean change at 12 hours 50 -2.46+1.03 49 -2.49 + 0.94 -0.03 (-0.36, 0.42) 0.881
Mean change at 24 hours 45 -286+1.31 47 -2.826 -0.03 (-0.53, 0.54) 0.983

Table 3: Labour and delivery outcomes

PLACEBO IMN-PLACEBO

OUTCOME M ean difference or

n =50

Oddsratio (95% CI)
Mode of delivery

Spontaneous Vaginal delivery 24(48.0%) 35(70.0%) 0.3956 (0.17, 0.89) 0.025
Instrumental vaginal delivery 4(8.0%) 1 (2.0%) 4(R616, 39.54) 0.020
Caesarean section 22 (44.0%) 14(28.0%) 2.02 (0.88, 4.64) 0.098
Need for oxytocin 44(88.0%) 47 (94.0%) 0.468 (0,11.087) 0.303
Need for 2° RA’ 42 (84.0%) 44 (88.0%) 1.397(0.447, 4.367) 0.564
Mean length of labour + SD (minutes) 440.52+145.58434.18+139.88 6.34 (-51.2, 63.9) 0.827
Bishop score (< 6) after 24 hours 40 (80%) 40 (80%) NA 1.000

"RA-ripening agent (PGE2)

Table 4: NICU admissions and stay in two groups

NICU IMN (50) Placebo (50)

No % \[o] %
Admission
Yes 1 2.0 3 6.0
No 49 98.0 47 94.0
No. of days stay
2 days 0 0.0 1 2.0
3 days 1 2.0 1 2.0
5 days 0 0.0 1 2.0

The mean Apgar scores at 1 min were 7.36 + 1.3Bieonatal stay was 5 days in one baby from the
in IMN group and 7.54 = 1.01 in placebo group. Theplacebo group. The other 2 babies from placebo
mean Apgar scores at 5 minutes were 8.70 + 0.81 igroup stayed in NICU for 2 days and 3 days
IMN group and 8.78 + 0.58 in placebo group.Thererespectively. The one baby admitted in NICU from
were 5 babies in each of the IMN and placebo grouphe IMN group stayed in NICU for 3 days for
who had Apgar scores less than 7 at 1 min. At Ssminrespiratory distress and was subsequently treated a
only 3 babies in IMN and 1 baby in placebo groupsent back to the mother’s side (Table 4).
had Apgar < 7. This difference in number of babies_ .
having Apgar scores < 7 at 5 minutes was statlgtica Discussion
insignificant (p = 0.307). The need for induction of labour usually arises mvhe

3 babies from placebo group were admitted inthe risks overweigh the benefits of continuing
NICU. One of them had Apgar score < 7 at 5pregnancy. The condition or the favourability of
minutes. Only one baby from IMN group who had cervix is an important prognostic factor in the cags
Apgar score < 7 at 5 minutes was admitted in NICU of induction of labour. Several studies are beiagel
The indication for admission for both groups wasto identify the ideal cervical ripening agent. This
respiratory distress of newborn. The maximumstudy was conducted on 100 term preghant women
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who were randomly divided into two groups: the These differences could be attributed to the faat t
isosorbidemononitrate (IMN) group and placebonitric oxide metabolites are found to be reduced in
group. The present study could not support oummount in nulliparous women as well as in the
primary hypothesis that isosorbidemononitrate iscervical fluid of those delivering post-term as
more efficacious than placebo as a pre-inductiorcompared to those delivering near term, which could
cervical ripening agent. The results were comparabl potentially contribute to the inability of the cetvo
to other studies like Bollapragada et al. (4) whoripen in post-term pregnancies.
concluded that clinical utility of IMN as a pre- The proportion of women who went into labour in
induction cervical ripening agent wasminimal. Thoug IMN and placebo groups in our study was 10%
in their study, IMN had a significant effect on the versus 4% respectively. Bollapragada et al. (4) did
change in cervical BishopScore (mean difference ofiot report any differences in the number of women
0.65, p = 0.013), they could not demonstrategoing into labour within the first 24 hrs (9% in NI
asignificant change in their primary outcome measur4% in placebo, p = 0.09). However, in the study
which was admission to delivery interval (meanconducted by Bullarboet al. (8), more women went
difference - 1.03 hrs, p = 0.68). In the preseuntgt into labour within 24 hrs in the IMN group than in
the baseline Bishop score was < 3 in all the pegtien theplacebo group. This can be explained by the
similar to the study by Bollapragada et al. (4). differences in parity. These authors included both
In our study, the mean difference in cervical multiparous and nulliparous women in their study, a
scores at 24 hours was 0.01 with a p = 0.983 andpposed to our study which included only nulliparou
there was no significant change in drug insertion t women. Subgroup analysis of this study showed that
delivery time. Osmanet al. (5) also concluded girth the proportions of primigravida women who had ripe
study that isosorbide mononitrate was less effectiv cervix at the end of24 hrs was not significantesuit
as a cervical ripening agent, though they usedery similar to our observations (17% versus 8%,
prostaglandins (PGE2) as the comparator. In cantrasp = 0.11 in the study by Bullarbo et al. 10% versus
Agarwal et al (6) attested to the effectivenesBvi 14% in our study).
as cervical ripening agent by showing a significant Bollapragada et al. (4) showed a significant
change in Bishop scores after 2 doses of 40 mg IMMhange in the proportion of women having
(3.17 £ 2.02; p < 0.001) and a reduction in adroissi unfavourable cervix after 48 hrs from drug initieti
to delivery interval (p < 0.001).This could haveebe at home (64% in IMN vs77% in placebo, p = 0.02)
because of inclusion of both nulliparous andwhich however was not reflected in our study (80%
multiparouswomen in their study. Levels of nitric in each group, p = 1.000). This could have been
oxide metabolites in cervix are more inmultiparousbecause of the greater number of doses used in thei
women which could explain the greater change seestudy in comparison to ours (3 vs. 2 respectivaly)
in the Bishop scores. Further, there was no sulpgrouwell as due to the different time points of assesgm
analysis based on parity regarding the differemce i (48 hrs in Bollapragada et al, 24 hrs in our study)
admission to delivery interval in their study. Habi Almost equal number of women required a second
et al. (7) also found significantly shorter adnissio  ripening agent in our study (84% in IMN vs. 88% in
delivery intervals in the IMN group in contrast to placebo, p = 0.56), a result which was similarhat t
placebo. This could be because of the differences iofBollapragada et al. (4) (64% vs. 74%,
parity, gestational age at induction and the irtibtea p = 0.07).Most of the studies such as those coeduct
for induction. The mean gestational age at inductio by Agrwal et al. (6) and Habib et al. (7), havewho
was 39.2 wks in their study as compared to 40.2 wk#ower incidence of caesarean deliveries in IMN grou
in ours. Further, only 35% were induced for postdat albeit statistically insignificant. Though the nuentof
in their study whereas in the current study, stk r caesarean deliveries were more in IMN group than
was 76%. Bothnulliparous and multiparous womenplacebo in our study, it was not statistically gigant.
were recruited in the afore-mentioned study byHabilMost of these were done for fetal distress follayin
et al. (7), whereas, we included only nulliparousPGE2 and failed induction of labour after 2 dosks o
women. They also did not conduct any subgrougPGE2and maximal doses of oxytocin infusion.
analysis based on parity, and hence it is not plessi In the current study isosorbide mononitrate was
to interpret whether their findings were applicatde found to be safe to use for cervical ripening witho
both nulliparous and multiparouswomen or not.being associated with any adverse maternal and
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neonatal outcomes. There were no incidences dfifference at 24 hours -0.03, p = 0.983). Isosabid
abnormal fetal heart rate patterns on CTG in tret fi mononitrate did not shorten the time interval from
24 hrs, no differences in Apgar scores at 5 minuteslrug insertion to delivery when compared to placebo
and NICU admission rates. The results of neonatalmean difference -34.2 min, p = 0.52). However,
outcome variables were in agreement with othethere were no major adverse effects like abnormal
studies conducted by Agarwal et al. (6) andfetal heart patterns or uterine hyper stimulation a
Bollapragada et al. (4). Osman et al. (5) iderdifie tachysystole with the use of isosorbide mononitrate
more number of abnormal fetal tracings in the PGEZt did not affect the maternal hemodynamics nor had
group (7%) as compared to IMNtherapy alone, andany unfavourable neonatal outcomes which attest to

suggested that IMN may be safer to use as a cérvicéts

safety profile. To conclude, isosorbide

ripening agent in outpatient settings. Our studymononitrate is a safe drug to use but we did mat fi
further showed that isosorbide mononitrate did noit to be more efficient than a placebo to justify i

cause uterinehyper stimulation / tachysystole,didr

clinical use as a cervical ripening agent. Further

it result in any maternal side effects like headach studies are required where the efficacy of nitiixle

nausea, vomiting etc. Previous studies like Agarwatonors

for cervical ripening using different

et al. (6), have also reported no incidences oformulations, doses and in combination with other
tachysystole and hyper stimulation in the IMN group ripening agents may be evaluated.

There was no case of hyper stimulation in the IMN

group in the study done by Habib et al. (7), but aAcknowledgments

higher incidence of tachysystole (1.9
observed in the IMN group. Most of the other stadie
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