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ABSTRACT

Objective Cervical cerclage is an important treatment
used to prevent spontaneous preterm birth (sPTB), but
it is not universally successful. Understanding the factors
associated with cerclage treatment failure may lead to
improved patient selection and better patient outcomes.
The objective of this study was to investigate the value of
pre- and post-cerclage cervical length (CL) in predicting
sPTB < 34 weeks.

Methods This was a retrospective cohort study conducted
in four preterm birth prevention clinics in the UK.
We included 331 women who had undergone cervical
cerclage between January 2008 and March 2021, and
analyzed their pre- and post-cerclage CL, as measured by
transvaginal ultrasound scan. The primary outcome was
sPTB < 34 weeks’ gestation, assessed using multivariable
logistic regression modeling (variables were pre- and post-
cerclage CL, gestational age at cerclage and direction of
CL change) and the generation of receiver-operating-
characteristic (ROC) curves. Differences in sPTB for
underlying risk factors (race, smoking history, previous
cervical surgery or pregnancy history risk factors,
including mid-trimester loss or sPTB) were assessed using
Fisher’s exact test.

Results Both pre- and post-cerclage CL were indepen-
dently discriminative of sPTB < 34 weeks’ gestation,
with areas under the ROC curve of 0.635 (95% CI,
0.559–0.712) and 0.677 (95% CI, 0.604–0.751), respec-
tively, and were modest contributors to sPTB prediction
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based on multivariable logistic regression modeling (odds
ratio (OR), 0.964 (95% CI, 0.936–0.994), P = 0.018 and
0.940 (95% CI, 0.910–0.970), P < 0.001, respectively).
There were no significant differences in the rate of sPTB
< 34 weeks’ gestation according to race, smoking history,
previous cervical surgery or pregnancy history risk factors,
including previous mid-trimester loss or sPTB.

Conclusions Post-cerclage CL is the predominant predic-
tor of sPTB < 34 weeks’ gestation. Underlying sPTB risk
factors (previous cervical surgery and pregnancy history)
may influence pre-cerclage CL and the direction of CL
change following cerclage, but once these are adjusted
for, they do not influence the risk of sPTB < 34 weeks’
gestation. © 2025 The Author(s). Ultrasound in Obstet-
rics & Gynecology published by John Wiley & Sons
Ltd on behalf of International Society of Ultrasound in
Obstetrics and Gynecology.

INTRODUCTION

Preterm birth (PTB) is the leading cause of neonatal mor-
bidity and mortality worldwide1. The majority of PTBs
are termed spontaneous (preterm labor or preterm prela-
bor rupture of membranes (PPROM))2. Cervical cerclage,
a procedure in which a suture is used to provide mechan-
ical support to the cervix, is a common intervention for
spontaneous PTB (sPTB) prevention3. The Royal College
of Obstetricians and Gynaecologists recommend offer-
ing cervical cerclage to women with a history suggestive
of cervical insufficiency (i.e. multiple previous sPTBs)
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and those with recognized sPTB risk factors who have
a short cervical length (CL) (≤ 25 mm)4. Additionally,
in those with an incidental finding of open cervix in
the mid-trimester, emergency cervical cerclage may be
considered.

Cervical cerclage and alternative interventions, such as
progesterone, are not universally successful in preventing
PTB, irrespective of the indication for treatment3,5–10.
Understanding the factors associated with intervention
failure can aid patient selection for treatment with
cerclage. Assessment of the cervix via transvaginal
ultrasound (TVS) is the predominant screening method
for pregnant women at risk of sPTB, as short CL
is the strongest predictor of sPTB11–13. The value
of TVS after cervical cerclage insertion is unclear.
Several studies14–20 have attempted to define predictive
parameters for cerclage failure using TVS but the results
have been variable, possibly due to small sample sizes
and heterogeneity in study populations. In women with
a history of cervical surgery, PTB may be mechanical
in etiology, as the risk of PTB is correlated with
cone depth21. In women with a history of PTB or
mid-trimester loss (MTL), a microbial/inflammatory
etiology is more often observed22. Therefore, response
to cervical cerclage and changes in CL may differ between
these women.

The primary study objective was to evaluate the
predictive value of CL screening, both before and after
insertion of cervical cerclage, for sPTB < 34 weeks’
gestation in a large population of at-risk women,
accounting for gestational age at cerclage and risk factors
for sPTB.

METHODS

Study design, setting and population

This was a retrospective cohort study of women who
received CL screening and underwent cervical cerclage
during pregnancy at one of four PTB prevention clinics
in the UK (Imperial College Healthcare NHS Trust,
London; Chelsea and Westminster Hospital, London;
King’s College NHS Foundation Trust, London; and
Medway NHS Foundation Trust, Kent) between January
2008 and March 2021. Ethical approval was not sought
or required as the study involved retrospective analysis of
routinely collected non-identifiable clinical data.

Women who underwent cervical cerclage in pregnancy
were included if they had serial CL measurements taken
during the pregnancy, with at least one measurement
available for both before and after insertion of cervical
cerclage. Women who received progesterone therapy
in conjunction with cervical cerclage were excluded.
Women were also excluded when their risk profile for
PTB could not be determined or when data on maternal
race or smoking history were missing. Furthermore,
women were excluded when gestational age at delivery
or onset of labor were uncertain. Routinely collected
data included maternal age, body mass index (BMI),

race, smoking history, risk factors for sPTB (prior history
of cervical surgery, MTL, sPTB and cervical cerclage),
CL, indication for cervical cerclage, gestational age at
insertion of cervical cerclage, use of progesterone, onset
of labor and gestational age at delivery. Data were
gathered from previously collected audit data (at all
sites, including Chelsea and Westminster Hospital) as
well as electronic patient records and scanning systems
(Cerner (EPR Solutions, North Kansas City, MO, USA)
at Imperial College Healthcare; Viewpoint version 5.6
(GE Healthcare, Buckinghamshire, UK) at Kings College
Hospital and Medway Maritime Hospital).

CL was measured as recommended by the Cervical
Length Education and Review program (Perinatal Quality
Foundation, OK, USA)23, and as described by Mella and
Berghella24. In brief, women were scanned with an empty
bladder and the probe was inserted into the anterior
fornix of the vagina, obtaining a sagittal view along the
cervical canal. Care was taken not to elongate the cervix
by exerting excessive pressure, and CL was measured
from internal to external os. All operators were trained
in this technique. A cervix was considered short when the
total CL was ≤ 25 mm. The decision to insert cervical
cerclage was based on clinical history, TVS findings
or both.

Outcomes and covariables

The primary outcome was sPTB < 34 weeks’ gestation.
PTB was considered spontaneous when onset of labor
was by cervical dilatation or PPROM. Women who had
medically indicated PTB were excluded. Women who
had PTB between 34 + 0 and 36 + 6 weeks’ gestation
were not considered since delivery < 34 weeks has been
more closely associated with cervical change and adverse
neonatal outcomes11,25.

CL is known to decrease with gestational age26 and
it has been suggested that this may affect its predictive
value27. To account for different gestational ages at CL
measurement and cerclage insertion, the gestational age
at each of these timepoints was included as a variable in
the modeling analyses.

Statistical analysis

All statistical analyses were performed using R (v4.0.0)28.
All data were visualized using the ‘ggplot2’ package
(v3.3.5)29, unless stated otherwise. Women who had
missing data for age (n = 3) and BMI (n = 53) had values
imputed based on the median value corresponding to
their delivery-outcome group (sPTB < 34 weeks or term
delivery ≥ 37 weeks) using the ‘Hmisc’ package (v4.6.0)30.
ROC curves and area under the ROC curve (AUC) values
were generated using the ‘pROC’ package (v1.18.0)31.
The direction for ROC comparison was set to ‘>’ to
denote that samples in the control group (term delivery
≥ 37 weeks) had a higher CL compared to those in the
case group (sPTB < 34 weeks). The DeLong method32 was
used to compare AUC values between ROC curves. The
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Shapiro–Wilk test was used to determine normality for
continuous variables, with P > 0.05 indicative of normally
distributed data. The Mann–Whitney U-test was used to
assess statistical differences for all continuous variable
comparisons to ensure consistency in the method used
to compare overall distributions between groups and due
to this test being less sensitive to outliers. All categorical
variables had cells with frequency ≤ 5, except for the
‘previous cervical surgery’ and ‘indication for cerclage’
variables; therefore, the Fisher’s exact test was used
to determine associations for all categorical variables.
A P-value < 0.05 was used to determine statistical
significance for all statistical tests.

The value of CL measurement pre- and post-cerclage
for predicting sPTB < 34 weeks was assessed using multi-
variable logistic regression with backward selection using
the ‘caret’ package (v6.0.90)33, with gestational age at
delivery (weeks) as the binary outcome (sPTB < 34 weeks
or term delivery ≥ 37 weeks). Independent variables
included pre-cerclage CL, post-cerclage CL, gestational
age at cerclage and direction of CL change, which was
classified as an increase (> 2 mm increase between pre-
and post-cerclage measurements), no change (≤ 2 mm
change in either direction) or a decrease (> 2 mm decrease
between pre- and post-cerclage measurements) in CL,
following one-hot encoding. The variance inflation factor
(VIF) was used to assess collinearity between variables,
with VIF > 5 indicating collinearity. All variables included
in logistic regression models had VIF < 5.

RESULTS

Participant characteristics

A total of 5572 patient records were identified for poten-
tial inclusion, of which 1145 underwent cerclage during
pregnancy; 524 of these were excluded due to concurrent
use of progesterone. Of the remaining 621 patients, 432
patients had both pre- and post-cerclage scans. Of these,
70 were excluded due to delivery between 34 + 0 and
36 + 6 weeks and 31 were excluded due to significant miss-
ing data, leaving a final cohort of 331 patients (Figure S1).
The median gestational age was 15 (interquartile range
(IQR), 14–19) weeks at the pre-cerclage scan, 20 (IQR,
18–23) weeks at the post-cerclage scan and 17 (IQR,
15–20) weeks at cerclage insertion. The median interval
between the pre-cerclage scan and cerclage insertion was
4 (IQR, 2–5) days and that between cerclage insertion
and the post-cerclage scan was 16 (IQR, 8–28) days.

Outcome and cervical length according to risk factors

There were no significant differences in maternal race,
smoking history, pregnancy history or previous cervical
surgery between women who had sPTB < 34 weeks and
those who delivered at term. While there was a statistically
significant difference between the two groups in terms
of median maternal age (33 (IQR, 30–37) years in the
term-delivery cohort vs 32 (IQR, 28–35) years in the

sPTB cohort), the absolute difference was small and not
clinically relevant. There was evidence of an association
between indication for cerclage and sPTB, with patients
who had history-indicated cerclage being less likely
to experience sPTB. Specifically, 11.9% of those with
history-indicated cerclage experienced sPTB, compared
to 24.3% with ultrasound-indicated cerclage and 36.8%
with emergency cerclage (P = 0.003) (Table 1).

In women who had undergone previous cervical
surgery, pre-cerclage CL measurements were significantly
lower compared to those in women without a history of
cervical surgery (P = 0.0002) (Table S1). There was no
significant difference in post-cerclage CL between women
with and those without a history of cervical surgery.
Nulliparous women and women with only previous
term delivery had significantly shorter pre-cerclage CL
than those with other pregnancy history (Figure S2).
Women who had previous MTL and women who had
previous sPTB had similar pre-cerclage CL (P = 0.722).
White women had significantly shorter pre-cerclage
CL compared with Black women (P = 0.001) or those
of ‘other’ race (P = 0.046). The difference in CL
between White and Black women persisted after cerclage
insertion (P = 0.003), and in addition, White women
had significantly shorter post-cerclage CL compared with
Asian women (P = 0.046).

Change in cervical length according to risk factors

Women in whom CL decreased after cervical cerclage had
a higher pre-cerclage CL compared to women in whom
CL increased (P < 0.001). Significantly more women who
had undergone previous cervical surgery experienced an
increase in CL after cerclage compared with those who had
not (P = 0.001) (Table 2). Similarly, there were significant
differences in the direction of CL change after cerclage
according to pregnancy history (P = 0.001). A greater
proportion of nulliparous women and parous women
with previous term delivery experienced an increase in CL
post cerclage compared to parous women with previous
PTB and those with previous MTL. A significantly greater
proportion of nulliparous women who had previous MTL
experienced a decrease in CL after cerclage, and a greater
proportion of parous women who had previous MTL had
an unchanged CL post cerclage compared to those with
other pregnancy history, with the exception of parous
women with previous iatrogenic/indicated PTB. There
were no significant differences in the direction of CL
change according to smoking history or race (Table 2).

Predictive value of cervical length measurements pre-
and post-cerclage

Both pre- and post-cerclage CL were discriminative of
sPTB < 34 weeks. For the pre-cerclage measurement,
the AUC was 0.635 (95% CI, 0.559–0.712) (Figure 1),
with 75.6% (95% CI, 70.1%–80.3%) specificity, 47.7%
(95% CI, 36.0%–59.6%) sensitivity, 85.5% (95% CI,
80.5%–89.5%) negative predictive value (NPV)

© 2025 The Author(s). Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2025; 66: 210–216.
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Table 1 Demographic characteristics of 331 women who underwent cervical cerclage, according to whether they had spontaneous preterm
birth (sPTB) < 34 weeks’ gestation or delivered at term (≥ 37 weeks’ gestation)

Parameter sPTB (n = 65) Term delivery (n = 266) P

Age (years) 32 (28–35) 33 (30–37) 0.039
BMI (kg/m2) 25 (23–30) 27 (23–30) 0.088
Gestational age at delivery (weeks) 27 (23–30) 39 (38–40) < 0.001
Race 0.210

Asian 1 (1.5) 18 (6.8)
Black 32 (49.2) 112 (42.1)
Mixed 1 (1.5) 13 (4.9)
Other 4 (6.2) 8 (3.0)
White 27 (41.5) 115 (43.2)

Pregnancy history 0.320
Nulliparous 16 (24.6) 47 (17.7)
Nulliparous with previous MTL 15 (23.1) 45 (16.9)
Parous with previous MTL 10 (15.4) 53 (19.9)
Parous with previous iPTB 1 (1.5) 1 (0.4)
Parous with previous sPTB 18 (27.7) 92 (34.6)
Parous with previous term delivery only 5 (7.7) 28 (10.5)

Smoking history 5 (7.7) 11 (4.1) 0.330
Previous cervical surgery 17 (26.2) 63 (23.7) 0.750
Indication for cervical cerclage 0.003

Emergency 7 (10.8) 12 (4.5)
History-indicated 17 (26.2) 126 (47.4)
Ultrasound-indicated 41 (63.1) 128 (48.1)

Data are given as median (interquartile range) or n (%). BMI, body mass index; iPTB, iatrogenic/indicated preterm birth; MTL, mid-
trimester loss.

Table 2 Proportion of women who had increase, decrease and no change in cervical length after cerclage insertion, according to risk factor

Cervical length

Parameter Decrease Increase No change P

Previous cervical surgery 0.001
No 70 (27.9) 115 (45.8) 66 (26.3)
Yes 8 (10.0) 52 (65.0) 20 (25.0)

Pregnancy history 0.001
Nulliparous 5 (7.9) 41 (65.1) 17 (27.0)
Nulliparous with previous MTL 24 (40.0) 23 (38.3) 13 (21.7)
Parous with previous MTL 18 (28.6) 22 (34.9) 23 (36.5)
Parous with previous iPTB 0 (0) 1 (50.0) 1 (50.0)
Parous with previous sPTB 26 (23.6) 58 (52.7) 26 (23.6)
Parous with previous term delivery only 5 (15.2) 22 (66.7) 6 (18.2)

History of smoking 0.170
No 73 (23.2) 157 (49.8) 85 (27.0)
Yes 5 (31.2) 10 (62.5) 1 (6.2)

Race 0.370
Asian 3 (15.8) 12 (63.2) 4 (21.0)
Black 35 (24.3) 70 (48.6) 39 (27.1)
Mixed 3 (21.4) 4 (28.6) 7 (50.0)
Other 5 (41.7) 4 (33.3) 3 (25.0)
White 32 (22.5) 77 (54.2) 33 (23.2)

Data are given as n (%). iPTB, iatrogenic/indicated preterm birth; MTL, mid-trimester loss; sPTB, spontaneous preterm birth.

and 32.3% (95% CI, 23.8%–42.2%) positive predictive
value (PPV) at an optimum threshold of 20.2 mm
(Figure S3), which was based on the cut-off with the
highest Youden index. For the post-cerclage measure-
ment, the AUC was 0.677 (95% CI, 0.604–0.751),
with 64.3% (95% CI, 58.4%–69.8%) specificity,
66.2% (95% CI, 54.0%–76.5%) sensitivity, 88.6%
(95% CI, 83.3%–92.4%) NPV and 31.2% (95% CI,
24.0%–39.3%) PPV at an optimum threshold of

25.7 mm. Comparison of the ROC curves showed no
significant differences between pre- and post-cerclage
CL measurements (Figure 1a). The ROC curves for
pre- and post-cerclage CL measurements were largely
unchanged when compared across the categories of
direction of CL change (Figure 1b,c). Similarly, there were
no significant differences between the ROC curves for
pre- and post-cerclage CL measurements when stratified
according to direction of CL change (Figure 1d–f).

© 2025 The Author(s). Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2025; 66: 210–216.
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Figure 1 Receiver-operating-characteristics curves for prediction of spontaneous preterm birth < 34 weeks based on cervical length (CL).
(a) Comparison between pre-cerclage CL ( ) and post-cerclage CL ( ) in all women. (b,c) Pre-cerclage (b) and post-cerclage (c) CL in
all women ( ) compared with those who had an increase ( ), decrease ( ) and no change ( ) in CL after cerclage. (d–f) Compa-
rison between pre-cerclage CL ( ) and post-cerclage CL ( ) in women who had increase (d), decrease (e) or no change (f) in CL after
cerclage. Areas under the receiver-operating-characteristics curves (AUCs) are shown.

Predictive models for spontaneous preterm birth
< 34 weeks

Initial modeling, including gestational age at cerclage,
indication for cerclage, race, pregnancy history, pre-
vious cervical surgery and direction of CL change,
as well as the intervals between pre-cerclage CL
measurement, cerclage insertion and post-cerclage
CL measurement, along with pre-cerclage and
post-cerclage CL, demonstrated that only pre- and
post-cerclage CL were potentially significant for the
prediction of sPTB < 34 weeks. A model including
gestational age at cerclage, due to the known associ-
ation between gestational age and CL, and pre- and
post-cerclage CL measurements demonstrated that both
pre-cerclage CL (odds ratio (OR), 0.964 (95% CI,
0.936–0.994); P = 0.018) and post-cerclage CL (OR,
0.940 (95% CI, 0.910–0.970); P < 0.001) were sig-
nificant predictors for sPTB < 34 weeks (Table S2). A
final model comprising pre- and post-cerclage CL only
demonstrated that the effect of post-cerclage CL on sPTB
< 34 weeks was greater than that of pre-cerclage CL
(OR, 0.943 (95% CI, 0.914–0.973); P < 0.001 vs OR,
0.974 (95% CI, 0.949–1.001); P = 0.058) (Table S3).

DISCUSSION

CL prior to and after insertion of cervical cerclage
is predictive of sPTB < 34 weeks. In our model, the
post-cerclage measurement correlated more strongly with
sPTB < 34 weeks than the pre-cerclage measurement.
Neither the direction of CL change nor underlying risk
factors for sPTB influenced the predictive value of pre- or
post-cerclage CL. However, this study demonstrates that
women with different demographics and risk factors for
sPTB have pre-existing differences in CL before cerclage.
These differences are largely diminished once the cerclage
is inserted. In turn, this means that women with different
risk factors for sPTB are more likely to experience certain
directions of CL change; women who have undergone
cervical surgery have shorter pre-cerclage CL and a
greater proportion of these women experience an increase
in post-cerclage CL compared to those in the population
who have not undergone cervical surgery. Women with
pregnancy history associated with sPTB risk (previous
MTL or sPTB) had longer pre-cerclage CL but a smaller
proportion had an increase in post-cerclage CL, with a
greater proportion of parous women with previous MTL
having unchanged CL and more nulliparous women

© 2025 The Author(s). Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2025; 66: 210–216.
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with previous MTL having decreased CL after cerclage,
compared to women with other pregnancy history.

In agreement with previous studies, our findings
suggest that post-cerclage CL is an important predictor
of sPTB14,17–19. However, unlike studies confined to only
women who have had previous MTL or sPTB19, or to
particular indications for cerclage (e.g. excluding history-
indicated cerclage)17, our data include and account for
women with a range of risk factors for sPTB and women
with different indications for cerclage. Unlike previous
studies14,20, we found no impact of the direction of
CL change on the risk of sPTB. However, these studies
did not account for underlying differences in CL in
these groups. Our findings suggest that previous work
highlighting the importance of a change in CL after
cerclage is confounded by collinearity with total CL, both
pre- and post-cerclage, and therefore, total CL is the most
robust predictor of sPTB post cerclage.

The difference in pre-cerclage CL and that in the
direction of CL change after cerclage according to sPTB
risk factors is a novel finding. It is possible that, in
women with a history of MTL or PTB, the threshold
for clinician decision-making regarding cerclage insertion
typically occurs at a longer CL than in women who
have had cervical surgery. However, this would not
account for the differences in the proportion of women
experiencing a change in CL post cerclage. It is plausible
that this relates to different underlying mechanisms
for CL change in these groups, which may respond
differently to cerclage insertion. For example, in those
who have had cervical surgery, mechanical weakness may
result in cervical shortening21, which can be reversed
with the insertion of cerclage. By comparison, in those
with a history of MTL, host–microbial interactions
and early cervical remodeling could be responsible for
cervical shortening, which are processes that might not be
reversible and might be dependent on cerclage technique
or material22,34–36. Exploring these differences further
may allow us to maximize the potential benefit women
receive from undergoing cerclage insertion by maximizing
their chances of a longer post-cerclage CL.

The value of post-cerclage CL in predicting subsequent
sPTB < 34 weeks demonstrates the importance of ongoing
CL surveillance following cerclage. Furthermore, it
reinforces earlier studies that suggest that surgical
techniques which maximize cerclage height may prolong
gestation and supports the need to achieve the longest
possible CL with cerclage placement14,15.

The main limitation of this study is that the cohort
includes only women who have undergone cervical
cerclage; therefore, the optimal CL threshold generated
prior to cerclage cannot be used to aid or modify
decision-making. However, this was not the purpose of
reporting the threshold; rather, the threshold was used
mainly to determine the optimal AUC achievable from
pre-cerclage CL. This study has also not assessed any
metrics relating to cerclage position within the cervical
canal. However, as discussed above, post-cerclage CL is a
good predictor of sPTB and this is likely to be associated

closely with cerclage position. To ensure all analyses could
be performed in the same population, women with missing
age or BMI data had median imputation performed
according to their delivery-outcome group and women
were excluded if they had missing race or smoking history
data, both of which could potentially introduce statistical
or sampling bias that influences model performance.
The intervals between pre- and post-cerclage scans and
insertion of cervical cerclage were not standardized.
However, logistic regression analysis showed that this
did not influence our findings.

This study has several strengths, including its large
sample size, covering one of the most common risk
factors for PTB and involvement of multiple institutions.
These factors limit the risk of confounding according
to underlying sPTB risk factors or surgical techniques,
thereby making the findings more widely applicable.

In conclusion, when CL is accounted for, the risk for
sPTB < 34 weeks across sPTB risk factors is consistent.
However, underlying risk factors for sPTB, including
pregnancy history and previous cervical surgery, may
influence the pre-cerclage CL and direction of CL change
following cerclage. Post-cerclage CL is the predominant
predictor of cerclage success for preventing sPTB,
irrespective of the indication for cerclage; therefore,
clinicians performing cervical cerclage should aim to
maximize total CL when inserting cerclage and continue
to monitor CL after cerclage insertion. Further research
exploring the mechanisms behind the differences in pre-
and post-cerclage CL according to risk factors for sPTB
may allow us to maximize the potential benefit women
receive from undergoing cerclage insertion by maximizing
their chances of having a longer post-cerclage CL.

ACKNOWLEDGMENTS

We would like to thank all patients whose information
contributed to this study, as well as the clinical teams
in the preterm birth prevention clinics who cared for
these women and helped facilitate this work. This study
was carried out at the March of Dimes European
Preterm Birth Research Centre at Imperial College
London, London, and The Parasol Foundation Centre
for Women’s Health and Cancer Research, London,
and was supported by the National Institute of Health
Research Imperial Biomedical Research Centre, London,
and Tommy’s Charity, London, UK. L.S. is a Parasol
Foundation-funded Clinical Reader and K.E.M. is a
Parasol Foundation-funded Clinical Research Fellow.
Funding for collection of data at Kings College Hospital,
London, and Medway Maritime Hospital, Gillingham,
UK, was provided by the Fetal Medicine Foundation.

REFERENCES

1. March of Dimes, PMNCH, Save the Children, WHO. Born too soon: the global
action report on preterm birth. Howson CP, Kinney MV, Lawn JE, eds. World
Health Organization. 2012.

2. Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and causes of
preterm birth. Lancet. 2008;371(9606):75-84.

© 2025 The Author(s). Ultrasound in Obstetrics & Gynecology published by John Wiley & Sons Ltd Ultrasound Obstet Gynecol 2025; 66: 210–216.
on behalf of International Society of Ultrasound in Obstetrics and Gynecology.

 14690705, 2025, 2, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/uog.29281 by Im

perial C
ollege L

ondon, W
iley O

nline L
ibrary on [09/06/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



216 Mountain et al.

3. Alfirevic Z, Stampalija T, Medley N. Cervical stitch (cerclage) for preventing preterm
birth in singleton pregnancy. Cochrane Database Syst Rev. 2017;6(6):Cd008991.

4. Shennan A, Story L; Royal College of Obstetricians and Gynaecologists. Cervical
cerclage: Green-top Guideline No. 75. BJOG. 2022;129(7):1178-1210.

5. To MS,Alfirevic Z, Heath VC, et al. Cervical cerclage for prevention of preterm
delivery in women with short cervix: randomised controlled trial. Lancet.
2004;363(9424):1849-1853.

6. Brown RG, Chan D, Terzidou V, et al. Prospective observational study of
vaginal microbiota pre- and post-rescue cervical cerclage. BJOG. 2019;126(7):
916-925.

7. Sykes L, Bennett PR. Efficacy of progesterone for prevention of preterm birth. Best
Pract Res Clin Obstet Gynaecol. 2018;52:126-136.

8. Conde-Agudelo A, Romero R, Da Fonseca E, et al. Vaginal progesterone is 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.

9. Jarde A, Lutsiv O, Beyene J, McDonald SD. Vaginal progesterone, oral progesterone,
17-OHPC, cerclage, and pessary for preventing preterm birth in at-risk singleton
pregnancies: an updated systematic review and network meta-analysis. BJOG.
2019;126(5):556-567.

10. Challis JR, Lockwood CJ, Myatt L, Norman JE, Strauss JF 3rd, Petraglia F.
Inflammation and pregnancy. Reprod Sci. 2009;16(2):206-215.

11. Berghella V, Baxter JK, Hendrix NW. Cervical assessment by ultrasound for
preventing preterm delivery. Cochrane Database Syst Rev. 2013;2013(1):Cd007235.

12. Iams JD, Goldenberg RL, Meis PJ, et al. The length of the cervix and the
risk of spontaneous premature delivery. National Institute of Child Health and
Human Development Maternal Fetal Medicine Unit Network. N Engl J Med.
1996;334(9):567-572.

13. Guzman ER, Mellon C, Vintzileos AM, Ananth CV, Walters C, Gipson K.
Longitudinal assessment of endocervical canal length between 15 and 24 weeks’
gestation in women at risk for pregnancy loss or preterm birth. Obstet Gynecol.
1998;92(1):31-37.

14. Cook JR, Chatfield S, Chandiramani M, et al. Cerclage position, cervical length
and preterm delivery in women undergoing ultrasound indicated cervical cerclage: a
retrospective cohort study. PLoS One. 2017;12(6):e0178072.

15. Estrada F, Karakash S, SeeToe T, Weedon J, Minkoff H. Cerclage location and
gestational age at delivery. AJP Rep. 2019;9(2):e195-e199.

16. Hedriana HL, Lanouette JM, Haesslein HC, McLean LK. Is there value for serial
ultrasonographic assessment of cervical lengths after a cerclage? Am J Obstet
Gynecol. 2008;198(6):705.e1-705.e6.

17. Muniz Rodriguez A, Naert M, Colatosti Catanho A, Labovitis E, Rebarber A,
Fox NS. The association between sonographic cervical length components and
preterm birth in women with ultrasound- or exam-indicated cerclage. J Matern Fetal
Neonatal Med. 2021;35(25):1-10.

18. Song RK, Cha HH, Shin MY, et al. Post-cerclage ultrasonographic cervical length
can predict preterm delivery in elective cervical cerclage patients. Obstet Gynecol
Sci. 2016;59(1):17-23.

19. Sim S, Da Silva CF, Araujo Júnior E, Sheehan PM. Factors associated with
spontaneous preterm birth risk assessed by transvaginal ultrasound following cervical
cerclage. Aust N Z J Obstet Gynaecol. 2015;55(4):344-349.

20. Drassinower D, Vink J, Zork N, et al. Does the rate of cervical shortening after cer-
clage predict preterm birth? J Matern Fetal Neonatal Med. 2016;29(14):2233-2239.

21. Kyrgiou M, Athanasiou A, Paraskevaidi M, et al. Adverse obstetric outcomes after
local treatment for cervical preinvasive and early invasive disease according to cone
depth: systematic review and meta-analysis. BMJ. 2016;354:i3633.

22. Chan D, Bennett PR, Lee YS, et al. Microbial-driven preterm labour involves
crosstalk between the innate and adaptive immune response. Nat Commun.
2022;13(1):975.

23. CLEAR: Comprehensive Learning and Evaluation for Advancing Results. Perinatal
Quality Collaborative. https://clear.perinatalquality.org. Accessed March 5 2024.

24. Mella MT, Berghella V. Prediction of preterm birth: cervical sonography. Semin
Perinatol. 2009;33(5):317-324.

25. Saigal S, Doyle LW. An overview of mortality and sequelae of preterm birth from
infancy to adulthood. Lancet. 2008;371(9608):261-269.

26. Salomon LJ, Diaz-Garcia C, Bernard JP, Ville Y. Reference range for cervical length
throughout pregnancy: non-parametric LMS-based model applied to a large sample.
Ultrasound Obstet Gynecol. 2009;33(4):459-464.

27. Gudicha DW, Romero R, Kabiri D, et al. Personalized assessment of cervical length
improves prediction of spontaneous preterm birth: a standard and a percentile
calculator. Am J Obstet Gynecol. 2021;224(3):288.e1-288.e17.

28. R Development Core Team R. R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing. 2011.

29. Wickham H. ggplot2: Elegant graphics for data analysis. Springer Verlag; 2009.
30. FEH. J. Hmisc:. Harrell Miscellaneous. 4.6-0 ed2021.
31. Robin X, Turck N, Hainard A, et al. pROC: an open-source package for R and S+

to analyze and compare ROC curves. BMC Bioinformatics. 2011;12:77.
32. DeLong ER, DeLong DM, Clarke-Pearson DL. Comparing the areas under two or

more correlated receiver operating characteristic curves: a nonparametric approach.
Biometrics. 1988;44(3):837-845.

33. Kuhn M. Building predictive models in R using the caret package. J Stat Softw.
2008;28(5):1-26.

34. Bayar E, Bennett PR, Chan D, Sykes L, MacIntyre DA. The pregnancy microbiome
and preterm birth. Semin Immunopathol. 2020;42(4):487-499.

35. Norman JE. Preterm labour. Cervical function and prematurity. Best Pract Res Clin
Obstet Gynaecol. 2007;21(5):791-806.

36. Kindinger LM, MacIntyre DA, Lee YS, et al. Relationship between vaginal microbial
dysbiosis, inflammation, and pregnancy outcomes in cervical cerclage. Sci Transl
Med. 2016;8(350):350ra102.

SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

Figure S1 Flowchart showing study design.

Figure S2 Box-and-whiskers plots showing pre- and post-cerclage cervical length according to pregnancy
history and race. Boxes show median and interquartile range and whiskers are range.

Figure S3 Optimal threshold for pre- and post-cerclage cervical length.

Table S1 Pre- and post-cerclage cervical length (CL) across risk factor groups

Table S2 Logistic regression analysis to determine contribution of pre- and post-cerclage length (CL) and
gestational age at cerclage on delivery outcome

Table S3 Logistic regression analysis to determine contribution of only pre- and post-cerclage cervical length
(CL) on delivery outcome
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