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Abstract

Purpose To develop a risk-assessment model for the pre-

diction of emergency cesarean section (CS) in women

having induction of labor (IOL).

Methods This was an observational cohort study of women

with IOL for any indication between 2007 and 2013.

Women induced for stillbirths and with multiple pregnan-

cies were excluded. The primary objective was to identify

risk factors associated with CS delivery and to construct a

risk-prediction tool.

Results 6169 women were identified with mean age of

28.9 years. Primiparity involved 47.1 %, CS rate was

13.3 % and post-date pregnancies were 32.4 %. Risk fac-

tors for CS were: age[30 years, BMI[25 kg/m2, primi-

parity, black-ethnicity, non post-date pregnancy,

meconium-stained liquor, epidural analgesia, and male

fetal gender. Each factor was assigned a score and with

increasing scores the CS rate increased. The CS rate was

5.4 % for a score\11, while for a score C11 it increased to

25.0 %. The model had a sensitivity, specificity, negative

predictive value and positive predictive value of 75.8, 65.1,

93.8 and 25.0 %, respectively.

Conclusion We have constructed a risk-prediction tool for

CS delivery in women with IOL. The risk-assessment tool

for the prediction of emergency CS in induced labor has a

high negative-predictive value and can provide reassurance

to presumed low-risk women.

Keywords Induced labor � Cesarean section � Gender �
Ethnicity � Delivery

Introduction

Induction of labor (IOL) is a relatively common procedure

in Obstetrics with rising rates throughout the world [1]. In

the United Kingdom it has been reported that 19.8 % of all

deliveries in 2004–2005 were induced with less than two in

three women giving birth without further intervention, and

15 % having instrumental births and 22 % having emer-

gency cesarean deliveries [2, 3]. In the year 2011–2012 the

IOL rate had risen to 22.1 % with a mean emergency

cesarean section (CS) rate of 30.2 % for primiparous and

13.2 % for multiparous women whose labors were induced

[4, 5]. National clinical guidelines in the UK recommend

that induction of labor should be offered to those women

when it is likely that a better outcome will result if labor is

initiated than if the pregnancy continues [2]. The reason for

this recommendation is that induced labor may be less

efficient than spontaneous labor and an assisted delivery is

more likely to be required [2, 6]. It has been reported that

women who have been induced are twice as likely to be

delivered by cesarean section than women with sponta-

neous onset labor [7]. Also, if an emergency CS is required

this may lead to increased maternal morbidity and mor-

tality with consequences in future pregnancies such as risk

of uterine rupture and placenta previa [8–10]. Moreover,
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the assisted delivery associated with induced labor has

been shown to lead to increasing costs for the health system

with estimates of an uncomplicated CS delivery costing

�704 more than a vaginal birth [11, 12].

There have been many attempts in literature to identify

those women most likely to have a successful vaginal

delivery after being induced for various indications. Some

of these reports have focused on risk factors determining

the success of the IOL process such as parity, cervical score

and method of induction [1]. Other studies have high-

lighted the risk factors that are related to the failure to

progress in active labor, such as malposition and a high

body mass index (BMI) [1, 13]. In our population-based

study the primary outcome was to identify the predictors

that increased the risk of cesarean section delivery in

women being induced for all medical reasons. The sec-

ondary outcome was to combine these predictors into a

risk-assessment calculator that will facilitate the clinician

in everyday obstetric practice.

Materials and methods

This was an observational cohort study of women induced

for various medical reasons at the Maternity Unit of the

Shrewsbury and Telford Hospital (SaTH) National Health

Service (NHS) Trust, between January 2007 and December

2013. Women with singleton cephalic presentation deliv-

eries induced for all medical indications were considered

eligible for the study. Women induced for stillbirths, fetal

congenital abnormalities, and with multiple pregnancies

were excluded. Data was collected from Medway�

obstetric database and the IOL indication, maternal data,

labor/delivery data and neonatal data were recorded.

The indications for IOL were categorised into two

groups: post-date pregnancy (gestational age [41 weeks)

and non post-date pregnancy (gestational age\41 weeks).

In the non post-date pregnancy group we included the

following indications: reduced fetal movements, fetal

growth restriction, pregnancy-induced hypertension,

preeclampsia/eclampsia, gestational diabetes, term

([37 weeks) prelabor rupture of membranes for more than

24 h, preterm (\37 weeks) prelabor rupture of membranes,

obstetric cholestasis, any other medical condition.

Maternal demographic and clinical data included age,

parity, gravidity, BMI at booking (normal 18.5–24.9 kg/

m2, overweight 25.0–29.9 kg/m2, obese BMI C30.0 kg/

m2), ethnicity (white European, Black, Asian, other) and

smoking status. Labor and delivery data included gesta-

tional age at delivery, route of birth (normal vaginal

delivery, instrumental vaginal delivery, cesarean section

delivery), indications for cesarean section delivery, epidu-

ral use and liquor appearance (normal, meconium stained).

Neonatal data involved fetal gender (male, female), birth

weight, head circumference, Apgar scores (at 1 and 5 min),

cord gases taken at delivery (arterial, venous) and admis-

sion to the neonatal unit.

Quantitative variables are expressed as mean values

(SD) or as median values (interquartile range). Qualitative

variables are expressed as absolute and relative frequen-

cies. For the comparisons of proportions Chi square tests

were used. Student’s t tests were computed for the com-

parison of mean values when the distribution was normal

and Mann–Whitney test for the comparison of median

values when the distribution was not normal.

Univariate logistic regression analysis was used in order

to explore the association of study variables with the risk

for cesarean section. In order to find factors independently

associated with the risk for cesarean section, a multiple

logistic regression analysis was performed in a stepwise

method. Odds ratios with 95 % confidence intervals were

computed from the results of the logistic regression anal-

yses. The scores were then assigned according to the b
values of each variable in the new logistic regression model

to establish the risk scoring system of the cesarean section

[14, 15].

Model diagnostics for the risk factors model were

evaluated using the Hosmer and Lemeshow statistic [14].

The prognostic ability of the risk prediction model and its

scoring system were evaluated with the receiver operating

characteristic (ROC) curve [14, 15]. Also, ROC analysis

was used to find the optimal cut-off of risk scoring system

for the prediction of cesarean section. The overall perfor-

mance of the ROC analysis was quantified by computing

the area under the curve (AUC). The accuracy was eval-

uated with the sensitivity, specificity, positive and negative

predictive values [14].

For the internal population verification of the cesarean

section risk scoring system the non-parametric Bootstrap

method was used [14, 16]. The bootstrapping procedure

involved sampling with replacement from the original

data with the same sample size, to generate bootstrap

samples and then ROC analysis of the scoring system was

performed on such samples, repeatedly after 1000 itera-

tions of this procedure. The AUC of the ROC for the

model in the bootstrap sample was estimated along with

95 % confidence interval. All p values reported were two-

tailed. Statistical significance was set at 0.05 and analyses

were conducted using STATA statistical software (ver-

sion 11.0).

As this was a study with retrospective collection of data

from an electronic database and therefore it was not pos-

sible to go back and collect any data that was missing for

the patients, we therefore included only women with

complete data in all study parameters for the construction

of the risk-assessment model and the final calculations.
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Ethical approval for collection and management of data

in our study was obtained by the Research and Develop-

ment Department of the Shrewsbury and Telford Hospital

NHS Trust and from the National Research Ethics Service

(NRES) committee of West Midlands-Coventry &

Warwickshire.

Results

From January 2007 till December 2013, n = 7390 eligible

women were identified fulfilling the inclusion criteria of

our study. Nevertheless, full data on all study parameters

were available for 6169 women who consisted the final

group of women included in our model and used for the

final calculations.

The sample consisted of 6169 women with a mean age of

28.9 years (SD 6.2 years). The sample characteristics are

shown in Tables 1 and 2. In our cohort, 54.2 % of women

were under 30 years of age and primigravida were 35.5 %.

White-European ethnicity involved 90.8 % of the cohort,

83.6 % were non smokers and 41.7 % were of normal BMI.

Post-dates pregnancy as the reason for IOL involved 32.4 %

of women and the cesarean section rate was 13.3 %. The

indication for the CS delivery was recorded on the electronic

database in 61 % of the women in our sample, with failed

IOL, failure to progress in labor and other indications being

16.3, 41.6 and 42.1 %, respectively. A total of 3269 males

and 2900 female infants were delivered, with 4.9 %

requiring admission to the neonatal unit.

Univariate logistic regression analysis for the risk of

cesarean section (Table 3) showed that increased maternal

age, being overweight or obese, meconium stained liquor,

epidural use, primiparity and non post-date pregnancy were

associated with a greater likelihood for cesarean sec-

tion. Additionally, black ethnicity women had greater odds

for having cesarean section. Also, the odds for cesarean

section were greater for male fetuses in univariate analysis.

When multiple logistic regression analysis was con-

ducted in a stepwise method it was found that maternal age,

being overweight or obese, having black ethnicity, meco-

nium stained liquor, epidural use, primiparity, non post-

date pregnancy and male fetal sex were the independent

risk factors for cesarean section (Table 4). The goodness of

fit test of the Hosmer–Lemeshow results showed that the

risk assessment model had a good prediction consistency

(p = 0.298). The AUC of the ROC curve of the model was

0.76 (95 % CI 0.74–0.78, p\ 0.001) indicating that the

risk factors’ regression model had a good predictive ability.

The risk scoring system for cesarean section based on

the final regression model was composed of the eight

aforementioned variables and the score assignment for

each risk factor is shown in Table 4. The final score could

range from 0 to 32 points. ROC curve analysis showed that

the optimal-cut off of risk score for the prediction of

cesarean section was 11 with sensitivity equal to 75.8 %,

specificity equal to 65.1 %, negative predictive value equal

to 93.8 % and positive predictive value equal to 25.0 %.

Table 1 Maternal demographics and labor characteristics

(n = 6169)

Total sample, N (%)

Mothers age at delivery (years), mean (SD) 28.9 (6.2)

Mothers age at delivery (years)

\30 3342 (54.2)

30–34 1580 (25.6)

C35 1247 (20.2)

Ethnicity

White Europeans 5602 (90.8)

Black 57 (0.9)

Asian 203 (3.3)

Other 59 (1)

Not stated 248 (4)

Parity

Primiparous 2904 (47.1)

Multiparous 3265 (52.9)

Gravida

Primigravida 2189 (35.5)

Multigravida 3980 (64.5)

Smoking

No 5157 (83.6)

Yes 1012 (16.4)

Body mass index, mean (SD) 27.3 (6.3)

Body mass index

Normal 2575 (41.7)

Overweighted 1806 (29.3)

Obese 1788 (29)

Post-date pregnancy

No 4172 (67.6)

Yes 1997 (32.4)

Gestation in weeks, median (IQR) 40.4 (38.8-41.6)

Route of birth

Caesarean section delivery 822 (13.3)

Operative vaginal delivery 821 (13.3)

Normal vaginal delivery 4526 (73.4)

Cesarean section delivery

No 5347 (86.7)

Yes 822 (13.3)

Liquor appearance

Normal 5386 (87.3)

Meconium stained 783 (12.7)

Epidural use

No 4794 (77.7)

Yes 1375 (22.3)
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The area under the curve (AUC) was 0.76 (95 % CI

0.74–0.78) which significantly differs from 0.5

(p\ 0.001). The validation results of the Bootstrap method

were good and showed that the AUC of ROC curve of the

scoring system was 0.76 (95 % CI 0.74–0.78, p\ 0.001).

Figure 1 shows the observed versus predicted probabilities

of cesarean section delivery thus demonstrating a well-

calibrated model.

Table 5 presents the proportion of cases with cesarean

section according to different risk score ranges. With the

increasing scores the proportion of cases with cesarean

section tended to increase. The percentage of cases with

cesarean section was 5.4 % for a risk score less than 11,

whereas it increased to 25.0 % for a risk score equal to 11 or

more. 41 % of women with a risk score ranging from 18 to

24 had a cesarean section, while the proportion of women

with cesarean section further increased to 62.5 % in cases

with a risk score from 25 to 32. Among the whole popula-

tion and the low-risk and high-risk subgroups, the numbers

of women with induced labor having a CS delivery was one

in eight women, one in twenty-one women and one in four

women, respectively. 75.8 % of women having a CS

delivery were in the high-risk population.

Discussion

In our study primiparity was the strongest risk factor in the

risk assessment model for the prediction of CS delivery in

women being induced with the highest score of eight being

assigned to it. Parity is a well recognised risk factor in the

literature for predicting the success of an induction of labor

[17]. It is suggested that the odds for cesarean section

delivery for failed IOL are 75 % higher in nulliparous

women compared to multiparous women with the same

cervical length [18]. Other studies have also shown that

primiparity is a risk factor for failed IOL [19, 20]. A recent

study from the United States in 2013 reported that in a total

of 228,562 deliveries primiparity was a significant risk

factor for failure to progress in labor leading to an emer-

gency CS delivery [21].

The second strongest risk factor for an increased CS

delivery outcome in our cohort was women of black-eth-

nicity. This finding is consistent with other studies that

have shown that after adjustment for confounding factors

such as parity, BMI and age, there is a strong association

between black ethnicity and CS outcome in women with

spontaneous and induced labors [22, 23].

Table 2 Neonatal

characteristics in the sample

(n = 6169)

Total sample, N (%)

Fetal gender

Male 3269 (53 %)

Female 2900 (47 %)

Babies birth weight (g), median (IQR) 3500 (3080–3860)

Babies birth weight (g)

\2500 361 (5.9)

2500–3000 936 (15.2)

3001–4000 3818 (61.9)

[4000 1054 (17.1)

Head circumference at birth (cm), median (IQR) 35 (34–36)

Apgar score at 1 min, median (IQR) 9 (9–9)

Apgar score at 5 min, median (IQR) 10 (9–10)

Cord gases taken at delivery arterial pH

\7.10 134 (7.4)

7.10–7.19 400 (22.1)

7.20–7.29 868 (47.9)

C7.30 410 (22.6)

Cord gases taken at delivery venous pH

\7.10 42 (2.2)

7.10–7.19 161 (8.5)

7.20–7.29 710 (37.3)

C7.30 992 (52.1)

Admitted to NNU

No 4774 (95.1)

Yes 248 (4.9)
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In our study, women over 30 years of age had an

increased risk of CS delivery when offered induction of

labor. A large UK-based study in 2008 involving 583,843

nulliparous women reported that the CS delivery rate among

nulliparous women aged 30–34 years increased threefold

whereas over 35 years it increased sevenfold with similar

associations observed in multiparous [24]. The study popu-

lation involved both spontaneous and induced labors and

their results suggested a biological effect on labor perfor-

mance due to advanced maternal age rather than obstetrical

intervention or maternal preference. Moreover, the authors

of this report performed in vitro studies of uterine smooth

muscle and concluded that increasing maternal age was

associated with reduced spontaneous activity and impaired

myometrial contractility.

Another risk factor we identified was that the increasing

BMI of women in our cohort led to an increased risk of CS

delivery outcome. There are many reports on the effect of

increased BMI on both the failure to induce labor and the

failure to progress while in active labor. Recent studies

suggest that the increased BMI due to the adipose tissue

being hormonally active predisposes to a reduced response

to induction of labor and also may inhibit the spontaneous

initiation of labor because of the altered metabolic status of

the overweight or obese woman [25, 26]. A large-popula-

tion based study including 287,213 pregnancies in London

published in 2001 showed that the increasing maternal

BMI was associated with multiple antenatal complications,

adverse neonatal outcome and increased emergency CS

delivery [13]. More recent studies have also confirmed that

BMI increase is a risk factor for assisted delivery in

spontaneous or induced labor [27].

Table 3 Odds ratios (OR) and 95 % confidence intervals (95 % CI)

derived from univariate logistic regression analyses for cesarean

section delivery

OR (95 % CI) p

Mothers age at delivery (years)

\30 1.00a

30–34 1.25 (1.07–1.47) 0.005

C35 1.41 (1.19–1.66) \0.001

Ethnicity

White Europeans 1.00

Black 3.35 (1.98–5.69) \0.001

Asian 1.01 (0.69–1.49) 0.943

Other 0.99 (0.49–2) 0.976

Not stated 1.65 (1.23–2.22) 0.001

Parity

Multiparous 1.00

Primiparous 3.85 (3.31–4.49) \0.001

Smoking

Mo 1.00

Yes 0.66 (0.54–0.81) \0.001

Body mass index

Normal 1.00

Overweight 1.30 (1.09–1.57) 0.004

Obese 1.66 (1.39–1.98) \0.001

Post-date pregnancy

Yes 1.00

Mo 1.67 (1.43–1.95) \0.001

Liquor appearance

Normal 1.00

Meconium stained 2.76 (2.34–3.26) \0.001

Epidural use

No 1.00

Yes 3.62 (3.14–4.16) \0.001

Fetal sex

Females 1.00

Males 1.19 (1.04–1.36) 0.013

a Indicates reference category

Table 4 Odds ratios (OR) and 95 % confidence intervals (95 % CI)

for the risk model derived from stepwise multiple logistic regression

analysis for cesarean section delivery

b OR (95 % CI) p Score

Mothers age at delivery (years)

\30 1.00a 0

30–34 0.41 1.50 (1.25–1.81) \0.001 2

C35 0.58 1.78 (1.45–2.19) \0.001 3

Ethnicity

Other 1.00 0

Black 1.14 3.13 (1.71–5.73) \0.001 7

Parity

Multiparous 1.00 0

Primiparous 1.33 3.76 (3.13–4.52) \0.001 8

Body mass index

Normal 1.00 0

Overweight 0.27 1.30 (1.07–1.58) 0.008 2

Obese 0.55 1.73 (1.44–2.09) \0.001 3

Post-date pregnancy

Yes 1.00 0

No 0.19 1.20 (1.00–1.45) 0.048 1

Liquor appearance

Normal 1.00 0

Meconium stained 0.76 2.14 (1.76–2.6) \0.001 4

Epidural use

No 1.00 0

Yes 0.90 2.46 (2.08–2.89) \0.001 5

Fetal sex

Females 1.00 0

Males 0.17 1.19 (1.02–1.39) 0.032 1

a Indicates reference category
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In our study inducing women for post-dates pregnancy

([41 weeks of gestation) was found to have lower CS rates

in comparison to pregnancies that were induced earlier for

any medical reason. This is in contrast with the literature

where a systematic review in 2009 reported that increasing

gestational age resulted in increased CS rates [17]. Other

recent studies suggest that inducing women at term does

not increase the CS rates when compared to expectant

management or induction of labor at 41 weeks for pro-

longed pregnancy [28, 29]. This discrepancy among the

various studies most likely reflects the different study

population characteristics and the different study designs

that have been applied to measure the increase or decrease

in the CS rates in induced labor.

Meconium-stained liquor was also associated with CS

delivery in our cohort. A recent study has reported that

meconium presence in liquor is a function of the duration

of labor rising from 2.8 % in women prior to the onset of

labor in elective CS to 23.1 % of women in active labor

[30]. It is contemplated that meconium-stained liquor is a

sign of fetal hypoxia and has been associated with lower

Apgar scores and higher rates of assisted delivery [30, 31].

The use of epidural analgesia was a significant predictor

for CS outcome in our study. On review of the literature

however there is inconclusive evidence on the effect of

epidural analgesia in labor [32]. Moreover, the studies

reporting on the effect of epidural analgesia on the mode of

delivery have included women with spontaneous onset of

labor and not induced labor [32].

Finally, the male fetal gender was a risk factor leading to

increased CS rate in our cohort of women. There are few

reports so far which suggest that there are different ster-

oidal pathways regarding the onset of labor between female

and male fetuses [25]. It is suggested that there is a dif-

ferent fetoplacental response to the induction of labor

process between the fetal genders which could explain the

higher IOL failure rates in male fetuses [33]. It is reported

that these differences are responsible when there is a male

fetus of the greater time interval between induction and

delivery and the higher incidence of augmentation of labor

with oxytocin [33]. Also, there is strong evidence that male

and female fetuses are different in terms of growth and

development in utero due to sex-biased gene expression

leading to divergent growth patterns [34]. It has been

reported that male fetuses grow faster in utero and have a

greater birth weight in comparison to female fetuses with

the same placental size [35]. The consequence of this

however is that due to their higher tissue mass, male

fetuses may have increased oxygen consumption needs.

Moreover, when males are subjected to the stress of labor

they may have less placental reserves to utilise if sub-op-

timal conditions appear [34]. This explains the finding why

male fetuses have a higher incidence of fetal distress as

reflected in being more likely to have fetal blood sampling,

cardiotocographic abnormalities, lower Apgar scores, and a

higher incidence of operative delivery [36, 37].

There are certain limitations to be considered about our

study. First, data were retrospectively collected from an

electronic database for the study period 2007–2013.

Accuracy of data is dependent on the practitioner recording

each time the information on the database. Because of the

large number of eligible patients (n = 7390) it was not

possible to go back and collect any missing data from the

patients’ hospital notes. Nevertheless, there was still a

large-cohort size to generate clinically meaningful results

and to construct the risk assessment model even after

including only women with complete data for all study

parameters (n = 6169).

Second, our electronic database did not contain

mandatory fields for recording the cervical status. It is

well-established in the literature that cervical scoring in

terms of the Bishop score is a key factor to the success of

IOL [1, 19, 38]. Therefore, we could not incorporate these

Fig. 1 Calibration plot of the model applied on 6169 women

(goodness of fit p = 0.298). The straight line represents the predicted

CS rate and each circle represents the observed CS rate while larger

circles indicate that these points are based on more data

Table 5 Proportion of cases with caesarean section according to

different risk score ranges

Cases with cesarean section

Risk score Total N %

Low risk (0–10) 3678 199 5.4

0–6 2373 89 3.75

7–10 1305 110 8.43

High risk (11–32) 2491 623 25.0

11–17 1965 404 20.6

18–24 510 209 41.0

25–32 16 10 62.5
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variables in our risk-prediction model and adjust for any

confounding effect.

Third, our primary outcome was the overall CS delivery

rate in the cohort of women being induced for all medical

reasons. This means that the CS group involved women

that had a failed IOL meaning that they were induced but

never went into active labor, and also women who went

into active labor but failed to progress and give birth. We

chose this combined outcome so as to generate a larger

number of subjects to be incorporated into the mathemat-

ical models. A sub-group analysis of women with failure to

progress in labor and of women with failed IOL with the

simultaneous use of cervical Bishop scoring may have led

to different results.

Fourth, the indications for the IOL were grouped into

the categories of post-date ([41 weeks) and non post-date

pregnancy indications (\41 weeks). This categorisation is

indicative more of the gestational age at induction than the

actual indication for IOL itself. Due to the several indica-

tions for IOL it was not possible to break down the results

per specific indication as this would have led to multiple

risk factors of CS delivery per indication and to less

meaningful conclusions.

Fifth, our maternity unit at the Shrewsbury and Telford

Hospital has a relatively lower CS rate of 13.3 % in women

offered IOL in comparison to the national average of 22 %

even in 2004–2005. Our unit should be considered an

outlier with a strong culture for vaginal delivery and the

least obstetric interventions. In our unit women are allowed

sufficient time to have labor progress to optimise their

chances of vaginal delivery. This means that women in

other units would have had an emergency CS much earlier

for failed IOL or failure to progress in labor, whereas in

SaTH there is a higher threshold before declaring a failure

in the induction process or in labor progress. If our study

had been replicated in other units with higher CS rates in

women offered IOL then the risk factors and the risk-pre-

diction model may have been different.

Themain strength of our study is that it has included a large

number of patients (n = 6169) with complete data for all

study variables. This has led to a well calibrated risk-assess-

ment model with good distinguishing abilities and accuracy.

Moreover, six out of the eight risk factors of the model are

antenatal factors (age, BMI, parity, ethnicity, post-dates/non

post-date pregnancy, fetal gender) whereas the remaining two

factors are intrapartum (epidural analgesia, meconium-

stained liquor), thusmaking estimation of the total score in the

risk-assessment model easy and simple. Finally, if a woman

being induced is considered low-risk for a CS delivery, due to

the high negative predictive value (93.8 %) of the model this

allows for a low misdiagnosis rate and provides reassurance

for the high likelihood of a vaginal delivery.

Conclusion

In a large-population based cohort study of women induced

for all medical reasons, we have identified six antenatal risk

factors for CS delivery (age[30 years old, BMI[25 kg/m2,

primiparity, black-ethnicity, non post-date pregnancy, male

fetal gender) and two intrapartum risk factors (meconium-

stained liquor, epidural use). These risk factors combined in

a scoring system have led to a risk assessment model with a

good prediction consistency and distinguishing ability. Due

to the high negative predictive value of the model (93.8 %)

when a woman is considered low-risk for CS delivery then

this has a low misdiagnosis likelihood. The practical impli-

cations of this study involve a simple and easy to use pre-

diction tool for the practitioner in everyday clinical practice.

Its goal is not to increase the cesarean section rates by clas-

sifying women as high-risk from the very beginning of the

induction process but to provide reassurance to those women

who are low-risk for CS delivery. Further studies are needed

with even larger cohorts so as to include risk-assessment per

indication of IOL and also other study variables such as the

cervical Bishop score.

Compliance with ethical standards

Funding None.

Conflict of interest The authors declare that they have no conflict of

interest.

Research involving human participants and/or animals All pro-

cedures performed in studies involving human participants were in

accordance with the ethical standards of the institutional and/or

national research committee and with the 1964 Helsinki declaration

and its later amendments or comparable ethical standards.

Informed consent Our study was a retrospective study, and for this

type of study formal consent is not required.

References

1. Talaulikar VS, Arulkumaran S (2011) Failed induction of labour:

strategies to improve the success rates. Obstet Gynecol Surv

66:717–728

2. NICE Guideline (2008) Induction of labour. National Collabo-

rating Centre for Women’s and Children’s Health. National

Institute for Health and Clinical Excellence. RCOG Press,

London

3. The Information Centre CHS (2006) NHS maternity statistics,

England: 2004–2005. The Information Centre, Leeds

4. National Audit Office (2013) Maternity services in England.

Department of Health, HC794. Session 2013–2014

5. Patterns of Maternity Care in English (2013) NHS Hospitals in

2011/2012. Royal College of Obstetricians and Gynaecologists

6. Ehrenthal DB, Jiang X, Strobino DM (2010) Labour induction

and the risk of a caesarean delivery among nulliparous women at

term. Obstet Gynecol 116:35–42

Arch Gynecol Obstet (2017) 295:59–66 65

123



7. Zhang J, Troendle J, Reddy UM, Laughon SK, Branch DW,

Burkman R et al(2010) Contemporary caesarean delivery practice

in the United States. Am J Obstet Gynecol 203:326.e1–326.e10

8. Deneux-Tharaux C, Carmona E, Bouvier-Colle MH, Bréart G
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