e ® = = 2 iy
£ 25 R(EFE) 5056 gept., 53(5) 617
Fudan Univ J Med Sci

S B RE 4 % T 2 R R B O 4 T B O

& L KEA £IE BYR BAE MER

(ZBER¥%WE = RHER ™R R 200011)

[BE] Hr @, — AR S 7= )5 B 4 I (vaginal birth after cesarean section, VBAC ) f- 2 8 47 Ji il i 5
R IR LA AN URE . FE UMM T 20164F 1 7 & 2024 4F 3 A F 4 H R 24K R 1077 BB e i 45 350 7 7
A J5 B8 32 7= (trial of labor after cesarean section, TOLAC) i 848 4] F= 4 . A5 585 45 A0 45 705 44 Lok, Hofth 143 44
2 A A SR O 4R o SR T LASSO [ 5 32 i 15 10 A2 & . 1 FH 22 B 3R Logistic [ )5 #4745 0 b4 £ | L3 £ 14
PR R, ER AHE R T B 0 R 82.0 %0 o T AR A5 B 2 ) AR B A0 45 L P AT AR Y L4 U R B B
A [T 43 066 sl CHT IR 22 BB RTINS R AR LR EE . AUC 2 0.622(95%C1:0.566~0.677) . 44 AZ2I I H
SR I 7R 2 B B R A TR — b A A1 R B HE , AUC 43 31 J2 0.737 (95 % C1: 0.697~0.790) F1 0.657 (95 % CI.:
0.535~0.780) o 1 1 £& $5 7% 5 20 35 0 — B0k B4, Bootstrap 5 414 Bk A 50 I TIE S8 1 AR R (0 R pel vk A o 2 o
I 2k 53 M R PR 25 SE WA A2 1 S A U0 E SR A BT (B 0.832. 5 ASBF ST ML VBAC 28 1 4 R 5 0] A 7Y
(A ZE M 0T 1 1 AR I ™ 7 A8 k) R B L AR G B A A PR B o 80 T A5 78 3 I AR 2R 3 43 = 0.832 119 Lo P ] e £ B i
K77, LA TOLAC (5 FE R 2%

[#iEm] HE"EHES R (VBAC); #IE ™ EHER™(TOLAC); W2, HOER,; AShERRIE
[FESES] R714.7 [xukirERB] A doi: 10.3969/].issn.1672-8467.2026.05.003

Development and validation of an improved extended prediction model

for vaginal birth after cesarean section in the first trimester

YU Yi, ZHANG Xiao-yue, PEI Jiang-nan, LUO Shou-ling, GU Wei-rong, LIU Hai-yamA
(Department of Obstetrics, Obstetrics and Gynecology Hospital, Fudan University, Shanghai 200011, China)

[ Abstract] Objective To develop and externally validate an improved extended prediction model for
vaginal birth after cesarean section (VBAC). Methods A total of 848 pregnant women who attempted a
trial of labor after cesarean section (TOLAC) were retrospectively enrolled at Obstetrics and Gynecology
Hospital, Fudan University from Jan 2016 to Mar 2024. The development dataset comprised 705 women,
while the other 143 women constituted the external validation dataset. Variable selection was executed
using the LASSO regression method. Model development was performed using multivariate Logistic
regression techniques and was presented as a nomogram. Results The total VBAC rate was 82.0%.
The base model included maternal age, interpregnancy interval, previous vaginal delivery, previous
emergency cesarean section, birth weight of the newborn from the previous cesarean section. The AUC
was 0.622 (95%CI:0.566—0.677). For further development and external validation of the extended model
(including spontaneous labor onset in the third trimester), the AUCs were 0.737 (95%CI: 0.697-0.790)
and 0.657 (95%CI: 0.535-0.780) , respectively. The calibration curves indicated a good accordance

between predicted probabilities and observed incidences of VBAC. Internal validation performed by
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bootstrap resampling confirmed the model’s robust performance. An optimal predicted probability cut-off of

0.832 was identified by decision curve analysis and clinical considerations.

Conclusion The extended

model which added the variable of “spontaneous labor onset” for predicting the probability of achieving

VBAC in the first trimester, exhibited relatively adequate performance. Women with an extended model-

derived probability score of 0.832 or higher may consider TOLLAC to improve the proportion and success

rate of TOLAC.
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Women with history of cesarean section

who delivered from Jan 2016 to Mar 2024

(n=10631)
Excluded:
™ Women with TOLAC contraindications
) (n=2215)
Women without TOLAC contraindications
(n=8 416)
Excluded:

Fetal malformation (n=11)

A J

Women with intended TOLAC
(n=985)

Y

Fetal demise (n=11)
Delivery in other medical centers (n=9)

Excluded:
Women who change their will of

Y

Women underwent TOLAC
(n=848)

[
' '

Y

delivery mode rather than based on
medical indication
(n=137)

Prediction model
development set
(n=705)

(n=143)

Prediction model
external validation set
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Fig1 Patients flow chart
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A': Variables selection by LASSO regression model with the coefficient profiles of the 12 variables; B: Variables selection by LASSO regression
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Tab 1 LASSO variable selection for a VBAC

prediction model

0 (Intercept) 3.52300008563784

1 Maternal age at delivery —0.052956023

2 Pregnancy interval —0.005033541

3 Neonatal weight of previous CS —0.000282437

4 Cervical dilation at previous CS —0.011627466

5 Vaginal delivery history 0.606864092506136

6 Spontaneous labor onset 1.6427260576336

7 Previous term CS —0.037691684

Fetal malposition indication of

e —0.111521215
u

9 Emergency previous CS —0.231948577

CS:Cesarean section.
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used 10-fold cross-validation while the tuning parameter A was selected in the minimal average error.
2 EF LASSO M T5 & i%
Fig 2 Variables selection by LASSO
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Tab 2 Delivery outcomes stratified by VBAC of the total cohort

[n(%)]

Macrosomia 42 (5.0)
Maternal complications
Postpartum hemorrhage 45 (5.3)
Postpartum blood loss=1 500 mL 4(0.5)
Blood transfusions 15 (1.8)
Uterine rupture 13 (1.5)
Complete uterine rupture 3(0.4)
Incomplete uterine rupture 10 (1.3)
3rd and 4th perineal tears 0 (0)
Hysterectomy 0 (0)
Bladder injury 1 (0.1)
Neonatal complications
Umbilical artery blood gas pH <<7.1 6 (0.7)
1 min Apgar score <<7 9 (1.1)
Neonatal asphyxia 9 (1.1)
NICU 18 (2.1)

29 (4.2) 13 (8.5) 0.043
41 (5.9) 4(2.6) 0.149
2(0.3) 2(1.3)

12 (1.7) 3(2.0)

1(0.1) 12 (7.8) <<0.000 1
0(0) 3(2.0) =
1(0.1) 9(5.9) <<0.000 1
0(0) 0(0) -
0(0) 0(0) -
0(0) 1(0.7) =
5(0.7) 1(0.7) 1.00
4(0.6) 5(3.3) 0.020
4(0.6) 5(3.3) 0.020
10 (1.4) 8 (5.2) 0.011

TOLAC : Trial of labor after cesarean; VBAC : Vaginal birth after cesarean; NICU: Neonatal intensive care unit. ¢ test or Fisher’s exact test

as appropriate.
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Tab 3 Demographic and clinical characteristics between development and validation datasets [2(%) or M(P,,,P,,) ]

Maternal age at delivery (y) 33.0 (31.0, 36.0) 35.0 (32.0, 37.0) 0.004
Maternal age=35 y 276 (39.1) 74 (51.7) 0.007
Pre-pregnancy BMI (kg/m?) 21.4 (19.6, 23.2) 21.9 (20.2, 24.0) 0.012
Pregnancy interval (mo) 70.0 (44.0, 96.0) 70.0 (3.5, 106.0) 0.653
Pregnancy interval>>10 y 103 (14.6) 27 (18.9) 0.244
Gestational age at delivery (wk) 39.3 (38.3, 40.0) 39.6 (38.5, 40.0) 0.199
Vaginal delivery history 57 (8.1) 13 (9.1) 0.817
Previous term CS 672 (95.3) 131 (91.6) 0.110
Previous intrapartum CS 140 (19.9) 30 (21.0) 0.849
Fetal malposition indication of previous CS 109 (15.5) 27 (18.9) 0.373
Emergency previous CS 295 (41.8) 64 (44.8) 0.583
Cervical dilation at previous CS 127 (18.0) 25 (17.5) 0.975
Neonatal weight of previous CS (g) 3300 (3 040, 3 600) 3300 (3000, 3575) 0.072
Pre-pregnancy diabetes mellitus 2(0.3) 0(0.0) 1

Chronic hypertension 1(0.1) 2(1.4) 0.075
Spontaneous labor onset 563 (79.9) 90 (62.9) 0.001
Full-term birth 641 (90.9) 131 (91.6) 0.919
VBAC 577 (81.8) 118 (82.5) 0.943

VBAC : Vaginal birth after cesarean; CS:Cesarean section. “y” test, Fisher’s exact test or Student-Z test as appropriate.

F4 VBAC TR E A 2 = B % B & Logistic [ )3 43 #7

Tab 4 Multivariate Logistic regression analysis of predictive variables for the VBAC prediction model

Intercept 4.343
Maternal age at delivery (y) —0.066
Pregnancy interval (y) —0.069
Neonatal weight of previous CS (g/500) -0.199
Vaginal delivery history 0.865
Emergency previous CS —0.374
Spontaneous labor onset 1.750

76.909 (7.096, 898.461) <20.001
0.936 (0.881, 0.994)) 0.033
0.933 (0.865, 1.006)) 0.072
0.820 (0.653, 1.023) 0.081
2.374 (0.947, 5.953) 0.065
0.688 (0.450, 1.051) 0.084
5.754 (3.728, 8.931) <20.001

CS:Cesarean section; aOR: Adjusted odd rate.

0.832 VE SRy M 700 {Y) e A AR BT P o 33X — 0 7 R ARp A X
A e AR A S SR A B T A 2 R A T —
-5 . VBAC TN 5 2 88 5 0.832 19 22 i i Ay
90.4% A& L 58 M VBAC; VBAC 1 A% 2 &
KT 0.832 1, S B Hh A ) B = 2 1A T 1 65.6 %6 1T LA
B A I — I FE R T R 5 i 4tk 5K
i, VBAC Tl 5 =83 % 22 10 VBAC HE R
AWK TOLAC, ) Z W TOLAC % W % 1) 8 7=
Bl B R K, AT R B ERCS, X B R 35 2 B A
VBAC KK 80 % 2247}, £ 0.832 1 Ay 455 71 A W7 (B
fie W0 R R £ 0 VBAC 2240, [ B SR ek 24
35 % TOLAC KM A2 1A 12 H 70 VBAC

7 FH A3 B I S (=143 ) X T 5 5 1647 A1 358
Y5 o IZ AR ALY IX 43 fE AR XA B, AUC R 0.657
(95%CI:0.535~0.780) (& 4A) . K il £k o0 B &
TRASE TR (1) SR R o B AT 257, 7E VBAC 114 155 L A%
2R3 BP0 5% B 2 R (TR 4B) o RS 2k
R T — B AT B R R 000 A R AE 0.75~0.85
A5 23 @ Al VBAC B #, 7E 0.85 DL I A AR A
VBAC B 2 % 015 &l o BA g ok 2 8022 a )
VBAC B #E %A 70 % ~90 %, (H AT A 2> B0\ i 24
TX—JEH . VBAC il a% o) %8 i 0.832 A 42 10
H,88.5% & 4 LT VBAC, 64 % 52 b v 3% 5 5
PR 2 A AT B R AR R (R 5) .



A& AR RE TR B 43 U A AR TR TN AR TR 1) 4 A5G IE 623
A B
Points { t 3'0 i 6'0 t X
1.0
A - . : .
ge (y) 17 38 EV) 26
Interval (mo) OBT
180 120 60 0
Neonatal weight of . ! ; 206
previous CS (g) 4000 2 500 1000 T
Vaginal delivery Yes 2z AUC=0.737
history No @ 04
Previous emergency no
CS yes 0.2
Spontaneous labor b
onset no
. 0 1 1 ! 1
Total points R e — 1.0 0.8 0.6 0.4 0.2 0
0 150 l_'l_'i_ 2 300 450 1-Specificity
Success rate of VBAC e
9o o N g
SEE & o
c oo o o = D
]_U- T --|||||||||“||||||l' ’,' -
/- L il -~ Model for VBAC
All
0.9+ e S — None
S 0sf £
g .y 204} o e
T 5 B
ol - - Ideal 0.2 - =,
— Bias-corrected T ¢
— Apparent “he
0.5 -jlt L L L L L 0 e
0.5 0.6 0.7 08 09 1.0 04 05 06 07 08 09 10
Predicted probability High risk threshold

A': A nomogram for the prediction of the likelihood of achieving VBAC. To use the nomogram, identify the position of every variable on its

corresponding axis, draw a vertical line to the points axis to get the corresponding points of the variable, add all the points from every variable to

the total points, and draw a vertical line from the total points axis to the axis representing “success rate of VBAC” for the probability of achieving

VBAC. B: The area under the ROC curve of predicting VBAC in the development dataset. C: Calibration plot with 1 000 bootstrap resamples for

the internal validation to predict VBAC in the development dataset. The diagonal interrupted line was the line of ideal agreement. The red and the

blue solid curves indicated a calibration curve using the loess nonparametric smoother and 1 000 bootstrap resamples, respectively. D: Decision

curve analysis (DCA) for the prediction model by 1 000 bootstrap resamples in the development dataset. The blue curve showed the net benefit

estimate with the 95% CI derived from Bootstrap resampling. All refers to situations in which all pregnancies after cesarean chose trial of vaginal

labor, and None refers to situations in which all pregnancies after cesarean did not choose trial of vaginal labor.
B3 VBACTIMRE R T L E \ROC Hi £k |4 AE H 28 7R 5K i 2% [
Fig3 Nomogram, ROC curve, calibration curve and DCA curve of the VBAC prediction model
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A': The area under the ROC curve of predicting VBAC in the external validation dataset. B: Calibration plot with 1 000 bootstrap resamples for

the external validation to predict VBAC. The diagonal interrupted line was the line of ideal agreement. The red and blue solid curves indicated a

calibration curve using the loess nonparametric smoother and 1 000 bootstrap resamples, respectively.
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Fig4 ROC curve and calibration curve of the VBAC prediction model in external validation dataset
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Tab 5 Risk stratification for the prediction of VBAC at the

rish threshold of 0.83 in development and validation datasets

Development 0.724 0.641 0.901  0.340 0.709

Validation 0.585 0.640 0.885 0.246 0.594

PPV : Positive predictive value; NPV :Negative predictive value.
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