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ABSTRACT

Background: Our study was to evaluate the value of contrast-enhanced
ultrasonography (CEUS) and contrast-enhanced magnetic resonance imaging (CE-MRI)
in analyzing the blood vessels associated with ovarian tumors. Materials and
Methods: A total of 100 patients with ovarian tumors underwent CEUS and CE-MRI
before surgery. After surgery, the resected ovarian tissues were evaluated via
immunohistochemistry to calculate the tumor microvessel density (MVD), and the
correlation between the parameters of CEUS and CE-MRI and MVD in ovarian tumors
was determined. Results: The MVD level between ovarian tumors was significantly
different (p = 0.03); the peak intensity (PI) and area under the curve (AUC) of CEUS
parameters in malignant tumors were significantly higher than those in benign tumors
(p =0.03, p =0.03); and were significantly positively correlated with MVD (r=0.57, p =
0.00; r = 0.50, p = 0.00). The K™ and Ve of CE-MRI parameters in malignant tumors
were significantly higher than those in benign tumors (p = 0.01 and p = 0.04), and were
also significantly positively correlated with MVD (r = 0.66, p = 0.00; r = 0.55, p = 0.00).
Moreover, there was no significant difference between CEUS and CE-MRI in terms of
sensitivity (Se), specificity (Sp), negative predictive value (NPV) and positive predictive
value (PPV) in malignant ovarian tumors (p > 0.05). Conclusion: Both CEUS and CE-MRI
parameters can reflect the MVD level in ovarian tumors; therefore, CEUS is expected

imaging.

to become a viable alternative approach for evaluating ovarian tumors.

INTRODUCTION

In women, ovarian cancer is the leading cause of
death from gynecological malignancies. Microvessel
density (MVD) of human tumors is a reliable
parameter for evaluating blood vessels associated
with tumors (-3, Therefore, studying tumor
angiogenesis is crucial for tumor treatment and
prognosis (4-6). Imaging means like computed
tomography (CT), magnetic resonance imaging (MRI),
and Color Doppler Ultrasound have been widely used
in the preoperative evaluation of ovarian tumors (7.8).
Contrast enhanced-MRI (CE-MRI) not only provides
morphological signs of tumors, but more importantly,
also reflects tumor tissue blood flow, microvascular
permeability, vascular permeability, blood vessel
density, and even the level of tissue metabolism,
among other characteristics(® 10,

Due to lacking of red blood cell (RBC) reflection
and low signal-to-noise ratio, traditional ultrasound
has limitations in distinguishing ovarian tumors with
relatively small blood vessels and slow blood flow (11-
13), Contrast-enhanced ultrasound (CEUS), however,
can evaluate blood flow information by injecting the
microbubble contrast agent in the area of interest to

quantitatively analyze the blood vessels associated
with the tumor. This information can be used to
assess the angiogenesis of ovarian tumors prior
surgery (13). To date, few reports have compared
CEUS and CE-MRI in evaluating MVD in ovarian
tumors.

With the goal of comparing the effectiveness of
CEUS and CE-MRI in evaluating MVD in ovarian
tumors, the present study analyzed the CEUS and
CE-MRI parameters of 100 patients with benign or
malignant ovarian tumors, and their relationship
with MVD in tumor tissues as detected by
immunohistochemistry, with the aim of providing
new methods for the diagnosis of ovarian lesions.

MATERIALS AND METHODS

Patient selection

Total of 100 patients with ovarian lesions were
included in the present study, and the enrollment
period was from 2017 to 2020. The patients ranged
from 28 to 76 years, with a median age of 45.8 years.
The majority (90/100) were Han Chinese, 4 were
Tujia, 3 were Uighur, and 3 were Manchu. Of the 100
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patients, 94 were from Hubei province, 2 from Henan
province, 2 from Jiangxi province, 1 from Anhui
province, and 1 patient was Chinese American. The
exclusion criteria were as follows: patients with
multiple organ dysfunction, tumors in other parts of
the body, metastatic ovarian tumors confirmed by
postoperative pathological results, and obvious
allergies to contrast agents. All patients performed
CEUS and CE-MRI within the three days prior
surgery. The present research was authorized by the
ethics committee of our hospital (EH20170270S), and
written informed consent was obtained from all
patients.

Ultrasound examination

In the present study, CEUS was performed using
the GE-Voluson E10 ultrasound system (General
Electric Company, Fairfield, Connecticut, USA). All
exams were performed as follows: (1) routine
transvaginal ultrasound and color Doppler
measurements of the ovarian mass, echo
characteristics, borders, and blood flow distribution;
(2) angiography target determination via ultrasound
image analysis of ovarian masses; (3) selection of the
solid portion of the lesion, the thickness of the cyst
wall, the cavity containing the nipple, or the plane
with the most blood supply indicated by color
Doppler flow imaging (CDFI) (14, and the probe was
kept in the same position throughout; (4) Swiss
SonoVue (SonoVue, Bracco Suissee SA, Plan-les-
Ouates, Switzerland), composed of phospholipid-
stabilized shell microbubbles filled with sulfur
hexafluoride gas (BR1, Bracco Spa, Milan, Italy) was
used as an ultrasound contrast agent. Reagent (25
mg) was mixed with 5 mL 0.9% saline solution,
shaken for about 1 min, and then the suspension was
manually injected in the anterior cubital vein,
immediately after which 5 mL of saline was injected,
then the imaging video was recorded. After scanning,
the area most significantly enhanced with contrast
was selected as the region of interest (ROI) for
manually drawing the outline. Quantitative imaging
analysis software was used to automatically draw a
time intensity curve (TIC) to acquire the parameters
during contrast perfusion within the diseased tissue
like time of arrival (AT), peak intensity (PI), time to
peak intensity (TTP), and area under the curve (AUC).

MRI examination

In the present study, a Siemens Magnetom Trio
3.0T MRI scanner with an 8-channel body phased
array coil (Siemens, Erlangen, Germany) was utilized.
A 0.1 mmol/kg dose of gadolinium meglumine was
injected through the median cubital vein at an
injection rate of 2.5 mL/s, using three-dimensional
(3D) fast small-angle excitation imaging for multi-
period continuous scanning without intervals. The
scanning parameters were as follows: repetition time
(TR) = 4.1 ms; echo time (TE) = 1.4 ms; layer

thickness = 6.0 mm; deflection angle = 14°; and
field-of-view (FOV) = 260 x 260 mm. Before the
injection, 1-2 period non-enhanced benchmark
images were obtained, the same amount of normal
saline was injected, and dynamic collection was
performed 8 times at an interval of 20 s. To reduce
artifacts caused by blood flow and respiration,
technologies such as flow compensation, upper and
lower pre-saturation, and respiration compensation
were used.

Immunohistochemistry

The surgically removed ovarian tumors were
stained for CD34 (sc-74499, 1:100; Santa Cruz
Biotechnology, Dallas, TX, USA). All staining was
performed using a positive control and negative
control (phosphate-buffered saline [PBS] instead of
the primary antibody). Vascular systems with
obvious smooth muscle walls or a lumen with a
diameter greater than 8 red blood cells were not
counted. A total of five high-vessel density fields were
selected for observation to calculate the average MVD
value.

Statistical analysis

Quantitative data was expressed as the mean #*
standard deviation (SD) and analyzed with GraphPad
Prism 7.0 (GraphPad Software, La Jolla, CA, USA). The
2-tailed Student’s t test or the Mann-Whitney U test
was used to compare the differences between the two
groups, and the bi-variate analysis was used to
compare the correlation of CE-MRI, CEUS parameters,
and MVD of ovarian tumors, and to calculate the r
value. The Se, Sp, PPV and NPV of CE-MRI and CEUS
in the diagnosis of ovarian tumors were evaluated
using the McNemar test.

RESULTS

Postoperative pathology of ovarian tumors and the
expression of MVD

Based on the results of the postoperative
pathological examinations, patients with ovarian
tumors were divided into benign (n=58) and
malignant (n=42) groups. The former included 12
serous cystadenomas, 8 serous adenofibromas, 4
mucinous cystadenoma, 12 endometriosis, 12 mature
teratomas, 7 fibrotic tumors, 2 corpus luteum cysts,
and 1 steroid cell tumors, while the latter included
serous papillary carcinomas (n=17), mucinous
adenocarcinomas (n=8), endometrioid adenocarcino-
mas (n=9), immature teratomas (n=6), a clear cell
carcinoma (n=1), and a fibrosarcoma (n=1). Through
the immunohistochemical analysis (figure 1), MVD
was found to be 37.16%4.35 in benign ovarian
tumors, which was significantly lower than that
found in in malignant tumors, 39.28+5.39 (p=0.03,
table 1).
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Figure 1. CEUS images and immunohistochemical images of
ovarian tumors. A. two-dimensional Doppler ultrasound
images of ovarian tumors; B. CD34 immunohistochemical
results of ovarian tumor tissues (x200); C. contrast ultrasound
TIC of ovarian tumors. CEUS: contrast-enhanced ultrasound;
TIC: time-intensity curve.

Table 1. Comparison of MVD levels in ovarian benign and
malignant tumors ( % SD)

Benign tumors | Malignant tumors ¢
(n=58) (n=42) P
MVD (/HP) | 37.16%4.35 39.2815.39 2.17|0.03

Groups

CEUS perfusion parameters in ovarian tumors

As the CEUS data shown in figure 1 and table 2, in
the benign tumor lesions, ring-like enhancements
could be seen in the cyst wall or nipple of ovarian
cysts, while in the malignant tumors, CEUS shows
increased overall heterogeneity or rapid dendritic
enhancement. PI and AUC in malignant groups were
significantly higher than those in benign groups
(p=0.03, p=0.03), indicating that the malignant
ovarian tumors had abundant blood perfusion.

Correlation between CEUS perfusion and MVD in
ovarian tumors

As shown in figure 2, the contrast-enhanced
ultrasound perfusion parameters PI (A) and AUC (B)
were positively correlated with MVD in ovarian
tumors (r=0.57, p=0.00, and r=0.50, p=0.00,
respectively).

Table 2. Comparison of ultrasound contrast perfusion
parameters in benign and malignant ovarian tumors ( y + SD).

Groups AT(s) TTP(s) Pl (dB) AUC
Be“'(gn'l;‘;’)"m 15.4243.3127.28+7.14{19.15+6.21|18.85+2.89
Malignant |, ;3,5 50025.1548.16(22.50+4.91(21.196.12
tumors (n=42)
t 1.85 1.39 2.24 2.30
p 0.07 0.17 0.03 0.03
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CE-MRI parameters in ovarian tumors

Ktrans reflects the rate constant of diffusion of the
contrast agent from within to the outside of the blood
vessel, and is primarily used to reflect the
permeability of the blood vessel(’3), while Ve
represents the size of the extracellular space outside
the blood vessel, per unit volume of the tissue. These
two parameters are primarily affected by factors such
as blood perfusion, MVD, vascular bed permeability,
and extracellular space, and have certain significance
for observing the vascular microenvironment of
ovarian tumor tissue. As shown in table 3 and figure
3, the CE-MRI parameters Ktans and Ve were
significantly higher in malignant than benign tumors
(p=0.01 and p=0.04, respectively).

Table 3. K™ and Ve values in benign and malignant ovarian
tumors ( x £ SD).

Groups Benign tumors Malignant tumors ¢
P (n=58) (n=42) P
K'ren 1.25+0.28 1.49+0.51 2.76(0.01
Ve 1.27+0.29 1.68+0.76 2.11(0.04

Correlation between CE-MRI parameters and MVD
in ovarian tumors

As shown in figure 4, the CE-MRI parameter Ktrans
(A) in ovarian tumors was positively correlated with
MVD (r=0.66, p=0.00), as was the Ve (B)(r=0.55,
p=0.00).

Comparison of CE-MRI and CEUS in the diagnosis of
malignant ovarian tumors

As shown in table 4, for 42 malignant ovarian
tumors, there was no significant difference between
CEUS and CE-MRI in terms of Se, Sp, NPV, PPV, and
diagnostic rate (p>0.05). CEUS accurately diagnoses
35 malignant ovarian tumors, while 5 cases were
misdiagnosed and 7 were missed. CE-MRI, accurately
diagnosed 36 malignant ovarian tumors, while 7
cases were misdiagnosed and 6 were missed.
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Figure 3. CE-MRI image of
ovarian cancer. A. TIW1
weighted image of ovarian
cancer; B. CE-MRI image of
ovarian cancer; and C. the
signal intensity of the
CE-MRI image. CE-MRI:
Contrast-enhanced
magnetic resonance
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Table 4. Comparison of CE-MRI and CEUS in the diagnosis of
ovarian malignant tumors.

Se (%)|Sp (%) |PPV (%) | NPV (%) | Diagnostic rate (%)
CEUS | 83.3 | 914 87.5 88.3 88.0
CEMRI| 85.7 | 87.9 83.7 89.5 87.0
c2 423 | 1.21 0.14 3.23 3.31
p 0.35 | 0.22 0.47 0.28 0.15

Se: sensitivity, Sp: specificity, NPV: negative predictive value, PPV:
positive predictive value.

DISCUSSION

Among gynecological malignancies, ovarian
tumors have the highest mortality rate (16.17), Early
detection and treatment are key to improving patient
survival rates. At present, the clinical diagnosis of
ovarian cancer is primarily made through MR],
computed tomography (CT), ultrasound, and other
imaging examinations, although in recent years,
CE-MRI has become the first choice for assessing the

nature of ovarian tumors due to its radiation-free,
multi-directional, multi-level imaging, and accurate
display of ovarian structure and abnormal disease
states (18), Chase et al. 19 used CE-MRI to dynamically
observe and evaluate the curative effect of
bevacizumab combined with neoadjuvant
chemotherapy on breast cancer and anti-tumor
angiogenesis, and found that it has good application
prospects in the formulation of treatment plans and
evaluation of curative effects. In some unusual cases,
owing to the presence of an unacceptable implant or
device, MRI cannot be performed. Additionally, MRI
exams can be quite expensive, which limits its
routine application in clinical practice. CEUS has the
following advantages: the entire examination is
non-invasive, involves no ionizing radiation, has a low
cost and repeatable operation, and the method is
simpler, especially for repeatability.

The differential diagnosis of gynecological tumors
by CEUS is primarily made using three aspects:
morphological changes of the vasculature, Doppler
signal intensity changes and time intensity curves,
and ovarian tumor blood perfusion patterns, which
can accurately detect the blood vessels in the tumor
(20.21), Therefore, CEUS is of great significance for the
early diagnosis of malignant ovarian tumors. In the
present study, both CEUS perfusion and CE-MRI
parameters reflected the expression level of MVD in
ovarian tumor tissues. In 2010, Nekkanti et al (22)
reported that the ultrasound contrast agent SonoVue
was used to distinguish ovarian lesions on vaginal
ultrasound examinations, and found that CEUS was
more precise in showing microvascular beds than the
traditional Doppler imaging, meaning, therefore, that
CEUS had a better ability to differentiate the nature of
ovarian tumors. Many studies have shown that the
prognosis of ovarian cancer is significantly related to
tumor angiogenesis (23-25), Additionally, further
comparative data analysis showed that CEUS is
similar to CE-MRI in terms of accuracy, specificity,
and sensitivity in diagnosing malignant ovarian
tumors. According to Fang’s (260 research, CEUS,
equivalent to CE-MRI, may have an added diagnostic
value in human tumors. Therefore, it is expected to
become an important method for evaluating ovarian
lesions, in addition to CE-MRI.

In conclusion, the CEUS perfusion parameters can
be used to assess angiogenesis in ovarian tumors, and
are expected to provide non-invasive parametric
evidence for the clinical evaluation of ovarian tumor
blood vessels in addition to CE-MRI.
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