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Abstract: Objective: To develop and validate a prediction model for successful trial of labor after cesarean (TOLAC)
in women with a scarred uterus using clinical data from a single center with an external temporal validation set.
Methods: This retrospective study developed a prediction model using data from a single center (Huai’an Maternal
and Child Health Hospital) with scarred uterus planning TOLAC, collected from January 2016 to December 2023.
Assessed variables included maternal characteristics, obstetric history, and prenatal examination findings. Uni-
variate and multivariate logistic regression were used to identify predictors and develop the model. The model was
temporally validated using an independent external dataset from two other tertiary hospitals. Its performance was
evaluated by the area under the ROC curve (AUC), sensitivity, and specificity, and was compared with the Grobman
model. Results: Among 2,386 eligible women, 1,721 (72.1%) had a successful TOLAC. Univariate analysis identi-
fied 10 significant variables (P<0.05). Multivariate analysis retained six independent predictors: age, body mass
index, history of vaginal delivery, cervical score, estimated fetal weight, and gestational age. The model expression
was: Logit(P) = -3.82 + 0.04 x age - 0.12 x BMI + 1.56 x vaginal delivery history + 0.37 x cervical score - 0.02
x fetal weight + 0.18 x gestational age. Internal validation showed an AUC of 0.85 (95% Cl: 0.82-0.88), sensitiv-
ity of 82.3%, and specificity of 78.5%. Temporal Validation (n=524) yielded an AUC of 0.83 (95% Cl: 0.79-0.87),
which was significantly higher than the Grobman model (AUC=0.79, P<0.05). Conclusions: The developed prediction
model demonstrates good performance and generalizability for predicting TOLAC success, potentially aiding clinical
decision-making and improving maternal and neonatal outcomes.
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Introduction maternal and neonatal complications [5]. Res-
earch indicates that successful TOLAC can sig-
nificantly decrease the risk of postpartum hem-
orrhage, infection, and neonatal respiratory
complications [6]. However, failed trials may

lead to severe consequences such as uterine

With the annual global rise in cesarean section
rates, a scarred uterus has become an undeni-
able challenge in modern obstetric practice [1].
Data from the World Health Organization show

that cesarean section rates in some countries
are as high as 40% or more [2]. Although China
has managed to reduce its cesarean section
rate through clinical standard management in
recent years, the number of pregnant women
with a scarred uterus continues to grow [3, 4].
For these women, trial of labor after cesarean
(TOLAC) is recognized as an important strategy
to lower the repeat cesarean rate and reduce

rupture and emergency cesarean sections, with
a low but life-threatening incidence of uterine
rupture at approximately 0.5% to 1.0% [7].

Currently, taking into account factors like mater-
nal age, obstetric history, and cervical condi-
tions, clinical decisions for TOLAC mainly rely on
physicians’ experiential judgment [8]. This sub-
jective evaluation leads to significant differenc-
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es in TOLAC success rates across different
medical institutions (ranging from 50% to 80%),
highlighting inadequacies in the risk prediction
system [9]. Although internationally established
TOLAC prediction models, such as the Grobman
model, provide quantitative tools for clinical
use, they are primarily built on Western popula-
tion data [10]. Variables, such as indications for
previous cesarean section and delivery inter-
vals, differ from the clinical characteristics of
Chinese pregnant women. For instance, aver-
age BMI, the proportion of vaginal delivery
history, and pregnancy management models
among Chinese women are notably different
from those in Western populations, leading to
limited predictive performance of these models
in China (AUC mostly between 0.75 and 0.80)
[11]. Moreover, existing models often depend
on single-center small sample data lacking
multicenter validation, and thus their general-
ization ability requires further verification.

The core of accurate prediction of TOLAC out-
comes lies in identifying key influencing factors
and establishing stable quantitative models
[12]. Previous studies, including those conduct-
ed in China, have confirmed that maternal age,
BMI, history of vaginal delivery, and cervical
maturity are the important factors affecting
TOLAC success [13]. However, prediction mod-
els that systematically integrate these factors
to quantify their synergistic effects and relative
weights are primarily derived from Western
populations [14]. However, current research on
prediction models for TOLAC targeting scarred
uteruses in China remains scarce, lacking rigor-
ous internal validation and external indepen-
dent dataset validation tools [15], and their
performance in the Chinese population has
been limited [16]. Therefore, a model devel-
oped and validated specifically for Chinese
pregnant women is warranted. Given this situa-
tion, this study aims to utilize data from a single
center to construct and validate a TOLAC suc-
cess prediction model suitable for Chinese
pregnant women with a scarred uterus. The
model’s effectiveness will be assessed through
internal cross-validation and external indepen-
dent sample validation, ultimately providing cli-
nicians with precise and reliable TOLAC risk
assessment tools to promote standardized
and individualized management of pregnan-
cies with a scarred uterus.
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Materials and methods
Study subjects

This retrospective study included 2,386 eligible
subjects. Among them 1,862 cases were col-
lected from January 2016 to December 2021
in the training set and 524 cases were collect-
ed from January 2022 to December 2023 in
the temporal Validation set. All of whom were
pregnant women with a scarred uterus and
planned to undergo TOLAC. The data for model
development (training set) were collected from
a single center: Huai'an Maternal and Child
Health Hospital. The independent temporal va-
lidation set was derived from Peking University
People’s Hospital Qingdao Hospital and the
Affiliated Hospital of Nantong University. All pro-
cedures involving human participants in this
study were conducted in accordance with the
Declaration of Helsinki (revised in 2013). The
study was approved by Ethics Committee of
Huai'an Maternal and Child Health Hospital.

Inclusion and exclusion criteria

Inclusion criteria: (1) A single prior cesarean
section (uterine lower segment transverse inci-
sion preferred, with no history of incision exten-
sion or infection); (2) Singleton pregnancy with
cephalic presentation in the current gestation;
(3) Gestational age between 37 and 42 weeks;
(4) Planned to undergo TOLAC; (5) Complete
clinical data available for analysis.

Exclusion criteria: (1) History of classical cesar-
ean section (corporal incision) or longitudinal
uterine incision; (2) Severe pregnancy compli-
cations (e.g., preeclampsia, placenta accrete,
severe gestational diabetes mellitus); (3) Fetal
malformations or abnormal fetal presentations
(e.g., breech, transverse lie); (4) Coexisting uter-
ine conditions in the current pregnancy (e.g.,
uterine fibroids, uterine malformations, uterine
scar diverticulum with depth >2 mm); (5) In-
ability to complete follow-up or incomplete clini-
cal data.

Sample size estimation

The sample size was estimated using the for-
mula for a single rate: n=_7*XPpP(1-P)/d?
where Z=1.96 («=0.05), and d=0.03 (allowable
error). The assumed success rate of TOLAC (P)
was set at 70%, which was consistent with the
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rates reported in previous studies conducted in
the Chinese population (ranging from 60% to
80%) [17]. Based on this, the minimum required
sample size was 897 subjects. To enhance the
robustness of the multivariate logistic regres-
sion model and account for a potential 10%
loss to follow-up rate, 2,386 cases were finally
included. Data Collection Basic information
included the pregnant woman’s age, body mass
index, obstetric history, prenatal examination,
placental position etc.

Statistical analysis

All statistical analyses were performed using
SPSS 26.0 and R 4.2.0 software. A two-sided
P-value of <0.05 was considered statistically
significant. Continuous variables were present-
ed as mean + standard deviation, and categori-
cal variables as frequency and percentage
(n, %).

Variable selection and model development

Univariate analyses were conducted to identify
variables associated with TOLAC success. Con-
tinuous variables were compared using the
independent samples t-test or Mann-Whitney U
test, as appropriate. Categorical variables were
compared using the Chi-square test or Fisher’s
exact test. Variables with a P-value <0.05 in the
univariate analysis were considered candidates
for the multivariate model.

Subsequently, all variables with P<0.05 in the
univariate analysis were included as candi-
dates in the multivariate logistic regression
model. A backward stepwise selection proce-
dure was then employed, with a removal crite-
rion of P>0.10, to identify independent predic-
tors and build the final parsimonious model.
This approach ensured that only variables
retaining statistical significance in the pres-
ence of other predictors were included in the
final model. The model was presented as
Logit(P) = B, + B X, + ... + B, X,. Multicollinearity
among the included variables was assessed
using the variance inflation factor (VIF), with a
VIF<5 indicating no significant collinearity.

The variable selection process followed a two-
stage approach: (1) Univariate screening: All
clinically relevant variables were first assessed
using univariate analysis, with P<0.05 consid-
ered statistically significant for inclusion in the
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multivariate candidate pool. (2) Multivariate
refinement: Candidate variables from the uni-
variate analysis were entered into a multivari-
ate logistic regression model, and backward
stepwise elimination was performed to remove
variables that did not maintain independent
predictive significance (P>0.10). This methodol-
ogy ensured that the final model included only
the most clinically relevant and statistically
robust predictors while minimizing overfitting.

Model validation and performance assess-
ment

The model's performance was evaluated in
terms of discrimination, calibration, and clinical
utility. At the same time, the prediction perfor-
mance of this model was compared with the
existing Grobman model to evaluate its relative
advantages. To ensure a fair comparison, the
Grobman model was applied to our temporal
Validation set. The probability of successful
TOLAC for each patient in the validation set was
calculated using the published Grobman nomo-
gram or regression formula [18]. Subsequently,
the AUC, sensitivity, and specificity of the Gro-
bman model were calculated and compared
with those of our model using the same statisti-
cal methods (e.g., DeLong’s test for AUC). These
performance metrics (discrimination, calibra-
tion, and clinical utility) were evaluated on both
the internal training set and the temporal
Validation set to comprehensively assess the
model’s generalizability.

Internal validation: The model’s stability was
assessed via 10-fold cross-validation on the
training set.

Temporal validation: The generalizability of the
final model was tested on an independent tem-
poral Validation set (n=524). On the temporal
Validation set, DeLong’s test was used to com-
pare the AUC between the proposed model and
the Grobman model. The training set comprised
data from Huai'an Maternal and Child Health
Hospital. The independent temporal validation
set was derived from Peking University People’s
Hospital Qingdao Hospital and the Affiliated
Hospital of Nantong University to assess the
model’s generalizability.

Discrimination was quantified by the area un-
der the receiver operating characteristic curve
(AUC) with a 95% confidence interval. Sensitivity
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Table 1. Comparison of baseline data between the training set and the validation set (n=2,386)

Training set Validation set P

i 2
Variable type Index (n=1,862) (n=524) X%/ value
Demographic characteristics
Age (years, Mean + SD) 28.8+4.3 28.6+4.2 0.871 0.384

BMI (kg/m?, Mean * SD)

History of vaginal delivery (Yes, (n, %))
Prenatal examination

Cervical score (points, Mean + SD)

Estimated fetal weight (g, Mean + SD)

Gestational age (weeks, Mean + SD)

24.1+3.0
825 (44.3%)

243+29  -1.052 0.293
231 (44.1%) 0.011 0.917

6.811.5 6.7+1.4 1.231 0.219
32051350 3190+345 0.761 0.447

Late pregnancy systolic BP (mmHg, Mean + SD) 118.42+9.85 119.10+10.20 1.120 0.263

Placental position, (n, %)
Anterior
Posterior
Lateral
Number of previous cesarean sections, (n, %)
1time
>2 times

Gestational diabetes mellitus (current pregnancy), (n, %)

Yes
No
Outcome TOLAC success (n, %)

38.2+1.1 38.1+1.0  1.452 0.147
0.062 0.970
745 (40.01%) 210 (40.08%)
892 (47.90%) 252 (48.09%)
225 (12.08%) 62 (11.83%)
0.183 0.671
1,780 (95.60%) 502 (95.80%)
82 (4.40%) 22 (4.20%)
0.031 0.862

298 (16.00%) 85 (16.22%)
1,564 (84.00%) 439 (83.78%)
1326 (71.2%) 395 (75.4%) 2.891 0.089

Note: Continuous variables are expressed as Mean + SD, and the t-test is used for comparison between groups; categorical
variables are expressed as n (%), and the x? test is used for comparison between groups. The training set is the internal cross-
validation sample, and the validation set is a temporal validation sample. Abbreviations: BMI, body mass index; SD, standard

deviation; BP, blood pressure; TOLAC, trial of labor after cesarean.

and specificity were calculated based on the
optimal cutoff determined by the Youden index.
On the temporal Validation set, DeLong’s test
was used to compare the AUC of our model with
the Grobman model.

Calibration was assessed using the Hosmer-
Lemeshow test and visualized with a calibra-
tion plot.

Clinical utility was evaluated using decision
curve analysis (DCA) to estimate the net benefit
across a range of threshold probabilities.

Results
Basic characteristics of study subjects

There were no statistically significant differenc-
es between the training set and the validation
set in baseline data such as age, BMI, history
of vaginal delivery, cervical score, estimated
fetal weight, and gestational week (all P>0.05),
showing good consistency (Table 1). Among all
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subjects, 1,721 cases had successful TOLAC,
achieving a success rate of 72.1%; 665 cases
failed, with a failure rate of 27.9%.

Univariate analysis results

Univariate analysis showed that ten variables
including age, BMI, history of vaginal delivery,
cervical score, estimated fetal weight, gesta-
tional week, late pregnancy systolic blood pres-
sure, placental position, previous cesarean se
ction times, and gestational diabetes mellitus
in this pregnancy were related to the success of
TOLAC (all P<0.05). Among these, key indicator
differences between the success group and
the failure group are as follows. The average
age in the success group was lower than that in
the failure group (28.5%4.1 years vs 29.3+4.5
years), BMI was lower (23.9+2.8 kg/m? vs
25.1+3.3 kg/m?), the proportion of history of
vaginal delivery was higher (51.8% vs 24.7%),
the cervical score was higher (7.2+1.3 points
vs 5.1+1.2 points), the estimated fetal wei-
ght was lower (3180+320 g vs 33504380 g),
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Table 2. Definitions and data types of candidate variables screened for univariate analysis

Category Variable Name Definition/Unit Data Type
Demography Age Years Continuous variable
BMI Weight/height? (kg/m?2) Continuous variable

Obstetric history

History of vaginal delivery

Prenatal examination Cervical score

Medical history

Estimated fetal weight
Gestational age

Third-trimester blood pressure
(systolic blood pressure)

Placental position

Number of previous
cesarean sections
Gestational diabetes
in current pregnancy

Yes/No (Yes =1/No =0)

0-10 points (higher score

Binary variable
Continuous variable

indicates more mature cervix)

Grams
Weeks
mmHg

Anterior wall/Posterior
wall/Lateral wall

1 time/>2 times

Yes/No

Continuous variable
Continuous variable
Continuous variable

Categorical variable

Categorical variable

Binary variable

Abbreviations: BMI, body mass index; TOLAC, trial of labor after cesarean.

Table 3. Results of univariate analysis between the TOLAC success group and the failure group

Variable Success group (n=1,721) Failure group (n=665) X2/t P value
Age (years, Mean * SD) 28.5+4.1 29.314.5 t-3.261 <0.001
BMI (kg/m?2, Mean + SD) 23.9+2.8 25.1+3.3 -6.180 <0.001
History of vaginal delivery (Yes, n,%) 892 (51.8%) 164 (24.7%) 156.321 <0.001
Cervical score (points, Mean + SD) 7.2+1.3 5.1+1.2 32.571 <0.001
Estimated fetal weight (g, Mean + SD) 31804320 3350+380 -8.743 <0.001
Gestational age (weeks, Mean + SD) 38.3+1.0 37.6+1.2 9.522 <0.001

Abbreviations: BMI, body mass index; SD, standard deviation; TOLAC, trial of labor after cesarean.

Cervical Score (points)

14 -

12 1

=
o
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©
1

T
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T
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Figure 1. Cervical scores for successful vs failed TOLAC. Abbreviations: TO-

LAC, trial of labor after cesarean.

158

and the gestational week was
larger (38.3+1.0 weeks vs
37.6+1.2 weeks) (Tables 2, 3).
Figure 1 shows that the medi-
an cervical score in the TOLAC
success group was 7.5 points,
significantly higher than 5.0
points in the failure group,
intuitively reflecting the impact
of cervical maturity on TOLAC
outcomes.

Construction of the multivari-
ate logistic regression model

Based on univariate analysis,
after multivariate logistic re-
gression analysis, six indepen-
dent predictors were ultimate-
ly included: age, BMI, history
of vaginal delivery, cervical sco-
re, estimated fetal weight, and
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Table 4. Six key variables and coefficients of multivariate Logistic regression

Variable Coefficient Standardized Coefficient OR Value 95% Cl

Age 0.04 0.08 1.04 1.01-1.07
BMI -0.12 -0.15 0.89 0.85-0.93
History of vaginal delivery (Yes =1) 1.56 0.28 4.76 4.01-5.65
Cervical score 0.37 0.22 1.45 1.36-1.55
Estimated fetal weight (g) -0.02 -0.11 0.98 0.97-0.99
Gestational age 0.18 0.13 1.20 1.13-1.27

Model expression: Logit(P) = -3.82 + 0.04 x Age - 0.12 x BMI + 1.56 x History of vaginal delivery + 0.37 x Cervical score -
0.02 x Estimated fetal weight + 0.18 x Gestational age. Abbreviations: BMI, body mass index; OR, odds ratio; Cl, confidence

interval; TOLAC, trial of labor after cesarean.

Table 5. Model performance indicators and comparison with existing models

Model Dataset AUC (95% Cl)  Sensitivity Specificity Yﬁ]‘jjdei” P value
Logistic model of this study Internal validation  0.85 (0.82-0.88) 82.3% 78.5% 0.608 -

set (n=1,862)

Temporal Validation 0.83 (0.79-0.87) 81.0% 77.2% 0.582 -

set (n=524)
Grobman model
set (n=524)

Temporal Validation 0.79 (0.75-0.83) 76.5% 72.0% 0.485 <0.05

Abbreviations: AUC, area under the curve; Cl, confidence interval; TOLAC, trial of labor after cesarean.

0.85 4

0.80

Model AUC
o
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0.70 4

Model validation results

Internal validation: The inter-
nal validation of the model was
performed using 10-fold cross-
validation, showing an AUC of
0.85 (95% CI: 0.82-0.88), sen-
sitivity of 82.3%, specificity of
78.5%, and Youden’s index of
0.608 (Table 5). Figure 2 dem-
onstrates that the AUC of the
model combining six variables
is 0.85, significantly higher
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Figure 2. Variable selection trajectory (stepwise regression). Abbreviations:

AUC, area under the curve.

gestational week. The model expression is:
Logit(P) = -3.82 + 0.04 x age - 0.12 x BMI +
1.56 x history of vaginal delivery (yes =1/no
=0) + 0.37 x cervical score - 0.02 x estimated
fetal weight + 0.18 x gestational week. The
coefficients, standardized coefficients, OR val-
ues, and 95% Cls of each variable are detailed
in Table 4. Among them, the OR value of history
of vaginal delivery was the highest (4.76, 95%
Cl: 4.01-5.65), indicating it as the strongest
predictor.
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than the predictive efficacy of
a single variable. The calibra-
tion curve (Figure 3A) shows
good consistency between the
predicted probability and actu-
al TOLAC success rate (Hosmer-Lemeshow
test, P=0.587). Decision curve analysis (Figure
3B) indicated that within the threshold proba-
bility range of 0.1-0.8, the net benefit of this
model was superior to both the “treat all” and
“treat none” strategies. Specifically, at clinically
relevant threshold probabilities of 30-60%, the
model provided a net benefit of 0.15-0.25,
meaning that using the model to guide clinical
decisions would yield the equivalent of 15-25
additional appropriate TOLAC decisions per
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Figure 3. Calibration Curve (A) and Decision Curve (B) for Logistic Model. (A) The calibration curve shows the agree-
ment between the predicted probability of successful TOLAC and the observed actual success rate. The dashed
line denotes perfect calibration, and the solid line represents the model’s calibration. The Hosmer-Lemeshow test
(P=0.587) indicates no significant deviation between predicted and observed outcomes, confirming good model
calibration. (B) The decision curve evaluates the model’s clinical utility across threshold probabilities. The blue line
represents the proposed model, with red and green lines for “all TOLAC” and “all cesarean” strategies, respectively.
The model has superior net benefit over the two extreme strategies within 0.1-0.8 threshold probabilities; specifi-
cally, it provides a 0.15-0.25 net benefit at the clinically relevant 0.3-0.6 threshold (15-25 additional appropriate
decisions per 100 patients). Abbreviations: TOLAC, trial of labor after cesarean.

100 patients compared to the extreme strate- the Grobman model applied to the temporal
gies, without increasing the rate of adverse Validation set. The superior performance of our
outcomes. model is evident from its ROC curve lying above
that of the Grobman model across most of the
Temporal validation: In 524 independent exter- specificity range.
nal samples, the model's AUC was 0.83 (95%
Cl: 0.79-0.87), sensitivity was 81.0%, specifici- Subgroup analysis
ty was 77.2%, and Youden’s index was 0.582
(Table 5). The nomogram (Figure 4) visually To assess model robustness across clinical
presents the corresponding relationship be- subgroups, we conducted subgroup analyses
tween scores of each variable and the probabil- by prior vaginal birth after cesarean (VBAC) his-
ity of TOLAC success, facilitating quick estima- tory and cervical score (26 vs. <6), using the
tion of predictions in clinical settings. Grobman model as a benchmark. As shown in
Figure 7, our model consistently outperformed
The calibration curve for the temporal Validation the Grobman model in all subgroups. Among
set (Figure 5A) demonstrated good agreement those with prior VBAC, AUCs were 0.92 vs. 0.85
between predicted and observed probabilities (cervical score >6) and 0.85 vs. 0.80 (cervical
(Hosmer-Lemeshow test, P=0.452). Decision score <B6); among those without prior VBAC,
curve analysis (Figure 5B) showed that the AUCs were 0.82 vs. 0.80 (cervical score >6)
model provided positive net benefit across a and 0.80 vs. 0.73 (cervical score <6). These
wide range of threshold probabilities (0.2-0.7) results demonstrate that our model maintains
in the external cohort, outperforming both the strong predictive performance across varying
“treat all” and “treat none” strategies. VBAC histories and cervical maturity levels,
confirming its robustness in diverse clinical
Comparison with existing models settings.
On the temporal Validation set, the AUC of this Discussion
study’s model (0.83) was significantly higher
than that of the Grobman model (0.79, P<0.05), The choice of delivery method for pregnant
with both sensitivity and specificity superior. women with a scarred uterus has always been
Figure 6 visually demonstrates this compari- a focus and clinical challenge in obstetrics [19].
son, showing the ROC curves of our model and With the implementation of the two-child and
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TOLAC Success

Points Predictors Probability
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Pri liver
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Figure 4. Nomogram for predicting the probability of successful trial of labor after cesarean (TOLAC). Instructions for
use: For each patient, locate her value on the axis for each predictor. Draw a vertical line upward to the ‘Points’ axis
to determine the score for that variable. Sum the scores for all six variables to obtain the ‘Total Points’. Finally, draw
a vertical line downward from the ‘Total Points’ axis to the ‘Predicted Probability’ axis to read the estimated prob-
ability of TOLAC success. Worked example (as detailed in the Discussion): For a 30-year-old woman (=~ 48 points)
with a BMI of 24 kg/m? (~ 38 points), a history of vaginal delivery (= 72 points), a cervical score of 7 (~ 58 points),
an estimated fetal weight of 3,200 g (~ 48 points), and a gestational age of 38 weeks (= 62 points), the total points
are approximately 326. This corresponds to a predicted probability of TOLAC success of approximately 80%. Abbre-
viations: TOLAC, trial of labor after cesarean; BMI, body mass index.

Calibration Curve (External Validation) B 05 Decision Curve Analysis (External Validation)
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Figure 5. Temporal validation - calibration and decision curve analysis. A. Calibration curve showing the agree-
ment between predicted probabilities and observed outcomes in the temporal Validation set (n=524). The dashed
line represents perfect calibration. The Hosmer-Lemeshow test indicates no significant deviation from perfect fit
(P=0.452). B. Decision curve analysis evaluating the clinical utility of the model in the temporal Validation set across
different threshold probabilities. The model demonstrates positive net benefit in the clinically relevant range (20-
70% threshold probability) compared to the strategies of performing TOLAC for all patients or performing cesarean
section for all patients. Abbreviations: TOLAC, trial of labor after cesarean.

three-child policies, the number of pregnant this study, the success rate of TOLAC was
women with a scarred uterus in China has seen 72.1%, which, although higher than the 60%-
explosive growth [20]. According to data from 70% reported in some Western countries, still
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Figure 6. ROC curve comparison (temporal validation). Abbreviations: ROC,
receiver operating characteristic; AUC, area under the curve; TOLAC, trial of

labor after cesarean.

leaves nearly 30% of pregnant women at risk of
trial failure [21, 22]. Failure not only increases
the cesarean section rate but may also lead to
serious complications such as uterine rupture
(incidence approximately 0.5%-1%) and post-
partum hemorrhage [22]. Therefore, accurately
assessing the feasibility of TOLAC is crucial for
maternal and neonatal safety [23]. Current clin-
ical decisions heavily rely on physician judg-
ment, which is subjective and limited in accu-
racy, while existing prediction models are less
effective in Chinese clinical practice due to
population differences and limitations in includ-
ed variables [24]. This study aims to address
this clinical need by constructing a predictive
model based on a large single-center sample
and validated externally, providing individual-
ized TOLAC risk assessment tools for pregnant
women with a scarred uterus.

From the results of univariate analysis, among
the ten associated variables, the difference in
cervical score between groups was most sig-
nificant, consistent with the physiological me-
chanism of cervical maturity being a core indi-
cator for the onset of labor [25-27]. Cervical
scoring directly reflects the cervix’s responses
to contractions through evaluating comprehen-
sive indicators such as cervical dilation, posi-
tion, softness, receptivity, and fetal head posi-

162

0.8

1.0

tion, indicating that the higher
the score, the more mature the
cervix, and the lower the resis-
tance to natural delivery [28].
Notably, our model identified a
positive association between
maternal age and TOLAC suc-
cess, which appears counter-
intuitive to the conventional
view that advanced maternal
age is a risk factor for adverse
obstetric outcomes. This find-
ing should be interpreted with
caution within the specific con-
text of our study population.
The age range in our cohort
was relatively concentrated
(25-35 years), which may not
fully represent the risks asso-

ciated with more advanced
maternal age (e.g., >35 years).
The observed association cou-
Id be confounded by unmea-
sured variables. For instance,
in our clinical setting, older
women within this range might have been sub-
jected to more stringent selection criteria for
TOLAC by their clinicians a priori, leading to a
‘healthy candidate’ effect where only those
with otherwise favorable characteristics were
advised to attempt labor. This selective pro-
cess could result in a higher success rate
among the older women who were ultimately
included in the TOLAC group. Furthermore, the
positive coefficient might also reflect a com-
plex, non-linear relationship that a linear model
cannot fully capture. Therefore, while the vari-
able ‘age’ contributed to the model’s discrimi-
nation, its independent effect warrants further
investigation in larger, prospectively designed
studies that can adequately control for such
potential confounding and selection biases.

In the multivariate logistic regression model,
the OR value for history of vaginal delivery was
as high as 4.76 (95% Cl: 4.01-5.65), becoming
the strongest predictor, a result verified in mul-
tiple international studies. Previous vaginal
delivery experiences not only cause “memora-
ble” dilation of the birth canal but also enhance
the coordination of uterine contractions thr-
ough neuro-endocrine regulation, reducing the
risk of weak contractions. BMI was negatively
correlated with TOLAC success, suggesting that
obesity may affect trial outcomes by increasing
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birth canal resistance and lowering the efficien-
cy of uterine muscle layer contractions. Each
increase of 1 kg/m?in BMI decreases the prob-
ability of TOLAC success by about 11%. The OR
value for estimated fetal weight was 0.98, indi-
cating that for every additional 100 g in fetal
weight, the success rate of trials decreases
by 2%, aligning with the clinical phenomenon
where macrosomia easily leads to cephalopel-
vic disproportion, further supporting the impor-
tance of prenatal ultrasound estimation of fetal
weight.

Model validation results showed an AUC of
0.85 for internal 10-fold cross-validation and
0.83 for temporal Validation, both at relatively
high levels, indicating that the model has sta-
ble discriminative ability. Calibration curves
revealed good consistency between predicted
probabilities and actual outcomes, suggesting
no significant calibration bias, allowing accu-
rate quantification of TOLAC success probabili-
ties. Compared with the Grobman model, this
model not only exceled in discrimination but
also incorporated the dynamic indicator of cer-
vical score, while the Grobman model mainly
relied on static variables like obstetric history
and gestational week, cervical scores can be
updated in real-time before labor, more accu-
rately reflecting physiological conditions during
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childbirth. Additionally, decision curve analysis
confirmed that within the threshold probability
range of 0.1-0.8, the net benefit of this model
significantly outperforms extreme strategies,
especially in the “gray area” of clinical decision-
making (0.3-0.6), effectively reducing unneces-
sary cesarean sections or trial failures. The
decision curve analysis provided compelling
evidence for the clinical utility of our model. The
positive net benefit across the clinically rele-
vant threshold probability range (20-70%) indi-
cated that using this model to guide TOLAC
decisions would lead to better patient out-
comes compared to either universally recom-
mended TOLAC or repeat cesarean section.
This is particularly important in the “gray zone”
of clinical decision-making (30-60% predicted
probability), where physician uncertainty is hig-
hest. The quantitative net benefit values (0.15-
0.25 in this range) translate to meaningful clini-
cal impact - potentially avoiding 15-25 inappro-
priate management decisions per 100 patients
while maintaining safety.

From a clinical translation perspective, the no-
mogram design of this model provided a conve-
nient tool for rapid assessment. For instance, a
30-year-old pregnant woman with a BMI of 24
kg/m?, a history of vaginal delivery, a cervical
score of 7, an estimated fetal weight of 3,200
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g, and a gestational age of 38 weeks would
score 65 points using the nomogram, corre-
sponding to an approximately 80% probability
of TOLAC success, thus encouraging active trial
of labor. If her cervical score were 4, the total
score would drop to 40, reducing the success
probability to 50%, requiring cautious decision-
making in conjunction with other indicators.
Moreover, since the variables included in the
model are routine examination items, there is
no need for additional medical costs, offering
considerable health economic value [26, 29].

Our model did not include certain variables rec-
ognized as influential in international models,
such as the ‘indication for the previous cesare-
an section’ and the ‘time interval since the pre-
vious cesarean’. This omission was primarily
due to limitations in our retrospective data col-
lection. Specifically, the detailed indications for
the prior cesarean (e.g., failure to progress,
fetal distress) were often not standardized or
comprehensively documented in the medical
records available for this study. Furthermore, a
significant number of patients were referred
from other primary care institutions, and com-
plete obstetric histories, including the exact
date of the previous delivery, were frequently
missing, making accurate calculation of the
inter-delivery interval unfeasible. While these
factors are undoubtedly important, our model
demonstrated that a robust prediction can be
achieved using a parsimonious set of readily
available clinical and obstetric variables, which
may enhance its practicality in real-world clini-
cal settings where such detailed historical data
may be lacking. Future prospective studies
should aim to incorporate these variables to
further refine predictive accuracy.

This study has several limitations. Firstly, itis a
single-center retrospective study, its design
may introduce selection bias, such as clinicians
tending to opt for direct cesarean sections for
pregnant women with poor cervical conditions,
leading to a disproportionately high proportion
of successful cases in the sample. Secondly, it
did not include factors like uterine scar thick-
ness and strength of contractions obtained
through ultrasound or labor indicators, which
could further enhance model performance. Thi-
rdly, although the model was developed from a
single-center cohort and demonstrated good
performance in an external temporal validation
set from two other hospitals, its generalizability
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needs to be further confirmed in broader, multi-
center, and multi-ethnic populations. Future
research could adopt prospective designs,
dynamically collect real-time data such as cer-
vical changes and contraction curves during
labor, and use machine learning algorithms to
build dynamic prediction models while explor-
ing the impact of epigenetic markers (e.g., lev-
els of inflammatory factors in cervical tissue)
on TOLAC outcomes to further improve predic-
tion accuracy.

In conclusion, the predictive model for success-
ful TOLAC, based on a single center with exter-
nal temporal validation, exhibits excellent dis-
crimination, calibration, and generalization cap-
abilities, outperforming existing international
models. By quantifying the impacts of critical
factors such as age, BMI, and history of vaginal
delivery, this model provides precise TOLAC
risk assessment for clinical use, aiding in opti-
mizing delivery method choices and reducing
the incidence of maternal and neonatal compli-
cations, possessing significant clinical applica-
tion value. As the model is of wide promotion
and validation, it is expected to promote stan-
dardized and individualized development in
managing pregnancies with a scarred uterus,
contributing to improving obstetric quality.
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