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a b s t r a c t

Medical practitioners are concerned with the selection of delivery mode after caesarean delivery. Several
researchers have developed numerous models for predicting vaginal birth after caesarean delivery. This
study selected seven widely used and representative advanced models, such as those of Grobman, Troyer
and Parisi, Schoorel, Flamm, Gonen, Weinstain and Smith et al., analysed the constitutions and clinical
applications of the models and identified the factors associated with patients to provide midwives a
scientific reference for vaginal delivery evaluation of pregnant women after caesarean delivery.
© 2017 Chinese Nursing Association. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The opening of the two-child policy in China has increased the
number of women giving birth to a second child after caesarean
section since 2016. One important component in this decision-
making process is the likelihood that a trial of labour will result
in vaginal delivery (VD). The American College of Obstetricians and
Gynecologists (ACOG) [1] has shown that from 60% to 80% of VD
cases after caesarean delivery (vaginal birth after caesarean de-
livery, VBAC) of pregnant women can be successful and can reduce
maternal morbidity and complication rate. The complication rate in
2010 was less than 1%. Obstetricians and midwives play a vital role
in the scientific evaluation and prediction of the success or risk of
VD. A perfect prediction model that can evaluate the risk of trial of
labour will be beneficial in providing a basis for trial of labour,
selecting the delivery mode, enhancing trial production self-
efficacy and managing midwifery evaluation [2]. Several re-
searchers have developed numerous models that can provide
physicians and midwives the ability to use multiple clinical factors
to improve the accuracy of prediction of the likelihood of a VBAC.
Although predictive models are not commonly used in obstetrics,
these models have been applied in other medical disciplines to
guide medical decision making [3]. A screening tools [4] identified
some models which were usually used in early pregnancy, late
ing Association.

oduction and hosting by Elsevie
pregnancy and intrapartum and considered the independent
contribution of multiple factors to provide a probability prediction
for birth outcome. Seven state-of-the-art and distinctive models
were selected, and they are summarised in this paper.
2. Main VBAC prediction models and applications

2.1. Grobman model

The first model of early pregnancy was developed by Grobman
et al. [5] of the Northwestern University of Chicago in 2007. The
model adopted the logistic model by performing prospective
cohort study: VBAC ¼ exp (W)/[1 þ exp (W)]; W ¼ 3.766e0.039
(age)-0.060 (prepregnancy body mass index [BMI]) �0.671 (Afri-
can-American race)-0.680 (Hispanic race)þ0.888 (prior VD)þ1.003
(VBAC) �0.632 (recurring indication for caesarean). The following
six predictors were included: age, pre-pregnancy BMI, ethnicity,
any prior VD, VBAC and recurring indication for caesarean.

The discriminative performance of the model was assessed us-
ing the area under the curve (AUC) of the receiver operating char-
acteristic (ROC). The AUC was between 0.5 and 1.0, where 0.5
represented no discriminative capacity and 1.0 represented excel-
lent discriminative capacity. The advantages of the model were
availability of included factors at the first prenatal visit and accurate
counselling in early pregnancy. Pregnant women could be
personally assessed at an early time. The limitation was that the
variables, such as late pregnancy and cervical factors, were ignored.
Ethnicity variable applicability was limited in different countries. In
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the past decades, several investigations about this model have been
conducted in various regions [6e11]. In the United States, Cos-
tantine [6] tested the effectiveness of the original model (2009) and
obtained an AUC value of 0.75; a retrospective cohort study was
conducted in Nagoya, Japan (2012) and Quebec, Canada (2013), and
the results showed that the model was effective with AUC values of
0.81 and 0.72, respectively [7,8]; a large cohort study [9] of 17
hospitals was conducted in Netherlands, with an AUC value of 0.72;
Fagerberg [10] proposed three variables, namely, smoking, height,
and country of birth on the basis of the original model and obtained
an AUC value of 0.74. Several studies confirmed that the ethnicity
variable was excluded in the Grobman model [6e12]. The variable
however has not been adopted in clinical practice and validated in
China.

2.2. Troyer and Parisi scoring model

In 1992, Troyer and Parisi [13] developed a model using a
scoring system. They analysed 264 women with prior caesarean
delivery and identified the main influencing factors of the delivery
mode. The model contained four variables, namely, a previous
dysfunctional labour, non-reassuring admission foetal heart tracing
on admission, no previous VD and labour induction, and each
variable was given 1 point. The points ranged from 0 to 4. The
parturients with the lowest score (0) had the highest VBAC rate
(91.5%), and those with a score of 3 or 4 had the lowest VBAC rate
(46.1%). Vinueza et al. [14] applied Troyer scoring model in a
retrospective cohort study of 263 samples in 2000. They confirmed
the inverse relationship between the scoring model and the VBAC
outcome. The model was therefore convenient for calculation. The
model was also effective for application inmedical decisionmaking
of early pregnancy. However, the sample size was small, and the
data were obtained retrospectively without using logistics regres-
sion. This model has not been extensively used in clinical applica-
tions, and its accuracy and applicability were limited.

2.3. Schoorel prediction model

Schoorel et al. [9] developed an appropriate Western European
population-based prediction model in 2013, which could be used to
counsel in the third trimester of pregnancy in the Netherlands. P
(success) ¼ 100% � 1/{1 þ exp [-(1.647 þ 0.371 � white-
0.032 � pre-pregnancy BMI-0.537 � previous non-progressive
laborþ1.045 � previous VD-0.515 � induction of labor-
0.487 � estimation fetal weight (EFW)�P90)]}.

The following six variables were included: pre-pregnancy BMI,
white ethnicity, previous non-progressive labour, previous VD, in-
duction of labour and estimation of foetal weight (EFW)�P90. The
AUC value obtained was 0.71, which indicated good discriminative
capability. The model was the first to incorporate the foetal weight
as a variable. The limitations of the model were that pre-pregnancy
BMI and EFW variables were difficult to collect in clinical applica-
tions, and the model also involved ethnicity. Thus, the model
should be further validated by future studies.

2.4. Flamm model

Flamm et al. [15] conducted a prospective study of 5022 preg-
nant women and developed a scoring system to predict the likeli-
hood of vaginal birth in California in 1997. In Flamm's research, only
the variables collected at the time of hospital admissionwere used.
The following five variables were significantly affected and added
as scores: age<40 (2 points), vaginal birth history (according to the
caesarean delivery before and after time divided into 0 to 4 points),
reason other than failure to progress for the first caesarean delivery
(1 point), cervical effacement at admission >75% (2 points) and
cervical dilatation 4 cm or more at admission (1 point). The total
score ranged from 0 to 10 points; 0 to 2 points corresponded to a
success rate of 49.1%; 3 to 7 points corresponded to success rates of
59.9%, 66.7%, 77%, 88.6% and 92.6%, respectively. The corresponding
success rate of 8e10 points was 94.9%. The prediction model was
used at the time of admission for labour. As a result, current clinical
trials need to be further explored.
2.5. Gonen model

Gonen et al. [16] developed a scoring system in Israel in 2004.
Variables were categorised in accordance with information about
the first prenatal visit, the onset of labour and during labour. Each of
the four significant variables was assigned a score ranging from 0 to
3 as follows: previous VBAC (0e3 points), indication for first
caesarean delivery (0e3 points), cervical dilation (0e2 points) and
gestational age (0e2 points). Scores �0 to 2, between 3 and 6 and
between 7 and 10 were associated with success rates of 42%, 81%
and 98%, respectively. The model was accurately incorporated into
the indication for the first caesarean delivery, and this variable was
difficult to obtain in clinical applications.
2.6. Weinstain model

This retrospective study [17] covered a 10-year period
(1981e1990), included 471 women and developed a predictive
score for VBAC in Israel in 1996. The following variables of the
Weinstain model with significant values were included: vaginal
birth before caesarean delivery (2 points); bishop score�4 (0e4
points); and the two following indications for primary caesarean
delivery, namely, malpresentation and pregnancy-induced hyper-
tension (0e6 points). The maximal score was 12. If scores �4, �6,
�8, �10 and 12 points, then the likelihood rates of VBAC were 58%,
67%, 78%, 85% and 88%, respectively. The study indicated that the
chance for a successful VBAC was 90% higher for a womanwho had
a caesarean delivery for a previous breech than for any other
reason. Mu Tian et al. [18] claimed that the Weinstain model was
superior to the six other models. The conclusion however was
limited because of the small sample size of 53 cases. The Weinstain
et al. model was based on retrospective evaluation of data and
should be tested in a further study.
2.7. Smith model

Smith et al. [19] included 23286 womenwho attempted VBAC at
or after a 40-week gestation. The model adopted the logistic
regression model by using retrospective analysis to calculate the
risk rate of caesarean delivery in Scotland in 2004. The factors
associated with emergency caesarean delivery were maternal age,
maternal height, male foetus, no previous vaginal birth,
prostaglandin-induced labour and birth at the 41st or 42ndweek.
In the validation group, the low value of predicted risk of caesarean
delivery was 20% and the high predicted risk was 40%. The AUC
value was 0.677. Mone et al. [20] analysed the applicability of three
models, namely, Smith, Grobman and Troyer, for 385 eligible
pregnant women in Northern Ireland in the period of 2010e2012
and concluded that the Smith model was the most suitable for the
population in this study. Another potential weakness of the model
was that it was derived fromwomen delivering at or after 40-week
gestation, and the study lacked data on other factors, such as BMI
and the indication for previous caesarean delivery.
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3. Significant variables in the prediction models

The models discussed above can be divided into three types,
namely, early pregnancy models such as the Grobman model, the
third trimester of pregnancymodels such as the Schoorel and Smith
models and admission labour model such as the Flamm, Gonen,
Weinstain and Troyer models. Amongst all the variables of the
seven models above, prior VD had the highest frequency of occur-
rence, was consistently found by all models and associated with an
increased likelihood of VBAC [5e7,16e19]. Women that had a prior
VD had a 28-fold increase in the likelihood of VBAC compared with
those without a prior VD [21,22]. The variable with the second
highest frequency of occurrence was the timing of VD; womenwho
had VD before caesarean delivery were 1.5e1.8 times more likely to
have a VBAC compared with those without [15e17]. The delivery
rate was 3.5 times higher in patients with VBAC than those with VD
before caesarean delivery; womenwith VBAC had 3.4 times success
rate compared with women with no history of VBAC [15]. The
variable with the third highest frequency was the number and
indication of prior caesarean deliveries. Two studies [15,17] claimed
that womenwith a non-recurrent indication for caesarean delivery
had a significantly higher likelihood of VBAC compared with those
with a recurrent prior caesarean indication. A cervical factor also
existed; research showed that labour cervical dilatation �4 cm had
a higher success rate of expansion than <4 cm. A positive correla-
tion existed between the effacement�25% and the success rate of
VBAC [15,17].
4. Summary and prospect

The seven models discussed above present relatively satisfac-
tory efficiency, especially the Grobman model, and are charac-
terised by extensive application potential, large sample size and
strong perspective. These predictive model variables however were
not established in accordance with the characteristics of pregnant
women in China. As a result, whether these models are suitable for
the prediction of VBAC in pregnant women after caesarean delivery
in China has not been clinically verified.

In August 2016, the Obstetrics and Gynecology branch of the
Chinese Medical Association issued an expert consensus on the
management of VBAC and presented the indications and contra-
indications of VBAC [23]. Constructing a predictive model fitting in
with the prediction of pregnancy after caesarean delivery to the
obstetric medical personnel will therefore be helpful to evaluate
the feasibility of VD and will also be of high significance for the
selection of the appropriate deliverymode and the enhancement in
the confidence of pregnant women in selecting VD [24].
Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.ijnss.2017.12.006.
References

[1] ACOG. Practice bulletin no.115:vaginal birth after previous cesarean delivery.
Obstet Gynecol 2010;116:450e63.

[2] Qu J, Ouyang N, Gao LL, Li K. Research progress of midwife clinic in China. Chin
J Nurs 2016;51(11):1356e60.

[3] Eastham JA, Kattan MW, Scardino PT. Nomograms as predictive models. Semin
Urol Oncol 2002;20:108e15.

[4] Eden KB, Mcdonagh M, Denman MA, Guise JM, Emeis C, Marshall N, et al. New
insights on vaginal birth after cesarean: can it be predicted? Obstet Gynecol
2010;116(4):967e81.

[5] Grobman WA, Lai Y, Landon MB, Spong CY, Leveno KJ, Rouse DJ, et al.
Development of a nomogram for prediction of vaginal birth after cesarean
delivery. Obstet Gynecol 2007;109(4):806e12.

[6] Constantine MM, Fox K, Byers BD, Mateus J, Ghulmiyyah LM, Blackwell S, et al.
Validation of the prediction model for success of vaginal birth after cesarean
delivery. Obstet Gynecol 2009;114:1029e33.

[7] Yokoi A, Ishikawa K, Miyazaki K, Yoshida K, Furuhashi M. Tamakoshi K.Vali-
dation of the prediction model for success of vaginal birth after cesarean
delivery in Japanese women. Intermt J Sci 2012;9(6):488e91.

[8] Chaillet N, Bujold E, Dub�e E, Grobman WA. Validation of a prediction model
for vaginal birth after caesarean. J Obstet Gynaecol Can 2013;35(2):119e24.

[9] Schoorel E, Kuijk SV, Melman S, Nijhuis JG, Smits LJ, Aardenburg R, et al.
Vaginal birth after a caesarean section:the development of a Western Euro-
pean population-based prediction model for deliveries at term. Intern J Obstet
Gynaecol 2014;121(121):194e201.

[10] Fagerberg MC. Predicting the chance of vaginal delivery after one cesarean
section: validation and elaboration of a published prediction model. Eur J
Obstet Gynecol Reprod Biol 2015;188(1):88e94.

[11] Annessi E, Giovane CD, Magnani L, Carossino E, Baldoni G, Battagliarin G, et al.
A modified prediction model for VBAC, in a European population. J Matern
Fetal Neonatal Med 2016;29(3):435e9.

[12] Edmonds JK, Hawkins SS, Cohen BB. Variation in vaginal birth after cesarean
by maternal race and detailed ethnicity. Matern Child Health J 2016;20:
1114e23.

[13] Troyer LR, Parisi VM. Obstetric parameters affecting success in a trial of labor:
designation of a scoring system. Am J Obstet Gynecol 1992;167(4Pt1):
1099e104.

[14] Vinueza CA, Chauhan SP, Barker L, Hendrix NW, Scardo JA. Predicting the
success of a trial of labor with a simple scoring system. J Reprod Med
2000;45(4):332e6.

[15] Flamm BL, Geiger AM. Vaginal birth after cesarean delivery: an admission
scoring system. Obstet Gynecol 1997;90(6):907e10.

[16] Gonen R, Tamir A, Degani S, Ohel G. Variables associated with successful
vaginal birth after one cesarean section: a proposed vaginal birth after ce-
sarean section score. Am J Perinatol 2004;21(8):447e53.

[17] Weinstein D, Benshushan A, Tanos V, Zilberstein R, Rojansky N. Predictive
score for vaginal birth after cesarean section. Am J Obstet Gynecol
1996;174(1):192e8.

[18] Mu T, Wang Y, Liu GL, Wang JL. Application of seven prediction models of
vaginal birth after cesarean in a Chinese hospital. Beijing da xue xue bao. Yi
xue ban. J Peking Univ Health Sci 2016;48(5):795e800.

[19] Smith GCS, Dellens M, White IR, Pell JP. Combined logistic and Bayesian
modeling of cesarean section risk. Am J Obstet Gynecol 2004;191(6):2029e34.

[20] Mone F, Harrity C, Mackie A, Segurado R, Toner B, McCormick TR, et al. Vaginal
birth after cesarean section prediction models: a UK comparative observa-
tional study. Eur J Obstet Gynecol Reprod Biol 2015;193:136e9.

[21] Mcnally OM, Turner MJ. Induction of labour after 1 previous Caesarean sec-
tion. Aust N Z J Obstet Gynaecol 1999;39(4):425e9.

[22] Hashima JN, Eden KB, Osterweil P, Nygren P, Guise JM. Predicting vaginal birth
after cesarean delivery: a review of prognostic factors and screening tools. Am
J Obstet Gynecol 2004;190(2):547e55.

[23] Chinese Medical Association obstetrics and Gynecology branch obstetrics
section. Expert consensus on vaginal delivery management after cesarean
section (2016). Chin J Obstet Gynecol 2016;51(8):561e4.

[24] Gu CY, Ding Y, Zhu XL. Perinatal evaluation and management of women un-
dergoing vaginal delivery after cesarean section. Chin J Nurs 2015;50(4):
463e7.

https://doi.org/10.1016/j.ijnss.2017.12.006
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref1
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref1
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref1
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref2
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref2
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref2
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref3
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref3
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref3
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref4
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref4
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref4
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref4
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref5
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref5
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref5
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref5
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref6
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref6
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref6
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref6
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref7
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref7
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref7
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref7
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref8
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref8
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref8
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref8
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref9
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref9
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref9
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref9
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref9
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref10
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref10
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref10
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref10
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref11
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref11
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref11
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref11
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref12
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref12
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref12
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref12
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref13
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref13
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref13
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref13
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref14
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref14
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref14
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref14
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref15
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref15
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref15
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref16
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref16
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref16
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref16
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref17
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref17
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref17
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref17
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref18
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref18
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref18
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref18
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref19
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref19
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref19
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref20
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref20
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref20
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref20
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref21
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref21
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref21
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref22
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref22
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref22
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref22
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref23
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref23
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref23
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref23
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref24
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref24
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref24
http://refhub.elsevier.com/S2352-0132(17)30249-1/sref24

	Application of predictive model for vaginal birth after caesarean delivery
	1. Introduction
	2. Main VBAC prediction models and applications
	2.1. Grobman model
	2.2. Troyer and Parisi scoring model
	2.3. Schoorel prediction model
	2.4. Flamm model
	2.5. Gonen model
	2.6. Weinstain model
	2.7. Smith model

	3. Significant variables in the prediction models
	4. Summary and prospect
	Appendix A. Supplementary data
	References


