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laparoscopic surgery.

Abstract
Background To compare between the sequential and con-
current use of vaginal misoprostol plus Foley catheter for labor
induction.
Methods This single-center, non-blinded randomized study
was conducted at the department of Obstetrics and
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Gynecology, Faculty of medicine, Zagazig University. A
total of 160 women with full term singleton pregnancy,
cephalic presentation and bishop score < 6 were random-
ized for labor induction with either concurrent or sequential
use of vaginal misoprostol plus Foley catheter (80 cases in
each group). The primary outcome measured was induction-
to-delivery interval and secondary outcomes mesaured were
vaginal delivery within 24 h, number of doses needed to
induce labor, need of oxytocin for augmentation of labor,
cesarean section rate, maternal or neonatal complications.
Results The mean induction-to-delivery interval was
22.33 £ 13.28 h versus 18.45 £ 1434 h (p = 0.041) in
sequential and concurrent group, respectively. The per-
centage of women who completed vaginal delivery within
24 h was 51% versus 61% (p = 0.046) in sequential and
concurrent group, respectively. Other maternal and
neonatal outcomes were similar in both groups
Conclusion Concurrent use of vaginal misoprostol plus
Foley catheter for labor induction was associated with
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shorter induction-to delivery interval compared to
sequential use, and it increases the rate of vaginal delivery
in the first 24 h.

Keywords Concurrent - Foley catheter - Induction -
Labor - Misoprostol - Sequential - Vaginal

Introduction

Induction of labor is a frequently experienced intervention in
current obstetrics [1]. Induction of labor designates the
sequence of artificial cervical ripening and exciting uterine
contractions followed by active labor with the aim of com-
pleting a vaginal delivery [2]. Labor induction is not without
risk but usually done when the risks of continuation of
pregnancy outweigh the hazards of labor induction [3].
Recently with steadily increase in rates of labor induction,
implementing effective and safe procedures at proper ges-
tation of pregnancy can significantly decrease maternal and
fetal complications [4]. Different mechanical and medical
methods are used to induce labor, but all of the existing
methods are associated with medical risks [5]. Therefore,
while choosing labor induction method, the obstetrician
should take into account numerous aspects, like cost-effec-
tiveness, safety, and rate of operative delivery [6]. Currently,
the most frequently used mechanical method is Foley
catheter balloon, which has a dual mechanism of action
through mechanical dilatation of the cervix and release of
endogenous prostaglandins [7]. Misoprostol is a synthetic
analogue of prostaglandin E 1 that was formerly used for the
treatment of gastric ulcers. Subsequently, its action on cer-
vical ripening and myometrial contractility was recognized
[8]. The combination of mechanical and pharmacological
methods for labor induction has been evaluated, and the
results are promising [9]. We designed this study to compare
between the sequential and concurrent use of vaginal miso-
prostol plus Foley catheter for labor induction.

Patients and Methods

Our prospective non-blinded randomized controlled clini-
cal trial was carried out in the Department of Obstetrics and
Gynecology, Faculty of medicine, Zagazig University,
after approval by the Ethics Committee of Zagazig
University and a written informed consent was obtained
from all participants.

Inclusion criteria were singleton pregnancy, cephalic pre-
sentation, full-term pregnancy (based on the first day of last
menstrual period or first-trimester sonography), intact mem-
branes, tracing of fetal heart rate for reassurance and the pres-
ence of fetal or maternal indications for induction and

@ Springer

unfavorable cervix (bishop score < six). Patients with the
following criteria were excluded: previous uterine scar, rupture
of membranes, placenta previa, intrauterine fetal death, latex
allergy, and the presence of contraindications to vaginal
delivery.

Consenting eligible women were formerly enrolled in the
study and randomized to either sequential or concurrent use
of vaginal misoprostol and Foley catheter. The randomiza-
tion was computer-created and then opaque, sealed, serially
numbered envelopes were used to conceal the allocation
which were opened by a person not involved in the study
before the procedure. The nature of this trial makes it dif-
ficult to blind the staff or women to the interference.

For the sequential group, after exposure of the cervix by
means of a sterile speculum, a 18 F Foley catheter was
introduced into the cervical canal, and then the catheter
was fixed through inflation of the balloon with 30 mL of
sterile solution when the catheter was beyond the internal
cervical os. Slight traction to the catheter was applied
through fixing it to inner thigh. Foley catheter was kept
in situ till one of the followings happened: (1) spontaneous
expulsion, (2) spontaneous rupture of membranes, or (3)
maximum period of 12 h was reached, and then 25 g
misoprostol tablet was inserted in the posterior vaginal
fornix immediately after removal of Foley catheter and
every 4 h up to a maximum of six doses.

For the concurrent group, the 18 F Foley catheter was
introduced into the cervical canal using the same technique
in the sequential group and, at the same time, 25 pg
misoprostol tablet was inserted in the posterior fornix, and
then every 4 h up to a maximum of six doses, removal of
Foley catheter was practiced under the same conditions of
sequential group. For both groups, if frequent and regular
uterine contractions were noted (30-50 s every 3 min), the
next tablet was not given, failure was considered if active
labor did not start 4 h after the last vaginal tablet.

Clinical and demographic data were recorded, primary
outcome was induction-to-delivery interval, and secondary
outcomes were vaginal delivery within 24 h, number of doses
needed to induce labor, need of oxytocin for augmentation of
labor, Cesarean section rate, maternal or neonatal complica-
tions and abnormalities in uterine contractility like uterine
hypertonus (one contraction exceeds two minutes duration),
uterine tachysystole (6 or more contractions in 10 min), and if
there was non-reassuring fetal heart trace with either condition
called uterine hyperstimulation.

According to previous studies which used concurrent
vaginal misoprostol plus Foley catheter for induction of
labor, the  induction-to-delivery intervals were
26.52 + 15.24 h [10], so the sample size for this study was
calculated as 144 women based on an expected mean dif-
ference of at least 4 h for induction-to-delivery interval
between the two groups with 80% power and « = 0.05.
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Collected data were analyzed using Statistical Package
for Social Sciences (SPSS version 11.0). The Student’s
t test and the Mann—Whitney U test were used for analysis
of continuous variables. The Chi-square or Fisher’s exact
test were used to compare proportions. Statistical signifi-
cance was considered when p value <0.05.

Results

Between January 2016 and January 2017, a total of 265
women were assessed for eligibility; of them 160 gave
consent for the study and were randomly allocated to either

Fig. 1 Flow chart of the study [ Enroll . ]
nrollmen

sequential group (n = 80) or concurrent group (n = 80).
No women were excluded from analysis in both groups
(Fig. 1).

Demographic characteristics of women in both groups
were matched (Table 1). The indications for induction of
labor were also comparable (Table 2).

Regarding maternal outcome, induction-to-delivery
interval was 22.33 + 13.28 h in sequential group and
18.45 + 14.34 h in concurrent group with significant dif-
ference between two groups (p = 0.041). The percentage
of women who completed vaginal delivery within 24 h was
51% in sequential group and 60% in concurrent group with

significant difference (p = 0.046). Other secondary
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Table 1 Demographic characteristics

Sequential group (n = 80) Concurrent group (n = 80) p value

Age (years) 27 £33 275 £29 0.81
Parity

Primigavida 33 (41%) 28 (35%) 0.43
Multigavida 47 (59%) 52 (65%) 0.72
Gestational age (weeks) 397 £ 1.2 393+ 14 0.09
Body mass index 262 +£ 7.1 269 + 6.8 0.84
Bishop score 27+14 32+ 13 0.11

Data are mean + SD or number (percentage)
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Table 2 Indications for induction of labor

Sequential group (n = 80) Concurrent group (n = 80) p value
Pregnancy > 40 weeks 24 (30%) 21 (27%) 0.98
Pre-eclampsia 12 (15%) 11 (14%) 1.0
Oligohydramnios 10 (12%) 11 (14%) 0.9
Intrauterine growth restriction 7 (9%) 6 (7%) 091
Diabetes mellitus 10 (13%) 10 (12%) 0.92
Abnormal cardiotocography 9(11%) 11 (14%) 0.86
Others 8(10%) 10 (12%) 0.91
Data are number (percentage)
Table 3 Maternal outcome
Sequential group (n = 80) Concurrent group (n = 80) p value
Induction-to-delivery interval (h) 22.33 + 13.28 18.45 + 14.34 0.041
Vaginal delivery within 24 h 41 (51%) 48(60%) 0.046
Spontaneous vaginal delivery 58 (72%) 59(74%) 0.72
Operative vaginal delivery 4 (5%) 3 (4%) 0.88
Cesarean section delivery 18 (23%) 17(21%) 0.87
Number of misoprostol doses 2+08 2+1.1 0.9
Need of oxytocin 24 (30%) 21 (26%) 0.71
Postpartum pyrexia 4 (5%) 6 (7%) 0.65
Postpartum hemorrhage 5 (8%) 7 (9%) 0.62
Uterine hyperstimulation 2 (3%) 5 (6%) 0.12
Data are mean + SD or number (percentage)
Table 4 Neonatal outcome
Sequential group (n = 80) Concurrent group (n = 80) p value
Birth weight (g) 3522.5 £ 266.4 3547.8 £+ 256.6 0.72
Apgar score (at 1 min) 7.79 £ 0.33 791 + 045 0.75
Apgar score (at 5 min) 8.96 + 0.22 8.89 £ 29 0.81
Admission in neonatal intensive care unit 3 (4%) 4 (5%) 0.84
Meconium-stained amniotic fluid 9 (11%) 7 (9%) 0.71

Data are mean &+ SD or number (percentage)

outcomes did not significantly differ between groups:
spontaneous vaginal delivery (p = 0.72), operative vaginal
delivery (p = 0.88), cesarean section delivery (p = 0.87),
number of misoprostol doses (p = 0.9), need of oxytocin
(p = 0.71), postpartum pyrexia (p = 0.65), postpartum
hemorrhage (p = 0.62), and uterine hyperstimulation
(p = 0.12) (Table 3).

Additionally, no significant difference in neonatal out-
come parameters was found between sequential and con-
current groups (Table 4).
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Discussion

After the recent increase in cases of labor induction,
combination of induction methods seems to be more ben-
eficial than current approaches particularly in women with
an unfavorable cervix [11].

To the best of our knowledge, no studies have compared
between the sequential and concurrent use of vaginal
misoprostol plus Foley catheter for induction of labor.
Nevertheless, some trials have compared those combina-
tions with single method use.
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In the present study, both vaginal misoprostol and Foley
catheter were used for induction of labor in sequential and
concurrent techniques. The findings reported that induc-
tion-to-delivery was significantly shorter with concurrent
use of vaginal misoprostol and Foley catheter than
sequential use.

There have been many studies which compared the
induction-to-delivery interval between combined Foley
catheter plus vaginal misoprostol and vaginal misoprostol
alone. Lanka et al. [10] stated that combined use of Foley
catheter and vaginal misoprostol has resulted in statistically
insignificant but clinically relevant reduction in induction-
to-delivery interval compared to vaginal misoprostol alone,
while other trials [12, 13] found significant reduction in
induction-to-delivery interval with the combination of
Foley catheter and vaginal misoprostol.

On the other hand, combined use of Foley catheter with
oral misoprostol has been studied, and it was found that
induction-to-delivery interval was significantly shorter with
this combination when compared with oral misoprostol
alone [6] or vaginal misoprostol alone [9].

In the present study, the synergistic effect of concurrent
use of Foley catheter plus vaginal misoprostol was reflec-
ted in the high rate of vaginal deliveries in the first 24 h,
and this result was in agreement with that reported by
Levine et al. [14], who found that combination of miso-
prostol and Foley catheter leads to twice the chance of
delivering before either single-agent method. But an
inconsistent result was reported by Lanka et al., who found
no statistically significant difference in the percentage of
vaginal deliveries in the first 24 h between combination
group and vaginal misoprostol only group.

This study reported that uterine hyperstimulation was
not significantly different between concurrent and
sequential use of Foley catheter plus vaginal misoprostol,
and Lanka et al. documented that uterine hyperstimulation
was significantly less with combined Foley catheter plus
misoprostol regimen than misoprostol alone, and therefore,
we may assume that addition of Foley catheter either
concurrently or sequentially to vaginal misoprostol may
play a regulatory role for uterine contractions, the proposal,
which requires additional trials to specify.

In the current study, there was no statistically significant
difference in neonatal outcome between the two groups; a
previous study [10] found that the addition of Foley
catheter to low-dose misoprostol resulted in reduction in
the incidence of meconium-stained liquor compared with
low-dose misoprostol alone.

A sequential regimen of intracervical Foley catheter
followed by misoprostol for cervical ripening and induc-
tion of labor was adopted by a small number of studies.
Kehl et al. [15] have compared sequential use of double-
balloon catheter and oral misoprostol with oral misoprostol
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alone and reported that this sequential combination neither
results in reduction in induction-to-delivery interval nor
increases the percentage of delivery within 48 h, and the
inconsistency of these findings with our results appears to
be as a result of difference in type of catheters used, route
of misoprostol administration, and time lag between
catheter removal and misoprostol insertion. However,
when the sequential use of intracervical Foley catheter and
intravaginal misoprostol was practiced, it was found that
there was a significant shortening of induction-to-delivery
interval, more vaginal deliveries within 12 h, and less
Cesarean section compared with vaginal misoprostol alone
[11].

Despite the fact that the randomized design provided
strength to this study, it was limited by the inability to blind
the interventions. Also, the study was not powerful enough
to detect statistically significant difference in most of
maternal outcomes and neonatal outcomes. Accordingly,
further multicenter trials with huge sample size are needed
to confirm the safety and effectiveness of those methods.

In conclusion, the current study declares that concurrent
use of vaginal misoprostol plus Foley catheter for induction
of labor was associated with a statistically significant
reduction in induction-to-delivery interval and statistically
significant increase in a number of vaginal deliveries in
first 24 h compared to the sequential use. No statistically
significant difference in neonatal outcomes was detected
between the two groups.
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