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The Effectiveness of Shear Wave Elastosonography for the Evaluation of Cesarean
Scar and Its Contribution to Delivery Planning

ABSTRACT

Objective: This study aims to evaluate the impact of cesarean section on the myometrium using gray-scale
ultrasonography and shear wave elastography techniques, and to contribute to the decision-making process
regarding the mode of delivery in pregnant women with a history of cesarean delivery.

Material and Method: This prospective study included 120 pregnant women between 28 and 32 weeks of
gestation. Of these, 60 had a history of cesarean delivery and 60 had a history of vaginal delivery. In both
groups, half of the cases had a history of one birth, and the other half had a history of two births.
Ultrasonography and shear wave elastography measurements were used to evaluate cesarean scars.
Additionally, the cesarean delivery group was divided into three subgroups based on the time since the previous
birth: less than two years, between two and five years, and more than five years.

Results: The mean myometrial elasticity value was 9.6 + 3.22 kPa in pregnant women with a history of vaginal
delivery and 21.33 = 9.18 kPa in those with a history of cesarean delivery, showing a statistically significant
difference between groups (p<0.007). The difference in myometrial stiffness was also statistically significant
between women with one cesarean and those with one vaginal delivery (21.86 + 10.54 kPa vs. 10.07 + 3.24 kPa,
p<0.000), as well as between women with two cesareans and those with two vaginal deliveries (20.80 + 7.74
kPa vs. 9.14 + 3.19 kPa, p<0.007). According to the time elapsed after cesarean delivery, the mean elasticity
values were 28.9 + 10.42 kPa in women less than two years post-cesarean, 24.01 + 6.98 kPa in those 2-5 years
post-cesarean, and 14.45 + 5.46 kPa in those more than five years post-cesarean. The differences among all
groups were statistically significant (p<0.0017).

Conclusion: Myometrial elasticity values were higher in women whose previous cesarean section had occurred
less than two years earlier, whereas in those with a cesarean history of five years or more, elasticity values
approached those of women who had vaginal deliveries. This finding suggests that elastosonography may serve
as an important parameter in guiding pregnant women with a history of cesarean section toward vaginal
delivery.

Keywords: Cesarean Scar, Shear wave elastography, Ultrasonography, Vaginal delivery.

Sezaryen Skarina Yénelik Yapilan Shear Wave Elastosonografinin Etkinligi ve Dogum
Planlamasina Katkisi

0z

Amag¢: Bu calismanin amaci, sezaryen dogumun myometriyum Uzerindeki etkisini gri skala ultrasonografi ve
shear wave elastografi tekniklerini kullanarak degerlendirmek ve sezaryen &éykisi bulunan gebelerde dogum
seklinin belirlenmesine yonelik karar sirecine katki saglamaktir.

Gere¢ ve Yontem: Bu prospektif calismaya, 28-32. gebelik haftalari arasinda olan toplam 120 gebe dahil edildi.
Gebelerin 60’1 gecirilmis sezaryen, 60’1 vajinal dogum 6yklsline sahipti. Her iki grupta da olgularin yarisinin bir
dogum, diger varisinin ise iki dogum 6ykisi mevcuttu. Sezaryen dogum yapmis gebeler, 6nceki dogumundan
elastografi 6lcimlerine kadar gecen zamana goére iki yildan az, iki-bes yil arasi ve bes yildan fazla olmak lGzere
Uc gruba ayrildi. Sezaryen skarlarinin degerlendirilmesinde ultrasonografi ve shear wave elastografi élcimleri
kullanildi.

Bulgular: Vajinal dogum yapmis gebelerde ortalama myometrium elastisite degerleri 9,6 = 3,22 kPa, sezaryen
dodum yapmis gebelerde ise 21,33 + 9,18 kPa 6lctlmis olup iki grup arasinda istatistiksel olarak anlamli fark
mevcuttu (p<0,001). 1 sezaryen ile 1 vajinal dogum 6ykuslU bulunan gebeler arasinda miyometriyal sertlik farki
(sirasiyla 21,86 + 10,54 kPa, 10,07 £ 3,24 kPa, p<0,007) ve 2 sezaryen ile 2 vajinal dogum &ykusu bulunan gebeler
arasinda myometriyal sertlik farki istatistiksel olarak anlamhydi (sirasiyla 20,80 + 7,74 kPa, 9,14 + 319 kPa,
p<0,007). Sezaryen sonrasi gecen slireye gore elastisite degerleri iki yildan az olan grupta 28,9 £ 10,42 kPa, 2-5
yil arasi olan grupta 24,01 + 6,98 kPa ve 5 yildan fazla olan grupta 14,45 + 5,46 kPa olarak élctldd. Tam gruplar
arasindaki fark istatistiksel olarak anlamli bulundu (p<0,001).

Sonug: Onceki sezaryen dykisu 2 yildan az olan grupta myometriyal elastisite degeri daha yiksek bulunurken,
sezaryen Oykusu 5 yil ve daha fazla olan grupta gebelerin myometriyal elastisite degerleri normal dogum yapmis
gebelerin degerlerine yaklasmaktadir. Bu bulgu, sezaryen gecirmis gebeleri normal doguma yénlendirmek icin
elastosonografinin dnemli bir parametre olarak kullanilabilecegini gdstermektedir.

Anahtar Sozciikler: Sezaryen skari, Shear wave elastografi, Ultrasonografi, Vajinal dogum.




Introduction

As the risks associated with cesarean delivery
(CD) for both mothers and infants have become
better understood over time, the perception of
CD as an alternative to vaginal delivery (VD) and
the rising CD rates have sparked significant
debate (1). CD is fundamentally a method of
delivery reserved for cases where VD poses a risk
to maternal or fetal health (2). The World Health
Organization recommends that the ideal CD rate
should remain below 10-15% (3). However, in
parallel with global trends, CD rates have
distinctly increased in our country in recent years
(4). One key factor driving this increase is the
reluctance to recommend VD for women with a
prior cesarean section scar (CSS) due to the
associated risk of uterine rupture.

Although the factors influencing CSS formation
remain unclear, serious complications such as
uterine rupture, placental insertion anomalies, and
scar pregnancies are frequently observed in
women with a history of CD. These risks are
further amplified in cases of repeated CDs (5,6).
Evidence suggests that conditions such as
multiple pregnancies, advanced maternal age,
labor  induction, premature rupture of
membranes, and preeclampsia contribute to
higher incidences of CSS defects (7).

The morphology of CSS can be effectively
visualized with transvaginal ultrasonography
(US), alongside other diagnostic methods such as
hysterosalpingography, saline infusion
sonohysterography, magnetic resonance imaging
(MRI), and hysteroscopy in hon-pregnant women
(8,9). For pregnant women, transabdominal US
and MRI| are considered appropriate for
evaluating the CSS (10). Although previous
studies have suggested that MRI is the best
method for evaluating CSS, no parameter other
than scar thickness and length has been evaluated
in these studies (11,12).

Among the latest advancements, US
elastography is a technique designed to measure
tissue stiffness, providing valuable additional
information about pathological processes such as
fibrosis, inflammation, and malignancy (13,14).
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Tissue elasticity, a mechanical property defined as
the resistance of tissue to applied pressure and
deformation, can now be assessed using dynamic
methods such as shear wave elastography (SWE),
which offers more reliable data compared to
earlier techniques like strain elastography (15).
We did not encounter any study in the literature
that used elastosonography for the evaluation of
CSS in myometrium.

This study aims to evaluate the effects of CD
on the myometrium wusing US and SWE
techniques, to provide new quantitative data to
the literature regarding the assessment of CSS,
and to contribute to delivery planning by
comparing measurements between pregnant
women with a history of CD and those with a
history of VD.

Material and Method

This prospective study was conducted on
pregnant women who were followed at the Aydin
Adnan Menderes University Obstetrics and
Gynecology Clinic and referred to the Radiology
Department between February 2021 and May
2022. Ethical approval was obtained from the
Clinical Research Ethics Committee of our faculty
(Decision No. 2, dated 28.01.2021). The procedure
was explained in detail to all participants, and
informed consent forms were collected.

A total of 120 pregnant women were enrolled
in the study, comprising 60 with a history of CD
and 60 with a history of VD. Each group was
further stratified into two subgroups based on the
number of prior deliveries—either one or two.
Consequently, four subgroups were established:
30 women with one prior CD (CD1), 30 with two
prior CDs (CD2), 30 with one prior VD (VD1), and
30 with two prior VDs (VD2). To minimize the
potential influence of fetal engagement on SWE
measurements and to assist in birth planning,
radiological evaluations were conducted between
the 28t and 32" weeks of pregnancy.

To maintain consistency within the study,
specific exclusion criteria were applied. Women in
their first pregnancy or with a history of three or
more pregnancies were excluded. The study also



excluded pregnancies outside the 28th-32nd
gestational weeks, CDs performed using non-low

transverse uterine incisions, prior uterine
surgeries, multiple pregnancies, placental
invasion anomalies, placenta previa,
polyhydramnios, oligohydramnios, fetal

anomalies, preeclampsia, vertex presentations,
and cases where the placenta was anteriorly and
inferiorly located.

Radliological evaluation

Radiological assessments were conducted
using the Medison RS80A Prestige US system
(Samsung Medison Co. Ltd., Seoul, Korea).
Pregnant participants were positioned in the
supine position on the examination couch. A high-
resolution linear probe operating within a
frequency range of 3-12 MHz was utilized for
gray-scale imaging of the myometrium. SWE
measurements were carried out using the point
shear wave technique, based on the acoustic
radiation force impulse (ARFI) elastography
method, employing a linear probe with a
frequency range of 2-9 MHz. All US and
elastography examinations were performed by a
single radiologist with 10 years of experience in
the field of obstetric imaging.

Myometrial thickness was measured using
gray-scale US, and myometrial stiffness was
assessed using SWE at the site of the CSS in
pregnant women with a history of CD. In cases
where the scar was not visible or in women with a
history of VD, the measurements were performed
approximately 2 cm above the upper border of
the bladder, corresponding to the typical location
of the cesarean incision line (Figure la).

S-Shearwave

In gray-scale US, the US probe was positioned
perpendicular to the abdominal wall, and the
thickness of the anterior myometrium was
measured at the specified location (Figure Ib).

.

W

Figure I. Example of Myometrium Examination

a) Determination of the myometrium area to be examined
b) Measurement of myometrial thickness

During the SWE examination, a sufficient
amount of gel was applied to prevent pressure on
the measurement site, and the probe was
positioned perpendicular to the skin. To minimize
motion artifacts, participants were instructed to
hold their breath and remain completely still
before activating the Point Shear Wave
Elastography (pSWE) mode. A 5 mm x 5 mm
sampling box, referred to as the region of interest
(ROI), was placed on the anterior myometrium,
ensuring the exclusion of amniotic fluid and non-
myometrial tissues. For each participant, at least
10 measurements with a reliability measurement
index (RMI) greater than 0.4 were obtained. To
ensure statistical accuracy, the interquartile
range/median (IQR/M) ratio was maintained
below 30% (15-18). Outlier values were excluded,
and corresponding kPa, RMI, IQR/M, and m/s
values were recorded and saved as screenshots
for analysis. (Figure II).

[1
[2]
(3]
(4]
(]
[6]
7]
[8]
(9]
(10]

Median
IQR/Med.

Stiffness (kPa) Stiffness (m/s) Depth (cm) RMI
12.2 2.01 1.4 0.7
9.6 1.79 1.7 0.7
12.8 2.07 16 0.4
118 1.98 1.7 0.5
8.3 1.66 1.7 0.8
6.6 1.48 1.8 0.8
11.0 1.92 1.7 0.8
9.2 1.75 1.7 0.6
11.6 1.97 1.7 0.8
9.8 1.81 1.7 0.5
10.4 1.87
28.1 13.94

Figure Il. Example of Point Shear Wave Elastography measurement for the myometrium.




Results

A total of 120 pregnant women, comprising 60
with a history of CD and 60 with a history of VD,
were included in the study. All participants were
between 28 and 32 weeks of gestation. The mean
age of the patients was 29.24 + 5.02 years. Within
the subgroups, the mean age was 27.7 + 5.38
years in the VD1group, 31.1+ 3.75 years in the VD2
group, 27.5 + 4.32 years in the CD1 group, and 31.3
+ 51 years in the CD2 group (Table 1). No
statistically significant differences were observed
in age distribution between the VD1 and CD1
groups or between the VD2 and CD2 groups
(p=0.335, p=0.906).

Analysis of Myometrium Thicknesses

The mean myometrial thickness values were
4.76 = 1.02 mm in the VD1 group, 5.01 £ 0.94 mm
in the VD2 group, 4.2 + 1.2 mm in the CD1 group,
and 4.77 + 1.36 mm in the CD2 group (Table ).
There were no statistically significant differences
in mean myometrial thickness between the
groups (p=0.061, p=0.146).

Table I. Demographic Characteristics and Myometrial
Thicknesses of the Cases
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between women with one and two delivery
histories within the same group (VD1 vs. VD2 and
CD1 vs. CD2 subgroups) (p=0.089, p=0.099).
(Figure 1)

Table Il. Shear Wave Elastography Measurements of
the Cases

Myometrial Stiffness
Groups (kPa) p value
Median
VD 9.1(3.5-22.9)
<0.01
CD 20.65 (7.4-51.4)
VD1 9.2 (5.1-22.9)
0.089
VD2 8.35 (3.5-17.6)
CD1 20.75 (8.6-51.4)
0.099
CD2 20.45 (7.4-50)

Age Myometrial

Groups p value thickness (mm) p value
Mean + SD

Mean + SD

VD1 (n:30) 27.7 £ 5.38 4,76 +1.02
0.335 0.061

CD1(n:30) 27.5+4.32 4.2 +1.20

VD2 (n:30) 311+ 375 5.01+£0.94
0.906 0.146

CD2 (n:30) 31.3+5]1 4,77 £1.36

VD: Vaginal Delivery; CD: Cesarean Delivery; SD: Standard
Deviation

Analysis of Shear Wave Elastography Results

The median elasticity value was 9.1 kPa in the
VD group and 20.65 kPa in the CD group. Within
the subgroups, the median elasticity values were
9.2 kPa in the VD1 group, 8.35 kPa in the VD2
group, 20.75 kPa in the CD1 group, and 20.45 kPa
in the CD2 group (Table II). Myometrial stiffness
was significantly lower in the VD group compared
to the CD group (p<0.007). A statistically
significant difference was observed between the
VD1 and CD1 subgroups (p<0.007) as well as
between the VD2 and CD2 subgroups (p < 0.001).
However, no significant difference was found

VD: Vaginal Delivery; CD: Cesarean Delivery

a) 20-year-old G2P1 with a history of 1 cesarean section at
29 weeks of gestation. b) 28-year-old G3P2 case with a
history of 2 cesarean sections at 32 weeks of gestation. c)
41 years old G2P1 case with a vaginal delivery history at 31
weeks of gestation.

In the CD group, the relationship between the
time elapsed since the last CD and myometrial
stiffness was analyzed. In the CD1 group, the data
followed a normal distribution, and a negative
linear relationship was observed between
myometrial stiffness and the increasing time
interval (p=0.005). In the CD2 group, the data did
not follow a normal distribution, but a similar
negative linear relationship was identified
(p=0.002).

A simple logistic regression model was applied
to the myometrial stiffness values and the time
since the last CD. The regression coefficient was
calculated as 1.6, and a regression model formula
was generated (Figure 1V). Additionally, the CD
group was divided into three subgroups based on
the time elapsed since the last delivery: less than
two years, between two and five years, and more




than five years. The corresponding myometrial
stiffness values for each subgroup are
summarized in Table lll. A statistically significant
difference was found between these subgroups
(p<0.000).

60.00 R? Linear=0212

Stiffness of myometrium (kPa)

29.83-1.6"%
00 500 1000 1500 2000

Time after cesarean section (years)

Figure IV. Elasticity-time Relationship in Cases with a
History of Cesarean Delivery

Table Ill. Myometrial Elasticity Values According to
Time Periods

< 2 years 2-5 years > 5 years
(n=12) (n=30) (n=18)
CcD 28.9 £10.42 24.01+6.98 14.45 + 5.46
cD1 32.78£12.14 24.72 + 6.23 14.55 £ 5.35
CD2 23.48 + 3.84 23.61+7.54 14.3 £ 5.96

CD: Cesarean Delivery

Discussion

In this study, we observed that myometrial
elasticity was significantly lower in pregnant
women with a history of CD compared to those
with a history of VD. However, as the time elapsed
since the last CD increased, myometrial stiffness
values approached those of pregnant women
with a VD history. This finding offers valuable
quantitative data that could guide the
recommendation of VD for pregnant women with
a history of CD.

The global rate of CD has been increasing
dramatically, making it one of the most pressing
issues in obstetrics. It has been reported that
higher CD rates are associated with significant
risks of morbidity and mortality in subsequent
pregnancies, including uterine rupture, preterm
labor, and placental adhesion anomalies (19,20).
One of the primary drivers of this rise is a history

of prior CD, which often leads to repeat CD (21).
In 1980, the United States National Institute of
Health (NIH) highlighted this issue during a
conference, questioning the necessity of routine
repeat CDs (22). Following this, the American
College of Obstetrics and Gynecology (ACOG)
supported initiatives to promote vaginal birth
after cesarean (VBAC), publishing guidelines in
1988 and 1994 aimed at increasing VBAC rates
(23). These efforts led to a substantial rise in
VBAC rates, with the proportion of VDs after CD
increasing from 3.4% in 1980 to a peak of 28.3% in
1996. However, as VBAC cases increased, reports
of complications such as uterine rupture and
maternal and fetal morbidities began to emerge
in the literature. These complications, coupled
with a rise in malpractice lawsuits, have
contributed to a subsequent decline in VBAC
rates in recent years (24).

In our country, the CD rate has rapidly
increased from 21.2% to 57.3% over the past 20
years. In response to this dramatic rise, the
Ministry of Health issued a bulletin in 2010
emphasizing that, in appropriate cases, VD could
be offered to pregnant women with a history of
CD after explaining the associated risks. Despite
subsequent bulletins in the following years, VD
after CD was implemented sporadically, limited to
small patient groups and specific centers, but
long-term continuity in practice could not be
achieved.

The most recent bulletin from the ACOG
regarding VD after CD was published in 2010. In
this bulletin, it is recommended that VD should be
prioritized for pregnant women with a single
lower segment transverse incision, while cases
involving two such incisions should be individually
evaluated by the attending physician. Similarly,
the NIH released its "New Information Guide on
Vaginal Birth After Cesarean Section” in 2010,
providing the latest comprehensive guidelines on
the subject (25). This guide details the factors
influencing the success of VD after CD, the short-
and long-term benefits and risks of the procedure,
the conditions that heighten these risks, and the
criteria to be considered in patient selection for
VD after CD (26). However, despite these



recommendations and interventions, the desired
increase in VD rates after CD remains unachieved,
primarily due to the perceived risk of uterine
rupture.

Scar tissue formed during CS wound healing,
characterized by myofiber irregularity, elastosis,
myometrial hyperplasia, and fibrous tissue, leads
to a loss of myometrial elasticity. This loss of
elasticity may contribute to uterine rupture as
intrauterine pressure increases in the later weeks
of pregnancy. Although it is known that
myometrial elasticity in scar tissue can be
restored over time, sufficient and objective non-
invasive data to support this phenomenon remain
lacking (27). We hypothesized that
demonstrating the recovery of myometrial
elasticity using elastosonography, a technique
that provides valuable insights into VD. To test
this hypothesis, we designed a study comparing
pregnant women with a history of CS and VD
using the pSWE technique. During our literature
review, while studies examining normal
myometrium after CS were identified, we found
no elastography studies conducted specifically on
pregnant women.

In our study, as anticipated, myometrial
stiffness values were higher in pregnant women
with a history of CD compared to those with a
history of VD. This difference was evident in
women with both one and two previous
deliveries. However, as the time elapsed since the
last delivery increased, myometrial stiffness
values in women with a CD history decreased,
approaching those of women with a VD history.
This effect was particularly noticeable in women
who were 2-5 years post-CD and became even
more pronounced in those exceeding 5 years.

This study is significant as it represents the first
and only study to emphasize the importance of
the time elapsed since the last delivery, supported
by quantitative data, in guiding pregnant women
with a CD history towards VD.

Studies have demonstrated that the interval
between two pregnancies is associated with the
risk of uterine rupture during VD after CD. In a
study conducted in 2001 with 2409 pregnant
women, Shipp et al. reported a uterine rupture
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risk of 2.3% for intervals of less than 18 months
between deliveries and 11% for intervals
exceeding 18 months (28). Similarly, studies by
Bujold et al. in 2002 and 2010 revealed that
intervals of less than 24 months (in 2002) and less
than 18 months (in 2010) significantly increased
the risk of uterine rupture (29,30). Consistent with
these findings, our study shows that myometrial
stiffness is higher in pregnant women with a CD
history of less than two years. Conversely, we
observed that myometrial elasticity in women
who were five years or more post-CD approached
the elasticity values of those with a VD history,
suggesting a lower risk. While actual rupture rates
could not be assessed in our study due to the lack
of data on delivery management, the
compatibility of our pregnancy-related findings
with the literature indicates SWE could serve as a
valuable tool in guiding the delivery method for
these pregnant women.

Although there are studies in the literature
evaluating the myometrium using elastography,
none of these were conducted during pregnancy.
In a study by Manchanda et al. (31) in 2019
involving 56 healthy individuals, the average
myometrial elasticity was reported as 40.24 kPa.
Similarly, in a study conducted by Turan et al. in
2021 with 15 healthy individuals, the median
myometrial stiffness during the luteal phase was
found to be 20.2 kPa (32). Additionally, a study by
Acar et al. in 2016 reported an average
myometrial elasticity of 24.4 kPa in a control
group of 56 healthy individuals (33). In contrast,
our study found the average myometrial stiffness
in the VD group to be 9.6 kPa. This significant
difference may be attributed to the relaxation
effect of progesterone secreted during
pregnancy, which is known to reduce uterine
stiffness (34). In the study conducted by Sichitiu
et al., which investigated the relationship between
postpartum uterine atony and myometrial
elastography, the myometrial shear wave velocity
measured within the first 30 minutes after VD in
34 women was found to be 10.94 + 5.55 kPa (35).
These findings are comparable to the
elastography values in our VD group; however,
their assessment in postpartum patients
distinguishes that study from ours.



In the present study, no significant difference
was observed in myometrial thickness between
pregnant women with a history of CD and VD
when measured 2 cm proximal to the upper
border of the bladder, corresponding to the lower
segment transverse incision site. The literature
includes studies examining myometrial thickness
in pregnant women at different locations and
gestational weeks (31-33). In a study involving 175
pregnant women, Durnwald et al. measured
myometrial thickness at a location and gestational
period similar to our study and also found no
significant difference between women with a
history of CD and VD (36). Similarly, in a 2010
study with 235 pregnant women between 35 and
38 weeks of gestation and a history of CD,
Jastrow et al. classified participants into three
groups based on the time elapsed after CD: less
than 18 months, 18-24 months, and more than 24
months. They concluded that there was no
relationship between the duration since CD and
myometrial thickness (37). Consistent with these
findings, our study also did not identify any
relationship between the time elapsed after CD
and myometrial thickness.

This study has several limitations. The first is
the sample size, as the findings need to be
validated through studies with larger patient
populations. Another limitation is the fixed size of
the sampling box wused in the pSWE
measurements. Additionally, pregnant women
with vertex presentation were excluded from the
study. This exclusion was intentional, as the fetal

cranium in vertex presentation may cause
deviations in the SWE measurements of the
myometrium.  Further prospective studies

investigating the effect of fetal position on uterine
elastography are needed.

In conclusion, as anticipated, myometrial
stiffness was higher in pregnant women with a
history of CD compared to those with a history of
VD. However, this difference diminishes over
time, with myometrial stiffness values in women
with a CD history approaching those of women
with a VD history as the interval after the CD
increases. These findings highlight the critical role

of time in guiding pregnant women with a history
of CD toward VD and demonstrate the potential
effectiveness of SWE in this context. Further
studies involving larger cohorts of pregnant
women and incorporating postpartum data are
needed to validate and expand upon these
findings.
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