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Abstract
!

Purpose: To evaluate the role of quantitative elas-
tography of the cervix in the prediction of suc-
cessful labor induction compared to the Bishop
score (BS) and ultrasound cervical length (CL).
Materials and Methods: A prospective pilot study
was conducted between July 2010 and June 2011
in patients without preterm membrane rupture
undergoing labor induction with vaginal prosta-
glandins. Before starting induction, the BS, func-
tional CL and cervical tissue strain (TS) were as-
sessed. TS assessment was performed twice
using the Tissue Doppler Imaging (TDI) software.
Diagnostic accuracy was evaluated for the predic-
tion of the following endpoints: active labor
achievement (success vs. failure, time interval
< 24h and <48h), vaginal delivery (success vs.
failure, time interval < 36h and <72h) and total
amount of prostaglandins used for labor induc-
tion (< 6mg and <12mg).
Results:We analyzed 77 patients with a mean ge-
stational age of 39.7 ±1.5 weeks of gestation and a
mean strain of 0.75 ±0.17. The TS significantly
predicted a failure of labor induction, which oc-
curred in 4 cases, both in mono- and multivariate
analysis, independently of the functional cervical
length (TS 0.6 ± 0.1). No correlation was found be-
tween the TS and other outcomes. The Bishop
score and functional cervical length were found
to predict only an early response to labor induc-
tion (time to active labor < 24h, time to vaginal
delivery <36h and PG usage <6mg). The diagnos-
tic accuracy was slightly but not significantly im-
proved if both TS and CL were considered.
Conclusion: Preliminary data show the possible
usefulness of quantitative cervical elastography
in the prediction of labor induction failure.

Zusammenfassung
!

Ziel: Untersuchung der Rolle der quantitativen
zervikalen Elastografie im Vergleich zum Bi-
schop-Score (BS) und zur sonografischen Zervix-
länge (CL) in der Vorhersage einer erfolgreichen
Geburtseinleitung.
Material und Methoden: Die prospektive Pilot-
studie wurde bei Patientinnen ohne vorzeitigen
Blasensprung und vor der Geburtseinleitung mit
vaginalen Prostaglandinen durchgeführt. Vor
Beginn der Einleitung wurden der BS, die funktio-
nelle CL und die zervikale Gewebe-Steifigkeit (TS)
bestimmt. Die TS-Messung wurde zweimal mit-
tels Tissue Doppler Imaging (TDI) Software durch-
geführt. Die diagnostische Genauigkeit für die
Vorhersage der folgenden Endpunkte wurde aus-
gewertet: aktive Geburtsphase (Erfolg vs. Thera-
pieversagen, Zeitintervall < 24 und <48 Std.), va-
ginale Entbindung (Erfolg vs. Therapieversagen,
Zeitintervall < 36 und <72 Stud.) und die gesamte
Menge der eingesetzten Prostaglandine (< 6 und
<12mg).
Ergebnisse: Es wurden 77 Patientinnenmit einem
mittleren Gestationsalter von 39,7 ±1,5 Schwan-
gerschaftswochen untersucht. Der mittlere TS be-
trug 0,75 ±0,17. Der TS sagte signifikant ein Ver-
sagen der Geburtseinleitung, welches in 4 Fällen
aufgetreten ist, unabhängig von der CL, voraus
(TS 0,6 ±0,1). Es wurde keine Korrelation zwi-
schen TS und andere Ergebnisse festgestellt. Der
BS und die CL konnten nur eine frühzeitige Ant-
wort auf eine Geburtseinleitung vorhersagen
(Zeit bis zur aktiven Geburtsphase <24 Std., Zeit
bis zur vaginalen Entbindung <36 Std. und PG-
Nutzung <6mg). Die diagnostische Genauigkeit
unter Berücksichtigung des TS und der CL konnte
leicht, aber nicht signifikant, verbessert werden.
Schlussfolgerungen: Die vorläufigen Daten zeigen
einen möglichen Nutzen der quantitativen zervi-
kalen Elastografie in der Vorhersage einer frustra-
nen Geburtseinleitung.



Introduction
!

Tissue Doppler Imaging (TDI) is a new Doppler-based tool for the
imaging and quantitative estimation of tissue elasticity by ultra-
sound. TDI enables the tracking of tissue displacement, whereas
the quantification of tissue deformation (strain) occurs using the
TDI-Q (Tissue Doppler Imaging-Quantification) software [1–3].
Tissue strain can be expressed as Lagrangian or natural strain.
The Lagrangian strain describes the deformation (ε) of an object
with its length L(t) relative to its initial length L(t0) (εL(t) = [L(t)-
L(t0)]/L(t0)), whereas the natural strain is based on the temporal
integration of the instantaneous deformation (dε) of the tissue
(dεN(t) = [L(t+dt)-L(t)]/L(t)) [4]. For a small deformation, the nat-
ural and Lagrangian strains are similar, whereas for a larger de-
formation (> 10–15%, as induced in this study), the natural strain
is thought to be more appropriate. Using the tissue velocity ap-
proach and based on Doppler ultrasound, the natural strain rate
(i. e., the speed of deformation) is calculated as the spatial deriva-
tive of the local tissue velocities. The natural strain is subsequently
calculated as the temporal integration from the onset to the end of
the compression cycle [5]. The estimation of tissue stiffness occurs
by measuring the cervical tissue deformation (strain) during the
movement of compression of the cervix, which is manually in-
duced by the vaginal probe. Standardization of the applied force is
provided by exerting movements until maximum compression of
the anterior cervical lip is achieved, while taking care to avoid la-
teral and longitudinal dislocation of the tissues. Under standard-
ized conditions for the acquisition of raw data and the strain calcu-
lation, strain measurement has proved to be feasible and highly
reliable [6, 7].
The aim of our study was to evaluate the diagnostic accuracy of
cervical tissue strain (TS) assessment in predicting successful la-
bor induction. The diagnostic accuracy of TS assessment was
compared with the accuracy of the Bishop score, digital cervical
consistency assessment according to the Bishop score and cervi-
cal length measurement by ultrasound. The intra-operator relia-
bility of TDI-based cervical elastography was also evaluated.

Methods
!

Setting and study design
The prospective cohort study was conducted in a regional hospi-
tal setting (Frauenklinik, Mathias-Spital Rheine, Germany) be-
tween July 2010 and July 2011. The studywas designed according
to the Declaration of Helsinki and was approved by the local
Ethics Board. Informed consent was obtained at the time of
enrollment.

Study population
Eligibility criteria: We included patients with singleton pregnan-
cies who underwent labor induction with vaginal prostaglandins
on medical indication. Further inclusion criteria were the follow-
ing: absence of uterine contractions (< 4 contractions per hour),
functional cervical length ≥1.5 cm by ultrasound, Bishop score
<7, absence of spontaneous, premature rupture of membrane
(PROM) at admission.
Exclusion criteria: Patients were excluded from the study popula-
tion in the case of early, voluntary abandon of labor induction or
secondary caesarean section, which occurred before one or more
of the considered outcome measures could be evaluated (< 12
hours after beginning induction and use of a single dose of PG)

or before one of the considered outcomes could be evaluated
(●" Fig. 1: Study population).

Interventions
At the time of hospitalization for labor induction, the obstetrical
and gynecological history was acquired and an admission cardio-
tocography (CTG) was taken to assess whether uterine contrac-
tions were present and to assess the fetal heart rate pattern.
A transvaginal ultrasound scanwas executed just before digital ex-
amination and labor induction by a single experienced gynecolo-
gist. Ultrasound was performed using a 9-MHz vaginal probe
(Aplio XG Ultrasound System, ToshibaMedical Systems). The total
and functional cervical lengths were assessed. Real-time cervical
elastography was performed and one raw dataset was acquired
by the same operator twice (for a total of two raw datasets per
patient). Results were blinded to any previous digital examina-
tion findings.
The cervical lengthwasmeasuredwith a continuous line connect-
ing the internal cervical orificewith the external one. If funneling
was present, only the residual cervical length was measured and
funneling was not included in the measurement (functional cer-
vical length) [8].
Real-time cervical elastographywas performed by the same opera-
tor using the Tissue Doppler Imaging (TDI) tool as previously de-
scribed [6]: Two homogeneous freehand movements of compres-
sion and subsequent decompression of the cervix were exerted
by means of a vaginal transducer. Movements were directed per-
pendicular to the longitudinal axis of the cervix, thus avoiding
lateral dislocation. The compression had to be sufficient to obtain
maximal compression of the anterior portion of the cervical tis-
sue (until the start of dislocation of the posterior part of the cer-
vical lip without further compression of the anterior lip). A five-
second loop including both cycles of movements was acquired
and stored in the machine as raw data. The procedure was then
immediately repeated in order to acquire two raw datasets for
each patient.
A digital cervical examination was performed just before the be-
ginning of induction by an experienced midwife or gynecologist
(with at least 3 years experience), whowas blinded to the results
of the cervical ultrasound examination, describing cervical ef-
facement, position, consistency and dilatation, as well as the sta-
tion of the fetal head in the pelvis. The Bishop score was then cal-
culated for a score ranging from 0 to 10 [9].
Labor induction was performed exclusively with Dinoproston
prostaglandin (Minprostin® E2). Its formulationwas 3mg vaginal
tablets, 2 or 1mg vaginal gel or a 0.5mg intracervical gel. The
type of formulation and the interval between prostaglandin ap-
plications were decided by the obstetrical team under considera-
tion of the frequency and intensity of uterine contractions, cervi-
cal status and fetal-maternal wellbeing.
Finally, a raw data evaluation and strain calculation were per-
formed after termination of patient recruitment and were blind-
ed to the results of labor induction. Raw data were evaluated off-
line by the gynecologist using TDI-Q commercial software (Tissue
Doppler Imaging Quantification, Toshiba Medical Systems) as
natural strain as previously described [6]: A circular ROI (region
of interest) was placed on the entire thickness of the anterior
portion of the cervix during the cycle with the greater tissue ex-
cursion. The strain was calculated by the software by selecting
the interval between a frame of maximal compression and one
of maximal relaxation (●" Fig. 2). The natural strain was used to
describe the deformation occurring during the compression
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movement. The two different raw datasets acquired for each pa-
tient were analyzed at intervals of at least one day. The mean
value of the two measurements of cervical TS was used to evalu-
ate the accuracy of this technique for predicting the selected out-
comes.

Data collection
Data about pregnancy course and outcomes were recorded in the
clinical files of the patients (View-Point System, GE Healthcare,
and patient medical records). The following outcome measures
were reported: timing of active labor (cervical dilatation ≥3 cm
and presence of regular uterine contraction), timing and type of
delivery as well as dosage and formulation of prostaglandin used.
The data were analyzed after the termination of patient enroll-
ment and were blinded to the results of pre-induction cervical
features.

Outcome measures
We evaluated the following outcome measures: success of labor
induction (successful achievement of labor versus failed labor in-
duction), time interval to labor (< 24 hours and <48 hours), success
of vaginal delivery (successful achievement of vaginal delivery
versus cesarean delivery), time interval to delivery (< 36 hours
and <72 hours), as well as total mg of PG used for labor induction
(< 6mg and <12mg). Active labor was defined as the presence of
uterine contractions accompanied by cervical dilatation ≥3 cm
[10]. Labor induction was considered to have failed when a cae-
sarean delivery was indicated after unsuccessful labor induction
because of a lack of cervical ripening progress. According to the
internal rules of our hospital, it should occur after at least 72
hours and 12mg of prostaglandin application or, alternatively, in
the case of regular uterine contraction failing to achieve cervical
dilatation ≥3 cm.

Fig. 1 Flowchart of study population and outcome measures. Deliv: deliv-
ery, PG: prostaglandins. (*)Patient excluded: 4 women because of Bishop
score ≥7; 2 women who delivered by caesarean section because of prosta-
glandin complications (pathological cardiotocography) < 12 hours after
drug application; 3 women who interrupted labor induction after ≤24
hours from medical induction of labor and ≤3mg PG because of incompli-
ance. (**) Active labor: Cervical dilatation ≥3 cm accompanied by regular
uterine contractions.

Abb.1 Flussdiagramm der Studienpopulation und Zielparameter. Deliv:
Geburt, PG: Prostaglandine. (*) Ausgeschlossene Patienten: 4 Frauen we-
gen Bischof Score ≥ 7, 2 Frauen wegen Kaiserschnitt bei Prostaglandin-
Komplikationen (pathologisches CTG) < 12 Stunden nach Applikation der
PG, 3 Frauen wegen Abbruch der Geburtseinleitung nach ≤ 24 Stunden und
≤3mg PG nach Induktion wegen Incompliance der Patientin. (**) Aktive
Geburt: Cervixdilatation ≥3 cm durch regelmäßige Kontraktionen des
Uterus begleitet.
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Fig. 2 Cervical TS Measurement. a, b Available TDI-Q software preset
functions: in our case the ROI tracking function and natural strain preset
were selected. c The frame of maximal compression of the cervix is identi-
fied and the beginning phase of relaxation is defined (arrow in the middle).
d The frame of maximal relaxation after the compression of the cervix is
defined (arrow in the middle). e A circular region of interest (ROI) is placed
on the full thickness of the anterior part of the cervix (dotted circle). This
corresponds to a phase of maximal relaxation of the tissue after maximal
compression through the vaginal probe was manually induced. f Strain is
then automatically calculated by the software by selecting the button
“strain” (arrow on the left) and the tissue deformation value is indicated: as
a function of the time during the movement of relaxation (arrows at the top
on the right), and as the maximal strain value obtained (circled down on the
right).

Abb.2 Messung der zervikalen TS. a, b Verwendete TDI-Q Software Pre-
set-Funktionen: In unserem Fall wurden die ROI-Tracking-Funktion und das
Natural Strain Preset ausgewählt. c Der Moment der maximalen Kompres-
sion der Zervix wird identifiziert und damit der Beginn der Phase der Ent-
spannung wird definiert (Pfeil in der Mitte). d Der Moment der maximalen
Entspannung der Zervix nach der Kompression wird definiert (Pfeil in der
Mitte). e Eine kreisförmige Region Of Interest (ROI) wurde auf die gesamte
Dicke des vorderen Teils des Gebärmutterhalses (oben links) platziert.
Dieses entspricht der Phase der maximalen Entspannung des Gewebes
nach einer maximalen manuellen Kompression durch die vaginale Sonde.
f Der Strain wird beim klicken die Schaltfläche „strain“ automatisch durch
die Software kalkuliert (Pfeil links) und der berechnete Wert des Strain an-
gegeben: Zeitlicher Verlauf während der Bewegung der Entspannungs-
phase (Pfeil oben rechts), und Wert der maximalen Kompression (Einge-
kreist oben und unten rechts).
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Statistical analysis
Datawere analyzed using R (version 2.14.1) and p<0.05 was con-
sidered significant. Data were presented with the median value
and the interquartile range (IQR), with the mean value and its
standard deviation, with prevalence and absolute values, or refer-
ence value and 95% confidence intervals. The intra-observer
agreement for cervical TS measurement among the two mea-
surements was evaluated by means of the Intraclass Correlation
Coefficient (ICC). The mean value of the two measurements of
cervical TS was used to evaluate the accuracy of the technique
for predicting the selected outcomes. The correlations were eval-
uated by means of the Spearman's correlation test. The Kruskal-
Wallis test and the one-way ANOVA for continuous variables
were used for variance analysis where suitable. The chi-square
test was used for the comparison of multiple categorical vari-
ables. The following statistical tests were applied for bivariate
analysis: the Wilcoxon test and t-test for continuous variables
and the Chi-square and Fisher exact test for categorical variables.
The accuracy for predicting the considered outcomes in every di-
agnostic method studied (Bishop score, ultrasound cervical
length and elastography cervical TS) was tested using ROC (Recei-
ver-Operating-Characteristics) curves and the area under the
curve (AUC) values. Moreover, we compared AUCs using the
De Long’s test for two correlated ROC curves.
We considered STARD (Standards for Reporting of Diagnostic
Accuracy) criteria for accurate reporting of studies on diagnostic
accuracy tests.

Results
!

Description of the study population
During the study period, 86 patients were considered eligible and
were admitted for planned medical induction of labor between
June 2010 and June 2011. Nine patients were excluded: four of
them because of a Bishop score ≥7, 3 due to induction interrup-
tion because of maternal incompliance, and 2 because of induc-
tion-related complications (pathologic fetal CTG) (●" Fig. 1: Study
population). A total of 77 patients were included in our analysis.
No adverse event of pre-induction diagnosis was registered.

●" Table 1 shows the characteristics of our population, including
pre-induction cervical features.
Strain measurement was performed in all included patients,
twice per patient, one for each set of raw data. The intra-operator
variability between the two raw datasets was low with an ICC
agreement of 0.93 (0.82–0.98).

Ultrasound TS and other pre-induction cervical features
The mean values for pre-induction cervical features are shown in

●" Table 1. We performed an analysis of the correlation between
cervical TS and functional cervical length by Spearman’s corre-
lation test. The Rho result was −0.154 (longer cervix was associ-
ated with lower strain – less elastic cervix) but it was not statisti-
cally significant (p 0.196). We also found positive correlations
between cervical TS and gestational age (less elastic cervix cor-
related with early gestational age), even if not statistically signif-
icant. No difference was recorded between cervical TS and cervi-
cal consistency evaluation in the Bishop score (less elastic cervix
correlated with a firm consistency in the Bishop score).

Pre-induction cervical features and outcome measures
We evaluated the differences for pre-induction features in terms
of chosen outcomes: induction failure, time interval to active la-
bor, mode of delivery, time interval to delivery, total milligrams
of PG used for induction (●" Fig. 1,●" Table 2). We found a longer
cervix to be associatedwith a significantly longer time to delivery
and higher prostaglandin usage (p <0.05). We found a signifi-
cantly lower Bishop score to be associated with a longer time to
delivery (p <0.05). Finally, significantly lower cervical elastogra-
phy TS values were associated with a failure of medical labor in-
duction (p<0.05). All four cases of medical induction failurewere
primiparous and presented significantly lower TS values in com-
parisonwith both successful induction subgroups of primiparous
and pluriparous patients (p <0.05), as shown in●" Fig. 3.
Considering only the outcome of successful medical inductions of
labor we presented the characteristics of the women divided into

Table 1 Population features.

mother’s age at delivery (years) 29.7 (± 3.5)

primiparous 58 % (45/77)

gestational age at delivery (weeks) 39.7 (± 1.5)

pre-induction features

Bishop score value 3.7 (± 1.4)

cervical consistency (Bishop) 1.26 (± 0.68)

cervical length (mm) 30.3 (± 8.3)

functional cervix length (mm) 28.1 (± 8.5)

cervical TS 0.75 (± 0.17)

induction indication

prolonged pregnancy 35 % (27/77)

fetal growth restriction 13 % (10/77)

late preeclampsia 10 % (8/77)

maternal indication 10 % (8/77)

fetal macrosomia 8 % (6/77)

glucose metabolism alterations 7 % (5/77)

oligohydramnios 7 % (5/77)

other indications 10 % (8/77)

Prevalence with absolute values, mean (± standard deviation).

Fig. 3 Cervical elastography TS values among women with failed medical
induction of labor, successful induction in primiparous group and in pluri-
parous group.

Abb.3 – Zervix-Elastografie TS-Werte bei Frauen mit frustraner Geburts-
einleitung, erfolgreiche Einleitung bei Erstgebärenden und Mehrgebären-
den.
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three groups: failed induction (all primiparous), successful in-
duction in primiparous women, successful induction in pluripar-
ous women (●" Table 3). We found a significantly earlier gesta-
tional age in the failed induction group and a longer, functional
cervical length. Moreover, in the failed induction group we found
significantly higher prostaglandin usage and longer time to deliv-
ery than in the successful labor induction groups. In●" Table 4we
also performed a multivariate logistic regression analysis using
the logarithmic transformation of cervical elastography TS and
we found a low value to be a risk factor for the failure of the med-
ical induction of labor in all our populations and in the primipar-

Table 2 Pre-induction examina-
tion features and outcomes.

induction of labor failure success p

cervical TS 0.6 (± 0.1) 0.8 (± 0.2) < 0.05

cervical length 32.8 (± 3.4) 30.2 (± 8.5) 0.244

functional cervical length 32.8 (± 3.4) 27.8 (± 8.7) 0.050

consistency assessment (Bishop) 1 (± 0.8) 1.3 (± 0.7) 0.549

Bishop score 3 (± 2.2) 3.7 (± 1.3) 0.547

time to labor < 24 h > 24 h p < 48 h > 48 h p

cervical TS 0.7 (± 0.2) 0.8 (± 0.2) 0.604 0.8 (± 0.2) 0.7 (± 0.2) 0.403

cervical length 29.3 (± 8.3) 31.5 (± 8.5) 0.359 29.6 (± 8.3) 32.7 (± 8.7) 0.447

functional cervical length 26.3 (± 8.1) 30.8 (± 8.6) 0.065 27 (± 8.3) 32.7 (± 8.7) 0.178

consistency assessment (Bishop) 1.3 (± 0.7) 1.2 (± 0.7) 0.483 1.3 (± 0.7) 1.3 (± 0.5) 0.762

Bishop score 3.9 (± 1.2) 3.2 (± 1.7) 0.078 3.9 (± 1.2) 2.5 (± 1.8) 0.118

time to delivery < 36 h > 36 h p < 72 h > 72 h p

cervical TS 0.8 (± 0.2) 0.7 (± 0.2) 0.497 0.8 (± 0.2) 0.7 (± 0.2) 0.366

cervical length 29.6 (± 8.4) 32.2 (± 8) 0.227 30.1 (± 8.3) 33.4 (± 9.4) 0.481

functional cervical length 26.7 (± 8.4) 31.6 (± 8.1) < 0.05 27.7 (± 8.4) 33.4 (± 9.4) 0.250

consistency assessment (Bishop) 1.3 (± 0.7) 1.1 (± 0.7) 0.388 1.3 (± 0.7) 1.2 (± 0.8) 0.868

bishop score 4 (± 1.1) 3 (± 1.7) < 0.05 3.7 (± 1.3) 3 (± 2.3) 0.519

Prostaglandin usage < 6mg > 6mg p < 12mg > 12mg p

cervical TS 0.8 (± 0.2) 0.7 (± 0.2) 0.235 0.8 (± 0.2) 0.7 (± 0.2) 0.628

cervical length 29.9 (± 8.8) 31.6 (± 6.7) 0.436 30 (± 8.3) 35.8 (± 9) 0.294

functional cervical length 27.1 (± 8.8) 31.6 (± 6.7) < 0.05 27.6 (± 8.4) 35.8 (± 9) 0.169

consistency assessment (Bishop) 1.3 (± 0.7) 1.1 (± 0.8) 0.241 1.3 (± 0.7) 1 (± 0.8) 0.549

Bishop score 3.9 (± 1.2) 3 (± 1.8) 0.082 3.8 (± 1.3) 2.5 (± 2.4) 0.367

Mode of delivery CS VD p

cervical TS 0.7 (± 0.2) 0.8 (± 0.2) 0.844

cervical length 29.4 (± 9.4) 30.6 (± 8.1) 0.651

functional cervical length 28.4 (± 9.8) 28 (± 8.2) 0.866

consistency assessment (Bishop) 1.3 (± 0.6) 1.2 (± 0.7) 0.725

Bishop score 3.7 (± 1.7) 3.7 (± 1.3) 0.978

In this table we reported the mean values (± standard deviation). The p-values refer to t-test. CS: cesarean section; VD: vaginal delivery.

Table 3 Characteristics of
women with failed labor induction
versus successful labor induction.

failure success primiparous success parous p

mother’s age at delivery (years) 29 (± 3.46) 29.27 (± 3.74) 30.31 (± 3.22) 0.423

pre-pregnancy BMI (kg/m²) 31.39 (± 11.38) 26.64 (± 7.08) 25.77 (± 6.68) 0.334

gestational age at delivery (weeks) 38.75 (± 2.17) 40.16 (± 1.4) 39.31 (± 1.47) < 0.05

neonatal weight (grams) 3267.5 (± 667.4) 3354 (± 483.7) 3402.8 (± 558.3) 0.855

pre-induction investigation

Bishop score value 3 (± 2.16) 3.65 (± 1.41) 3.84 (± 1.22) 0.489

Cervical length (mm) 32.75 (± 3.4) 28.18 (± 7.58) 32.73 (± 9.12) 0.065

functional cervical length (mm) 32.75 (± 3.4) 26.16 (± 7.49) 29.87 (± 9.73) < 0.05 1

Cervical TS 0.58 (± 0.11) 0.76 (± 0.16) 0.75 (± 0.18) < 0.05 Þ

outcomes of induction

prostaglandin usage (mg) 18 (10 – 24) 4 (3 – 6) 3 (3 – 3) < 0.05

time from induction to labor (hours) n. v. 18 (11 – 30) 10 (8 – 18) < 0.05

time from induction to delivery (hours) 101 (56 – 147) 21 (16 – 40) 16 (10 – 27) < 0.05

Values reported as mean (± standard deviation) (p-value: analysis of variance); prevalence with absolute values (p-value: chi-squared test).
1 The difference was significant between the group with labor induction failure and successful induction in the nullipara group. (Þ) The
difference was significant between the group with labor induction failure and successful induction in the nullipara or pluripara group.

Table 4 Multivariate analysis (dependent variable: failure of labor induc-
tion).

any parity status OR (IC95 %)1 p

log (cervical elastography strain) 0.841 (0.711 – 0.994) < 0.05

Primiparous

log (cervical elastography strain) 0.819 (0.673 – 0.997) < 0.05

1 Multivariate logistic regression (odds ratio and 95% confidence interval), correction
for functional cervical length, pre-gestational BMI, gestational age
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ous subgroups even after the correction of the functional cervical
length and in spite of the gestational age at the time of labor in-
duction.

Diagnostic accuracy of pre-induction cervical feature
assessment
In●" Fig. 4 we drew the ROC curves to predict labor induction
success of the Bishop score, cervical consistency assessment in
the Bishop score, functional cervical length and ultrasound cervi-
cal TS. The greater AUC was that of the cervical TS, but the only
significant difference was between the AUC of the cervical
TS (81%, 0.95 C. I. 60–100%) and the AUC of the cervical consis-
tency in the Bishop score (60%, 0.95 C. I. 30–91%) (p <0.05). In

●" Table 5we found that the AUC of the cervical TS for all consid-
ered outcomes was always above 50%, whereas the AUC value of
cervical consistency in the Bishop score was under 50% (not
shown) among all outcomes except for labor induction success.
We tested the combination of cervical length and elastography.
This only slightly, but not significantly, improved the diagnostic
accuracy of the tool (data not shown).

Discussion
!

Tissue elastography has already been successful introduced in
several fields of medicine [11–14]. This sonographic tool enables
the tracking of tissue motion during deformation. In order to as-
sess tissue stiffness, deformation (also called strain) can be
evoked extrinsically, for example, by exploiting the internal sour-
ces of motion (such as using arterial or respiratory motion), or by

manually applying an extrinsic force to the tissue via the transva-
ginal probe. Some recent publications show the possible applica-
tion of this new technology for the evaluation of the cervix dur-
ing pregnancy [15, 16]. Swiatkowska-Freund first described the
elastographic pattern of cervical tissue caused by the movement
generated on the cervix by the patient’s breathing and arterial
pulsation [17]. Nonetheless, the proposed method allows only a
semiquantitative and subjective evaluation of the strain gener-
ated in four grades of stiffness. Furthermore, the study was con-
ducted on a small number of patients (only twenty-nine), and the
operator independency of the process of acquisition of the elasto-
graphic images was not reported to have been tested.
Recently, Molina reported a reliability study on the evaluation of
quantitative elastography of the cervix during pregnancy [18]. Si-
milarly to our method, strain calculation is based on freehand
compression of the cervical tissue. Nonetheless, independently
of the insubstantial results (even the author stated in the conclu-
sion that “… the measurements obtained by elastography may be a
mere reflection of the force being applied by the transducer to dif-
ferent parts of the cervix”…), we feel that severe methodological
limitations affect the value of the presented study as already ex-
plained in a letter to the editor published as a commentary to the
study [19].
A further research group proposed a similar elastographic tool for
strain calculation, also based on freehand compression of the cer-
vical tissue. Here, even if the method is described as semiquantita-
tive, the author showed that cervical tissue strain was more
strongly associated with cervical length than with gestational age,
and that it was somewhat higher in multiparous woman, particu-
larly those with a history of preterm delivery [20].
The reliability of TDI-based cervical elastography for the quanti-
tative assessment of cervical stiffness was assessed in our pre-
vious preliminary studies [6]. Natural strain was chosen because
in subsequent studies the Lagrangian strain failed to perform in
the 3rd trimester, when the cervices are softer and the tissue de-
formation increases, while natural strain showed a high intra-
operator reliability [7]. The current study, even if conducted by a
single operator, confirms these results.
Concerning the study of the clinical applicability of TS measure-
ment, our results show a positive correlation between cervical TS
and digital consistency assessment, supporting the usefulness of
this new ultrasound tool for a quantitative evaluation of cervical
stiffness. No correlation was shown between cervical TS and the
twomost relevant population features, gestational age and cervi-
cal length. Nonetheless, all included patients were at the end of
pregnancy and it might be possible that elastography can provide
more information when performed at different gestational ages.
In order to evaluate the predictability of labor induction success
our study included only patients undergoing labor induction
with vaginal prostaglandins. This choice was made in order to
reach better homogeneity of the results obtained with labor in-
duction. Patients with PROM at admission were not included in
the study, as membrane rupture can influence the process of cer-
vical ripening and parturition. The cervical length was measured
as the functional cervical length because of its better reliability
and correlation with pregnancy outcome [21, 22]. The cervical
length cut-off of 15mm was subjective and introduced in order
to permit an optimal process of strain calculation. Indeed, the
cervix should at least fit the vaginal probe dimension, because
the compression force should be exerted perpendicular to its
longitudinal axis and lateral and longitudinal dislocation of the
probe should be avoided. Otherwise, the reliability of the results

Fig. 4 ROC curves of pre-induction examinations to predict success of
medical induction of labor. (*) P-value refers to the difference between
AUC of cervical TS and AUC of consistency assessment in the Bishop score
(De Long’s test).

Abb.4 ROC-Kurven von Untersuchungen vor Einleitung zum Vorhersa-
gen einer erfolgreichen Geburtseinleitung. (*) P-Wert bezieht sich auf die
Differenz zwischen AUC des Gebärmutter-TS und des AUC der Konsistenz
durch die Beurteilung mittels Bishop-Score (De Long-Test).

Fruscalzo A et al. Quantitative Elastography of… Ultraschall in Med 2015; 36: 65–73

Original Article 71



would not be guaranteed, and the practicability of the tool would
be limited.
The choice of different end points in our study reflects the uncer-
tainty in the definition of adequate parameters for defining suc-
cessful labor induction. Indeed, many confounding factors limit
the homogeneous interpretation of the abundant results present
in the current literature: the heterogeneity of the considered
population (for example, parity, gestational age and presence of
PROM), but also the heterogeneity of the protocol used for labor
induction (drug type, formulation and dosage applied, use of am-
niotomy or oxytocin for labor induction) and the evaluated out-
come measures [23, 26]. In our opinion, active labor should be
considered the most appropriate parameter to define successful
labor induction, as cervical ripening and uterine contractions
are the first targets of labor induction. Thereafter, many other
confounding factors can interfere with the process of childbirth,
for example a cesarean section in the case of a not reassuring or
pathologic fetal heart rate pattern, use of oxytocin or amniotomy
for labor augmentation or the occurrence of spontaneous mem-
brane rupture. Nonetheless, the two endpoints, vaginal delivery
and the total milligrams of PG used for labor induction, have the
benefit of eliminating the bias of a subjective definition of active
labor. The definition of further sub-categories helped to differ-
entiate between “responders” and “non-responders” (successful
versus failed labor induction), as well as between “early” and
“late” responders (time to active labor < or >24 hours, time to de-
livery < or > 36 hours and PG < or >6mg).

Our results show a low cervical TS (stiffer cervical tissue) to be
related to failure of labor induction. Also a longer, functional cer-
vical length by ultrasound was related to failure of labor induc-
tion, even if the p-value was only near statistical significance.
Failed induction was recorded only in four cases: three cases
due to failed cervical ripening and regular uterine contraction,
one due to failed cervical ripening unless regular uterine contrac-
tions were reached. In this case, a very stiff cervix was reported
during the whole labor, supporting the decision to perform a sec-
ondary cesarean delivery for failed cervical ripening.
Conversely, cervical TS did not predict the other outcome mea-
sures studied but seemed to be more accurate than digital cervi-
cal consistency assessment. Interestingly, among these patients
both the Bishop score and the functional cervical length were
shown to predict only an early response to labor induction (time
to labor induction <24 hours, time to delivery <36 hours and PG
usage <6mg). Otherwise, they also failed to find a significant cor-
relation in the prediction of labor inductions requiring a longer
time or higher PG administration. These results are in accordance
with most of the literature, describing the Bishop score as a use-
ful parameter for predicting labor induction mainly in patients
with favorable pelvic scores [27]. With regard to cervical length
and success of labor induction, the current literature demon-
strates that cervical length did not accurately predict any out-
come, neither a successful vaginal delivery nor successful cervical
ripening. Nonetheless, a differentiation between functional and
total cervical length as well as a differentiation between early
and late response to induction have not been considered [23].

Table 5 Predictability of
pre- induction examinations.

labor induction failure BTV sensitivity specificity AUC

cervical strain 0.73 52 % (40 – 63 %) 100 % (100 – 100 %) 81 % (60 – 100 %)

functional cervix length, mm 29.50 60 % (49 – 62 %) 100 % (100 – 100 %) 72 % (58 – 86 %)

Bishop score 0.50 100 % (100 – 100 %) 25 % (0 – 75 %) 59 % (24 – 94 %)

Time to induction > 24 hours

cervical strain 0.76 56 % (33 – 78 %) 59 % (46 – 52 %) 54 % (38 – 71 %)

functional cervix length, mm 27.50 72 % (50 – 89 %) 61 % (47 – 76 %) 67 % (52 – 81 %)

Bishop score 2.50 39 % (17 – 61 %) 94 % (87 – 100 %) 63 % (47 – 80 %)

Time to induction > 48 hours

cervical strain 0.77 83 % (50 – 100 %) 46 % (33 – 58 %) 61 % (35 – 86 %)

functional cervix length, mm 27.50 83 % (50 – 100 %) 56 % (44 – 67 %) 67 % (49 – 85 %)

Bishop score 1.50 50 % (17 – 83 %) 94 % (88 – 99 %) 72 % (46 – 99 %)

Time to delivery > 36 hours

cervical strain 0.62 35 % (15 – 55 %) 83 % (74 – 91 %) 57 % (41 – 73 %)

functional cervix length, mm 27.50 80 % (60 – 95 %) 60 % (46 – 93 %) 69 % (55 – 82 %)

Bishop score 2.50 40 % (20 – 65 %) 95 % (88 – 100 %) 68 % (53 – 81 %)

Time to delivery > 72 hours

cervical strain 0.69 80 % (40 – 100 %) 65 % (54 – 76 %) 66 % (36 – 97 %)

functional cervix length, mm 29.50 80 % (40 – 100 %) 60 % (48 – 72 %) 67 % (46 – 88 %)

Bishop score 4.50 40 % (0 – 80 %) 72 % (61 – 82 %) 45 % (9 – 81 %)

Prostaglandin usage > 6mg

cervical strain 0.64 44 % (19 – 69 %) 77 % (66 – 87 %) 59 % (42 – 56 %)

functional cervix length, mm 27.50 81 % (56 – 100 %) 57 % (43 – 79 %) 67 % (54 – 80 %)

Bishop score 2.50 44 % (19 – 69 %) 93 % (87 – 98 %) 62 % (43 – 80 %)

Prostaglandin usage > 12mg

cervical strain 0.69 75 % (25 – 100 %) 64 % (53 – 75 %) 61 % (24 – 98 %)

functional cervix length, mm 29.50 100 % (100 – 100 %) 60 % (49 – 62 %) 75 % (57 – 93 %)

Bishop score 1.50 50 % (0 – 100 %) 92 % (85 – 97 %) 65 % (25 – 100 %)

Vaginal delivery

cervical strain 0.77 45 % (33 – 58 % 71 % (47 – 88 %) 53 % (37 – 71 %)

functional cervix length, mm 25.50 47 % (35 – 60 %) 65 % (41 – 88 %) 52 % (35 – 69 %)

Bishop score 0.50 100 % (100 – 100 %) 6 % (0 – 19 %) 49 % (31 – 67 %)

Reported are area under the curve (AUC) values, the best threshold value (BTV) of receiver-operator curve, and its sensitivity and specificity
values (95% confidence interval in brackets).
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The differentiation into subcategories in our study could explain
the results in the literature and help to define a more suitable
outcome when studying the success of labor induction in the fu-
ture.
The only unpredictable outcome measure was the success of de-
livery (vaginal versus cesarean delivery). This is probably due to
the great variation of factors influencing the process of delivery,
making it an unsuitable outcome measure for prediction.

Study limits
!

Even if very intriguing, results concerning the predictability of la-
bor induction failure by means of cervical TS should be interpret-
ed with caution, most of all because of the small number of pa-
tients matching this group.Otherwise, gestational age is most
likely themain factor associatedwith a successful induction of la-
bor and all included patients were at the end of pregnancy. It
might be possible that elastography performed at a different ges-
tational age can providemore relevant information for predicting
the successful induction of labor. Similarly, it is possible that al-
ready shortened cervices might not obtain maximal advantage
from this further diagnostic tool, and that only patients with a
greater cervical length should be considered when predicting
the successful induction of labor with cervical elastography. Fur-
ther studies in this regard are warranted.
Another limitation of the proposed tool is the dependency of cer-
vical strain on the applied force, as well as the possible unwanted
lateral or longitudinal dislocation of the cervical tissue during the
movement of cervix compression. However, TDI-based quantita-
tive elastography, performed under standardized conditions for
raw dataset acquirement, proved to be feasible and to have high
reliability. A similar method for cervical stiffness evaluation was
recently described, with the only difference being that the calcu-
lation occurred manually. The anteroposterior cervical diameter
was measured before and after the application of pressure on
the cervix using the transvaginal probe. The calculation of the
index of compression, called the cervical consistency index
(CCI), showed an excellent intra- and inter-observer correlation
[28].
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