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Abstract

v

Purpose: Worldwide, preterm birth annually
affects more than 15 million infants. Despite
increasing knowledge of the risk factors and
mechanisms associated with preterm labor, the
preterm birth rate has risen in most industriali-
zed countries. The ability to identify women at
high risk for spontaneous preterm birth is cru-
cial yet remains difficult. The aim of the present
study was to assess the value of cervical length
measurements in combination with sonoelasto-
graphy and interleukin 6 (IL-6) concentrations in
cervicovaginal secretions to identify women at
risk for preterm birth.

Materials and Methods: 36 pregnant women
with signs of threatened preterm birth were
enrolled in our prospective cohort study. Cervi-
cal length measurement, sonoelastography, and
IL-6 levels from cervicovaginal swab samples
were measured.

Results: The preterm birth rate was found to
be 33.3% in our study cohort. Maternal age did
not differ between the preterm and term birth
groups. Measurement of the cervical length
alone was found to have a sensitivity of 0.7 and
a specificity of 0.8, whereas cervical sonoelasto-
graphy had a sensitivity of 0.66 and a specificity
of 0.82. By using a combination of both methods,
the sensitivity and specificity were found to be
0.9 and 0.7, respectively. IL-6 levels were not
found to differ between women with term deli-
veries and women with preterm births.
Conclusion: Both, cervical sonoelastography
and cervical length measurement are valuable
tools in identifying women with threatened pre-
term birth. The highest correlation with the out-
come preterm birth was achieved using a
combination of both cervical length measure-
ment and cervical sonoelastography.

Introduction

v

Preterm birth is defined as delivery before a
gestational age of 37 weeks. Annually, more than
15 million children are affected worldwide. It is
the main cause of perinatal morbidity and mor-
tality, and almost one-half of long-term neurolo-
gic morbidity cases and approximately 3-quarters
of neonatal mortality are associated with pre-
term birth [1,2]. Furthermore, approximately
one-third of neonatal deaths are caused by pre-
maturity leading to more than 1 million newborn
deaths per year [3].

Despite advancing knowledge of the risk factors
and mechanisms associated with preterm labor
and delivery, the preterm birth rate has risen in
most industrialized countries [4]. This increase
has been partially attributed to a rise in multiple
pregnancies that occurred as a result of assisted

reproductive technologies and better outcomes
in indicated preterm births [5].

The ability to identify women at high risk for
spontaneous preterm birth is crucial yet remains
difficult. In women with preterm contractions,
30% of preterm labors resolve spontaneously,
whereas 50% of women treated for preterm labor
deliver at term [6]. In addition to typical risk fac-
tors, such as low socioeconomic status, multiple
pregnancies, or a history of cervical surgery, the
primary methods used for the detection of pre-
term birth are transvaginal ultrasound and the
presence of fetal fibronectin (fFN) in cervicovagi-
nal fluid. These methods allow clinicians to per-
form targeted interventions such as referral to a
tertiary care center, antenatal corticosteroid
administration, and tocolysis. The relationship
between cervical length and the incidence of
preterm birth is well-known [7].
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Another emerging approach is the detection of biomarkers asso-
ciated with preterm birth. They can be stratified into different
pathways and include extracellular matrix degradation and
inflammatory response in intrauterine infection and inflamma-
tion. Fetal fibronectin glycoprotein is present in the extracellular
matrix and promotes cellular adhesion at fetal-maternal interfa-
ces (uterine-placental and decidual-chorionic). Disruption of
these interfaces results in its release into cervicovaginal secre-
tions [8].

Intrauterine infection and inflammation are important precur-
sors of preterm birth [9]. The cytokine interleukin (IL)-6 has
both pro- and anti-inflammatory properties. IL-6 is a major
mediator of host response to inflammation and infection by acti-
vating T- and B-cells, macrophages, and osteoclasts. [10].
Furthermore, it is among the most frequently reported biomar-
ker for spontaneous preterm birth [11]. Concentrations of IL-6
have been reported to be elevated in amniotic fluid, cervical
fluid, and cord plasma, particularly in response to intraamniotic
inflammation and microbial invasion of the intraamniotic cavity.
Preterm births were found in women with visible fetal membra-
nes that had high IL-6 (cut-off: 56 pg/ml) levels in cervicovaginal
secretions, suggesting that IL-6 may be useful in managing pati-
ents with visible membranes and preterm premature rupture of
membranes [12].

Sonoelastography is a new sonographic technique that measures
soft tissue stiffness. Diagnostic advantages of detecting focal
lesions in various tissues such as the breast, liver, and thyroid
gland by comparison of the stiffness of the abnormal area to the
adjacent normal tissue have been reported in numerous studies
[13-15]. Sonoelastography of the uterine cervix has been used
to evaluate not only normal findings but also abnormal findings
such as cervical cancer or suspicious cytology [15]. In pregnant
women, sonoelastography of the cervix has been proposed to be
an objective method for assessing tissue softening in the region
of the internal os of the cervix prior to the induction of labor
[16], although the suggestion that sonoelastographic measure-
ments of tissue displacement may reflect histological changes
that may provide a measure of cervical ripening has been
implied as being premature [17]. However, both of the afore-
mentioned studies are rather limited, as the analyzed data stem-
med from selected areas of the whole elastographic image. Given
that penetration depth is a physical limitation of sonoelastogra-
phy, we evaluated the anterior lip of the cervix as described in
previous studies [15,18]. From our point of view, sonoelastogra-
phy is pioneering technology and valuable tool because the
results are immediately available.

The aim of the present study was to identify women at risk for
preterm birth. Therefore, we analyzed general risk factors for
preterm birth. Beyond that we assessed the value of cervical
length measurements in combination with sonoelastography
and IL-6 concentrations in cervicovaginal secretions.

Materials and Methods

v

Study design, setting, and demographics

A prospective cohort study was performed on 36 obstetric pati-
ents receiving care at the Department of Obstetrics, Charité Uni-
versity Hospital, Berlin, Germany. This study was approved by
the institutional ethics committee (EA4/011/12).

Inclusion criteria consisted of: maternal age of 18 years and
over; gestational age between 22 +0 and 33 +6 weeks; and sym-

ptoms suggestive of threatened preterm birth. Singleton and
multiple pregnancies were included in our study. Patients were
enrolled in the study if they presented symptoms of threatened
preterm labor, such as preterm labor, intermittent lower abdo-
minal pain, or sonographic cervical shortening. Exclusion crite-
ria were as follows: cervical dilation; previous pelvic examination
(including transvaginal ultrasound); frank bleeding or placenta
previa; prior cervical cerclage; sexual intercourse within the
previous 24 h; or rupture of membranes. Informed written con-
sent was obtained from all participants at the time of enroll-
ment. Gestational age was confirmed by early obstetric
ultrasound examination.

Demographic data collected from the participants included
maternal age, number of previous pregnancies as well as term
and preterm deliveries, gestational age at the time of enrollment
in the study, body mass index (BMI), and nicotine abuse. Gesta-
tional age at the time of delivery was obtained from hospital
records.

Detection of interleukin-6

The concentration of IL-6 in the cervicovaginal secretions was
measured according to the manufacturers’ instructions (Milenia
Biotec, Gief3en, Germany). Following insertion of a sterile specu-
lum, a Dacron swab was placed into the posterior fornix and
lightly rotated for 155 to allow absorption of the vaginal secre-
tions. The swab was transferred to a test tube containing buffer
solution. 100l from each solution was pipetted to the sampling
well of the Picoscan IL-6 cassette. The Picoscan IL-6 cassette is a
lateral flow immunoassay. The cassette was placed in an analy-
zer that measures the color intensity of the test band following
incubation for 20 min at room temperature. The IL-6 concentra-
tion (pg/ml) was calculated according to a stored standard curve.

Sonoelastography

Ultrasound measurement of the cervix and assessment of cervi-
cal funneling were performed using a Premium Ultrasound Sys-
tem (HI VISION Preirus, Hitachi Medical Corporation, Tokyo,
Japan) in dorsal lithotomy position with a 4-8 MHz endocavity
transducer.

2 experienced obstetric ultrasound specialists (A.W., A.T.) scanned
the patients successively within the same session. The reason for
this approach was to avoid an additional vaginal examination.
Patients were encouraged to empty their bladder prior to the exa-
mination. The cervix was visualized in the sagittal plane. The
canal length was measured following the recommendations of
Burger and colleagues [19] and lams and co-workers [20].
Following measurement of the cervical length, sonoelastogra-
phy evaluation was performed. During acquisition, no additional
pressure was applied. The ultrasound observers were blinded to
one another’s findings. Tissue displacement and the generated
strain were qualitatively shown in a scaled color image superim-
posed over the conventional B-mode ultrasound image. Blue
represents stiff tissue, green is indicative of average stiffness,
and red represents soft tissue (© Fig. 1).

In our study, the contrast and threshold were adjusted to refine
detail and eliminate noise. A rectangular region of interest (ROI)
box was adjusted to encompass the anterior cervical lip and the
endocervical canal. The color distribution has been evaluated by
a semi-quantitative technique. In detail the available color spec-
trum included 256 different colors. The measured color pixels in
the designated region of interest (ROI) were set in relation to this
scale and the results were shown as percentages.
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Tab. 1 Characteristics of the study population.

Variable Mean=SD, (95 % Cl)

Maternal age, years 31.37£4.73 (29.6-33.1)

Gravidity 2.03+2.13(1.2-2.8)
Parity 0.40+0.93 (0.1-0.7)
Gestational age at enrollment, weeks 29.03£3.64 (27.7-30.4)

The arithmetic mean of the blue stain (stiff tissue) was calculated
from 3 measurements and used for further statistical analysis.

Statistical analysis

Clinical characteristics of the patients were expressed as median
(range) and number (percent). The relationship between the
various parameters was assessed by means of univariate analysis
and logistic regression analysis. In cases where variables were
missing from the participants, the evaluated sample size is indi-
cated.

A receiver-operating characteristic (ROC) curve was used to
determine the best cut-off values for cervical length, stiff tissue
(mean percentage of the blue stain via sonoelastography), and
IL-6 concentration for predicting preterm birth. The provided
area under the curve (AUC) was a reflection of the diagnostic
accuracy, incorporating sensitivity and a false-positive error rate
(1-specificity). Data were expressed as mean+SE with 95% CI.
The inter-rater reliability of the measurements of the 2 raters
was assessed by analysis of the intra-class correlation (ICC).
Statistical analysis was performed using SPSS version 18.0 (SPSS,
Chicago, IL) and GraphPad Prism, version 6.0 (GraphPad Soft-
ware, San Diego, CA, USA).

Results

v

Patient characteristics

36 women with threatened preterm birth were referred to our
department and enrolled in the study. One of the patients
declined to continue participation in the study, and iatrogenic
preterm birth was present in 2 women as a result of maternal
preeclampsia and fetal distress. 3 participants were excluded
due to the absence of obstetric outcome data. Thus, following
the exclusion of the aforementioned participants, the data from
30 pregnant women were further analyzed. Of these pregnan-
cies, 6 (20%) were multiple (twin) gestations. The characteristics
of the study participants are presented in © Tab. 1.

The maternal age at the time of enrollment ranged from 19 to 40
years. In the participants, gravidity ranged from 1 to 10, and
parity ranged from O to 4. The mean gestational age at enroll-
ment was 29 weeks. Gestational age at delivery ranged from 31
to 41 weeks of gestation. 20 patients delivered after 37 +0 gesta-

Original Article

Fig. 1 Transvaginal ultrasound images of a
21-year-old woman (gravida 1, para 0) at 23 gesta-
tional weeks threatened by preterm birth. a Trans-
vaginal ultrasound image demonstrating a short
cervix (6.8 mm). b Corresponding sonoelastogra-
phy image with a rectangular region of interest
(ROI). The red color in the ROI indicates soft tissue.
The color distribution from green to red is shown
in the histogram. 3.61% of the area is blue.

tional weeks (66.6%), while 10 patients delivered preterm
(33.3%). Maternal age was not observed to differ between the
preterm and term groups. The mean age in both groups was 31.4
years at the time of enrollment [preterm, 31.4+4.72 (95% CI,
28.0-34.8) vs. term 31.4+4.86 (95% CI, 29.1-33.6; P= 0.99)]. No
significant difference was found between the preterm and term
groups in terms of gravidity (2.20+2.44 (95% CI, 0.5-3.95) vs.
1.95+2.01 (95% CI, 1.0-2.9); P=0.92) and parity (0.7+1.25 (95%
Cl, -0.2-1.6) vs.0.25+0.716 (95% CI, -0.1-0.6); P=0.13). Howe-
ver, a significant difference (P=0.047) in gestational age at the
time of enrollment was observed between the preterm group
[27.1£3.90 (95% (I, 24.3-29.9)] and the term group [30.0+3.18
(95% (I, 28.5-31.5)].

General risk factors for preterm birth

The maternal BMI was available for 21 participants and ranged
from 18 to 29.4 at the time of enrollment [24.56+3.11 (95% ClI,
23.2-26.0)]. A significant difference in BMI (P=0.047) was
observed between the participants delivering at term (mean:
23.4kg/m?) and participants with a preterm delivery (mean:
26.1kg/m?).

Nicotine abuse was reported in 4 participants (13.2%), while 24
(80%) denied smoking during pregnancy. 2 participants refused
to answer the question. Smoking was not found to be a signifi-
cant variable between the 2 groups. 4 patients had a history of
preterm birth. We did not observe a significant difference bet-
ween the term and preterm groups (P=0.7041).

Cervical length measurement, sonoelastography of

the uterine cervix, and IL-6 levels from cervicovaginal
secretions as a diagnostic test for preterm birth

The receiver operating characteristic (ROC) curves were genera-
ted for cervical length, sonoelastography of the uterine cervix,
and IL-6 concentrations (© Fig. 2). The mean cervical length at
the time of enrollment was 20.61 mm (range: 6.4-55mm). In the
preterm group, the cervical length was significantly (P=0.038)
shorter [17.8+14.5mm (95% CI, 7.4--28.2)] than that of the
term group [22.0+8.60mm (95% CI, 18.0-26.0)]. Data for cervi-
cal length measurements were available for all cases, sonoe-
lastography in 87 % and interleukin-6 in 97 %, respectively.

The cervical length for each patient was related to the gestatio-
nal age at delivery. When choosing a cut-off value of 16.35 mm,
the sensitivity was 0.85 (95% CI, 0.6-1.0) and the specificity 0.7
(95% CI, 0.3-0.9). The area under the ROC curve (AUC) was
0.7350+0.1137 (95% CI, 0.5-1.0; P=0.039).

To assess the risk of preterm birth, we analyzed the median pro-
portion of blue in the ROI box. The proportion of blue was found
to be significantly lower (less stiffness) in the preterm group
than in the term group (4.00 vs. 13.7; P=0.0028). A cut-off value
at 4.568 resulted in a sensitivity of 0.8235 (95% CI, 0.6-1.0) and
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Fig. 2 Receiver operating characteristic curves representing the correlation between gestational age at delivery and cervical length a blue proportion in

elastography b, and IL-6 levels in cervicovaginal secretions c.

Tab.2 ROC curve from cervical length measurements, sonoelastography,
and combined methods.

Cervical Elastogra- Combination of
length* phy* * cervical length
measurement and
sonoelastography
P-value 0.0277 0.0147 0.0052
Sensitivity 0.700 0.667 0.900
Specificity 0.800 0.824 0.700
Positive predictive value 0.636 0.667 0.600
Negative predictive value  0.842 0.824 0.933

* Cut-off: 16.35mm; * * Blue proportion cut-off: 4.568

a specificity of 0.6667 (95% CI, 0.3-0.9). The AUC was
0.8497+0.074 (95% CI, 0.7-1.0; P=0.0039).

The inter-rater reliability of the measurements of the 2 raters
was assessed by analysis of the intra-class correlation (ICC).
Cronbach’s Alpha was 0.996 (95%CI: 0.990-0.998, p<0.001),
indicating a high inter-rater reliability.

In patients with signs of threatened preterm birth, no significant
difference in IL-6 concentrations in cervicovaginal secretions
was found in patients that went on to have a preterm birth and
patients with a term delivery (P=0.934). The mean IL-6 concen-
tration in the preterm group was 154.2 pg/ml (SD, 269.8 pg/ml;
95% CI, 38.83-347.2) and in the term delivery group was
152.4pg/ml (SD, 200.9; 95% CI, 58.4-246.4). The area under the
ROC curve was observed to be 0.51+0.1155 (95% CI, 0.3-0.7;
P=0.9299).

To predict the risk of preterm birth, we used a combination of
the ROC curve results obtained from the cervical length measu-
rements and sonoelastography. The results are summarized
in © Tab. 2. Both cervical length measurement and cervical
sonoelastography produced significant data to assess the risk of
preterm birth. Measurement of the cervical length alone had a
sensitivity of 0.7 and a specificity of 0.8, whereas cervical sono-
elastography had a sensitivity of 0.66 and a specificity of 0.82.
However, when both of these methods were combined, the sen-
sitivity was found to be 0.9 and the specificity 0.7.

Discussion

v

Preterm birth, defined as delivery before 37 completed gestatio-
nal weeks, is the most important cause for perinatal mortality
and morbidity. Worldwide, approximately 15 million babies are
born preterm, and 1 million children die each year due to pre-
term birth complications [21]. Due to advances in medicine,
most newborns affected by preterm birth are more likely to sur-
vive nowadays. However, up to 75% of health issues that occur in
childhood such as cerebral palsy, cognitive and speech delays,
motor and visual deficits, and learning difficulties, are a result of
preterm birth [22]. Therefore, preterm birth is a global problem
not only for health care providers and affected families, but also
for healthcare systems in general.

Women at risk for preterm birth are usually identified by their
obstetrical history, demographic factors, or classic symptoms
[23], as it allows the initiation of risk-specific treatment such as
tocolysis or administration of antenatal corticosteroids. For
example, women that are extremely underweight or overweight
are more likely to be at risk for preterm birth [24,25]. However,
maternal weight can be influenced by various factors such us
low socioeconomic status or ethnicity, and is therefore not an
independent variable. In our study, women who delivered pre-
term had a significantly higher BMI compared to women that
delivered at term. Interestingly, women from the preterm group
were found to be enrolled 3 weeks earlier than the term group.
Despite the introduction of several public health interventions
such as promoting awareness of preterm birth and centraliza-
tion of perinatal care, or medical interventions such as pro-
phylactic intrapartum antibiotics, progesterone or cerclage, the
preterm birth rate has not decreased significantly over the last
decades. In addition to the development of innovative interven-
tions, the most favorable approach for reducing the global inci-
dence of preterm birth lies in the introduction of perinatal care
programs in low-income countries due to the high preterm birth
rates [26]. The primary problem is the identification of women
who actually deliver preterm. This is attributed to a number of
diagnostic dilemmas. Preterm contractions are rather inaccurate
in identifying women with threatened preterm labor. In addi-
tion, a short cervix alone delivers vague results. Approximately
70% of women with a singleton gestation and a cervical length
of 10mm have been found to deliver their children at term [27].
The goal of our study was to examine a cohort of patients admit-
ted to our department with signs of threatened preterm birth by
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3 methods in order to assess potential combinations that may
improve the identification of women at risk for preterm birth.
The value of cervical length measurements alone to predict pre-
term birth has been the focus of numerous studies. However, a
systematic Cochrane review concluded that there is insufficient
evidence to recommend cervical length screening in both asym-
ptomatic and symptomatic women [28]. This highlights the
need for additional tests. Fetal fibronectin (fFN) is the most
evaluated biochemical marker used to predict preterm delivery.
Women with a cervical length above 30 mm, or between 15 and
30mm in combination with a negative fFN test, have been found
to have a risk of less than 5% for spontaneous preterm delivery
within 7 days after testing [29]. In our study, the cervical length
was found to be significantly shorter in women affected by pre-
term birth than in term deliveries (17.8 mm vs. 22.0 mm, respec-
tively). The sensitivity and specificity to predict preterm birth
were 70% and 80%, respectively.

Biochemical markers and cytokines for the prediction of pre-
term birth have been the subject of previous studies, given that
the inflammatory response plays a major role in preterm birth
[30]. There have been contradictory results concerning IL-6
levels as an indicator of preterm birth. IL-6 concentrations in
cervicovaginal secretions have been observed to be significantly
higher in women with preterm birth and in women with visible
fetal membranes compared with women with a closed external
os [12]. In addition, high levels of IL-6 have been reported in cer-
vicovaginal fluid which was found to have a reverse correlation
with the cervical length [31]. In contrast, higher cytokine con-
centrations, such as IL-6, IL-1b and IL-8, were found in all study
participants, including controls, in a study by Chandiramani and
colleagues, who concluded that these cytokines play a minimal
role in cervical shortening [32]. The findings of our study are in
accordance with these findings. The AUC was 0.51+0.1155. No
significant difference was observed between women that had a
preterm delivery compared with women that delivered at term.
The uterine closure mechanism was evaluated in the standard
way by digital palpation. Nowadays, sonoelastography is used to
visualize tissue stiffness and elasticity by superimposing a color-
coded image, which is similar to color Doppler imaging. Cervical
sonoelastography has been widely employed to evaluate cervical
lesions [15] and preterm birth [18], or prior to the induction of
labor [16]. However, while some authors have reported advanta-
geous findings [33], others have found contradictory results
[34]. Other authors even concluded that it is too early to use
elastographic tissue displacement as a reflection of histological
changes in cervical ripening [17].

Original Article

This is mainly owed to physics such as the limited penetration
depth of sonoelastography. For instance, if there is amniotic fluid
in the cervix - regardless of the cause, short cervix or funneling
- the posterior lip cannot be evaluated. Physically this is caused
by the absence of compressibility in water, which leads to inho-
mogeneous pressure distribution. Therefore, we chose to mea-
sure the tissue stiffness in the anterior cervical lip and internal
os. Our method was described in previous studies of our group
[15,18].

We investigated a moment not a time interval. Therefore, int-
ra-rater reliability is not available. However, the inter-rater reli-
ability was high (Alpha=0.996).

In our cohort, sonoelastography performed comparably to cervi-
cal length measurement, with a sensitivity and specificity of
66.7% and 82.4%, respectively. However, in combination with
cervical length measurement, the sensitivity was found to be 0.9
with a specificity of 0.7.

In light of recent studies and the availability of other technolo-
gies that aid in detecting women at risk for preterm birth such as
fetal fibronectin, we propose a step-wise diagnostic approach to
evaluate both sonography and sonoelastography, in addition to
biochemical aspects, in the identification of women at risk for
preterm birth (© Fig. 3). If a patient with signs of preterm birth
is referred, cervical length measurement in combination with
cervical sonoelastography should be performed. In patients with
“soft” cervices identified by sonoelastography, fFN should be
carried out. Following identification of a “soft” cervix and posi-
tive fFN results, the patient should be admitted to the hospital.
We recommend that all other cases be monitored with regular
outpatient checkups.

By implementing these criteria, the rate of unnecessary hospital
admission can be reduced with a consequent significant decrease
in expenses. Furthermore, exposure to potential side effects of
tocolytic drugs, as well as corticosteroids, may possibly be
reduced for low-risk patients.

Our study had several limitations. First, the study was compri-
sed of a relatively small number of participants. Approximately
20% of participants were excluded from further analysis. Second,
there was a selection bias in the cohort, and our clinic is a terti-
ary care referral center specialized in high-risk obstetrics and
neonatology. “Late preterms”, born between 34 and 36 weeks +
6 days of gestation, account for approximately 80% of all preterm
births and 8% of total births [35]. This cohort is underrepresen-
ted in our study. All of the enrolled patients were referred to our
department prior to 30 gestational weeks. This may be exp-
lained by the fact that several nearby hospitals accept pregnant
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women from 32 weeks of gestation and onwards, as upon birth,
these infants are considered “functionally mature”.

Finally, IL-6 and elastography measurements were not consis-
tently available for all participants.

This study confirms and expands on previous observations sug-
gesting that cervical sonoelastography in combination with cer-
vical length measurement might be a valuable tool in identifying
women threatened by preterm birth. Cervical length measure-
ment and sonoelastography were found to predict preterm
birth, while IL-6 concentrations from cervicovaginal secretions
did not significantly differ between the preterm and term
groups. The combination of cervical length measurement and
cervical sonoelastography resulted in a high correlation with the
outcome preterm birth.

The results of our study are in accordance with our clinical expe-
rience and support our proposal of the implementation of a
combination of markers for the identification of women at risk
for preterm birth. An improvement in detection rates may be
achieved by the addition of biochemical markers such as fFN.
Further evaluation in larger longitudinal studies is required to
confirm these preliminary results.
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