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Abstract. The present study aimed to investigate the 
feasibility of applying contrast-enhanced ultrasonography 
(CEUS) imaging technology for distinguishing between 
benign and malignant endometrial lesions, and to screen 
markers that could be correlated with the pathological 
results. In this study, endometrial diseases were diagnosed 
by biopsy under hysteroscopy and CEUS examinations. 
The intensity and time parameters of the time-intensity 
curve (TIC) were analyzed. The mean arrival time (AT), 
time-to-peak (TTP), rise time (RT), washout half-time and 
clearance half-time of malignant lesions were shorter than 
those of benign lesions (P<0.05), whereas the average peak 
intensity (PI) and enhancement intensity (EI) of malignant 
lesions were higher than those of benign lesions (P<0.05). The 
receiver operating characteristic curve showed the following 
cut-off values: PI, 29.2 dB; EI, 21.35 dB; AT, 12.75 sec; 
TTP, 26.75 sec; RT, 13.2 sec; clearance half-time, 89.3 sec; 
and washout half-time, 75.45 sec. The lesions with PI, an EI 
higher than that of the cut-off and lesions with an AT, TTP, 
RT, half clearing time and washout half-time shorter than the 
cut-off were considered malignant. The TTP, RT and half 
clearing time were negatively correlated with microvessel 
density (MVD), i.e., MVD was higher when the TTP, RT 
and half clearing time were shorter. Overall, changes in the 
enhancement and clearing of lesions could be quantitatively 
analyzed by CEUS TIC and further discriminate benign from 
malignant lesions. In the present study, CEUS appeared to 
indirectly reflect blood vessel changes inside the lesions and 

provided a pre-operative non-invasive fast imaging method 
for the diagnosis of endometrial disease.

Introduction

Endometrial diseases are common gynecological conditions 
that pose a threat to women's health. Improvements in ultraso-
nography (US) have led to it becoming an important method for 
differentiating and diagnosing endometrial diseases. In recent 
years, research and advances in contrast-enhanced US (CEUS) 
imaging technology have allowed it to be successfully applied in 
the diagnosis and treatment of liver tumors, and in the diagnosis 
of cardiovascular, urinary (1‑3) and superficial tissue diseases (4). 
However, its application in the diagnosis of gynecological 
diseases remains at the experimental stage (5). Preliminary 
conclusions from studies in China and around the world have 
shown the value of ultrasound imaging in the diagnosis of gyne-
cological diseases (6). CEUS offers the opportunity to identify 
endometrial diseases in the static B-scan mode, and to simul-
taneously assess the capillary microperfusion in the dynamic 
contrast harmonic imaging mode. Furthermore, a quantitative 
assessment of microperfusion is possible using time-intensity 
curve (TIC) analysis (7,8). This is of particular significance, 
as angiogenesis is an essential factor for tumor growth and 
metastasis in a range of human tumors, including endometrial 
cancer (9). Therefore, the study of tumor angiogenesis and MVD 
may assist in improving the prognosis of cancer patients.

In the present study, CEUS was used for the examination 
of endometrial lesions. The enhancement characteristics of 
the diseased areas and changes over a TIC were analyzed. The 
feasibility of applying CEUS for distinguishing between benign 
and malignant endometrial lesions investigated and markers that 
were correlated with the pathological results were screened. This 
study aimed to analyze CEUS parameters and their association 
with microvessel density (MVD), as assessed by immunohisto-
chemistry in benign and malignant uterine tumors.

Materials and methods

Subjects. The study group consisted of 91 patients (outpatients 
and inpatients) who were treated at the Harbin Medical Univer-
sity Cancer Hospital (Harbin, China) between January 2010 
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and March 2014, and were diagnosed with endometrial 
disease based on pathological results (gold standard). All 
pathology samples were obtained via biopsy or surgery. The 
patients were divided into two groups: A benign endome-
trial lesion group, including 42 patients with a mean age of 
44.83±7.71 years (range, 33-58 years), and a malignant lesion 
group, including 49 patients with a mean age of 47.36±9.14 years 
(range, 36-63 years). None of the patients had a history of 
radiochemotherapy treatment, hypertension, heart disease or 
drug allergies. After providing written informed consent, the 
patients underwent an ultrasound examination during the week 
immediately prior to surgery. This study was conducted in 
accordance with the declaration of Helsinki and with approval 
from the Ethics Committee of Harbin Medical University 
(Harbin, China). Written informed consent was obtained from 
all participants. A flowchart of the diagnosis and treatment of 
endometrial diseases in the enrolled patients is shown in Fig. 1.

Equipment. An ACUSON Sequoia™ 512 color ultrasound 
system (Siemens AG, Munich, Germany) was used to perform 
CadenceTM contrast pulse sequencing (CPS) and auto contrast 
quantification, using an EC‑10C5 transducer (6‑10 MHz) as a 
transvaginal probe. The equipment settings, which included 
gain and time-gain compensation, were constant during the 
imaging process. The mechanical index was kept at 0.10-0.19.

Contrast agent. SonoVue (Bracco, Milan, Italy), a contrast 
agent mainly consisting of sulfur hexafluoride gas micro-
bubbles with a phospholipid monolayer coating, was diluted 
prior to use in 5 ml of 0.9% saline, while shaking to obtain a 
white, milky solution. The concentration of the microbubbles 
was 1-5x108 ml with a mean bubble diameter of 2.5 µm. The 
mean in vivo half-life of SonoVue was 12 min. SonoVue was 
administered as a bolus injection (2.4-ml dose), which was 
immediately followed by injection of 5 ml saline. If necessary, 
this procedure was repeated once more with the same dose 
and method.

Regular ultrasound. All patients underwent a regular ultra-
sound and CEUS examination during the week immediately 
prior to surgery.

Transvaginal ultrasound was performed with the patient 
having an empty bladder. Lesions were first revealed on 
two-dimensional gray scale images, and the equipment 
settings (including dynamic range, gain, depth and focus area) 
were adjusted during the procedure to obtain the best images.

Contrast ultrasound. Following the regular ultrasound, 
CEUS was performed while the patient's body position 
remained unchanged. A scanning plane showing the lesion's 
largest diameter or most abundant blood flow, the lesion and 
surrounding tissues simultaneously, and the standard long and 
short axis planes whenever possible, was chosen as the most 
appropriate plane to display the lesion. The imaging condi-
tions for the contrast pulse sequences were then selected.

The SonoVue solution (2.4 ml) was administered by bolus 
injection via the ulnar vein, followed by a 5‑ml saline flush. 
Meanwhile, the built-in timer within the ultrasound equip-
ment was turned on, and the continuous real-time evaluation 
of SonoVue uptake and washout, and echo intensity within 

the region of interest was conducted. The imaging process 
took 3-6 min, and the imaging data were stored in the ultra-
sound equipment built-in hard drive for later analysis by the 
specialist. Results were compared with those from the regular 
ultrasound and pathological examinations.

Time‑intensity curve (TIC) analysis. The ultrasound equipment 
built-in auto contrast quantification software automatically 
examined the images and analyzed the TIC. It selected the 
appropriate region of interest according to lesion size, and 
automatically scanned and recorded the TIC. The following 
parameters were obtained from the TIC analysis: Intensity 
parameters, including basis intensity (BI), peak intensity (PI) 
and enhancement intensity (EI = PI - BI); and time parameters, 
including arrival time (AT), time-to-peak (TTP), rise time (RT; 
RT = TTP - AT, washout half-time (the time at which the TIC 
PI decreased to half of its maximal EI) and clearance half-time 
(RT + washout half-time).

Pathological analyses. The clinical stages of malignant 
lesions (endometrial carcinoma) were determined according 
to the standards of the International Federation of Gynecology 
and Obstetrics (FIGO) revised in 2009 (10). Benign endome-
trial lesions include endometrial hyperplasia and endometrial 
polyps, while there is only one type of malignant endometrial 
lesions (endometrial carcinoma).

For immunohistochemical examination, samples obtained 
during surgery were paraffin‑embedded and sectioned (3‑4 µm) 
prior to immunohistochemical staining using mouse anti-human 
cluster of differentiation (CD)34 monoclonal antibody (dilution 

Figure 1. Flowchart on the diagnosis and treatment of endometrial diseases 
for patient enrollment. FIGO, Internation Federation of Gynecology and 
Obstetrics.
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1:10,000; cat. no. QBEnd/10; Heilongjiang Saishang Technology 
and Development Co., Harbin, China). Brown staining of the 
vascular endothelial cell cytoplasm was considered indicative of 
CD34-positivity. The standard Weidner's method (11) was used 
for microvessel counting and the mean count was considered as 
the MVD value in each sample.

Statistical analyses. The SPSS version 17.0 software package 
(SPSS, Inc., Chicago, IL, USA) was used for data analysis. The 
data are expressed as the mean ± standard deviation. Continuous 

quantitative variables were compared using an analysis of vari-
ance or Student's t-test. The cut-off values for the diagnosis were 
obtained from the receiver operating characteristic (ROC) curve. 
Correlations were calculated using Pearson's χ2 test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

TIC parameters. Comparison between the malignant and 
benign lesion groups showed that the malignant lesion regions 

Table I. Comparison of contrast-enhanced ultrasonography time-intensity curve parameters between the malignant and benign 
endometrial lesion groups.

 Endometrial Endometrial  
Curve parameters neoplasms (n=49) hyperplasia (n=49) T-value P-value

BI, dB 8.77±0.93 8.54±0.71 1.2985 >0.05
PI, dB 33.82±3.17 26.80±2.39 11.7351 <0.001
EI, dB 25.05±3.19 18.25±2.57 11.0536 <0.001
AT, sec 11.79±1.47 13.08±1.24 4.5025 <0.001
TTP, sec 23.76±2.39 28.56±3.59 7.6105 <0.001
RT, sec 11.96±2.76 15.48±3.39 5.4589 <0.001
Washout half-time, sec 71.26±4.41 79.38±6.27 7.2180 <0.001
Clearance half-time, sec 83.22±5.05 94.86±7.54 8.7532 <0.001

BI, basic intensity; PI, peak intensity; EI, enhancement intensity; AT, arrival time; TTP, time-to-peak; RT, rise time.

  A

  B

Figure 2. Comparison of time-intensity curve parameters in the benign lesion group. (A) Contrast-enhanced ultrasound image. (B) Time-intensity curves. The 
thick endometrium showed homogeneous enhancement after 28 sec of contrast agent injection. In the early and late enhanced stages, the intensity of enhance-
ment of the endometrial hyperplasia was always lower than that in the myometrium. With regard to the time-intensity curve of the benign lesion group, the blue 
curve represents the external myometrium, the white curve represents the internal myometrium and the red curve represents the benign lesions. In the early 
and late enhanced stages, the intensity of enhancement of the benign lesions was lower than that in the myometrium. The order of contrast enhancement was 
the external myometrium, the internal myometrium and then the benign lesions.
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exhibited an earlier AT, shorter RT, shorter TTP, higher PI, 
higher EI, as well as a shorter washout and clearance half-time 
during the imaging examination. These differences were 
statistically significant (P<0.001), as shown in Table I, and in 
Figs. 2 and 3.

Analysis of ROC curve. A ROC curve analysis was used to 
determine the diagnostic values of all the TIC parameters 
obtained during the ultrasound for the benign and malignant 
endometrial lesion groups, as shown in Fig. 4. A comparative 
analysis of the AUC in the two groups showed an AUC for BI 

Figure 3. Comparison of time-intensity curve (TIC) parameters in the malignant lesion group. (A) Contrast-enhanced ultrasound images. (B) TICs. The endo-
metrial carcinoma presented as a hypoechoic enhancement against the surrounding uninvolved myometrium in the early enhanced stages. Contrast-enhanced 
ultrasonography examination showed that the invasion scope was <50% invasion (19 sec). With regard to the TIC of the malignant lesion group, the white 
curve represents the lesion and the blue curve represents the uninvolved myometrium. The white and blue curves were similar to a single-peaked curve. The 
lesion was enhanced earlier than the uninvolved myometrium and the enhancement intensity of the lesion was greater than that of the uninvolved myometrium.

Figure 4. Analysis of the ROC curve by the (A) peak intensity, (B) enhancement intensity, (C) arrival time, (D) time-to-peak, (E) rise time, (F) clearance 
half-time and (G) washout half-time between the benign and malignant endometrial lesion groups. ROC, receiver operating characteristic.

  A   B   C   D

  G  F  E

  A

  B
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of 0.5, which was not statistically significant. The AUCs for 
the PI and EI parameters were relatively high (0.963 and 0.951, 
respectively), while the other parameters showed some degree 
of accuracy.

The maximum sum of the sensitivity and specificity was 
chosen as the critical value. According to the ROC curve, the 
PI, EI, AT, PT, RT, washout half-time and clearance half-time 
values of the endometrial malignant lesions were 29.2 dB, 
21.35 dB, 12.75 sec, 26.75 sec, 13.2 sec, 89.3 sec and 75.45 sec, 
respectively. The PI and EI of the lesions were equal to or 
greater than the cut-off values, whereas the corresponding 
AT, PT, RT, washout half-time and clearance half-time were 
equal to or less than the cut-off values, suggesting malignancy. 
Diagnosis rates are summarized in Table II.

Correlation between ultrasound TIC and MVD immunohisto‑
chemistry results. The MVD in benign and malignant lesions 
was examined using immunohistochemical staining. The MVD 
in the malignant group was significantly higher (33.10±4.98) 
than that in the benign group (15.57±2.54) (P<0.01).

In the two groups, AT, RT and clearance half-time were 
negatively correlated with MVD (Table III), i.e., the higher the 
MVD, the lower the values of AT, RT and clearance half-time 
(Fig. 5A-F).

Discussion

In recent years, the rapid development of CEUS technology 
has enriched the evaluation parameters of ultrasound images 
and greatly improved the quality of ultrasound diagnoses (12). 
Additionally, a new generation of contrast agents has allowed 
the highly accurate detection of blood vessels and the quantita-
tive analysis of blood perfusion (13).

US has been widely used in the diagnosis of numerous 
diseases (14). The most important application of CEUS has 
been in the diagnosis of all types of benign and malignant 
tumors. Currently, the most advanced and widespread applica-
tion of CEUS is in the diagnosis and identification of benign and 
malignant liver lesions (15), but its application in the diagnosis 
of lesions in other organs has not been widely studied (16). 

Table II. Sensitivities and specificities of the receiver operating characteristic curve between benign and malignant endometrial 
lesion groups.

Parameter PI EI AT TTP RT Clearance half-time Washout half-time

AUC 0.963 0.951 0.741 0.855 0.787 0.896 0.848
Sensitivity 0.918 0.857 0.643 0.714 0.810 0.786 0.714
Specificity 0.881 0.929 0.755 0.878 0.735 0.898 0.816
Critical value 29.2a 21.35a 12.75b 26.75b 13.2b 89.3b 75.45b

a dB; bsec. AUC, area under curve; PI, peak intensity; EI, enhancement intensity; AT, arrival time; TTP, time-to-peak; RT, rise time.

Figure 5. (A-F) The scatter plot of correlation between (A and D) TTP, (B and E) RT and (C and F) clearance half-time and MVD in the benign and malignant 
lesion groups. TTP, time-to-peak; RT, rise time; MVD, microvessel density.

  A   B   C

  D   F  E
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However, preliminary and satisfactory advances have been 
made in the study of tumors of the pancreas, kidneys, prostate, 
female reproductive organs, breasts, glands and thyroid.

The application of CEUS in gynecology has become 
widespread (17) and mainly includes studies of ovarian tumor 
morphology and TIC parameters, and the differential diagnosis 
of leiomyoma and adenomyosis (18). Testa et al evaluated the 
results of CEUS and compared them with those of the patho-
logical examination in 24 patients with cervical cancer (19). 
The results showed that among 19 cases with invasive cervical 
cancer, no abnormalities were detected by regular ultrasound 
in 9 cases, whereas an enlarged cervix or a cervical tumor 
with unclear boundaries was observed in 10 cases. By contrast, 
CEUS has revealed a highly homogeneous or heterogeneous 
enhancement during the early phase, low enhancement during 
the late phase, and blurry boundaries between the lesion and 
surrounding tissues (20). This means that CEUS was able 
to show abnormal blood flow signals within the lesion area, 
enhance the echo differences between the lesion area and 
the surrounding tissues, and clearly identify the lesion range, 
location and boundaries, facilitating the diagnosis of cervical 
cancer (21). In addition, CEUS was also able to evaluate the 
extent of infiltration, and as such, it may provide valuable 
information for clinical staging and treatment planning (22).

The present study applied CEUS-CPS technology not only 
to visually inspect gray-scale dynamic images of benign and 
malignant tumors to provide a preliminary qualitative diagnosis, 
but also to quantitatively analyze their TICs. CEUS represents an 
objective method to aid the differential diagnosis of benign and 
malignant endometrial tumors (23). The present results showed 
that the TIC of endometrial malignancy revealed an early and 
quick enhancement during the initial phase, as evidenced by its 
steepness, sharpness and high magnitude of peaks, and decreased 
unidirectionally during the later phase (24). The overall TIC 
displayed a quick rise‑quick decline profile, with a short AT 
and PT, high EI, and short washout and clearance half-times. 
By contrast, the TIC of benign endometrial lesions increased 
slowly showing blunt peaks during the initial phase and declined 
slowly during the later phase (25). The overall curve had a slow 
rise‑slow decline profile, with longer AT and PT, lower EI, and 
longer washout and clearance half-times, compared with the 
endometrial malignancy TIC. Comparison of the TIC parameters 
between malignant and benign endometrial lesions showed that 
differences observed in the time parameters (AT, PT, RT, and 
washout and clearance half-times) and the intensity parameters 
(PI and EI) between the two groups were statistically significant.

The present study also compared and analyzed the diag-
nostic capacity of all the time and intensity parameters using 
ROC curve analysis (26). ROC uses the false-positive rate 
(1‑specificity) as the x‑axis, and sensitivity as the y‑axis, to 
generate the curve. With this configuration, clinical diag-
nostic accuracy and treatment efficacy can be evaluated. It is 
statistically simple, quick and straightforward for evaluating 
diagnostic tests (27). Meanwhile, the best cut-off can also be 
calculated according to the ROC. In this study, the TIC ROC 
of benign and malignant lesions showed that all the parameters 
had middle-level diagnostics capacity, and therefore showed 
certain values when differentiating between the benign and 
malignant endometrial lesions. Overall, PI and EI were more 
consistent with the truth.
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Several intermediate steps occur during the transforma-
tion of a benign lesion into a well-differentiated endometrial 
cancer (28), with malignant lesions usually being highly vascu-
larized. CEUS can detect the formation of new blood vessels 
during tumor angiogenesis, thus predicting blood vessel 
changes within tumor tissues prior to morphological changes 
occurring (29). Moreover, the accurate detection of microvessel 
changes using CEUS aids the early diagnosis of endometrial 
carcinoma, with improved sensitivity and specificity. Therefore, 
the CEUS-TIC can quantitatively and indirectly evaluate tumor 
angiogenesis in vivo. In addition, a correlation between the TIC 
and MVD of benign and malignant endometrial lesions can be 
used to differentiate between tumor benignity and malignancy 
prior to surgery, to evaluate the degree of tumor differentiation 
and to predict prognosis in endometrial carcinoma patients. 
Having this knowledge assists the medical team in developing a 
sounder personal treatment plan that fits the individual patient. 
To date, there have not been enough studies that have examined 
the correlation between CEUS results and MVD in patients 
with endometrial diseases (30). The present study found 
distinct differences in MVD between benign and malignant 
lesions, i.e., MVD was significantly higher in malignant lesions 
than in benign lesions (31). As MVD is closely correlated with 
blood supply in the lesion area, an enhanced MVD indicates 
an increase in the blood supply to a malignant lesion (32). In 
the benign and malignant endometrial lesion groups, the AT, 
RT and clearance half-time were all negatively correlated with 
MVD, i.e., the higher the MVD, the shorter the AT, RT and 
clearance half-time.

In summary, the present CEUS results reflected the 
characteristics of the blood circulation relevant to benign 
and malignant endometrial lesions. Moreover, analysis of 
the enhancement and clearance of the contrast agent aided 
in the differentiation between benign and malignant lesions 
within the endometrium. Therefore, CEUS-TIC can be used to 
quantitatively analyze the intake and washout of the contrast 
agent in the lesion area, and to differentially diagnose benign 
and malignant endometrial lesions by determining the TIC 
parameters. Furthermore, the PT, RT and clearance half-time 
on the CEUS-TIC demonstrated a clear correlation with the 
MVD immunohistochemistry results. Hence, as CEUS may 
indirectly reflect the angiogenesis process within the lesion, it 
may provide a novel method for the pre-operative differentia-
tion of benign and malignant lesions.
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