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Objective: To assess the diagnostic efficacy of the Bishop Score and Transvaginal
Ultrasonography (TVS) in predicting successful labor induction in primigravida
women in a peri-urban population in Islamabad. Additionally, the study aimed to
evaluate the effectiveness of combining the predictions from both methods to
enhance accuracy in predicting successful labor induction.

Methodology: A prospective comparative study was conducted at the
Departments of Obstetrics and Gynecology, Rawal Institute of Health Sciences,
and Farooq Hospital, Islamabad, from December 2021 to December 2022. A total
of 520 pregnant, primigravida women undergoing labor induction were included,
and they were randomly divided into two groups for assessment using either the
Bishop Score or Transvaginal ultrasonography. The outcome of interest was
documented as the initiation of active labor within 24 hours. The efficacy of each
method was validated separately and jointly, and the predictive accuracy of all
three predictors was compared.

Results: The two groups demonstrated that both TVS and the Bishop Score were
individually effective at predicting successful labor induction (p<0.00001 for both
methods). TVS outperformed the Bishop Score in several key predictive
measures, such as accuracy and the F1 Score. However, combining predictions
from both the Bishop Score and TVS significantly improved both positive and
negative predictive values (by more than 10% for each metric), resulting in a more
reliable prediction.

Conclusion: Both the Bishop Score and TVS are effective methods for predicting
successful labor induction in the peri-urban population of Islamabad, Pakistan.
While TVS showed significant quantitative advantages over the Bishop Score,
combining both predictors yielded even better performance, suggesting that
using both methods together should be prioritized for prediction.
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Introduction

reliable assessment of the success of labor induction is
beneficial for the well-being of both the mother and the

Approximately 5-25% of all pregnancies require near-term
induction due to various feto-maternal indications, as
continuing the pregnancy can pose risks to both the mother
and the fetus.® Induction of labor (IOL) carries clinical
implications and unpredictable durations, leading to
increased costs for both patients and hospitals.3 Ensuring a

baby.

For a labour induction to be successful, cervical status has
been recognised as the most important factor.*®
Transvaginal Ultrasonography and the Bishop Score are
commonly used methods for assessing the cervix. USG
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findings are highly sensitive for preterm labor and can
predict the feasibility of successful onset of labor after
medical induction.” & On the other hand, the Bishop Score
involves a digital examination of the cervix, evaluating
parameters such as cervical length, dilation, consistency,
position, and station of the presenting part.>'* However,
the subjective nature of the Bishop Score and inter-
examiner variability can lead to confusion and
discrepancies. Moreover, according to Kant? and
Jackson®3, 50% of cervical length is supra-vaginal,
showing variations from patient to patient and is, therefore,
difficult to assess. Hence, having another method of
cervical assessment to corroborate the Bishop Score may
prove useful.

Transvaginal sonography (TVS) is a widely employed
technique for evaluating the cervix, encompassing
measurements of cervical length and position.'* ¥ In the
context of primigravidas, TVS has been advocated for its
high accuracy and considered the superior method for
assessing successful labor induction.’® Unlike other
approaches, TVS offers a more objective assessment of
cervical length, position, and initial changes at the internal
0s. Moreover, it is user-friendly, allowing easy learning
and implementation, and enables the recording and
documentation of images for later inter-observer
discussion. An additional advantage is that TVS is non-
invasive, resulting in a pain-free and comfortable
experience for the patient. Notably, a study conducted in
Srinagar, India, demonstrated that a cervical length of
3.00cm or less through TVS has a sensitivity of 84% and
specificity of 70.7% in predicting the success of labor
induction.’

Given the existing evidence, our study aims to assess the
diagnostic accuracy of TVS and the Bishop Score in
predicting successful 1OL and explore the potential
synergies between the two methods. Enhancing sensitivity
and prediction accuracy in labor induction can assist
clinicians in making informed decisions and empower
couples in their choices.

Methodology

This prospective comparative study was carried out at the
Departments of Obstetrics and Gynecology, Rawal
Institute of Health Sciences, and Farooq Hospital,
Islamabad, from December, 2021 to December, 2022. A
total of 520 primigravida women who met specific
inclusion criteria were enrolled using non-probabilistic
convenience sampling. The prospective comparative

clinical study aimed to compare various variables and
interventions.

Women were included such as maternal age between 18 to
30 years, singleton pregnancy, full term (37 to 41 weeks),
longitudinal lie, cephalic presentation, and estimated fetal
weight of 2.5 to 3.5 kg. Exclusion criteria consisted of fetal
compromise, gross fetal anomaly, estimated fetal weight
over 3.5 kg, pre-labor rupture of membranes, previous
uterine surgery, and contraindication to vaginal delivery.
Informed consent was obtained from all patients.

The 520 pregnant primigravida patients admitted for
induction of labor were randomly assigned to two groups:
Group A (Bishop Score assessment) and Group B (TVS
assessment). The Bishop Score was used to determine
"Favorable" (Bishop Score >3) or "Unfavorable" (Bishop
Score <3) status. In Group B, TVS measured cervical
length, classifying it as "Favorable" (<3cm) and
"Unfavorable" (>3cm). Bishop score calculation and TVS
were performed immediately before induction.

All patients were induced with Prostaglandin E2 (vaginal
3mg pessary inserted in the posterior vaginal fornix). A
second dose was administered if the patient did not enter
labor within 6 hours after the initial dose. Intermittent
electronic fetal monitoring was conducted for all women
undergoing labor induction. Once in established labor,
vaginal assessments were performed every 4 hours, unless
otherwise indicated. The patients were followed until the
initiation of active labor or for 24 hours. The outcome was
documented as the initiation of active labor or the absence
thereof. If the patient did not go into labor after 24 hours,
it was considered a failed induction of labor. The findings
were recorded on the proforma by the attending registrar.

Successful Induction of Labour (IOL): The initiation of
active labour within 24 hours from the start of induction.
Cervical Length by TVS: Length between internal cervical
o0s and external os. (Figure 1)

The collected data underwent variable conversion and
subsequent analysis utilizing the Statistical Package for
Social Sciences (SPSS) version 25. The variables included
in the analysis were as follows: 1) demographic
information of patients, comprising age, height, weight,
and body mass index (BMI), 2) indication for labor
induction, 3) Bishop score, 4) cervical length assessed
through transvaginal sonography (TVS), and 5) initiation
of labor.

Efficacy and predictive strength of each prediction method
(Bishop Score and TVS) was individually confirmed using
Fisher’s Exact Test.
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Figure 1: Transvaginal sonographic examination
demonstrating measurement of cervical length from
internal os to external os (Dashed red line).

Results

The study compared demographic variables (Age, Height,
Weight, BMI) using the Mann-Whitney U-Test and
"Gestational Age at Induction™ using the Chi-Square Test
with specified binning (Table I).

The mean age of participants was 20.6+1.9 years, with an
age range of 8 years (minimum age 18 years, maximum
age 26 years). The average gestational age was 39.7+0.9
weeks, ranging from 37 to 41 weeks. The mean cervical
length for primigravida patients was 2.86+1.88cm. Group
A had 53.2% of participants with favorable cervical
lengths, while Group B had 63.2% (Table II).

Table I: Distribution of demographic characteristics and
gestational ages in the two groups. (n= 520)

Variable Group A Group B P
(Bishop Score) (TVS) value
(N=260) (N=260)
Age 2059 +2.23 20.05+1.58 0.153
(years)
Height  16004+1004  161.84+870  0.186
(cm)
weight 54 55+ 10.82 5352 +11.17 0.42
(kg)
BMI
(kgmp) | 1900%374 21.03 +5.04 0.055
Gestational age at induction 1.0
37-38 14 (2.5%) 16 (3.0 %) -
38-39 42 (1.5%) 38 (6.5%) -
39-40 20 (3.5%) 14 (2.5%) -
40-41 204 (36.5%) 212 (38.0%) -

TVS outperformed the Bishop Score significantly in
predicting induction of labor (chi-square statistic = 92.65,
p<0.001, Mantel-Haenszel test). Descriptive measures in
Table 11l indicated consistently higher prediction efficacy
for TVS (Sensitivity, Specificity, Precision, Negative

Table 1l: Results of induction of labour Bishop Score/
cervical length on TVS. (n=520)
Intervention Successful Yes No Total P Value
induction
Labor
Prediction
Group A: Bishop score (n=260)
Favorable 133 16 149 <0.00001
(> 3 score)
Unfavorable 83 48 131
(< 3 score)
Group B: TVS (n=260)
Favorable 166 11 177 <0.00001
(<3cm)
Unfavorable 50 53 103
(>3cm)

Predictive Value), and higher prediction errors for the
Bishop Score (False Positive Rate, False Discovery Rate,
False Negative Rate). Aggregate measures (Accuracy and
F1 score) were also higher for TVS (Table II).

Table Ill: Descriptive measures on confusion
matrices/contingency tables for each methodology (larger
value is emboldened)

Metric Bishop Score  TVS

Sensitivity 0.6157 0.7685
Specificity 0.75 0.8281
Precision 0.8926 0.9379
Negative Predictive Value 0.3664 0.5146
False Positive Rate 0.25 0.1719
False Discovery Rate 0.1074 0.0621
False Negative Rate 0.3843 0.2315
Accuracy 0.6464 0.7821
F1 Score 0.7288 0.8448

Table 1V presents the results of combining the Bishop
Score and Transvaginal Sonography (TVS) to improve
prediction accuracy for induction of labor. The focus was
on the positive predictive value (PPV) and negative
predictive value (NPV) when both tests produced the same
outcome. Resulted in significantly improved PPV and
NPV, indicating that using both the Bishop Score and TVS
together is highly recommended for predictive purposes in
clinical cases.

Table 1V: Comparison of PPV and NPV for individual
and combined metrics (larger value is emboldened)

Metric Bishop Score TVS Combination
PPV 0.62 0.77 0.97
NPV 0.74 0.82 0.95

Discussion

Induction of labour is the initiation of uterine contractions
through medical or surgical means before spontaneous
onset of labour.” It is commonly done for postdate
pregnancies, pre-labor rupture of membranes, and medical
disorders in pregnancy.'® As 20-30% of all pregnancies
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require induction of labour, predicting success of
induction is an important and challenging issue for the
obstetrician.

Traditionally, the Bishop Score has been used to assess
cervical status.** However, studies have shown that it may
not reliably predict the success of labor induction,
particularly in cases with an unfavorable cervix.
Additionally, the subjective nature of the Bishop Score can
lead to considerable variations among different
examiners.!® As an alternative, transvaginal sonography
(TVS) is used as a more objective measure of cervical
length. Different cutoff points are employed for cervical
length and the Bishop Score.

A study by Meijer-Hoogeveen et al. supports the use of
both the Bishop Score and TVS in providing valuable
information for clinicians and patients making decisions
regarding labor induction or expectant management at
term. The same cutoff point for cervical length used in
their study was applied in our present study to assess its
predictive value.?

In our study, the majority of patients were aged between
18 and 26 years, with a mean age of 20.64 (SD = 1.925),
consistent with findings reported by Agrawal et al. 2
Additionally, a large number of patients between the
gestational age range of 37 to 41 weeks, that aligns with
the results of a study conducted in Egypt by Garite et al.??

In our study, 77.1% of patients had successful inductions,
while 22.9% of patients had unsuccessful inductions.
These results were comparable with a study carried out by
Agrawal et al. but in a prospective cohort study by Kamel
et al. 90.1% had successful induction while only 9.9% of
patients had failed induction of labour and underwent
cesarean delivery.?23

Different researchers have recorded different predictive
values of Bishop Score for outcome of labour induction.?
In our study, 133 patients with favourable Bishop Score
had successful IOL and only 16 patients had failed
inductions.

Furthermore, we found that prediction of labor using TVS
outperformed prediction using the Bishop Score. The
differences observed (e.g. a ~0.14 increase in Accuracy,
and a ~0.12 increase in F1 Score) strongly warrant higher
adoption of TVS versus the Bishop Score as these values
far outstrip improvements in predictive efficacy seen by
methodologies in many other domains.?> 26 Future work
will attempt to statistically test differences in prediction
metrics (such as Sensitivity, Specificity, Accuracy) using
bootstrapping procedures and will explore changes in the

prediction quality of each method for demographic subsets
of the population.

We also used a Bayesian update procedure to calculate the
positive and negative predictive values for the individual
metrics and their combination. For both metrics, we found
significant increases in prediction accuracy of the
combined measure (on the order of 10-20% improvements
in accuracy). However, the prediction thresholds for each
measure used in this study are derived from previous work,
and hence do not account for covariation/combination
between these measures. Hence, future work can also use
machine learning methodologies to infer whether different
thresholds are more effective when the values for each
predictor are combined, rather than working with
prediction probabilities.

Recent studies have shown that transvaginal
ultrasonographic cervical measurements are comparable
(or even superior) to Bishop score in assessing cervical
ripeness for labour induction.?® In our study 166 patients
with favourable cervical length on TVS had successful
induction of labour and only 11 patients had failed
induction of labour showing cervical assessment to be
highly predictive for success of 0L, similar to results
shown by Kamel et al. at the Cairo University Hospital.?®
According to a research by Bahadori et al., the cervical
length evaluated by TVS had a higher predictive value
than Bishop Score for the effectiveness of induction, with
sensitivity and specificity of 66% and 76% (respectively),
as compared to Bishop Score's 77% and 56%.2° Our study
supports this finding, aligning with the research conducted
by Gonen et al, who concluded that the transvaginal
ultrasonographic evaluation of the cervix prior to labor
induction does not enhance the prediction of cervical
inducibility determined by the Bishop Score.26 Notably,
both studies encompassed various indications for labor
induction.

Induction of labour is a common intervention in obstetrical
practice. Bishop Score and cervical assessment by TVS are
useful tools to make informed choices regarding method
and timing of induction of labour and also mode of
delivery. The findings of our study will aid the obstetrician
and pregnant woman to make a decision based on specific
background risk of cesarean delivery.

Our study has a few limitations. We used convenience
sampling which limits generalizability of our findings. The
procedures were performed in an academic setting with
highly trained staff. The expertise of staff performing the
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procedures may be lower in smaller clinics and rural
hospital.
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