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Abstract

Objectives: This study aimed to evaluate the feasibility of using a computerized machine to predict a successful normal vaginal
delivery and determine the antepartum factors involved in failed labor induction in nulliparous term women.
Methods: This prospective cohort study was conducted in Yas Hospital affiliated with Tehran University of Medical Sciences from
2017 to 2019. The data used for the computerized system were obtained during the admission of the term nulliparous women with
singleton pregnancy in cephalic presentation. The cesarean delivery rate, as well as maternal and perinatal outcomes, were evalu-
ated. The input variables were maternal age, gravida, gestational age at birth, necessity and type of labor induction, presentation
of the baby at birth, Bishop Score, fetal weight, and fetal head circumference, and maternal disorders. The outputs were vaginal
deliveries or cesarean sections.
Results: The rate of cesarean section was 41.8% (n = 287). Higher maternal age (OR = 1.044, P = 0.018, CI = 1.007 - 1.082), lower Bishop
Score (OR = 0.192, P < 0.001, CI = 0.139 - 0.256) and non-occiput anterior position (OR = 82.194, P < 0.001, CI = 15.888 - 425.214) were
significantly associated with failed induction.
Conclusions: The result of this study may be beneficial for healthcare providers to predict the delivery route, the risk of labor
induction failure and make a personal decision according to each individual.
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1. Background

The rate of cesarean section is progressively increas-
ing despite the associated risk (1). Furthermore, cesarean
delivery after labor induction in women with planed nor-
mal vaginal delivery may increase maternal morbidity and
mortality (2). Labor induction is defined as artificially
stimulating uterine contractions with the aim of achiev-
ing vaginal delivery (3). Labor induction is performed by a
variety of methods, including chemicals such as oxytocin,
prostaglandin E analogues (e.g., misoprostol), or mechan-
ical such as Foley catheter, membrane stripping, and am-
niotomy (4). Some of the common indications for labor in-
duction include post-term pregnancy, prelabor rupture of
membranes (PROM), oligohydramnios, fetal demise, gesta-
tional hypertension, and diabetes (5, 6). Although it is rare,
labor induction might have several complications such as

uterine rupture, postpartum hemorrhage, cord prolapse,
and fetal compromise (7, 8). Failed labor induction, al-
though not in all cases, may lead to emergency cesarean
delivery (9).

Several maternal and fetal factors have been proposed
to be effective in labor induction (3). Parity is considered
an important predictor of labor induction results (10, 11).
Low maternal age, low maternal weight, and higher mater-
nal height are believed to promote labor induction success
(3). Maternal obesity, higher gestational age, higher fetal
weight, and occipitoposterior position are considered to
cause labor induction failure (12). Race and ethnicity might
also play a role in labor induction outcome (13, 14). Other
factors such as fetal fibronectin and cervical length (mea-
sured by transvaginal ultrasound) have been proposed,
but are not proven to have a considerable effect on the out-
come of labor induction (9, 10). Probably the most impor-
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tant predictor of labor induction outcome is prelabor cer-
vical condition measured by Bishop Score (10, 15). The orig-
inal Bishop Score is composed of five factors. A modified
Bishop Score was proposed by Laughon et al. (16) and is
composed of dilation, station, and effacement, resulting in
a score of 0 - 9, and its predictive ability is similar to the
original score.

2. Objectives

Given that the method of delivery in obstetrics is still a
challenge and considering the complications following la-
bor induction failure and the risk of emergency cesarean
delivery, especially in nulliparous women and also the
women’s concern whether to have vaginal delivery or ce-
sarean, we decided to investigate the factors associated
with failed labor induction with a computerized system.

3. Methods

3.1. Ethical Issues

This prospective study was conducted at an educa-
tional hospital affiliated with Tehran University of Medi-
cal Sciences (TUMS), Tehran, Iran, from April 2017 to April
2019. This study was approved by TUMS Ethics Committee
and conducted according to the declaration of Helsinki.
All participants signed the written informed consent, and
their identities remained confidential.

3.2. Inclusion and Exclusion Criteria

All term nulliparous women in the latent phase of
labor with singleton pregnancy and cephalic presenta-
tion referred to the hospital were recruited. The par-
ticipants with any contraindications for vaginal delivery
and/or labor induction (4) such as placenta previa, non-
cephalic presentation, cord prolapse, active herpes geni-
talis, macrosomia (> 4500 g), non-reassuring fetal status,
and previous myomectomy were excluded from the study.

Indications for termination of pregnancy included
prelabor rupture of membranes, preeclampsia, decreased
fetal movement, intrauterine growth restriction (fetal
weight < 10th percentile), oligohydramnios, and intrahep-
atic cholestasis of pregnancy. Elective labor induction was
carried out by maternal consent.

3.3. Development of Facilitation Score

The process of calculating a score was dependent on
identifying different variables and rating them. Multi-
ple logistic regressions were performed to find out the
variables that are associated with the route of delivery.
All participants underwent general and obstetrical exam-
inations. Demographic characteristics such as maternal
age, weight, height, and body mass index (BMI) were mea-
sured. Cervical dilation, cervical effacement, and fetal sta-
tion were assessed, and a maximum modified Bishop Score
was calculated for each participant. Fetal gender, weight,
head circumference, and head position were determined
prenatally using ultrasound.

3.4. Induction Method

The main agent used for labor induction for cervical
ripening in the latent phase was 50 mcg of oral misopros-
tol (based on the hospital protocol) each 3 to 6 hours un-
til a maximum of six doses. Oxytocin was administered if
the participant failed to achieve active labor within eight
hours after administration of the maximum dose of miso-
prostol. Oxytocin was used by intravenous infusion of 10
IU/mL, starting from 4 to 8 drops per minute and increased
by four drops per 15 minutes until a maximum of 64 drops.
The participants with contraindication to prostaglandins
or prostaglandin analogues were treated with oxytocin
alone using the aforementioned protocol. In addition to
these drug protocols, a uterus Foley catheter filled with 30
mL normal saline was injected into the cervix in the cases
with low Bishop score.

Failed labor induction was defined as either active
phase arrest (due to arrest of dilation or arrest of descent)
or prolonged latent phase (participant remaining in latent
phase for more than 20 hours and not achieving active
phase (cervical dilation of 4 - 6 centimeters) despite sub-
sequent amniotomy (after 12 hours) and administration of
oxytocin). Cesarean delivery was performed to terminate
pregnancy in participants with failed labor induction or fe-
tal distress in any stages.

3.5. Statistical Analysis

The data were analyzed using SPSS version 25 (Armonk,
NY: IBM Corp). A P-value of less than 0.05 was consid-
ered statistically significant, and confidence intervals were
calculated at 95%. We used mean and standard deviation
(mean ± SD) to describe continuous variables, frequency,
and percentage to describe categorical variables. Univari-
ate logistic regression was used to identify the effect of
each variable on induction outcome. A backward elimi-
nation multivariate logistic regression model was used to
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identify the final factors involved in the failure of induc-
tion. In case of related variables, if both the initial variables
and the derived variable were eligible to enter the multi-
variate analysis, only the derived variable was used.

4. Results

From a total of 687 women, 400 participants (58.2%)
had vaginal deliveries. The mean ± SD age and BMI of the
participants was 29.34±5.39 and 29.37± 3.09, respectively.
The mean ± SD of gestational age of the women was 39.15
± 1.94. The participants’ characteristics, categorized by la-
bor induction outcome, are shown in Table 1.

The median Bishop score was 1 (IQR = 1, 2). The modified
Bishop score and its components, categorized by labor in-
duction outcome, are shown in Table 2.

Cesarean delivery was performed in 287 participants
(41.8%) due to labor induction failure. Moreover, 261
(90.94%) of these participants were diagnosed with active
phase arrest due to arrest of dilation (206 (71.78%)) or ar-
rest of descent (55 (19.16%)), and 26 (9.06%) cases remained
in the latent phase for more than 20 hours and did not
achieve active phase despite subsequent amniotomy and
administration of oxytocin.

Indications for termination of pregnancy were PROM
(108 vaginal delivery Vs. 75 cesarean delivery), preeclamp-
sia (66 Vs 57), decreased fetal movement (44 Vs 30), placen-
tal abruption (24 Vs 33), IUGR (28 Vs 21), oligohydramnios
(22 Vs 20) and intrahepatic cholestasis of pregnancy (10 Vs
8). In addition, 98 (24.5%) vaginal and 43 (15%) cesarean de-
liveries were elective. Method of induction was Oxytocin
(65 vaginal deliveries Vs 90 cesarean deliveries), Misopros-
tol (181), and Misoprostol plus Oxytocin (154 vaginal deliv-
eries Vs 197 cesarean deliveries).

In the univariate logistic regression analysis, higher
maternal age (OR = 1.041, CI: 1.012 - 1.071, P = 0.006), higher
maternal weight (OR = 1.017, CI: 1.001 - 1.033, P = 0.040), and
higher maternal BMI (OR = 1.098, CI: 1.044 - 1.154, P < 0.001)
led to failed labor induction. Maternal height did not have
a statistically significant association with failed labor in-
duction (P = 0.062). No statistically significant association
was found between maternal hypothyroidism or hyperthy-
roidism and failed labor induction (P = 0.151, P = 0.816, re-
spectively).

Gestational age showed such an association (OR = 1.745,
CI: 1.287 - 1.689, P < 0.001). Lower cervical dilation (OR =
1.164, CI: 0.122 - 0.0221, P < 0.001), lower cervical effacement
(OR = 0.970, CI: 0.954 - 0.987, P = 0.001), and higher fetal sta-
tion (OR = 0.196, CI: 0.135 - 0.284, P < 0.001) also increased
the risk of labor induction failure. The effect of the last

three is reflected by the modified Bishop score (OR = 0.197,
CI: 0.147 - 0.263, P < 0.001). Fetal characteristics like gen-
der (P = 0.876) and head circumference (P = 0.100) did not
have a statistically significant association with failed labor
induction.

On the other hand, an increase in fetal weight was as-
sociated with labor induction failure (OR = 1.001, CI: 1.000
- 1.001, P < 0.001). Non-occiput anterior fetal head position
was strongly associated with labor induction failure (OR =
70.401, CI: 17.117 - 289.548, P < 0.001). Elective labor induc-
tion was positively associated with labor induction failure
in univariate analysis (OR = 1.841, P = 0.003, CI = 1.239 - 2.737).
Comparison of different induction agents revealed no dif-
ference in labor induction failure rate (P > 0.05 for all three
comparisons). The results of univariate analysis are shown
in Table 3.

Ultimately, multivariate logistic regression was used
to assess the overall factors involved in labor induction
failure. These factors included higher maternal age (OR =
1.044, P = 0.018, CI = 1.007 - 1.082), lower modified Bishop
score (OR = 0.192, P < 0.001, CI = 0.139 - 0.256) and non-
occiput anterior fetal head position (OR = 82.194, P < 0.001,
CI = 15.888 - 425.214).

5. Discussion

In this study, we tried to develop a computerized scor-
ing machine that could predict the possibility of vaginal
delivery in a nulliparous woman with the help of physi-
cal characteristics, obstetric and non-obstetric character-
istics. We tried to present a comprehensive method by in-
cluding most of the relevant factors discussed in the liter-
ature in the initial model. Cervical length was included in
some older studies, but was shown to be ineffective when
validating those studies (17) and in a systematic review by
Hatfield et al. (10), and therefore, was not included in our
study. A distinctive feature of our study is that we omitted
postpartum factors because these factors are not known
before birth and, therefore, cannot be used as a predictive
factor beforehand. Most importantly, we used fetal weight
at birth determined by ultrasound instead of birthweight
because we consider birthweight as a postpartum factor
only determined after birth. The same approach was used
for fetal head circumference.

In this sample, maternal age, modified Bishop Score,
and fetal head position were associated with outcome of
labor induction. A one-year increase in maternal age in-
creased the odds of labor induction failure by 4.4%, and
a one-point decrease in modified Bishop score age in-
creased the odds of labor induction failure by 80.8%. Non-
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Table 1. The Demographic and Obstetrical Information of the Participantsa

Characteristics Vaginal Delivery (N = 400) Cesarean Delivery (N = 287)

Maternal age, y 28.86 ± 5.31 30.02 ± 5.45

Maternal weight, kg 75.89 ± 9.40 77.42 ± 9.91

Maternal height, cm 161.60 ± 5.34 160.86 ± 4.89

Maternal BMI, kg/m2 29.00 ± 2.89 29.89 ± 3.29

Maternal hypothyroidism 66 (16.5) 36 (12.5)

Maternal hyperthyroidism 10 (2.5) 8 (2.8)

Gestational age, wk 38.93 ± 1.21 39.46 ± 1.09

Fetal gender (female) 222 (55.5) 161 (56.1)

Fetal weight, g 3254.90 ± 311.23 3373.10 ± 360.25

Fetal head circumference, cm 34.975 ± 0.55 35.04 ± 0.48

Fetal head position

Occiput anterior 398 (99.5) 212 (73.9)

Occipitoposterior 2 (0.5) 60 (20.9)

Occipitotransverse 0 15 (5.2)

aValues are expressed as No. (%) or mean ± SD.

Table 2. Components of Bishop Score of the Participants

Bishop Score Component Vaginal Delivery, No. (%) Cesarean Delivery, No. (%)

Cervical dilation

Closed (0 points) - -

1 - 2 cm (1 points) 274 (68.5) 274 (96.9)

3 - 4 cm (2 points) 126 (31.5) 9 (3.1)

5 - 6 cm (3 points) - -

Cervical effacement

0% - 30% (0 points) 296 (74.0) 276 (96.2)

40% - 50% (1 points) 104 (26.0) 11 (3.8)

60% - 70% (2 points) - -

80% - 100% (3 points) - -

Fetal station

-3 (0 points) 202 (50.5) 244 (85.0)

-2 (1 points) 194 (48.5) 41 (14.3)

-1 or 0 (2 points) 4 (1.0) 2 (0.7)

+1 or +2 (3 points) - -

Modified Bishop score, median (IQR) 2 (1,3) 1 (1,1)

occipitoposterior fetal head position strongly increased
the odds of labor induction failure, but since the confi-
dence interval was too wide, we believe this sample was not
appropriate to calculate the precise magnitude of the ef-
fect of fetal head position on labor induction failure.

We included hypothyroidism and hyperthyroidism in
our initial assessment. To the best of our knowledge, these

parameters are rarely discussed as antepartum factors for
labor induction outcome. Despite the adverse effects of
thyroid diseases on pregnancy (18) hypothyroidism and hy-
perthyroidism did not affect the outcome of labor induc-
tion in our sample.

In univariate analysis, elective labor induction was as-
sociated with a higher rate of failure. We avoided com-
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Table 3. Association of Variables with Failed Labor Induction in Univariate Logistic Regression Analysis

Odds Ratio P-Value CI

Maternal age 1.041 0.006 1.012 - 1.071

Maternal weight 1.017 0.040 1.001 - 1.033

Maternal height 0.972 0.062 0.944 - 1.001

Maternal BMI 1.098 < 0.001 1.044 - 1.154

Maternal hypothyroidism 0.726 0.151 0.468 - 1.125

Maternal hyperthyroidism 1.118 0.816 0.436 - 2.869

Gestational age 1.475 < 0.001 1.287 - 1.689

Cervical dilation 0.164 < 0.001 0.122 - 0.221

Cervical effacement 0.970 0.001 0.954 - 0.987

Fetal station 0.196 < 0.001 0.136 - 0.284

Modified Bishop score 0.197 < 0.001 0.147 - 0.263

Fetal gender (female Vs male) 0.976 0.876 0.719 - 1.324

Fetal weight 1.001 < 0.001 1.000 - 1.002

Fetal head circumference 1.277 0.100 0.954 - 1.709

Fetal head position (occiput anterior Vs non-occiput anterior) 70.401 < 0.001 17.117 - 289.548

Indication for termination of pregnancy (elective Vs indicated) 1.841 0.003 1.239 - 2.737

Method of induction

Oxytocin Vs misoprostol - 0.994

Oxytocin Vs misoprostol + oxytocin - 0.658

Misoprostol Vs misoprostol + oxytocin - 0.994

paring all indications with each other since there are nu-
merous other indications for labor induction (such as di-
abetes) that were absent in this population. Instead, we
compared medically indicated labor induction with elec-
tive labor induction. In univariate analysis, elective labor
induction was associated with a higher rate of failure. This
does not contradict the earlier study (5) that showed a de-
creased risk of labor induction failure in elective proce-
dure because, in those studies, elective labor induction was
compared against expectant management, while the com-
parison group in this study was medically indicated labor
induction.

As for the different labor induction methods, numer-
ous studies have been conducted with varying results, the
full description of which is beyond the scope of this article.
Each method has its pros and cons, which are discussed in
detail in related systematic reviews (19, 20). The condition
of the participant should be considered in choosing the ap-
propriate method of labor induction, as there is no univer-
sal agreement about the superior method at the moment
(21). In a real-life clinical setting, it is nearly inevitable to
use different methods of induction because unique char-
acteristics and conditions of each participant require a dif-

ferent approach.

At the moment, diagnosis of failed labor induction is
mostly at the discretion of the obstetrician in charge. Lat-
est ACOG and obstetric textbooks provide a vague defini-
tion of failed labor induction (15). Different studies use dif-
ferent definitions (15), and some studies provide no defini-
tion at all (11). A clear and universal definition of failed la-
bor induction would be extremely useful to avoid any un-
necessary cesarean deliveries and would homogenize dif-
ferent studies, making them easier to compare.

This is not the first of such studies. Other studies have
been conducted to investigate the factors affecting labor
induction outcome in different populations. As far as we
know, there are only two other studies that investigate fac-
tors affecting labor induction outcome in Asian women.
These studies were conducted in Japan (11) and Saudi Ara-
bia (22). The importance of such investigations lies in the
effect of race and ethnicity on the outcome of labor induc-
tion (13, 14). For instance, our relatively high rate of ce-
sarean delivery may be attributed to ethnicity, as well as the
low Bishop Score of our sample.

This was a prospective study, which limits error and
yields more accurate data. We did a comprehensive mea-
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surement of most antepartum factors that are known to
affect labor induction outcome. Nevertheless, our study
is not without limitations. We studied only nulliparous
women; therefore, our results cannot be generalized to all
gravid women. It is possible that other factors (such as psy-
chosocial and environmental factors, which were not mea-
sured) also affect the outcome of labor induction. The data
were collected by different individuals, and labor induc-
tions were done by different obstetricians, which might
lead to bias. Different indications and different methods
of induction might also lead to bias but were impossible
to avoid in this study, as mentioned earlier. This was a
single-center study. Different centers and different ethnic-
ities may yield different results. Other studies are required
to validate these results in different settings. We suggest
a multicenter, multinational, prospective study involving
both nulliparous and multiparous participants with the
same indication and the same method of induction to ob-
tain a homogeneous and highly accurate result. A system-
atic review and meta-analysis of the literature is also ben-
eficial to evaluate the predictive value of different factors
found in different studies.

5.1. Conclusions

The result of this study may be beneficial for healthcare
providers to predict the delivery route, the risk of labor in-
duction failure, and make a personal decision according to
each individual.
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