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Objective To assess the effect of gestational age (GA) and cervical
length (CL) measurements at transvaginal ultrasound (TVUS) in
the prediction of preterm birth in twin pregnancy.

Design Individual patient data (IPD) meta-analysis.
Setting International multicentre study.
Population Asymptomatic twin pregnancy.

Methods MEDLINE and EMBASE searches were performed and
IPD obtained from authors of relevant studies. Multinomial
logistic regression analysis determined probabilities for birth at
<28, 28" t0 320, 327! t0 36", and >36"" weeks as a function

of GA at screening and CL measurements.

Main outcome measures Predicted probabilities for preterm birth
at <287, 28" to 32%°, and 32" to 36™.

Results A total of 6188 CL measurements were performed on
4409 twin pregnancies in 12 studies. Both GA at screening and CL
had a significant and non-linear effect on GA at birth. The best
prediction of birth at <28"° weeks was provided by screening at

<18 weeks (P < 0.001), whereas the best prediction of birth
between 28" and 36" weeks was provided by screening at
>24"° weeks (P < 0.001). Negative prediction value of 100% for
birth at <28"° weeks is achieved at CL 65 mm and 43 mm at
ultrasound GA at <18 weeks and at 22! to 24" weeks,

respectively.

Conclusion In twin pregnancies, prediction of preterm birth
depends on both CL and the GA at screening. When CL is

<30 mm, screening at <18"* weeks is most predictive for birth at
<28" weeks. Later screening at >22° weeks is most predictive of
delivery at 28%! to 36" weeks. In twins, we recommend CL
screening in twins to commence from <18%° weeks.

Tweetable abstract An individual patient meta-analysis assessing
gestation and CL in the prediction of preterm birth in twins.

Linked article This article is commented on by JM O’Brien, p.885
in this issue. To view this article mini commentary visit http://
dx.doi.org/10.1111/1471-0528.13710.
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Introduction

Preterm birth is the leading cause of perinatal death and
handicap in survivors." The rate of preterm birth in twins
is almost 10 times higher than in singletons.” Extensive
studies in singleton pregnancies have established an inverse
relation between mid-gestation sonographically measured
cervical length (CL) and gestational age (GA) at birth,>*
hence CL provides effective screening for spontaneous pre-
term birth (sPTB). These studies in singletons have also
highlighted that the relation between CL and sPTB is
affected by the GA at screening; a short CL (<15 mm) at
early GA at screening (<16 weeks) has a higher risk of
sPTB compared with the finding of the same CL at later
screening (>24 weeks).”

Studies on the prediction of sPTB in twin pregnancies
using CL are small in size and are not easily comparable. In
these studies, there are large variations in the number of
patients examined (56-1135), GA at screening (range
16-28 weeks), cut-offs for defining short CL (range
15-35 mm) and the GA thresholds for defining sPTB (range
28-37 weeks).® *® The largest study examined 1135 pregnant
women attending for routine antenatal care at
22-24 weeks and reported that the risk of sPTB increases with
decreasing CL, but even for women with a long cervix the risk
is still substantially higher than in singleton pregnancies.'”
The study also showed that monochorionic and dichorionic
twins have a similar incidence of early sPTB, once severe
twin-to-twin transfusion syndrome has been excluded.'”

Previous meta-analyses have confirmed the association
between CL and the rate of sPTB in twins. Their methodol-
ogy grouped these varied thresholds of CL and GA at birth,
as defined in the original studies.”>” As such they were
unable to evaluate the effect of GA at screening on the pre-
diction of sPTB.

The objective of this study is to assess the effect of both
GA at screening and CL in the prediction of sPTB in twin
pregnancy. This meta-analysis of individual patient data
(IPD) provides a novel assessment in which both CL and
GA at screening are treated as continuous variables.

Methods

Literature search

Searches of MEDLINE, EMBASE, the Cochrane Central
Register of Controlled Trials and Research Registers of
ongoing trials were performed to identify relevant publica-
tions from inception to December 2014. The following key-
words were searched: ‘multiple pregnancy’, ‘preterm birth’,
‘cervical length’ and their related terms. Identified studies
were assessed for inclusion if they reported on CL measure-
ments in the prediction of gestation at birth in twin preg-
nancy.

Among the studies, the observed thresholds for CL cut-
offs varied, as did GA at screening and GA cut-offs for
defining sPTB. To optimise analysis of a large sample size,
individual patient data were sought from eligible studies.
Corresponding authors were contacted via email and/or
telephone and requests were made for original anonymised
data for every individual in their study, specifically: (1) the
exact GA at CL screening; (2) the CL measurement in mil-
limetres; (3) the exact GA at birth in weeks and days. A
request was also made for any subsequent and unpublished
data at initial and follow-up correspondence. The additional
variables maternal age, ethnicity, body mass index, smoking,
chorionicity and parity were requested where available.

Eligibility criteria and study selection

The inclusion criteria were twin pregnancies with
transvaginal measurement of CL at 15™ to 28 weeks.
Any studies unable to provide the specified original data
for every individual were excluded. Further exclusion
criteria were pregnancies with major fetal anomalies, iatro-
genic PTB, twin-to-twin transfusion syndrome, intrauter-
ine death, insertion of cervical cerclage or pessary and
pre-pregnancy excisional cervical treatment.

Two authors (L.K. and L.P.) independently assessed eligi-
ble studies for methodological quality. In the case of eligi-
ble randomised controlled trials (RCTs) for PTB
prevention (progesterone, pessary or cerclage), the study
protocols were reviewed for the randomisation method and
outcome reporting bias. Where the study method or partic-
ipation randomisation was unclear, authors were contacted
for written clarification. To rule out any treatment effect,
IPD from RCTs were only included for pregnancies ran-
domised to ‘no-intervention’. All manuscripts were
reviewed to ensure a standardised technique of CL attain-
ment, ensuring the ultrasound examination was transvagi-

nal with an empty bladder.

Statistical analysis

Clinical heterogeneity was assessed by reviewing differences
in patient characteristics across studies. Statistical hetero-
geneity was assessed using Forest plots, the I’ measure and
Cochran’s Q-test.>’ GA at measurement of CL were cate-
gorised into <18"° weeks, 18" to 20"° weeks, 20" to
2279 weeks, 22*! to 24%° weeks, and >24"! weeks. In the
first analysis both CL and GA at birth were considered as
continuous variables. In the second analysis, outcomes of
GA at birth were grouped into the following categories of
clinical significance: very early preterm (<28"° weeks), early
preterm (28" to 32%° weeks), late preterm (32! to
36"" weeks), and term (>36"! weeks). Welch’s #-test
assessed statistical differences between groups, and Spear-
man’s rank correlation assessed the relation between con-

tinuous variables. Bonferroni was wused for multiple
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correction and the threshold for significance was corrected
to P < 0.05. A univariate statistical analysis was performed
to assess whether the following clinical parameters were
associated with GA at birth: maternal age, ethnicity, smok-
ing, BMI, chorionicity, parity and study location.

A multinomial logistic regression model was generated
where predicted probabilities of very early preterm, early
preterm, late preterm, and term birth were calculated as a
function of categorised GA at ultrasound and CL, considered
as a continuous variable. Two independent sets (a training
and validation set) were built from the entire cohort. The
training set consisted of women randomly selected from
each of the four GA at birth categories, and the remainder
were included in the validation set. These were selected using
the standard function ‘sample’ of the R statistical software
package.’® Pregnancies with repeat CL measurements from
different screening gestations were accounted for, as partici-
pants allocated to the training and validation sets were not
duplicates of the same pregnancy. We used multinomial log-
linear model (via neural networks) to fit the data from the
training set using the function ‘multinom’ of the R package
‘nnet’. A model validation®® was then performed, where
predicted probabilities for categorised GA at birth were
tested against observed proportions of GA at birth. Confu-
sion matrices for predicted and true GA at birth were
calculated to indicate the sensitivity and specificity of CL
measurements in predicting sPTB.

MEDLINE and EMBASE search

1046 articles

Gestation at screening and predicting preterm birth in twins

Results

The search identified 1048 citations; following review of the
articles, 23 studies met the inclusion criteria (Figure 1).
The authors of 12 publications of a combined total of 3989
twin pregnancies provided IPD and were included in the
study®'7?* (Table 1). One group, Fox et al,” provided
additional unpublished data on 420 twin pregnancies.
Therefore, our study population included a total of 6188
transvaginal scans, performed on 4409 twin pregnancies. In
all, 657 women had repeat CL measurements at various
screening gestations. Authors of 11 studies, reporting on a
combined total of 1846 twin pregnancies (29.5% of all eli-
gible participants) did not respond (five studies),**** could
not be located, or declined to provide IPD following initial
consent to contribute (six studies) (Supporting Information
Table S1)."® 2% The authors of these 11 articles were con-
tacted by phone and email up to four times over an 8-
month period to maximise response rate.

Demographic and clinical characteristics of the patient
cohorts are provided in Table 1. The respective mean and
median at screening GA was 227> and 22"° weeks (Fig-
ure S1), and GA at birth was 35" and 36" weeks. Sup-
porting Information Figure S2 demonstrates the
distribution of GA at birth, where 0.005, 2.9, 9.3, and
36.4% delivered at <22*°, <28*°, <32*°, and <36"" weeks,
respectively.

932 articles: excluded based on title and abstract

114 articles

86 articles

70 Studies on singletons, rather than multiple pregnancies.
3 Cervical length was not the screening test

8 Duplicate publications

2 Included women with interventions (cervical cerclage)

3 Reviews / guidelines / editorials

23 articles

E—

11 articles (1846 individual participants)

5 No response from authors

3 Authors could not locate original study data

3 Authors intially agreed to collaborate, but did not provide
data at follow up

12 published studies, and 1 original data set included in the meta-analysis
= 4409 individual participants

Figure 1. Search strategy flow chart.
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Table 1. Study characteristics included in the IPD meta-analysis

Study Year Location Study Eligible participants, n  Screening GA CL (mm) GA at birth
Mean +SD Mean +SD Mean +SD
(weeks (days) (weeks (days)
+ days) + days)
Aboulghar et al. © 2008 Egypt Observational 193 20 + 1 +2 36 +9 34+3 e
Arabin et al. 7 2006 Holland Observational 151 22 +4 +24 40 +9 36+4 +14
Brizot et al. & 2015 Brazil RCT 173 20 + 3 +13 38 +8 35+6 +19
(Progesterone)
Fox et al. ? 2009 USA Observational 545 22 +2 +24 38 +9 35+4 +18
Hofmeister et al. ' 2010 Brazil Observational 385 20+ 5 +14 38 4+9 35+5 +19
Klein et al. "' 2008 Austria Observational 223 23+0 +10 36 +8 35+4 +17
Liem et al. ' 2013 Netherlands ~ RCT (ProTWIN — 593 18+ 5 +9 44 49 35+4 +25
pessary)
Lim et al. 3 2007 Netherlands ~ RCT (AMPHIA — 453 20 + 2 +16 43 410 35+6 +16
progesterone)
Sauvanaud et al. "* 2013 France Observational 22 26 + 0 +12 20 +9 33+6 +22
Serra et al. '° 2013  Spain RCT 151 20+ 4 +6 38 48 36+3 +19
(Progesterone)
Sperling et al. '® 2005 Denmark Observational 381 23+ 2 +8 38 +10 36+4 +18
and Sweden
Toetal '/ 2006 UK Observational 1138 23+ 1 +5 35 +9 35+5 +20

The index of heterogeneity among studies, I’ (total
heterogeneity/total variability), was 0% and Cochran’s
Q-test for CL was not significant (P = 0.923). A graphical
representation of the distribution of the GA at screening
and CL data among all studies is provided in Supporting
Information Figure S3.

In the first analysis, IPD from all eligible studies were
assessed for an association between CL and GA at birth. A
multinomial logistic regression model with validation was
performed from training (n =400) and validation
(n = 4009) sets (Supporting Information Table S2). Body
mass index (BMI) was the only additional variable shown to
correlate significantly with GA at birth (Supporting Infor-
mation Table S3); however, when incorporated into a multi-
nomial logistic regression model with CL and GA at
ultrasound, prediction for GA at birth was not improved. As
demonstrated in Supporting Information Figure S4, both CL
and GA at screening have a significant and non-linear effect
on predicted GA at birth (P < 0.001). In addition there is an
overall significant interaction between GA at screening and
the measurement of CL (P < 0.001). The implications of a
short CL vary depending on GA at screening, indicated by
the gradient of the curves (Figure S4). A short CL taken at
<20*° weeks indicates a probability of birth significantly ear-
lier than if the same CL was measured at a later GA.

The second analysis provides the predicted probabilities
of GA at birth within each of the clinically significant

categories (<28*°, 28" to 32", 32" to 36" and
>36%! weeks) based on CL and GA at ultrasound (<18,
187 to 20™°, 20™" to 2270, 22%! to 24™° and >24"" weeks).
These are shown in Table 2 and illustrated in Figure 2. The
odds of birth at <28"° weeks compared with >36™" weeks
increases by 0.77 with every 1-mm decrease in CL
(P = 0.002). This linear relation does not persist for sPTB at
28" weeks, where there is no significant association between
CL and the odds of sPTB between 28" and 36" weeks (Fig-
ure 2B,C).

Screening at <18"° weeks is most significantly predictive
for sPTB at <28"° weeks, irrespective of CL (P < 0.001) (Fig-
ure 2A). In contrast, to predict sPTB at 28" to 327 weeks,
screening at <18"" weeks is most predictive if CL is
>20 mm; when CL is <15 mm, a later GA at screening is
superior (Figure 2B). For sPTB at >32"1 weeks (Figure 2C),
the most predictive screening is at >26"" weeks. For exam-
ple, for a CL of 15 mm at 24™0 weeks, the probabilities of
sPTB at <28, 28" to 32" and 32™! to 36"° weeks are 27,
38 and 28%, respectively (Table 2, Figure 2). If the same CL
of 15 mm is obtained earlier, at 18" weeks, there is a higher
probability of sPTB at <28"" weeks (45%) than at 28" to
32" weeks (38%) or 32! to 36" weeks (12%). A 100%
negative prediction for sPTB at <28"" weeks was achieved
for the following CL thresholds: 65 mm at <18 weeks,
55 mm at 18*° to 20" weeks, 48 mm at 20" to 2270 weeks,
and 43 mm at 22*" to 24" weeks.
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Table 2. Predicted probability categories

GA (weeks) CL (mm) Predicted probability (%) of
gestation at sPTB (weeks)
<28*° 28" 32*1 >36""
t0 32"  to 36*°
18 5 58.5 34.1 5.9 1.5
10 51.8 36.8 8.5 2.9
15 44.5 38.5 11.7 5.3
20 36.6 38.6 15.6 9.2
25 28.6 36.7 19.6 15.2
30 20.9 32.6 23.1 23.4
35 14.1 27 25.2 33.7
40 8.9 20.7 25.6 44.8
20 5 53.2 36.4 8.5 1.9
10 46.1 38.5 11.9 3.5
15 38.6 39.2 16 6.2
20 30.8 38.1 20.6 10.5
25 23.2 35 25 16.8
30 16.4 30.1 28.5 25.1
35 10.8 24.1 30.2 35
40 6.6 18 29.9 45.4
22 5 47.5 38.2 11.9 2.3
10 40.2 39.4 16.3 4.2
15 32.6 38.9 213 7.2
20 25.2 36.6 26.5 11.8
25 18.3 32.4 31.1 18.1
30 12.5 27 34.3 26.2
35 8 21.1 354 35.5
40 4.8 15.4 34.4 453
24 5 41.6 39.2 16.4 2.8
10 34.1 39.3 21.8 4.9
15 26.8 37.6 27.6 8.1
20 20 34.1 33.1 12.8
25 141 29.3 37.6 19
30 9.3 23.7 40.3 26.7
35 5.8 18 40.7 35.4
40 35 13 39 445
26 5 354 39.3 22 3.3
10 28.2 38.1 28.3 5.5
15 214 35.2 34.6 8.8
20 15.4 30.9 40.3 13.4
25 10.5 25.7 443 19.4
30 6.8 20.3 46.3 26.6
35 4.2 15.2 45.9 34.7
40 2.5 10.9 43.5 43.1

In a third analysis, the predictive accuracy of the meta-
regression model for sPTB was assessed. The model
demonstrates improved accuracy of CL and GA at screen-
ing in predicting term compared with preterm birth; 68.2%
of those predicted to deliver at >36"" weeks were correctly
classified (true negative rate) compared with 26.2, 13.3 and
36.2% correctly predicted to deliver at <28%°, 28*" to 32*°

Gestation at screening and predicting preterm birth in twins

and 32%' to 36" weeks, respectively (true positive rate)
(Table S4).

Discussion

Main findings

This IPD meta-analysis has shown for the first time the
importance of considering GA at screening in the predic-
tion of sPTB in twins based on measurement of CL. Using
this model, probabilities may be projected for GA at birth
given any CL measurement and GA at screening. These
two variables provide accurate prediction of probabilities
for sPTB at <28"° weeks, at 28" to 32" weeks and at 32"
to 36" weeks.

There is an inverse and linear relation between CL and
sPTB at <28"° weeks. Uniquely, we demonstrate this rela-
tion changes to a non-linear association when predicting
later sPTB at >28"° weeks.

Strengths and limitations

The main strength of our study resides in the large number of
cases examined and the methodology of the IPD meta-analy-
sis, in which both CL and GA at screening are treated as con-
tinuous variables. A further strength is the differentiation of
predicted GA at birth into very early (<28"°), early (28" to
32%%) and late (32" to 36"°) preterm birth. This is clinically
preferable to single thresholds such as sPTB at <34 weeks as
described in previous studies. Provided with the risks of very
early, early and late preterm birth, a personalised and cost-
effective antenatal management plan may be implemented,
including optimal timing of corticosteroid administration
and mobilisation to appropriate neonatal units.

The limitations of the study are the lack of data on other
variables beyond CL and GA that are known to be associ-
ated with an increased risk for sPTB. Our model found
that none of the other variables (maternal age, smoking,
ethnicity, BMI, chorionicity and parity) predicted sPTB. In
addition, although some authors commented on the pres-
ence of clinical symptoms at the time of screening, these
data were not available for all individuals and therefore
could not be tested.

Of the 23 eligible studies, we were unable to obtain IPD
from 11 studies, equivalent to 29.5% of the potential par-
ticipants (n = 1849/6258). The studies included and
excluded were largely dependent on availability of raw data;
several authors of older studies* ** did not have their data
stored electronically and were unable either to locate or to
transfer hard copies of patient data (accounting for 20% of
unavailable IPD). Data collection may therefore be biased
towards more recently published studies. Indeed, a quarter
of included IPD were from studies published in the last
2 years.*'>'*1° A further source of potential bias is the
inclusion of unpublished IPD. We had originally requested

© 2015 Royal College of Obstetricians and Gynaecologists
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Figure 2. Predicted probability of birth at (A) <28*° weeks, (B) 28*" to 32*° weeks, (C) 32*" to 36*° weeks and (D) >36"" weeks based on cervical

length measurements (x-axis) and gestational age at ultrasound screening.

additional unpublished data from all authors; however,
only one author’ offered a contribution of 450 additional
participants. At heterogeneity assessment, these data were
comparable to the published IPD. As our study is a colla-
tion of observational data in a multicentre international
setting, it is unlikely that the missing data or the addition
of unpublished data would have had a significant impact
on the study findings overall.

A further limitation of our study was the inability to
evaluate earlier screening at <16 weeks or the predictive
value of rate of change in cervical length, as we were
restricted by availability of previously collected data. Like-
wise the miscarriage rate at <22 weeks (0.005%) is likely to
be underestimated; as the median GA at ultrasound was
22 weeks, many delivering at <22 weeks were not included
in the original observational studies because they had not
met the gestational criteria to receive a transvaginal ultra-
sound. Consequently, this analysis cannot comment on the
predictive value of CL screening for late miscarriage at
<22 weeks.

Future studies may consider evaluating the predictive
value of CL measurement at earlier (<16 weeks) screening
gestation, as well as the predictive value of rate of CL
change in sequential measurements in twin pregnancies.

Interpretation in light of other evidence

Previous meta-analyses in twins confirmed the association
between CL and sPTB, using thresholds of CL and GA set
by the original study authors.*>***> This is the first study
evaluating individual patient data in the prediction of pre-
term in twins where CL and GA at birth are investigated as

continuous variables. Our findings conclude that risk of
sPTB is dependent on the GA at which the CL is obtained.
Furthermore, given the GA at screening and CL, we can
differentially predict the probability of early versus late pre-
term birth; a novel and valuable clinical tool.

Berghella et al.” emphasised the importance of consider-
ing GA at screening in the prediction of sPTB in singletons.
A comparison between the twins in this IPD meta-analysis
study and Berghella’s singleton population, indicates a
higher risk of sPTB in twins when comparative GA at
screening and CL measurements are taken.

Currently, effective interventions for sPTB in twin preg-
nancies are limited. The focus of prematurity surveillance
in twins remains in the antenatal preparation of targeted
pregnancies considered most at risk. Timing, in particular
for corticosteroid administration, is key to optimising
neonatal outcome.>® Therefore this study provides evidence
justifying serial CL screening in twin pregnancy as, depend-
ing on GA at measurement, early and late sPTB may be
differentially predicted. We recommend commencement of
initial CL screening at <18"* weeks with repeat screening at
>22"% weeks; this best identifies pregnancies at risk of rarer
prematurity-associated mortality (most common with early
sPTB, <28"° weeks), as well as the more prevalent prema-
turity-associated morbidity from later sPTB (28" to
36" weeks).

Conclusion

This IPD meta-analysis of 12 international twin cohorts has
shown that both CL and GA at screening contribute to the
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prediction of GA at sPTB. To optimise prediction of pre-
term birth at <28"° weeks, CL screening should commence
before 187" weeks. At this stage, any CL <30 mm has a
higher risk of sSPTB at <28"" weeks in twins than in single-
tons. Prediction of later sPTB between 28" and
367 weeks, improves with later GA, with measurement at
>22"" weeks. We therefore recommend CL screening in
twins to commence from <18 weeks.
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