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Abstract

Introduction: Universal screening for preterm delivery by adding transvaginal ultra-
sound measurement of cervical length to routine second trimester ultrasound has
been proposed. The aim is to estimate inter- and intraobserver agreement and reli-
ability of second trimester transvaginal ultrasound measurements of cervical length
performed by specially trained midwife sonographers.

Material and methods: This is a prospective reliability and agreement study per-
formed in seven Swedish ultrasound centers. In total, 18 midwife sonographers spe-
cially trained to perform ultrasound measurements of cervical length and 286 women
in the second trimester were included. In each center, two midwife sonographers
measured cervical length a few minutes apart in the same woman, the number of
women examined per examiner pair varying between 24 and 30 (LIVE study). Sixteen
midwife sonographers measured cervical length twice 22 months apart on 93 video
clips (CLIPS study). The main outcome measures were mean difference, limits of
agreement, intraclass correlation coefficient, intra-individual standard deviation, re-
peatability, Cohen’s kappa and Fleiss kappa.

Results: The limits of agreement and intraclass correlation coefficient of the best ex-
aminer pair in the LIVE study were -4.06 to 4.72 mm and 0.91, and those of the
poorest were -11.11 to 11.39 mm and 0.31. In the CLIPS study, median (range) intra-
individual standard deviation was 2.14 mm (1.40-3.46), repeatability 5.93 mm (3.88-
9.58), intraclass correlation coefficient 0.84 (0.66-0.94). Median (range) interobserver
agreement for cervical length <25 mm in the CLIPS study was 94.6% (84.9%-98.9%)
and Cohen’s kappa 0.56 (0.12-0.92), median (range) intraobserver agreement was
95.2% (87.1%-98.9%) and Cohen'’s kappa 0.68 (0.27-0.93).

Conclusions: Agreement and reliability of cervical length measurements differed sub-

stantially between examiner pairs and examiners. If cervical length measurements

Abbreviations: Cl, confidence interval; GW, gestational week; ICC, intraclass correlation coefficient; 1ISD, intra-individual standard deviation.
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1 | INTRODUCTION

Preterm birth is a major cause of death before 5 years of age and of
long-term morbidity from infancy to adulthood.>? A sonographically
short cervix in the second trimester is a risk factor for spontaneous
preterm delivery® and universal screening for preterm delivery by add-
ing transvaginal ultrasound measurement of cervical length to routine
second trimester ultrasound has been proposed.* The definitions of
short cervix vary, a common definition being <25 mm.* Cervical length
measurements by ultrasound are considered to be easy to perform.*
However, they are not without difficulties® and may be particularly
problematic in early/mid second trimester when the isthmus is pre-
sent.® In Sweden, all routine fetal ultrasound examinations are per-
formed by specially trained midwives—midwife sonographers. These
are certified by the Swedish Society of Obstetricians and Gynecologists
to perform routine fetal ultrasound examinations after standardized
theoretical and practical teaching and after having passed a theoretical
and practical test. If screening for preterm delivery were to be intro-
duced in Sweden, cervical length measurements would be performed
by midwife sonographers. In this perspective, it is important to know
the reproducibility and reliability of sonographic second trimester cer-
vical length measurements carried out by midwife sonographers spe-
cially trained to perform these measurements.

Before the start of the current study we identified two studies
that estimated inter- and intraobserver reproducibility of trans-
vaginal ultrasound measurements of cervical length in the second

910 (search strategy in Appendix S1).

trimester during live scanning
Both were single-center studies and included few examiners (n = 4).
Therefore, the generalizability of the results may be questioned. In
everyday clinical practice, examiners with different levels of expe-
rience, skill and care perform ultrasound measurements of cervical
length.

The aim of this study is to estimate inter- and intraobserver
agreement and reliability of transvaginal ultrasound measurements
of cervical length in the second trimester performed in different
centers by a large number of midwife sonographers specially trained

to measure cervical length.

2 | MATERIAL AND METHODS

This reproducibility study forms part of the CERVIX study, a pro-
spective observational Swedish multicenter study performed be-
tween May 2014 and June 2017 (ISRCTN (http://www.isrctn.com/

are used to guide management there is potential for both over- and under-treatment.

Uniform training and rigorous supervision and quality control are advised.

cervical length, cervical length measurement, data accuracy, inter-observer variation,
intraobserver variation, preterm delivery, quality control, reproducibility of results, second
trimester of pregnancy, transvaginal ultrasound

Key message

Universal screening for preterm delivery by transvagi-
nal ultrasound measurement of cervical length has been
proposed despite the reliability of such measurements
being largely unknown. We found the reliability of cervi-
cal length measurements to differ substantially between
examiners. Uniform training and careful supervision are

recommended.

ISRCTN18093885). The aim of the CERVIX study is to estimate the
sensitivity and specificity with regard to preterm delivery of cer-
vical length as measured with ultrasound in the second trimester.
Seven ultrasound centers participated. Asymptomatic women with
a live singleton pregnancy attending a routine fetal ultrasound ex-
amination at 18'C to 20*° gestational weeks (GWs) were eligible.
Gestational age was estimated on the basis of ultrasound meas-

1112 35 recommended in

urement of the fetal biparietal diameter
Swedish guidelines (https://www.sfog.se/media/336451/fetometri.
pdf). Women who gave written informed consent underwent trans-
vaginal ultrasound measurement of cervical length at 18*° to 20%¢
GWs and a repeat measurement at 21*° to 23 GWs. Medical staff
and the women themselves were blinded to the results, which were
not used for clinical management.

The reproducibility study was performed between January 2016
and June 2017 and consists of the LIVE study and the CLIPS study.
The main purpose of the LIVE study is to estimate interobserver
agreement and that of the CLIPS study to estimate intraobserver
measurement error and repeatability of cervical length measure-
ments performed between 18*° and 23*¢ GWs.

All ultrasound examiners participating in the reproducibility
study also examined women in the CERVIX study. The examiners
were midwife sonographers with several years of ultrasound experi-
ence. They perform 400-2100 routine fetal ultrasound examinations
per year (most of them approximately 1000 per year). All were cer-
tified to examine women in the CERVIX study after theoretical and
practical training, that is, local hands-on training by a physician or
midwife already certified and two theoretical lectures (one from The
Fetal Medicine Foundation, https://fetalmedicine.org/cervical-asses
sment-1 and one created by the steering committee of the CERVIX

study). A midwife sonographer was certified if all five members of
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the quality control committee of the CERVIX study agreed that her
ultrasound images from five consecutive women (three images per
woman, in all 15 images) examined at 18-23 GWs fulfilled our quality
criteria. The quality control committee consisted of LV, BJ and JW,
who were head of their respective ultrasound unit during the study
period, and two midwife sonographers certified to perform cervical
length measurements in the CERVIX study. Our quality criteria were:

e the cervix occupies at least 75% of the screen,

o the anterior and posterior lip of the cervix are of equal thickness,

o the full length of the endocervical canal is clearly seen,

e the inner and outer cervical os are clearly seen as well as the vir-
tual inner os if isthmus is present (isthmus is the lowest part of
the uterine corpus that develops into the lower uterine segment
as pregnancy progresses),

o calipers are positioned correctly at the internal and external os

and at the virtual inner os if isthmus is present (Figure 1).

FIGURE 1 Measurement of cervical length when isthmus is
absent (a) or present (b). A denotes the external os, B denotes the
internal os. C (which we call the “virtual inner 0s”) is the innermost
end of the juxtaposed anterior and posterior isthmus (isthmus

is the lowest part of the uterine corpus that develops into the
lower uterine segment as pregnancy progresses). Measurements
are taken as a straight line from A to B (endocervical length), B

to C (isthmus length) and A to C [Color figure can be viewed at
wileyonlinelibrary.com]

Twenty-five midwife sonographers were certified to perform cer-
vical length measurements. After certification, quality controls were
performed four times a year. Two quality checks were pre-planned but
the midwives were not notified in advance of the other two. For the
pre-planned quality controls, all certified midwives selected three ul-
trasound images of the cervix, considered by themselves to fulfil our
quality criteria, and submitted them to the quality control committee
via a web-based system (MedSciNet AB, Stockholm, Sweden, www.
medscinet.com). The images were evaluated using the web-based soft-
ware and had to fulfil all five quality criteria. If all three images were not
approved, new images needed to be submitted within 1 month. After
three subsequent failed quality checks, the midwife was no longer al-
lowed to examine women in the CERVIX study. For quality controls car-
ried out without prenotification, ultrasound images of the cervix from
five consecutive women (three images per woman) examined during 1
week, specified by the quality control committee, were selected retro-
spectively by each midwife and submitted to the quality control com-
mittee for evaluation. The committee gave feedback and suggestions
for improvement when needed. Educational material, documents and
images describing our quality criteria and measurement technique were
available for consultation throughout the study on the website of the
CERVIX study. To ensure uniform measurement technique, during the
course of the study, two midwife sonographers from each center paid
a 2-day visit to the coordinating center at Skane University Hospital to
follow the midwife sonographers at that center (one of them being a
member of the quality control committee) at which time they performed
their cervical length measurements and discussed problems and pitfalls.

The cervical length measurements in the LIVE and CLIPS study
were performed in the same manner as in the CERVIX study. The
women were examined in the lithotomy position in a gynecological
chair with an empty urinary bladder. The transvaginal probe was in-
troduced into the vagina. A sagittal view of the cervix was obtained.
The length of the endocervical canal (distance A-B) was measured as a
straight line from the external to the internal cervical os. If the isthmus
was present, three distances were measured: the endocervical length
(distance A-B), the isthmus length (distance B-C) and the distance A
to C (Figure 1). Funneling was not recorded and fundal or suprapu-
bic pressure was not applied. Three measurements of each distance
were taken during at least 3 min, each measurement being taken on a
new image. All measurements were recorded in our web-based elec-
tronic case record form (MedSciNet AB, www.medscinet.com). It was
obligatory to store still images of all measurements electronically. The
ultrasound systems used were a GE Healthcare Voluson E8 Expert or
E6 with a 5-9 MHz vaginal transducer (GE Corporate).

For the LIVE study, the women underwent ultrasound examina-
tion of the cervix by two midwife sonographers working in the same
center in the same scanning session. One pair of midwives from each
center—selected on the basis of their availability for the study (eg
part-time or full-time employment)—participated in the LIVE study.
The examiners took turns to take the measurements first or sec-
ondly, with the shortest possible interval (a few minutes) between
the two examinations. They were blinded to each other’s results:

only the midwife performing the examination was present in the
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examination room. No ultrasound images of the cervix were left on
the ultrasound screen for the second examiner to see. The results of
the midwife who examined first were used both in the CERVIX study
and in the LIVE study, the second examiner’s results were used only
in the LIVE study. A woman could participate only once in the LIVE
study.

For the purpose of the CLIPS study, video clips were collected
from the volunteers participating in the CERVIX study and were
evaluated by midwife sonographers participating as examiners in
the CERVIX study. Video clips with a duration of 8-10 seconds of
consecutive ultrasound examinations of the cervix were collected
for the purpose of the CLIPS study by the midwife sonographer
who was a member of the quality control committee when she
measured the cervix of women participating in the CERVIX study
(her measurements were used in the CERVIX study). The video
clips were distributed to the examiners in the CLIPS study. They
were analyzed on an ultrasound system with measurements of
cervical length being taken using the measurement function of
the ultrasound machine. The same measurement technique as de-
scribed above was used, but only one measurement per distance
was taken. Each rater analyzed the clips twice 22 months apart
and in a different order. All raters were blinded to the results of
the other raters and to their own previous results. A woman could
participate only once in the CLIPS study.

Formal sample size calculation was not performed. Sample size
was based on availability of ultrasound examiners. We planned to
let one examiner pair per center examine 30 women and to let all
midwife sonographers certified to measure cervical length (except
the one who collected the video clips for the CLIPS study) assess
100 video clips. We designed the study and prepared the manuscript
following the Guidelines for reporting reliability and agreement

studies.*®

2.1 | Statistical analyses

Below is a short description of our statistical analysis; details are
presented in Appendix S2.

We use the terminology recommended in Guidelines for report-
ing reliability and agreement studies: “Agreement” is the degree to
which measurements are identical and “reliability” is the ability of
a measurement or a categorical variable to differentiate between
subjects.®®

We assessed the relation between the interobserver differences
and the magnitude of the measurement values by plotting the ab-
solute interobserver differences against the mean measurement
results of the two examiners in the same examiner pair,14 and that
between intraobserver differences and the magnitude of the mea-
surement values by plotting the intra-individual standard deviation
(11ISD) against the mean of each rater’s measurements (Bland-Altman
plots).15

We express interobserver agreement for continuous mea-

surements as mean difference and limits of agreement (95% of

differences between future measurements by two examiners in a
pair are expected to fall between these limits).* For assessment of
systematic differences between two examiners we present the 95%
confidence interval (Cl) of the mean difference.

We describe the ability of observers to reproduce their own re-
sults (“intraobserver agreement”) as measurement error (lISD) and
repeatability (2.77 x 1I1SD). The difference between a subject’s mea-
surement and the true value is expected to be less than 1.96 x I1ISD
for 95% of observations.}® The difference between two measure-
ments on the same subject is expected to be less than the repeat-
ability in 95% of pairs of observations.'®

We express inter- and intraobserver reliability of continuous
measurements as the intraclass correlation coefficient (ICC) with
95% CI.Y ICC is the proportion of variance between examined in-
dividuals and the total variance. The higher the variance between
examined individuals, the higher the ICC, in particular if the intra-in-
dividual variance is also small.*®

We present inter- and intraobserver agreement with regard to
the presence of isthmus and shortest endocervical length <25 mm as
total percentage agreement, positive agreement and negative agree-

20.21 55 estimates of

ment.!” We use Cohen’s kappa and Fleiss kappa
reliability. Some suggest that Cohen’s kappa 0.81-1 indicates very
good agreement, kappa 0.61-0.80 good agreement, kappa 0.41-
0.60 moderate agreement, kappa 0.21-40 fair agreement and kappa
<0.20 poor agreement.22

For all calculations we used the statistical software SAS System

Version 9.4 (SAS Institute).

2.2 | Ethical approval

The CERVIX study including the reproducibility study was approved
by the Regional Ethical Committee at the University of Gothenburg
(Dnr 825-13 date of approval 11 November 2013, Dnr T053-14
date of approval 21 January 2014, Dnr T691-14 date of approval
19 September 2014, Dnr T972-15 date of approval 7 December
2015, Dnr T122-16 date of approval 25 February 2016, Dnr T896-
17 date of approval 16 October 2017, Dnr T645-18 date of ap-
proval 2018-07-09, Dnr T878-18 date of approval 2018-10-11, Dnr
T970-18 date of approval 1 November 2018). Clinical trial number:
ISRCTN18093885.

3 | RESULTS
3.1 | LIVE study

Seven examiner pairs (14 midwife sonographers) participated in
the LIVE study, one pair from each ultrasound center. Before par-
ticipation in the LIVE study, two of the 14 midwife sonographers
had performed cervical length measurements in <100 women, six in
100-299 women, four in 300-499 women and two in 2500 women.

Demographic details of the 198 pregnant participants are shown in
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Table S1. Mean (SD) age was 31.5 (4.8) years, 85% of the participants
were white, 42% were nulliparous, mean (SD) body mass index at the
first antenatal visit was 25.5 (4.7) kg/m2 (range 17.2-41.2). All cervix
measurements were performed between 18*° and 23*¢ GWs.

Agreement and reliability with regard to presence of isthmus
differed substantially between the examiner pairs (Table S2).
Median total agreement was 93.3% (range 82.8%-96.4%). Negative
agreement was good (median 95.8%, range 87.8%-98.2%) and su-
perior to positive agreement (median 70.6%, range 0%-94.7%).
Median Cohen’s kappa was 0.69 (range 0.27-0.91). In 34 (17.2%)
of the 198 women examined in the LIVE study, both examiners in
an examiner pair agreed that the isthmus was present, and in 17
(8.6%) one of the examiners in a pair recorded the isthmus to be
present.

A summary of the results for all seven examiner pairs for all 12 mea-
surements—mean, minimum and maximum of endocervical length, dis-
tance A-C,isthmuslength and isthmus length plus endocervical length—is
shown in Table S3. There was no obvious trend for interobserver reliabil-
ity to be better for any of the measurements. Below we present results
for shortest endocervical length, which seems to be the measurement
most often used in clinical practice and scientific studies.*?®

The interobserver differences in measurements of shortest
endocervical length did not change with increasing measurement
values. Forest plots showing the mean difference and limits of
agreement of seven examiner pairs for measurements of shortest
endocervical length and for shortest endocervical length when both
examiners in a pair agreed on absence of isthmus are presented

in Figure 2. We present a summary of the results with regard to

Examiner 1
mean(min;max) mean(min;max) (LoA)

shortest endocervical length for all seven examiner pairs in Table S3.
For the examiner pair with the best interobserver agreement and re-
liability, the mean difference between the two examiners’ measure-
ments of shortest endocervical length was 0.33 mm (95% Cl -.61
to 1.28), the limits of agreement were -4.06 to 4.72 mm and the
ICC was 0.91. For those two pairs with poorest interobserver agree-
ment and reliability, the mean differences for measurement of short-
est endocervical length were 0.73 mm (95% Cl -1.64 to 3.10) and
0.14 mm (95% Cl -2.08 to 2.37), the limits of agreement were -11.70
to 13.17 mm and -11.11 to 11.39 mm, and the ICC 0.58 and 0.31.
Agreement and reliability with regard to measurement of shortest
endocervical length were better if both examiners in a pair agreed
that the isthmus was absent (Figure 2, Table S3).

Because the shortest endocervical length <25 mm was recorded
by at least one examiner in only four examiner pairs, agreement and
reliability with regard to the shortest endocervical length <25 mm
cannot be reliably estimated in the LIVE study (Table S4).

Measurement error differed between the 14 ultrasound exam-
iners in the LIVE study (Table S5). For shortest endocervical length
measurement error (IISD) was less than 1 mm for eight examiners,
1-1.5 mm for five examiners and 2.4 mm for one examiner.

3.2 | CLIPS study

Sixteen midwife sonographers, here called raters, participated in
the CLIPS study; 12 of them also participated in the LIVE study.
Sixteen raters yield 120 rater pairs. Nine of the 25 certified

Measurement value
Examiner 2 Mean diff

ICC (95% Cl)

Shortest endocervical length (A-B), mm
Pair A m—— | 35.2 (20;44) 34.3 (23;40) 1.0 (-5.4,7.3) 0.76 (0.55; 0.88)
Pair B —t—— 36.3 (28;44) 34.9 (27;42) 1.4 (-5.9;8.7) 0.63 (0.36; 0.81)
PairC | |35.4 (23;49) 34.7 (18;52) 0.7 (-11.7;132)  |0.58 (0.28; 0.78)
PairD | } | 30.3 (22;40) 30.1 (17;38) 0.1 (-11.1;11.4) 0.31 (-0.08; 0.61)
Pair E | 32.7 (23;41) 32.6 (24;40) 0.1 (-7.3,7.6) 0.70 (0.45; 0.85)
Pair F A 36.5 (29;49) 36.2 (27;51) 0.3 (-4.1;4.7) 0.91 (0.81; 0.96)
Pair G 7 —A 40.0 (30;58) 39.2 (28;52) 0.9 (-6.4;8.1) 0.79 (0.59; 0.89)
Shortest endocervical length (A-B), mm (isthmus no for both examiners)
Pair A —te— 34.8 (20;44) 34.3 (23;40) 0.5 (-5.2;6.2) 0.83 (0.64; 0.92)
Pair B | e | 36.0 (29;44) 34.3 (27;42) 1.7 (-4.2;7.5)  *|0.72 (0.40; 0.88)
PairC | [35.4 (23;49) 34.9 (18;52) 05(-11.3;12.3)  |0.64 (0.35; 0.82)
PairD T 33.1 (25;38) 31.1 (26;40) 2.1(-42;83) *|0.57 (0.09; 0.84)
PairE T 34.7 (24;41) 33.2 (24;40) 1.4 (-4.8,7.7) 0.75 (0.44; 0.90)
Pair F —e— 36.9 (29;42) 36.9 (27;43) 0.0 (-3.3;3.3) 0.95 (0.84; 0.98)
Pair G e | 39.6 (30;58) 39.3 (28,52) 0.3 (-4.1,47) 0.92 (0.83; 0.96)
T T T T
-10 -5 0 5 10

Limits of Agreement, mm

FIGURE 2 LIVE study. Forest plots showing mean difference (dot) and limits of agreements (LoA,; lines) for seven examiner pairs for
measurements of shortest endocervical length (A-B) and for shortest endocervical length when both examiners in a pair agreed on absence
of isthmus. Each examiner pair consists of two midwives working in the same center. Measurements and differences are shown in mm, and
all mean differences are shown as positive differences with LoA adjusted accordingly. Asterisks denote systematic differences between

the two examiners. The measurement results and the intraclass correlation coefficient (ICC) with its 95% confidence interval (Cl) for each
pair are also shown. Examiner 1 is the examiner with the highest mean value of the studied variable. Examiner 2 is the examiner with the
lowest mean value of the studied variable. We expect 95% of differences between future measurements by the two examiners in a pair to
fall between the limits of agreement.14 The ICC is considered to be a measure of reliability, that is, to reflect how well the measurements can
discriminate between different individuals. ICC depends on the variance in the population studied. The higher the variance, the higher the
ICC, in particular if the intra-individual variance (“measurement error”) is also small®
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midwife sonographers could not participate in the CLIPS study,
one because she collected the video clips and eight because they
changed workplace or were on long-term sick leave. Before partic-
ipation in the CLIPS study, three of the 16 midwife sonographers
had performed cervical length measurements in <100 women,
three in 100-299 women, eight in 300-499 women and two in
2500 women. Of 318 video clips, 100 were judged to be of very
high quality by the midwife who collected the clips and were se-
lected by her for use in the CLIPS study. Seven of the 100 clips
were excluded because seven women contributed two clips, one
from the examination at 18-20 GWs and another from the exami-
nation at 21-23 GWSs. We used the former. Demographic details
of the 93 pregnant participants in the CLIPS study are shown in
Table S1. Mean (SD) age was 31.0 (4.1) years, 88% of the partici-
pants were white, 51% were nulliparous and mean (SD) body mass
index at the first antenatal visit was 24.7 (4.3) kg/m? (range 18.2-
42.3). All cervical length measurements were performed between
18'%and 23" GWs.

Intraobserver agreement and reliability with regard to the
presence of isthmus differed substantially between the 16
raters (Table S6). Median (range) total agreement was 89.2%
(74.2%-94.6%), negative agreement 93.4% (80.3%-97.1%), pos-
itive agreement 70.7% (40.0%-90.2%) and Cohen’s kappa 0.66
(0.36-0.87).

The 1ISD for endocervical length did not change with the mean
of the measurement values. The 16 raters differed substantially with
regard to their ability to reproduce their own results, see Figure 3,
which shows Bland-Altman plots, [ISD and ICC for each rater. The me-
dian (range) mean difference between two repeated measurements of
endocervical length for the 16 raters was -0.15 mm (-1.48 to 1.27),
1ISD 2.14 mm (1.40-3.46), repeatability 5.93 mm (3.88-9.58) and ICC
0.84 (0.66-0.94) (Table S7). The 95% Cls for the individual ICCs are
presented in Table S8 together with intraobserver measurement error
and reliability for distance A-C, isthmus length and isthmus length plus
endocervical length. Measurement error (IISD) tended to be smaller,
repeatability better (smaller measurement errors) and ICC values to
be higher for examinations performed at 21-23 GWs (n = 20) than for
examinations performed at 18-20 GWs (n = 73) (Table S9).

Intraobserver agreement and reliability with regard to endo-
cervical length <25 mm are shown in Table 1. The median (range)
total agreement for the 16 raters was 95.2% (87.1%-98.9%), negative
agreement 97.4% (93.3%-99.4%), positive agreement 69.7% (28.6%-
93.3%) and Cohen'’s kappa 0.68 (0.27-0.93). Cohen’s kappa was
20.60 (ie at least good) for 10/16 (62.5%) raters and 20.40 (ie at least
fair) for 15/16 (93.8%) raters.

For estimation of interobserver agreement and reliability of
the 120 rater pairs in the CLIPS study we used the results of the
first analysis round. Interobserver agreement and reliability with
regard to the presence of isthmus were median (range) total agree-
ment 81.7% (59.1%-93.5%), negative agreement 88.9% (71.3%-
96.5%), positive agreement 52.0% (22.2%-92.7%) and Cohen'’s
kappa 0.42 (0.12-0.87). Fleiss kappa was 0.41 (95% CI .39-.43). The

interobserver differences and limits of agreement for endocervical

length varied widely between the examiner pairs and were similar
to those in the LIVE study (Table S10). The ICC value was 0.67
(95% Cl .60-.74). The limits of agreement tended to be narrower
and the ICC value to be higher for examinations performed at
21-23 GWs (n = 20) than for examinations at 18-20 GWs (n = 73)
(Table S11). Interobserver agreement and reliability with regard to
endocervical length <25 mm were median (range) total agreement
94.6% (84.9%-98.9%), negative agreement 97.1% (92.3%-99.5%),
positive agreement 58.8% (13.3%-92.3%) and Cohen’s kappa 0.56
(0.12-0.92). Fleiss kappa was 0.53 (95% Cl .51-.55).

4 | DISCUSSION

We found substantial differences between examiner pairs with re-
gard to interobserver agreement and reliability of cervical length
measurements, and substantial differences between examiners with
regard to measurement error, repeatability and reliability.

Our study is the first to estimate reproducibility, repeatability
and reliability of second trimester cervical length measurements
that involve a large number of ultrasound examiners, examiners from
different ultrasound centers and examiners that are sonographers,
not doctors. Our results should be generalizable to examiners with
similar training, supervision and quality control and should reflect
reality better than those of single-center studies involving only a
few examiners. The ultrasound experience and competence of the
midwife sonographers who performed the cervical length measure-
ments in our study are likely to be similar to those of certified sonog-
raphers who perform obstetric scans.

It may be seen as a limitation that we did not test intraobserver
repeatability and reliability in our LIVE study. However, during live
scanning, examiners cannot be blinded to their own results because
measurements must be repeated within a short interval. This means
that results calculated from measurements taken during live scanning do
not truly reflect intraobserver repeatability. Instead we studied intraob-
server agreement and reliability in the CLIPS study, the results of which
are not completely generalizable to a live situation. Assessment of video
clips eliminates variation due to image acquisition and physiological
changes over time, and taking measurements on video clips is different
from taking them during a live scan. Using video clips made it possible to
estimate interobserver agreement for a very large number of examiner
pairs (n = 120) and pairs consisting of examiners from different centers.

The shortest of three endocervical length measurements
seems to be the measurement most often used in research and
clinically.®1%2328 However, in many studies it is unclear whether
repeated measurements were taken and, if they were taken, which
measurement result was used.??32 Only three studies describe
how to measure cervical length when the isthmus is present.é'8
We suspect that isthmus length is sometimes included in what is
incorrectly judged to be endocervical length. Moreover, if the isth-
mus is present, the inner cervical os is difficult to define and mea-
surements may be inaccurate. Our results show that interobserver

agreement for endocervical length was better when the isthmus
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Rater 1 Rater 2

Rater 3 Rater 4

1ISD: 1.95
20 — ICC: 0.85 (0.78; 0.90)

1ISD: 1.83
ICC: 0.87 (0.81; 0.91)

IISD: 2.01
ICC: 0.87 (0.80; 0.91)

1ISD: 2.18
ICC: 0.80 (0.67; 0.88)

Rater 5 Rater 6

Rater 7 Rater 8

1ISD: 1.68
20 - ICC: 0.88 (0.81; 0.92)

1ISD: 2.34

ICC: 0.86 (0.79; 0.90)
b 3

IISD: 2.75
ICC: 0.80 (0.71; 0.86)

1ISD: 3.46
ICC: 0.73 (0.62; 0.81)

Rater 9 Rater 10

Rater 11 Rater 12

1ISD: 2.24
20 — ICC: 0.80 (0.72; 0.86)

1ISD: 2,81
ICC: 0:69 (0.57; 0.79)

1ISD: 2.43
ICC: 0.79 (0.70; 0.86)

IISD: 2.10
ICC: 0.84 (0.70; 0.90)

Difference Analysis 2 - Analysis 1

Rater 13 Rater 14

Rater 15 Rater 16

1ISD: 2.09
20 — ICC: 0.83 (0.75; 0.88)

1ISD: 1.46
ICC: 0.92 (0.67; 0.97)

ISD: 1.40
ICC: 0.94 (0.90; 0.96)

1ISD: 3.45
ICC: 0.66 (0.51; 0.76)

20 30 40 50 20 30 40
Mean of Analysis 1 and Analysis 2, mm

FIGURE 3 CLIPS study. Bland-Altman plots showing intraobserver differences (mm) between the second and first analysis of video clips
for measurement of endocervical length (mm) for 16 individual raters. The mean of the two measurements is shown on the x-axis, and the
difference between the second and first measurement is shown on the y-axis. The black-dotted horizontal line denotes the mean difference,
the gray horizontal dotted lines denote the limits of agreement (within which 95% of the differences fall). The intra-individual SD (IISD) and

the intraclass correlation coefficient (ICC) with its 95% confidence interval in brackets are also shown. The difference between a subject’s
measurement and the true value is expected to be <1.96 x 11SD for 95% of the observations.!® The difference between two measurements on
the same subject (repeatability) is expected to be less than 2.77 x [1SD in 95% of pairs of observations.*® The ICC is considered to be a measure
of reliability, that is, to reflect how well the measurement can discriminate between different individuals. It depends on the variance in the

population studied. The higher the variance, the higher the ICC, in particular if the intra-individual variance (“measurement error”) is also smal

[Color figure can be viewed at wileyonlinelibrary.com]

was judged to be absent by both examiners in an examiner pair.
The tendency for reproducibility, repeatability and reliability to be
better for examinations performed at 21-23 GWs than at 18-20
GWs is likely to be explained by the isthmus being present less
often at 21-23 GWs. Recognizing the isthmus and how to measure
cervical length when the isthmus is present should be included in
teaching cervical length measurements with ultrasound.

Many would probably—arbitrarily—find inter- and intraobserver
differences in cervical length of up to 5 mm clinically acceptable, but
differences 210 mm unacceptable. Whether differences of 6, 7, 8 or
9 mm are acceptable is debatable. For the observer pair in our LIVE
study with the best interobserver agreement, one can expect 95%
of any future differences between them to fall between -4.06 and
4.72 mm. This is similar to the interobserver agreement reported by
Heath et al,*® but the examiners in their study (who were probably doc-
tors, their profession is not clearly described) were not blinded to each
other’s results and the mean of two measurements—not the shortest

of three—was compared. For two examiner pairs in our LIVE study, the

|18

limits of agreement were approximately £11 mm. The interobserver
limits of agreement and ICC values reported in the study by Franca
et al,” in which cervical length was measured by doctors, are similar to
ours, but it is unclear which measurements they compared—possibly
the first of three, not the shortest of three. Souka and Pilalis recently
reported intraobserver agreement and reliability for one doctor (mean
difference -0.5 mm, limits of agreement -3.5 to 2.5; ICC 0.98) and in-
terobserver agreement and reliability for one pair of doctors (mean dif-
ference 1 mm, limits of agreement -4.7 to 6.7; ICC 0.93).33 For the best
rater in our CLIPS study, the difference between two measurements
taken on the same subject is expected to be <3.9 mm in 95% of pairs of
observations (repeatability 3.9 mm). The repeatability was <5 mm for
five of 16 raters and 9.6 mm for the poorest rater. The substantial dif-
ferences in results between examiner pairs and between examiners are
likely to be explained by differences in skill and care of the examiners, in
the stringency of local supervision, and by differences in local training.

Even though the relation between cervical length and preterm de-

livery is a continuum (the shorter the cervix, the higher the likelihood
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of preterm delivery3), cervical length <25 mm is often used to identify
pregnant women at high risk of preterm delivery.?>27:31:3234-37 Therefore,
some might argue that precise measurements are not needed if the cervix
can be reliably classified as <25 or >25 mm. On the other hand, some sug-
gest that shortening of the cervix is a predictor of preterm delivery.?>%%?
To detect changes, repeatability and interobserver agreement must be
good. In our study, agreement that the cervix was >25 mm (negative
agreement) was generally good and agreement that it was <25 mm (posi-
tive agreement) was poorer. This means that if cervical length is reported
to be <25 mm, re-assessment may be wise, since a finding of a “short cer-
vix” may instigate medical intervention. The importance of quality assess-
ment and the need for programs to educate and certify sonographers
before considering universal cervical length screening has been empha-
sized by others.***' However, how educational programs and practical
training are best organized is not known. As pointed out by Boelig et al,*
more research is needed in this area. We speculate that uniform central-
ized education and training, rigorous post-training local supervision and

post-training central quality control may be the way forward.

5 | CONCLUSION

Despite practical training, theoretical lectures, stringent criteria to ob-
tain certification to perform cervical length measurements and four
post-training annual quality controls, there were large differences be-
tween the ultrasound examiners in this study with regard to their abil-
ity to reproduce their own results and those of others. Intraobserver
agreement with regard to cervical length <25 mm was good or very
good for about 60% of the examiners and interobserver agreement
was at least fair for 50% of the examiner pairs. If cervical length meas-
urements with ultrasound are used clinically to guide management
there is potential for both over- and under-treatment. Uniform train-

ing and rigorous post-training quality control are advised.
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