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A B S T R A C T

Introduction: To evaluate the effects of synthetic osmotic dilators (Dilapan-S/ Dilasoft) in women
who required induction of labour in a large prospective multicentre international observational
study.
Materials and methods: Primary outcomes were duration of Dilapan-S/Dilasoft insertion (hours), total
induction - delivery interval (hours) and the rate of vaginal deliveries within 24 h (%). Secondary
outcomes were the number of dilators inserted, Bishop score increase after extraction of Dilapan-S/
Dilasoft, complications during induction (uterine contractions, uterine tachysystole and hyperstimula-
tion, effect on the fetus) and post induction (infections and neonatal outcomes), agents / procedures used
for subsequent induction of labour, immediate rate of spontaneous labours following cervical ripening
period, rate of spontaneous vaginal deliveries, rate of instrumental vaginal deliveries and caesarean
sections.
RESULTS: Total of 543 women were recruited across 11 study sites, of which, 444 women were eligible
for analysis. With Dilapan-S/Dilasoft use of <12 h (n = 188) the overall vaginal delivery rate was 76.6%
with 45.7% of these births occurring within 24 h, 66% within 36 h and 75.5% within 48 h from
insertion of Dilapan-S/Dilasoft. The mean insertion-delivery interval for this group was 24.3(�10.4)
hours. With Dilapan-S/Dilasoft use of >12 h (n = 256), the overall vaginal delivery rate was 64.8%,
with 16% of these births occurring within 24 h, 48.4% within 36 h and 54.7% within 48 h from
insertion of Dilapan-S/Dilasoft. The mean insertion-delivery interval for this group was 39.1(�29.2)
hours. The mean gain in the Bishops score was +3.6(�2.3). The mean number of Dilapan-S/Dilasoft
dilators used was 3.8 (�1.1). The overall rate of caesarean section was 30.1%. The overall complication
rate was low including infection risk. No adverse neonatal outcome was attributable to the use of
Dilapan-S/Dilasoft.
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Conclusion: Dilapan-S/Dilasoft are safe and effective methods for cervical ripening. Their use is
associated with low maternal and neonatal complication rates. Future research should aim at level I
clinical trials comparing Dilapan-S to other mechanical or pharmacological cervical ripening agents.
Clinical trial registration: https://clinicaltrials.gov/ct2/show/NCT02318173.

© 2018 Published by Elsevier B.V.
Key message

Dilapan-S use of <12 h results in an overall vaginal delivery rate
of >75%. It is easy to insert and remove and is safe to use, even in
women with previous caesarean sections.

Introduction

The history of induction of labour dates back to Hippocrates’
original description of mammary stimulation and mechanical
dilatation of cervical canal [1]. Historically, induction was only
done in the event of life threatening maternal disease. With the
advent of safer and improved methods, the threshold for
intervention for induction of labour has reduced.

Based on our expanding knowledge of physiological processes
involved in spontaneous labour, the cervix usually undergoes a
process of softening, effacement and then dilatation (cervical
ripening). Cervical “ripening” is a physiological process occurring
throughout the latter weeks of pregnancy and is completed with
the onset of labour. There is a continuum from “unripe” to “ripe” or
favourable cervix. The nature of the cervix is therefore a crucial
organ that may determine a successful vaginal delivery.

Until recently osmotic dilators have been used in the context of
cervical ripening prior to surgical termination of pregnancy,
particularly at advanced gestations. However, more recently, there
has been increasing interest in their use as agents for induction of
labour.

In 1964, Edward Bishop devised a five-point scoring scale
(maximum score out of 13), which included an assessment of
cervical dilation, effacement of the cervix (length), station of the
fetus, consistency of the cervix, and position of the cervix to predict
the likelihood of a woman entering labour naturally in the near
future [2]. The score was modified to become the ‘Calder score’ or
modified Bishop score in 1974 (with minor changes in emphasis),
which is now the most commonly used scoring method [3]. A
cervix is viewed as unfavourable if the modified Bishop score is less
than six.

The cervix is a unique organ composed of collagen (type1,3,4),
blood vessels, fibroblasts, elastin and minimal smooth muscle [4].
Cervical ripening at a microstructural level is associated with
reduction in the number of cross linkages between the collagen
helices, with a resultant “soft” cervix. Enzymatic actions via matrix
metalloproteases, proteases, and collagenases alters the balance of
proteoglycans and glycosaminoglycans within the extracellular
matrix [5,6]. In addition, there is increased vascularity as well
hypertrophy of the cervical glands and stroma. Mechanical
methods, including osmotic dilators are predominantly thought
to physically dilate the cervix and induce endogenous prosta-
glandins (PG) release which in turn results in cervical ripening
described above [7].

Dilapan-S is a second-generation osmotic hygroscopic dilator
made from an anisotropic xerogel AQUACRYL1. It is a synthetic gel
rod (sterile), which acts by absorbing fluid from the cells of the
cervical canal, resulting in reversible cell wall dehydration and
softening. The increase in volume of the rod(s), in turn by
mechanical stretch, effects endogenous PG release with resultant
cervical ripening. It is currently US FDA approved and CE certified.
Like Dilapan-S, Dilasoft is made from patented AQUACRYL
hydrogel and uses the same mechanism of action. Dilasoft was
developed on special request of the Japanese market and is
currently sold mainly in the Japan market, CE marked (2010),
Nintei approved (2009). When compared with mechanical
dilatation using balloon catheters, the mechanism utilised by
inflatable balloon catheters may result in tissue injury, inflamma-
tion and scarring as the lack of hydraulic permeation to dehydrate
the cervical cells of results in the cells being burst or damaged [8].

The most common pharmacological agents use for cervical
ripening are prostaglandin-based preparations such as controlled
release pessaries or inserts, gels, tablets and occasionally oral
solutions. The common prostaglandins used include PGE2
(dinoprostone) and PGE1 (misoprostol). Prostaglandins increase
cell membrane permeability, and decrease osmotic pressure [9],
however they are associated with significant side effects such as
uterine hyperstimulation, uterine rupture in previous caesarean
sections, postpartum haemorrhage, fetal heart rate changes or fetal
hypoxia [10].

Common mechanical methods include membrane sweeping,
amniotomy, osmotic dilators and balloon catheters.

The general perceived advantages of mechanical methods over
pharmacologic agents include comparable efficacy with low risk of
uterine hyperstimulation [11] and fetal distress, low risk of drug
related side effects such as nausea, vomiting, diarrhoea and fever
[10] and potential economic and storage benefits.

Limited evidence is available with regards to the use of osmotic
dilators in the context of pre-induction cervical ripening for term
pregnancies. Small historical randomised controlled trials com-
paring Dilapan-S to intracervical prostaglandin gel have found a
statistically significant decrease in uterine contractions and
hyperstimulation in the group of women that received Dilapan-
S [12,13].

The goal of this study was to evaluate the effects of Dilapan-S in
women who required induction of labour in a large prospective
multicentre international observational study.

Methods

Study design and population

After obtaining an ethics approval from each participating study
site, an international, multicentre, non-interventional, observa-
tional study was conducted with 11 study sites in 7 countries (the
United Kingdom, Germany, Czech Republic, India, Russia, Slovakia
and the United States of America).

In the study, 2 types of synthetic osmotic dilators were used:
Dilapan-S (n = 276) and Dilasoft (n = 168). They are essentially the
same product and for the study report, we have used the term
Dilapan-S by combining the data for the two types.

The primary outcomes were duration of Dilapan-S/Dilasoft
insertion (hours), total induction – delivery interval (hours) and
the rate of vaginal deliveries within 24 h (%). Secondary outcomes
were the number of dilators inserted, Bishop score increase after
extraction of Dilapan-S/Dilasoft, complications during induction
(uterine contractions, uterine tachysystole and hyperstimulation,
effect on the fetus) and post induction (infections and neonatal
outcomes), agents / procedures used for subsequent induction of
labour, immediate rate of spontaneous labours following cervical
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Table 1
Indications for Induction of Labour.

Indications for induction of labour Percentage of
women (%)

Post-term pregnancy 31
Fetal growth restriction (+/� oligohydramnios) 12
Pre-eclampsia and other forms of maternal hypertension 11
Social inductions 10
Diabetes in pregnancy 10
Previous Caesarean section 6
Fetal Macrosomia 5
Reduced fetal movements 2
Obstetric Cholestasis 2
Maternal medical disorders (renal disease, inflammatory
bowel disease, connective tissue disease, bronchial
asthma, pulmonary tuberculosis

4

Others (polyhydramnios, previous stillbirth, twins, non-
reassuring CTG)

5

Pre-labour rupture of membranes 1
RH- Isoimmunisation 1
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ripening period, rate of spontaneous vaginal deliveries, rate of
instrumental vaginal deliveries and caesarean sections.

Inclusion criteria consisted of pregnant women with �37 + 0–
42 weeks of gestation, with an ability to give informed consent,
that required pre-induction cervical ripening and/or induction of
labour without any contraindication to vaginal delivery.

Patients were excluded if maternal age < 18 years, lack of
informed consent, involvement in current clinical research and
need for cervical ripening and/or induction of labour within 24 h
of receiving the patient information leaflet. The indications for
induction of labour and pre-induction cervical ripening were in
keeping with NICE guidance and determined using a Bishops
score [14].

A cardiotocograph (CTG) was performed for 20 min to monitor
fetal condition and uterine activity prior to insertion of Dilapan-S.
The manufacturer’s instructions for use was followed as far as
possible. In most women, insertions were performed in a supine
position on the bed with legs flexed and in the presence of a good
light. Lithotomy position after bladder emptying was not a pre-
requisite. Sterile speculum was followed by cervical cleansing with
an antiseptic solution, but this was not always performed. Sterile
saline solution was useful to lubricate the surface of the osmotic
dilator but not essential. The anterior lip of the cervix was held
steady with the use of an atraumatic grasper. A sponge forceps was
used to insert the rod held at the plastic holder end, ensuring that
the tip of the rod went through the internal os and the plastic
holder remained outside the external os. No more than 5 rods were
placed.

Post insertion CTG was performed. Dilapan-S rods were
removed after 24 h. During recruitment of participants for the
study, the clinicians identified a critical 12-h time interval for
better outcomes with the use of Dilapan-S. A cohort subgroup
analysis was therefore performed that differentiated <12 and
>12 h use of Dilapan-S.

Statistical analyses

All data was collected on a web based electronic registry and
statistical analysis was performed by an independent statistician.
Data are reported using summary tables. For categorical variables,
frequencies and percentages are presented. For continuous
variables, descriptive statistics including sample size, mean,
median, standard deviation and range. For the main cohort, sub-
analysis was stratified by dilators’ insertion time <12 h vs >12 h.
All statistical tests were two-sided at the α = 0.05 level of
significance.

All confidence intervals are presented as two-sided with 95%
degree of confidence. The main statistical analysis was done using
TIBCO Spotfire S+1 8.2, additional sub analysis were calculated
using “Program environment for statistical calculations No. R-
2.15.1”.

Ethical approval

� REC reference: 15/WM/0098
� Protocol number: DIS-2014-009
� IRAS project ID: 167015
� Date: 10 April 2015
� Clinical Trial Registration: https://clinicaltrials.gov/ct2/show/
NCT02318173

Results

A total of 543 women were recruited to the study across all sites,
of which, 444 women were eligible for analysis based on the
compliance with study protocol. 99 women were excluded from
the study: due to >24-h use of Dilapan-S (n = 49), clinically
incorrect sequence of Dilapan-S insertion (n = 44), invalid consent
(n = 2), incomplete data entry (n = 2) and participant withdrawal
from the study (n = 2).

Mean age of participants was 29.3 (� 5.5 years). Mean gestation
age at induction was 39.4 (� 1.6 weeks). 65.1% of participants were
nulliparous and 34.9% were multiparas, including 9.2% of women
with one previous caesarean section. The indications for the
induction of labour are summarised in Table 1.

The mean number (n = 444) of Dilapan-S dilators used was 3.8
(� 1.1) with only 7% of participants requiring additional use of
prostaglandins simultaneously with the action of Dilapan-S in situ.
See Table 2

The mean duration (n = 444) for Dilapan-S insertion was 15.4 (�
4.9) hours. We did a sub-group analysis with a cohort of less than
12 h use [42.3% (n = 188)] and more than the 12-h time interval
[57.6% (n = 256)].

The mean baseline Bishop score (n = 444) was 2.9 (� 1.2), which
increased to 6.5 (�2.3) after cervical ripening period i.e. a mean
gain in the Bishop score was +3.6 (� 2.3). 91.4% of women had
unfavourable baseline Bishop score prior to pre-induction (�4). A
consistent gain in Bishop score was noted in all participant cohorts
with the maximum effect being observed in women undergoing
vaginal birth after caesarean section (VBACs). See Table 3.

The most common method (n = 444) used for induction after
using Dilapan-S, was prostaglandins (either PGE1 or PGE2). The
subsequent methods of labour induction are summarised in
Table 4.

The overall rate of vaginal delivery (n = 444) was 69.8%, with
64.7% of these births occurring in nulliparous women, 87.7%
occurring in multiparas (without a previous caesarean section) and
52.3% occurring as VBACs. Spontaneous labours after cervical
ripening with Dilapan-S occurred in 45 (10.1%) women.

A subgroup analysis of Dilapan-S use for <12 and >12 h revealed
that, all of the delivery outcomes were statistically significantly
different between both subgroups in the study (see Table 5). The
demographic distribution baseline characteristics between these
two groups was well balanced (see Table 6) making the results
comparable.

The overall rate of caesarean section (n = 444) was 30.1%. The
most common indication was failure to progress seen in 42.2% of
women. Other indications included fetal distress (20.1%), cepha-
lopelvic disproportion (18.2%), combination of failure to progress
and fetal distress (13%), unspecified maternal complications (4.5%),
maternal request (1.9%) and fetal malpresentation (2%). None of
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Table 2
Distribution of Number of Dilators used.

Number of Dilators

Group Number Mean SD 95% confidence interval Median

min. max.

Nulliparas 288a 3.7 1.09 3.6 3.9 4
Multiparas without previous caesarean section 114 4.1 1.15 3.8 4.2 4
Multiparas with previous caesarean section 41 3.2 1.03 2.9 3.6 3
Total 443a 3.8 1.11 3.7 3.9 4

a Data for 1 patient not available.

Table 3
Bishop score.

Bishop score Mean SD Mean Gain

All women (N = 444)
Bishop score prior to insertion 2.9 (�1.2) 3.6
Bishop score after extraction 6.5 (�2.3)
Nulliparas (N = 289)
Bishop score prior to insertion 2.9 (�1.3) 3.7
Bishop score after extraction 6.6 (�2.3)
Women with previous caesarean section (N = 41)
Bishop score prior to insertion 2.6 (�1.1) 3.8
Bishop score after extraction 6.4 (�1.7)
Multiparas (N = 114)
Bishop score prior to insertion 2.9 (�1.1) 3.5
Bishop score after extraction 6.3 (�2.3)
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the cases of malpresentation were diagnosed prior to insertion of
Dilapan-S.

When analysing maternal outcomes (n = 444), irregular uterine
activity (contractions of low frequency and mild intensity) were
reported in 111 (25%) of women with only 3 women requiring
analgesia during the cervical ripening period. 38 (34%) of these
cases were reported from one centre, who do not have the
experience of using prostaglandins for cervical ripening. Given that
there was no unified consensus on what constitutes irregular
uterine activity, we presume that this outcome was over-reported
at this single centre. In total, 3.4% of women experienced non-
Table 4
Subsequent methods of labour induction in women with dilator use <12 h & >12 h.

Subsequent Methods of Induction of Labor

Induction Method Dilators < 12 h (n = 188) 

Oxytocin 12 (6.4%) 

Artificial rupture of membranes (ARM) 3 (1.6%) 

Oxytocin + ARM 40 (21.3%) 

Prostaglandins 60 (31.9%) 

Prostaglandins + ARM 9 (4.8%) 

Prostaglandins + Oxytocin 3 (1.6%) 

Prostaglandins + Oxytocin + ARM 28 (14.9%) 

No induction 33 (17.6%) 

Membrane sweep 36 (19.1%) 

Table 5
Summary of delivery outcomes with dilator use < 12 and > 12 h>12 h.

Summary of primary and secondary outcomes Dilator use <12 h 

Mean gain in Bishop's score 3.6 (�2.3) 

Mean overall vaginal deliveries 76.60% 

Mean vaginal delivery rate - 24 h 45.70% 

Mean vaginal delivery rate - 36 h 66% 

Mean vaginal delivery rate - 48 h 75.50% 

Mean insertion-delivery interval (hours) 24.3 (�10.4) 
serious complications such as: bleeding during Dilapan-S inser-
tion/removal (2.7%), cramping or pain (0.2%), and others (0.4%).
There were no cases of uterine tachysystole. One case of uterine
hyperstimulation was identified (0.2%). No hyperstimulation was
observed in the subgroup of women with a previous caesarean
section (n = 41). One case of non-reassuring CTG, not associated
with uterine hyperstimulation, was reported during cervical
ripening for a post term pregnancy. Four percent of women
experienced spontaneous rupture of membranes and 2% had
spontaneous dilator expulsions. These events were considered by
investigators as signs of impending labour. Infections were noted
in 3.2% of patients which included chorioamnionitis, urinary tract
infections, endometritis and wound infection. However, none of
these were deemed to be attributed to the effects of Dilapan-S use
after clinical review by the local clinicians. 1.8% of women had
postpartum infection.

When analysing neonatal outcomes, meconium was noted in
11.7% of cases. An Apgar score of <7 at 5 min. was noted in 3
newborns. Cord gases with an arterial pH of <7.10 was reported in 8
neonates. There were 9 neonatal intensive care unit (NICU)
admissions in total, of which, six neonates were admitted due to
meconium aspiration, preterm birth with fetal hypoxia and
congenital cardiac anomaly, two with jaundice and one due to
sepsis. Seven cases of neonatal intensive care admissions due to
birth asphyxia were noted from one study site, where in 6 cases,
25–125 micrograms of misoprostol was used after the use of
Dilapan-S.
Dilators > 12 h (n = 256) All women (N = 444)

14 (5.5%) 26 (5.9%)
6 (2.3%) 9 (2.0%)
47 (18.4%) 87 (19.6%)
96 (37.5%) 156 (35.1%)
12 (4.7%) 21 (4.7%)
11 (4.3%) 14 (3.2%)
27 (10.5%) 55 (12.4%)
37 (14.5%) 70 (15.8%)
66 (25.8%) 102 (22.3%)

(n = 188) Dilator use >12 h (n = 256) p-value

3.7 (�2.2) 0.833
64.80% 0.0077
16% <.0001
48.40% 0.0002
54.70% <0.0001
39.1 (�29.2) <0.0001



Table 6
Demographic Distribution of Women with Dilator Use Of <12 and >12h.

Baseline characteristics (n = 444) Dilator use <12 h (n = 188) Dilator use >12 h (n = 256) p-value

Mean age (years) 28.6 (�5.7) 29.8 (�5.3) 0.0287
Mean gestational age (weeks) 39.5 (�1.6) 39.4 (�1.6) 0.4603
Nulliparas 61.00% 68% 0.1376
Vaginal birth after caesarean section (VBACS) 11% 7.80% 0.2272
BMI � 30 18.60% 22.40% 0.338
Post-term pregnancy 37.80% 37.10%
Mean number of dilators 4.0 (�1) 3.6 (�1.2)
Mean duration of insertion (hours) 11.1(�2.2) 18.5(�3.8)
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Discussion

Induction of labour is carried out worldwide for a broad
range of maternal and fetal indications and it is estimated that in
developed countries 1 in 4 women will have their labour
induced [15]. A systematic review comparing misoprostol with
Foley catheter and dinoprostone induction agents suggests that
oral misoprostol for the induction of labour is safer than vaginal
misoprostol and has the lowest rate of caesarean section [16].
Oral misoprostol is recommended for this indication by the
World Health Organization (WHO), the International Federation
of Gynaecology and Obstetrics (FIGO), and the Society of
Obstetricians and Gynaecologists of Canada (SOGC). This is in
contrast with the current National Institute for Health and Care
Excellence (NICE) guidelines that do not recommend the use of
misoprostol.

Two recent studies including a systematic review further clarify
the use of dinoprostone (various vaginal preparations) and
misoprostol (oral/vaginal) for cervical ripening [17,18]. A vaginal
delivery rate of 50.9% and 65.1% in 24 h was noted in the
dinoprostone and misoprostol groups respectively. A comparable
caesarean section rate of approximately 25% was noted in both
groups. Systemic side effects (25%) were noted in both groups.
Irregular uterine contractions were common during the cervical
ripening period in both groups. Uterine hyperstimulation and fetal
distress was seen in 4% of women in the dinoprostone group when
compared with a much higher figure of 13.3% in the misoprostol
group. Oxytocin augmentation was needed in 55.2% of women in
the women who received dinoprostone as compared to 34.5% of
women who received misoprostol.

Our study is the first and the largest multicentre international
cohort study evaluating the effects of Dilapan-S as a cervical
ripening agent prior to induction of labour in term as well as
preterm pregnancies. The use of 3–4 dilators for a duration of up to
12 h provided the comparable results in terms of achieving a
favourable Bishops score compared to use of dilators beyond 12 h.
Use for <12 h resulted in better vaginal delivery rates compared to
using Dilapan-S for more than 12 h duration.

Our study shows that an overall vaginal delivery rate of 77%,
with up to 12 h of dilator use, statistically significantly falls to
65% beyond 12 h of insertion. The vaginal delivery rate within a
24-h period was 46% and increased to 76% within a 48-h period.
Most studies use the criterion of delivery within 24 h to assess
the effectiveness of an intervention, however this view is being
challenged as it has been increasingly recognised that achieving
a safe vaginal birth is more important than timescales alone
[19,20].

Our study also confirms that Dilapan-S has a minimal potential
to cause hyperstimulation even in the women with previous
caesarean section. We believe that the use of Dilapan-S will also
have an important safety issue with regard to potential uterine
rupture risk, which is associated with prostaglandin use [21]. This
will need to be assessed in further studies.
One of the limitations of our study is that a variety of post
Dilapan-S methods were used for delivery e.g. use of prostaglan-
dins or amniotomy and oxytocin, making difficult to solely
attribute the beneficial observations to synthetic osmotic dilator
alone. However, we believe that this shows the variation in
techniques used worldwide. No single method was preferable in
the different centres but we have shown that if the cervix is
ripened with 12 h use of Dilapan-S, then amniotomy and oxytocin
would suffice for completing the delivery process. Out of the
prostaglandin types available, misoprostol use, particularly in
higher doses than 25 mg, was associated with worse neonatal
outcomes.

Conclusion

NHS Maternity Statistics clearly demonstrate increasing rate of
induction of labour and to date we lack a perfect solution [15]. In
the UK, PGE2 inserts (10 mg) and PGE2 gel (1–2 mg) are licensed
and commonly used for pre-induction cervical ripening. There is
limited use of mechanical methods such as foley catheters and
synthetic osmotic dilators like Dilapan-S. Recent evidence
demonstrates that mechanical methods like foley catheters have
equivalent efficacy, equal caesarean section rates, lower risk of
hyperstimulation, and no clear evidence of increased infection risk
when compared to prostaglandins [22]. This study has shown that
Dilapan-S has similar qualities to mechanical dilators thus offering
a safe and effective alternative for induction if labour. Further
clinical trials comparing Dilapan- S to other cervical ripening
agents are needed. Two randomised control trials are currently
being conducted in the United Kingdom and the United States of
America to address this. (ClinicalTrials.gov NCT03001661 and
NCT02899689).
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