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Objective
To provide a standardized protocol for the measurement of cervical strain elastography, present its reproducibility,
and analyze baseline clinical factors affecting the measurement of elastographic parameters.

Methods

This study was performed by the Korean Research Group of Cervical Elastography. We enrolled pregnant women
according to our study protocol. After measuring the cervical length, elastography was performed using the E-Cervix™
guantification tool to measure the strain of the cervix using intrinsic compression. We evaluated 5 elastographic
parameters, namely, the strain of the internal os of the cervix (I0S), strain of the external os of the cervix (EOS), ratio
of the strain of 10S and EQS, elasticity contrast index, and hardness ratio. For baseline clinical factors, we examined
the maternal body mass index, blood pressure, heart rate, uterine artery Doppler indices, and fetal presentation.

Results

We established a specific protocol for the measurement of cervical elastography using the E cervix program. For all
elastographic parameters, the intra-observer intraclass correlation coefficient (ICC) ranged from 0.633 to 0.723 for
single measures and from 0.838 to 0.887 for average measures, and the inter-observer ICC ranged from 0.814 to 0.977
for single measures and from 0.901 to 0.988 for average measures. Regression analysis showed that the measurement
of the elastographic parameter was not affected by baseline clinical factors.

Conclusion

We present a standardized protocol for the measurement of cervical elastography using intrinsic compression.
According to this protocol, reproducibility was acceptable and the measurement of elastographic parameters was not
affected by the baseline clinical factors studied.
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Introduction

Although short cervical length is an important risk factor for

preterm delivery, the actual positive predictive value for pre-
dicting preterm delivery by cervical length <2.5 cm measured
between 20 to 25 weeks is <20% in low-risk populations
[1,2]. The current American College of Obstetrics and Gyne-
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cology guidelines do not mandate universal cervical length
measurement for low-risk populations but rather state that
screening may be considered [3]. Despite the lack of strong
evidence, cervical length measurement has become routine,
even in low-risk populations in Korea.

Recently, elastography has emerged as an adjunctive tool
to conventional ultrasound in organs such as the breast, liver,
and thyroid [4-6]. For example, current guidelines recognize
that elastography is a complementary technique to B-mode
imaging in breast ultrasounds or diffuse liver disease [4,6].
However, unlike breast or liver tissues, the cervix is a relatively
small organ and has no control tissues, precluding the practi-
cal application of cervical elastography in pregnancy.

There are 2 methods of elastography, namely, shear-wave
and strain elastography; the latter can be further divided ac-
cording to the method of compression—extrinsic or intrinsic.
Because standardization of cervical elastography measure-
ment is crucial irrespective of the methods used, it is impor-
tant to implement useful standards to retain reproducibility.
The E-cervix program is designed to use intrinsic compression
by internally generated fine vibrations by organ motion, such
as adjacent arterial pulsation; therefore, in theory, multiple
baseline clinical factors may affect the measurement of
elastographic parameters. We presumed that several base-
line clinical factors such as maternal body mass index (BMI),
blood pressure, heart rate, uterine artery Doppler indices,
and fetal presentation can affect the elastographic parameter
values.

Considering the above, the aim of our study was 3-fold:
1) to provide a standardized protocol for the measurement
of cervical strain elastography using intrinsic compression,
2) to present its intra- and inter- observer reproducibility, and
3) to analyze baseline clinical factors that affect the measure-
ment of elastographic parameters.

Materials and methods

1. Study population

This study was performed by the Korean Research Group of
Cervical Elastography, which included 7 institutions (Kyung
Hee University Hospital at Gangdong, Kangbuk Samsung
Hospital, Kyungpook National University Hospital, Dongguk
University llsan Hospital, Konkuk University Medical Center,
Yonsei University Severance Hospital, and Samsung Medical
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Center). The ultimate aim of this on-going prospective mul-
ticenter study is to verify cervical elastography as a predictor
of spontaneous preterm birth in high or low risk popula-
tions. The study period is planned to run from June 2018
to December 2020. According to the study protocol, we
will recruit 6 groups of pregnant women according to the
indications as follows: 1) women with short cervical length
(2.5 cm) between 16 and 32 weeks of gestation (the short
cervix group); 2) women with threatened preterm labor (PTL),
defined as those showing 6 or more contractions in 1 hour
on cardiotocography with intact membranes and who were
between 20 and 34 weeks of gestation (the PTL group);
3) women with twin pregnancies between 16 and 30 weeks
of gestation (the twin group); 4) women with a history of
cervical surgery, such as loop electrosurgical excision pro-
cedure (LEEP), between 14 and 24 weeks of gestation (the
LEEP group); 5) women who were treated with progesterone
between 16 and 28 weeks of gestation due to short cervix or
history of prior spontaneous preterm birth (the progesterone
group); and 6) asymptomatic women who underwent rou-
tine mid-trimester ultrasound between 20 and 24 weeks of
gestation (the normal group). The study population was also
categorized into 2 groups as follows: the high-risk popula-
tion comprising the short cervix, PTL, twin, LEEP, and proges-
terone groups, and the low-risk population of the normal
group. The exclusion criteria of all study groups were triplet
pregnancy, placental abruption, and placement of cervical
cerclage at elastography. Participants were allowed to be
enrolled into one or more groups according to the clinical
indications following elastography.

For the assessment of potential baseline clinical factors that
affect the measurement of cervical elastography, participants
(n=256) who were enrolled during the first 3 months after
outset of the study period (from June 2018 to October 2018)
were included. In this analysis, if a participant was enrolled
into more than one group, she was assigned to one repre-
sentative group. For reproducibility and correlation analysis
of this study, an extended number of participants enrolling
up to June 2019 (n=895) were included.

2. Baseline clinical factors that potentially affect the
measurement of cervical elastography

As for baseline factors that could affect the measurement

of cervical elastographic parameters, we examined follow-

ing variables at the time of cervical elastographic measure-
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ment: maternal blood pressure, heart rate, body weight, and
height. The mean arterial pressure was calculated using the
following equation: MAP = (systolic blood pressure + 2xdia-
stolic pressure)/3. Uterine artery Doppler velocimetry was
performed only in the low-risk population, and the pulsatility
index and resistance index were used for analysis. Because
of concerns that active fetal limb movements near the cervix
could induce fine internal vibration and may, thus, affect cer-
vical elastography, we also checked fetal presentation during
elastography, which was dichotomized into cephalic or non-
cephalic.

3. Obtaining proper plane and measurement of
cervical elastography

Cervical elastography was measured via vaginal ultrasound

(WS80A Ultrasound System, Samsung Medison, Seoul,

Korea), which used a 6-MHz transvaginal probe. After mea-

suring the cervical length, elastography was performed at

least 3 times in the same plane with the same transvaginal
probe using the E-Cervix" system, a quantification tool to
measure the strain of the cervix.

At the beginning of this study, all investigators from the
7 participating institutions had several research meetings to
discuss how best to measure and define proper images or
images that should be excluded from the final data analysis.
After multiple discussions based on practical experiences of
performing cervical elastography for more than 2 or 3 years,
we summarized the protocol for the performance and mea-
surement of cervical elastography, which are presented in
Table 1 and Fig. 1 demonstrates the standard plane of cervi-
cal elastography using this suggested protocol. The acquisi-
tion of the cervical elastography image is the same as when
measuring cervical length. Thus, obtaining the mid-sagittal
plane in which the endocervical canal is clearly delineated
and the anterior width of the cervix is equal to the posterior
width is the most important step. We used the default set-

Table 1. Suggested protocol for the performance of cervical elastography and measurement of cervical strain using the E cervix program

Protocol

1. The maternal bladder should be empty prior to examination
2. Set image orientation

The apex of the image is displayed at the top of the monitor, and the fetal part is displayed on the left side of the image sector (Fig. 1).

3. Activate (click on) the E cervix program and obtain an optimal cervical image

The radius of the default preset sector is set at 5 cm (Fig. 1).

The image plane used for cervical elastography is basically the same as the one used in measuring cervical length.
1) Obtain the mid-sagittal plane of the cervix in which the endocervical canal is clearly delineated and the anterior width of the cervix is

equal to the posterior width.

2) Do not apply pressure with the probe onto the anterior cervix.?

4. Acquisition of cervical strain

When the optimal cervical image is obtained, hold still and wait for all motion bars (reliability indicator) to turn green (use auto-freeze

setting for motion bars).

1) The patient is allowed to breathe normally during the time of acquisition.
2) Discard the image when active fetal movements occur during the acquisition, especially fetal limb movement in breech presentation, as

it may affect cervical strain.
5. ROI caliper placement for strain measurement

1) Calipers are placed on the grayscale image displayed on the left of the screen as the elastographic image displayed on the right may be

blurred at the margin.

2) By selecting either a 2- or 4-point ROI, draw a line along the endocervical canal between the internal and external os of the cervix. If
the endocervical line is straight, use a 2-point ROI tool. With a curved cervix, use a 4-point ROI to trace the endocervical lining as best

as possible.

3) After the cervical canal is defined, green points will automatically appear (Fig. 1). Place the points on the 4 corner edges of the cervix so
that the ROI box includes the entire cervix area. Try to include the entire cervix without including adjacent structures such as the bladder

or vaginal wall.

6. Recording measurement

Obtain at least 3 separate images of cervical strain, and the average is usually recorded.

RO, region of interest.
JAdditional external pressure on the cervix may affect cervical strain.
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ting of preset sector (set at 5 cm), as it was enough to cover
entire cervix. Fig. 2 shows examples of a short cervix as mea-
sured on cervical elastography using the E cervix program,
showing relatively low, intermediate, and high strain values.
We checked 5 elastographic parameters, namely, the strain
of the internal os of the cervix (I0S), external os of the cervix
(EOS), ratio of the strain of the internal and external os (ratio
[IOS/EQS)), elasticity contrast index (ECI), and hardness ratio,
as previously defined [7], as well as cervical length.

4. How to measure a funneling cervix
In cases of a funneling cervix, how to delineate the region
of interest (ROI) caliper over the area of the cervix can be an

1
i
.

Y

ECI 247
Hardness Ratio 69.69%
108 0.30
EOS 0.19
Ratio (IOS/EOS) 1.58
3.00cm

ECI 4.18
Hardness Ratio 62.26% .
108 0.27

EOS 0.36 8=
Ratio (IOS/EOS) 0.7%

Cervix L 444 cm

issue. The first method involves including the remaining cer-
vical area (functional cervix) only without the funneling area,
and the second option is to extend the margin of the internal
os to include the funneling area (Fig. 3). We compared these
2 methods in cases of a short cervix with funneling (91 im-
ages from 29 patients) and found no significant differences
in the elastographic parameters between 2 methods (Supple-
mentary Table 1). However, with regard to clinical settings, all
experienced investigators in this research group agreed that
the first method (to include the remaining cervical area only)
is the preferred way to minimize inter-observer variance and
to avoid possible technical difficulties of ROI caliper place-
ment. Thus, it was decided to adhere to the first method in

ECI 329

Hardness Ratio 71.06% %

108 0.34

EOS 032

Ratio (IOS/EOS) 1.06
438cm

ECI

Hardness Ratio

108

EOS

Ratio (IOS/EOS) 0.7
Cervix L 4.16cm

Fig. 1. Standard plane for cervical elastography using the E cervix™. During cervical length measurement, the midline sagittal plane, in
which the endocervical canal is clearly visible and the anterior width of the cervix is equal to the posterior width, is obtained. Care must
be taken not to apply unnecessary pressure to the anterior cervix and to keep the vaginal probe still during data acquisition. After all mo-
tion bars turn green, the screen will freeze automatically. Define the cervix area using either 2-point ROl or 4-point ROI tools. Aim to cover
the entire cervix without including other organs, such as the bladder or vaginal wall. (A) Cervical elastogram using 2-point ROl when the
endocervical line is straight. (B-D) Cervical elastogram using 4-point ROl when the endocervical line is curved. 10S, strain of internal os of
the cervix; EOS, strain of external os of the cervix; Ratio (I0S/EQS), ratio of the strain of the internal and external os; ECI, elasticity contrast
index; ROI, region of interest.
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Fig. 2. Cases of cervical elastography performed in short cervix using E cervix"". (A, D) Short cervix showing relatively low strain values,
reflecting a hard cervix. In (A), the values of cervical length (CL), elasticity contrast index (ECI), hardness ratio, strain of internal os of cervix
(10S), and strain of external os of cervix (EOS) were 2.29 cm, 3.20, 85.77%, 0.15, and 0.19, respectively, and in (D), these were 2.12 cm,
2.17,91.65%, 0.15, and 0.12, respectively. (B, E) Short cervix showing relatively intermediate strain values. In (B), the values of CL, ECI,
hardness ratio, 10S, and EOS were 2.01 c¢m, 3.57, 71.22%, 0.22, and 0.27, respectively, and in (E), these were 2.45 cm, 3.95, 67.19%,
0.31, and 0.22, respectively. (C, F) Short cervix showing relatively high strain values, reflecting a soft cervix. In (C), the values of CL, ECI,
hardness ratio, 10S, and EOS were 2.28 cm, 5.49, 39.95%, 0.33, and 0.58, respectively, and in (F), these were 2.14 cm, 5.01, 35.89%, 0.43,
and 0.44, respectively. Ratio (I0S/EOS), ratio of the strain of the internal and external os.

Fig. 3. Performing cervical elastography using the E cervix" in a short cervix with funneling: 2 methods. Cervical elastography measure-
ments were performed using 2 different methods in the same patients (A vs. D, B vs. E, C vs. F). In the upper panel, measurement of cervi-
cal elastography was performed in a way that it only encompassed the functional cervix (A-C). With this method, the lateral margin of the
internal os is perpendicular to the endocervical canal, excluding funneling area. In the lower panel, cervical elastography measurements
were performed in a way that it encompassed the whole cervix, including the region of funneling by maximal extension of the lateral
margin of the internal os (D-F). 10S, strain of internal os of the cervix; EQS, strain of external os of the cervix; Ratio (I0S/EQS), ratio of the
strain of the internal and external os; ECI, elasticity contrast index.

46 www.ogscience.org



Obstetrics & Gynecology Science

Hyun-Joo Seol, et al. The cervical elastography during pregnancy

the subsequent studies.

5. Inadequate images and images requiring
re-measurement

We defined an inadequate image for elastographic analysis
of the cervix as one that demonstrated any of the following
characteristics: asymmetric cervix (defined when the width
of the anterior cervix was less than half of the posterior
cervix or severely distorted cervix), dilated cervix precluding
the measurement of the cervical length itself, cervix with
Nabothian cyst, and no-clear visualization of internal os due
to shadowing caused by the lower uterine segment. Fig. 4
shows examples of inadequate elastographic cervix images,
and we excluded these images from the final data analysis.

G52/DR123/FA10/P90/Frq Pen./8.0cm

G52/DR123/FA10/P90/Frq Pen./8.0cm

ECI

Hardness Ratio

108

EOS

Ratio (I0S/EOS) 0.5
Cervix L.

ECI 4.39
Hardness Ratio 50.01%
108

EOS

Ratio (IOS/EOS) 1.67
Cervix L 3.53

[TTTIIIIIT]

We also defined images requiring re-measurement as cervical
elastographic images; these themselves were satisfactory, but
the ROI caliper placement required redefinition for the opti-
mal coverage of the cervix.

6. Reproducibility analysis

To determine the intra- and inter- observer reproducibility
of cervical elastography measurement, the intraclass cor-
relation coefficient (ICC) was calculated. For intra-observer
reproducibility, the ICC was obtained using values from
3 repeated examinations (per measurement) obtained from
all (seven) participating institutions. For inter-observer repro-
ducibility, the ICC was obtained from the study population
from one institution (Samsung Medical Center) in the fol-

ECI 3.70
Hardness Ratio 34.47%
o8 042
EOS 047
Ratio (I0OS/EOS) 0.89

ECI

Hardness Ratio
108 0.29
EOS 0.38
Ratio (IOS/EOS) 0.76
4.50cm

344
64.20%

Cervix L.

Fig. 4. Inadequate images for cervical elastography. (A) Asymmetric cervix defined as the width of anterior cervix less than half of the
posterior cervix. (B) Dilated cervix. Note that the dilated endocervical canal is depicted in blue. (C) Cervix with Nabothian cyst. The Nabo-
thian cyst, depicted in blue due to fluid collection, may increase the ECI. (D) Case in which the internal os of the cervix cannot be clearly
visualized, hindering reliable measurement of cervical elastography and cervical length as well. ECI, elasticity contrast index; I0S, strain of
internal os of the cervix; EQS, strain of external os of the cervix; Ratio (I0S/EOS), ratio of the strain of the internal and external os.
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lowing way: in detalil, the first examiner captured the image
of cervical strain and measured the elastographic param-
eters, and the second examiner retrieved the pre-captured
elastographic images, defined the ROI, and measured the
elastographic parameters and cervical length blinded to the
result of first examination. The ICC were presented as single
measures (an index for the reliability of the ratings for 1, typi-
cal, single rater) and as average measures (an index for the
reliability of different raters averaged together). The ICC was
interpreted as follows: <0.50: poor reproducibility, between
0.50 and 0.75: moderate reproducibility, between 0.75 and
0.90: good reproducibility, >0.90: excellent reproducibility [8].

7. Statistical analysis

Correlations between elastographic parameters and base-
line clinical factors (or cervical length and gestational age at
examinations) were analyzed using Spearman’s correlation.
Unadjusted and adjusted regression analysis was also used to
determine the association between baseline clinical factors
and elastographic parameters. All analyses were performed
using SPSS software version 24.0 (SPSS Inc, Chicago, IL, USA)
and R software packages version 3.5.1 (R-Project, R Foun-
dation for Statistical Computing, Vienna, Austria; https:/
r-project.org). A P-value <0.05 was considered statistically
significant.

ECI 255

Hardness Ratio 83.24%
108 017
EOS 0.19
Ratio (IOS/ECS) 0.89

Cervix L 463 cm W

Results

1. Inappropriate case selection and inappropriate
measurement

For quality control, we collected all elastographic images
from 7 institutions during the first 3 months of the study
period. A total of 1,279 images from 256 women were re-
viewed by 2 examiners (SYO and HJS). Overall, the rate of in-
adequate images, defined in the materials and methods, was
9.8% (126/1,279), including 66 images of asymmetric cervix,
12 of dilated cervix, 12 of Nabothian cyst, and 36 with no-
clear visualization of internal os due to shadowing caused by
the lower segment of the uterus. The rate of images requir-
ing re-measurement using pre-captured elastographic im-
ages was also 10.0% (129/1,279). Fig. 5 shows examples of
images requiring re-measurement. The most common reason
for requiring re-measurement was inadvertent application of
the 2-point ROI, despite the fact that the endocervical line
was not straight.

2. Reproducibility

For intra-observer reproducibility, 1,247 measurements
from 895 women were analyzed (because some women
underwent follow-up cervical elastography measurements,
the number of measurements outweighed the number of
patients; and 1 measurement included at least 3 images),
and for inter-observer reproducibility, 166 individual images

ECI 566

Hardness Ratio 48.03%

Fig. 5. The common representative images requiring re-measurement. (A) In a curved cervix, a straight line without measuring along the
cervical canal would not reflect a correct cervical canal. (B) Measurements that inadvertently contain the bladder or amniotic fluid in the
ROI box. This image did not follow the standardized protocol because the bladder was not empty. Ratio (I0S/EQS), ratio of the strain of the
internal and external os; ECI, elasticity contrast index; ROI, region of interest.
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from 43 women were used. Table 2 demonstrates the intra-
and inter- observer ICCs for each elastographic parameter as
well as cervical length. Overall, the intra-observer ICC value
ranged from 0.633 to 0.723 for single measures and from
0.838 to 0.887 for average measures, indicating moderate

and good reproducibility, and the inter-observer ICC ranged
from 0.814 to 0.977 for single measures and from 0.901 to
0.988 for average measures, thereby showing good to excel-
lent reproducibility.

Table 2. Intra-and inter-observer intraclass correlation coefficient (ICC) of the elastographic parameters and cervical length

Intra-observer Inter-observer

Single measures Average measures Single measures Average measures

ICC (95% CI)

ICC (95% CI)

ICC (95% CI)

ICC (95% CI)

Cervical length 0.955 (0.951-0.959) 0.985 (0.983-0.986) 0.903 (0.871-0.928) 0.949 (0.932-0.962)
10S 0.660 (0.635-0.685) 0.854 (0.839-0.867) 0.977 (0.969-0.983) 0.988 (0.984-0.991)
EOS 0.633 (0.605-0.659) 0.838 (0.822-0.853) 0.928 (0.903-0.947) 0.963 (0.951-0.973)
Ratio (I0S/EQS) 0.644 (0.618-0.670) 0.845 (0.829-0.859) 0.883 (0.845-0.913) 0.936 (0.913-0.953)
ECI 0.723(0.700-0.744) 0.887 (0.875-0.897) 0.814 (0.756-0.860) 0.901 (0.867-0.927)
Hardness ratio 0.663 (0.638-0.688) 0.855 (0.841-0.869) 0.976 (0.968-0.983) 0.988 (0.984-0.991)

ICC, intraclass correlation coefficient; Cl, confidence interval; I0S, internal os of the cervix; EOS, external os of the cervix; Ratio (IOS/EQS), ratio
of the strain of the internal and external os; ECI, elasticity contrast index; Cl, confidence interval.

Table 3. Patients characteristics and delivery outcomes of the study population for the analysis of baseline clinical factors that affect the

measurement of elastographic parameters

)

Variables Short cervix® PTL Twin LEEP Normal
(n=32) (n=21) (n=22) (n=7) (n=134)

Age (yr) 33.0(30.0-36.0) 34.0 (30.0-36.0) 35.5(34.0-37.0) 33.5(32.3-36.8) 34.0 (31.0-36.0)

Parous women (%) 21(53.1) 5(23.8) 6(27.3) 4 (57.1) 52 (38.8)

BMI before pregnancy

(kg/m?)

BMI at elastography
(kg/m?)

Prior sPTB (%)
Overt DM (%)

Chronic hypertension
(%)

GA at elastography
(wk)

Cervical length (mm)
GA at delivery (wk)

Neonatal birth
weight (g)

PTB <37 wk (%)
SPTB <37 wk (%)

20.9(19.8-23.2)

23.1(21.9-25.5)

1(3.1)

25.2 (21.4-28.4)

21.0(15.7-23.9)
38.4(36.5-39.5)

2,935 (2,652-3,422)

7(21.9)
5(15.6)

20.9(19.5-25.4)

24.7 (22.1-26.9)

31.1(28.4-32.3)

24.0(18.5-32.7)
38.0(34.3-35.5)

2,880 (2,008-3,196)

6 (28.6)
5(23.8)

21.7 (20.8-23.2)

23.1(22.0-26.3)

23.1(22.0-26.8)

33.0(24.7-41.2)
36.6 (35.0-37.1)

2,388 (2,062-2,708)

13(59.1)
6(27.3)

20.7 (18.6-26.3)

22.5(20.8-26.9)

1(14.3)
0(0.0)
1(14.3)

21.0(18.5-26.1)

26.0(13.0-31.4)
36.1(29.4-39.6)

3,040 (1,310-3,130)

20.8(19.7-23.5)

22.9(21.3-25.4)

3(2.2)
1(0.7)
7(5.2)

21.0(20.4-21.3)

37.3(32.3-42.3)
38.5(38.0-39.4)

3,154 (2,890-3,464)

15(11.1)
8(5.9)

Data are shown as median (interquartile range) and number (%).

BMI, body mass index; sPTB, spontaneous preterm birth; DM, diabetes mellitus; GA, gestational age; PTB, preterm birth; PTL, preterm labor;
LEEP, loop electrosurgical excision procedure.
“The short cervix group included 22 women from the progesterone group.
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we performed regression analysis to determine the associa- v [
tion between elastographic parameters and baseline clini- o é
cal factors, including fetal cephalic presentation (Table 5). o = °§ g 0= 3 ;E:) .
Although the hardness ratio was slightly affected by ma- o g |9 oo R
ternal BMI as per unadjusted regression analysis, it became g “ s é
nonsignificant after adjusting for maternal age, parity, and z é NN ;%_) *2
gestational age at examination by regression analysis. All E = £ gl P ;l ;l °o¢
other elastographic parameters were unaffected by unad- 2 é’. B e
justed and adjusted regression analysis. E g g
o o
S § N ©O VW s O % %
4. Correlation analysis of elastographic parameters = S EHhIa®3 Tz
with cervical length and gestational age at £ e |®=°=°° 3 g_
examination 3 § 2 = 3
Overall, 846 women (334 in the high-risk and 512 in the % Eol¥ 5 33y g é
low-risk group) were finally available for this analysis. The a § s s oo = §
hardness ratio showed a positive correlation with the cervi- *é & 2 2
cal length (Spearman’s rho=0.184, P<0.001), whereas ECI S ‘_g g?
showed a negative correlation (Spearman’s rho=-0.279, o % S A = G % g
P<0.001). The strain value of 10S and IOS/EQS ratio also é 3 Ssa3338 s T
showed a weak negative correlation with the cervical length Slw § ;
(10S, Spearman’s rho=-0.099, P=0.002; IOS/EQS ratio, é e é - 5
Spearman’s rho=-0.074, P=0.022), whereas that of EOS was g §_§ g % § § § Sj_ §
not correlated (Spearman’s rho=-0.057, P=0.075). Regarding = :‘é_ g e g
the correlation with gestational age on examination, all elas- 2 < 8 é =
tographic parameters were significantly correlated. In detail, TE S ol - < <5 %
strain value of 10S, EOS, IOS/EQS ratio, and ECI showed posi- g 2 |~~~ <= = § (_é 5
tive correlation (I0S, Spearman’s rho=0.216, P<0.001; EOS, & 3;3 cE
Spearman’s rho=0.080, P=0.013; IOS/EQS ratio, Spearman’s % 9 E <§E
rho=0.161, P<0.001; ECI, Spearman’s rho=0.149, P<0.001), : = g % ? _% g
whereas the hardness ratio showed a negative correlation % :E ‘g - % *3 §
(Spearman’s rho=-0.205, P<0.001), reflecting decreasing & | © © 222355 g8 &g
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P-value
0085
0269
0492

Adjusted”

B2SE (B)
~0511:02%
01050094
~0057:0082
473116522

Hardness ratio

Unadjusted
0.240
0.157

P-value
0.010

B2SE (B)
-0844:0323
-0.120:0.102
-0.112:0079

-2.884+4.877

P-value
0093
0392
0924

Adjusted”

B=SE (B)
0.041£0.024
0.0060.007
0.001+0.006
0313:0379

-0.293+1.016

EC

Unadjusted
P-value
0539
0338
0720

B=SE (B)
0.006:0.010
0.0070.007
0.002:+0.006
0.287+0378

-0.609+0.987
0.283+0.177

P-value
0769
0407
0948
0403
0.106
0798

Adjusted”

B=SE(B)
-0.0010.003
0.0010.002
0.0001+0.001
-0.008+0.009
-0391+0.240
0.012+0.045

Ratio (I0S/EOS)

P-value
0244
0379
0577

Unadjusted

B<SE(B)
-0.0030.002
00010.002
00010001
-0072:0078
-0349:0.229

P-value
0351
0619
0657

Adjusted”
B=SE (B)
00010001

0498 0.0003+0.001
0370  0.00020.0005

0523
0779

0464

EOS
Unadjusted
P-value
061

B=SE (B)
0.0004+0.001
0.0004+0.0005

0.024:+0.037
0.026+0.091
-0.01110.014

0.00040.001

P-value
03%
0.347
0678

Adjusted”

B2SE (B)
00020002
0001:0.001

108

0428 0.0002+0.001

P-value
0122
0332
0.802

Unadjusted

B=SE ()
0.003+0.002
0.0010.001
0.0010.001
0010+0.038

-0.073:0.102

Table 5. Regression analysis for association between elastographic parameters and baseline clinical factors

Clinical
factors
M|
MAP
Heart rate
UAPI
UAR

www.ogscience.org

0555 0469

0410
0773

0449

0538

0.113

0356

0.117

0.057+0.036
0.107+0.100
-0.005+0.015

0.798
0834
0931

00110.041
-0.024:0.115

-2.788+18700  0.882

-2262+2.215

9334+13646 0495

-0.358+2.442

0.129
0.687

0287
0718

0474
0651

0883 0308

0058

0352+0.184

0015+0.039

00010013

-0.0070.015

Cephalic

presentation

P-values <0.05 are shown in bold.

I0S, strain of internal os of the cervix; EQS, strain of external os of the cervix; Ratio (I0S/EQS), ratio of the strain of the internal and external os; ECI, elasticity contrast index; BMI, body

mass index; MAP, mean arterial pressure; UAPI, uterine artery pulsatility index; UARI, uterine artery resistance index; SE, standard error.

JAdjusted for maternal age, parity, and gestational age at examination.

cervical stiffness with advancing gestational week.

Discussion

In this study, we established a standardized protocol for
cervical strain elastography measurement using intrinsic
compression (E cervix program). Indeed, protocol for the
measurement of cervical elastography is similar to that nor-
mally recommended for the measurement of the cervical
length [9]. Recently, instructions regarding obtaining and
measuring cervical length were provided by the Maternal-
Fetal Medicine Unit network from the United States, and
proper performance of transvaginal measurement of cervical
length was highlighted [10]. According to these instructions,
at least 3 separate images should be taken, and the shortest
distance of cervical length should be chosen. In addition, it
was noted that one good way to obtain the “shortest best”
cervical length is to measure the length repeatedly until the
variation between measurements is <10%. In our protocol
of cervical elastography, we also recommend that at least
3 separate images be obtained and the average value of
each elastographic parameter be used. Despite such a proto-
col, we found that in about 10% of our high- as well as low-
risk study population, a number of cervixes were considered
inadequate for cervical elastography measurement due to
several reasons, including cervical asymmetry. This is rather
similar to that in an earlier study reporting that 12% of low-
risk women were excluded from the assessment of the cervi-
cal consistency index due to the presence of a non-horizontal
cervical canal before compression [11].

Several studies have demonstrated that the implementa-
tion of standardization improves inter-observer variability and
reproducibility in the measurement of the cervical length [12].
Indeed, it was previously noted that at least 23 supervised
ultrasound scans appear necessary for an operator with no
experience in transvaginal ultrasound in measuring cervical
length. They have shown that the inter-observer ICC was
progressed from 0.43 in the first study to 0.77 in the third
study [9]. Although we did not directly assess the effect of
training of cervical elastography on reproducibility, we wit-
nessed that elastographic images taken by operators with
more experience in obtaining proper plane and measuring
cervical elastography less require re-measurement by inter-
nal quality control monitoring. Therefore, it is important to
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adhere to the standardized protocol for performing cervi-
cal elastography, and supervised training time is necessary,
as previously suggested in the measurement of the cervical
length [10] and cervical consistency index [11].

According to a previous study that examined reproducibility
using the E cervix program including 90 women with 2 re-
peated examinations (per measurement), the intra- and inter-
observer ICC for single measures of hardness ratio were 0.737
and 0.775, respectively [13]. In this study, the intra-observer
ICC was assessed using 895 women from 7 institutions who
underwent 3 repeated examinations (per measurement) ac-
cording to the study protocol. As a result, the intra-observer
ICC for most elastographic parameters ranged from 0.633
to 0.723 for single measures and from 0.838 to 0.887 for
average measures, showing moderate to good reproduc-
ibility and indirectly supporting our protocol that at least
3 repeated examinations should be performed in the mea-
surement of cervical elastography. In contrast to the previ-
ous study in which inter-observer variance was assessed by
2 separate examinations by 2 operators [13], the inter-
observer ICC in the present study was assessed by acquisition
of the cervical elastography image itself by one operator and
measurement of elastographic parameters by 2 operators.
With this method, the inter-observer ICC for most elasto-
graphic parameters ranged from 0.814 to 0.977 for single
measures and from 0.901 to 0.988 for average measures.
However, it should be noted that this does not reflect the
real reproducibility in a situation where a patient is examined
by 2 different physicians, rather it reflects a situation where
one operator acquires a cervical elastography image in front
of patient examination, and the measurement of cervical
elastographic parameters is assessed later by another ex-
aminer. This type of inter-observer variance with pre-stored
image was also demonstrated by another investigator in as-
sessing cervical consistency index [11]. Given that the overall
rate of images requiring re-measurement using pre-captured
elastographic images was 10.0% in our initial analysis, the
measurement of elastographic parameters by applying the
ROl accurately by a single experienced operator using a
properly pre-captured cervical elastographic image can be a
practical way to decrease inter-observer variation.

There are 2 methods of elastography, namely, shear-wave
and strain elastography. Shear-wave elastography requires an
acoustic force that creates a mechanical impulse following
tissue displacement. Because shear-wave elastography pro-
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vides a shear-wave speed in a given tissue, it is a more objec-
tive method of elastography [14], which is considered the
main advantage. Because shear-wave elastography requires
the basic assumption that the assessed tissue has anisotropic
characteristics [15], it works well in relative homogenous tis-
sues, such as liver [16]. In contrast, the application of shear-
wave elastography in the cervix is likely problematic because
transverse wave behavior is much more complicated in het-
erogeneous tissues, such as the cervix [17]. Fetal safety is also
more of a concern in shear-wave elastography than in strain
elastography [18]. Strain elastography is based on tissue dis-
placement by external applied forces; the main disadvantage
of strain elastography is that the external force exerting the
cervix is hard to standardize. Some strain elastography uses
intrinsic compression, which is intrinsically generated by fine
vibration of the internal organs, such as arterial pulsation [19].
In fact, this type of intrinsic compression was initially imple-
mented in thyroid elastography, which uses carotid artery
pulsation as a compression source [20], and later investigated
in several studies [21-24]. This method is less operator-de-
pendent than external compression elastography in thyroid
assessment [23]. However, such an intrinsic compression
is also difficult to quantify for ideal standardization. In our
study, we used cervical elastography using intrinsic compres-
sion; therefore, it was theoretically considered that intrinsic
factors, including maternal blood pressure, may affect the
measurement of elastographic parameters as expected. In
this study, we found that none of the elastographic param-
eters were significantly affected by baseline clinical factors,
including arterial pressure, heart rate, BMI, and uterine artery
Doppler indices. However, all elastographic parameters were
correlated with gestational age at examination, reflecting
that the cervix becomes softer as the gestational age in-
creases. In our practical experiences, the intra-observer vari-
ability in breech presentation was higher than that in head
presentation, although there was no statistical significance
(data not shown). Therefore, caution is advised to avoid ac-
tive fetal movement when measuring cervical elastography,
as indicated in the protocol (Table 1).

In summary, cervical elastography has emerged as a prom-
ising ancillary tool to measure the cervical length in the
prediction of preterm birth [25-28]. Meanwhile, the stan-
dardization of cervical elastography measurements is an in-
dispensable component that requires to be established prior
to clinical studies and following practical application. We
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presented the standardization, reproducibility, and analysis of
baseline clinical factors that potentially affect the measure-
ment of elastographic parameters of the cervix while con-
ducting an on-going study, which is intended to investigate
the clinical implication of cervical elastography in prediction
of preterm birth in low- and high-risk pregnant patients and
is supposed to be completed in December 2020.
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