UNIVERSITA DI PARMA

ARCHIVIO DELLA RICERCA

University of Parma Research Repository

Evaluation of the uterine scar stiffness in women with previous Cesarean section by ultrasound elastography:
A cohort study

This is the peer reviewd version of the followng article:

Original

Evaluation of the uterine scar stiffness in women with previous Cesarean section by ultrasound
elastography: A cohort study / di Pasquo, E.; Kiener, A. J. O.; Dall'Asta, A.; Commare, A.; Angeli, L.; Frusca,
T.; Ghi, T.. - In: CLINICAL IMAGING. - ISSN 0899-7071. - 64:(2020), pp. 53-56.
[10.1016/j.clinimag.2020.03.006]

Availability:
This version is available at: 11381/2877664 since: 2022-01-18T18:02:01Z

Publisher:
Elsevier Inc.

Published
DOI:10.1016/j.clinimag.2020.03.006

Terms of use:

Anyone can freely access the full text of works made available as "Open Access". Works made available

Publisher copyright

note finali coverpage

(Article begins on next page)

02 May 2026



Clinical Imaging
Evaluation of the uterine scar stiffness in women with previous Cesarean section by

ultrasound elastography: a cohort study
--Manuscript Draft--

Manuscript Number: CLM-D-19-00957R2
Article Type: Full Length Article
Keywords: Elastography

Uterine Scar
Caesarean Section

Corresponding Author: Tullio Ghi

ITALY
First Author: Elvira di Pasquo
Order of Authors: Elvira di Pasquo

Ariane Jeanne Odette Kiener
Andrea Dall'Asta

Arianna Commare

Laura Angeli

Tiziana Frusca

Tullio Ghi

Abstract: Purpose: to evaluate by means of elastography if the quantitative assessment of the
cesarean scar elasticity is feasible using as reference the surrounding intact
myometrium and to investigate if the cesarean scar stiffness is influenced by the
clinical characteristics of the previous cesarean delivery.

Methods: prospective study including women with a previous Cesarean Section (CS)
> 37 weeks’ gestation performed 12-15 months before. By transvaginal ultrasound
two regions of interest (ROI) were selected: uterine scar (Region 1) and surrounding
myometrium (Region 2). Strain index (SI) for each ROI was calculated and the Strain
Ratio (SR) was defined as Region 1 SI/Region 2 SI. The primary outcome was to
compare SR among women who were grouped in accordance to presence of previous
vaginal delivery (VD), CS during labor, type of suture or pyrexia during post-partum.
The secondary outcome of this study was to evaluate the correlation between SR and
maternal, neonatal and labor characteristics.

Results: 68 women were included. The mean SR was 1.8+0.7 thus indicating an
increased stiffness of the uterine scar compared to the surrounding myometrium. No
significant differences were found in terms of SR according to presence of previous
VD, CS during labor, type of suture or pyrexia during post-partum period. SR was not
correlated to maternal characteristics nor to labor and neonatal outcome.
Conclusions: evaluation of uterine scar stiffness is feasible by using elastography.
The stiffness of the uterine scar is higher than that of the surrounding myometrium and
is not correlated to maternal and labor characteristics
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ABSTRACT

Purpose: to evaluate by means of elastography if the quantitative assessment of the cesarean
scar elasticity is feasible using as reference the surrounding intact myometrium and to
investigate if the cesarean scar stiffness is influenced by the clinical characteristics of the
previous cesarean delivery.

Methods: prospective study including women with a previous Cesarean Section (CS) > 37 weeks’
gestation performed 12-15 months before. By transvaginal ultrasound two regions of interest (ROI)
were selected: uterine scar (Region 1) and surrounding myometrium (Region 2). Strain index (SI) for
each ROI was calculated and the Strain Ratio (SR) was defined as Region 1 SI/Region 2 SI. The
primary outcome was to compare SR among women who were grouped in accordance to presence of
previous vaginal delivery, CS during labor, type of suture or pyrexia during post-partum. The
secondary outcome of this study was to evaluate the correlation between SR and maternal, neonatal
and labor characteristics.

Results: 68 women were included. The mean SR was 1.8+£0.7 thus indicating an increased
stiffness of the uterine scar compared to the surrounding myometrium. No significant differences
were found in terms of SR according to presence of previous VD, CS during labor, type of suture or
pyrexia during post-partum period. Strain Ratio was not correlated to maternal characteristics nor to
labor and neonatal outcome.

Conclusions: evaluation of uterine scar stiffness is feasible by using elastography. The stiffness of
the uterine scar is higher than that of the surrounding myometrium and is not correlated to maternal

and labor characteristics
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Abbreviations
CS=Cesarean Section
ROI= Region of interest
SR= Strain Ratio
SI=Strain Index

VD= Vaginal Delivery

BMI=Body Mass Index

INTRODUCTION

Since 1995 the rate of Cesarean Section (CS) has dramatically increased worldwide [1]. This trend is
mainly due to the increase in frequency of primary CS but also to a decline in attempted trials of labor
after CS (TOLAC) [2,3]. Although Vaginal birth after C-section (VBAC) has been shown to be a safe
option for both mother and child, uterine rupture can occur in about 0.5-1.5% of women with one
previous CS undergoing a TOLAC [4,5].

Many studies tried to find an effective method to predict the individual risk of uterine rupture in
women with a history of CS attempting a vaginal delivery.

The vast majority of the existing literature has been focused on the correlation between the lower
uterine segment (LUS) thickness measured by 2D ultrasound at 36 weeks of gestation and the risk of
subsequent uterine rupture or dehiscence. However, no reliable cut off to be used in clinical practice

has been found [6-9]. On the other hand, there are few studies considering the uterine scar stiffness



as a possible factor influencing the risk of uterine rupture during the subsequent trial of labor [10,11].
Ultrasound elastography is a technique which provides information about the elasticity of the tissue
under the mechanical stress represented by the ultrasound beam. The technique is based on the
qualitative or quantitative estimation of the displacement of the target tissue when an oscillatory
pressure is applied [12].

In clinical practice elastography has been used for the diagnosis and classification of liver disease,
enlarged lymph nodes, breast and prostate cancer, thyroid tumors and uterine fibroids [13].

In obstetrics, the use of elastography to evaluate the cervical modifications during pregnancy and to
predict the outcome of labor induction of labor has been explored by observational and reproducibility
studies [14-18].

The aim of our study was to evaluate by means of elastography if the quantitative assessment
of the cesarean scar elasticity is feasible using as reference the surrounding intact myometrium
and to investigate if the cesarean scar stiffness is influenced by the clinical characteristics of the
previous cesarean delivery.

MATERIALS AND METHODS

Study design and study population

This is a prospective cohort study conducted from February to September 2017 and including women
with a previous planned or emergency CS > 37 weeks’ gestation performed 12 to 15 months before.
Exclusion criteria were twin pregnancy, more than one CS, preterm CS, vertical CS, congenital
uterine anomalies (ESHRE/ESGE classification of uterine anomalies: dysmorphic infantilis uterus,
complete septate uterus, bicorporeal uterus, or hemi-uterus) [19], myomas and retroverted
retroflexed uterus . Pregnant women were also excluded.

Management

Women underwent ultrasound examination using a 5.0- 7.0 MHz transvaginal probe (Esaote Mylab
60, Geneve, 5-8 MHz). Cervical measurements were performed with empty bladder and in dorsal

lithotomy position placing the probe in the anterior fornix of the vagina and obtaining the



visualization of the uterine scar and the sagittal view of the cervix. The uterine scar was identified as
the thinnest and hyperechoic zone at the site of the lower uterine segment.
Two regions of interest (ROI) of about 20-23 mm? were selected: uterine scar (Region 1) and
surrounding myometrium (Region 2) in order to evaluate tissue strain after applying a 4-5 cycles of
a perpendicular oscillatory pressure through rhythmic movements on the mid-sagittal plane. The
myometrial ROl was placed in the middle part of the anterior uterine wall above the region of the
previous uterine scar.
Acquired data were processed by an appropriate software (ElaXto®; Esaote S.p.A., Genova, Italy)
and shown as different color zones ranging from red, yellow, green to blue from softer to harder
tissues, respectively. The software automatically displayed a strain index for each ROI. The Strain
Ratio (SR), was defined as Region 1 strain index/Region 2 strain index (Figure 1).
All values >1 indicate that the numerator (Strain Index of the scarred LUS) is greater (= harder)
than the denominator (Strain index of the myometrium).
Outcome
An analysis of demographics, clinical characteristics, pregnancy and delivery outcome was performed
within the study group.
The primary outcome of the study was to compare Strain Ratio (SR) among women who were
grouped in accordance to the following characteristics:

e Presence or absence of previous vaginal delivery (VD)

e CS during or before labor

e Single or double layer of uterine suture

e Pyrexia during the post-partum period (>38°C)
The secondary outcome of this study was to evaluate the correlation between SR and the following
characteristics: maternal age, maternal Body Mass Index (BMI), number of previous VD, gestational
age at delivery, neonatal weight, duration of labor and cervical dilatation at CS.

Statistical analysis



Statistical analysis was performed using Statistical Package for Social Sciences (SPSS) v. 22 (IBM
Inc., Armonk, NY, USA). Data were displayed as meantstandard deviation (SD) or as number
(percentage). Categorical variables were compared using the Chi-square or Fisher exact test.
Between-group comparison of continuous variables was undertaken using T-test and the Mann-
Whitney nonparametric equivalent test. Two-sided p-values were calculated and p values <0.05 were
considered as statistically significant.

Being the SR a ratio between the Strain Index (SI) of the scarred LUS vs that of the intact
myometrium, mean values +DS >1 were assumed to indicate that the Sl of the numerator was
greater than that of the denominator and ultimately that the Scarred LUS was significantly
stiffer than the intact myometrium. Using this approach, a significance test comparing the
elasticity of the two uterine zones and yielding a p-value was not considered necessary.

Linear regression was used to assess the correlation between SR and maternal and pregnhancy
characteristics and correlation coefficients were expressed with corresponding significance levels.
The study was performed following the STROBE guidelines [20]. This study has been approved by

the local Ethics Committee.

RESULTS

Over the study period, 78 women were considered eligible for the study purpose. Of them, 5 were
subsequently excluded due to the sonographic diagnosis of uterine anomalies, 4 were lost to follow
up and 1 was pregnant at the time of the assessment. A total of 68 women with a mean interval-time
from CS of 13.5+1.27 months were included in the final analysis; maternal and pregnancy
characteristics are described in Table 1. The mean SR between the cesarean scar and the surrounding
intact myometrium was 1.8+0.7. Overall, 59/68 (86.8%) of women had a CS during labor and
9/68(13.2%) during the second stage of labor at a mean gestational age of 39.6+1.3 weeks. The overall
incidence of pyrexia during the post-partum period was 5.9% (4/68).

Table 2 describes the primary outcome of the study. No significant differences were found in terms



of SR according to presence/absence of previous VD (1.56+0.45 vs 1.8+0.7; p=0.30), CS during labor
(1.86+0.71 vs.1.740.; p=0.34), type of suture (single layer 1.7+0.6 vs double layer 1.9+0.8; p=0.13)
or pyrexia during post-partum period (1.8+0.7 vs. 1.9+0.5; p=0.89). Strain Ratio was not correlated
with the following maternal and labor characteristics: maternal age (p=0.36); pre-pregnant BMI
(p=0.17); BMI at delivery (p=0.22), gestational age at delivery (p=0.31); number of previous VD
(p=0.21); neonatal weight (p=0.91); duration of labor (0.23) and cervical dilatation at CS (p=0.45)

(Table 3).

DISCUSSION

The main finding of our study is that the evaluation of uterine scar stiffness is feasible by using
elastography. By means of this technique, we demonstrated that the stiffness of the uterine scar is
higher than that of the surrounding myometrium and that the degree of scar stiffness is not correlated
to the maternal characteristics, the intrapartum management nor the technique of uterine closure.
The hypothesis being tested is that histological changes characterizing uterine scar reparation after
CS may be reflected by changes in its biomechanical properties. In particular, the higher stiffness, the
reduced elasticity and tissue displacement during pressure could be determined by a lower density of
smooth muscle cells and a higher collagen content [21,13].

While reproducibility studies have largely validated the use of elastography as standard technique to
evaluate changes in cervical stiffness during pregnancy or induction of labor, data on the use of
elastography in the assessment of LUS are lacking [14,15]. In literature there has been much interest
on the sonographic antepartum assessment of the uterine scar whose features might predict the
occurrence of uterine rupture or dehiscence in women with a previous Cesarean section undergoing
a trial of labor.

Either the shape (scar asymmetry, wedge defects or ballooning in the LUS) and the thickness (6,9) of
the scarred lower uterine segment have been sonographically investigated. A meta-analysis including

21 studies showed that there is a negative correlation between the LUS thickness and the risk of



uterine rupture during subsequent trial of labor but it failed in identifying a cut-off with a good
predictive value for uterine rupture mainly due to the heterogeneity of the included studies and to the
lack of a standardized technique to measure LUS [6]. Some studies [22-25] have reported that the
ultrasound characteristics of LUS during subsequent pregnancies may be influenced by a series of
additional factors which are known to contribute to the occurrence of uterine rupture including
maternal conditions, intrapartum management, techniques of uterine closure. On the other hand,
recent evidences and experimental studies support the hypothesis that dehiscent or ruptured cesarean
scars are characterized by an abnormal collagen content [26-28]. At the light of these observations
the biomechanical properties of the lower uterine segment (LUS) in 33 women with a previous
cesarean section (CS) have been assessed a few hours before repeated cesarean delivery by shear
wave ultrasound (US) elastography [29]. In a few cases of this study high stiffness and restricted
biomechanical resilience have been found in women with apparently normal scar and this has been
proposed to explain the phenomenon of rupture during TOLAC despite a normal measurement of the
LUS thickness at antepartum 2D ultrasound [26-29].

On the basis of our own data, biomechanical changes of the myometrial tissue due to the healing
process at the level of the scar do not seem not to be influenced by maternal or previous pregnancy
factors after an interval time of 12-15 months from CS. In this study we decided not to include
pregnant women because we wanted to assess the pure effect of the previous cesarean surgery on the
biomechanical properties of the lower uterine effect without the concomitant effect of other
confounders such as a new pregnancy. Actually, although there is lack of data on that, we certainly
envisage that the pregnant status may modify the elasticity of the uterine scar due to the related
hormonal changes and to the morphological and volumetric changes of the uterus. We also decided
not to include the women with retroverted/retroflexed uterus. The reason for this choice is that in this
preliminary feasibility study we wanted to collect genuine and accurate data on the cesarean scar
elasticity. Accordingly, we decided to exclude a priori cases of retroverted uterus because in these

cases it may be difficult to insonate on the same plane and perpendicularly to the ultrasound beam the



cesarean uterine scar and the surrounding intact myometrium. We cannot say that in retroverted uterus
the elastography is not feasible simply because we have not tested it. However, we do not think that
this is major issue as we envisage that the most promising clinical application of this technique may
be the assessment of the cesarean scar elasticity in late pregnancy when the uterus is not retroverted
The prospective design, the originality in testing the sono-elastography on uterine scar and the
standardization of the interval time from CS represent the main strengths of the present study.
Potential confounding (ethnicity, maternal age, post-partum pyrexia) were all included in the analysis.
The small sample size and the lack of evaluation of the intra and inter-observer variability are the
main limitations of the study. Of course, this study does not draw conclusions on the correlation
between biomechanical characteristics of uterine scar and subsequent risk of uterine rupture in a
subsequent trial of labor due to the lack of follow-up data.

Conclusion

In conclusion, our study has shown that sonoelastography may provide reliable information about the
stiffness of the cesarean uterine scar in non-pregnant women with a single previous cesarean delivery.
The stiffness of the scarred LUS seems significantly increased compared with the surrounding intact
myometrium but the degree of stiffness does not seem to be affected by previous obstetrical history
or maternal characteristics. It is still to demonstrate if the use of sonoelastography during
pregnancy and its combination with additional sonographic findings such as the thickness of
the scarred LUS could help the clinicians in identifying those women at higher risk of uterine

rupture during a trial of labor after CS.

Acknowledgments: none



REFERENCES

[1] Betrdn AP, Ye J, Moller AB, Zhang J, Gulmezoglu AM, Torloni MR, The increasing trend in
Cesarean section rates: global, regional and national estimates: 1990-2014. PLoS One 2016;
11: e0148343

[2] Uddin SF, Simon AE, Rates and success rates of trial of labor after cesarean delivery in the
United States, 1990-2009. Matern Child Health J. 2013 Sep;17(7):1309-14

[3] Sargent J, Caughey AB, Vaginal Birth After Cesarean Trends: Which Way Is the Pendulum
Swinging? Obstet Gynecol Clin North Am. 2017 Dec;44(4):655-666

[4] American College of Obstetricians and Gynecologists. Vaginal Birth After Cesarean
Delivery. ACOG practice bulletin no 184. Washington, DC: ACOG 2017

[5] Landon MB, Hauth JC, Leveno KJ, Spong CY, Leindecker S, Varner MW, Moawad AH,
Caritis SN, Harper M, Wapner RJ, Sorokin Y, Miodovnik M, Carpenter M, Peaceman AM,
O'Sullivan MJ, Sibai B, Langer O, Thorp JM, Ramin SM, Mercer BM, Gabbe SG; National
Institute of Child Health and Human Development Maternal-Fetal Medicine Units Network,
Maternal and perinatal outcomes associated with a trial of labor after prior cesarean delivery.
N Engl J Med. 2004 Dec 16;351(25):2581-9

[6] Kok N, Wiersma IC, Opmeer BC, de Graaf IM, Mol BW, Pajkrt E, Sonographic measurement
of lower uterine segment thickness to predict uterine rupture during a trial of labor in women
with previous Cesarean section: a meta-analysis. Ultrasound Obstet Gynecol. 2013
Aug;42(2):132-9

[7] Jastrow N, Vikhareva O, Gauthier RJ, Irion O, Boulvain M, Bujold E, Can third trimester
assessment of uterine scar in women with prior Cesarean section predict uterine rupture?

Ultrasound Obstet Gynecol 2016;47(4):410-4

10


https://www.ncbi.nlm.nih.gov/pubmed/?term=Uddin%20SF%5BAuthor%5D&cauthor=true&cauthor_uid=22991012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Simon%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=22991012
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sargent%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29078947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Caughey%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=29078947
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kok%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23576473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wiersma%20IC%5BAuthor%5D&cauthor=true&cauthor_uid=23576473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Opmeer%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=23576473
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Graaf%20IM%5BAuthor%5D&cauthor=true&cauthor_uid=23576473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mol%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=23576473
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pajkrt%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23576473

[8] Swift BE, Shah PS, Farine D, Sonographic lower uterine segment thickness after prior
cesarean section to predict uterine rupture: A systematic review and meta-analysis. Acta
Obstet Gynecol Scand. 2019;98(7):830-841

[9] Martins WP, Barra DA, Gallarreta FMP, Nastri CO, Filho FM, Lower uterine segment
thickness measurement in pregnant women with previous Cesarean section, reliability
analysis using two- and three-dimensional transabdominal and transvaginal ultrasound.
Ultrasound Obstet Gynecol 2009;33(3):301-6

[10] Wu C, Chen X, Mei Z, Zhou J, Wu L, Chiu WH, Xiao XA. Preliminary study of uterine
scar tissue following cesarean section. J Perinat Med. 2018 May 24;46(4):379-386

[11] Gennisson JL, Muller M, Gabor P, Frydman R, Musset D, Tanter M, Ami O, Muller
M, Gabor P,. Quantification of elasticity changes in the myometrium during labor using
supersonic shear imaging, a feasibility study. Ultrasonics 2015; 56:183-8

[12] Ophir J, Alam SK, Garra BS, Kallel F, Konofagou EE, Krouskop T, Merritt CR,
Righetti R, Souchon R, Srinivasan S, Varghese T, Elastography: Imaging the elastic properties
of soft tissues with ultrasound. J Med Ultrason (2001). 2002 Dec;29(4):155

[13] Kudo M, Shiina T, Moriyasu F, lijima H, Tateishi R, Yada N, Fujimoto K, Morikawa
H, Hirooka M, Sumino Y, Kumada T, JSUM ultrasound elastography practice guidelines,
liver. J Medic Ultrason (2001) 2013;40(4):325-57

[14] Molina FS, Gomez LF, Florido J, Padilla MC, Nicolaides KH, Quantification of
cervical elastography, A reproducibility study. Ultrasound Obstet Gynecol 2012;39(6):685-9

[15] Fruscalzo A, Londero AP, Frohlich C, Meyer-Wittkopf M, Schmitz R, Quantitative
elastography of the cervix for predicting labor induction success. Ultraschall in der Medizin
2015;36(1):65-73

[16] Hernandez-Andrade E, Hernandez-Andrade E, Hassan SS, Ahn H, Korzeniewski SJ,

Yeo L, Chaiworapongsa T, Romero R, Evaluation of cervical stiffness during pregnancy using

11


https://www.ncbi.nlm.nih.gov/pubmed/?term=Swift%20BE%5BAuthor%5D&cauthor=true&cauthor_uid=30779345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shah%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=30779345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Farine%20D%5BAuthor%5D&cauthor=true&cauthor_uid=30779345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ophir%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27277961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alam%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=27277961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garra%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=27277961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hernandez-Andrade%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23151941

semiquantitative ultrasound elastography. Ultrasound Obstet Gynecol. 2013 Feb;41(2):152-
61

[17] Fruscalzo A, Mazza E, Feltovich H, Schmitz R,
Cervical elastography during pregnancy: a critical review of current approaches with a focus
on controversies and limitations. J Med Ultrason (2001). 2016 Oct;43(4):493-504

[18] Mazza E, Parra-Saavedra M, Bajka M, Gratacos E, Nicolaides K, Deprest J. In vivo
assessment of the biomechanical properties of the uterine cervix in pregnancy. Prenat Diagn.
2014 Jan;34(1):33-41

[19] Grimbizis GF, Gordts S, Di Spiezio Sardo A, Brucker S, De Angelis C, Gergolet M,
Li TC, Tanos V, Brélmann H, Gianaroli L, Campo R, The ESHRE/ESGE consensus on the
classification of female genital tract congenital anomalies. Hum Reprod. 2013
Aug;28(8):2032-44

[20] Von EIm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP for
the STROBE Initiative, The strengthening the reporting of the observational studies in
epidemiology (STROBE) statement: guidelines for reporting observational studies. Lancet
2007; 370:1453-7

[21] Furukawa S, Soeda S, Watanabe T, Nishiyama H, Fujimori K, The measurement of
stiffness of uterine smooth muscle tumor by elastography. Springer Plus 2014; 3:294

[22] Brahmalakshmy BL, Kushtagi P, Variables influencing the integrity of lower uterine
segment in post-cesarean pregnancy. Arch Gynecol Obstet. 2015 Apr;291(4):755-62

[23] Tanos V, Toney ZA, Uterine scar rupture - Prediction, prevention, diagnosis, and
management. Best Pract Res Clin Obstet Gynaecol. 2019 Feb 10. pii: S1521-6934(18)30245-
1

[24] Baranov A, Salvesen KA, Vikhareva O, Validation of prediction model for successful
vaginal birth after Cesarean delivery based on sonographic assessment of hysterotomy scar.

Ultrasound Obstet Gynecol. 2018 Feb;51(2):189-193

12


https://www.ncbi.nlm.nih.gov/pubmed/?term=Fruscalzo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27259500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mazza%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27259500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feltovich%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27259500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmitz%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27259500
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mazza%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24155152
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parra-Saavedra%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24155152
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bajka%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24155152
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gratacos%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24155152
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nicolaides%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24155152
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deprest%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24155152
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grimbizis%20GF%5BAuthor%5D&cauthor=true&cauthor_uid=23771171
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gordts%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23771171
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Spiezio%20Sardo%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23771171
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brahmalakshmy%20BL%5BAuthor%5D&cauthor=true&cauthor_uid=25209351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kushtagi%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25209351
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanos%20V%5BAuthor%5D&cauthor=true&cauthor_uid=30837118
https://www.ncbi.nlm.nih.gov/pubmed/?term=Toney%20ZA%5BAuthor%5D&cauthor=true&cauthor_uid=30837118
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baranov%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28233347
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salvesen%20K%C3%85%5BAuthor%5D&cauthor=true&cauthor_uid=28233347
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vikhareva%20O%5BAuthor%5D&cauthor=true&cauthor_uid=28233347

[25] Vikhareva O, Rickle GS, Lavesson T, Nedopekina E, Brandell K, Salvesen KA,
Hysterotomy level at Cesarean section and occurrence of large scar defects: a randomized
single-blind trial. Ultrasound Obstet Gynecol. 2019 Apr;53(4):438-442

[26] Lofrumento DD, Di Nardo MA, de Falco M, Di Lieto A, Uterine wound healing, a
complex process mediated by proteins and peptides. Curr Protein Peptide Sci 2016;18(2):125—
8

[27] Pollio F, Staibano S, Mascolo M, et al. Uterine dehiscence in term pregnant patients
with one previous cesarean delivery, Growth factor immunoexpression and collagen content
in the scarred lower uterine segment. Am J Obstet Gynecol 2006;194(2):527-34

[28] Buhimschi CS, Buhimschi IA, Yu C, Wang H, Sharer DJ, Diamond MP, Petkova AP,
Garfield RE, Saade GR, Weiner CP, The effect of dystocia and previous cesarean uterine scar
on the tensile properties of the lower uterine segment. Am J Obstet Gynecol 2006;194(3):873—
83

[29] Seliger G, Chaoui K, Lautenschldger C, Jenderka KV, Kunze C, Hiller GGR,
Tchirikov M, Ultrasound elastography of the lower uterine segment in women with a previous
cesarean section: Comparison of in-/ex-vivo elastography versus tensile-stress-strain-rupture

analysis. Eur J Obstet Gynecol Reprod Biol. 2018; 225:172-180

13


https://www.ncbi.nlm.nih.gov/pubmed/?term=Vikhareva%20O%5BAuthor%5D&cauthor=true&cauthor_uid=30484920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rickle%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=30484920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lavesson%20T%5BAuthor%5D&cauthor=true&cauthor_uid=30484920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nedopekina%20E%5BAuthor%5D&cauthor=true&cauthor_uid=30484920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brandell%20K%5BAuthor%5D&cauthor=true&cauthor_uid=30484920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salvesen%20K%C3%85%5BAuthor%5D&cauthor=true&cauthor_uid=30484920
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seliger%20G%5BAuthor%5D&cauthor=true&cauthor_uid=29729520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chaoui%20K%5BAuthor%5D&cauthor=true&cauthor_uid=29729520
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lautenschl%C3%A4ger%20C%5BAuthor%5D&cauthor=true&cauthor_uid=29729520

Table 1. Demographic characteristics and pregnancy outcome among 68 women with Casarean

Section (CS)-uterine scar

Variables

Mean Strain Ratio (SR)
Maternal age

Caucasian

Pre-pregnant BMI

BMI at delivery

Previous Vaginal Delivery
Gestational Age at delivery
CS during labor

CS during Il stage

Pyrexia during the post-partum period

Data are expressed as mean#SD or n(%)

n=68
1.840.7
33.1+4.9
65(95.6)
23.513.7
28.0+3.7
12(17.6)
39.6+1.3
59(86.8)
9(13.2)

4(5.9)

14



Table 2. Primary outcome

p-value
Previous Vaginal Delivery
Yes (n=12) No (n=56) 0.30
1.56+0.45 1.840.7
Cesarean Section during labor
Yes (38) No (n=30) 0.34
1.86+0.71 1.7+0.6
Type of suture
Single layer (n=43) Double layer (n=25) 0.13
1.71£0.6 1.9+0.8
Hyperpyrexia during Post-partum
Yes (n=4) No (n=64) 0.89
1.8+0.7 1.9+0.5

Data are expressed as mean#SD
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Table 3. Linear correlation between Strain ratio (SR) and maternal and neonatal characteristics and

labor outcome (secondary outcome)

Correlation coefficient p-value
Maternal age -0.11 0.36
Pre-pregnant BMI -0.16 0.17
BMI at delivery -0.15 0.22
Number of previous VD -0.15 0.21
Gestational Age at delivery -0.13 0.31
Neonatal weight 0.01 0.91
Duration of labor 0.16 0.23
Cervical dilatation at CS 0.12 0.45
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Figure legend

Figure 1. Strain Ration (SR) of uterine scar (Region 1) and surrounding myometrium (Region 2)

obtained by using sonoelastography

17



Manuscript without author identifiers - Clean Version Click here to view linked References %

Evaluation of the uterine scar stiffness in women with previous Cesarean Section by ultrasound

elastography: a cohort study

©CO~NOOOTA~AWNPE

10
11 Original Research
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65


https://www.editorialmanager.com/clm/viewRCResults.aspx?pdf=1&docID=27020&rev=2&fileID=435431&msid=fa784fee-7ead-4045-a429-9366029a2dfc
https://www.editorialmanager.com/clm/viewRCResults.aspx?pdf=1&docID=27020&rev=2&fileID=435431&msid=fa784fee-7ead-4045-a429-9366029a2dfc

©CO~NOOOTA~AWNPE

ABSTRACT

Purpose: to evaluate by means of elastography if the quantitative assessment of the cesarean scar
elasticity is feasible using as reference the surrounding intact myometrium and to investigate if the
cesarean scar stiffness is influenced by the clinical characteristics of the previous cesarean delivery.
Methods: prospective study including women with a previous Cesarean Section (CS) > 37 weeks’
gestation performed 12-15 months before. By transvaginal ultrasound two regions of interest (ROI)
were selected: uterine scar (Region 1) and surrounding myometrium (Region 2). Strain index (SI) for
each ROI was calculated and the Strain Ratio (SR) was defined as Region 1 SI/Region 2 Sl. The
primary outcome was to compare SR among women who were grouped in accordance to presence of
previous vaginal delivery, CS during labor, type of suture or pyrexia during post-partum. The
secondary outcome of this study was to evaluate the correlation between SR and maternal, neonatal
and labor characteristics.

Results: 68 women were included. The mean SR was 1.8+0.7 thus indicating an increased stiffness
of the uterine scar compared to the surrounding myometrium. No significant differences were found
in terms of SR according to presence of previous VD, CS during labor, type of suture or pyrexia
during post-partum period. Strain Ratio was not correlated to maternal characteristics nor to labor and
neonatal outcome.

Conclusions: evaluation of uterine scar stiffness is feasible by using elastography. The stiffness of
the uterine scar is higher than that of the surrounding myometrium and is not correlated to maternal

and labor characteristics

Keywords: elastography, uterine scar, Cesarean Section, ultrasound, scar stiffness
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Abbreviations
CS=Cesarean Section
ROI= Region of interest
SR= Strain Ratio
SI=Strain Index

VD= Vaginal Delivery

BMI=Body Mass Index

INTRODUCTION

Since 1995 the rate of Cesarean Section (CS) has dramatically increased worldwide [1]. This trend is
mainly due to the increase in frequency of primary CS but also to a decline in attempted trials of labor
after CS (TOLAC) [2,3]. Although Vaginal birth after C-section (VBAC) has been shown to be a safe
option for both mother and child, uterine rupture can occur in about 0.5-1.5% of women with one
previous CS undergoing a TOLAC [4,5].

Many studies tried to find an effective method to predict the individual risk of uterine rupture in
women with a history of CS attempting a vaginal delivery.

The vast majority of the existing literature has been focused on the correlation between the lower
uterine segment (LUS) thickness measured by 2D ultrasound at 36 weeks of gestation and the risk of
subsequent uterine rupture or dehiscence. However, no reliable cut off to be used in clinical practice
has been found [6-9]. On the other hand, there are few studies considering the uterine scar stiffness
as a possible factor influencing the risk of uterine rupture during the subsequent trial of labor [10,11].
Ultrasound elastography is a technique which provides information about the elasticity of the tissue
under the mechanical stress represented by the ultrasound beam. The technique is based on the

qualitative or quantitative estimation of the displacement of the target tissue when an oscillatory
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pressure is applied [12].

In clinical practice elastography has been used for the diagnosis and classification of liver disease,
enlarged lymph nodes, breast and prostate cancer, thyroid tumors and uterine fibroids [13].

In obstetrics, the use of elastography to evaluate the cervical modifications during pregnancy and to
predict the outcome of labor induction of labor has been explored by observational and reproducibility
studies [14-18].

The aim of our study was to evaluate by means of elastography if the quantitative assessment of the
cesarean scar elasticity is feasible using as reference the surrounding intact myometrium and to
investigate if the cesarean scar stiffness is influenced by the clinical characteristics of the previous
cesarean delivery.

MATERIALS AND METHODS

Study design and study population

This is a prospective cohort study conducted from February to September 2017 and including women
with a previous planned or emergency CS > 37 weeks’ gestation performed 12 to 15 months before.
Exclusion criteria were twin pregnancy, more than one CS, preterm CS, vertical CS, congenital
uterine anomalies (ESHRE/ESGE classification of uterine anomalies: dysmorphic infantilis uterus,
complete septate uterus, bicorporeal uterus, or hemi-uterus) [19], myomas and retroverted retroflexed
uterus . Pregnant women were also excluded.

Management

Women underwent ultrasound examination using a 5.0- 7.0 MHz transvaginal probe (Esaote Mylab
60, Geneve, 5-8 MHz). Cervical measurements were performed with empty bladder and in dorsal
lithotomy position placing the probe in the anterior fornix of the vagina and obtaining the
visualization of the uterine scar and the sagittal view of the cervix. The uterine scar was identified as
the thinnest and hyperechoic zone at the site of the lower uterine segment.

Two regions of interest (ROI) of about 20-23 mm? were selected: uterine scar (Region 1) and

surrounding myometrium (Region 2) in order to evaluate tissue strain after applying a 4-5 cycles of
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a perpendicular oscillatory pressure through rhythmic movements on the mid-sagittal plane. The
myometrial ROl was placed in the middle part of the anterior uterine wall above the region of the
previous uterine scar.
Acquired data were processed by an appropriate software (ElaXto®; Esaote S.p.A., Genova, Italy)
and shown as different color zones ranging from red, yellow, green to blue from softer to harder
tissues, respectively. The software automatically displayed a strain index for each ROI. The Strain
Ratio (SR), was defined as Region 1 strain index/Region 2 strain index (Figure 1).
All values >1 indicate that the numerator (Strain Index of the scarred LUS) is greater (= harder) than
the denominator (Strain index of the myometrium).
Outcome
An analysis of demographics, clinical characteristics, pregnancy and delivery outcome was performed
within the study group.
The primary outcome of the study was to compare Strain Ratio (SR) among women who were
grouped in accordance to the following characteristics:

e Presence or absence of previous vaginal delivery (VD)

e CS during or before labor

e Single or double layer of uterine suture

e Pyrexia during the post-partum period (>38°C)
The secondary outcome of this study was to evaluate the correlation between SR and the following
characteristics: maternal age, maternal Body Mass Index (BMI), number of previous VD, gestational
age at delivery, neonatal weight, duration of labor and cervical dilatation at CS.
Statistical analysis
Statistical analysis was performed using Statistical Package for Social Sciences (SPSS) v. 22 (IBM
Inc., Armonk, NY, USA). Data were displayed as meanztstandard deviation (SD) or as number
(percentage). Categorical variables were compared using the Chi-square or Fisher exact test.

Between-group comparison of continuous variables was undertaken using T-test and the Mann-
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Whitney nonparametric equivalent test. Two-sided p-values were calculated and p values <0.05 were
considered as statistically significant.

Being the SR a ratio between the Strain Index (SI) of the scarred LUS vs that of the intact
myometrium, mean values +DS >1 were assumed to indicate that the SI of the numerator was greater
than that of the denominator and ultimately that the Scarred LUS was significantly stiffer than the
intact myometrium. Using this approach, a significance test comparing the elasticity of the two uterine
zones and yielding a p-value was not considered necessary.

Linear regression was used to assess the correlation between SR and maternal and pregnancy
characteristics and correlation coefficients were expressed with corresponding significance levels.
The study was performed following the STROBE guidelines [20]. This study has been approved by

the local Ethics Committee.

RESULTS

Over the study period, 78 women were considered eligible for the study purpose. Of them, 5 were
subsequently excluded due to the sonographic diagnosis of uterine anomalies, 4 were lost to follow
up and 1 was pregnant at the time of the assessment. A total of 68 women with a mean interval-time
from CS of 13.5+1.27 months were included in the final analysis; maternal and pregnancy
characteristics are described in Table 1. The mean SR between the cesarean scar and the surrounding
intact myometrium was 1.8+0.7. Overall, 59/68 (86.8%) of women had a CS during labor and
9/68(13.2%) during the second stage of labor at a mean gestational age of 39.6+1.3 weeks. The overall
incidence of pyrexia during the post-partum period was 5.9% (4/68).

Table 2 describes the primary outcome of the study. No significant differences were found in terms
of SR according to presence/absence of previous VD (1.56+0.45 vs 1.8+0.7; p=0.30), CS during labor
(1.86+0.71 vs.1.7+0.; p=0.34), type of suture (single layer 1.7+0.6 vs double layer 1.9+0.8; p=0.13)
or pyrexia during post-partum period (1.84+0.7 vs. 1.9+0.5; p=0.89). Strain Ratio was not correlated

with the following maternal and labor characteristics: maternal age (p=0.36); pre-pregnant BMI
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(p=0.17); BMI at delivery (p=0.22), gestational age at delivery (p=0.31); number of previous VD
(p=0.21); neonatal weight (p=0.91); duration of labor (0.23) and cervical dilatation at CS (p=0.45)

(Table 3).

DISCUSSION

The main finding of our study is that the evaluation of uterine scar stiffness is feasible by using
elastography. By means of this technique, we demonstrated that the stiffness of the uterine scar is
higher than that of the surrounding myometrium and that the degree of scar stiffness is not correlated
to the maternal characteristics, the intrapartum management nor the technique of uterine closure.
The hypothesis being tested is that histological changes characterizing uterine scar reparation after
CS may be reflected by changes in its biomechanical properties. In particular, the higher stiffness, the
reduced elasticity and tissue displacement during pressure could be determined by a lower density of
smooth muscle cells and a higher collagen content [21,13].

While reproducibility studies have largely validated the use of elastography as standard technique to
evaluate changes in cervical stiffness during pregnancy or induction of labor, data on the use of
elastography in the assessment of LUS are lacking [14,15]. In literature there has been much interest
on the sonographic antepartum assessment of the uterine scar whose features might predict the
occurrence of uterine rupture or dehiscence in women with a previous Cesarean section undergoing
a trial of labor.

Either the shape (scar asymmetry, wedge defects or ballooning in the LUS) and the thickness (6,9) of
the scarred lower uterine segment have been sonographically investigated. A meta-analysis including
21 studies showed that there is a negative correlation between the LUS thickness and the risk of
uterine rupture during subsequent trial of labor but it failed in identifying a cut-off with a good
predictive value for uterine rupture mainly due to the heterogeneity of the included studies and to the
lack of a standardized technique to measure LUS [6]. Some studies [22-25] have reported that the

ultrasound characteristics of LUS during subsequent pregnancies may be influenced by a series of
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additional factors which are known to contribute to the occurrence of uterine rupture including
maternal conditions, intrapartum management, techniques of uterine closure. On the other hand,
recent evidences and experimental studies support the hypothesis that dehiscent or ruptured cesarean
scars are characterized by an abnormal collagen content [26-28]. At the light of these observations
the biomechanical properties of the lower uterine segment (LUS) in 33 women with a previous
cesarean section (CS) have been assessed a few hours before repeated cesarean delivery by shear
wave ultrasound (US) elastography [29]. In a few cases of this study high stiffness and restricted
biomechanical resilience have been found in women with apparently normal scar and this has been
proposed to explain the phenomenon of rupture during TOLAC despite a normal measurement of the
LUS thickness at antepartum 2D ultrasound [26-29].

On the basis of our own data, biomechanical changes of the myometrial tissue due to the healing
process at the level of the scar do not seem not to be influenced by maternal or previous pregnancy
factors after an interval time of 12-15 months from CS. In this study we decided not to include
pregnant women because we wanted to assess the pure effect of the previous cesarean surgery on the
biomechanical properties of the lower uterine effect without the concomitant effect of other
confounders such as a new pregnancy. Actually, although there is lack of data on that, we certainly
envisage that the pregnant status may modify the elasticity of the uterine scar due to the related
hormonal changes and to the morphological and volumetric changes of the uterus. We also decided
not to include the women with retroverted/retroflexed uterus. The reason for this choice is that in this
preliminary feasibility study we wanted to collect genuine and accurate data on the cesarean scar
elasticity. Accordingly, we decided to exclude a priori cases of retroverted uterus because in these
cases it may be difficult to insonate on the same plane and perpendicularly to the ultrasound beam the
cesarean uterine scar and the surrounding intact myometrium. We cannot say that in retroverted uterus
the elastography is not feasible simply because we have not tested it. However, we do not think that
this is major issue as we envisage that the most promising clinical application of this technique may

be the assessment of the cesarean scar elasticity in late pregnancy when the uterus is not retroverted
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The prospective design, the originality in testing the sono-elastography on uterine scar and the
standardization of the interval time from CS represent the main strengths of the present study.
Potential confounding (ethnicity, maternal age, post-partum pyrexia) were all included in the analysis.
The small sample size and the lack of evaluation of the intra and inter-observer variability are the
main limitations of the study. Of course, this study does not draw conclusions on the correlation
between biomechanical characteristics of uterine scar and subsequent risk of uterine rupture in a
subsequent trial of labor due to the lack of follow-up data.

Conclusion

In conclusion, our study has shown that sonoelastography may provide reliable information about the
stiffness of the cesarean uterine scar in non-pregnant women with a single previous cesarean delivery.
The stiffness of the scarred LUS seems significantly increased compared with the surrounding intact
myometrium but the degree of stiffness does not seem to be affected by previous obstetrical history
or maternal characteristics. It is still to demonstrate if the use of sonoelastography during pregnancy
and its combination with additional sonographic findings such as the thickness of the scarred LUS
could help the clinicians in identifying those women at higher risk of uterine rupture during a trial of

labor after CS.
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Table 1. Demographic characteristics and pregnancy outcome among 68 women with Casarean

Section (CS)-uterine scar

Variables

Mean Strain Ratio (SR)
Maternal age

Caucasian

Pre-pregnant BMI

BMI at delivery

Previous Vaginal Delivery
Gestational Age at delivery

CS during labor
CS during Il stage

Pyrexia during the post-partum period

Data are expressed as mean#SD or n(%)

n=68
1.840.7
33.1+4.9
65(95.6)
23.513.7
28.0+3.7
12(17.6)
39.6+1.3
59(86.8)
9(13.2)

4(5.9)

14



©CO~NOOOTA~AWNPE

Table 2. Primary outcome

p-value

Previous Vaginal Delivery

Yes (n=12) No (n=56) 0.30
1.56+0.45 1.840.7

Cesarean Section during labor

Yes (38) No (n=30) 0.34
1.86+0.71 1.7+0.6

Type of suture

Single layer (n=43) Double layer (n=25) 0.13
1.71£0.6 1.9+0.8

Hyperpyrexia during Post-partum

Yes (n=4) No (n=64) 0.89
1.8+0.7 1.9+0.5

Data are expressed as mean#SD
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Table 3. Linear correlation between Strain ratio (SR) and maternal and neonatal characteristics and

labor outcome (secondary outcome)

Correlation coefficient p-value
Maternal age -0.11 0.36
Pre-pregnant BMI -0.16 0.17
BMI at delivery -0.15 0.22
Number of previous VD -0.15 0.21
Gestational Age at delivery -0.13 0.31
Neonatal weight 0.01 0.91
Duration of labor 0.16 0.23
Cervical dilatation at CS 0.12 0.45
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Figure legend

Figure 1. Strain Ration (SR) of uterine scar (Region 1) and surrounding myometrium (Region 2)

obtained by using sonoelastography
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Detailed Response to Reviewers

Reviewer #3

Authors study evaluates if elastography of a C-section scar is different from adjacent myometrium
and if it is influenced by clinical characteristics of that prior delivery.

Novel use of elastography with possible important ramifications. However the study was essentially
negative as defined by their purposes. Authors were able to conclude that elastography IS feasible
and that the stiffness of the scar is higher than myometrium.

ABSTRACT:

Clear concise. Would consider adding "feasibility" to their purpose, as that is the first line of their
conclusion.

Results and conclusion section seem to contradict - SR had no difference by clinical characteristics
is listed in results. Conclusions state only that stiffness in scar is higher than myometrium (and does
not correlate with characteristics). To consider adding that scar stiffness was different, into this
results section, if space constraints allow as this is an important result.

R: We thank the reviewer for this comment that gives us the opportunity to improve our
manuscript. Purpose and Result Sections of the abstract have been amended as follow:
“Purpose: 10 evaluate by means of elastography if the quantitative assessment of the cesarean
scar elasticity is feasible using as reference the surrounding intact myometrium and to
investigate if the cesarean scar stiffness is influenced by the clinical characteristics of the
previous cesarean delivery.

“Results: 68 women were included. The mean SR was 1.840.7 thus indicating an increased

stiffness of the uterine scar compared to the surrounding myometrium.”

INTRODUCTION:

Last paragraph - include "feasibility" of performing this as an aim, since that is the authors initial
conclusion.

R. Thank you. The last paragraph has been amended according to your suggestion

“The aim of our study was to evaluate by means of elastography if the quantitative assessment of
the cesarean scar elasticity is feasible using as reference the surrounding intact myometrium and
to investigate if the cesarean scar stiffness is influenced by the clinical characteristics of the

previous cesarean delivery.



MATERIALS/METHODS:

First paragraph - used abbreviations that are not elswhere defined - ESHRE/ESGE. As many
readers are not familiar with the classes by the descriptors used by the authors (Ulb, for example),
should consider using names, such as bicornuate, etc. Or listing anomalies that were included, if
that is easier.

Why was retroverted uterus excluded? Is it because the measurement could not be accurately

performed?

R: Thank you for this comment. We have listed the excluded uterine anomalies and changed
the sentence accordingly:

“ESHRE/ESGE classification of uterine anomalies: dysmorphic uterus, complete septate uterus,
bicorporeal uterus, or hemi-uterus”

Moreover, your comment gives us the opportunity to clarify that in this preliminary
feasibility study we wanted to collect genuine data on the cesarean scar elasticity and we
actually decided to we decided to excluded those cases of retroverted and retroflexed uterus
because in these cases it may be difficult to insonate on the same plane perpendicularily to the
ultrasound beam the cesarean uterine scar and the surrounding intact myometrium. This has

been now specified in the text

Management section, second paragraph "Real-time elastography..."

This paragraph should probably be moved elsewhere. Would consider the Introduction, near where
authors detailed other organs for which elastography has been studied.

R. we thank the reviewer for this suggestion. We have deleted the second paragraph from the
Management section. The technical principles of real time elastography are more

appropriately described in the Introduction

In ABSTRACT and RESULTS, authors used "were finally included in the analysis" which should
be changed to "were included in the final analysis."

R. thank you; the text has been amended accordingly

RESULTS:

Is there a p-values to show that difference between scar and myometrium was statistically



significant? The discussion does discuss that it is higher, so this needs further detail to bulster this

claim.

R: as described in Methods section, the sonoelastography is based on the concept that the elastic
strain (also known as tissue elasticity) represents how a tissue distorts under a mechanic stress
which is represented by the ultrasound beam. Stiffness is the complementary concept (high
elasticity=low stiffness) The degree of stiffness (or elasticity) is quantified by the strain index.
The greater is the stiffness. (in other words, the harder is the tissue and the lower is its elasticity
or its deformability under the US beam) the higher is the strain index.

The strain ratio (SR), which is automatically provided by the ultrasound machine, is the ratio
between the strain index of scarred LUS and the strain index of the intact myometrium. Being
this parameter a ratio, all value >1 indicate that the numerator (in this case the Strain Index of
the scarred LUS ) is greater (=LUS harder) than the denominator (Strain index of the
myometrium). So, the fact that strain ratio is 1.8 +0.7 is sufficient to claim that the stiffness of
the uterine scar is higher than that of the surrounding myometrium. Since the Strain Ratio is
>1, a significance test comparing the elasticity and yielding a p value is not needed. This

clarification has been added to the text in the Methods section

DISCUSSION

Reiterating what is above. The first conclusions the authors draw is that the study is feasible. This is
not mentioned in the Purpose, or aims, and if this is the initial conclusion, it should be.

R. thank you, based on the previous comments we have modified the first sentence of the

discussion. (see reply above)

Additionally, the results given don't clearly support why it was feasible, although it can be inferred.
Where all 68 women included, able to get the elastography performed? Authors mentioned
retroverted uteri were excluded in the Materials, but none were listed as excluded in the results,
which is surprising as this is relatively common.

Authors will need to temper the claim that this is feasible - will need to state what uteri it is feasible

in. Particularly, is it possible in retroverted?

R: thank you for this smart comment. Among the 5 women excluded for “uterine anomalies”

(see Results), 4/5 (4/78=5%) had retroverted retroflexed uterus. These cases were a priori



excluded from the study without proceeding to elastography. As stated above (and now
specified in the text) the reason for this choice is that in this preliminary feasibility study we
wanted to collect genuine and accurate data on the cesarean scar elasticity. Accordingly we
decided to exclude those cases of retroverted and retroflexed uterus because in these cases it
may be difficult to insonate on the same plane perpendicularly to the ultrasound beam the
cesarean uterine scar and the surrounding intact myometrium. We cannot say that in
retroverted uterus the elastography is not feasible simply because we have not tested it.
However we do not think that this is major issue as we envisage that the most promising
clinical application of this technique may be the assessment of the cesarean scar elasticity in

late pregnancy when the uterus is not retroverted

As above - second line of discussion says that scar stiffness is higher than myometrium. Results
don't necesarily support that - need a p-value or some other value to show the difference was
significant.

R. thanks for this comment. As stated above, the strain index of CS scar and myometrium are
not interesting data per se. What is clinically relevant is the relative stiffness of the two uterine
areas and this is expressed by Strain Ratio (SR). So, the fact that strain ratio is 1.8 is sufficient
to claim that the stiffness of the uterine scar is higher than that of the surrounding myometrium.
Since the Strain Ratio is >1+0.7, a significance test comparing the elasticity and yielding a p

value is not needed. This clarification has been now added to the text

Final paragraph of Discussion:

I don't think authors need to necessarily list the strengths of their article. They can point it out in the
discussion where it is relevant to what is being discussed, but a general summing of strengths is not
needed.

R. We respectfully disagree with the reviewer on this comment. At the bottom of a
manuscript, a summary of the strengths and the limitations is usually suggested by the

STROBE guidelines to assist the reader in a deeper comprehension of a scientific work

Final sentence "Of course, we cannot draw conclusion™ - would change wording. Something along

the lines of " This study does not draw conclusions...but should be evaluated in future research.



R. We thank the reviewer for this comment. The text has been amended accordingly.

FIGURE 1.
| don't see a figure 1
R. Figure 1 has been attached with the submission (figure legend is included in the main text).

However, you can see Figure 1 below.
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Highlights

Ultrasound elastography provides information about the mechanical properties of tissues
e The evaluation of uterine scar stiffness is feasible by using elastography

e The stiffness of the uterine scar is higher than that of the surrounding myometrium

e The degree of scar stiffness is not correlated to the maternal characteristics and to the

intrapartum management



