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Ultrasonic prediction model using
three-dimensional power doppler
for endometrial cancer detection
in women with postmenopausal
bleeding

Li Wang, Shimin Quan & Xiaofeng Yang™*

Distinguishing benign and malignant endometrial lesions on the basis of endometrial thickness

(ET) may lead to a missed diagnosis of endometrial carcinoma (EC) in women with postmenopausal
bleeding (PMB) or increased invasive examination and pain in women with benign endometrial lesions.
Our research aims to establish an ultrasonic prediction model for differentiating between benign
endometrial lesions and EC in women with PMB. PMB women with ET=25 mm (n=412) or ET<5 mm
who presented with recurrent vaginal bleeding (n=57) were enrolled in this prospective observational
study. According to the pathological examination results of the endometrium, women with PMB

were divided into endometrial atrophy (EA) (n=231), endometrial polyp (EP) (n=98), endometrial
hyperplasia (EH) (n=58) and EC (n=82) groups. Ultrasonic parameters were compared among the four
groups. The predictive value of different parameters for differentiation between benign endometrial
lesions and EC in women with PMB was determined via receiver operating characteristic (ROC) curves.
The best cut-off of ultrasonic parameters analyzed by ROC curves was used to establish prediction
model. Women with EC had significantly thicker endometrium and higher endometrial volume (EV),
vascularization index (V1), flow index (Fl) and vascularization-flow index (VFI) than women with

other pathological types of endometrium (P <0.05). The endometrial VI, Fl and VFI of women with EH
were significantly higher compared with those in women with EA and EP (P <0.05). For patients with
ET 25 mm, the best parameter for distinguishing between benign lesions and EC was the Fl, with an
area under the curve (AUC) of 0.86, a sensitivity of 86.7% and a specificity of 81.4%. In addition, for
patients with ET <5 mm, the best parameter for distinguishing between benign lesions and EC was
the VI, with an AUC of 0.92, a sensitivity of 92.1% and a specificity of 72.9%. The ultrasonic prediction
model based on the Fl and VI had better predictive value for EC in both patients with ET=5 mm and
patients with ET <5 mm. The ultrasonic parameters differed among the different pathological types of
the endometrium in women with PMB. The ultrasonic prediction model based on the endometrial FI
and VI was clinically useful for differentiating between benign endometrial lesions and EC, especially in
postmenopausal patients with recurrent vaginal bleeding presenting with ET of less than 5 mm.

Keywords Postmenopausal bleeding, Benign endometrial lesions, Endometrial cancer, Three-dimensional
power doppler ultrasound, Ultrasonic prediction model

Endometrial cancer (EC) is the most common gynecologic malignancy in developed countries!, as well as in
some developed cities in China?. Postmenopausal bleeding (PMB) is the initial presenting symptom in 80-90%
of women with EC?. Therefore, distinguishing between benign endometrial lesions and EC in women with PMB
is very important to provide accurate and timely diagnoses for surgical treatment?.

At present, the diagnosis of EC is mainly based on clinical symptoms, measurement of endometrial thickness
(ET) by transvaginal ultrasound scanning (TVS), endometrial sampling devices, dilatation and curettage (D&C)
and hysteroscopy’. Although different types of endometrial sampling devices have been used in the screening
and diagnosis of EC in recent years, TVS has been recommended as an initial tool because it is less invasive
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compared with other tests, and TVS is not affected by the atrophic cervix due to menopause®. In most women,
the measurement of ET is used to assess the risk of endometrial lesions’. However, studies reported that some
patients who subsequently developed EC with ET less than 5 mm were missed or had a delayed diagnosis. A
cohort research showed that approximately 6% of women with PMB and with a confirmed diagnosis of EC had
thinner ET(<4 mm)®. In addition, other studies have analyzed the pathological results of women with PMB
whose ET greater 5 mm measured via TVS, approximately 70% of women are diagnosed with endometrial
benign lesions’. Therefore, distinguishing benign and malignant endometrial lesions on the basis of ET may lead
to missed diagnoses of EC in women with ET less than 5 mm, or increased invasive examination and pain in
women with benign endometrial lesions.

The occurrence of EC involves cancerous changes in endometrial epithelial cells under the action of multiple
factors, which are accompanied by abnormal proliferation of blood vessels. Therefore, the assessment of EC
occurrence based solely on ET has certain limitations, and the accuracy is higher if blood flow parameters are
combined. Three-dimensional (3D) power Doppler ultrasound is generally superior to color Doppler imaging
for detecting low-velocity flows and visualizing small vessels. Studies have reported that the endometrial volume
(EV), vascularization index (VI), flow index (FI) and vascularization-flow index (VFI) are significantly higher
in EC than in endometrial hyperplasia (EH)'. Therefore, 3D power Doppler parameters are more useful
than ET for differentiating between EH and EC, and blood flow in tumors could predict the spread of EC'!.
Gynecological doctors want to identify women at high risk for EC when they present with PMB. Therefore,
ultrasonic prediction model based on the 3D power Doppler may help to assist doctors in triaging patients for
further investigations and reduce missed diagnoses, especially for women with PMB whose endometria are less
than 5 mm. Our research aims to establish the ultrasonic prediction model for EC in patients with PMB.

Materials and methods

Study design

We conducted a prospective observational study on patients with PMB. All methods were performed in
accordance with the relevant guidelines and regulations. This study was approved by the ethics committee of The
First Affiliated Hospital of Xi’an Jiaotong University (XJTU1AF2016LSL-022). All the participants gave written
informed consent. This study has been registered on Clinical Trials.gov (NCT 03289468). The study complied
with the STROBE guidelines for observational studies.

Participants

Figure 1 presents the flow chart of study participation. Five hundred and ninety-two patients with PMB at
the First Affiliated Hospital of Xi'an Jiaotong University from November 2015 to February 2020 were initially
enrolled in this prospective observational study. Patients had a median age of 57.8 years, with an age range of
45-79 years. The inclusion criteria were as follows: © women with natural menopause, and menopause was
defined as at least 1 year of menstrual cessation after the age of 40, @ definitive endometrial histological diagnosis
was obtained in our hospital. The exclusion criteria were as follows: ® menstruation of women stopped for
less than 1 year, ® women who received tamoxifen or menopausal hormone therapy (MHT), ® women who
presented with PMB because of coagulation related diseases, iatrogenic factors, cervical disease or reproductive
tract infection. The recurrent vaginal bleeding (RVB) was defined as two or more separate bleeding events within
the last 12 months!2. Data were collected including body mass index (BMI), age at menopause, duration of PMB,
and history of disease (diabetes, hypertension). The definition of normal endometrial thickness after menopause
is controversial, and most academic institutions recommend a low risk of EC when the endometrium is less than
5 mm. However, a small number of women with postmenopausal bleeding are eventually diagnosed with EC
when the endometrial thickness is less than 5 mm, especially women with RVB or risk factors for endometrial
cancer. The standard recommended by the Society of Gynecologic Oncology and Society of Obstetricians and
Gynecologists of Canada was less than 5 mm!?. The American College of Obstetricians and Gynecologists
(ACOG) committee recommends <4 mm'. Therefore, in order to reduce unnecessary testing and medical costs,
patients with ET =5 mm (n=412) or ET <5 mm who presented with RVB (n=>57) received D&C or hysteroscopy
to obtained histopathological diagnosis in this study. The histopathology of the endometrium was assessed
standardized by senior attending physicians, and then reviewed by senior pathologists at our hospital. The
patients were divided into four groups according to the pathological examination results of the endometrium:
endometrial atrophy (EA) (n=231), endometrial polyp (EP) (n=98), EH (n=58) and EC (n=82) groups.

Outcome measures

Ultrasonic examinations were performed using Voluson E8 (GE Medical Systems, USA) ultrasound system with
vaginal probe frequency of 4-9 MHz. All the participants were examined by TVS. The maximum thickness
of the endometrium on both sides of the midline was measured in a longitudinal plane from the echogenic
interface at the junction of the endometrium and myometrium.

To further detect the EV and index of blood flow, the ultrasound machine was switched to the 3D mode with
power Doppler. The patient was asked to remain as still as possible. All the ultrasonic scans were performed by
one operator to avoid interobserver variation. The ultrasonic parameters were measured three times, and the
average value was used for the final statistical analysis. The manual mode of the VOCAL contour editor was
used to cover the entire 3D volume of the endometrium with a 15° rotation step. A total of 12 endometrial slices
were obtained outlining the endometrium at the myoendometrial junction from the fundus to the internal os.
A histogram automatically showed the vascularization indices. The 3D volume was formed using basic units
called voxels. The voxel contains all information about the grey scale and colour, according to an intensity scale
that ranges from 0 to 100. The vascularization indices are as follows: VI refers to the colour voxel-tototal voxel
ratio, FI refers to the weighted colour voxel divided by the total colour voxel ratio and provides an amplitude
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Fig. 1. Flow chart of study participation.

value for the colour signal, and VFI refers to the weighted colour voxel-to-total voxel ratio. The EV, VI, FI
and VFI were calculated automatically by the VOCAL software (GE Medical Systems, USA). VI manifests the
number of vessels in the endometrium. FI estimates the average intensity of flow. VFI manifests a combination
of vascularity and blood flow'>.

Statistical analysis

Statistical analyses were performed using SPSS 20.0 software (IBM, USA) (http://www.onlinedown.net/soft/
1229603.htm). The Kolmogorov-Smirnov test was used to check the normal distribution prior to statistical
tests. The continuous data variables were given as mean+ standard deviation, and statistical comparison was
performed by using the analysis of variance or Student’s t-test. The enumeration data were given as number
and percentage (%), which were compared by chi-square test. The predictive value of different parameters for
differentiation between benign endometrial lesions and EC in women with PMB was performed by ROC curves,
and the cut-off value of each parameter was calculated by these curves. The sensitivity, specificity, negative
predictive value (NPV), positive predictive value (PPV) and accuracy of the 3D power Doppler ultrasound with
surgico-pathologic findings as the reference standard. P<0.05 was considered statistically significant.

Results
Among the 469 women with PMB, pathological examination results revealed 231 that (49.3%) women with
EA, 98 (20.9%) with EP, 58 (12.4%) with EH, and 82 (17.5%) with EC including 8 women with ET <5 mm
presented RVB. Table 1 shows the clinical data of patients according to their histopathological diagnosis. There
was significant difference in the duration of PMB among the four groups (P=0.045), women with EC had the
longest duration of PMB, followed by women with EH. However, no significant differences were found when
comparing other characteristics among the four groups (P=0.126-702).

The ET, EV, VI, FI and VFI of women with EC were significantly higher compared with those of women
with other pathological types of endometrium (P=0.006-0.020). The ET and EV of women with EH were
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Characteristics EA (n=231) | EP (n=98) | EH (n=58) | EC (n=82) | P value®
Age (years) 57.4+9.0 55.2+8.5 58.3+7.9 57.1+£9.2 0.457
BMI (kg/m?) 23.4+7.6 22.9+5.7 23.8+6.5 24.1+8.3 0.126
Gravidity (number) 45+1.2 44+1.5 3.5+0.9 3.7+1.0 0.238
Delivery (number) 2.3+0.7 2.1+£0.5 2.6+0.8 24+0.6 0.223
Age at menopause (years) | 48.7+8.3 47.4+89 49.1+9.3 49.7+9.8 0.659
Duration of PMB (days) |7.4+3.3 14.9+4.7 17.1+6.4 28.0+9.5 0.045
History of disease

Diabetes [n (%)] 12 (5.2) 6(6.1) 6(10.3) 9(11.0) 0.237
Hypertension [n (%)] 14 (6.1) 7(7.1) 5(8.6) 8(9.8) 0.702

Table 1. Clinical data of patients according to histopathological diagnosis. Data are given as mean + SD or
numbers (%). EA endometrial atrophy, EP endometrial polyp, EH endometrial hyperplasia, EC endometrial
cancer. *Variance analysis or chi-square test among the four groups.

significantly higher than in women with EA (P=0.032, 0.028). In addition, the endometrial VI, FI and VFI of
women with EH were significantly higher than those of women with EA and EP (P=0.017-0.033). However,
no significant difference was found in the ultrasonic parameters between women with EA and those with EP
(P=0.189-0.560) (Fig. 2).

For patients with ET >5 mm, the data in our study suggested that the FI was the best predictor for EC, with
AUC of 0.86. However, ET had a poorer predictive value for EC compared with other parameters, with AUC of
0.74 (Table 2) (Fig. 3A). In addition, for patients with ET <5 mm, the data in our study suggested that the VI was
the best predictor for EC, with AUC of 0.92 (Table 2) (Fig. 3B). Because the FI and VI had better predictive values
in both patients with ET >5 mm and those with ET <5 mm, so they were used to establish ultrasonic prediction
model. Table 3 shows the assignment score of FI and VI according to the cut-off analyzed by ROC curves, which
were used to establish prediction model. The risk of EC increased in women with PMB as the score of the model
increased. For patients with ET > 5 mm, the AUC for ultrasonic prediction model was 0.90 (95% CI: 0.81-0.98)
(P=0.006). The cut-off of the ultrasonic prediction model was 3 points, with sensitivity and specificity were
92.2% and 83.6%, respectively (Fig. 3C). For patients with ET <5 mm, the AUC for the ultrasonic prediction
model was 0.92 (95% CI: 0.84-0.99) (P=0.005). The cut-off of the ultrasonic prediction model was 3 points, with
sensitivity and specificity of 95.2% and 84.7%, respectively (Fig. 3D).

Discussion

In our study, 17.5% of women with PMB were diagnosed with EC, similar to previous studies and the meta-
analyses by Gupta et al. showed that the prevalence of EC among all PMB patients was 10-24%!%!7. However,
the incidence of EC in some studies was less than 10%, such as 3.8% reported among 4383 women with PMB in
Hong Kong'® and 4.9% reported in the United Kingdom!2. This difference may be explained by differences in
the health-care system, use of screening methods, sample size, habits of the participants and place of residence.

Most studies have confirmed that ET can be used to distinguish benign and malignant endometrial lesions'>.
Makled et al. reported that the cut-off value of the ET was 11.5 mm?!. Similarly, in this study, we found that the
cut-off of the ET was 9.4 mm. With pathological examination of the endometrium as the gold standard diagnostic
tool for detecting EC, the diagnostic performance of ET for EC was as follows: sensitivity 75.2%, specificity
65.4%, PPV 68.2%, NPV 72.2% and AUC 0.74. There are different ET cut-off values recommended by various
professional groups. Although ET has been used to assess the risk of EC in women with PMB, approximately 4%
of EC are still missed, and this parameter has a false-positive rate as high as 50%22. Therefore, there is a limitation
in predicting EC based on ET alone, so prediction models based either on clinical risk factors or a combination
of clinical risk factors plus ET have been reported to differentiate between benign endometrial lesions and EC
in women with PMB!>23,

Changes from EH to EC are accompanied with angiogenesis and neovascularization, which can be tested
through power Doppler ultrasound. The 3D power Doppler technique has high sensitivity for detecting blood
flow with very low velocities?*. Therefore, very small vessels and low velocity blood flow can be detected via power
Doppler®. With these features, the blood flow indexes of 3D power Doppler have good predictive value for EC,
especially in patients with borderline ET or women presenting with PMB whose ET is less than 5 mm. Some
scholars have been confirmed that 3D power Doppler can be used to predict endometrial lesions, including EP,
EH and EC'°. The data in this study revealed that the ET, EV, VI, FI and VFI of women with EC were significantly
increased than those of women with other pathological types of endometria. The ET and EV of women with EH
were significantly higher than those of women with EA. In addition, the VI, FI and VFI of women with EH were
significantly higher than in women with EA and EP. Therefore, as endometrial lesions progress, the endometrial
thickness and blood flow increase.

Many studies have been conducted to evaluate the accuracy of indexes measured by 3D power Doppler in
differentiating benign and malignant lesions of the endometrium in women with PMB. Larger EV and higher
Doppler indices were correlated with malignant lesions. Merce et al. reported that ET and EV were significantly
higher in women with EC than in those with EH?. In 2016, indices measured by 3D power Doppler were used
to differentiate between EH and EC, which improved the sensitivity and specificity. The cut-off values for ET in
their study were EV (7 cm?), VI (0.7%), FI (0.22) and VFI (25), respectively?’, which were similar to the results of
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Fig. 2. Comparison of ultrasonic parameters among different endometrial pathological types (A: ET, B: EV, C:
VI, D: FL, E: VEI) (*P<0.05, **P<0.01).

our study. However, other researchers have revealed different cut-off measurements of 3D power Doppler for EC
in women with PMB. Epstein et al. demonstrated that the cut-off values of the EV, VI, FI and VFI were 2.7 cm?,
4.3%, 1.15 and 30.1, respectively'®. In 2018, Pandey et al. indicated that the variables with good discriminatory
potential between benign and malignant statuses were the VI and VFI?. The differences in results could be
explained by differences in the use of screening methods, sample sizes, places of residence and habits of the
subjects, EC standards of endometrial pathology results obtained (=4 mm or =5 mm), ultrasonic equipment,
etc.

Vitale etal. demonstrated a prediction model based on the presence and duration of abnormal uterine bleeding,
the ultrasound vascular pattern and echogenicity, and the hysteroscopic appearance of the endometrium. The
sensitivity and specificity were 79.17% and 95.19%, respectively, with an area under the ROC curve of 0.965%.
Additionally, previous studies reported two prediction models for the development of endometrial cancer in
the general population (risk models) and one extension. The risk models included epidemiological variables
related to the reproductive history of women, hormone use, BMI, and smoking history. The diagnostic models
also included clinical predictors, such as endometrial thickness and recurrent bleeding. The data showed that
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|Sensitivity (%) |Speciﬁcity (%) |PPV (%) |NPV (%) |AUC (95% CI) |Cut-off Youden index

ET>5mm

ET |75.2 65.4 68.2 72.2 0.74 (0.63-0.85) | 9.4 mm 0.41
EV | 784 69.3 71.6 75.8 0.79 (0.65-0.93) | 5.5 cm® 0.48
VI 85.1 78.1 79.4 83.9 0.84 (0.71-0.97) | 0.9 (%) 0.63
FI 86.7 81.4 81.6 85.9 0.86 (0.74-0.98) | 29.4 (0-100) | 0.68
VI | 84.3 76.5 78.1 81.6 0.82 (0.72-0.92) | 0.3 (0-100) | 0.61
ET<5mm

EV |60.5 85.4 70.3 76.4 0.65 (0.48-0.83) | 3.7 cm? 0.46
VI | 921 72.9 86.4 82.7 0.92 (0.83-0.99) | 0.8 (%) 0.65
FI 90.7 73.2 83.5 80.3 0.91 (0.83-0.99) | 21.2 (0-100) | 0.64
VFI | 85.3 75.5 81.9 79.5 0.89 (0.80-0.98) | 0.2 (0-100) | 0.61

Table 2. The predictive value of different ultrasonic parameters for EC. AUC area under the curve, PPV
positive predictive value, NPV negative predictive value, CI confidence interval.
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Fig. 3. ROC curves for the prediction of EC. (A) Different ultrasonic parameters for patients with ET >5 mm.
(B) Different ultrasonic parameters for patients with ET <5 mm. (C) Ultrasonic prediction model based

on assignment scores of FI and VI for patients with ET =5 mm. (D) Ultrasonic prediction model based on
assignment scores of FI and VI for patients with ET <5 mm.
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‘ Assignment score
ET>5mm
VI (%)
<09 |1
>0.9 |2
FI (0-100)
<294 |1
>294 |2
Total |2-4
ET<5mm
VI (%)
<08 |1
>0.8 |2
FI (0-100)
<212 |1
>21.2 |2
Total | 2-4

Table 3. Assignment scores of ultrasonic parameters for EC.

the concordance statistic, which was used to assess discriminative ability, varied from 0.68 to 0.77 in the risk
models and from 0.73 to 0.96 in the diagnostic models®. The data in our study suggested that the FI and VI had
better predictive value in patients with both ET>5 mm and ET <5 mm. Hence, to predict EC in women with
PMB more conveniently and accurately, especially for women with ET less than 5 mm, the FI and VI were used
to establish ultrasonic prediction model. According to the results of this study, for patients with ET >5 mm, the
AUC for the ultrasonic prediction model was 0.90, and for patients with ET <5 mm, the AUC for the ultrasonic
prediction model was 0.92. Therefore, the ultrasonic prediction model based on 3D power Doppler scanning
had better predictive value for EC in both patients with ET >5 mm and patients with ET <5 mm.

Our study has several limitations. First, the sample size of this study was not large enough, and it was a single-
center study. Second, although the effect of MHT on the endometrium was excluded in this study, the BMI and
metabolic syndrome, which are considered risk factors for EC, were not analyzed in depth. Third, patients with
endometrial thickness less than 5 mm and no history of RVB did not undergo pathological examinations, which
may include EC. In addition, specific equipment is required to measure endometrial blood flow parameters, such
ultrasound instruments need to be equipped with 3D ultrasonic probes, and sonographers need to be trained
to ensure the accuracy and repeatability of the measurements. Therefore, the validity and reproducibility of the
ultrasonic prediction model in this study remain to be studied in the future.

Conclusion

The ultrasonic parameters differed among the different pathological types of the endometrium in women with
PMB. The ultrasonic prediction model based on the endometrial FI and VI was clinically useful for differentiating
between benign endometrial lesions and EC, especially in postmenopausal patients with recurrent vaginal
bleeding presenting with ET of less than 5 mm.

Data availability
All datasets generated for this study are included in the article. Further inquiries can be directed to the corre-
sponding author (Xiaofeng Yang).
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