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Elastography for predicting preterm delivery
in patients with short cervical length at 18-22
weeks of gestation: a prospective observational
study

Zastosowanie elastografii w przewidywaniu porodu przedwczesnego
u pacjentek z krotkg szyjkg macicy stwierdzong miedzy 18-22 tygodniem
cigzy: prospektywne badanie obserwacyjnee

Stawomir Wozniak, Piotr Czuczwar, Piotr Szkodziak, Wojciech Wrona, Tomasz Paszkowski

3¢ Chair and Department of Gynecology, Medical University of Lublin, Poland

Abstract

Objectives: The aim of the study was to estimate the potential value of elastographic evaluation of the internal
cervical os at 18-22 weeks of pregnancy in patients with short cervical length for prediction of preterm delivery
(PTD).

Material and methods: This prospective observational study included 109 patients with cervical length of <256 mm
at 18-22 weeks scan. Stiffness of the internal cervical os was assessed by elastography. Elastographic assessment
of the internal os was performed using a color map: red (soft), yellow (medium soft), blue (medium hard), and purple
(hard). If two colors were visible in the region of the internal os, the softer option was noted. The following outcome
measures were analyzed: percentage of PTDs in various categories of elastographic cervical assessment, sensitivity,
specificity, negative predictive value (NPV), and positive predictive value (PPV) of elastography in predicting PTDs.
Additionally, ROC curves were constructed for elastography and cervical length for predicting PTDs.

Results: Forty-five cases of PTDs (<37 weeks of pregnancy) were found in the studied population. The number of
PTDs was significantly higher in the red group, than in the blue and purple groups. The sensitivity, specificity, NPV
and PPV for the assessment of both, red and yellow internal os for predicting preterm delivery were 82.2%, 75.0%,
84.0% and 72.5% respectively. The cut-off value for elastography suggested inclusion of both, red and yellow
(warm) colors as predictors of PTD.

Conclusions: Elastographic evaluation of the internal cervical os at 18-22 weeks of pregnancy in patients with
short cervical length may be useful in predicting PTD.
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Streszczenie

Cel: Ocena znaczenia elastograficznej oceny ujscia wewnetrznego szyjki macicy w przewidywaniu porodu
przedwczesnego (PTD) u pacjentek z krotkg szyjkg macicy stwierdzong w 18-22 tygodniu cigzy.

Materiat i metody: Prospektywne badanie obserwacyjne obejmujgce 109 pacjentek z ditugoscig szyjki macicy
<25 mm stwierdzong w 18-22 tygodniu cigzy. Elastograficznie oceniano twardosc ujscia wewnetrznego szyjki
macicy z uzyciem nastepujacej skali kolorow: czerwone (miekkie);, zotte (srednio miekkie); niebieskie (srednio
twarde); fioletowe (twarde). W przypadku uwidocznienia dwdch kolorow w okolicy ujscia wewnetrznego wybierano
opcje bardziej miekkg. Analizowano nastepujgce zmienne: odsetek PTD w poszczegolnych kategoriach twardosci
ujscia wewnetrznego oraz czutosc¢, swoistosc, ujemng i dodatnig wartosc¢ predykcyjng (NPV i PPV) elastografii
w przewidywaniu PTD. Ponadto wyznaczono krzywe ROC dla elastografii i dfugosci szyjki macicy w przewidywaniu
PTD.

Wyniki: W badanej populacji wystapito 45 PTD (<37 tygodnia cigzy). Liczba PTD byta istotnie wieksza w grupie
czerwonej, niz w niebieskigj i fioletowej. Czutosc¢, swoistosc, NPV i PPV dla czerwonej i zottej oceny ujs¢
wewnetrznych wynosita odpowiednio 82.2%, 756.0%, 84.0% i 72.5%. Punkt odciecia dla elastografii sugeruje
przyjecie zarowno czerwonego jak i zottego koloru jako czynnikow predysponujgcych do PTD.

Whioski: Elastograficzna ocena ujscia wewnetrznego szyjki macicy w 18-22 tygodniu cigzy u pacjentek z krotkg

szyjkg macicy moze byc przydatna w przewidywaniu PTD.

Stowa kluczowe: elastografia / poréd przedwczesny / krotka szyjka / ultrasonografia

Introduction

Preterm delivery (PTD) is defined as birth before 37 com-
pleted weeks of pregnancy. PTD is responsible for 75% of all
neonatal deaths [1]. Numerous attempts have been made to de-
crease its rate but, according to the World Health Organization,
the incidence of PTD still exceeds 11% [2]. Early identification
of patients at high-risk for PTD is crucial. Proper treatment and
extending the pregnancy result in a major decrease in handicap
and mortality rates [3—5].

Elastography is an ultrasound-based imaging technique used
to estimate the stiffness of the visualized tissues. Three major
types of elastography include: strain elastography (SE), acoustic
radiation force impulse imaging, and shear-wave elastography
[6]. In SE, the examined tissues respond to the applied force
(either active or passive, i.e. due to respiratory or cardiovascular
pulsation) by strain (higher in soft and lower in hard tissues).
Finally, an elastogram is created, where areas of different
colors represent various strain ratios, showing the stiffness of
the examined areas. Possible applications of elastography were
described in detail in recently published EFSUMB (European
Federation for Ultrasound in Medicine and Biology) guidelines
[7]. However, data on the use of elastography in obstetrics and
gynecology are scarce. Previous studies showed the role of
elastography in differential diagnosis of endometrial pathologies,
and prediction of successful labor induction [8—11].

During the course of pregnancy, the increase of collageno-
lytic activity in the cervical tissue leads to a decrease of collagen
content and modification of biomechanical properties of the cer-
vix, and these changes may be identified by elastography [12]. A
continuous reduction in cervical stiffness, with decreasing cervi-
cal length and increasing gestational age, was shown [13]. Ex-
cessive collagenolytic activity may lead to cervical insufficiency
[12]. It was previously reported that it may be possible to assess
the risk of preterm birth by means of elastography [14, 15].
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The Aim

The aim of our study was to estimate the potential value
of elastographic evaluation of the internal cervical os at 18-22
weeks of pregnancy in patients with short cervical length to pre-
dict spontaneous preterm delivery.

Material and methods

Study design

This prospective observational study investigated the po-
tential of elastographic assessment of the internal cervical os
for prediction of preterm delivery in patients with a short cervix
observed during the 18-22 weeks ultrasound examination. The
study was prepared and performed according to the STROBE
Statement Checklist for observational studies.

Setting

This single-center study was conducted at the 3rd Chair and
Department of Gynecology, Medical University of Lublin, Po-
land. Patients were recruited from May 2010 to August 2014.

Participants

Patients presenting for the routine second trimester ultra-
sound scan were included in the study. The inclusion criteria
were: uncomplicated pregnancy, gestational age between 18+0
and 21+6 weeks; cervical length of <25 mm, viable singleton
pregnancy, no uterine contractions, no evidence of preterm rup-
ture of membranes, no cervical dilation, and no previous cervical
surgery. The following data were recorded: elastographic color
assessment of the internal cervical os and ultrasound cervical
length, maternal age, obstetric history, and gestational age at de-
livery. In preterm deliveries the underlying cause was document-
ed, cases due to maternal and fetal indications were excluded. All
pregnancies were managed according to current guidelines. The
flow chart of the study design is shown in Figure 1. The study was
approved by the Local Bioethics Committee.

Written informed consent was obtained from all participants.
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Figure 1. Flow chart of the study design.

Variables

The following data were recorded during the 18-22 weeks
examination: maternal age, obstetrical history, cervical length
(measured by ultrasound), and stiffness of the internal cervical os
assessed by elastography. Patients were followed-up until deliv-
ery and gestational age at delivery was recorded.

The following outcome measures were analyzed: rate of
PTDs in various categories of elastographic cervical assessment,
sensitivity, specificity, negative predictive value (NPV), positive
predictive value (PPV), and positive and negative likelihood ra-
tios (LR+ and LR-) with 95% confidence intervals of elastog-
raphy in predicting PTDs. Additionally, ROC curves were con-
structed for elastography and cervical length in predicting PTDs.

Data sources/measurement

Physical examinations and management of pregnancies were
performed by experienced obstetricians.

Ultrasound and elastographic examinations of the cervix
were performed transvaginally by one experienced obstetrician
(SW; 20 years of experience in ultrasound) on a Samsung Me-
dison V20 Prestige, equipped with a 3D5-9EK transvaginal vol-
ume transducer (frequency range: 5 — 9 MHz, radius of curvature:
11.65 mm; field of view: 146 degrees; number of elements: 128,
element pitch: 0.1964) with an Elastoscan® option.

Cervical length measurements were performed in the sagittal
plane with the entire cervical canal visible, calipers placed on the
internal and external os, with an empty bladder and minimal pres-
sure [16]. Three measurements were performed and the shortest
value was noted.

Elastography of the cervix was performed similarly to the
technique reported by Swiatkowska-Freund and Preis [8]. The
main difference in our study was the fact that we decided not to
use the five-step elastography index proposed by Swiatkowska-
Freund and Preis, and to evaluate the stiffness of the internal cer-
vical os only. During the examination, the patients were breathing
normally and the operator did not apply pressure to the cervix —
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Table I. Clinical characteristics of the studied population.

Patient age (median, range) 28 192%3;;?R
Obstetrical history
No. of previous pregnancies
(n, %)

0 27 26.7

1 45 445

2 24 23.7

3 5 4.9
History of preterm delivery (n, %) 49 48.5
Current pregnancy
Cervical length at 18-22 weeks of 20 6-25 (IQR
gestation (median, range) 16-23)
Cervical funneling at 18-22 weeks o
of gestation (n, %) 54 53.5%
Delivery before 32 weeks of 9 8.9
pregnancy (n, %) '
Delivery between 33 and 37
weeks of pregnancy (n, %) 36 35.6

the elastographic image of the cervix was generated by patient’s
breathing movements and arterial pulsation. After visualizing the
sagittal section of the cervical canal, elasticity of the internal cer-
vical os was assessed using a color map as: red (soft), yellow
(medium soft), blue (medium hard) and purple (hard) (Figure 2).
Any additional movements (patient changing position, cough-
ing or even talking; the operator moving his hand) lead to the
presence of artefacts and may change the appearance of the color
map. Once a stable video sequence (at least 10 seconds) was ob-
tained, the operator determined the dominant color of the internal
cervical os. In case of difficulties (two colors of similar intensity
visible) the softer option was noted.
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Table Il. Diagnostic accuracy of elastography performed at 18-22 weeks of pregnancy in predicting preterm delivery for various cut-off colors: red (soft); yellow and red (soft
and medium soft) and red, yellow and blue (soft, medium soft and medium hard).

Internal os elastography assessment

Red

Yellow and red

Blue, yellow and red

Sensitivity (95% ClI)

68.9% (53.4-81.8)

82.2% (67.9-92.0)

95.6% (84.9-99.5)

Specificity (95% Cl)

85.7% (73.8-93.6)

75.0% (61.6-85.6)

51.8% (38.0-65.3)

NPV (95% CI)

77.4% (65.0-87.0)

84.0% (70.9-92.8)

93.5% (78.6-99.2)

PPV (95% Cl)

79.5% (63.5-90.7)

72.5% (58.3-84.1)

61.4% (49.0-72.8)

LR+ (95% Cl)

4.82 (2.47-9.43)

3.29 (2.05-5.28)

1.98 (1.50-2.62)

LR- (95% Cl)

0.36 (0.23-0.57)

0.24 (0.12-0.45)

0.08 (0.02-0.34)

Figure 2. Gray-scale ultrasound (A) and elastography (B) of the internal cervical os (white circle). For elastography the following color map was used: red (soft), yellow
(medium soft), blue (medium hard) and purple (hard). The internal cervical os was assessed as soft (red).

Statistical methods

Statistical analysis was performed using Statistica software
(version 10, Statsoft, Tulsa, OK, USA). Frequencies of PTDs
in various categories of elastographic cervical assessment were
compared with the Kruskal-Wallis Anova. To determine the cut- 08
off category of cervical elastography assessment in selecting
high-risk for preterm delivery patients, we calculated the sensitiv-

ity, specificity, negative predictive value (NPV), positive predic- = 06
tive value (PPV) and positive and negative likelihood ratios (LR+ g
and LR-) with 95% confidence intervals (CI) for red (soft); and @

S
=

red and yellow (soft and medium soft, warm colors) and red, yel-
low and blue (soft, medium soft and medium hard). Finally, ROC
curves were constructed for elastography and cervical length. P 02
value of <0.05 was considered as statistically significant.

Results 00 &

the flow chart of the study design is shown in Figure 1. Be- 00 02 0':_Spec_.m:'6 o8 10
tween 2010 and 2014, a total of 2140 patients presented for a = =cenvix length

—cervical elastography

routine 18-22 weeks ultrasound examination. In 109 patients the .
----- reference line

cervical length was <25 mm and these women were asked to par-
ticipate in the St“‘b" Two patients did not (fonsent an.d 6 were lost Figure 3. ROC curves for elastography and cervix length in predicting preterm
to follow-up leaving 101 cases for analysis. All patients were of  delivery (<37 weeks of pregnancy).

Caucasian origin. The clinical characteristics of the studied popu-
lation are shown in Table I.
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Forty-five cases of PTDs (<37 weeks of pregnancy) was
found in the studied population: 33 in patients with a history of
PTD and 12 in patients without a history of PTD. Out of these, 9
cases of PTDs (8.9% of the studied group) occurred <32 weeks
of pregnancy: 8 in patients with a history of PTD and 1 in patients
without a history of PTD.

At 18-22 weeks of pregnancy, the internal cervical os was
evaluated as purple (hard) in 31, blue (medium hard) in 19, yel-
low (medium soft) in 12, and red (soft) in 39 patients. The num-
bers and rates of PTDs (<37 weeks of pregnancy) in the respec-
tive groups were: purple — 2 (5.1%), blue — 6 (31.6%), yellow — 6
(50.0%), and red — 31 (79.5%). The number of PTDs was not
significantly different between purple and blue colors (cold col-
ors) (p>0.05) and between red and yellow colors (warm colors)
(p>0.05). The number of PTDs in the red group was significantly
higher than in the blue and purple groups (p=0.02 and p<0.001),
but not in the yellow group (p = 0.74). In all 9 cases of PTDs <32
weeks of gestation the cervix was assessed as red (soft) at 18-22
weeks of pregnancy.

In the warm color group (red and yellow) PTD occurred in
37 out of 51 patients (72.5%), whilst in the cold color group (blue
and purple) — in 8 out of 50 patients (16.0%).

Spearman’s correlation test showed a statistically significant
correlation between cervical elastographic assessment and PTD
(before 37 weeks of pregnancy) (R =-0.62; p<0.05).

The sensitivity, specificity, negative predictive value (NPV),
positive predictive value (PPV) and positive and negative likeli-
hood ratios (LR+ and LR-) with 95% confidence intervals for
various categories of internal os elastographic assessment in se-
lecting patients at high risk for preterm delivery are shown in
Table II.

ROC curves for elastographic internal os assessment and
cervix length are shown in Figure 3. The cut-off value for elasto-
graphic cervical assessment suggested including bot, red and yel-
low (warm) colors as predictors of PTD, while the cut-off value
for cervical length was calculated at 19 mm. The area under the
curve (AUC) was 0.84 (95% CI 0.76 — 0.92) for elastography and
0.68 For cervical length (95% ci 0.58 — 0.79; P=0.02).

Discussion

Key results

Our results show that elastography allows to identify indi-
viduals at highest risk for PTD in the population of patients with
a short cervix. Warm colors of the internal cervical os, red (soft)
and yellow (medium soft), were identified as predictors of PTD.
Interestingly, in patients with the cervical length of <25 mm,
elastography was more accurate in predicting PTD than cervical
length itself.

Generalizability

In our study, we included only patients with cervical length
of <25 mm, but with no other symptoms of threatened PTD (uter-
ine contractions, evidence of preterm rupture of membranes, cer-
vical dilation, previous cervical surgery). Therefore, our results
should be generalized only to asymptomatic patients, in whom a
short cervix was an incidental finding during the 18 — 22 weeks
ultrasound scan.
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Limitations

We used the elastographic technique originally described
by Swiatkowska-Freund and Preis [8]. We did not analyze the
inter- and intra-observer variability, but due to the study design
[all examinations were performed by one person) inter-observer
variability could not be analyzed. The reproducibility and stan-
dardization of this technique has been questioned [17]. However,
Swiatkowska et al., have recently shown satisfactory reproduc-
ibility and repeatability for this technique both, for experienced
and inexperienced operators [18]. It has to be stressed that, re-
gardless of the elastography technique used, all published papers
present similar conclusions about the role of elastography in pre-
dicting PTD[14, 15, 19]. Finally, we assessed only the internal os
of the cervix because we included only patients with short cer-
vixes, and in such cases distinguishing many separate regions of
the cervix could be problematic due to smaller area of the cervix.
Moreover, Hernandez Andrade et al., observed that inter-observer
agreement for elastography was highest in the internal os region
[13]. Finally, it was shown that only the stiffness of the internal
os predicted successful labor induction [8].

Interpretation

We demonstrated that it is possible to predict PTD using
elastography. In previous studies the potential role of various
elastographic techniques was assessed. Hernadez-Andrade et al.,
showed in a study of 189 unselected patients that elastographic
cervical strain measurements at 16 — 24 weeks of gestation were
significantly associated with the risk of PTD [19]. These authors
also found that cervical strain seems to provide different informa-
tion about cervical characteristics from cervical length. Swiat-
kowska-Freund et al., investigated a group of 44 patients admit-
ted to the hospital due to contractions before 37 weeks of gesta-
tion and found that elastography index of the internal cervical os
was strongly correlated with the risk of PTD [15]. In our previous
study on 333 low-risk asymptomatic patients, we found that it
was possible to identify patients with increased risk of PTD by
means of elastography at 18-22 weeks of gestation [14]. Finally,
Kobbing et al., showed that ultrasound elastography strain mea-
surement of cervical stiffness is correlated with the predictability
of PTD [20]. All these studies show the usefulness of elastogra-
phy in predicting PTD using various elastography techniques in
different populations. We further confirm these results and show
that even in cases with a short cervix elastography may be of use
in identifying patients with the highest risk for PTD. At present,
screening for preterm delivery is based mainly on cervical length
measurements. However, in a large study of 2915 patients the
positive predictive value for PTD (<35 weeks of gestation) of the
cervical length of <25 mm at 24 weeks of pregnancy was calcu-
lated at 17.8%, meaning that 82.2% of the patients with the cervi-
cal length of <25 mm delivered after 35 weeks of pregnancy [16].
This justifies the search for additional tests identifying patients at
high risk for PTD — our results show that elastography may be a
promising tool in this context. Additionally, this may explain the
relatively poor performance of cervical length in predicting PTD
in comparison to elastography in our study.
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Conclusion

Elastographic evaluation of the internal cervical os at 18-22

weeks of pregnancy in patients with short cervical length may be
useful in predicting spontaneous preterm PTD.
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