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Background: To explore the value of transvaginal real-time shear wave elastography
(SWE) in the diagnosis of endometrial lesions.

Methods: A total of 140 female patients with endometrial lesions, confirmed by pathologi-
cal results, were divided into three groups: 45 cases of endometrial polyps, 29 cases of
endometrial hyperplasia and 66 cases of endometrial cancer. A total of 100 cases of normal
endometrium were used as the control group, including 52 cases in the proliferative stage and
48 cases in the secretory stage. Transvaginal real-time shear wave elastography was per-
formed in all four groups.

Results: Emean, Emax and Esd were expressed as the average standard deviation. Among
the control group, the results were 26.24+9.74, 38.09+9.18, and 4.2542.73 kPa, respectively,
in the proliferative endometrium cases and 12.5147.46, 27.22+11.32, 4.40+2.52 kPa, respec-
tively, in the secretory endometrium cases. Among the experimental group, the result was
15.68+8.18, 27.28+10.28 and 3.62+1.81 kPa respectively in the endometrial polyps cases;
21.20 £ 12.57, 36.32 £ 15.04, and 5.09 £3.93 kPa in the endometrial hyperplasia cases; 49.36
+25.51, 86.66+42.27 and 14.86+10.63 kPa in the endometrial cancer cases. The difference
was statistically significant (P <0.05). When the truncation values of Emean, Emax and Esd
were 28.50, 52.45 and 9.05 kPa, respectively, to distinguish between normal endometrium
and endometrial cancer, Emax has the highest diagnostic value.

Conclusion: Real-time SWE technology might be used as an auxiliary method in the
diagnosis and differential diagnosis of endometrial cancer. More quantitative indicators are
conducive to diagnosis.

Keywords: ultrasound, endometrial lesions, real-time shear wave elastography, differential
diagnosis

Background

Benign endometrial lesions mainly include endometrial polyps and endometrial
hyperplasia, and malignant endometrial lesions mainly include endometrial cancer
and endometrial sarcoma. There are some similar clinical symptoms in benign and
malignant lesions: irregular vaginal bleeding, abnormal vaginal discharge, and
abdominal pain.' Accumulating evidence has reported that cell cycle quiescence
of stem cells which lead by inflammatory cytokines and reactive oxygen species
may be related with the development of benign and malignant endometrial
aberrations.> * The clinical methods for differentiating benign and malignant endo-
metrial lesions mainly include ultrasound, computed tomography (CT), magnetic
resonance imaging (MRI), endometrial biopsy, and hysteroscopy. Among these
methods, CT has the disadvantage of radiation exposure, whilst, although MRI
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does not use radiation and is considered as a non-invasive
procedure, the examination time is longer and the cost is
comparatively higher. Therefore, CT and MRI are not
routine gynecological examination methods. Diagnostic
curettage and hysteroscopy have advantages in obtaining
specimens for pathological diagnosis and have a lower
false-positive rate than other imaging methods, however,
as invasive interventions, they may cause complications
such as intrauterine adhesions, bleeding and infection.
Moreover, because of the fluidity of the physiological
saline medium in hysteroscopy, cancer cells may be
implanted into the pelvis or even abdominal cavity through
the bilateral fallopian tubes. Therefore, diagnostic curet-
tage and hysteroscopy are not the preferred methods for
disease screening.’ As a non-invasive approach, ultra-
sound is valued for its safe, rapid, reproducible, and inex-
with
transabdominal ultrasound, transvaginal ultrasound does

pensive qualities. Compared traditional
not require the bladder to be filled and is less affected by
abdominal fat and intestinal gas. Meanwhile, the intracav-
ity probe has a high frequency and resolution and can
display pelvic lesions more clearly. These advantages
have made transvaginal ultrasound the preferred method
of gynecological ultrasound. But for some atypical endo-
metrial lesions, ultrasound has a higher false-positive

rate,é_10

which is a challenge for doctors who lack experi-
ence. Therefore, it is particularly urgent to find new ultra-
sound technology for more convenient diagnosis and
differential diagnosis of endometrial lesions.

Real-time shear wave elastography (SWE) is a new
ultrasonic technology. It works by continuously focusing
the tissue at different depths by transmitting the acoustic
radiation pulse of the safety range through the probe. The
transverse shear wave is generated by high-frequency
vibration. The shear wave is detected by ultra-high-speed
imaging technology, and Young’s modulus'' is obtained
by the quantitative analysis system. At the same time, the
elastic hardness map of the tissue is displayed in real-time
using color-coding. Young’s modulus is calculated in
terms of the density of tissue, shear wave velocity
(SWV) and kPa. Young’s modulus value can reflect the
hardness of the tissue: the larger the value of Young’s
modulus is, the faster the SWV is and the greater the
elastic hardness of the tissue becomes.'> This new tech-
nology has real-time, objective and repeatable character-
istics. It has been widely used in diagnosing thyroid,
breast, liver, kidney, lymph node, and carotid artery
diseases.'>'® In gynecology, there have been research

studies performed on the uterine wall and cervix,'” "’

however, studies on normal endometrium and endometrial
lesions are relatively rare.””

The purpose of this study was to explore the value of
real-time transvaginal SWE in the diagnosis and differen-
tial diagnosis of endometrial lesions, and to obtain quanti-

tative indicators for the diagnosis of endometrial cancer.

Methods
Study Population

A total of 140 patients with suspected endometrial lesions
were treated in the Fourth Hospital of Hebei Medical
University from May 2018 to February 2019. All these
patients underwent transvaginal ultrasound and a real-time
SWE examination before the operation. The results of their
pathological examinations were obtained during the hospital
operation and subsequent follow-up. A total of 100 patients
with normal physical examination were selected as the con-
trol group, all of whom were women of childbearing age
with normal menstruation and underwent transvaginal ultra-
sound and real-time SWE examination. The control group
was divided into proliferative endometrium group and secre-
tory endometrium group. The inclusion criteria included: (1)
endometrial lesions must have been confirmed by surgery or
biopsy pathological results; (2) endometrial thickness >
Smm. Exclusion criteria included: (1) patients receiving
chemotherapy or radiotherapy; (2) patients who had
a curettage; (3) patients with an IUD; (4) patients receiving
estrogen replacement therapy. This study was conducted
with approval from the Ethics Committee of the Fourth
Hospital of Hebei Medical University, and conducted in
Written
informed consent was obtained from all participants.

accordance with the declaration of Helsinki.

Study Procedures
A SuperSonic Imagine AixPlorer ultrasound system was
used with an intracavitary probe frequency of 3~12 MHz.
Before the examination, empty urinary bladder was
required. Patients should take the lithotomy position. Then,
a protective condom was put on the intracavitary probe. The
transvaginal two-dimensional ultrasonography image was
made by placing the probe in the vaginal fornix. Thus, the
thickness, shape, texture, blood flow and endometrial lesions
of the endometrium could be observed and recorded accord-
ing to the menstrual cycle of the patients. Generally, the
longitudinal section of the uterus was switched to SWE
mode, and the region of interest (ROI) was covered with
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normal intima (or lesion) as far as possible, avoiding the
fluid area, calcification area, blood vessel and other struc-
tures. Patients were required to breathe with a light screen
for 3~5 seconds in a quiet breathing state. Images were
frozen after stabilization, and through playing back images,
the best images were taken in color signal to measure. An
adjusted round Q-box was used when measuring. In other
words, the circular Q-box was adjusted to the maximum
diameter in the normal intima (or lesion), and the normal
intima (or lesion) was encapsulated as much as possible. The
mean Young’s modulus (Emean), the maximum Young’s
modulus (Emax) and the standard deviation of Young’s
modulus (Esd) were obtained. The values were measured
three times and averaged.

Statistical Analysis

SPSS19.0 statistical analysis software was used for data
analysis. The measurement data were represented by aver-
age standard deviation (X = s). The comparison between
the groups was performed by #-test or by variance analysis.
The Kruskal-Wallis test in the nonparametric test was
applied to the measurement data with uneven variance.
When P<0.05, there was a statistically significance.
A receiver operating characteristic (ROC) curve was
drawn to evaluate the diagnostic value.

Results

The general information of the experimental group and the
control group are comparable (P>0.05). Of these 140
patients with suspected endometrial lesions, there were 45
cases of endometrial polyps, where the average age of the
patient was 45.71+£9.68 years old; 29 cases of endometrial
hyperplasia, where the average age of the patient was 44.03
+8.54 years old; 66 cases of endometrial carcinoma, where
the average age of the patient was 55.49+11.41 years old.
There were also 58 cases of endometrial adenocarcinoma, 5
cases of atypical endometrial hyperplasia, 1 case of cervical

non-keratinizing squamous cell carcinoma, 1 case of endo-
metrial clear cell carcinoma, and 1 case of uterine carci-
noma. There were 100 cases of normal endometrium, among
which 52 cases were in the proliferative stage, where the
average age of the patient was 33.89+7.81 years old, and 48
cases were in the secretory stage, where the average age of
the patient was 34.4849.64 years old.

Real-time SWE manifestations of the proliferative endo-
metrium were as follows: the functional layer was compara-
tively uniform blue, and the basal layer and uterine line were
comparatively lighter (Figure 1A). Emean, Emax and Esd of
the endometrium in the proliferative stage were 26.24+9.74
kPa, 38.09+9.18 kPa, and 4.25+2.73 kPa, respectively.

Real-time SWE manifestations of the endometrium in the
secretory phase were as follows: the demarcation color
between the functional layer and the basal layer was not
obvious, which was uniform blue, and the color of the uterine
cavity line was slightly lighter (Figure 1B). Emean, Emax and
Esd of the endometrium in the secretory stage were 12.51
+7.46 kPa, 27.22+11.32 kPa, and 4.4042.52 kPa respectively.

Real-time SWE manifestations of the endometrial
polyps were as follows: the lesions were uniform blue
(Figure 1C), Emean, Emax and Esd were 15.6848.18
kPa, 27.28+10.28 kPa, and 3.62+1.81 kPa, respectively.

Real-time SWE manifestations of endometrial hyper-
plasia were as follows: the lesion endometrium was rela-
tively uniform blue (Figure 1D). Emean, Emax and Esd
were 21.20 £ 12.57 kPa, 36.32 + 15.04 kPa, and 5.09 +
3.93 kPa, respectively.

Real-time SWE manifestations of endometrial cancer
were as follows: the demarcation color between the lesion
and surrounding tissues is not clear, which is yellow-blue
mixed, even red-yellow-blue mixed. When the lesion
involved the cervix, the main color of the affected cervix
changed from blue to yellow, or even yellow-red mixed
(Figure 1E). Emean, Emax and Esd were 49.36+25.51
kPa, 86.66+42.27 kPa, and 14.86+10.63 kPa, respectively.

Figure | (A) Ultrasound image of proliferative endometrium in the figure. SWE showed a relatively uniform blue area in the endometrium. (B) Ultrasound image of
secretory endometrium. SWE showed a uniform blue area in the endometrium. (C) Pathologic results confirmed an endometrial polyp in the uterine cavity. SWE showed
the poly was relatively uniform blue. (D) Pathologic results confirmed hyperplastic endometrium. SWE showed the endometrium was blue. (E) Pathologic results confirmed
an endometrial cancer in the uterine cavity. SWE showed tumor lesions of a mixture of red, yellow and blue.
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Table I Comparison of Emean, Emax and Esd Between Endometrial Carcinoma and Normal Endometrium (Average*Standard

Deviation)
Groups (Cases) Emean (kPa) Emax (kPa) Esd (kPa) Age
Normal endometrium (100) 19.65+11.08 32.87+11.58 4.3242.62 34.17+8.70
Endometrial carcinoma (66) 49.36125.51 86.66+42.27 14.86+10.63 55.49+11.41
P <0.05 <0.05 <0.05 <0.05

Table 2 Comparison of Emean, Emax and Esd Among Groups of Endometrial Carcinoma, Proliferative Endometrium, and Secretory
Endometrium (AveragetStandard Deviation)

Groups (Cases) Emean (kPa) Emax (kPa) Esd (kPa) Age

Proliferative endometrium (52) 26.24+9.74* 38.0949.18 42542.73% 33.89+7.81°¢
Secretory endometrium (48) 12.51£7.46" 27.22%11.32% 4.40+2.52% 34.48+9.64
Endometrial carcinoma (66) 49.36+25.51% 86.66142.27* 14.86£10.63* 55.49%11.4%

S

Notes: For each column, compared between */* and #, P<0.05; for each column, compared between # and # or * and *, P>0.05.

Table 3 Comparison of Emean, Emax and Esd Among Groups of Endometrial Carcinoma, Endometrial Polyp, and Endometrial
Hyperplasia (AveragetStandard Deviation)

Groups (Cases) Emean (kPa) Emax (kPa) Esd (kPa) Age
Endometrial polyp (45) 15.68+8.18% 27.28+10.28* 3.62t1.81% 45.7119.68"
Endometrial hyperplasia (29) 21.20%12.57% 36.32£15.04% 5.09+3.93% 44,0318.54"
Endometrial carcinoma (66) 49.36+25.51% 86.66+42.27* 14.86%10.63* 55.49+11.41%

Notes: For each column, compared between * and #, P<0.05; for each column, compared between * and #, P>0.05.

Table 4 Comparison of Emean, Emax and Esd Among Groups of Proliferative Endometrium, Secretory Endometrium, Endometrial
Polyp, and Endometrial Hyperplasia (AveragexStandard Deviation)

Groups (Cases) Emean (kPa) Emax (kPa) Esd (kPa) Age

Proliferative endometrium (52) 26.24£9.74™ 38.09£9.18 4.25+2.73% 33.89+7.81
Secretory endometrium (48) 12.51+7.46% 27.22+11.32% 4.40+2.52% 34.48+9.64
Endometrial polyp (45) 15.68+8.18% 27.28+10.28% 3.62¢1.81% 45.71+9.68"
Endometrial hyperplasia (29) 21.2012.57% 36.32%15.04* 5.09+3.93% 44.03+8.54%

Notes: For each column, compared between * and #, P<0.05; for each column, compared between *and #, P>0.05.

The normal endometrium group, polyp group, hyper-
plasia group and cancer group were compared, with
Emean, Emax and Esd as observation indicators. The
difference was statistically significant (P <0.05). For
further comparison, the results are shown in Tables 1-4.

Further analysis of endometrial cancer and normal
endometrium: The area under the ROC curve (AUC) of
Emean, Emax and Esd was 0.87, 0.96 and 0.90, respec-
tively (Figure 2), which was used to distinguish normal
(P<0.05).
Sensitivity, specificity, positive predictive value, negative

endometrium from endometrial cancer

predictive value and accuracy were 80.3%, 76.0%, 68.8%,

85.4%, and 77.7% respectively when Emean was 28.50
kPa as the cut-off value, 83.3%, 98.0%, 96.5%, 89.9%,
92.2%, respectively when Emax was 52.45 kPa as the cut-
off value, and 69.7%, 95.0%, 90.2%, 82.6% and 84.9%
respectively when Esd was 9.05 kPa as the cut-off value
(Table 5).

Discussion

Increasing methods have been applied in the diagnosis of
Endometrial lesions, including real-time SWE, 3D trans-
vaginal ultrasound, and color Doppler.”*'? In addition,
hysteroscopy makes the observation of endometrial lesions
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Figure 2 Receiver operating characteristic curves of Emean, Emax and Esd to identify normal endometrial and endometrial cancer.

more intuitive, detailed and accurate. In recent years,
endometrial biopsy under hysteroscopy has been increas-
ingly widely used in the diagnosis of endometrial cancer,
gradually replacing the traditional piecewise curettage.”>**
In the early 1990s, Ophir*> and other scholars first pro-
posed ultrasonic elasticity technology, which was consid-
ered as a new method for quantitative measurement of
tissue hardness. Structures and components of various
lesions are different, and result in varied tissue elasticity
hardness. It is a new idea to judge the occurrence of
diseases by measuring the elastic hardness of tissue. Real-
time SWE can quantitatively obtain the elastic hardness of
tissues, which makes this idea come true. In this study,

real-time SWE was used to obtain the Emax, Emean and

Esd values of tissues or lesions. The Emax, Emean and
Esd reflected the maximum tissular hardness, average
hardness, and the variability of the tissular hardness of
the whole measuring area.

Although the ages of the endometrial cancer group, the
endometrial hyperplasia group, and the polyp group varied
in this study (Table 3), the age at which the disease
occurred was consistent. The patients in the normal endo-
metrium group were all premenopausal women, and in
order to ensure normal menstruation and no endometrial
lesions, the selected patients in this group were younger.

In the SWE images, the proliferative endometrial
group, secretory endometrial group, endometrial polyp
group and endometrial

hyperplasia group were

Table 5 Comparison of Diagnosis Value Among Different Methods of Emean, Emax, Esd

Sensitivity Specificity Positive Predictive Value Negative Predictive Value Accuracy
Emean 80.3% 76.0% 68.8% 85.4% 77.7%
Emax 83.3% 98.0% 96.5% 89.9% 92.2%
Esd 69.7% 95.0% 90.2% 82.6% 84.9%
P 0.0l
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Dove:


https://www.dovepress.com
https://www.dovepress.com

Du et al

Dove

comparatively uniform blue, while the color of the endo-
metrial cancer was mixed, as blue-yellow or even blue-
yellow-red. In quantitative diagnosis, there were no
significant differences in the Emean and Emax values
among the secretory endometrial group, endometrial
polyp group and endometrial hyperplasia group. There
was a significant difference between the proliferative
endometrial group and the other three groups. The reason
is that the stroma increased, and the glands decreased
relatively in the proliferating stage, while the glands gra-
dually increased and the stroma relatively decreased in the
secretory stage. Endometrial polyps contain a large num-
ber of glands and thick-walled blood vessels. Endometrial
hyperplasia is a proliferative change of glands and stroma.
There was no significant difference in Esd values among
the four groups, which may be related to the little differ-
ence in pathological composition of the four groups.

The Emean and Emax values of the endometrial
carcinoma group were higher than those of the prolifera-
tive endometrial group, secretory endometrial group,
endometrial polyp group and endometrial hyperplasia
group. The differences had a statistical significance, in
which endometrial cancer was more rigid than the other
three groups. The reasons include: (1) the number of
cancer cells is large. Previous studies on benign and
malignant tumors in different organs have shown that
the larger the number of tumor cells, the larger the
ratio of nucleus to the cytoplasm and the greater the
hardness of the tissue.'” (2) Fibrosis is obvious. Studies
have shown that the more obvious the tissue fibrosis, the
greater the tissue hardness.”® The fibrosis of endometrial
cancer is obviously more than that of benign lesions and
the normal endometrium, which leads to an increase in
tissue hardness. (3) Neovascularization is abundant.
Most of these vessels are arterioles, which can increase
interstitial pressure and tissue hardness. (4) The growth
mode is invasive growth, which is easy to adhere to the
surrounding tissues, resulting in an increase in
hardness.”’ ' The Esd value of endometrial cancer is
higher than that of the other four groups, which may be
related to the different pathological composition of endo-
metrial cancer and the other four groups.

It was found that the truncated values of Emean, Emax and
Esd could differentiate and diagnose endometrial cancer.
Emax has higher sensitivity, specificity and accuracy than
other indicators, and the AUC of Emax is also higher than
other indicators, indicating that Emax has the highest diagnos-
tic value.

As a new generation of elastic imaging technology,
real-time SWE technology can obtain quantitative indica-
tors which makes up for the shortcomings of traditional
elastic ultrasound. It can better display and identify the
lesions and has good clinical value in the diagnosis and
differential diagnosis of endometrial lesions.

However, this study has several limitations worth not-
ing: (1) Because of the relatively small number of cases
collected, there is no in-depth study on the differences
between the different types of endometrial hyperplasia
and endometrial cancer, which needs to be further
explored under the large sample data in the future. (2)
Because of the limited depth of real-time SWE measure-
ments, unstable SWE maps and poor color are filled with
endometrial lesions with a comparatively high uterine
position or relatively large mass. The standard of data
acquisition in this study is a depth of less than 4 cm,
which may lead to a deviation of data. (3) In the study,
after multiple measurements, it was found that the thick-
ness of the membrane was thinner after menopause and in
the early proliferative period, and the SWE map was
difficult to measure. Therefore, the thickness of the endo-
metrium was >5mm. (4) This study uses transvaginal real-
time shear wave elastography. Abdominal wall fat has
little effect on vaginal ultrasound, so the impact of BMI
on patients has not been studied, and it will be further
explored in subsequent studies.

Conclusion
The application of Real-time SWE technology on the basis
of traditional ultrasound can not only obtain quantitative
indicators, but also provide new information of elastic
hardness of tissue.
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