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Abstract
Objective: To create a new and simple model for predicting the likelihood of vaginal birth after cesarean (VBAC) section using variables available at the
time of admission.
Materials and Methods: A prospective observational study was performed at a tertiary care centre in Haryana over a period of 12 months (January 2018 December 2018) in pregnant women attending the labour room with one previous cesarean section fulfilling the criteria for undergoing trial of labour after
cesarean (TOLAC). The sample size was 150. A VBAC score was calculated for each patient using a new prediction model that included variables available
at the time of admission such as maternal age, gestational age, Bishop’s score, body mass index, indication for primary cesarean section, and clinically
estimated fetal weight. The results of the VBAC scores were correlated with outcomes i.e. successful VBAC or failed VBAC. The chi-square test and Student’s
t-test was used for comparison among the groups. Descriptive and regression analysis was performed for the study variables.
Results: Out of 150 TOLAC cases, 78% had successful VBAC and the remainder (22%) had failed VBAC. The observed probability of having a successful
VBAC for a VBAC score of 0-3 was 34%, 4-6 was 68%, 7-9 was 90%, and ≥10 was 97%. The prediction model performed well with an area under the curve
of 0.77 (95% CI: 0.68 to 0.85) of the receiver operating characteristics receiver operating characteristic curve.
Conclusion: The present study shows that the proposed VBAC prediction model is a good tool to predict the outcome of TOLAC and can be used to
counsel women regarding the mode of delivery in the current and subsequent pregnancies. Further studies of this model and other such models with
different permutations and combinations of variables are required.
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Öz
Amaç: Bu çalışma, başvuruda olan değişkenleri kullanarak sezaryen sonrası vajinal doğum (SSVD) olasılığını tahmin etmek için yeni ve basit bir model
oluşturmak için yapılmıştır.
Gereç ve Yöntemler: Haryana’daki üçüncü basamak sağlık merkezinde 12 aylık bir süre boyunca (Ocak 2018 - Aralık 2018) doğumhaneye başvuran,
daha önce bir kez sezaryen ile doğum yapan ve “Gebelerde Sezaryen Sonrası Doğum Çalışması” (TOLAC) kriterlerini karşılayan gebelerde prospektif bir
gözlemsel çalışma yapıldı ve örneklem büyüklüğü 150 idi. Her hasta için SSVD skoru, maternal yaş, gebelik yaşı, Bishop skoru, vücut kitle indeksi, birincil
sezaryen endikasyonu ve klinik olarak tahmin edilen fetal ağırlık gibi hastaneye başvurudaki değişkenleri içeren yeni bir tahmin modeli kullanılarak
hesaplandı. SSVD skorunun sonuçları, başarılı veya başarısız SSVD şeklinde sonlanım ile ilişkilendirildi. Gruplar arası karşılaştırmada ki-kare testi ve
Student’s t-testi kullanıldı. Çalışma değişkenleri için tanımlayıcı analiz ve regresyon analizi yapılmıştır.
Bulgular: Yüz elli TOLAC kriterlerine uyan gebenin %78’inde başarılı SSVD ve %22’sinde başarısız SSVD gözlendi. SSVD skoru 0-3 için başarılı bir SSVD’ye
sahip olma olasılığı %34, 4-6 için 68, 7-9 için %90 ve >10 için %97 idi. Tahmin modeli, alıcı çalışma karakteristikleri analizinde; 0,77’lik (%95 güven aralığı
0,68 ila 0,85) eğri altındaki alan ile iyi performans göstermiştir.
Sonuç: Bu çalışma, önerilen SSVD tahmin modelinin TOLAC sonucunu tahmin etmek için iyi bir araç olduğunu ve kadınlara mevcut ve sonraki gebeliklerde
doğum şekli konusunda danışmanlık yapmak için kullanılabileceğini göstermektedir. Bu modelle ve farklı permütasyonlara ve değişken kombinasyonlarına
sahip diğer bu tür modellerle ilgili daha fazla çalışma yapılması gerekmektedir.
Anahtar Kelimeler: Sezaryen sonrası vajinal doğum, tahmin, model

PRECIS: A new prediction model of vaginal birth after cesarean containing factors available at the time of admission was tested and it was found
to be a good tool.
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Introduction
The effective and safe use of cesarean delivery has been a focus
and concern for last the three decades. It was the result of
the 1980 National Institutes of Health Consensus Conference
on Cesarean Childbirth held in response to the three-fold
increase in the rate of cesarean deliveries (from 5% in 1970
to 15.2% in 1978) that vaginal birth after cesarean (VBAC)
came into being(1). As a result, the VBAC rate rose from 19.9%
in 1990 to 28.3% in about a decade and the cesarean delivery
rate decreased from 22.7% to 20.7%(2). Later, with increasing
incidence of uterine rupture, VBAC had a setback and went
into disrepute, once again leading to an increase in the cesarean
rates. This has led to significant research in determining the
best permutations and combinations of the factors to achieve
the optimum outcome of a previous cesarean delivery. There
are numerous factors such as maternal age, body mass index
(BMI), gestational age, spontaneous or induced labor, interconception period, estimated fetal weight, Bishop’s score, type
of previous cesarean scar, and indication for primary cesarean
delivery, which can influence the decision to undergo a trial
of labour after cesarean (TOLAC) and its outcome i.e. failed
VBAC (emergency repeat cesarean section) or successful VBAC
(vaginal delivery).
Rates of maternal complications are highest among women who
attempt vaginal birth and fail, intermediate among women who
have planned cesarean delivery, and lowest among women who
attempt vaginal birth and succeed(3). VBAC success rates also
vary between institutions and service providers. Thus, it is worth
remarking that as of now, there is no reliable and demonstrable
algorithm or nomogram that correctly identifies or accurately
predicts the success of VBAC(4). Hence, management of a case
of previous lower segment cesarean section continues to be an
obstetric dilemma.
Therefore, an accurate and reliable prediction model must be
designed and validated to predict a successful outcome, but
literature is scarce from India that could assess the ante-partum
and intrapartum determinants for predicting successful VBAC.
Hence, this study was planned. The aim of the study was to
create a new model for predicting the likelihood of VBAC using
variables available at the time of admission.
The objective of the study was to test the performance of the
prediction model for success of VBAC delivery.

Materials and Methods
This prospective observational study was conducted at a
tertiary care centre over a period of 12 months (January 2018
to December 2018) in pregnant women attending the labour
room with one previous cesarean section. This hospital a
referral center for three major districts of Haryana State in North
India with annual live birth rates ranging from 4,500 to 5,000,
average overall cesarean rate of 20-25% of total deliveries, and
a repeat cesarean rate of 30-35% of total cesareans. At 5% alpha
error, 80% power and 95% confidence interval (CI), the sample
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size calculated using Master 2.0 software (India) was 150.
Ethical committee approval of the study was obtained (approval
number: BPSGMCW/RC279/IEC/18) and informed and written
consent was given by each patient who fulfilled the following
inclusion and exclusion criteria to undergo TOLAC.
Inclusion criteria: Singleton pregnancy, vertex presentation,
one prior LSCS with non-recurrent indication, gestational age
≥37 weeks confirmed in first-trimester scan and menstrual
history, maternal age (18-35 years).
Exclusion criteria: Age <18 years or >35 years, intrauterine
fetal death, lethal fetal anomalies, non-reassuring fetal heart rate
on admission, cephalopelvic disproportion, malpresentation,
history of antepartum haemorrhage or adherent placenta in
the current pregnancy, history of uterine surgery other than
cesarean section.
The following system was designed using the relative weights
of significant factors used in previous models given by Troyer
and Parisi et al.(5), Flamm and Geiger(6), Grobman et al.(7,8),
Wen et al.(9), and Metz et al.(10). In the proposed model, we
included six variables, four of which, namely maternal age in
years, gestational age in weeks, indication for primary cesarean,
and BMI were also included in Grobman’s model. In place of
cervical dilation, we used Bishop’s score, which was the main
factor in the study by Metz et al.(10) Estimated fetal weight was
the sixth variable, which was also used in the study by Wen et
al.(9,10) There are only a few Indian studies on prediction models
and most studied individual factors instead of prediction
models, which is why statistically significant factors previously
studied in Indian studies as well as supported by the American
College of Obstetrics and Gynecology and the Royal College of
Obstetrics Gynaecology guidelines were included(3,11-13). Each
variable used in the prediction model was assigned a score of 0,
1, or 2. Scores were decided based on the previous models e.g
Flamm and Geiger(6) and Troyer and Parisi et al.(5) who gave a
score of 0 to those with a primary indication of cesarean section
as failure to progress(12,14). A score of 2 was chosen for breech
and fetal distress because, according to the literature, this
group had a statistically significant favourable VBAC outcomes
in TOLAC studies. Similarly, other factors were given scores
accordingly. A pilot study of this model was performed on 50
patients, the results were analyzed, necessary corrections were
made, and later it was performed on 150 more patients.
VBAC scoring system used in the proposed prediction
model:
1. Maternal age (in years): a. >30=0 b. 25-30=1c.18-25=2
2. Gestational age (in weeks): a. <39=0 b. 39-40=1 c. >40=2
3. Indication for primary caesarean-section:
a. Non-progress of labor (NPOL) and others = 0
b. Intrauterine growth restriction (IUGR), oligohydramnios,
Antepartum haemorrhage =1
c. breech presentation or fetal distress =2
4. Bishop score: a. 0-3=0 b. 4-5=1 c. 6-10=2
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5. BMI in kg/m2 on admission:
a. 30=0 b. 25-29=1 c. <25=2
6. Clinically estimated fetal weight in grams according to
Johnson’s formula:
a. >3500=0 b. 2500-3500=1c. <2500=2
VBAC scores were calculated for each patient fulfilling the
criteria to undergo TOLAC at the time of admission and the
result obtained was correlated with the outcome i.e. failed
VBAC or successful VBAC.
Statistical Analysis
Statistical package for the social sciences version 20 was used
for statistical analysis. Descriptive statistics were used for the
demographic features such as age, parity, gestational age,
BMI, Bishop’s score, and the indication for primary cesarean
section. The chi-square test and Student’s t-test was used for
comparisons among the groups. Multivariate logistic regression
analysis using the enter method was performed to calculate the
adjusted odds ratio for each factor used in the VBAC prediction
model to determine their association with successful VBAC. A
p-value of ≤0.05 was considered statistically significant. Finally,
the receiver operating characteristic (ROC) curve was measured
by calculating the corresponding area under the curve (AUC)
and 95% CI.
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Results
Out of 150 TOLAC cases, 78% had successful VBAC and the
remainder (22%) had failed VBAC (emergency repeat cesarean
section). Table 1 depicts the individual variables of the VBAC
prediction model, their frequency distribution, and their means
with standard deviation. Table 2 shows the indications of
cesarean section in the failed VBAC group. The most common
indication was fetal distress followed by scar tenderness and
failed induction in 27% (9/33), 25% (8/33), and 21% (7/33),
respectively. Out of eight cases of scar tenderness, three had
thinned out scar of previous cesarean section.
We developed a total score of 0-12. The final cumulative VBAC
score ranged from 2 to 11 in the present study. It was 10 or
more in 5.30%, 7 to 9 in 47.3%, 4 to 6 in 40.10%, and 3 or less
in 7.30% of the cases. As can be seen in graph 1, the observed
probability of having a successful VBAC for VBAC score 0-3
was 34%, 4-6 was 68%, 7-9 was 90%, and ≥10 was 97%. The
predicted VBAC percentages also mentioned in graph 1 were
calculated using binary logistic regression analysis and were
closely related to the observed ones.
The multivariate regression analysis of all six variables as
depicted in the Table 3 shows that two variables i.e. gestational
age and Bishops score had the odds of 2.047 and 3.082,

Table 1. Demographic characteristics of women undergoing trial of labour (*chi-square and Student’s t-test as appropriate)
Demographics characteristics

Failed VBAC % (n/N)

Successful VBAC % (n/N)

p

Number of women underwent VBAC (150)

22 (33/150)

78 (117/150)

Maternal age (yrs)
<25
25-30
>30

25.93±3.51
48.49 (16/33)
39.39 (13/33)
12.12 (04/33)

25.82±3.70
52.14 (61/117)
35.90 (42/117)
11.96 (14/117)

0.92

BMI (kg/m2)
<25
25-30
>30

25.08±3.62
63.64 (21/33)
24.24 (8/33)
12.12 (4/33)

23.19±2.63
79.49 (93/117)
17.95 (21/117)
2.56 (03/117)

0.04

Gestational age (weeks)
<39
39-40
>40

38.12±1.36
78.79 (26/33)
18.18 (6/33)
3.03 (1/33)

38.96±1.24
62.39 (73/117)
26.49 (31/117)
11.12 (13/117)

0.16

Indication of primary cesarean
NPOL & others
IUGR, oligohydramnios, APH
breech, fetal distress

54.55 (18/33)
9.09 (3/33)
36.36 (12/33)

23.08 (27/117)
17.09 (20/117)
59.83 (70/117)

Clinically estimated fetal weight (grams)
<2500
2500-3500
>3500

3389.54±471.45
0 6.06 (2/33)
45.46 (15/33)
48.48 (16/33)

3402±470.5
02.57 (3/117)
46.15 (54/117)
51.28 (60/117)

0.61

Bishop’s score
0-3
4-5
6-10

3.60±0.82
48.48 (16/33)
51.52 (17/33)
0.0 (0/33)

6.34±2.35
11.97 (14/117)
25.64 (30/117)
62.39 (73/117)

<0.01

<0.01

Data are expressed as percentages with frequencies in the parentheses and mean ± standard deviation, VBAC: Vaginal birth after cesarean, BMI: Body mass index, NPOL: Non-progress of
labour, IUGR: Intrauterine growth restriction, APH: Antepartum haemorrhage
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Table 2. Indication of cesarean section in failed VBAC group
Indication of cesarean in failed VBAC group

% (n/N)

Fetal distress

30.03 (10/33)

Scar tenderness

27.27 (09/33)

Failure of induction of labour

24.24 (08/33)

Non-progress of labour

18.18 (06/33)

Total

100.00 (33)

VBAC: Vaginal birth after cesarean

Table 3. Multivariate regression analysis of the variables included in
the prediction model
Characteristics

Beta
coefficient

Adjusted
odds
p
ratio

95% CI

Maternal age in
years

-0.148

0.862

0.146

0.706-1.053

Gestational age
in weeks

0.716

2.047

0.005

1.244-3.369

Body mass
index in kg/m2

-0.184

0.832

0.042

0.696-0.994

Bishop’s score
(0-13)

1.126

3.082

<0.001 1.882-5.048

Estimated fetal
weight in grams

0.000

1

0.944

0.999-1.001

respectively, for having a successful VBAC with significant
p-values in both, and with each 1 unit increase in BMI the odds
of having a successful VBAC reduced by 0.832 (p<0.05). The
other three factors i.e. age, indication for previous cesarean, and
estimated fetal weight (Johnson’s formula) were not significantly
associated with successful VBAC.
As shown in Table 4, we studied five additional variables out of
the model variables, namely spontaneous onset of labour, parity,
interdelivery interval in months, previous history of successful
VBAC, and previous history of normal vaginal delivery. These
variables were chosen because they were also included in the
previous models by Grobman and Flamm, Geiger and Wen et
al.(6,8-10). Out of these five, two i.e. spontaneous onset of labour
and parity were significantly associated with successful VBAC
with odds of 2.58 and 5.138, respectively; the remaining three
had no significant effect.
Seventeen (11.3%) patients out of 150 who underwent
TOLAC had complications such as neonatal intensive care unit
admissions (n=6), failed and successful VBAC groups (n=3 for

Indication of primary cesareana
1

-0.092

0.912

0.908

0.189-4.405

2

-0.542

0.581

0.514

0.114-2.963

1-non-progress of labour (NPOL) and others, 2-IUGR, oligohydramnios, Antepartum
haemorrhage 3-breech presentation or fetal distress, Constant value -29.749, CI:
Confidence interval

a

Graph 1. Predicted compared with observed vaginal birth after
cesarean section (VBAC) (Successful TOLAC)

Table 4. Multivariate regression analysis of additional variables not
included in the prediction model
Characteristics

Beta
coefficient

Adjusted
odds
ratio

p

95% CI

Spontaneous
onset of labour
(yes/no)

0.948

2.580

0.043

1.032-6.450

Interdelivery
interval in
months

0.041

1.042

0.031

1.004-1.082

Previous NVD
(yes/no)

0.667

1.947

0.272

0.592-6.405

Previous VBAC
1.366
(yes/no)

3.918

0.210

0.465-33.163

Parity

5.138

0.010

1.471-17.943

1.637

Constant value -29.749, VBAC: Vaginal birth after cesarean, CI: Confidence interval

Figure 1. ROC curve for the scoring system showing area under
the curve (AUC)
ROC: Receiver operating characteristic curve
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both), and bladder injury (n=1) in the failed VBAC group, and
a total of 10 cases of PPH (all atonic PPH), four in the successful
VBAC group and six in the failed VBAC group. There were no
cases of uterine rupture and ICU admissions in the present
study.
Figure 1 shows the ROC curve with an AUC equal to 0.77 (95%
CI: 0.68 to 0.85).

Discussion
The ACOG 2010 quoted the success rate of VBAC as 60-80%(3).
VBAC success rates also vary between institutions and service
providers. The success rate of VBAC in the present study was
78%, similar to the quoted percentage. The mean age of the
women in the present study was 25.84±4.20 years and there
was no significant difference in the ages of the women in the two
groups i.e. successful VBAC and failed VBAC groups, similar to
study by Metz et al.(10) (27.9±4.3 and 27.5±4.6; p=0.20). The
mean age in the current study was lower as compared with the
study by Xing et al. (15) because 76.6% of the women were from
rural areas where young marriage and childbirth is common;
the mean age in the successful VBAC and failed VBAC group
was higher and there was a significant difference between the
two groups (27.9±4.8 and 35.5±4.7; p=0.043).
Troyer and Parisi(5) in 1992 studied 264 women with one
previous cesarean section and developed a model with four
factors, namely previous dysfunctional labour, non-reassuring
fetal heart tracing at admission, no previous vaginal delivery,
and labour induction. Each variable was given one point and
the total score ranged from 0-4. The patients with the lowest
score (i.e. 0) had the highest VBAC success rate (91.5%) as
compared with those with higher scores. This model has
not been studied extensively and needs further research and
validation. The indication of primary cesarean section i.e.
previous dysfunctional labour was also included in the present
study, mentioned here as NPOL, and was similarly assigned a
zero score.
There is a popular model known as the Flamm scoring system,
which was developed in 1997 in California(6). The research was
performed on 5022 pregnant women including four variables
known at the time of admission i.e. age of the patient, vaginal
delivery before and after the cesarean section, a non-recurring
indication of primary caesarean, cervical dilatation and cervical
effacement. The result was given as a score of 0-10 and each
score had a different percentage of success i.e. 0-2 corresponded
to 49.1%, 3-7 corresponded to 59.9%, 66.7%, 77%, 88.65%,
and 92.65%, and the success of 8-10 was 94.9%. In the present
study, we used two of the above factors in the VBAC prediction
model i.e. patient age, but instead of cervical dilation, we used
Bishop’s score.
Patel et al.(12) from Gujarat (India) in 2016 performed a
prospective observational study on 150 women with one
previous cesarean section using the Flamm scoring system. They
found a mean Flamm score for successful VBAC of 5.35 (95%
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CI: 3.9 to 6.7) compared with failed VBAC i.e. 3.62 (95% CI:
27 to 4.57) and the chances of success of TOLAC increased with
increasing Flamm scores. Similarly, in present study, the mean
VBAC score of the failed VBAC group was 5.03±1.82 and that
of the successful VBAC group was 7.01±1.77 (95% CI: 1.28 to
2.67; p<0.001). The authors concluded that Flamm scoring gave
a fair judgment of successful vaginal birth in TOLAC, and using
Flamm scores and monitoring though partogram would reduce
the rate of cesarean sections in patients with one previous lower
segment cesarean section. However, this model also has limited
supprting data and needs further validation.
The most studied prediction model of VBAC was developed by
Grobman of the northwestern University of Chicago in 2007(8). It
included six variables: maternal age, BMI, ethnicity (e.g. AfricanAmerican/Hispanic), any previous vaginal delivery, any vaginal
delivery since the last cesarean, and indication for primary
cesarean of the arrest of dilation or descent. All variables were
those that could be determined at the first antenatal visit with
the idea of starting the counselling in the first trimester. Later,
this model was improved in 2009 by adding certain other factors
like most recent BMI within 2 weeks of delivery, gestational age
at delivery, gestational diabetes mellitus, preeclampsia, cervical
examination findings at admission, and the undertaking of
labour induction. The result was expressed as the percentage of
success of TOLAC. Inclusion of these additional factors slightly
improved the performance of the calculator. Similarly, we tried
to include those variables in the present prediction model,
which were available at the time of admission because our
hospital is a referral hospital and most of the time our patients
are unscheduled (77.3% in the present study).
The AUC of the ROC curve of Grobman’s 2007 model was
0.751, and that of the new model was 0.779, and these values
were significantly different (p<0.001)(9). This model is currently
known as the MFMU calculator and is freely available on the
internet. The AUC of the ROC curve of our model was 0.77,
similar to that of Grobman’s 2007 and 2009 models (0.751
and 0.779), which suggests that the proposed prediction model
performed well.
In 2018, Wen et al.(9) conducted a retrospective cohort study
on 444 women with one cesarean delivery and at least one
subsequent attempt for a trial of labor in Nanjing, China.
They used Grobman’s model and also a modified version of
this model and compared the two. The considered potential
VBAC predictors included Grobman’s background variables
and two new variables, maternal height and estimated fetal
weight. Their overall VBAC success rate was 83.3%. The AUC
of Grobman’s model was 0.831 (95% CI: 0.775 to 0.886), and
the AUC of their own modified model with two new variables
added was 0.857 (sensitivity =72.2%, specificity =83.8%).
However, the difference between the AUC of the two models
was not significant (Z=-1.69, p=0.091). Hence, they found that
Grobman’s model was well accepted in the Chinese population,
also that the modified model supplemented with maternal
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height and estimated fetal weight needed to be further studied
in the Chinese population.
There was no case of uterine rupture in the present study,
whereas the incidence was 0.90% in the study by Patel et al.(12)
and 0.28% in the study by Xing et al.(15) A recent meta-analysis
suggested that measurement of lower uterine segment (LUS)
thickness antenatally in women with a previous caesarean
delivery could be used to predict the occurrence of a uterine
defect (scar dehiscence or scar rupture) in women undergoing
VBAC(16). Further prospective observational studies are needed
using a standard method of intrapartum LUS thickness
measurement to predict the outcome of TOLAC and risk of
uterine rupture.
The present study included a very important variable i.e.
Bishop’s score that has not been incorporated in any of the
popular models by Flamm and Geiger(6) and Grobman et al.(8),
who included only the individual components of Bishop’s score
such as cervical dilation, effacement, and station. Metz et al.(10)
and Xing et al.(15) included Bishop’s score in their model, despite
it being a subjective variable, its importance was highlighted in
their study also(10,15). Metz et al. (10). used its value as the main
factor in developing a score to which a value of 2 to 4 was
added for another four variables (history of vaginal delivery,
BMI, primary cesarean delivery because of nonrecurring
indication, maternal age <35 years) to get the final VBAC score.
In the present study, it has an adjusted odds ratio of 3.08 and
has a very strong association with successful VBAC (p<0.05).
Spontaneous onset of labour and parity are two other important
variables that may be incorporated in the present model and
a further study can be planned. There are insufficient studies
about VBAC prediction models and most studied only individual
variables. Other variables studied in other prediction models are
weight gain in pregnancy, preeclampsia, gestational diabetes,
insurance. and race(8,9,15). There is a need for the development of
a standard prediction model and further studies of this model
and many more such models with different permutations and
combinations of various variables are required to help predict
the success of TOLAC with high accuracy.
Study Limitations
The small sample size is the limitation of the present study.
The study was approved by the institutional ethics committee
and was performed in accordance with the ethical standards
described in an appropriate version of the 1975 Declaration
of Helsinki, as revised in 2000. There is no conflict of interest
among the authors and this study was not funded by any
organization.

Conclusion
The present study tests a new VBAC prediction model and
shows that it is a good tool for predicting VBAC and hence can
be used to counsel women regarding the mode of delivery in

current and subsequent pregnancies. Parity, spontaneous onset
of labour, admission Bishop’s score, gestational age, and BMI
were the factors with a statistically significant association with
successful VBAC. Further studies could be proposed such as
the comparison of two different types of scoring systems, each
system with different variables, in a given population.
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