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Abstract

Introduction: This study aimed to develop a multiparameter predictive model for
spontaneous preterm birth in pregnant women with a history of advanced labor ce-
sarean delivery, using cesarean scar ultrasound characteristics.

Material and Methods: This prospective observational cohort study included preg-
nant women with a history of advanced labor cesarean delivery (>8 cm cervical dilata-
tion) at University College London Hospitals (August 2019-August 2023). Participants
underwent transvaginal ultrasound using validated protocols for cesarean scar evalu-
ation. Measurements included scar distance to the internal os, niche dimensions
(length, depth, and width), residual and adjacent myometrial thickness, and 3D niche
and cervical volumes. Predictive models for spontaneous preterm birth and short cer-
vical length <25 mm were developed using multivariable logistic regression, adjusting
for potential confounders.

Results: During the surveillance period, 12.6% (21/166) of women developed a
short cervix, and 23.5% (39/166) received preterm birth prophylactic interventions.
Spontaneous preterm birth rate was 7.8% (13/166) <37 weeks and 4.8% (8/166)
<34 weeks. The cesarean scar was visualized in 89.8% (149/166), with a niche identi-
fied in 48.3% (72/149) of women. Scars positioned at or caudal to the internal cervical
os were associated with significantly higher risks of short cervix and/or spontaneous
preterm birth compared to scars cranial to the internal os (aOR 5.26, 95% Cl 1.59,
17.32, p=0.006; aOR 5.00, 95% CI 1.10, 22.78, p=0.037, respectively). Traditional
predictive models based on cervical length and obstetric history demonstrated mod-
est performance. Scar distance to the internal os consistently emerged as the strong-

est independent predictor of short cervix across all models (p <0.001-0.005). Models

Abbreviations: AMT, Adjacent myometrial thickness; AUC, Area under the receiver operator characteristic curve; CL, Cervical length; CD, Cesarean delivery; FPR, False positive rate;
GA, Gestational age; ROC, Receiver operator characteristic; RMT, Residual myometrial thickness; sPTB, Spontaneous preterm birth.
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1 | INTRODUCTION

Preterm birth (PTB) remains a significant global health challenge, de-
spite extensive research into its risk factors®? and the implementa-
tion of preventative strategies,s"5

The estimated global PTB reduction rate was -0.14% from 2010 to
2020.° While a history of spontaneous PTB (sPTB) is recognized as the
strongest predictor of subsequent PTB,? this pattern does not apply to
women who have undergone term advanced labor cesarean delivery
(CD). Studies in the last decade have identified advanced labor CD as
a distinct risk factor for subsequent late miscarriage or sPTB, increas-
ing the risk up to threefold compared to having a prior term vaginal
birth.””** In a recent systematic review, pooled estimates indicated that
the rate of sPTB in subsequent pregnancies was 6.9% after full dilata-
tion CD and 2.6% following operative vaginal birth.® Increasing cervi-
cal dilatation at the time of CD has been independently associated with
a higher risk of subsequent sPTB,”!! with evidence suggesting that this
risk is greatest following CD in advanced labor (28cm dilatation).}
A recent postnatal ultrasound study*® showed that CD in advanced
labor, compared with early labor CD, more frequently results in low-
positioned hysterotomy incisions involving the cervix, which may influ-
ence cervical function in subsequent pregnancies. With the prevalence

1718 this association

of CD on the rise, especially in late stages of labor,
needs closer attention to refine screening and management strategies
for at-risk populations.

Current methods for PTB surveillance—such as transvaginal cer-
vical length (CL) ultrasound measurement, obstetric history assess-
ment, and point-of-care biomarker testing—have not been validated
for women with previous advanced labor CD. One promising approach
to address this gap is the use of transvaginal ultrasound to evaluate CD
scar morphology and location.}” 2! Our previous research has found
that a CD scar within 5mm of the internal os on 2D ultrasound is linked
to a higher risk of sPTB, suggesting that scar location may affect cervi-
cal function.?? CD scar ultrasound appearance may vary depending on
the acquisition plane and may be influenced by factors such as irreg-
ular scar niche configuration and branching morphology, and defects
related to hysterotomy extensions. Compared to 2D ultrasound, 3D

incorporating 3D ultrasound scar parameters improved predictive accuracy, with the
final model achieving AUC 0.91 (95% CI 0.81, 0.98) and 91% (95% CI 0.73, 1.00) sen-
sitivity at FPR of 25% for spontaneous preterm birth. For short cervix prediction, the
AUC was 0.89 (95% CI 0.80, 0.96), at 88% (95% CI 0.62, 1.00) sensitivity for the same

Conclusions: 3D transvaginal ultrasound assessment of cesarean scar morphology
was associated with improved prediction of spontaneous preterm birth in pregnant
women with a history of advanced labor cesarean delivery; however, scar position

relative to the internal os remained the strongest individual predictor.

3D ultrasound, cesarean, niche, preterm birth, scar, volume

Key message

Ultrasound assessment of the scar distance to the internal
os may be considered for inclusion in spontaneous preterm
birth risk stratification for women with advanced labor ce-

sarean delivery.

ultrasound offers additional benefits, including superior visualization
through coronal plane reconstruction®® and accurate volume assess-

t,2472 \which enables a more comprehensive evaluation of scar

men
niche volume characteristics.?” To our knowledge, no previous studies
have directly evaluated associations between 3D ultrasound advanced
labor CD scar parameters in pregnancy and subsequent sPTB. We hy-
pothesized that CD scar position and morphology assessed using 3D
transvaginal ultrasound are associated with subsequent CL shortening
and sPTB in women with advanced labor CD, and assessment of these
ultrasound parameters may improve risk stratification in this high-risk
group of women. The aim of this study was to evaluate the factors,
including 3D ultrasound scar morphology, that could be applied in a
multiparametric approach to predict the development of a short CL

and/or sPTB in pregnant women with a history of advanced labor CD.

2 | MATERIAL AND METHODS

This single-center prospective observational cohort study included
consecutive singleton pregnant participants with a history of previous
term advanced labor emergency CD (cervical dilatation 28cm) who
received PTB surveillance at the University College London Hospitals
NHS Foundation Trust, London, UK, between August 2019 and August
2023. Participants were monitored and clinically managed within a
dedicated specialist antenatal service every 2-3weeks between 12
and 24weeks of gestation, following local and national clinical care
pathways for women considered at increased risk of sPTB. Participants
who terminated the pregnancy or experienced iatrogenic PTB in the
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studied pregnancy were excluded, as were women with a history of
sPTB or late miscarriage prior to the advanced labor CD or with pre-
pregnancy transabdominal cerclage placement. Cases of late miscar-
riage or sPTB occurring after the advanced labor CD were included
in the study. If a participant experienced more than one pregnancy
during the study period, only the pregnancy with complete data and
closest to the advanced labor CD was included.

Prophylactic interventions for sPTB, such as vaginal cervical cer-
clage and/or progesterone, were offered based on detection of a short
CL (<25mm) and/or a history of late miscarriage or sPTB following the
advanced labor CD. Three types of vaginal cervical cerclage were per-
formed under regional anesthesia: McDonald, Shirodkar, and modified
Wurm technique,?® selected according to previous clinical history, sur-
geon's or patient's preference. Micronized vaginal progesterone at a
dose of 200-400mg vaginally or rectally was offered to women as an
alternative to cervical cerclage if the CL was <25mm; however, if the
CL was <15mm, cerclage was prioritized. No additional tests beyond
standard sPTB surveillance screening were conducted.

2.1 | Examination ultrasound protocol of cesarean
scar morphology

Transvaginal 3D ultrasound volumes were acquired by four fetal
medicine specialists (MI, AB, ALD, and RN) using a Voluson E8 or
E10 Expert ultrasound system (GE® Healthcare, Austria) equipped
with a 4-9 MHz 3D TV probe. The region of interest for volume ac-
quisition encompassed the entire cervix and lower uterine segment
in a longitudinal view, along with three key anatomical landmarks:
the internal cervical os, cervical canal, and external cervical os. The
location of the internal cervical os was further confirmed through
2D color Doppler mapping of the uterine arteries in the paracervical

region.m’29

The automatic volume capture was set with a 120° acquisition
angle and high image resolution. The acquisition time for each vol-
ume was 4-5s, during which time participants were instructed to
remain still to minimize motion artifacts. The 3D volumes were pro-
cessed offline by a single operator (MI) using the VOCAL imaging
function in the 4D View software (GE® Healthcare) on a Windows®
10 platform, following a validated and highly reproducible CD scar
examination protocol.?” The recorded volumes were displayed in
three reference planes: sagittal (A), transverse (B), and coronal (C).
The CD scar was identified by manipulating the sagittal plane (A)
along the x-, y-, and z-axis and using the “parallel shift” function to
move front to back through the volume. A CD scar niche was defined
as an “indentation at the level of the scar with a depth measuring
>2mm”.2° Measurements of CL, niche dimensions (length, depth,
width), residual and adjacent myometrial thickness (RMT and AMT),
and scar distance to internal os were recorded. The niche to internal
os distance was measured by placing the calipers at the nearest edge
of the niche to the internal os and the internal os. The scar distance
to the internal os was recorded as an anatomic value—a mathemat-
ically positive value indicated that the CD scar was located cranial
to the internal os, while a negative value indicated that the CD scar
was located caudal to the internal os (Figure 1).?7 Niche and cervix
volumes were calculated using manual contouring in sic reference
planes, spaced at 30° angle intervals.

2.2 | Outcome measures

The primary aim of the study was to evaluate the predictive per-
formance of sPTB screening models for women with a history of
advanced labor CD by integrating 3D ultrasound CD scar features
and CL alongside clinical history. Secondary outcomes included the

prediction of the development of a short CL <25mm. For cases with

<«—— Scar niche to the internal os
<—> Scar niche to the external os
> Residual myometrial/cervical thickness

» Adjacent myometrial/cervical thickness

Urinary

@ Internal cervical os

@ External cervical os

A Cesarean scar niche

Urinary

Pregnancy

Pregnancy

e

(A) (B)
Cesarean scar niche cranial to the internal os:
scar niche (caudal edge) distance to the internal

os, mathematically positive value value of 0 mm

Cesarean scar niche at the internal os: scar
niche distance to the internal os, mathematical

(€)
Cesarean scar niche caudal to the internal os:
scar niche (cranial edge) distance to the internal os,
mathematically negative value

FIGURE 1 Schematic representation of cesarean scar niche measurements according to scar position relative to the internal cervical os.
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multiple examinations at different gestational ages (Gas), the exami-
nation with the shortest scar distance to the internal os was used in
the predictive models, and the shortest CL recorded during the sur-
veillance period was considered. In women who received a cervical
cerclage, the CD scar measurements were recorded prior to cerclage
placement.

Data were collected during the clinic appointment and from elec-
tronic medical records (Viewpoint®, EPIC®), recording demographic
details as well as maternal and neonatal clinical characteristics and
outcomes. Some data fields relied on detailed information from the
time of the index advanced labor CD (e.g., uterine extension, post-
partum hemorrhage), which was unavailable for women who gave
birth at other hospital facilities. Analyses were restricted to cases

with complete data for the main study outcomes.

2.3 | Statistical analyses

Categorical variables were summarized as numbers and percent-
ages, while continuous numeric variables were expressed as median
and interquartile range or median and standard deviation, as appro-
priate. Continuous variables were assessed for normality using vis-

ual inspection of histograms and Shapiro-Wilk tests. Demographic

TABLE 1 Summary of parameters included in each predictive model.

characteristics were compared using Chi-square tests for categori-
cal variables and Wilcoxon Rank Sum tests for continuous variables.
The optimal threshold for scar distance to the internal os in predict-
ing sPTB or short CL (<25 mm) was determined using receiver opera-
tor characteristic (ROC) curve analysis. Logistic regression models
were applied to evaluate the risk for sPTB and short CL, adjusting
for potential cofounders (demographics: age, ethnicity, body mass
index, smoking status, parity, and mode of birth; risk factors for
sPTB: cervical surgery and uterine anomaly).

Exploratory prediction models were constructed using R®, ver-
sion 4.2.2 (The R Foundation for Statistical Computing, Vienna,
Austria). To maximize the data available for training, the bootstrap
ROC method (boot.roc function from the fbroc package) was imple-
mented. Models were trained on the full dataset, and their perfor-
mance was evaluated on random samples with replacement from
the same dataset. No imputations were used to estimate or replace
missing/irrelevant data points in the analysis (e.g., trial of instrumen-
tal birth where CD occurred before full dilatation). Parameters were
included in the model in a stepwise manner (Table 1), and their pre-
dictive performance was evaluated by calculating the area under the
ROC curve (AUC). Detection rates were determined at fixed false
positive rates (FPRs) of 10%, 15%, 20%, and 25% based on the ROC

curves.

M1 M2 M3 M4 M5

Demographics, sPTB risk

factors, CL, fFN ’

CD clinical data

Scar visualisation

Niche presence

Scar distance to |0 —
continuous” (mm)

Scar distance to IO -
categorical (<5mm)

Niche length, depth,
width (mm)

RMT: AMT ratio

Niche volume -
continuous (mm3)

Niche volume -
categorical (0, 0-125,
125-600, >600 mm?)

Cervix volume (mm?®)

Niche : cervix volume
ratio

M6 M7 M8 M9 M10 M11 M12

Abbreviations: AMT, adjacent myometrial thickness; CD clinical data: interpregnancy interval, trial of instrumental birth; CD, cesarean delivery; CL,
cervical length (sPTB models only); fFN, fetal fibronectin; 10, internal cervical os; RMT, residual myometrial thickness; sPTB, spontaneous preterm

birth.

*Anatomic value—a mathematically positive value indicates that the CD scar is located cranial to the internal os, and a negative value indicates that

the CD scar is located caudal to the internal os.
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TABLE 2 Demographic and advanced labor cesarean birth
characteristics of the study population.

Demographic characteristics N=166
Maternal age (years) 35(32,37)
Ethnicity
White 97 (58.4)
Black 19 (11.4)
Southeast Asian 29 (17.5)
Mixed/Other 21(12.6)
BMI at booking (kg/m?) 24.4(21.9,27.5),
N=165
Smoker 2(1.2)
Parity
1 126 (75.9)
2 35(21.1)
23 5(3.0)
IVF conception 12 (7.2)
Risk factors for PTB
Previous sPTB 5(3.0)
Previous PPROM 3(1.8)
Previous LM 4(2.4)
Cervical surgery (LLETZ, cone biopsy) 6(3.6)
Uterine anomaly 2(1.2)
Number of advanced labor CD (8-10cm)
1 164 (98.8)
2 2(1.2)
Number of previous CDs
1 149 (89.8)
>2 17 (10.2)
Advanced labor CD characteristics
Cervical dilatation (cm)
8 6(3.6)
9 11 (6.6)
10 149 (89.8)
Gestational age at birth (weeks) 40 (39, 41)
Birthweight (g) 3469 +485 (2280,
4640)

Active second stage
Trial of instrumental birth

Hysterotomy extensions

107 (73.3), N=146
61(42.4), N=144
15(20.0), N=75

Uterine/broad ligament 15 (20.0)

Cervical 0(0)
Postpartum hemorrhage >1000 mL 17 (15.3%), N=111
Interpregnancy interval (months) 32 (22, 61)

Note: Data presented as median (IQR, interquartile range), n (%).
Abbreviations: BMI, body mass index; CD, cesarean birth; IVF, in vitro
fertilization; LLETZ, large loop excision of the transformation zone;
LM, late miscarriage; PPROM, preterm prelabor rupture of membranes;
sPTB, spontaneous preterm birth.

TABLE 3 Study outcomes.

Outcome N=166
Spontaneous PTB

<37 weeks' gestation 7.8% (n=13)

<34 weeks' gestation 4.8% (n=8)
<28weeks' gestation 1.8% (n=3)
<24 weeks' gestation 1.2% (n=2)

Gestational age at birth 39w1d (38w2d, 39w5d)

PPROM 4.2% (n=7)
Cervical length <25mm 12.6% (n=21)
Cervical length <15mm 3.0% (n=5)

Gestational age at cervical length 18wéd (15wéd, 22w2d)

<25mm

23.5% (n=39)
9% (n=15)
14.5% (n=24)

Prophylactic preterm birth intervention
Vaginal cervical cerclage

Prophylactic progesterone only

Note: Data presented as median (IQR, interquartile range), % (n).
Abbreviations: PTB, preterm birth; PPROM, preterm prelabor rupture
of membranes.

3 | RESULTS

During the study, 3D ultrasound volumes were acquired for 196
women, with 166 eligible participants included with complete pri-
mary and secondary outcome data. This cohort underwent 302 3D
transvaginal ultrasound examinations during the PTB surveillance
period. The demographic and advanced labor CD characteristics
of the population examined in this study are detailed in Table 2. As
previous full dilatation CD was a national referral criterion for PTB
surveillance before the study period began, most women were in
this group—89.8% (149/166) of cases had a full dilatation CD, and the
median GA at birth was 40 weeks.

The rate of sSPTB <37 weeks' gestation was 7.8% (13/166), with
just over half of the PTBs 4.8% (8/166) occurring <34 weeks and
1.2% (2/166) delivering <24 weeks' gestation (Table 3). The median
GA at delivery was 39w1d (38w2d, 39w5d). Among women who ex-
perienced sPTB, approximately half, 46.1% (6/13), demonstrated no
significant CL shortening during the surveillance period and had no
other high-risk PTB factors than the previous advanced labor CD. In
the study cohort, 12.6% (21/166) of women were identified witha CL
<25mm. The median GA at the time of diagnosis was 18wéd (15wéd,
22w2d). Among these women, 4.8% (1/21) opted for no prophylactic
intervention for PTB and delivered at term, 33.3% (7/21) received
prophylactic progesterone and delivered at term, and 61.9% (13/21)
underwent ultrasound indicated cervical cerclage. In the broader
cohort, 9% (15/166) of women underwent transvaginal cervical cer-
clage during pregnancy. Of these, 86.7% (13/15) were ultrasound
indicated due to identification of a CL <25mm, while 13.3% (2/15)
had a cerclage placed based on a history of prior spontaneous late

miscarriage following advanced labor CD. The median GA at cervical
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TABLE 4 Characteristics of the cesarean birth scar and cervix
measured on 3D ultrasound volumes.

Ultrasound characteristic

Shortest cervical length (mm)

Gestational age at the shortest cervical

length
Cesarean scar visualization

Gestational age at cesarean scar
assessment

Presence of niche
Cesarean scar position
Scars above the internal os
Scars at the internal os
Scars below the internal os
Scar distance to the internal os (mm)
Scars above the internal os
Scars at the internal os
Scars below the internal os
Scar distance to the external os (mm)
Scars above the internal os
Scars at the internal os
Scars below the internal os
Niche measurements (mm, mm°®)
Niche length
Niche depth
Niche width
Niche volume
Residual myometrial thickness (mm)
Adjacent myometrial thickness (mm)

Cervical length at cesarean scar
assessment (mm)

Cervical volume (cm®)

N=166
29.9(27.9,32.0)

17wéd (15w3d, 20wéd)

89.8% (149/166)

16w5d (15w1d, 18w5d)

48.3% (72/149)
N=149

53.7% (80/149)
33.5% (50/149)
12.7% (19/149)
2.3(0.0,4.4)
4.2(2.9,6.6)
0.0(0.0,0.0)
4.5(3.0,9.8)
32.6(29.6, 35.9)
35.1(32.1, 38.3)
31.4(28.6, 33.9)
22.9(17.8, 25.9)
N=72
5.2(3.9,7.4)
5.6(4.0,7.2)
6.5(4.5,8.6)

65 (30, 143)
6.3(4.3,9.7)
11.2(8.3, 14.0)
32.0(29.2,34.5)

33.3(27.1,38.2)

cerclage insertion was 18w0d (16w0d, 21w0d), and removal oc-
curred at 38w2d (35w5d, 39wO0d). Additionally, 80% (12/15) of
women who received a cerclage also took supplementary proges-
terone. In the study cohort, 14.46% (24/166) received prophylactic
progesterone until 37 weeks or delivery. Among those who received
cervical cerclage, 33.3% (5/15) experienced sPTB, while 8.3% (2/24)
of women managed with progesterone alone had sPTB (Figure S1).

A summary of the 3D ultrasound characteristics of the CD scar
and cervix in the study cohort is presented in Table 4. The CD scar
was visualized in 89.8% (149/166) of cases, and 48.3% (72/149)
had a scar niche present. A detailed analysis of CD scar character-
istics in relation to maternal demographics, obstetric history, and
peripartum factors related to advanced labor CD can be found in
Table S1. Multiple CDs were linked to RMT/AMT <0.5 (p=0.021).
Significant correlations (p<0.001) were identified between indi-
vidual 2D niche measurements derived from 3D ultrasound vol-
umes and corresponding niche volumes computed through the
tracing method (Figure S2).

CD scars positioned at or caudal to the internal cervical os (cer-
vical scars) demonstrated a higher likelihood of developing a niche
compared to scars situated cranial to the internal os (uterine scars),
with niche rates of 58% (40/69) versus 40% (32/80), RR 1.45 (95%
Cl 1.04, 2.03; p=0.029). There was no statistically significant differ-
ence in the median niche volume between scars located at or below
the internal os compared to scars located above the internal os:
0.065cm® (0.040, 0.108) versus 0.051 cm® (0.024, 0.158); p=0.813.

In the sPTB group, the median scar distance to the internal cervi-
cal os level was 0.0 mm (-3.07, 1.72), whereas in the group with term
birth it was 2.6 mm (0.00, 4.70); p=0.042. Similarly, among women
who developed short CL <25 mm within the surveillance period, the
median scar distance to the internal os was -3.4mm (-4.90, 0.00),
compared to 2.6mm (0.00, 4.65) in the group that had no significant
CL shortening; p=0.011 (Figure 2).

Women who had a cesarean scar positioned at or caudal to the
internal cervical os had significantly higher risks of sPTB and CL
<25mm compared to those with scars cranial to the internal os, with
aOR of 5.00 (95% Cl 1.10, 22.78; p=0.037) for sPTB and 5.26 (95%
Cl 1.59, 17.32; p=0.006) for short CL, respectively.

The univariate analysis results for demographic factors, obstetric
history, advanced labor CD characteristics, and 3D CD scar ultra-
sound features in relation to CL during the PTB surveillance period
and GA at delivery are presented in the Table S2.

The performance evaluation of screening models for sPTB
is summarized in Table 5. The baseline model, which included pa-
rameters such as demographics, sPTB risk factors, CL, and fetal fi-
bronectin testing, demonstrated an AUC of 0.69, 95% Cl 0.52-0.85,
and a sensitivity of 62%, 95% CI 0.31-0.85 at a FPR of 25% (Model
1). Adding clinical data specific to advanced labor CD significantly
improved the model's predictive performance, resulting in an AUC
of 0.80, 95% Cl 0.67-0.91, and a similar sensitivity of 67%, 95% Cl
0.33-0.92 at the same FPR (Model 2). However, models investigat-
ing basic caesarean scar details such as scar visualization, niche pres-
ence, and scar distance to 10 (either as an anatomic or categorical
variable) demonstrated limited improvement in predictive accuracy.
The best performance was achieved by integrating 3D scar data as
individual parameters, specifically niche volume and cervical vol-
ume, rather than using niche: cervix ratio, with an AUC of 0.91, 95%
0.81-0.98, and a sensitivity of 91%, 95% Cl 0.73-1.00 (Model 12).

Conventional predictors typically used in PTB surveillance
showed modest performance for predicting CL <25mm, with an
AUC of 0.60, 95% Cl 0.47-0.73, and a low sensitivity of 22%, 95%
C10.06-0.44 at a FPR of 25% (Model 1). Integration of clinical data
specific to advanced CD improved model sensitivity, increasing it
to 44%, 95% Cl 0.22-0.67 at the same FPR, though the overall
AUC increased only slightly to 0.64, 95% CI 0.48-0.79 (Model 2).
The inclusion of scar distance to the internal os as an anatomic
value significantly increased model performance, showing an AUC
of 0.84, 95% Cl 0.73-0.93, and sensitivity of 82%, 95% Cl 0.59-
1.00 at a FPR of 25% (Model 5). 2D CD scar niche measurements,
such as length, depth, and width, marginally improved the model
performance, while the RMT/AMT ratio did not demonstrate
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FIGURE 2 Comparison of median cesarean scar distance to internal os measured by 3D transvaginal ultrasound and stratified by risk of

spontaneous preterm birth and cervical length shortening.

TABLE 5 Performance analysis of multiparameter screening models for spontaneous preterm birth and short cervical length.

First row: sPTB prediction,
Second row: CL <25 mm
prediction

M1—demographics, risk factors
sPTB, fFN, CL*

M2—step 1 and CD clinical data

M3—step 2 and scar visualization

M4 —step 3 and niche presence

M5—step 4 and scar distance to
10 (anatomic value)

Mé6.1—step 4 and scar distance to
10 (categorical, cutoff Omm)

Mé6.2—step 4 and scar distance to
10 (categorical, cutoff 5mm)

M7—step 5 and niche length,
depth, width

M8—step 7 and RMT: AMT ratio

M9—step 7 and niche volume
(continuous)

M10—step 7 and niche volume
(categorical, <0, 0-125, 125-600,
>600mm°)

M11—step 9 and cervix volume

M12—step 7 and niche: cervix
ratio

Abbreviations: AMT, adjacent myometrial thickness; AUC, area under the curve; CD, cesarean birth; CL" included only in the sPTB prediction models;

AUC (95% ClI)

0.69 (0.52, 0.85)
0.60(0.47,0.73)
0.80(0.67,0.91)
0.64(0.48, 0.79)
0.80(0.67,0.91)
0.68(0.52,0.82)
0.78(0.62,0.91)
0.69 (0.54, 0.83)
0.79 (0.63,0.93)
0.84(0.73,0.93)
0.81(0.65, 0.94)
0.80(0.68, 0.90)
0.79 (0.63,0.92)
0.74(0.61,0.85)
0.85(0.72,0.95)
0.86(0.73, 0.95)
0.85(0.73,0.95)
0.86(0.74,0.95)
0.88(0.74, 0.98)
0.89 (0.79, 0.96)
0.86(0.73, 0.96)
0.86(0.76, 0.94)

0.91(0.81, 0.98)
0.89 (0.79, 0.96)
0.87(0.74,0.97)
0.89(0.79,0.97)

Sensitivity (95% Cl)

FPR 10%

0.38(0.08,0.62)
0.17 (0.00, 0.39)
0.50(0.17, 0.75)
0.17(0.00, 0.61)
0.50(0.17,0.75)
0.44(0.06, 0.67)
0.50(0.17,0.75)
0.28 (0.11, 0.61)
0.64(0.27,0.91)
0.59 (0.35,0.82)
0.55(0.18, 0.82)
0.41(0.12,0.76)
0.45(0.18, 0.82)
0.24 (0.06,0.53
0.64(0.36,0.91
0.65(0.41, 0.88
0.64(0.36,0.91
0.71(0.47,0.88)
0.82(0.55, 1.00)
0.76 (0.53, 0.94)
0.73(0.27, 1.00)
0.65(0.41,0.88)

)
)
)
)

0.73(0.45, 1.00)
0.62(0.38,0.88)
0.73(0.36, 1.00)
0.69 (0.44,0.94)

FPR 15%

0.38(0.15,0.77)
0.22(0.06, 0.44)
0.58 (0.25, 0.83)
0.44(0.11, 0.67)
0.50(0.25, 0.83)
0.44(0.17,0.67)
0.50(0.25, 0.83)
0.44(0.17,0.72)
0.64(0.36,0.91)
0.65(0.41, 0.88)
0.64(0.27,0.91)
0.59 (0.29,0.82)
0.64(0.27,0.91)
0.35(0.12, 0.65)
0.73(0.45, 1.00)
0.71(0.47,0.88)
0.73(0.45,0.91)
0.71(0.47,0.88)
0.82(0.55, 1.00)
0.76 (0.53, 0.94)
0.82(0.45, 1.00)
0.71(0.47,0.88)

0.82(0.55, 1.00)
0.69 (0.44, 0.94)
0.82(0.55, 1.00)
0.81(0.56, 1.00)

FPR 20%

0.38(0.23,0.85
0.22(0.06, 0.44
0.58(0.33, 0.83)
0.44(0.22, 0.67)
0.67(0.33,0.92)
0.44(0.22,0.67)
0.58(0.33,0.92)
0.50(0.28, 0.78)
0.64(0.36,0.91)
0.76 (0.47,0.94)
0.73(0.45, 2.00)
0.65 (0.41, 0.88)
0.64(0.36,0.91)
0.47 (0.18, 0.76)
0.73(0.45, 1.00)
0.76 (0.53, 0.94)
0.73(0.45, 1.00)
0.71(0.47,0.88)
0.82(0.55, 1.00)
0.76 (0.53, 0.94)
0.82(0.55, 1.00)
0.71(0.47,0.88)

)
)

0.91 (0.64, 1.00)
0.81(0.56, 1.00)
0.82(0.55, 1.00)
0.81(0.62, 1.00)

FPR 25%

0.62(0.31, 0.85)
0.22(0.06, 0.44)
0.67(0.33,0.92)
0.44(0.22, 0.67)
0.67(0.42,0.92)
0.44(0.22,0.72)
0.75(0.42, 0.92)
0.61 (0.33,0.83)
0.73(0.36,0.91)
0.82(0.59, 1.00)
0.73(0.45, 1.00)
0.65 (0.41, 0.88)
0.64(0.36,0.91)
0.53(0.29,0.82)
0.82(0.55, 1.00)
0.76 (0.59, 0.94)
0.73(0.45, 1.00)
0.71(0.47,0.94)
0.82(0.55, 1.00)
0.76 (0.59, 1.00)
0.82(0.55, 1.00)
0.71(0.47,0.94)

0.91(0.73, 1.00)
0.88(0.62, 1.00)
0.82(0.55, 1.00)
0.81(0.62, 1.00)

CL, cervical length; fFN, fetal fibronectin; FPR, false positive rate; IO, internal cervical os; RMT, residual myometrial thickness; sPTB, spontaneous
preterm birth; sPTB, spontaneous preterm birth.
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FIGURE 3 Receiver operating characteristic curves for prediction models of spontaneous preterm birth and short cervical length. 2D,
two dimensional; 3D, three dimensional; AUC, area under curve; CL, cervical length; sPTB, spontaneous preterm birth.

predictive value for CL shortening <25mm. Similar to the pre-
dictive models for sPTB, the highest predictive performance was
achieved by the inclusion of 3D ultrasound features, niche volume,
and cervical volume, as independent predictors. This final model
reached an AUC of 0.89, 95% Cl 0.80-0.96, with a sensitivity of
88%, 95% Cl 0.62-1.00 at a FPR of 25% (Model 12). The ROC
curves corresponding to the analyzed models for CL <25 mm and
sPTB prediction are shown in Figure 3.

A multivariable logistic regression analysis was conducted to
identify which CD scar ultrasound parameters independently and
significantly predicted outcomes (Table S3). Scar distance to the in-
ternal os consistently showed statistical significance across all mod-
els for short CL <25mm. Furthermore, niche depth and length, as
well as niche and cervix volume and niche/cervix volume ratio, were
significantly associated with short CL prediction in specific models.
In the sPTB models, the coefficients that demonstrated statistical
significance included scar distance to the internal os, niche volume,
and the niche/cervix volume ratio.

Additional maternal and perinatal outcomes are presented in
Table S4. Repeat CD accounted for 68.9% (111/161) of cases, and
uterine scar dehiscence was documented in 2.5% (4/161) of cases.
These instances of scar dehiscence were recorded as incidental find-
ings at the time of surgery and did not represent the indication for
birth. No incidents of uterine rupture were observed in this cohort.
There were no cases of stillbirth or neonatal death. As anticipated,
the incidence of neonatal adverse outcomes was significantly higher

in women who experienced PTB.

4 | DISCUSSION

In this prospective observational cohort of women with previous
advanced labor CD, the inclusion of mid-gestation 3D transvaginal
ultrasound parameters, such as niche volume and cervical volume,
was associated with higher predictive performance for subsequent
short CL <25mm and sPTB and reaching sensitivity of 0.88, 95%

Cl 0.62-1.00 and 0.91, 95% Cl 0.73-1.00 at FPR 25%, respectively.
The improvement over models using 2D cesarean scar measure-
ments alone was marginal, which achieved a sensitivity of 0.76, 95%
Cl 0.59-094 for short CL and 0.82, 95% Cl 0.55-1.00 for sPTB, at
the same FPR.

No statistically significant differences in median niche volumes
were observed between women who experienced sPTB and those
who delivered at term, nor between those with a short CL <25mm
versus normal CL >25mm.

CD scar position emerged as a key factor for evaluating the indi-
vidual risk of sSPTB and short CL <25mm. The median scar distance
to the internal os was significantly more likely to be positioned cra-
nial to the internal os in women who had a term birth or did not
experience significant CL shortening. In contrast, for women who
delivered preterm or had CL shortening, there was a significantly
higher likelihood that the median scar distance was at or caudal to
the level of the internal os (i.e., the scar was in the cervix). Scar dis-
tance to the internal os demonstrated the strongest association with
short CL <25mm and remained the most robust individual parame-
ter that consistently showed statistical significance across all short
CL models.

Overall we report a sPTB rate of 7.8%, which is comparable to
the pooled sPTB rate of 6.9% observed in a recent meta-analysis
of 18 retrospective cohort studies evaluating n=605 138 women
with a history of full dilatation CD.}® Interestingly, a significant
proportion of women who experienced sPTB did not demonstrate
significant CL shortening during surveillance and we propose
several potential explanations for this observation.First, intraop-
erative cervical trauma during advanced labor CD due to low hys-
terotomy incision and/or uterine or cervical extensions may lead
to cervical dysfunction in subsequent pregnancies.”*° Therefore,
CD scar parameters such as scar distance to the internal os can
serve as a valuable additional risk stratification tool in this cohort
of women. We also noted a tendency towards a higher incidence
of unsuccessful attempts at instrumental birth prior to full dilata-
tion CD in the subsequent sPTB group compared to the term birth
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group (72.7% vs. 39.8%, p=0.054). A study by Eriksson et al.%!
reported that women having a CD at a low fetal station have a
higher risk of subsequent sPTB. Low fetal station in the maternal
pelvis at the time of CD results in scars that are more caudal on
the uterus or in the cervix on postnatal ultrasound.®? Since instru-
mental births are safely attempted only if the fetal station is at or
below the maternal ischial spines,®® this may explain the increase
in predictive performance for sPTB observed when this informa-
tion was integrated into the model.

Second, subclinical inflammatory or infection mechanisms
could lead to sPTB with rapid CL changes. Observational studies
in women with secondary subfertility found a higher rate of bac-
terial colonization in cases with a CD scar niche present.®* Chronic
inflammatory changes have been observed in women with a CD
scar niche undergoing niche resection.’® Our study found that CD
scars positioned at or caudal to the internal cervical os were more
likely to be associated with a niche compared to scars situated
cranial to the internal os. This aligns with other studies concluding
that women in active labor with advanced cervical dilatation at the
time of CD are at a higher risk of developing a scar defect.3437 In
this study, IVF conception showed a significant association with
the presence of a niche; however, associations with other risk
factors for subfertility were not assessed, as this was outside the
scope of the study.

A key strength of this research is its novel approach to risk strat-
ification in women with a history of advanced labor CD, using ultra-
sound assessment of the cesarean scar. We included women who
experienced sPTB following a term advanced labor CD, excluding
those with sPTB prior to the index CD, to better isolate the effect of
advanced labor CD on subsequent sPTB risk without underestima-
tion. Analyses were adjusted for other established PTB risk factors
to account for potential confounding.

We acknowledge, however, that the exploratory sPTB predic-
tive models are at risk of bias due to the prophylactic interventions
that were often administered to women identified as high risk due
to the history of a previous LM or sPTB or the finding of a short CL.
This necessitates cautious interpretation and further multicenter
validation. The exploratory models for short CL are less prone
to bias, since most PTB interventions were initiated in response
to the identification of short CL <25mm, and adjustments were
made for women receiving progesterone. However, even mod-
els for the prediction of CL shortening demonstrated that adding
CD scar characteristics improves the performance of the model.
Study limitations include the observational, clinic-based design,
with an inherent risk of selection bias as well as variations in clin-
ical practices across cases, even within the same service, despite
standardized protocols. Although the cohort primarily consisted
of women with a previous full dilatation CD, potentially limiting
the generalizability of the findings across all advanced labor CD,
the inclusion of consecutive patients from a tertiary UK clinical
setting aligned with national and international PTB prevention
standards supports the relevance of these findings to comparable
healthcare settings and populations. However, the feasibility and

external validity of this approach across different clinical settings
require further evaluation.

Direct comparisons on the effectiveness of PTB prophylactic
measures are limited, given the observational nature of the study.
Among women receiving an ultrasound indicated cerclage, 30%
(4/13) experienced a sPTB, a rate comparable to previously reported
effectiveness of cervical cerclage in other high-risk populations
with short CL.*%*' Addressing the impact of PTB prophylactic in-
terventions in women with advanced labor CD, requires further in-
vestigation through multicenter RCTs incorporating data on CD scar
characteristics such as position relative to the internal os and niche
parameters.

5 | CONCLUSION

This study highlights the importance of transvaginal sonographic as-
sessment of CD scar position relative to the internal os in evaluating
the risk of sPTB in pregnant women with a history of advanced labor
CD (8-10cm dilatation). Our findings suggest that scar location may
be a more critical determinant of sPTB risk than cervical dilatation
alone at the time of surgery.

Although 3D ultrasound assessment of cesarean scar niche mor-
phology demonstrated the highest predictive performance for both
sPTB and short CL, the added benefit over assessment of cesarean
scar position alone was modest. Given the additional time, special-
ised training, and software required for 3D volume analysis, its rou-
tine application in clinical practice remains limited.

Our findings indicate that routine assessment of the cesarean
scar distance to the internal os warrants further evaluation as a po-
tential addition to PTB surveillance in this high-risk population. This
clinically accessible strategy may help with early identification of
women with a scar located at or caudal to the internal os, who could
be considered for closer surveillance, allowing more timely PTB pro-
phylactic interventions.

AUTHOR CONTRIBUTIONS

Maria lvan: Conceptualization, methodology, data curation, formal
analysis, investigation, writing—original draft, validation. Amrita
Banerjee: Conceptualization, data curation, investigation, writ-
ing—review and editing, validation. Ekaterina Pazukhina: Formal
analysis, writing—review and editing. UCLH Preterm Birth Clinic
Research Group: Investigation, writing—review and editing, vali-
dation. Oleg Blyuss: Formal analysis, writing—review and editing.
Alexey Zaikin: Formal analysis, writing—review and editing. Davor
Jurkovic: Conceptualization, supervision, writing—review and edit-
ing. Anna David: Conceptualization, methodology, formal analysis,
investigation, supervision, writing—review and editing, validation,
visualization, funding acquisition, project administration, resources,
software. Raffaele Napolitano: Conceptualization, methodology,
formal analysis, investigation, supervision, writing—review and ed-
iting, validation, visualization, project administration, resources,

software.

85UB017 SUOLULIOD AERID @|gedt|dde 3y Aq peuenob 818 9P VO (88N JO S3[NJ I} AT BUIUO 4811 UO (SUORIPUOD-PUB-SWBIALIOD" A3 1M ARR1q 1 pU1IUO//SdNY) SUORIPUOD PUe S L 8U) 89S *[9202/70/ST] UO ARiqiT8uIiuO AB]IM ‘80US|OXT 818D PUR U3SH 10} 3IMisu| UOTN ‘IOIN Aq 96T0L SBOR/TTTT 0T/10p/L00" A3 | AReiqiputiuo uABqoy/sdny woaj pepeojumoq ‘0 ‘ZTr0009T



IVAN ET AL.

FUNDING INFORMATION

MI and AB were supported by a grant from the Jon Moulton
Charitable Foundation. OB acknowledges support from Barts
Charity.

CONFLICT OF INTEREST STATEMENT

The authors have no conflicts of interest to declare.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available on re-
quest from the corresponding author. The data are not publicly avail-
able due to privacy or ethical restrictions.

ETHICS STATEMENT

This study was registered and approved as a clinical governance an-
tenatal service quality improvement project and employed analysis
of routinely collected clinical data, thus ethical approval and indi-
vidual patient consent were not required.

ORCID
Maria Ivan "= https://orcid.org/0009-0008-4204-661X
Amrita Banerjee "= https://orcid.org/0000-0002-0456-0828
https://orcid.org/0000-0002-0199-6140

https://orcid.org/0000-0001-9434-7678

Anna David
Raffaele Napolitano

REFERENCES

1. Romero R, Dey SK, Fisher SJ. Preterm labor: one syndrome,
many causes. Science. 2014;345(6198):760-765. doi:10.1126/
science.1251816

2. Goldenberg RL, Culhane JF, lams JD, Romero R. Epidemiology
and causes of preterm birth. Lancet. 2008;371(9606):75-84.
doi:10.1016/50140-6736(08)60074-4

3. NHS England. Saving Babies' Lives Care Bundle Version 3. 2023.

4. Conde-Agudelo A, Romero R, Da Fonseca E, et al. Vaginal proges-
terone s as effective as cervical cerclage to prevent preterm birth in
women with a singleton gestation, previous spontaneous preterm
birth, and a short cervix: updated indirect comparison meta-
analysis. Am J Obstet Gynecol. 2018;219(1):10-25. doi:10.1016/j.
2jog.2018.03.028

5. Stewart LA, Simmonds M, Duley L, et al. Evaluating progestogens
for preventing preterm birth international collaborative (EPPPIC):
meta-analysis of individual participant data from randomised con-
trolled trials. Lancet. 2021;397(10280):1183-1194. doi:10.1016/
S0140-6736(21)00217-8

6. Ohuma EO, Moller AB, Bradley E, et al. National, regional, and
global estimates of preterm birth in 2020, with trends from
2010: a systematic analysis. Lancet. 2023;402(10409):1261-1271.
doi:10.1016/s0140-6736(23)00878-4

7. Levine LD, Sammel MD, Hirshberg A, Elovitz MA, Srinivas SK. Does
stage of labor at time of cesarean delivery affect risk of subse-
quent preterm birth? Am J Obstet Gynecol. 2015;212(3):360.e1-7.
doi:10.1016/j.ajog.2014.09.035

8. Woolner AM, Raja EA, Bhattacharya S, Black ME. Risk of sponta-
neous preterm birth elevated after first caesarean section at full
dilatation: a retrospective cohort study of over 30,000 women.
Am J Obstet Gynecol. 2024;230(3):358.e1-358.e13. doi:10.1016/j.
2jog.2023.08.013

9. Offringa Y, Paret L, Vayssiere C, Parant O, Loussert L, Guerby P.
Second stage cesarean section and the risk of preterm birth in

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

subsequent pregnancies. Int J Gynaecol Obstet. 2022;159(3):783-
789. d0i:10.1002/ijgo0.14186

Van Winsen KD, Savvidou MD, Steer PJ. The effect of mode of de-
livery and duration of labour on subsequent pregnancy outcomes:
aretrospective cohort study. BJOG. 2021;128(13):2132-2139. doi:1
0.1111/1471-0528.16864

Williams C, Fong R, Murray SM, Stock SJ. Caesarean birth and risk
of subsequent preterm birth: a retrospective cohort study. BJOG.
2021;128(6):1020-1028. doi:10.1111/1471-0528.16566

Wang M, Kirby A, Gibbs E, Gidaszewski B, Khajehei M, Chua SC.
Risk of preterm birth in the subsequent pregnancy following cae-
sarean section at full cervical dilatation compared with mid-cavity
instrumental delivery. Aust N Z J Obstet Gynaecol. 2020;60(3):382-
388. doi:10.1111/ajo.13058

Cong A, de Vries B, Ludlow J. Does previous caesarean section at
full dilatation increase the likelihood of subsequent spontaneous
preterm birth? Aust N Z J Obstet Gynaecol. 2018;58(3):267-273.
doi:10.1111/aj0.12713

Wood SL, Tang S, Crawford S. Cesarean delivery in the sec-
ond stage of labor and the risk of subsequent premature birth.
Am J Obstet Gynecol. 2017;217(1):63.e1-63.e10. doi:10.1016/j.
2jog.2017.03.006

Kirubarajan A, Thangavelu N, Rottenstreich M, Muraca GM.
Operative delivery in the second stage of labor and preterm birth
in a subsequent pregnancy: a systematic review and meta-analysis.
Am J Obstet Gynecol. 2024;230(3):295-307.€2. doi:10.1016/j.
2jog.2023.08.033

Ivan M, Banerjee A, Colley C, et al. Postnatal healing of cesarean
scar: an ultrasound study. Am J Obstet Gynecol. 2026;234(1):195-
209. doi:10.1016/j.ajog.2025.09.013

Betran AP, Ye J, Moller AB, Souza JP, Zhang J. Trends and pro-
jections of caesarean section rates: global and regional es-
timates. BMJ Glob Health. 2021;6(6):e005671. doi:10.1136/
bmjgh-2021-005671

Loudon JA, Groom KM, Hinkson L, Harrington D, Paterson-Brown
S. Changing trends in operative delivery performed at full dilata-
tion over a 10-year period. J Obstet Gynaecol. 2010;30(4):370-375.
doi:10.3109/01443611003628411

Ofili-Yebovi D, Ben-Nagi J, Sawyer E, et al. Deficient lower-segment
cesarean section scars: prevalence and risk factors. Ultrasound
Obstet Gynecol. 2008;31(1):72-77. doi:10.1002/u0g.5200

Jordans IPM, de Leeuw RA, Stegwee Sl, et al. Sonographic ex-
amination of uterine niche in non-pregnant women: a modified
Delphi procedure. Ultrasound Obstet Gynecol. 2019;53(1):107-115.
doi:10.1002/u0g.19049

Banerjee A, Al-Dabbach Z, Bredaki FE, et al. Reproducibility of
assessment of full dilatation cesarean section scar in women un-
dergoing second-trimester screening for preterm birth. Ultrasound
Obstet Gynecol. 2022;60:396-403. doi:10.1002/u0g.26027
Banerjee A, Ivan M, Nazarenko T, et al. Prediction of spontaneous
preterm birth in women with previous full dilatation cesarean de-
livery. Am J Obstet Gynecol MFM. 2024,6(3):101298. doi:10.1016/j.
ajogmf.2024.101298

Alcédzar JL, Auba M, Olartecoechea B. Three-dimensional ultra-
sound in gynecological clinical practice. Rep Med Imag. 2012;5:1-13.
doi:10.2147/RM1.521963

Vitale SG, Ludwin A, Vilos GA, et al. From hysteroscopy to lap-
aroendoscopic surgery: what is the best surgical approach
for symptomatic isthmocele? A systematic review and meta-
analysis. Arch Gynecol Obstet. 2020;301(1):33-52. doi:10.1007/
s00404-020-05438-0

loannou C, Sarris |, Napolitano R, Ohuma E, Javaid MK,
Papageorghiou AT. A longitudinal study of normal fetal femur vol-
ume. Prenat Diagn. 2013;33(11):1088-1094. doi:10.1002/pd.4203
Sarris |, Ohuma E, loannou C, et al. Fetal biometry: how well can
offline measurements from three-dimensional volumes substitute

85UB017 SUOLULIOD AERID @|gedt|dde 3y Aq peuenob 818 9P VO (88N JO S3[NJ I} AT BUIUO 4811 UO (SUORIPUOD-PUB-SWBIALIOD" A3 1M ARR1q 1 pU1IUO//SdNY) SUORIPUOD PUe S L 8U) 89S *[9202/70/ST] UO ARiqiT8uIiuO AB]IM ‘80US|OXT 818D PUR U3SH 10} 3IMisu| UOTN ‘IOIN Aq 96T0L SBOR/TTTT 0T/10p/L00" A3 | AReiqiputiuo uABqoy/sdny woaj pepeojumoq ‘0 ‘ZTr0009T


https://orcid.org/0009-0008-4204-661X
https://orcid.org/0009-0008-4204-661X
https://orcid.org/0000-0002-0456-0828
https://orcid.org/0000-0002-0456-0828
https://orcid.org/0000-0002-0199-6140
https://orcid.org/0000-0002-0199-6140
https://orcid.org/0000-0001-9434-7678
https://orcid.org/0000-0001-9434-7678
https://doi.org//10.1126/science.1251816
https://doi.org//10.1126/science.1251816
https://doi.org//10.1016/S0140-6736(08)60074-4
https://doi.org//10.1016/j.ajog.2018.03.028
https://doi.org//10.1016/j.ajog.2018.03.028
https://doi.org//10.1016/S0140-6736(21)00217-8
https://doi.org//10.1016/S0140-6736(21)00217-8
https://doi.org//10.1016/s0140-6736(23)00878-4
https://doi.org//10.1016/j.ajog.2014.09.035
https://doi.org//10.1016/j.ajog.2023.08.013
https://doi.org//10.1016/j.ajog.2023.08.013
https://doi.org//10.1002/ijgo.14186
https://doi.org//10.1111/1471-0528.16864
https://doi.org//10.1111/1471-0528.16864
https://doi.org//10.1111/1471-0528.16566
https://doi.org//10.1111/ajo.13058
https://doi.org//10.1111/ajo.12713
https://doi.org//10.1016/j.ajog.2017.03.006
https://doi.org//10.1016/j.ajog.2017.03.006
https://doi.org//10.1016/j.ajog.2023.08.033
https://doi.org//10.1016/j.ajog.2023.08.033
https://doi.org//10.1016/j.ajog.2025.09.013
https://doi.org//10.1136/bmjgh-2021-005671
https://doi.org//10.1136/bmjgh-2021-005671
https://doi.org//10.3109/01443611003628411
https://doi.org//10.1002/uog.5200
https://doi.org//10.1002/uog.19049
https://doi.org//10.1002/uog.26027
https://doi.org//10.1016/j.ajogmf.2024.101298
https://doi.org//10.1016/j.ajogmf.2024.101298
https://doi.org//10.2147/RMI.S21963
https://doi.org//10.1007/s00404-020-05438-0
https://doi.org//10.1007/s00404-020-05438-0
https://doi.org//10.1002/pd.4203

IVAN ET AL.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

real-time two-dimensional measurements? Ultrasound Obstet
Gynecol. 2013;42(5):560-570. doi:10.1002/u0g.12410

Ivan M, Mahdy H, Banerjee A, et al. Three-dimensional volume
ultrasound assessment of cesarean scar niche and cervix in preg-
nant women. J Ultrasound Med. 2025;44(3):509-519. doi:10.1002/
jum.16613

Vera Donadono PK, Banerjee A, Ivan M, et al. Transvaginal cervical
cerclage techniques: double monofilament modified wurm versus
single braided McDonald technique (proof printing). Ultrasound
Obstet Gynecol. 2025;65(3):344-352.

Kagan KO, Sonek J. How to measure cervical length. Ultrasound
Obstet Gynecol. 2015;45(3):358-362. doi:10.1002/u0g.14742
Berghella V, Gimovsky AC, Levine LD, Vink J. Cesarean in the
second stage: a possible risk factor for subsequent spontaneous
preterm birth. Am J Obstet Gynecol. 2017;217(1):1-3. doi:10.1016/j.
2jog.2017.04.019

Eriksson C, Jonsson M, Hogberg U, Hesselman S. Fetal station at
caesarean section and risk of subsequent preterm birth - a co-
hort study. Eur J Obstet Gynecol Reprod Biol. 2022;275:18-23.
doi:10.1016/j.ejogrb.2022.06.008

lvan M, Banerjee A, Colley C, Jurkovic D, David AL, Napolitano
R. OP15.06: sonographic assessment of uterine caesarean scar
healing. Ultrasound Obstet Gynecol. 2024;64(51):100. doi:10.1002/
uog.27997

Murphy DJ, Strachan BK, Bahl R. Assisted vaginal birth: green-top
guideline No. 26. BJOG. 2020;127(9):e70-e112. doi:10.1111/147
1-0528.16092

Hsu I, Hsu L, Dorjee S, Hsu C-C. Bacterial colonization at caesarean
section defects in women of secondary infertility: an observational
study. BMC Pregnancy Childbirth. 2022;22(1):135. doi:10.1186/
s12884-022-04471-y

Higuchi A, Tsuji S, Nobuta Y, et al. Histopathological evaluation
of cesarean scar defect in women with cesarean scar syndrome.
Reprod Med Biol. 2022;21(1):e12431. doi:10.1002/rmb2.12431
Vikhareva Osser O, Valentin L. Risk factors for incomplete
healing of the uterine incision after caesarean section. BJOG.
2010;117(9):1119-1126. doi:10.1111/j.1471-0528.2010.02631.x

37.

38.

39.

40.

41.

van der Voet LLF, de Vaate AMJB, Heymans MW, Brolmann HA,
Veersema S, Huirne JA. Prognostic factors for niche development
in the uterine caesarean section scar. Eur J Obstet Gynecol Reprod
Biol. 2017;213:31-32.

Park |, Kim M, Lee H, Gen Y, Kim M. Risk factors for Korean women
to develop an isthmocele after a cesarean section. BMC Pregnancy
Childbirth. 2018;18(1):1-9.

Chen Y, Han P, Wang Y-J, Li Y-X. Risk factors for incomplete healing
of the uterine incision after cesarean section. Arch Gynecol Obstet.
2017;296:355-361.

Berghella V, Odibo AO, To MS, Rust OA, Althuisius SM. Cerclage
for short cervix on ultrasonography: meta-analysis of trials using
individual patient-level data. Obstet Gynecol. 2005;106(1):181-189.
doi:10.1097/01.A0g.0000168435.17200.53
BerghellaV,Keeler SM, To MS, Althuisius SM, Rust OA. Effectiveness
of cerclage according to severity of cervical length shortening: a
meta-analysis. Ultrasound Obstet Gynecol. 2010;35(4):468-473.
doi:10.1002/uog.7547

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Ivan M, Banerjee A, Pazukhina E,

et al. Prediction of preterm birth using 3D volume cesarean
scar morphology in pregnant women with previous advanced
labor cesarean delivery. Acta Obstet Gynecol Scand.
2026;00:1-11. doi:10.1111/a0gs.70196

85UB017 SUOLULIOD AERID @|gedt|dde 3y Aq peuenob 818 9P VO (88N JO S3[NJ I} AT BUIUO 4811 UO (SUORIPUOD-PUB-SWBIALIOD" A3 1M ARR1q 1 pU1IUO//SdNY) SUORIPUOD PUe S L 8U) 89S *[9202/70/ST] UO ARiqiT8uIiuO AB]IM ‘80US|OXT 818D PUR U3SH 10} 3IMisu| UOTN ‘IOIN Aq 96T0L SBOR/TTTT 0T/10p/L00" A3 | AReiqiputiuo uABqoy/sdny woaj pepeojumoq ‘0 ‘ZTr0009T


https://doi.org//10.1002/uog.12410
https://doi.org//10.1002/jum.16613
https://doi.org//10.1002/jum.16613
https://doi.org//10.1002/uog.14742
https://doi.org//10.1016/j.ajog.2017.04.019
https://doi.org//10.1016/j.ajog.2017.04.019
https://doi.org//10.1016/j.ejogrb.2022.06.008
https://doi.org//10.1002/uog.27997
https://doi.org//10.1002/uog.27997
https://doi.org//10.1111/1471-0528.16092
https://doi.org//10.1111/1471-0528.16092
https://doi.org//10.1186/s12884-022-04471-y
https://doi.org//10.1186/s12884-022-04471-y
https://doi.org//10.1002/rmb2.12431
https://doi.org//10.1111/j.1471-0528.2010.02631.x
https://doi.org//10.1097/01.Aog.0000168435.17200.53
https://doi.org//10.1002/uog.7547
https://doi.org/10.1111/aogs.70196

	Prediction of preterm birth using 3D volume cesarean scar morphology in pregnant women with previous advanced labor cesarean delivery
	Abstract
	1  |  INTRODUCTION
	2  |  MATERIAL AND METHODS
	2.1  |  Examination ultrasound protocol of cesarean scar morphology
	2.2  |  Outcome measures
	2.3  |  Statistical analyses

	3  |  RESULTS
	4  |  DISCUSSION
	5  |  CONCLUSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ETHICS STATEMENT
	ORCID
	REFERENCES


