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ultrasonography in predicting successful labor
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Abstract

Objective: The aim of our study is to investigate the effectiveness of the cervical consistency index measured by ultrasonography in predicting
the success of labor induction and to apply a more objective and painless method instead of the Bishop score.

Methods: A total of 230 primiparous pregnant women were included in our study. Initial Bishop scores, cervical lengths, cervical consistency
index measurements, and delivery type of the patients were recorded. Those who responded to induction and delivered vaginally and those
who did not respond and gave birth by cesarean section were compared. p value <0.05 was considered statistically significant.

Results: There was no significant cut-off value for CCI parameter (p=0.052) and CL parameter (p=0.890) in predicting successful labor in-
duction in first pregnancies. A significant cut-off value was found for the Bishop parameter (p=0.007). A statistically significant negative and
weak correlation was found between Bishop score and CL (r=- 0.328; p<0.001). There was no statistically significant relationship between

other parameters (p>0.05).

Conclusion: Measurement of cervical length and cervical consistency index with transvaginal ultrasound in first pregnancies did not find

statistically significant results in predicting the success of labor induction.
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Introduction

Labor induction refers to techniques that stimulate
uterine contractions to provoke about labor before the
spontaneous onset of labor.! Induction of labor is one
of the most commonly performed obstetric procedures.?
Bishop score is the most common method used before la-
bor induction.?! However, many studies have concluded
that the Bishop score is poor in predicting the success of
labor induction.® With the development of ultrasound
technology, studies on other parameters such as cervi-
cal angle, cervical length, head position, head-to-peri-
neal distance or angle of progression have increased.™
Additionally, attention has been paid to evaluating the
biomechanical structure of the cervix to predict the suc-
cess of labor induction.[9] Evaluation of cervical elasti-

city using ultrasonographic elastography!'® or cervical
consistency index (CCI) defined by Parra-Saavedra et al
(121 are some of these methods. Anteroposterior cervical
diameter was measured before (AP) and after (AP’)
application of pressure on the cervix using the
transvaginal probe. CCl is calculated as the ratio of AP’
to AP.

Therefore, we planned this prospective study to inves-
tigate the relationship between CCI and the success of
labor induction.

Methods

"This prospective study was approved by the Adana City
Training and Research Hospital Ethics Committee, and
written informed consent was obtained from all partici-
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pants. The present study was conducted according to the
recommendations of the Declaration of Helsinki.

A total of 230 women, aged between 18-45 years, with
singleton pregnancy, between 37-42 weeks of gestation,
cephalic presentation and cervical bishop score <6 hospi-
talized in our clinic for labor induction between Novem-
ber 2022 and February 2023 were included in the study.
Patients were excluded if they had any of the following:
Cervical and/or uterine surgery history, uterine anomaly,
fetal macrosomia, intrauterine fetal death, presence of
major fetal anomaly, situations where normal delivery is
not appropriate (such as placenta previa, active herpes di-
sease), a history of chronic diseases such as hypertension,
diabetes mellitus and the onset of active-phase labor. In-
duction indications were post-term pregnancy, gestatio-
nal cholestasis, oligohydramnios, and intrauterine growth
retardation.

Maternal age, gestational age and body mass index
(BMI) were recorded. All measurements were performed
with Hitachi Aloka Prosound alpha (Tokyo, Japan) ult-
rasonography by same experienced obstetrician. Cervical
length (CL) was measured by transvaginal ultrasound.
Sagittal view of the cervix without compression was ob-
tained by enlarging it to cover at least 2/3 of the screen.
CL was measured by combining the internal and external
cervical os linearly. The cervical consistency index (CCI)
was performed as described by Parra-Saavedra et al'? An-
teroposterior cervical diameter was measured before
application of pressure on the cervix and is named
AP and after application of pressure on the cervix
using the transvaginal probe is named AP’. The index
was calculated using the formula: CCI = (AP'/AP) x 100.

Vaginal ovule containing 10 mg Dinoprostone, a pros-
taglandin E2 analogue, was used for labor induction. Bis-
hop scores, CL and CCI measurements of the patients
were recorded before induction. The delivery types of the
patients, the birth weight and APGAR scores of the ba-
bies, and the neonatal intensive care needs were recorded.

Data were analyzed with IBM SPSS V23. Whether the
data were normally distributed or not was analyzed with
the Kolmogorov-Smirnov Test. Nonparametric compari-
sons were made using the Mann—Whitney U test. Values
were expressed as median (minimum-maximum) or n (%).
ROC Analysis was used to determine the cut-off value for
parameters to predict successful labor induction in first
pregnancies. Spearmans rho Correlation Coefficient was
used in the analysis of non-normally distributed parame-
ters. p<0.05 was considered statistically significant.

Results

A total of 230 patients were enrolled the study. The medi-
an (min.-max.) age of patients was 23 (18 - 39) years. The
median (min.-max.) body mass index (BMI) of patients
was 26 (19 - 43) kg/m2. The median gestational age of
patients was 39 (37 - 42) weeks. CL, AP, AP’, CCI and
bishop scores were determined for all patients. The me-
dians (min.-max.) of CL, AP, AP’, CCI and bishop scores
of patients were 28 (10 - 42) mm, 32 (18 - 55) mm, 19 (10
- 35) mm, 58.58 (32.65 - 98.33) and 3 (1 - 6) respectively
(Table 1).

Table 1. The Sociodemographic and obstetric characteristics of the
study participants

n =230
median (min.-max.)

Maternal age (years) 23 (18 - 39)
Body mass index (kg/mz) 26 (19 - 43)
Gestational age (weeks) 39 (37 -42)

AP (mm) 32 (18- 55)
AP* (mm) 19 (10 - 35)
CL(mm) 28(10-42)

CCl (%) 58.58 (32.65 - 98.33)
Bishop score 3(1-6)

Birth weight (g) 3100 (2100 - 4000)

Abbreviations: CL: Cervical length, AP: Anteroposterior diameter, CCl: Cervical consistency

index.

The delivery type of 48 (20.9%) patients was vaginal
delivery, while 182 (79.1%) patients were delivered by ce-
sarean section. The median (min.-max.) CCI of the vagi-
nal delivery group was 57.14 (32.65 - 98.33) and the cesa-
rean section group was 63.25 (35.29 - 87.5). There was no
statistically significant difference between the groups in
terms of delivery types (p = 0.051) (Table 2).

Table 2. Comparison of CCl measurements between cesarean and vag-
inal delivery patients

CCl (%) P
(Median (min.-max))

Delivery type

Vaginal delivery (n=48) 57.14 (32.65 - 98.33)

(20.9%)

Cesarean delivery (n=182)
(79.1%)

Abbreviations: CCl: Cervical consistency index.

No significant cut-off value was found for the CL
parameter in predicting successful labor induction in
primigravids (p=0.890). No significant cut-off value was

0.051

63.25 (35.29 - 87.5)
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found for the CCI parameter in predicting successful la-
bor induction in primigravids (p=0.052). A significant cut-
off value was found for the Bishop parameter in predic-
ting successful labor induction in primigravids (p=0.007).

Table 3. Determination of cut-off for CL, CCl and Bishop score
Cut-off AUC (%95 ClI) p
CL — 0.494 (0.396 — 0.591) 0.890

Those with a Bishop score 94 is considered successful.
Sensitivity value was obtained as 35.71%, specificity va-
lue as 83.33%, PPV value as 89.04% and NPV value as
25.48% (Table 3) (Figure 1).

Sensitivity (%)  Specificity (%) PPV (%) NPV (%)

ca — 0.409 (0.319 - 0.499) 0.052

Bishop score >4 0.626 (0.542 - 0.709)  0.007

%35.71 %83.33 %89.04 %25.48

Abbreviations: CL: Cervical length, CCl: Cervical consistency index.
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Fig 1. ROC curve for Bishop score

A statistically significant negative and weak correlati-
on was found between Bishop score and CL (r=-0.328;
p<0.001). There was no statistically significant relations-
hip between Bishop score and CCI (p>0.050).

Discussion

Labor induction ensures that the delivery takes place at
the appropriate time to protect the maternal and fetal
health. The mechanisms behind the changes that allow
cervical effacement and dilation have not yet been fully
elucidated. However, this mechanism has been reported
to begin early in pregnancy.!'* ' It appears to lead to a
progressive reduction in cervical stiffness even before cer-
vical shortening occurs. While the Bishop score has been
used for years to evaluate the success of labor induction,
new techniques are being added with developing techno-
logy. The first of these new techniques is CL measured by
ultrasonography (USG)."! Later, uterocervical angles are
also evaluated."” Recently, elastography has been used to

understand the softness, consistency, hardness and elasti-
city of a tissue.l'”? Our study, the cervical consistency in-
dex, was designed to evaluate the softness and consistency
of the cervical tissue in a different way. Elastography and
cervical consistency index are used to evaluate the pro-
perties of cervical tissue with different approaches. We
conducted our study to evaluate the relationship betwe-
en CCI and the success of labor induction. In our study,
cervical consistency index (CCI) and cervical length (CL)
were evaluated by ultrasonography in predicting succes-
sful labor induction in primigravids. As a result of our
research, it was found that CCI and CL were not succes-
sful in predicting labor induction. However, a significant
correlation was found in predicting labor induction with
Bishop score >4. In many studies, it has been stated that
Bishop score can be a successful method in predicting la-
bor induction.?!”

A definitive method for assessing cervical consistency
cannot be defined. To solve this problem, Parra-Saavedra
et al. designed an index that evaluates cervical anteropos-
terior diameter at rest and at maximum compression with
a transvaginal probe. The ratio of the anteroposterior di-
ameter at maximum compression to that at rest was cal-
led CCI. Therefore, the index increases in proportion to
the resistance of the cervix. Higher CCI values represent
harder cervixes. Parra-Saavedra et al. showed that CCI
predicts spontaneous preterm delivery and has a better
predictive value than cervical length measurements. In
the same study, no relationship was found between CCI
values and cesarean delivery.!' It is similar to the result of
our study. Another study, which included 464 term preg-
nant women who were planned to induce labor, aimed to
evaluate the relationship between the measured CCI and
the risk of cesarean section. In the study, no statistically
significant relationship was found between CCI and suc-
cessful labor induction. They also found that neither the
Bishop score nor the CCI showed an association with the
outcome of labor induction in logistic regression analysis.
181 In another study, Banos et al. evaluted CCI to predi-
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ct spontaneous preterm birth in a low-risk population. In
this study they measured the CCI twice in 19th and 24th
weeks of gestations and results showed a significant diffe-
rence in CCI values to predict preterm birth. We think
that this result may be due to difference in gestational age
that CCI measurements were performed.['”)

Many studies have been conducted to determine suc-
cessful labor induction by cervical length measurement.
In a prospective study involving 165 term pregnant wo-
men, no significant difference was found in terms of cer-
vix length between those who were successful in induction
of labor and those who were unsuccessful.”® The success
of cervical length measurement in predicting successful
induction of labor was found to be moderate in the me-
ta-analysis of 31 studies including 5029 pregnant women
by Verhoeven et al.?!)

The main strength of this study is its prospective de-
sign, which allowed evaluation of the relationship betwe-
en CCI and labor induction. The limitations of our study
are that our study was conducted in a single center, CCI
was measured only before labor induction, that is, additi-
onal measurements were not made to see cervical chan-
ges during labor. CCI also has some limitations due to
its measurement technique. The assessment of the true
maximum compressed anterior-posterior diameter may
be hampered by patient discomfort. Moreover, the abso-
lute value of tissue stiffness is still unknown and further
studies are needed to evaluate complementary properties.

Conclusion

No significant relationship was found for CCI in predi-
cting labor induction in primigravids. More research is
needed to better understand the distribution and deter-
minants of CCIL.

References

1. McCarthy FP, Kenny LC. Induction of labour. Obstetri-
cs, Gynaecology & Reproductive Medicine. 2014;24(1):9-
15.[CrossRef]

2. Martin JA, Hamilton BE, Osterman MJK, Driscoll AK,
Drake P. Births: Final Data for 2016. Natl Vital Stat Rep.
2018;67(1):1-55.

3. Kolkman DG, Verhoeven CJ, Brinkhorst SJ, van der Post
JA, Pajkrt E, Opmeer BC, et al. The Bishop score as a
predictor of labor induction success: a systematic review.
Am J Perinatol. 2013;30(8):625-30. [PubMed] [CrossRef]

4.  ACOG Practice Bulletin No. 107: Induction of labor.
Obstet Gynecol. 2009;114(2 Pt 1):386-97. [PubMed]
[CrossRef]

5. Gokturk U, Cavkaytar S, Danisman N. Can measurement
of cervical length, fetal head position and posterior cervi-
cal angle be an alternative method to Bishop score in the
prediction of successful labor induction? ] Matern Fetal
Neonatal Med. 2015;28(11):1360-5. [PubMed] [CrossRef]

10.

11.

12.

13.

14.

15.

16.

17.

18.

Pereira S, Frick AP, Poon LC, Zamprakou A, Nico-
laides KH. Successful induction of labor: prediction
by preinduction cervical length, angle of progression

and cervical elastography. Ultrasound Obstet Gynecol.
2014;44(4):468-75. [PubMed] [CrossRef]

Eggebo TM, Heien C, Okland I, Gjessing LK, Romun-
dstad P, Salvesen KA. Ultrasound assessment of fetal
head-perineum distance before induction of labor. Ult-
rasound Obstet Gynecol. 2008;32(2):199-204.[PubMed]
[CrossRef]

Chao AS, Chao A, Hsieh PC. Ultrasound assessment of
cervical length in pregnancy. Taiwan ] Obstet Gynecol.
2008;47(3):291-5. [PubMed] [CrossRef]

Mazza E, Parra-Saavedra M, Bajka M, Gratacos E, Nico-
laides K, Deprest J. In vivo assessment of the biomechani-
cal properties of the uterine cervix in pregnancy. Prenatal
diagnosis. 2014;34(1):33-41. [PubMed] [CrossRef]
Londero AP, Schmitz R, Bertozzi S, Driul L, Fruscalzo A.
Diagnostic accuracy of cervical elastography in predicting
labor induction success: a systematic review and meta-a-
nalysis. ] Perinat Med. 2016;44(2):167-78. [PubMed]
[CrossRef]

Swiatkowska-Freund M, Preis K. Cervical elastography
during pregnancy: clinical perspectives. Int ] Womens
Health. 2017;9:245-54. [PubMed] [CrossRef]

Parra-Saavedra M, Gomez L, Barrero A, Parra G, Ver-
gara F, Navarro E. Prediction of preterm birth using the
cervical consistency index. Ultrasound Obstet Gynecol.
2011;38(1):44-51. [PubMed] [CrossRef]

Word RA, Li XH, Hnat M, Carrick K. Dynamics of
cervical remodeling during pregnancy and parturition:
mechanisms and current concepts. Semin Reprod Med.
2007;25(1):69-79. [PubMed] [CrossRef]

Timmons B, Akins M, Mahendroo M. Cervical remode-
ling during pregnancy and parturition. Trends Endocri-
nol Metab. 2010;21(6):353-61. [PubMed] [CrossRef]

Kehila M, Abouda HS, Sahbi K, Cheour H, Chanoufi
MB. Ultrasound cervical length measurement in predicti-
on of labor induction outcome. ] Neonatal Perinatal Med.

2016;9(2):127-31. [PubMed] [CrossRef]

Dagdeviren E, Aslan Cetin B, Aydogan Mathyk B, Ko-
roglu N, Topcu EG, Yuksel MA. Can uterocervical ang-
les successfully predict induction of labor in nulliparous
women? Eur J Obstet Gynecol Reprod Biol. 2018;228:87-
91. [PubMed] [CrossRef]

Alanwar A, Hussein SH, Allam HA, Hussein AM, Ab-
delazim TA, Abbas AM, et al. Transvaginal sonographic
measurement of cervical length versus Bishop score in
labor induction at term for prediction of caesarean deli-
very. ] Matern Fetal Neonatal Med. 2021;34(13):2146-53.
[PubMed] [CrossRef]

Migliorelli F, Rueda C, Angeles MA, Banos N, Posadas
DE, Gratacos E, et al. Cervical consistency index and risk
of Cesarean delivery after induction of labor at term. Ult-
rasound Obstet Gynecol. 2019;53(6):798-803. [PubMed]
[CrossRef]

Volume 32 | Issue 1| April 2024


https://doi.org/10.1016/j.ogrm.2013.11.004
https://pubmed.ncbi.nlm.nih.gov/23283806
https://doi.org/10.1055/s-0032-1331024
https://pubmed.ncbi.nlm.nih.gov/19623003
https://doi.org/10.1097/AOG.0b013e3181b48ef5
https://pubmed.ncbi.nlm.nih.gov/25123514
https://doi.org/10.3109/14767058.2014.954538
https://pubmed.ncbi.nlm.nih.gov/24832011
https://doi.org/10.1002/uog.13411
https://pubmed.ncbi.nlm.nih.gov/18528923
https://doi.org/10.1002/uog.5360
https://pubmed.ncbi.nlm.nih.gov/18935991
https://doi.org/10.1016/S1028-4559(08)60126-6
https://pubmed.ncbi.nlm.nih.gov/24155152
https://doi.org/10.1002/pd.4260
https://pubmed.ncbi.nlm.nih.gov/26011923
https://doi.org/10.1515/jpm-2015-0035
https://pubmed.ncbi.nlm.nih.gov/28461768
https://doi.org/10.2147/IJWH.S106321
https://pubmed.ncbi.nlm.nih.gov/21465603
https://doi.org/10.1002/uog.9010
https://pubmed.ncbi.nlm.nih.gov/17205425
https://doi.org/10.1055/s-2006-956777
https://pubmed.ncbi.nlm.nih.gov/20172738
https://doi.org/10.1016/j.tem.2010.01.011
https://pubmed.ncbi.nlm.nih.gov/27197935
https://doi.org/10.3233/NPM-16915111
https://pubmed.ncbi.nlm.nih.gov/29909269
https://doi.org/10.1016/j.ejogrb.2018.06.014
https://pubmed.ncbi.nlm.nih.gov/31438737
https://doi.org/10.1080/14767058.2019.1659770
https://pubmed.ncbi.nlm.nih.gov/30328168
https://doi.org/10.1002/uog.20152

Kiling MN, Adiguzel FI, Destegul E

19. Banos N, Murillo-Bravo C, Julia C, Migliorelli F, Pe-

rez-Moreno A, Rios J, et al. Mid-trimester sonographic 21.

cervical consistency index to predict spontaneous preterm
birth in a low-risk population. Ultrasound Obstet Gyne-
col. 2018;51(5):629-36. [PubMed] [CrossRef]

20. Kwon JY, Wie JH, Choi SK, Park S, Kim SM, Park IY.
The degree of cervical length shortening as a predictor
of successful or failed labor induction. Taiwan J Obstet

Gynecol. 2021;60(3):503-8. [PubMed] [CrossRef]

Verhoeven CJ, Opmeer BC, Oei SG, Latour V, van der
Post JA, Mol BW. Transvaginal sonographic assessment
of cervical length and wedging for predicting outcome of
labor induction at term: a systematic review and meta-a-
nalysis. Ultrasound Obstet Gynecol. 2013;42(5):500-8.
[PubMed] [CrossRef]

Mountain View, CA 94042, USA.

This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivs 4.0 Unported (CC BY-NC-ND4.0) License. To
view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/4.0/ or send a letter to Creative Commons, PO Box 1866,



https://pubmed.ncbi.nlm.nih.gov/28370687
https://doi.org/10.1002/uog.17482
https://pubmed.ncbi.nlm.nih.gov/33966736
https://doi.org/10.1016/j.tjog.2021.03.020
https://pubmed.ncbi.nlm.nih.gov/23533137
https://doi.org/10.1002/uog.12467

