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Abstract 
Objective: Misoprostol vaginal insert (MVI) is proven to induce labor by a 
continuously release of PGE1. Previous reports showed that MVI reduced 
induction to delivery time as well as active labor time but it also increased 
uterine tachysystole. Here we attempted to clarify whether MVI is safe and 
efficient for women with pregnancies >40 weeks in a single institute. Methods: 
This study was performed in Lutheran Hospital Bergisch Gladbach, Germany 
2014-2019. A total of 304 women between 40 + 0 to 42 + 0 weeks underwent 
labor induction with MVI. Outcomes were: 1) maternal: time from insertion 
to delivery, interventions, mode of delivery, and uterine tachysystole, 2) neo- 
natal: cord blood pH, APGAR scores, and admission to a neonatal clinic. This 
study ended unexpectedly due to the withdrawal of MVI (Misodel™) in Sep- 
tember 2019. Results: 75.7% (n = 230) of women gave birth within 24 hours 
after MVI placement. 72.2% (n = 140) nulliparous women and 81.8% (n = 90) 
parous women delivered within 24 hours. In two cases emergency CS was 
required. 67.8% (n = 206) of women delivered vaginal. 2.3% (n = 7) of cord 
pH levels were below 7.10. 3.3% (n = 10) of newborns were transmitted to a 
neonatal clinic. Conclusion: MVI is an efficient method to induce labor for 
pregnant women beyond 40 + 0 weeks. However, considering various compli- 
cations observed (uterine tachysystole and fetal distress leading to a high num- 
ber of CS), we cannot universally advocate the use of MVI. 
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1. Introduction 

Induction of labor is a common procedure aiming to balance maternal and peri-
natal risks as described by Middleton et al., 2018 [1]. In 2017 in Germany, 21.7% 
of deliveries have been induced as shown by the German Health Service 2018 
[2]. Even though it is an established procedure, it frequently causes controversy 
regarding indications and safety. Which method to choose depends on several 
factors that must be taken into consideration. 

In 2017, 37.6% of women in Germany carried their pregnancies beyond 40 + 0 
weeks of gestation. 33.3% of those were induced to labor. The tendency to in-
duce labor increases shown by data from German Health Service 2018 [2]. Sev-
eral studies from Tunon et al., 1990 [3] and Oleson et al., 2003 [4] Tunon et al., 
1999 [2], Olesen et al., 2003 [3] have demonstrated that late-term and post-term 
pregnancies are associated with a risk of perinatal morbidity and mortality. 

Thomas et al., 2014 [5] reported from the Cochrane database that Prostaglan-
dins have been proven to induce labor whilst not increasing the rate of cesarean 
sections (CS) among women with unscarred uterus. Misoprostol is a synthetic 
prostaglandin E1 analogue. Its oral low-dose use is recommended based on the 
results of multiple randomised trials as described by Kerr et al., 2021 [6]. It is 
listed by the WHO 2018 [2] in the list of essential drugs for obstetrical use and it 
is recommended to use for the medical treatment in pregnant women. It is avail-
able for oral and vaginal administration. Studies from Wing et al., 2013 [7], Red-
ling et al., 2019 [8], Hokkila et al., 2019 [9], Bolla et al., 2018 [10], Sharp et al., 
2019 [11] and Dobert et al., 2018 [12] showed that Misoprostol vaginal insert 
(MVI) reduces time to vaginal delivery significantly, as well as active labor even 
for women with an unfavourable cervix recommended by Schmidt et al., 2019 
[13]. Also, the need for oxytocin is reduced compared to dinoprostone vaginal 
insert or oral misoprostol as showed by Wing et al., 2013 [7], Hokkila et al., 2019 
[9] and Eriksson et al., 2020 [14]. Uterine tachysystole is more common in women 
receiving MVI which was documented by the studies of Wing et al., 2013 [7], 
Hokkila et al., 2019 [9], Bolla et al., 2018 [10], Schmidt et al., 2019 [13], Mayer et 
al., 2016 [15]. Currently no studies are available for pregnant women beyond term 
focussing on the efficacy and safety of MVI. 

This study aims to clarify whether MVI is also safe and efficient for women 
carrying pregnancies beyond 40 + 0 weeks. 

2. Materials and Methods 

This single centre study was performed between December 2014 and September 
2019 at a tertiary academic centre at the Presbyterian Hospital Bergisch Glad-
bach, Germany. According to the national guidelines 2014 [15] for pregnancies 
beyond 40 + 0 weeks of gestation with or without additional risk factors induc-
tion of labor was recommended. Induction to labor at 40 + 0 weeks and beyond 
were included in this study analysis. Inclusion criteria were age of at least 18 
years, uneventful pregnancy as well as unfavourable cervix (BISHOP-score > 4). 
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Exclusion criteria were previous CS or uterine scarring, breech-presentation, con-
traindications for prostaglandins, intrauterine growth restriction, severe pree-
clampsia, or any signs of high fetal distress.  

All women who participated gave informed consent. Local ethic committee re-
viewed and approved this study. All participants needed hospital admission. 

Prior to MVI application a cardiotocography (CTG) assessment for thirty min-
utes was done. Vaginal examination was performed before the vaginal insert was 
placed to determine the cervical ripeness. Following the manufacturer’s instruc-
tions MVI was placed in the posterior vaginal fornix. It contains 200 micrograms 
in a controlled-release hydrogel polymer system for a single application. Ac-
cording to manufacturer’s instructions it must be removed within 24 hours. Af-
ter 12 hours misoprostol vaginal insert released 50% of its effective dose. It’s 
biological half-life is 45 minutes. We decided to remove MVI after 12 hours to 
lower the risk of uterine hyperstimulation. Every four hours CTG assessment 
was done. MVI was removed either with onset of labor (defined as three or more 
contractions in ten minutes, lasting 45s or longer, and which resulted in cervical 
ripening), cervical dilatation of four centimetres, tachysystole or after an expo-
sure time of 12 hours maximum. 

Primarily we were interested in the time from 1) insertion to onset of labor, 2) 
onset of labor until delivery and 3) duration from insertion to birth. Secondarily 
we recorded the mode of delivery, use of epidural anaesthesia as well as the ne-
cessity of tocolysis to treat signs of fetal distress defined as any category II or III 
fetal heartrate pattern. Thirdly we had an interest in neonatal outcome reflected 
by umbilical artery pH-levels, APGAR scores or admission to a neonatal clinic. 
Baseline demographic data including age, parity, gestational age, gestational dia-
betes, and BISHOP scores, among others were collected. The study ended unex-
pected due to the withdrawal of Misodel® in September 2019. We tested for sig-
nificance using Wilcoxon-Mann-Whitney-test (U test). All results were consid-
ered significant at p-values < 0.05. All analysis was performed using SPSS soft-
ware package version 26 (SPSS Inc., Chicago, IL, and Microsoft® Excel® 2010, 
version 14 for Windows (Microsoft Corp., Redmond, WA). 

3. Results 

304 pregnant women beyond 40 + 0 weeks were included in this prospective co-
hort study. The median patient age was 33 (range 21 - 49 years, Table 1). Weeks 
of gestation ranged from 40 + 0 weeks to 42 + 0 weeks (mean 40 + 5.7 weeks). 
Patient’s characteristics were listed in Table 1. When comparing nulliparous and 
parous women regarding risk factors such as gestational diabetes (GD), pree-
clampsia or premature rupture of membrane (MR) no significant differences 
were observed. However, GM and MR were slightly but not significantly more 
often documented in the patient group beyond 41 + 0 weeks of gestation. 

10.9% (n = 33) lost their MVI. In 45 cases (14.8%) MVI failed to induce la-
bour. 
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Overall, 75.7% (n = 230) of women gave birth within 24 hours. After MVI in-
sertion 72.2% (n = 140) nulliparous women and 81.8% (n = 90) parous women 
gave birth within 24 hours (Figure 1, Table 2). Subgroup analyses revealed that 
within 24 hours after removal of MVI 259 women out of 304 (85.2%) delivered 
their babies. No statistical difference was found between the subgroups of 
women with 40 + 0 to 40 + 6 weeks of gestation and women beyond 40 + 6 
weeks (Table 2). 

The median time from (1) insertion to onset of labor was 345 minutes (range 
60 minutes to 1440 minutes). 374 minutes was the median time for (2) onset of 
labor to delivery (range 0 minutes to 3125 minutes) and 750 minutes was me-
dian time from (3) insertion to delivery (range 159 minutes to 3361 minutes). 

32.2% of pregnant women (n = 98) required CS, 41.8% (n = 83) were nulliparous  
 

Table 1. Patient characteristics. 

 
Nulliparous 

n = 194 
(63.8%) 

Parous 
n = 110 
(36.2%) 

p-Value 
40 + 0 - 40 + 6 

N = 153 
(50.3%) 

41 + 0 - 42 + 0 
N = 151 
(49.7%) 

p-Value 

Age (y),  
mean = 32.9 

31.8 34.9 0.001 32.9 33.0 n.s. 

GD 
26 (8.6%) 

16 (8.2%) 10 (9.1%) n.s. 17 (11.1%) 9 (6.0%) n.s. 

Preeclampsia 
20 (6.6%) 

14 (7.2%) 6 (5.5%) n.s. 13 (8.5%) 7 (4.6%) n.s. 

MR 
38 (12.5%) 

25 (13.0%) 13 (11.8%) n.s. 18 (11.8%) 20 (13.2%) n.s. 

Birthweight (g) 
mean (SD) 

3656.5 
(399.4) 

3597.8 
(429.7) 

n.s. 
3546.3 
(385.9) 

3596.9 
(433.6) 

n.s. 

Abbreviations: GD = Gestational Diabetes, MR = Membrane Rupture, n.s. = not significant. 
 

 
Figure 1. Duration from MVT insertion to delivery in nulli- and multiparous. 
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Table 2. Efficacy and safety. 

 
Nulliparous 

n = 194 (63.8%) 
Parous n = 110 

(36.2%) 
p-Value 

40 + 0 - 40 + 6 
n = 153 
(50.3%) 

41 + 0 - 42 + 0 
n = 151 
(49.7%) 

p-Value 

VB n = 206, (67.8%) 111 (57.2%) 95 (86.4%) 0.001 103 (67.3%) 103 (68.2%) n.s. 

D24h n = 230 (75.7%) 140 (72.2%) 90 (81.8%) n.s. 117 (76.5%) 113 (74.8%) n.s. 

TTVB (h) mean 23.0 16.9 n.s. 22.01 19.59 n.s. 

EA n = 121 (39.8%) 90 (46.4%) 31 (28.2%) 0.002 54 (35.3%) 67 (44.4%) n.s. 

FI n = 45 (14.8%) 30 (15.4%) 15 (13.6%) n.s. 28 (18.3%) 17 (11.3%) n.s. 

CS n = 98 (32.2%) 83 (42.8%) 15 (13.6%) 0.001 50 (32.7%) 48 (31.8%) n.s. 

ECS n = 2 (0.6%) 2 (1.0%) 0 n.d. 0 2 (1,3%) n.d. 

Toco n = 32 (10.5%) 21 (10.8%) 11 (10.0%) n.s. 22 (14.4%) 10 (6.6%) 0.03 

NA n = 10 (3.3%) 7 (3.6%) 3 (1.5%) n.d. 6 (4.0%) 4 (2.6%) n.d. 

Abbreviations: VB = Vaginal Birth, D24 h = Delivery within 24 h, TTVB = Time to Vaginal Birth, EA = Epidural Anaesthesia, FI = Failed Induction, CS = 
Caesarean Section, ECS = Emergency Caesarean Section, Toco = Tocolysis, NA = Neonatal Admission, n.s. = not significant, n.d. = not done 
 

and 13.6% (n = 25) were parous. 42.9% (n = 42) of those showed signs of fetal 
distress. Other reasons were arrested labor (45.9%, n = 45), maternal wish (8.2%, 
n = 8) or placental abruption 1.3% (n = 4). In two cases emergency CS was re-
quired. Tocolysis with fenoterol was necessary in 10.5% (n = 32) of cases (Table 
2). In our cohort we were able to show that women beyond 41 + 0 weeks of ges-
tation received less frequently tocolysis (6,6% vs. 14.4%). 39.8% (n = 121) of pa-
tients received epidural anaesthesia. 

2.3% (n = 7) of umbilical artery pH levels were below 7.10. 0.3% had an 
APGAR score lower than 7 at five minutes. 3.3% (n = 10) of new-borns required 
transmission to a neonatal clinic. 

4. Discussion 

Pregnant women beyond 40 + 0 weeks of gestation form a rather large and sen-
sitive group. According to the American College of Obstetricians and Gynecolo-
gists 2014 [16] the likelihood for placental insufficiency is even higher in this 
cohort. A Cochrane database by Middleton et al., 2020 [18] was able to show an 
association between induction of labor and a significant perinatal risk reduction 
for women with prolonged gestation. Furthermore, in day-to-day clinic these 
women often have a clinical indication for induction of labor or even ask for 
termination. However, only few data from Wennerholm et al., 2019 [19] were 
available focussing on safety and efficacy of MVI for this particular group of 
pregnant women. 

According to The American College of Obstetrician and Gynaecologists (ACOG) 
2014 [17] MVI is recommended to use to induce labor in pregnant women. It is 
proven to be reliable and safe to support cervical ripening as showed by Eriksson 
et al., 2020 [14]. Meanwhile MVI can cause severe uterine tachysystole leading to 
fetal distress according to the study of Mayer et al., 2016 [15]. 
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Our study focuses on pregnant women beyond 40 + 0 weeks only. We could 
demonstrate for the first time that MVI is efficient for induction of labor for 
those pregnancies. More than 75% of women achieved vaginal birth within 24 
hours. But at the same time, we found a higher rate of CS in comparison to 
comparable studies. Other studies from Wing et al., 1995 and 2013 [7] [20] for 
preterm induction of labor reported a CS rate of 16.6% - 32%. In our cohort with 
a median duration of 40 + 6 weeks the rate of CS was 32.3%. This rate could lead 
to the conclusion that prolonged pregnancies bear a higher risk for perinatal 
complications when induced with MVI. Our findings revealed that more than 
40% of CS were clinically indicated due to signs fetal distress while 46% needed 
CS because of arrested labor. 

Until now literature is controversial regarding rates of CS and fetal outcome 
after induction with MVI. Research of Dobert et al., 2018 [12] indicated signifi-
cantly higher CS rates and negative effects on fetal outcome. Sharp et al., 2019 
[11] demonstrated increasing CS rates comparing MVI with dinoprostone in-
travaginal gel. Other studies from Redling et al., 2019 [8], Eriksson et al., 2020 
[14] and di Liberto et al., 2014 [21] were able to show that no difference occurred 
in perinatal outcome and rates of CS comparing MVI to oral misoprostone or 
dinoprostone insert. 

Women with pregnancies beyond 40 + 0 weeks are at higher risks for potential 
placental insufficiency, which could cause fetal distress leading to unfavourable 
outcomes as reported by Dobert et al., 2018 [12]. Gulmezoglu et al., 2012 [22] 
summarized in a Cochrane database review that risks for mothers and their un-
born babies start to increase significantly after 41 + 0 weeks of gestation. 

Our results are mainly limited by the monocentric single-arm design. Fur-
thermore, this prospective trial could have had an increased value if we would 
have had a randomized design contrasting for example other methods of appli-
cation. In addition, a higher statistical power could be achieved with a larger 
cohort. 

In a recent single arm study Schmidt et al., 2019 [13] and proofed MVI to be 
efficient to induce woman from 36 + 0 weeks of gestation when clinically indi-
cated. They registered uterine tachysystole in almost 25% as well as fetal heart 
rate abnormalities in 35% of cases. The authors suggest to counsel women care-
fully regarding the risk of uterine tachysystole prior to birth. 

In accordance with the manufacturer’s guidelines MVI is supposed to be re-
moved at the onset of labor or after 24 hours. Uterine tachysystole after induc-
tion with MVI is a common side effect. Women who receive MVI and healthcare 
professionals who take care of those need to be aware of this fact. Catching the 
exact moment of onset of labor seems to be crucial to avoid uterine hyperstimu-
lation. In clinical everyday it is sometimes impossible to intervene at the ideal 
moment. We suggest hospitalisation of women who receive MVI to ensure that 
they are monitored thoroughly so that in case of hyperstimulation or fetal dis-
tress midwives and responsible doctors have the chance to take care of the situa-
tion. With this approach we were able to avoid uterine hyperstimulation in most 
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cases. 
When deciding on which method to choose for induction of labor there is 

need for an informed decision making. MVI is a very efficient and a fast method 
to achieve vaginal birth due to its controlled release system. Risks for uterine 
hyperstimulation is high and the necessity for a rapid birth need to be carefully 
balanced out. Women should be counselled about benefits and potential risks to 
be able to make informed choices. 

5. Conclusions 

Looking at our data we conclude as followed: 
1) MVI is an effective method to induce cervical ripening to help start labor 

for pregnant women beyond 40 + 0 weeks of gestation. 
2) However, due to the unacceptable number of complications such as uterine 

hyperstimulation leading to a high number of CS, we cannot advocate the use of 
MVI. 

3) Looking at data from the literature, our study was able to show for the first 
time that a continuously release of misoprostol as a vaginal insert for women 
beyond 40 weeks of gestation is associated with more complications compared to 
a repeated oral or vaginal administration of misoprostol. 
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