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A B S T R A C T

Objective: To develop a nomogram to predict preterm birth before 28 weeks in pregnant women undergoing
cervical cerclage.
Study design:We retrospectively studied the medical records on pregnant women who underwent cervical cerclage
in January 2016 to September 2020. We developed the model from a development cohort in Women's Hospital,
Zhejiang university, School of medicine, which randomly divided by 7:3 into training cohort for nomogram
development, and internal validation cohort to confirm the model's performance. We then tested the nomogram in
an external validation cohort over a similar period. The Harrell's C-index, calibration curve, decision curve an-
alyses (DCA) were performed to assess the model.
Results: 528 patients formed the development cohort, and 97 patients formed the external validation cohort. The
model initially incorporated 10 baseline variables, while 5 variables were estimated in the nomogram at last:
history of prior second-trimester loss, use of in-vitro fertilization (IVF), cervical dilation at cerclage, C-reactive
protein (CRP) and platelet-lymphocyte ratio (PLR). The nomogram achieved good concordance indexes of
0.82(95%CI 0.77–0.88), 0.80(95%CI 0.72–0.88) and 0.79 (95%CI 0.68–0.90) in the training, internal and
external validation cohort, respectively. And the nomogram had well-fitted calibration curves. Decision curve
analysis demonstrated that the nomogram was clinically useful.
Conclusions: The well-performed nomogram graphically represents the risk factors and a pre-operative predicted
model in predicting the risk of preterm birth at <28 weeks in singleton pregnant women undergoing cervical
cerclage. The model can provide a useful guide for clinicians and patients in making appropriate clinical
decisions.
1. Introduction

Preterm birth is still the leading course of neonatal morbidity and
mortality, despite continuous progress in obstetrics and neonatology [1].
Preterm birth is defined as infants born alive before 37 weeks of preg-
nancy, while its lower boundary of gestational weeks depends on the
medical skills of neonatology at different countries. Infants born before
28 weeks, namely extremely preterm (EPT) birth, have the highest
mortality with reported death rates of approximately 50% primarily [2,
luoq@zju.edu.cn (Q. Luo).
anuscript.

August 2022; Accepted 16 Septe
evier Ltd. This is an open access a
3]. Owing to development in newborn intensive care, many large pro-
spective studies have shown improved survival for EPT infants [4, 5].
Recent study has shown that the survival rates at 28 weeks ranged from
89-97% at different regions [6], which means most babies born after 28
weeks could survive. Therefore, obstetricians would make effort to pro-
long gestational weeks to 28 weeks.

Among all the possible reasons of preterm birth, cervical insufficiency
accounts for 0.5%–2% of preterm birth and is implicated in 15–25% of
second-trimester pregnancy losses [7, 8]. Cervical cerclage has been
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proved to be the most efficient intervention to pregnant women diag-
nosed as cervical insufficiency since it was fist applied by Shirodkar and
McDonald 50 years ago [7]. As the American College of Obstetrics and
Gynecology has defined, cervical cerclage is performed
elective-prophylactically based on history (�2 times prior
second-trimester pregnancy losses with no or minimal mild symptoms),
or therapeutically indicated on ultrasound (with a prior spontaneous
preterm birth and cervical length �25mm by transvaginal ultrasound
scans) or in emergency, based on physical examination (cervical dilation
on physical examination) [9]. Cervical cerclage is placed to give me-
chanical support to the cervix and keep the cervix closed, thereby to
reduce the risk of preterm birth. It is said that compared with no cerclage,
pregnant women with cerclage were less likely to give birth before 37, 34
(average RR 0.77, 95% CI 0.66 to 0.89; 9 studies, 2415 women) and 28
completed gestational weeks [10].

However, cervical cerclage is associated with complications such as
sepsis, premature rupture of membranes, premature labor, cervical
bleeding which may probably result in miscarriage [11]. Even with
prophylactic cerclage, only 73.9% pregnant women delivered beyond 36
weeks, while as for emergency cerclage, the rate was only 23.5% [12].
How to choose suitable candidates to cerclage is still a bewilderment in
clinical practice. Therefore, we aimed at identifying possible factors
associated with EPT birth after cervical cerclage, and to develop a
nomogram to predict the exact likelihood of prolonging gestations after
28 weeks for prospective decision making.

2. Material and methods

We developed and validated the predicting model in a retrospective
multicenter study in Zhejiang Province in China from January 2016 to
September 2020. This retrospective cohort study examined records of
cervical cerclage from Women's Hospital, Zhejiang university, School of
medicine, Huzhou Maternal and Child Health Care Hospital and Fuyang
People's Hospital. The first one was a provincial tertiary hospital in
Zhejiang Province, while the latter two were county hospitals. The study
was approved by the ethical committee of Zhejiang university (IRB-
20200160-R) and written informed consent was obtained from all
patients.

We included all women with successful transvaginal cervical cerclage
done at 12–26 weeks of gestation in singleton pregnancies, both pro-
phylactical, therapeutical and emergency cerclage. Women who had
transabdominal cerclage or preconceptional cerclage were excluded. And
women who failed in cerclage, such as preterm premature rupture of
membranes (PPROM) during cerclage placement were exclude. Women
who had to terminate pregnancy due to fetal malformation, still birth or
other iatrogenic indications that jeopardize the health of the mother or
fetus such as severe preeclampsia, fetal growth restriction and hemorrhea
of placenta previa were excluded. Women with missing data in their
medical records were also excluded.

All the procedures were conducted in accordance with the American
College of Obstetricians and Gynecologists (ACOG) practice bulletin [9].
All women included underwent the same protocol, as follows: after
admission, preoperative examinations including white blood cell counts
(WBC), C-reactive protein (CRP), microbiological assessment of cervical
culture and vaginal content (eg. bacteria, fungi, mycoplasma, chlamydia)
and evaluation of cervical dilatation, were performed. The degree of
cervical dilatation and remaining cervical length were estimated by ul-
trasound examination, and would be reconfirmed by speculum exami-
nation. Then a transvaginal cerclage by the McDonald procedure with
one single stitch (four trends of No. 10 silk thread) was performed in the
operating room under epidural anesthesia. In cases of bulging mem-
branes, a Cook catheter [13] or a uterine balloon tamponade described
by our team [14] was used to reposition the prolapsed membranes.
Standard treatment such as bed rest, antibiotic, steroid usage and
tocolysis were given to patients during hospitalization. Ritodrine hy-
drochloride, indomethacin or nifedipine were given as prophylactic
2

tocolysis when needed during perioperative period. After discharge,
women were asked to decrease their activity and received every two
weeks' monitors of cervical length. The stitch would be generally
removed around the 37 weeks’ gestation.

Medical records were reviewed and the following data was evalu-
ated: maternal demographic characteristics such as age, pregestational
body mass index (BMI), use of in-vitro fertilization (IVF), gravidity,
parity, history of prior second-trimester loss, history of hysteroscopy,
cervical surgery, or uterine malformation, history of polycystic ovary
syndrome (PCOS) and intervals from prior pregnancy. Clinical char-
acteristics were cervical dilation and length, gestational age at cerclage,
results of microbiological tests and blood tests, pregnancy complica-
tions such as gestational diabetes mellitus (GDM), PPROM, placental
abruption and hypertensive disorders in pregnancy. GDM was diag-
nosed based on the International Association of Diabetes and Pregnancy
Study Group (IADPSG) criteria: GDM is diagnosed if any of the 75g
OGTT plasma glucose values during 24–28 gestational weeks �5.1
mmol/L at fasting, 10.0 mmol/L at 1h, and 8.5mmol/at 2h. The preg-
nancy outcome concerned in the study was whether delivered before 28
weeks of gestation.
2.1. Statistical analyses

Continuous variables were presented as median (range/interquartile
range). Categorical variables were presented as numbers and percent-
ages. Fisher's exact test or chi-squared test for categorical variables and
Wilcoxon-Mann-Whitney test for continuous variables were applied
when appropriate.

All patients enrolled inWomen's Hospital, Zhejiang university, School
of medicine were included in development cohort, which randomly
divided by 7:3 into training cohort for nomogram development, and in-
ternal validation cohort to confirm the model's performance. We also
externally validated the final model in patients enrolled in Huzhou
Maternal and Child Health Care Hospital and Fuyang People's Hospital.
The significance of each variable in the training group was assessed by
univariate logistic regression for investigating the independent risk fac-
tors of EPT birth, presented as odds ratio (OR) with the 95% of confi-
dence interval (CI). Multicollinearity among the variables was screened
according to the variance inflation factor (VIF) (VIF>5 was considered
strong collinearity). A backward stepwise elimination approach was
applied to select independent variables for the multivariable logistic
regression. A nomogram was formulated based on the results of multi-
variate logistic regression analysis and by using statistical software (rms
in R; http://www. r-ptoject.org). For model performance, we assessed the
discrimination (the ability to differentiate between the prediction and
outcome) and calibration (the discrepancy between predicted and
observed outcomes). To quantify the model discrimination, we calcu-
lated the Harrell's concordance index (C index) as the area under the
receiver operating characteristic curve (AUC) with 95% CI. The cali-
bration was evaluated by calibration plots, accompanied by the Hos-
mer–Lemeshow goodness-of-fit test. The calibration slope was also
calculated, with 1 being the ideal value.

The model internal and external validation was accessed by boot-
strapped 500 resampling to quantify overoptimism. Receiver operating
characteristic curve (ROC) was used to calculate the optimal cutoff value
by maximizing the Youden index (i.e., sensitivity þ specificity- 1), and
then the sensitivity, specificity, predictive values and likelihood ratios
were estimated.

Decision curve analysis (DCA) was conducted to determine the clin-
ical usefulness of the nomogram by quantifying the net benefits at
different threshold probabilities in the validation dataset [15].

All tests were two sided with a significance level set as p < 0.05. The
analyses were performed using Statistical Package for Social Sciences for
Windows, version 22.0 (IBM SPSS, Chicago, 1L, USA) and R statistical
software, version 4.0.3.

http://www
http://r-ptoject.org
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3. Results

3.1. Clinical characteristics in the study

During the study period, there were 847 patients successfully un-
derwent cervical cerclage in the three hospitals in Zhejiang Province,
China. Among them, 32 patients had preconceptional cerclage, 25 pa-
tients had transabdominal cerclage, and 19 patients had to terminate
pregnancy due to fetal malformation. 56 patients with missing data were
also excluded from analysis. Overall, 625 patients who met the inclusion
criteria were considered for further analyses. Among them, 528 patients
form Women's Hospital, Zhejiang university, School of medicine, formed
the development cohort, and 97 patients from Huzhou Maternal and
Child Health Care Hospital and Fuyang People's Hospital, formed the
external validation cohort. The flowchart of the study is shown in
Figure 1. Several characteristics, such as gravidity, history of prior
second-trimester loss, use of IVF, intervals from prior pregnancy, gesta-
tional week at cerclage and delivery, cervical length and the incidence of
PPROM showed significant difference between development and
external validation cohort. Details are shown in Table S1.

In development cohort, median age (range) at surgery was 31 (19, 48)
years old. 397 patients received prophylactical cerclage and 131patients
received non-selective cerclage. Median gestational week at cerclage was
16 (11, 25) weeks and at delivery was 37 (14, 42) weeks. In total, 102
(19.32%) patients gave birth before 28 weeks of gestation. Of all the
participants, 367 and 161 patients were divided into the training and
internal validation cohorts, respectively. The clinical characteristics and
pregnancy outcomes were almost similar between the training and
validation cohorts. Details between training and internal validation
cohort are shown in Table S2.
3.2. Development of an EPT-predicting nomogram

All variables were initially included in the univariate regression anal-
ysis as shown in Table 1. Eight items showed statistically significant dif-
ference: pregestational BMI, use of IVF, History of prior second-trimester
loss, cervical length and dilation, neutrophil-lymphocyte ratio (NLR), CRP
and PLR before cerclage. We also involved gravidity and intervals from
Figure 1. Flowchar
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prior pregnancy (both p-value <0.1) besides eight items above in multi-
variable logistic regression. VIF of all variables involved were less than 5.

On multivariate analysis, five variables were identified as indepen-
dently predictors of EPT birth after cerclage: use of IVF, history of prior
second-trimester loss, cervical dilation at cerclage, CRP and PLR before
cerclage. Details are shown in Table 2. These five variables were used to
form an EPT birth predicting nomogram (Figure 2A).

3.3. Validation and performance of the nomogram

The nomogram demonstrated good accuracy in predicting EPT birth
after cervical cerclage, with a C index of 0.82 (95%CI 0.77–0.88). The
Hosmer-Lemeshow test yielded a nonsignificant statistic (P ¼ 0.67),
which suggested that there was no departure from perfect fit. In addition,
the calibration plots showed good agreement on the predicted and
observed risks, with a calibration slop of 0.99 (Figure 2B).

In the internal validation cohort, the nomogram showed good
discrimination with a C-index of 0.80 (95%CI 0.72–0.88). The Hosmer-
Lemeshow test yielded a nonsignificant statistic (P ¼ 0.16) and the
calibration slop was 1.00 (Figure 2C).

In the external validation cohort, good calibration was observed with
a C-index of 0.79 (95%CI 0.68–0.90). The Hosmer-Lemeshow test yiel-
ded a nonsignificant statistic (P ¼ 0.10). The calibration curve showed
good agreement with a calibration slop of 1.00 (Figure 2D).

The sensitivity, specificity, positive predictive value and negative
predictive value of the model were 74.60%, 72.00%, 35.58% and 93.19%
in the training cohort, 69.20%. 71.10%. 43.35% and 87.84% in the in-
ternal validation cohort, and 66.70%, 74.20%, 41.67% and 88.97% in
the external validation cohort, respectively (Table 3).

In addition, the DCA showed good positive net benefit in the nomo-
gram which indicated a favorable clinical effect in singleton pregnancy
patients with cerclage [Figure 3(A-C)].

3.4. Comment

3.4.1. Principal findings
In the present study, we developed a well-performed and easy-used

pre-operative nomogram for EPT birth after any type of cerclage from
t of the study.



Table 1. Univariate Logistic Regression Analysis of risk factors associated with EPT in women undergoing cerclage in the training cohort.

Variable Deliver <28w (n ¼ 63) Deliver�28w (n ¼ 304) OR (95%CI) P-value VIF

Age, y 32 (22, 41) 31 (19, 48) 1.02 (0.97, 1.08) 0.414 2.93

�35 y, n (%) 18 (28.57%) 74 (24.34%) 1.24 (0.68, 2.28) 0.481 2.75

<35 y, n (%) 45 (71.43%) 230 (75.66%) Reference

Gravidity 3 (0, 9) 3 (1, 9) 0.93 (0.78, 1.11) 0.934 5.31

Parity 0 (0, 2) 0 (0, 3) 0.60 (0.35, 1.03) 0.062 2.43

Pregestational BMI, kg/m2 23.43 (12.02, 39.35) 22.27 (14.17, 34.05) 1.07 (1.00. 1.15) 0.049 1.19

IVF Yes, n (%) 14 (22.22%) 37 (12.17%) 2.06 (1.04, 4.10) 0.039 1.22

No, n (%) 49 (77.78%) 267 (87.83%) Reference

History of prior early abortion, n 0 (0, 7) 0 (0, 5) 1.10 (0.88, 1.37) 0.398 3.98

History of prior second-trimester loss, n 1 (0, 4) 1 (0, 3) 1.72 (1.26, 2.35) 0.001 1.89

History of preterm birth, n 0 (0, 1) 0 (0, 2) 0.52 (0.21. 1.28) 0.153 1.40

History of hysteroscopic surgery, n 0 (0, 5) 0 (0, 5) 1.23 (0.91, 1.67) 0.175 1.22

History of corn biopsy Yes, n (%) 2 (3.17%) 14 (4.61%) 0.68 (0.15, 3.07) 0.615 1.17

No, n (%) 61 (96.83%) 290 (95.39%) Reference

PCOS Yes, n (%) 1 (1.59%) 10 (3.29%) 0.47 (0.60–3.77) 0.481 1.07

No, n (%) 62 (98.41%) 294 (96.71%) Reference

History of surgery for uterine malformation/fibroids Yes, n (%) 1 (1.59%) 2 (0.66%) 2.44 (0.22–27.28) 0.470 1.10

No, n (%) 62 (98.41%) 302 (99.34%) Reference

History of failure of cervical cerclage Yes, n (%) 5 (7.94%) 10 (3.29%) 2.53 (0.84, 7.69) 0.101 1.05

No, n (%) 58 (92.06%) 294 (96.71%) Reference

Intervals from prior pregnancy No prior pregnancy 10 (15.87%) 33 (10.86%) Reference 0.050 1.29

0–6 month 6 (9.52%) 22 (7.24%) 0.90 (0.29, 2.83)

6–12 month 18 (28.57%) 52 (17.11%) 1.14 (0.47, 2.78)

>12 month 29 (46.03%) 197 (64.80%) 0.49 (0.22, 1.09)

Gestational weeks at cerclage, wk 17 (12, 24) 16 (11, 25) 1.02 (0.95, 1.09) 0.542 2.12

Cervical length, cm 1.80 (0, 4.30) 2.50 (0, 5.70) 0.68 (0.54, 0.85) 0.001 2.46

Cervical dilation, cm 0 (0, 8) 0 (0, 6) 1.95 (1.54, 2.43) <0.001 1.58

WBC before cerclage, *10̂9/L# 9.90 (6.20, 15.50) 9.69 (4.7, 17.80) 1.01 (0.89, 1.15) 0.862 1.80

CRP before cerclage, mg/L# 4.90 (0.60, 39.10) 3.40 (0.10, 33.70) 1.11 (1.05, 1.16) <0.001 1.24

NLR before cerclage 5.11 (2.55, 9.30) 4.56 (1.00, 17.92) 1.17 (1.02, 1.34) 0.023 2.54

PLR before cerclage 155.63 (84, 348.18) 138.35 (25.09, 464) 1.01 (1.00, 1.01) 0.001 2.19

Microbiological infection Yes, n (%) 19 (30.16%) 89 (29.28%) 1.04 (0.58, 1.89) 0.889 1.08

No, n (%) 44 (69.84%) 215 (70.72%) Reference

Abbreviations: EPT, extremely preterm birth; BMI, body mass index; IVF, in-vitro fertilization; WBC, white blood cells; CRP, C-reactive protein; PCOS, polycystic ovary
syndrome; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; OR, odds ratio; CI, confidence interval; VIF, variance inflation factor.
*P value < 0.05.

Table 2. Multivariate Logistic regression analysis of EPT in women undergoing
cerclage in the training cohort.

Variable OR (95%CI) P-value VIF

History of prior second-trimester loss 2.56 (1.71–3.82) <0.001** 1.04

Cervical dilation, cm 2.26 (1.74–2.92) <0.001** 1.07

IVF 2.81 (1.20–6.59) 0.018* 1.03

CRP before cerclage 1.07 (1.01, 1.15) 0.030* 1.10

PLR before cerclage 1.01 (1.00, 1.02) 0.001** 1.03

Abbreviations: EPT, extremely preterm birth; IVF, in-vitro fertilization; CRP, C-
reactive protein; PLR, platelet-lymphocyte ratio; OR, odds ratio; CI, confidence
interval; VIF, variance inflation factor.
*P < 0.05, **P < 0.01.
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a huge multicenter study. We identified 5 risk factors as predictors
associated with delivery at< 28 weeks which are easy to acquire: history
of prior second-trimester loss, use of IVF, cervical dilation at cerclage,
CRP and PLR before cerclage.

3.4.2. Results in the context of what is known
Among them, obstetric history, cervical dilation and infection index

have been repeatedly conformed as risk factors of cerclage failure in many
studies. Mian Pan et al. identified that cervical dilation and PLR as
4

independent predictors of EP birth after cerclage in singleton pregnancies
with a history of preterm birth and a sonographic short cervix [16]. Florent
Fuchs et al. developed a scoring system for emergency cerclage based on
obstetric history, cervical dilation, membranes bulging into the vagina and
infection (WBC �13 600/mm3 or CRP >15 mg/L) to predict preterm de-
livery before 32 weeks [8]. Ruizhe Chen et al. found that history of prior
preterm birth and second-trimester loss, CRP>5mg/L and cervical dilation
�3cm were independent risk factors of cerclage [17].

Thevariable “historyof prior second-trimester loss” isusually associated
with the diagnosis of cervical insufficiency, for which a prophylactic cerc-
lage earlier inpregnancymighthavebeenabetter choice.Aswe involvedall
types of cerclage in our study, the variable “cervical dilation” could also
indicate the type of cerclage patients received, when dilation was larger
than 1cm, the patient might probably receive an emergency cerclage.

Infection was an important prognostic factor after cerclage. We
compared WBC, CRP, NLR and PLR in the study. Recently, many studies
have suggested NLR and PLR as subclinical inflammatory and immuno-
logic markers in many obstetric syndromes [18, 19, 20]. In our study, we
found both CRP and PLR as pre-operative predictors, which was in
accordance with Mian Pan et al.’s results [16].

In the present study, we demonstrated that the use of IVF is an in-
dependent risk factor of preterm birth after cerclage. IVF has been re-
ported to be associated with increased adverse pregnancy outcomes, such



Figure 2. Nomogram for predicting the risk of preterm birth before 28 gestational weeks and its predictive performance. A, Nomogram to estimate the risk of EPT
birth in pregnant women underwent cervical cerclage. Instructions: to use the nomogram, find the position of each variable on the corresponding axis, draw a line to
the points axis for the number of points of each variable, add up the points of each variable to a total points and determine the corresponding probability of EPT-birth.
B, Validation of the predictive performance of the nomogram in training cohort. C, Validation of the predictive performance of the nomogram in the internal validation
cohort. D, Validation of the predictive performance of the nomogram in the external validation cohort. EPT, extremely preterm; CRP, C-reactive protein; PLR, platelet-
lymphocyte ratio; IVF, in-vitro fertilization.
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as cervical insufficiency [21, 22]. Wu Yaoqiu, et al. have firstly developed
a nomogram to predict the individual cervical incompetence occurrence
rate in IVF people [23]. This was probably due to more intrauterine
surgical intervention during IVF procedure. A recent study conducted in
infertile patients suggested that operative hysteroscopy prior to assisted
reproductive technology cycle is significantly associated with cervical
insufficiency between 13 and 27 weeks of gestation [24].

3.4.3. Clinical implications
For clinical use, one model suitable for any conditions of the same dis-

ease to any patients encountered is always easier to be accepted and applied
Table 3. Accuracy of the Nomogram for estimating the risk of EPT birth after
cerclage.

Variable Training
cohort

Internal
validation
cohort

External
validation cohort

C index 0.82 (95%CI
0.77–0.88)

0.80 (95%CI
0.72–0.88)

0.79 (95%CI
0.68–0.90)

Sensitivity, % 74.60 69.20 66.70

Specificity, % 72.00 71.10 74.20

Positive predictive value, % 35.58 43.35 41.67

Negative predictive value, % 93.19 87.84 88.97

Positive likelihood ratio 2.67 2.39 2.59

Negative likelihood ratio 0.35 0.43 0.45

EPT: extremely preterm.
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by clinicians. Therefore, obstetricians could have priorities upon different
patients andgive different therapies according todifferent risk stratification
from the model. For example, to patients with elective cerclage, obstetric
history laid more emphasis on prognosis and to patients with emergency
cerclage, cervical dilation has greater impact on prognosis. we evaluated
valuables that were clinically relevant and routinely available to obstetri-
cians, so the model could quickly provide certain information about prog-
nosis before cerclage. Therefore, obstetricians could give different therapies
according to different risk stratification from the model, for patients with
higher risk of EPT birth, obstetricians could pay more attention.

In the present study, our nomogram had really high sensitivity,
specificity and negative predictive value. Vanessa Ha et al. conducted a
survey on pregnant women about their concerns about preterm birth
prevention. The result showed that 50.2% women would not follow their
healthcare provider's recommendation for cerclage for the uncertainty
about the procedure and pregnancy outcomes after cerclage [25].
Therefore, the nomogram might serve as a useful tool for obstetricians to
provide accurate and detailed information about the prognosis after
cerclage, especially for those patients estimated as low risk of EPT birth
as the negative predictive value of the model nearly 90%.
3.5. Strengths and limitations

The study has several strengths. First, our study includes a very large
sample size. Second, to the best of our knowledge, this is the first
nomogram for prediction of EPT birth under any indications of cervical
cerclage for singleton pregnancies. Several studies have introduced



Figure 3. Decision curve analysis of the nomogram in the training cohort(A), internal validation cohort(B) and external validation cohort(C). The red line represents
the prediction model. The gray dashed line assumes all patients have the outcome (deliver before 28). The horizontal line assumes no patients have the outcome. The
preferred model is the one with the highest net benefit at any given threshold.

M. Lv et al. Heliyon 8 (2022) e10731
scoring systems to identify risk factors associated with adverse pregnant
outcomes of certain type of cerclage, mostly non-elective cerclage [8, 16,
26]. And most of them contained a really small sample size. In 2003,
Anthony O Odibo et al. [27] first developed a model for identifying
women receiving cerclage at risk for spontaneous preterm birth before 32
weeks. This study did not include laboratory data and it only described
emergency cerclage without other characteristics. Terkildsen et al. [26]
conducted the study in 116 pregnant women underwent emergency
cerclage, and they only focused on variables of cervical examination,
such as cervical length and dilation, without laboratory data. Florent
Fuchs et al. [8] added WBC and CRP to reveal infection, but only con-
tained 85 singleton pregnancies, while Mian Pan et al. [16] studied 96
singleton pregnancies with ultrasound-indicated cerclage.

Third, the parameters we involved in the model can be easily obtained
by obstetricians as soon as patients were admitted in. Lastly, we have done
external validation to evaluate the model, and demonstrated good accu-
racy in predicting EPT birth. Several variables involved in the nomogram,
such as history of prior second-trimester loss, use of IVF, and other clinical
characteristics like the incidence of PPROM showed significant difference
between development and external validation cohort. Therefore, it means
our model could be implemented in any obstetric unit.

The study had some limitations. First, this is a retrospective study.
Data was based on electronic medical records and some information
might be inexact and missing, for example, membranes bulging into
vagina was not available in medical records. Second, our model did not
consider the impact of medical therapy on pregnancy outcomes after
cerclage. However, we also included patients from other hospitals as
6

external validation cohort which might have different therapies, and still
demonstrated good accuracy of our model.

4. Conclusions

We used 5 historical and clinical variables to develop and validate a
user-friendly nomogram for prediction of preterm birth at < 28 weeks
after cerclage. The nomogram could provide comprehensive and accurate
prognostic information in any obstetric unit.
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