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ABSTRACT
Background: Induction of labor (IOL) is a technique to establish vaginal delivery when the 
risks for continuing the pregnancy for mother or baby are higher than the risks of deliv-
ery. It is usually performed in high-risk pregnancies, but can also be beneficial in low-risk 
populations, as shown in the ARRIVE trial. Objective: To evaluate the effectiveness and 
safety of slow-release vaginal dinoprostone (prostaglandin E2 10 mg) for labor induction 
in women with low-risk pregnancies. Methods: A prospective study was performed at Ha-
noi Obstetrics and Gynecology Hospital, Vietnam. We recruited women with low-risk preg-
nancies from 39 weeks + 0 days to 40 weeks + 6 days of gestation and an unfavorable 
cervix. Women who participated received 10 mg intravaginal slow-release dinoprostone 
(Propess) for induction of labor. Labor, deliveries, and post-partum management were per-
formed according to the local protocol. Results: From September 2020 to March 2021, 102 
low-risk women were eligible to participate in the study. Among these women, 67.6% had 
vaginal deliveries, 6.9% had postpartum bleeding, and 3.9% experienced tachysystole. All 
newborns were healthy, with good APGAR scores. None of the women needed respiratory 
support or intensive care unit admission. All other maternal or fetal complications were ex-
plored. The rate of cesarean section was 3.8 higher in nulliparous than multiparous women 
and 2.2 times higher in women who did not receive epidural analgesia than in those who 
did. The risk of cesarean section increased if the time between labor induction and active 
labor was greater than 12.5 hours. Conclusion: Slow-release dinoprostone insert is safe 
and effective for the induction of labor in low-risk pregnant women. The risk of cesarean 
section was elevated in nulliparous patients and those who did not receive epidural anal-
gesia during labor. As the time from labor induction to active labor increased, the risk of 
cesarean section increased.
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1.	 BACKGROUND
Induction of labor (IOL) is a technique to establish vaginal delivery when 

the risks for continuing the pregnancy for mother or baby are higher than the 
risks of delivery. It is usually performed in high-risk pregnancies, but can also 
be beneficial in low-risk populations, as shown in the ARRIVE trial (1). Based 
on the ARRIVE results, the American College of Obstetricians and Gynecol-
ogists (ACOG) suggested considering labor induction at the 39th week of 
gestation. Since then, there has been a trend toward inducing labor before 
the due date. In addition, increasing numbers of pregnant women prefer to 
reduce the duration of pregnancy or control the delivery date. Therefore, an 
optimal method of labor induction for low-risk pregnancies should be iden-
tified.

The main mechanisms for cervical ripening fall into two groups: mechan-
ical and pharmacological. A Cochrane systematic review and other recent 
meta-analyses have shown that cervical ripening with a balloon is probably 
as effective as the induction of labor with vaginal dinoprostone (2-4). Howev-
er, this conclusion was based on low-to-moderate quality evidence. Many of 
the studies included only high-risk subjects (5-7) or mixed populations (8-9). 
No studies have attempted to identify the best method of labor induction 
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in women with low-risk pregnancies or the effect of the 
method of labor induction in such women.

2.	 OBJECTIVE
Thus, we conducted this study to evaluate the effec-

tiveness and safety of vaginal dinoprostone insert in 
elective labor induction in women with low-risk preg-
nancy at 39 weeks + 0 days to 40 weeks + 6 days of ges-
tation.

3.	 MATERIAL AND METHODS
This six-month prospective study was performed from 

September 2020 to March 2021 at Hanoi Obstetrics and 
Gynecology Hospital and was approved by the Institu-
tional Review Board (IRB) of Hanoi Obstetrics and Gy-
necology Hospital (IRB No 03/PS-HDDD).

Inclusion criteria
The inclusion criteria included: maternal age ≥ 18, 

singleton pregnancy, gestational age from 39 weeks + 0 
days to 40 weeks + 6 days, cephalic presentation, intact 
membrane, unfavorable cervix (Bishop < 6), informed 
consent.

Exclusion criteria
Maternal medical illness associated with increased 

risk of adverse pregnancy outcome (diabetes mellitus, 
any hypertensive disorder, etc), abnormal placenta (sig-
nificant active vaginal bleeding or placenta previa, pla-
centa accreta, vasa previa, or abnormal amniotic fluid 
volume), abnormal fetus, previous C-section, planned-
for C-section or contraindication to labor, cerclage or 
use of pessary in the current pregnancy. Also excluded 
were women with a history of allergy to dinoprostone 
and those participating in any other interventional study 
that would influence the management of labor at deliv-
ery or perinatal morbidity or mortality.

Study procedure
All low-risk women at 36 weeks + 0 days to 37 weeks + 

0 days of gestation with a live singleton fetus in cephal-
ic presentation, who had no contraindication to vaginal 
delivery and no cesarean delivery planned were given a 
study information sheet. Low risk was defined as having 
no maternal illness, no placental or amniotic disorder 
and no abnormal fetus. For women who conceived af-
ter assisted reproductive technology (ART), gestational 
age was determined by the date of embryo transfer or 
intrauterine insemination. For patients who conceived 
naturally, gestational age was determined from the men-
strual history and confirmed by the fetal crown-to-rump 
length on ultrasound at 8 weeks + 0 days to 13 weeks + 
6 days.

At 39 weeks + 0 days to 40 weeks + 6 days of gestation, 
these women were screened for eligibility by research 
doctors. After screening, they received a patient infor-
mation sheet and consent form and were invited to a 
thorough discussion of the study with the investigators. 
When a patient signed an informed-consent form, she 
was considered to be enrolled in the study. After the el-
igible women signed the informed-consent form, they 
were followed up and treated according to local proto-
col.

Vaginal dinoprostone insert (Propess) was inserted 
by a research doctor with or without a speculum. As in 
the catheter procedure, fetal heart rate (FHR) was mon-
itored 30 min before and 2 hours after placement. CTG 
and vaginal examination were performed every 6 hours. 
The vaginal system was left in place for a maximum of 
24 hours. If it was expulsed in the first 12 hours and the 
patient had no contractions or still had an unfavorable 
cervix, another vaginal system was inserted and left in 
place for a maximum of 24 additional hours.

The patients were examined in case of extreme pain or 
ruptured membranes. The system was kept or removed 
following local protocols and according to individual 
indications. Labor, deliveries, and postpartum manage-
ment were also conducted according to local protocols.

Study outcomes
The primary outcome was the proportion of vaginal 

deliveries. The secondary outcomes included maternal 
and neonatal complications, side effects of the vaginal 
dinoprostone insert, and factors associated with cesare-
an delivery. Standard core outcomes for labor induction 
studies (10) were identified and used to classify maternal 
and neonatal outcomes.

The maternal outcomes included vaginal delivery 
and vaginal delivery within 24 hours, side effects of the 
induction method (fever, nausea, vomiting, diarrhea, 
pain, etc), oxytocin augmentation, uterine tachysystole 
(defined as > 5 contractions in 10 minutes over 2 x 10 
minutes with FHR changes and/or a contraction of > 3 
minutes with FHR changes), use of epidural analgesia, 
time from labor induction to active labor, time from la-
bor induction to delivery, indication for cesarean deliv-
ery, maternal postpartum hemorrhage (defined as blood 
loss > 500 ml at vaginal birth or > 1000 ml at cesarean 
birth within 24 hours after birth), uterine atony (defined 
as the use of ≥ 2 uterotonics other than oxytocin), man-
ual uterine compression, other surgical interventions 
(eg, uterine compression with sutures, uterine artery 
ligation, embolization, hypogastric ligation, or balloon 
tamponade), maternal postpartum blood transfusion, 
uterine dehiscence or rupture, maternal infection (de-
fined as fever or initiation of intravenous broad-spec-
trum antibiotics with clinical and subclinical evidence 
of infection), surgical complications (hysterectomy and/
or damage to internal organs), severe maternal morbidi-
ty (intensive care admission, maternal death, or referred 
hospital transfer for severe morbidities such as pulmo-
nary embolus, stroke, or cardiorespiratory arrest).

Neonatal outcomes included neonatal weight, death 
of the baby (intrapartum, neonatal, or perinatal), Apgar 
scores < 7 at 5 minutes, intensive care unit (ICU) ad-
mission, need for respiratory support (intubation, CPAP, 
or high-flow nasal cannula for ventilation or cardiopul-
monary resuscitation within the first 72 hours), neonatal 
birth trauma (bone fractures, traumatic pneumothorax, 
facial nerve palsy, other neurologic injuries), hypox-
ic-ischemic encephalopathy or need for therapeutic hy-
pothermia, meconium aspiration syndrome, neonatal 
infection (suspected systemic infection in a clinically ill 
infant with positive blood, cerebrospinal fluid, or cath-
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eterized/supra-pubic urine culture; or, in the absence 
of positive cultures, clinical evidence of cardiovascular 
collapse or an X-ray confirming infection), neonatal sei-
zures, intracranial hemorrhage, subgaleal hematoma, 
subdural hematoma, subarachnoid hematoma, referred 
hospital transfer for severe morbidities.

Statistical analysis
Qualitative variables were represented as numbers 

and percentages. The Chi-square test was used to com-
pare the rates. Quantitative variables were tested for 
normal distribution with skewness and kurtosis tests. 
With non-normally distributed variables, median and 
interquartile ranges were used in the descriptive statis-

tics. The Mann–Whitney test was applied to compare 
the groups. Stata (version 14.0) software was used for 
the analysis. P values < .05 were considered statistically 
significant.

4.	 RESULTS
The baseline characteristics of the 102 patients who 

received vaginal dinoprostone insert for induction of 
labor in this study are described in Table 1. Sixty-sev-
en (65.7%) were nulliparous. After being provided with 
the informed consent form, 42 pregnant women agreed 
to induce labor actively before the estimated due date 
(Table 1).

The vaginal delivery rate and maternal outcomes af-
ter induction of labor are shown in Table 2. Among the 
women studied, 66.6% had vaginal deliveries, and the 
median time between induction and delivery was 12.0 
hours. After induction of labor, 92 women went into 
active labor with cervical dilation ≥ 4 cm. The median 
time to reach the active phase was 9 hours. The other 
10 women underwent cesarean section before reaching 
the active phase because of fetal failure (3 cases), failure 
to progress (4 cases), or uterine tachysystole (3 cases). 
Among the 33 total cases of cesarean section, the most 
common indication was failure to progress (22 cases; 
66.7%). We recorded 7 cases of postpartum hemorrhage, 
accounting for 6.9% of deliveries. All were in the vaginal 
delivery group; 5 of the cases required blood transfu-
sion. We did not observe other maternal complications 
such as uterine atony, uterine dehiscence/rupture, surgi-
cal complications, infection, or severe morbidity. Fever 
was the only side effect of vaginal dinoprostone (6 cases; 
5.9%). In all cases, the fever was mild and did not affect 
the fetus.

Neonatal outcomes are shown in Table 3. The mean 
neonatal weight was 3208 grams, and all of the babies 
had good Apgar scores. There was no neonatal mortality 
or need for neonatal respiratory support or ICU admis-
sion in this study, nor did any other neonatal complica-
tions occur.

The factors related to cesarean section are shown in 
Table 4. Of the many factors analyzed, only 3 were as-
sociated with cesarean section: parity, epidural analge-
sia, and time from the induction of labor to active labor. 
Among them, time from the induction of labor to active 
labor was most likely to predict cesarean section, with 
an area under the curve of 0.7142, a sensitivity of 65.2%, 

Characteristics Total (n=102)
no. (%)

Mean (SD)/
median (inter-
quartile range)

Age (years) 27 (25 – 30)
BMI 28.3 (0.68)
Parity 
 Nulliparous 67 (65.7)
 Multiparous 35 (34.3)
Gestational age – weeks 40.03 (0.34) 
 39/ – 39/ 42 (41.2)
 ≥ 40/ 60 (58.8)
Bishop score before IOL 40.03 (0.34)
 3 25 (24.5)
 4 47 (46.1)
 5 30 (29.4)

Table 1. Maternal Characteristics at Baseline.
Characteristics. 

Variables no. (%)
Mean (SD)/
median (interquar-
tile range)

Vaginal delivery 69 (67.6)
Cesarean delivery 33 (32.4)
Side effects 6 (5.9)
Oxytocin augmentation 25 (24.5)
Uterine tachysystole 4 (3.9)
Epidural analgesia 66 (64.7)
Active phase 92 (90.20)
Time from induction to active 
labor (n=92) in hours 9.0 (5.3 – 15.1)

Time from induction to vaginal 
delivery (n=69) in hours 12.0 (8.2 – 18.0)

Time from induction to cesare-
an section (n=33) in hours 20.7 (13.0 – 25.0)

Indication for caesarean 
section (n=33)
Fetal distress 7 (21.2)
Failure to progress 22 (66.7)
Uterine tachysystole 4 (12.1)
Postpartum hemorrhage 7 (6.9)
Blood transfusion 5 (4.9)
Uterine atony 0 (0.0)
Uterine dehiscence/rupture 0 (0.0)
Surgical complications 0 (0.0)
Infection 0 (0.0)
Severe morbidities 0 (0.0)

Table 2. Maternal Outcomes

Variables no. (%) Mean (SD)
Neonatal weight (grams) 3208.3 (255.2)
 < 3000 17 (16.7)
 3000–3499 67 (65.7)
 ≥ 3500 18 (17.6)
Death of the baby 0 (0.0)
Apgar scores < 7 at 5 min 0 (0.0)
ICU admission 0 (0.0)
Respiratory support 0 (0.0)
Neonatal complications 0 (0.0)

Table 3. Neonatal Outcomes
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a specificity of 81.2% and a cutoff point of 12.5 hours 
(Figure 1).

5.	 DISCUSSION
Induction of labor in low-risk pregnant women has 

been shown to be beneficial for the neonate and mother 
so labor induction in this group is of increasing interest. 
Our study showed that vaginal dinoprostone insert was 
effective in inducing labor, resulting in a vaginal deliv-
ery rate of 67.6% and cesarean section rate of 32.4%. The 
cesarean section rate was higher than in other studies 
of labor induction in low-risk pregnant women (1) but 
lower than in the general population of pregnant women 
in Vietnam (11). Recently published studies showed that 
Vietnam has a very high cesarean section rate of 58.6% 
(11). There are many reasons, including medical factors 
relating to local protocols and social factors such as fear 

among pregnant women and their families (12). In the 
clinical and social context of Vietnam, the induction of 
labor in low-risk pregnant women by vaginal dinopros-
tone insert reduces the rate of cesarean section.

In addition, vaginal dinoprostone insert (Propess) ap-
peared to function safely, with a low incidence of com-
plications. The rate of oxytocin augmentation was low 
at 25%, similar to the rates reported in some previous 
studies (13,14). Only 4 women (3.92%) experienced 
uterine tachysystole. Other studies have reported that 
vaginal dinoprostone produced uterine hyperstimula-
tion in approximately 10% of pregnant women but with 
no serious adverse maternal or fetal outcomes (13,15). 
This once again confirms that prostaglandin E2 is ef-
fective at stimulating uterine contractions. The rate of 
postpartum bleeding was 6.9%, and only 5 cases (4.9%) 
required blood transfusion. This rate is not significantly 
higher than the spontaneous postpartum hemorrhage 
rate of 5% reported by WHO (16). In a study published 
in the New England Journal of Medicine, the postpartum 
bleeding rate of the labor induction group was similar 
at 4.6% (1). Other maternal complications such as uter-
ine atony, uterine dehiscence/rupture, surgical compli-
cations, infection, and severe morbidity were not noted 
in this study. The reported side effects of vaginal dino-
prostone include fever, nausea, vomiting, and diarrhea, 
but we recorded only 6 cases of mild fever (5.9%) and no 
other side effects.

The neonatal outcomes in our study were excellent. 
There were no complications in any of the babies. Other 
labor induction studies have recorded neonatal compli-
cations such as seizures, birth trauma, meconium as-
piration syndrome, and intracranial or subgaleal hem-

Variables Vaginal delivery CS p RR (95% CI)
Maternal Age 28.0 (4.8) 27.7 (3.2) > 0.05
Parity – n (%)
 Nulliparous 38 (56.7) 29 (43.3) 0.001 3.8 (1.4–9.9)
 Multiparous 31 (88.6) 4 (11.4)
Gestational age – n (%)
 < 40/ 30 (71.4) 12 (28.6) > 0.05
 ≥ 40/ 39 (65.0) 21 (35.0)
Bishop score
 Mean 4.09 (0.74) 3.97 (0.73) > 0.05
 Bishop 3 (n=25) – n (%) 16 (64.0) 9 (36.0) > 0.05
 Bishop 4 (n=47) – n (%) 31 (66.0) 16 (34.0)
 Bishop 5 (n=30) – n (%) 22 (73.3) 8 (26.7)
Neonatal weight
 Mean 3234.1(244.4) 3154.6 (272.2) > 0.05
 < 3000 (n=17) 8 (47.1) 9 (52.9) > 0.05
 3000–3499 (n=67) 49 (73.1) 18 (26.9)
 ≥ 3500 (n=18) 12 (66.7) 6 (33.3)
Epidural analgesia – no. (%)

 No 18 (50.0) 18 (50.0) 0.005 2.2 (1.3–3.8)

 Yes 51 (77.3) 15 (22.7)
Time from induction to active labor in hours 
(n = 92) 9.0 (5.2) 14.0 (7.0) 0.0022

Table 4. Factors Associated with Cesarean Section (CS)

Figure 1. Time from induction of labor to active labor predicts 
cesarean section
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orrhages but at very low rates (1,2,4,14,15). The lack of 
complications that we observed was probably due to the 
low-risk participants, local protocols, and labor moni-
toring. Early cesarean section was performed as soon as 
problems that could affect delivery occurred. This also 
increased the rate of cesarean section.

We found that three factors affected the delivery 
method: parity, epidural analgesia, and time from induc-
tion of labor to active labor. The rate of caesarean sec-
tion in multiparous women was only 11.4%. Nulliparous 
women had a cesarean section rate of 43.3% and were 
3.8 times more likely to have a caesarean section than 
multiparous women. Similarly, the study of labor induc-
tion study by Obeidat (17) reported caesarean section 
rates of 58.7% and 17.8% in nulliparous and multiparous 
women, respectively, but the participants were not ex-
clusively low-risk pregnant women. The cesarean rate of 
11.2% among the multiparous women in our study and 
the lack of neonatal complications are promising indica-
tors of the efficacy of vaginal dinoprostone insert in the 
induction of labor in low-risk multiparous women.

Pain relief during labor not only makes labor more 
convenient but also helps pregnant women to feel more 
relaxed and coordinate better with the doctor. In our 
study, going through labor without epidural analgesia 
was associated with a 2.2 times increased risk of cesar-
ean section. Time from the induction of labor to active 
labor was a predictor of cesarean section, with an area 
under the curve of 0.7142, a sensitivity of 65.2%, and a 
specificity of 81.2%. We explored the cutoff point of the 
ROC curve, finding that the risk of cesarean section in-
creased above a cutoff point of 12.5 (that is, when the 
time from the induction of labor to the active phase was 
more than 12.5 hours). Although there are studies that 
consider factors related to cesarean section after labor 
induction (17-19), this is the first study to report that 
the time from labor induction to active labor predicts 
cesarean section.

Our study has two main strengths. First, we studied a 
method of labor induction in low-risk pregnant wom-
en. Second, we collected data on the standard core out-
comes reported in labor induction studies. We are also 
aware that our study has limitations. There was no con-
trol group, and the sample size was small. A large ran-
domized controlled trial will be needed to identify the 
optimal method of labor induction in low-risk pregnant 
women.

6.	 CONCLUSION
Slow-release dinoprostone insert was effective and 

safe for the induction of labor in low-risk pregnant 
women. In our study population, the risk of cesarean 
section was higher in nulliparous women and women 
who did not have epidural analgesia during labor. As the 
time from labor induction to active labor increased, the 
risk of cesarean section increased.
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