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Abstract
Objective: To determine if the verification of short cervical length with a repeated 
measurement improved the identification of patients with short cervical length at 
increased risk of preterm delivery.
Methods: The present secondary analysis analyzed prospective cohort study data 
from patients with singleton pregnancies without a history of preterm delivery who 
presented for obstetric care in the Netherlands and delivered between November 18, 
2009, and January 1, 2013. Cervical length was measured during standard anomaly 
scan and a second measurement was performed if the cervical length was 30 mm of 
shorter. Logistic regression and Cox proportional hazards modeling were used to eval-
uate associations between cervical length measurements and spontaneous preterm 
delivery before 37 weeks of pregnancy.
Results: Cervical length measurements from 12 358 patients were included; 221 
(1.8%) had an initial cervical length measurement of 30 mm or shorter. A second cervi-
cal length measurement was performed for 167 (75.6%) patients; no differences were 
identified in the odds of spontaneous preterm delivery when evaluated using the first, 
second, or a mean of both measurements, regardless of whether cervical length was 
analyzed as a continuous or dichotomous variable.
Conclusion: Among patients with singleton pregnancies, verification of short cervical 
length did not improve the identification of short cervical length.

K E Y W O R D S

Cervical length; Preterm delivery; Risk prediction; Singleton pregnancy; Transvaginal 
ultrasonography; Verification

mailto:f.j.hermans@amc.uva.nl


     |  319Hermans ET AL.

1  | INTRODUCTION

Preterm delivery, defined as delivery before 37 weeks of pregnancy, 
is a leading contributor to neonatal morbidity and mortality1,2 Within 
the Netherlands, the rate of spontaneous preterm delivery of single-
ton pregnancies is 5.4%.3,4 Cervical length is an important predictor 
of spontaneous preterm delivery5,6 and studies have demonstrated 
that mid-trimester asymptomatic short cervical length is associated 
with an increased risk of spontaneous preterm delivery.6,7 Cervical-
length measurement by transvaginal ultrasonography is normally per-
formed during the standard anomaly scan at approximately 20 weeks 
of pregnancy.

Preterm delivery-risk assessment, based on mid-trimester cervi-
cal length, needs to be reliable in light of the considering the clinical 
consequences and potential changes in pregnancy management for 
patients with a short cervical length. Currently, cervical-length mea-
surement is performed only once but repeating this measurement to 
verify short cervical length could increase precision.

Conversely, although transvaginal ultrasonography examinations 
are well tolerated by patients and the risk of adverse events is low, 
the invasive nature of cervical-length measurements is an important 
consideration. Further, referrals for additional ultrasonography exam-
inations are time consuming and costly; consequently, it should be 
performed only when there is clear benefit.8

The objective of the present study was to determine whether ver-
ification of short cervical length with a second cervical-length mea-
surement would improve the identification of patients with a short 
cervical length, who are at increased risk of preterm delivery.

2  | MATERIALS AND METHODS

The present secondary analysis used data from the Triple P screening 
study.9 This nationwide prospective cohort study recruited patients 
presenting for obstetric care at all settings in the Netherlands, includ-
ing primary care, between November 18, 2009, and August 1, 2013. 
This study included asymptomatic, nulliparous and multiparous 
patients with singleton pregnancies without a history of spontaneous 
preterm delivery before 34 weeks of pregnancy. The parent study was 
approved by the medical ethics committee of the Academic Medical 
Center, Amsterdam, the Netherlands.

In the parent study, eligible patients were invited to partici-
pate in a preterm-delivery screening program to have their cervical 
length measured during a standard anomaly scan at 16–22 weeks 
of pregnancy.9 This program was designed to identify women at 
risk of preterm delivery based on a short cervical length, defined as 
30 mm or shorter. Cervical length measurements were performed 
at ultrasonography centers in the primary care setting, as well as at 
obstetric departments of secondary and tertiary referral centers that 
performed ultrasonography examinations in their regions. Prior to 
participating in the parent study, sonographers performing initial cer-
vical length measurements completed an e-learning module, received 
clinical training to perform cervical length measurements, and had 

to send five cervical length measurements to be judged by an expert 
panel, as described in detail previously.10

All patients who had a cervical length of 30 mm or shorter were 
offered a second cervical length measurement within 14 days at a 
secondary or tertiary referral center for verification of short cervical 
length and for a quality control assessment that was necessary owing 
to transvaginal cervical length measurement not being incorporated in 
routine care at the onset of the study. Full protocol details have been 
published previously.9,11

Data from the parent study files were linked to the Netherlands 
Perinatal Registry (http://www.prn.nl) to obtain pregnancy outcomes 
for these participants and their children. At the time of the present 
analysis, all pregnancy outcomes until January 1, 2013, were available 
in the Netherlands Perinatal Registry. Consequently, all participants 
who had a cervical length measurement up to August 1, 2012, were 
selected to avoid any confounding by pregnancy outcomes of patients 
with an expected due date beyond January 1, 2013.

For the present analyses, all women with a primary cervical length 
measurement of 30 mm or less at the standard anomaly scan were 
included. To ensure a heterogeneous population, patients with cervical 
length measurement made prior to 16 weeks of pregnancy or beyond 
22 weeks were included, as were patients with fetuses with congen-
ital anomalies. These data were collected prior to exclusion from the 
parent study and, consequently, were available for inclusion in the 
present analysis.

The first and second cervical length measurements, and a mean of 
both, were analyzed on a continuous scale to prevent loss of information 
from dichotomization.12,13 Cervical length was also analyzed as a dichot-
omous variable to generate a clinical-applicable cut-off value owing to 
clinical management using continuous information being potentially 
challenging. The second measurement was categorized as positive verifi-
cation (≤30 mm) or negative verification (>30 mm); patients who did not 
receive a second measurement were not excluded but were analyzed as 
a separate group (classified as verification not performed). These groups 
of patients were compared with patients who had initial cervical-length 
measurements longer than 30 mm. Linear regression analysis was used 
to determine if the time between the measurements was associated 
with differences in cervical length measurements.

A logistic regression was used to calculate the predicted risk of 
spontaneous preterm delivery before 37 weeks of pregnancy using 
cervical length as a continuous variable. Subsequently, predicted 
risks were plotted against cervical length and the discriminative abil-
ity of cervical length was assessed using the area under the receiver-
operating-characteristic curve.

Unadjusted and adjusted logistic models were fitted to assess rela-
tions between cervical length as a dichotomous variable and sponta-
neous preterm delivery before 37 weeks of pregnancy. The adjusted 
model included the following well-known risk factors for spontaneous 
preterm delivery: parity, use of assisted reproductive technologies, 
and hypertensive disorders.14

Unadjusted and adjusted time-to-event analyses with Cox pro-
portional hazards models were then used to investigate associations 
between cervical length and time to delivery. The adjusted model 

http://www.prn.nl
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included the same variables as the previously described logistic 
model. Patients who had iatrogenic onset of labor and those who 
delivered at or beyond 37 weeks of pregnancy were excluded from 
this analysis.

A sensitivity analysis was performed by excluding women carrying 
fetuses with congenital anomalies and women with a cervical length 
measured prior to 16 weeks of pregnancy or later than 22 weeks.

All analyses were performed with SPSS version 21.0 (IBM 
corporation, Armonk, New York, USA) and P<0.05 was considered 
statistically significant.

3  | RESULTS

A total of 20 234 women underwent screening in the Triple P study 
(between November 1, 2009, and August 1, 2013). Up to January 1, 
2013, 12 360 of 16 204 records with pregnancy outcomes could be 
linked through the Netherlands Perinatal Registry. There were two 
patients excluded; one owing to missing cervical length data and 
one because of an unknown date of delivery, resulting in a cohort of 
12 358 patients in the present analysis.

The mean ± SD maternal age at initial cervical length measure-
ment was 31 ± 4.7 years, the median cervical length was 43 mm 
(interquartile range [IQR] 39–49), there were 5919 (47.9%) patients 
who were nulliparous, the median pregnancy duration at delivery was 
39 weeks (IQR 38–40), and 493 (4.0%) patients experienced sponta-
neous preterm delivery earlier than 37 weeks of pregnancy (Table 1).

There were 221 (1.8%) patients with a first cervical length mea-
surement of 30 mm or shorter, and a second measurement was taken 
for 167 (75.6%) of these patients. The median cervical length among 
patients with a short cervical measurement was 28 mm (IQR 25–29) 
for the first measurements made and 30 mm (IQR 27–34) for the 
second measurements. Among the patients who had second cervical 
length measurements taken, 84 (50.3%) had second measurements of 
30 mm or shorter. The median difference between the first and sec-
ond cervical length measurements was 4.0 mm (IQR 2.0–8.0) and the 
median interval between measurements was 7 days (IQR 4.0–13.0).

The predicted risks of spontaneous preterm delivery were plotted 
against cervical length (Fig. 1). As demonstrated by the overlying lines 
in the plots, no differences were found in predicted risks for sponta-
neous preterm delivery before 37 weeks of pregnancy when the first, 
second, or mean of both cervical length measurements were used. 
This was further confirmed by the comparable discriminative ability of 
cervical length in predicting preterm delivery using the first, second, or 
mean of both measurements, with areas under the receiver operating 
characteristic curves of 0.69 (95% confidence interval [CI] 0.57–0.80), 
0.67 (95% CI 0.57–0.78), and 0.70 (95% CI 0.59–0.81), respectively.

The odds of spontaneous preterm delivery decreased in line with 
increasing cervical length for the first, second, or mean of both mea-
surements, with unadjusted odds ratios (ORs) of 0.85 (95% CI 0.79–
0.92), 0.91 (95% CI 0.87–0.96), and 0.88 (95% CI 0.82–0.93) per 
1-mm increase in cervical length, respectively. Adjustment for known 
preterm delivery risk factors did not alter these results (Table 2).

Comparable associations were observed between cervical length 
and time-to-delivery with hazard ratios for spontaneous preterm 
delivery before 37 weeks of 0.86 (95% CI 0.81–0.91), 0.92 (95% CI 
0.89–0.96), and 0.88 (95% CI 0.84–0.93) per 1-mm increase in cer-
vical length for the first, second, and mean of both measurements, 
respectively (Table 3). Again, adjustment for known preterm delivery 
risk factors did not alter these results.

Among patients with an initial cervical measurement of 30 mm 
or shorter, 39 (17.6%) had spontaneous preterm deliveries prior 
to 37 weeks of pregnancy. Patients with initial cervical length 
measurements of 30 mm or shorter had significantly higher odds 
of spontaneous preterm delivery before 37 weeks of pregnancy 
compared with patients with an initial cervical length measurement 
longer than 30 mm (OR 4.0, 95% CI 2.7–5.9; adjusted OR 3.7, 95% CI 
2.5–5.6) (Table 4).

TABLE  1 Baseline characteristics.a

Variable
Total cohort 
(n=12 358)

Patients with a 
first cervical 
length ≤30 mm 
(n=221)

Maternal age, y 31 ± 4.7 30 ± 5.0

Nulliparous 5919 (47.9) 130 (58.8)

White ethnicity 10 290 (83.3) 160 (72.4)

Low social economic status 3214 (26.0) 51 (23.1)

Current smoker 45 (0.4) 1 (0.5)

Assisted reproductive 
technology-facilitate 
pregnancy

655 (5.3) 16 (7.2)

Pregnancy duration at first 
cervical measurement, wk 
(range)

20.3 ± 0.7 (16–27) 20.3 ± 0.8 (16–23)

First cervical length  
measurement

Cervical length, mm 43 (39–49) 28 (25–29)

Cervical length ≤30 mm 221 (1.8) 221 (100.0)

Second cervical length  
measurement (n=167)

Measurement interval, d 7.0 (4.0–13.0)

Cervical length, mm 30 (27–34)

Cervical length ≤30 mm 84 (50.3)

Difference between 
measurements, mm

4.0 (2.0–8.0)

Mean cervical length 
≤30 mm

112 (67.1)

Pregnancy duration at 
delivery, wk

39 (38–40) 39 (37–40)

Hypertensive disorders 655 (5.3) 19 (8.6)

Spontaneous preterm 
delivery at <37 wk of 
pregnancy

493 (4.0) 39 (17.6)

aValues are given as mean ± SD, number (percentage), mean ± SD (range), 
or median (interquartile range).
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An increased risk of spontaneous preterm delivery before 37 weeks 
was identified among both patients with a positive-verification  
second measurement (OR 5.9, 95% CI 3.0–9.2; adjusted OR 5.2, 95% 
CI 3.0–9.2) and those with negative-verification second measure-
ments (OR 3.1, 95% CI 1.5–6.1; adjusted OR 3.1, 95% CI 1.5–6.2) in 
comparison with patients who had a cervical length above 30 mm at 
the initial measurement.

There were 54 (24.4%) patients with a short cervical length at initial 
measurement who did not have a second measurement performed. Of 
these, 5 (9%) had preterm deliveries prior to 37 weeks of pregnancy. 
This proportion did not differ significantly from women who did have 
second cervical length measurements (P=0.171). In comparison with 
patients with initial cervical length measurements above 30 mm, an 
increased risk of spontaneous preterm delivery before 37 weeks of 
pregnancy was recorded among patients who did not undergo a sec-
ond measurement after an initial short measurement (OR 2.6, 95% CI 
1.02–6.5). However, after adjustment, this association was not signifi-
cant (adjusted OR 2.5, 95% CI 0.97–6.2) (Table 4).

The time between both measurements was not associated with 
a difference in length between the measurements (linear correlation 
coefficient −0.012, 95% CI −0.028 to 0.004; P=0.129) or with the 
risk of positive second-measurement verification (OR 0.998, 95% CI 
0.993–1.003; P=0.444). Sensitivity analyses that excluded patients 
carrying fetuses with congenital anomalies (n=215) and those who 
had cervical length measured before 16 weeks of pregnancy of after 
22 weeks of pregnancy (n=238) yielded similar results (Supplemental 
Tables S1 and S2).

4  | DISCUSSION

In the present secondary analysis of cervical length measurement, a 
second cervical measurement to verify short cervical length was not 
necessary in patients with singleton pregnancies undergoing preterm 
delivery risk assessment.

A strength of the present study was that the data were col-
lected through a nationwide collaboration of primary and secondary 

F IGURE  1 Cervical length-predicted risk of sPTD before 
37 weeks of pregnancy. Abbreviations: sPTD, spontaneous preterm 
delivery; CL, cervical length.

TABLE  2 Association between cervical length and odds of 
spontaneous preterm delivery before 37 weeks of pregnancy.

Cervical length (continuous) OR (95% CI) aORa (95% CI)

First measurement 0.85 (0.79–0.92) 0.85 (0.78–0.93)

Second measurement 0.91 (0.87–0.96) 0.91 (0.86–0.96)

Mean of both measurements 0.88 (0.82–0.93) 0.87 (0.81–0.93)

Abbreviations: OR, odds ratio; CI, confidence interval; aOR, adjusted 
odds ratio.
aAdjusted for parity, use of assisted reproductive technologies, and 
hypertensive disorders.

TABLE  3 Association between cervical length and 
time-to-delivery.

Cervical length (continuous) HR (95% CI) aHRa (95% CI)

First measurement 0.86 (0.81–0.91) 0.86 (0.81–0.91)

Second measurement 0.92 (0.89–0.96) 0.91 (0.87–0.95)

Mean of both measurements 0.88 (0.84–0.93) 0.88 (0.83–0.92)

Abbreviations: HR, hazard ratio; CI, confidence interval; aHR, adjusted 
hazard ratio.
aAdjusted for parity, use of assisted reproductive technologies, and hyper-
tensive disorders.

TABLE  4 Verification of cervical length measurements and risk of 
spontaneous preterm delivery before 37 weeks of pregnancy.

Cervical length

Preterm 
delivery 
<37 wk of 
pregnancya

Odds of spontaneous 
preterm delivery <37 wk  
of pregnancyb

OR  
(95% CI)

aORc  
(95% CI)

First cervical measurement 
≤30 mm (n=221)

30 (13.6) 4.0 (2.7–5.9) 3.7 (2.5–5.6)

Second cervical  
measurement

≤30 mm (n=84) 16 (19)d 5.9 (3.0–9.2) 5.2 (3.0–9.2)

>30 mm (n=83) 9 (11)d 3.1 (1.5–6.2) 3.1 (1.5–6.2)

Not performed (n=54) 5 (9)d 2.6 (1.0–6.5) 2.5 (1.0–6.2)

Abbreviations: OR, odds ratio; CI, confidence interval; aOR, adjusted 
odds ratio.
aValues given as number (percentage).
bIn comparison with patients who had cervical length >30 mm at 
first measurement.
cAdjusted for parity, use of assisted reproductive technologies, and 
hypertensive disorders.
dNo significant difference (χ2); P=0.171.
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care within the Dutch Consortium for Women’s Health (www.stud-
ies-obsgyn.nl). Consequently, the large high-quality cohort of 
patients with singleton pregnancies represented the Dutch general 
obstetric population with a representative preterm-delivery rate.3 
Consequently, it was possible to investigate whether a second cer-
vical length measurement in women with a short cervical length was 
of added clinical value in risk stratification for preterm delivery. A lim-
itation of the study was that a repeated cervical length measurement 
was only performed in patients with initial measurements of 30 mm 
or shorter and that, in the present study population, a ‘dip’ of cervical 
length measurements between 20 and 30 mm was observed, probably 
as a result of the fact that assessors were not masked.15 Consequently, 
partial verification bias could have been present. However, this mainly 
affected women who were incorrectly classified as low-risk; this could 
only have led to an underestimation of the effect of cervical length on 
preterm delivery.16 Ideally, all primary cervical length measurements 
would have been repeated; however, this was not the aim of the par-
ent study and, consequently, was logistically impossible in the present 
analysis. Clinically, the most significant group of patients were those 
with a short cervical length and it was demonstrated that an additional 
measurement was not necessary because the risk of preterm delivery 
was increased in all women with an initial short cervical length, includ-
ing those who had negative verification and those who did not have a 
second measurement.

Another issue is whether the interval between measurements 
could have resulted in differences in cervical length measurements; 
however, no association was identified between the intervals and 
measurement differences. Additionally, cervical length shortens 
throughout pregnancy, primarily during the third trimester, and only 
approximately 1 mm per week during the mid-trimester period.17

To the best of our knowledge, this was the first study to investigate 
the clinical value of a second cervical length measurement to verify 
mid-trimester short cervical length in women with singleton pregnan-
cies who had been diagnosed within any obstetric care setting, includ-
ing primary care.18,19 In the Netherlands, cervical length measurement 
in asymptomatic singleton pregnancies was not part of standard care 
at the time of the study. Consequently, the majority of participating 
sonographers had to learn to perform cervical length measurements. A 
potential limitation was that this learning curve could result in greater 
variation between measurements. Cervical length measurement is 
considered to be a good reproducible measurement when performed 
by trained ultrasonographers, with an intra- and inter-observer vari-
ance of 3–5 mm.20,21 This is comparable to the present study, where 
the median difference between measurements was 4 mm. Additionally, 
participating sonographers completed an e-learning module and 
were trained in cervical length measurements to improve the quality 
of the measurements.11

In general, whether the reported inter- and intra-observer 
variances are acceptable can be debated; in clinical practice, a 
smaller change in cervical length than the inter- and intra-observer 
variance can already result in a change in risk classification. This 
would be most likely to happen when a dichotomous cut-off 
value (30 mm) is used. Further, when multiple measurements are 

performed, the phenomenon of regression to the mean—when 
extreme values tend to change towards their mean—also plays a 
role. It is not known if changes in risk stratification are misclas-
sifications; however, it shows that multiple cervical length mea-
surements do not improve accuracy and that a single measurement 
suffices for this purpose.

Cervical length is an important risk factor for preterm deliv-
ery; however, the relative contribution of clinical length to preterm 
delivery remains unclear, mainly because the prevalence of short 
cervical length is low and not all women with a short cervical length 
will deliver preterm. Conversely, promising treatments are available to 
prevent preterm delivery in women with a short cervical length that  
stimulate cervical length screening programs for the prevention of 
preterm delivery.22,23

Further research should focus on the properties and dynamics 
of cervical length throughout pregnancy to determine optimal risk 
classification to better identify women at risk for preterm delivery 
based on cervical length. Additionally, attempts to improve the accu-
racy of cervical length measurements should be made by following the 
recommended criteria for cervical length measurement more strictly, 
with the aim of minimizing measurement errors that can lead to the 
misclassification of patients.24

The present study demonstrated that a second cervical length 
measurement to verify a length of 30 mm or shorter during stan-
dard anomaly scan is not currently necessary; it does not further 
improve the identification of patients who are at increased risk of 
preterm delivery.
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