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Abstract

Background: In this study, we wanted to evaluate the efficacy of transvaginal ultrasound in
predicting the cervical status before pharmacological induction of labour and compare the
efficacy of transvaginal ultrasound and Bishop’s score in pre-induction cervical assessment.
Materials and Methods: This was a hospital based prospective comparison study conducted
among patients who presented with antenatal term singleton gestation selected for induction
of labour with intact membranes to the Department of Radiology at GRH, (Govt. Rajaji
Hospital), Madurai, over a period of 6 months after obtaining clearance from Institutional
Ethics Committee and written informed consent from the study participants.

Results: When comparing the predictive values of the parameters of transvaginal sonography
with Bishop’s score, it was evident that Bishop’s score was more predictive than the
individual parameters.

Conclusion: Transvaginal sonography is an ideal alternative for Bishop’s score to predict the
outcome of induction of labour in nulliparous women with term gestation with intact
membranes. The transvaginal sonographic parameters even as individual parameters are
statistically more significant in pre-induction cervical assessment than Bishop’s score.
Cervical length measurement by transvaginal sonography has the highest sensitivity followed
by Bishop’s scoring system. Posterior cervical angle has the highest specificity followed by
percentage of funnelling, both measured by transvaginal sonography. The comprehensive
transvaginal sonography is therefore highly sensitive and specific than Bishop’s score in pre-
induction cervical assessment. As transvaginal sonography is an easy, less time-consuming
method, it may be used as an alternative for cases where there is subjective variation in
assessment of Bishop’s score.
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Introduction

technique of artificially stimulating uterine

Induction of labour, one of the most :
contractions, before the onset of labour,

common obstetric procedures, is the
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resulting in progressive effacement and
dilatation of cervix, to achieve vaginal
delivery. Throughout the world, in up to
20 % of women, labour is being induced
by one method or the other. [1.2] There is
an increase in the rate of obstetrically and
medically indicated inductions, where the
foetal and maternal risk of early delivery is
relatively less than the risk of prolonging
the pregnancy. Whatever be the indication
for induction of labour assessment of pre-
induction, cervical ripening is essential.
There are several methods available for
this assessment and newer methods are
also being sought to. ‘The Bishop’s score
described by Bishop in 1964 is the
traditional cervical scoring system being
used. [3,4,5] There are several studies with
controversial results regarding the efficacy
of Bishop’s score in pre-induction cervical
assessment. Subsequently, other methods
were evaluated and in the search of an
objective method, transvaginal
ultrasonography was introduced. [6] The
parameters like cervical length, posterior
cervical angle and percentage of funnelling
measured by transvaginal ultrasonography
may be used to assess the pre-induction
cervical status in a more objective way.
Since 1960, prostaglandins have been used
to induce labour. As per ACOG 2009,
intra-cervical PGE2 as a gel preparation is
being widely used for induction of labour.
It is well known fact worldwide, that there
is no universally accepted criterion for
failure of induction, though a time frame
of 24 hours is often used for the same.
[7,8] Prediction of outcome of labour
induction is essential to avoid unnecessary
induction and preventable caesarean
section.

Aims and Objectives

To find the efficacy of transvaginal
ultrasound in predicting the cervical status
before pharmacological induction of
labour.

To compare the efficacy of transvaginal
ultrasound and Bishop’s score in pre-
induction cervical assessment.
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Materials and Methods

This was a hospital based prospective
comparison study conducted among
patients who presented with antenatal term
singleton gestation selected for induction
of labour with intact membranes to the
Department of Radiology at GRH, (Govt.
Rajaji Hospital), Madurai, over a period of
6 months after obtaining clearance from
Institutional Ethics Committee and written
informed consent from the study
participants. Inclusion Criteria The study
to be conducted in women admitted in
GRH, Madurai with term gestation
planned for induction of labour. Exclusion
criteria: women with previous cesarean
section, preterm pregnancy, multifetal
gestation, eclampsia. Informed and written
consent from the participant. Counselling
and communication about the needs and
method of study. The following details
were tabulated for every woman
participating in the study.Name, UHID
number, History, age, parity, BMI,
indication for induction of labour, method
of induction, mode of delivery, Bishop’s
score, induction delivery interval, reason
for caesarean section. Investigations:
transabdominal ultrasound, transvaginal
ultrasound for measurement of cervical
length and posterior cervical angle.

Statistical Methods

Date was entered in MS Excel and
analysed using Statistical Package for
Social Sciences (SPSS) software. Results
were presented as tables.

Sample Size

Overall, by various studies it has been
estimated that Bishop’s score has a
sensitivity of 65 %, and specificity of 95
%. Based on this, the sample size of the
study was calculated.

N = {Z2*Sn * (1-Sn)}/{L2* P2}

Based on this, the sample size taken for a
significant result is 150.

Results
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Table 1
S1. No | Age of the Patient (Years) | No. of Patients | Percentage
1 <25 131 87.3
2 25-30 15 10
3 > 30 4 2.6
Age Distribution
S. No | Body Mass Index No. of Patients | Percentage
1 18.5-24.9 46 30.6
2 25-29.9 70 46.6
3 > 30 34 22.6
BMI

Age does not influence the outcome of
induction of labour.

As the p-value was > 0.005, BMI has no
influence on the outcome of induction of
labour. Therefore, even if we do not take
an age and BMI matched population, as
these two factors do not influence the
outcome of induction of labour, they need
not be considered as confounding factors.
The mean delivery time when the Bishop’s
score was less than 4 was 22.523 hours to
32.107 hours (95 % confidence interval)
and when the Bishop’s score was more
than or equal to 4 it was 16.205 hours to
20.274 hours (95 % confidence interval).

As the chi-square p-value was 0.005, there
was significant variation in the induction
delivery interval as predicted by Bishop’s
score. [9,10]

When the cervical length was less than 3
cm, the mean duration of induction to
onset of labour interval was 15.933 hours
to 20.099 hours (95 % confidence interval)
and when it was more than or equal to 3,
the mean induction delivery interval was
29.394 hours to 39.897 hours (95 %
confidence interval). Hence, cervical
length (chi square p-value < 0.0001) was
highly significant in pre-induction cervical
assessment. [11]

Table 2: Relationship between BMI and Outcome of Induction of Labour

Nagarajan et al.

Chi-Square Tests

Asymp. Sig.
Value df (2-sided)
Pearson Chi-Square 4029 2 818
Likelihood Ratio 418 2 811
Linear-by-Linear .020 1 .886
Association
N of Valid Cases 150

a. 3 cells (50.0%) have expected countless than 5. The
minimum expected countis .75.

Relationship between Age and Outcome of Induction of Labour
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bmi * outcome Crosstabulation
Count
outcome
women who women who
had active had failed
labour induction Total
bmi 18.5-24 .9 33 13 46
24.9-29.9 61 9 70
=30 28 6 34
Total 122 28 150
Chi-Square Tests
Asymp. Sig.
Value df (2-sided)
Pearson Chi-Square 4.368° 2 113
- Likelihood Ratio 4229 2 A21
Linear-by-Linear 1.876 1 A7
Association
N of Valid Cases 150
a. 0 cells (.09%) have expected countless than 5. The
minimum expected countis 6.35.

Table 3: Comparison of Outcome of Labour

S. No | Indication No. of Patients Percentage
1 Post-dated 65 43.33

2 Non-severe preeclampsia 46 30.66

3 Oligohydramnios 39 26

4 GDM 2 1.33

5 Jaundice 2 1.33

Indication for Induction of Labour
Induction to Onset of Labour Interval | Number of Women | Percentage

Less than or equal to 6 hours 13 8.66

6 - 12 hours 40 26.66

12 - 18 hours 22 14.66

18 - 24 hours 46 30.66

> 24 hours 29 19.33

Distribution of Induction — Onset of Labour Interval

Outcome of Labour Number of Women | Percentage

Labour natural 125 83.33

Lower segment caesarean section 23 15.33

Outlet forceps 2 1.33
Using the cut off of posterior cervical than 120, the induction to onset of labour
angle as 120, when the angle was greater interval was 8.869 hours to 12.744 hours
Nagarajan et al. International Journal of Pharmaceutical and Clinical Research
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(95 % confidence interval). When the
angle was less than or equal to 12, the

induction delivery interval was 22.074
hours to 27.558 hours (95 % confidence

Table 4: Kaplan-Meir Survival Analysis Showing Mean Duration of Induction of
Labour Predicted by Posterior Cervical Angle

e-ISSN: 0975-1556, p-ISSN: 2820-2643

interval). The

chi square p-value is <

0.0001; therefore, posterior cervical angle

significantly

predicts the induction

delivery interval. [12].

Means and Medians for Survival Time

Bishop Mean® Median
Estimate Std. | 95%  Confidence | Estimate Std. 95%
Error | Interval Error Confidence
Interval

Lower Upper Lower | Upper

Bound Bound Bound | Bound
Less 27.315 2.445 | 22.523 32.107 | 19.000 2.624 13.856 | 24.144
than 4
Greater | 18.240 1.038 | 16.205 | 20.274 | 16.000 1.805 12.462 | 19.538
than or
equal
to 4
Overall | 21.921 1.219 | 19.531 24311 | 18.000 1.750 14.571 | 21.429
a. Estimation is limited to the largest survival time if it is censored.
Overall Comparisons

Chi-Square df Sig.

Log Rank (Mantel-Cox) 7.962 1 .005

Test of equality of survival distributions for the different levels of bishop.

Kaplan-Meir Survival Analysis Showing Mean Duration of Labour Predicted by Bishop’s Score

Means and Medians for Survival Time

Cl Mean® | Median
Estimate | Std. 95%  Confidence | Estimate | Std. 95% Confidence Interval
Error | Interval Error
Lower | Upper Lower | Upper Bound
Bound | Bound Bound
Greater | 34.645 | 2.679 |29.394 |39.897 | 24.000
than
30mm
Less 18.016 | 1.063 | 15.933 | 20.099 14.000 1.145 11.756 | 16.244
than 30
mm
Overall | 21.921 1.219 | 19.531 | 24.311 18.000 1.750 14.571 | 21.429
a. Estimation is limited to the largest survival time if it is censored.
Overall Comparisons
Chi-Square df Sig.
Log Rank (Mantel-Cox) 21.384 1 .000

Test of equality of survival distributions for the different levels of cl.

Kaplan-Meir Survival Analysis Showing Mean Duration of Labour Predicted by Cervical Length

Means and Medians for Survival Time

PCA

Mean?

| Median

Estimate

Std.
Error

95%
Interval

Confidence

Estimate

Std.
Error

95% Confidence
Interval
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Lower | Upper Bound Lower Upper

Bound Bound | Bound
Less  than | 24.816 1.399 | 22.074 | 27.558 21.000 |.773 19.485 | 22.515
120 degrees
Greater than | 10.806 989 | 8.869 | 12.744 10.000 | 1.391 |7.273 12.727
or equal to
120 degrees
Overall 21.921 1.219 ] 19.531 | 24.311 18.000 | 1.750 | 14.571 |21.429
a. Estimation is limited to the largest survival time if it is censored.
Overall Comparisons

Chi-Square df Sig.

Log Rank (Mantel-Cox) 47.976 1 .000

Test of equality of survival distributions for the different levels of PCA.

Table 5: Kaplan Meir Analysis- Transvaginal Ultrasound Scoring

Means and Medians for Survival Time

Fun Mean? Median
Estimate | Std. | 95% Estimate | Std. 95% Confidence
Error | Confidence Error | Interval
Interval
Lower | Upper Lower | Upper
Bound | Bound Bound | Bound
Less than 40 | 26.480 1.704 | 23.140 | 29.821 | 22.000 | .909 20.218 | 23.782
percent
Greater than or | 14.776 956 112.902 | 16.650 | 12.000 | 1.020 | 10.000 | 14.000
equal to 40
percent
Overall 21.921 1.219 | 19.531 | 24.311 | 18.000 | 1.750 | 14.571 | 21.429
a. Estimation is limited to the largest survival time if it is censored.
Overall Comparisons
Chi-Square Df Sig.
Log Rank (Mantel-Cox) 24.482 1 .000

Test of equality of survival distributions for the different levels of fun.

Kaplan-Meir Survival Analysis Showing Mean Duration of Induction of Labour Predicted by
Percentage of Funnelling

Means and Medians for Survival Time

Ctvs Mean® Median
Estimate | Std. 95% Confidence | Estimate | Std. 95% Confidence
Error Interval Error | Interval

Lower Upper Lower | Upper

Bound Bound Bound | Bound
.00 30.935 1.868 27.273 34.597 |24.000 | .480 23.060 | 24.940
1.00 14.047 174 12.530 15.563 12.000 |.295 11.421 | 12.579
Overall |21.921 1.219 19.531 24311 18.000 | 1.750 | 14.571 | 21.429
a. Estimation is limited to the largest survival time if it is censored.
Overall Comparisons

Chi-Square df Sig.

Log Rank (Mantel-Cox) 55.248 1 .000

Test of equality of survival distributions for the different levels of ctvs.

Nagarajan et al.
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When The Percentage of Funnelling Was
Less Than 40 %, The Induction Delivery
Interval Ranges Between 23.140 Hours To
29.821 Hours (95 % Confidence Interval).
When The Percentage of Funnelling Was
More Than or Equal To 40 %, The
Induction Delivery Interval Was Between
12.902 Hours To 16.650 Hours (95 %
Confidence Interval). The Cut-Off Of 40

e-ISSN: 0975-1556, p-ISSN: 2820-2643

% For the Percentage of Funnelling
Significantly Influences the Induction
Delivery Interval. [13-21]

The Comprehensive Scoring System
Combining the Parameters Measured by
Transvaginal Sonography, Was Significant
in Predicting the Outcome Of Labour
Following Induction (P < 0.001)

Table 6: Predictive Value of Posterior Cervical Angle

Value 95% Confidence Interval
Sensitivity 71.67 62.72 - 79.51
Specificity 65.52 45.67 - 82.06
Positive likelihood ratio 2.08 1.24 -3.48
Negative likelihood ratio 0.43 0.29 - 0.63
Positive predictive value 89.58 81.68 - 94.89
Negative predictive value 35.85 23.14 - 50.20
Prevalence 80.54 73.26 - 86.56
Predictive Value of Bishop’s Score
Value 95% Confidence Interval
Sensitivity 85.95 78.46 - 91.60
Specificity 48.28 29.45 - 67.47
Positive likelihood ratio 1.66 1.16 - 2.38
Negative likelihood ratio 0.29 0.16 - 0.52
Positive predictive value 87.39 80.06 - 92.77
Negative predictive value 45.16 27.32-63.97
Predictive Value of Cervical Length
Value 95 % Confidence Interval
Sensitivity 25.62 18.12 - 34.35
Specificity 96.55 82.24 - 99.91
Positive likelihood ratio 7.43 1.06 - 52.21
Negative likelihood ratio 0.77 0.68 - 0.87
Positive predictive value 96.88 83.78 - 99.92
Negative predictive value 23.73 16.38 -32.44

The sensitivity of bishop’s score was 71.67
% and the specificity was 65.52 %. The
sensitivity of cervical length in predicting
the outcome of induction of labour was
85.95 % and the specificity was 48.28 %.

The sensitivity of posterior cervical angle
in predicting the outcome following
induction of labour was 25.62 % and the
specificity was 96.55 %.

Table 7: ROC Comparing the Efficacy of the Different Transvaginal Parameters
Measured as Compared with Bishop’s Score

Value 95 % Confidence Interval
Sensitivity 50.41 41.18 - 59.63
Specificity 79.31 60.78 - 92.01
Positive likelihood ratio 2.44 1.17 -5.08
Negative likelihood ratio | 0.63 0.48 -0.81

Nagarajan et al.
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Positive predictive value | 91.04

81.52 - 96.64

Negative predictive value | 27.71

18.45 - 38.62

Predictive Value of Percentage of Funnelling

Value 95 % Confidence Interval
Sensitivity 66.12 56.95 - 74.47
Specificity 79.31 60.28 - 92.01
Positive likelihood ratio | 3.20 1.55-6.59
Negative likelihood ratio | 0.43 0.31-0.58
Positive predictive value | 93.02 85.43 - 97.40
Negative predictive value | 35.94 24.32 - 48.90

Predictive Value of Parameters of Transvaginal Ultrasonography

Area Under the Curve

Test Result | Area | Std. Asymptotic | Asymptotic 95 % Confidence Interval
Variable(s) Error® Sig.b Lower Bound Upper Bound
Bishop 696 | .056 .001 585 .806

Cl 680 | .062 .003 559 .801

PCA 627 | .051 036 528 727

Fun 643 | .055 019 535 750

The test result variable(s): bishop, cl, PCA,
positive actual state group and the negative
biased.

fun has at least one tie between the
actual state group. Statistics may be

a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

The sensitivity and specificity of
percentage of funnelling in predicting the
outcome following induction of labour was
50.41 % and 79.31 % respectively.

The sensitivity and specificity of
comprehensive transvaginal scoring in
predicting  the outcome  following
induction of labour was 66.12 % and 79.31
% respectively. [22-26]

When comparing the predictive values of
the parameters of transvaginal sonography
with Bishop’s score, it was evident that
Bishop’s score was more predictive than
the individual parameters.

Discussion

Bishop’s  scoring  system is  the
traditionally used method for predicting
outcome of induction of labour. To
overcome the limitations of this method,
transvaginal sonography has been studied
as an alternative. [27] In our study, we
compare the efficacy of transvaginal
sonographic parameters like cervical

Nagarajan et al. International Journal of

length, posterior cervical angle and
percentage of funnelling with that of
Bishop’s score.

In our study, 87.3 % of women belong to
age < 25 years similar to that by Neha
Baipai et al. where 93 % belonged to this
age group.The maximum distribution of
BMI is between 25 - 29.9 (46.6 %) and
this is in contrast to that by Neha Bajpai et
al. with maximum distribution of 83.7 %
in the age group of 185 - 24.9.The
confounding factors that may be present in
our study are parity, age and BMI. Since
we consider only nulliparous women,
parity is ruled out. Since the p-value for
age and BMI in predicting the outcome of
induction of Ilabour is > 0.05, null
hypothesis is considered and is evident
that age and BMI do not influence the
outcome of induction of labour. [28-29] In
a study by Bartha et al. prolonged
pregnancy and oligohydramnios are the
most common causes for induction of
labour each contributing to 32.5 % cases
respectively. In our study, post-dated
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pregnancy is the leading cause
contributing to 43.33 % followed by non-
severe preeclampsia (30.66 %) and
oligohydramnios 26 %. [30-32] Pandis et
al. compared cervical length and Bishop’s
score in 240 women who underwent
induction of labour for various indications.
In this, vaginal delivery occurred in 80.8
% of women comparable to our study
where vaginal delivery is the most
common outcome of induction of labour
contributing to 84.66 % of which 1.33 % is
outlet forceps delivery and caesarean
section due to failure of induction
contributes to 15.33 %. In the same study,
78 % of the deliveries occurred within 24
hours of induction of labour. In our study,
80.66 % of the deliveries occurred within
24 hours of induction of labour. [33]

The median induction delivery interval is
2-107 hours in multipara and 4-114 hours
in nullipara by a study by Pandis et al.
Neha Bajpai et al. stated mean duration
when Bishop’s score was less than 4 as
14.53 hours to 15.78 hours and when the
Bishop’s score was greater than or equal to
4 as 14.03 to 15.45 hours with a p-value of
0.005. In our study with 150 nulliparous
women, the median delivery time is
19.531 hours to 24.311 hours. The mean
duration when Bishop’s score was less
than 4 as 22.523 hours to 32.107 hours and
when the Bishop’s score was greater than
or equal to 4 as 16.205 hours to 20.274
hours with a p-value of 0.005. In a study
by Bansiwal et al. the mean induction
delivery interval when the cervical length
cut off of 3 cm is taken was 11.6 to 23.8
hours. In our study, the mean induction
delivery interval when cervical length is
less than or equal to 3 cm was 15.933
hours to 20.099 hours and when the
cervical length was more than 3 cm,
29.394 hours to 39.897 hours. The overall
mean induction delivery interval predicted
by cervical length was 19.531 hours to
24.311 hours with a significant p-value of
< 0.001 In our study, the mean induction
delivery interval when posterior cervical
angle was less than 120 degrees was

Nagarajan et al.
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22.074 hours to 27.558 hours and when
posterior cervical angle was greater 120
degrees was 8.869 hours to 12.744 hours.
The overall mean induction delivery
interval predicted by posterior cervical
angle was 19.531 hours to 24.311 hours
with a significant p-value of < 0.001. In
our study, the mean induction delivery
interval when percentage of funnelling was
less than 40 was 23.140 hours to 29.821
hours and when percentage of funnelling
was greater than or equal to 40 was 12.902
hours to 16.650 hours. The overall mean
induction delivery interval predicted by
percentage of funnelling was 19.531 hours
to 24.311 hours with a significant p-value
of < 0.001. [34] In a study by Neha Bajpai
et al. the mean induction delivery interval
with a comprehensive transvaginal score
less than 4 was 18 - 18.9 hours and with a
score greater than or equal to 4 was 13.63
to 14.52 hours. In our study, the mean
induction delivery interval comprehensive
of transvaginal score less than 4 was
27.273 hours to 34.597 hours and with a
score greater than or equal to 4 was 12.530
hours to 15.563 hours. The overall mean
induction delivery interval predicted by
comprehensive transvaginal score was
19.531 hours to 24.311 hours with a
significant p-value of < 0.001. Verhoeven
et al. has stated that in a subgroup analysis
of studies conducted over nulliparous
women with a cervical length cut-off of 3
cm, the sensitivity and specificity were 70
% and 74 % respectively with positive
likelihood ratio of 2.7 and negative
likelihood ratio 0.4. In our study, the
sensitivity and specificity are 85.95 and
48.28 respectively with positive likelihood
ratio and negative likelihood ratio of 1.72
and 0.28 respectively. [35] In our study,
posterior cervical angle has a specificity of
96.55 and percentage of funnelling has
sensitivity  50.41,  specificity  79.31,
positive likelihood ratio 2.44, negative
likelihood ratio 0.63 which is comparable
with that of Bishop’s score. [36] In our
study, though the sensitivity and
specificity of comprehensive scoring
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system 1is less than Bishop’s score, it has
higher negative predictive value and hence
the area under the curve in ROC is greater
than that of Bishop’s score with a
significant p-value < 0.001. [37]

Conclusion

Transvaginal sonography is an ideal
alternative for Bishop’s score to predict
the outcome of induction of labour in
nulliparous women with term gestation
with intact membranes. The transvaginal
sonographic parameters even as individual
parameters  are  statistically = more
significant in  pre-induction cervical
assessment than Bishop’s score. Cervical
length measurement by transvaginal
sonography has the highest sensitivity
followed by Bishop’s scoring system.
Posterior cervical angle has the highest
specificity followed by percentage of
funnelling, both measured by transvaginal
sonography. The comprehensive
transvaginal sonography is therefore
highly sensitive and specific than Bishop’s
score in pre-induction cervical assessment.
As transvaginal sonography is an easy, less
time consuming method, it may be used as
an alternative for cases where there is
subjective variation in assessment of
Bishop’s score.
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