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Correlation of ultrasound perfusion imaging and 
angiogenesis of ovarian tumors 

INTRODUCTION 

Tumor angiogenesis refers to the process  
initiating from the pre-microvascular stage to 
the growth of capillaries into new blood vessels 

(1). Studies on angiogenesis of ovarian cancer 
have demonstrated a significant correlation of 
the angiogenesis with the prognosis in ovarian 
cancer. Ovarian tumor tissue exhibits an              
abnormally rich vascular network and new       
angiogenesis, which provide a material basis for 
tumor tissue growth and an important pathway 

for tumor metastasis. Microvessel density (MVD) 
is the gold standard for evaluating vascular           
conditions and is often used to evaluate and 
quantify vascular conditions in biopsy tissues (2). 
MVD is a non-imaging method with certain             
limitations. First, it is invasive, and it is                 
necessary to obtain a disease tissue to measure 
MVD. Second, the distribution of blood vessels in 
a tumor is not uniform; MVD cannot measure the 
whole tumor and only reflects the blood vessels 
in the local tissue to be measured. Therefore, 
MVD does not necessarily represent the vascular 
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ABSTRACT 

Background: The aim of this present study was to evaluate the relationship 
between perfusion characteristics of ovarian tumors and tumor angiogenesis 
using contrast-enhanced ultrasound imaging. Materials and Methods: Dose 
116 patients with ovarian tumors were preoperatively subjected to                
contrast-enhanced perfusion imaging. Immunohistochemistry was performed 
to detect the expression of vascular endothelial growth factor (VEGF) and 
CD34 in ovarian tumors. The correlation between the VEGF positive index, 
microvessel density (MVD) of ovarian tumors and ultrasound perfusion 
parameters was investigated. We also established a nude mouse ovarian 
cancer SKOV3 xenograft model; the expression of VEGF and MVD in the 
transplanted tumor was observed, and their correlation with the ultrasound 
perfusion parameters was studied. Results: The MVD and VEGF positive 
indexes of ovarian tumors were positively correlated with the peak intensity 
(PI), area under the curve (AUC) and time from peak to one half (TTH) of the 
ultrasound perfusion parameters. The correlation coefficients between MVD 
and the PI, AUC and TTH were 0.69, 0.71 and 0.59, respectively, while the 
correlation coefficients between the VEGF positive index and the PI, AUC and 
TTH were 0.71, 0.65 and 0.68, respectively. Moreover, there were significant 
differences in the PI, AUC and TTH between the high-MVD and low-MVD 
groups (P<0.05). Furthermore, the same trend was found in the xenograft 
model. Conclusion: the ultrasound perfusion parameters PI, AUC and TTH of 
ovarian tumors were positively correlated with the tumor MVD and VEGF 
positive index, which reflects the angiogenesis status of ovarian tumors and 
provides important information for the diagnosis and treatment of ovarian 
tumors.  
 
Keywords: Ovarian tumors, Ultrasound perfusion imaging, Angiogenesis, Perfusion 
parameters.  

*Corresponding authors: 
Cui Shen, MD,  
E-mail: 

shencui198403@163.com  

Revised: January 2019  
Accepted: March 2019  

Int. J. Radiat. Res., October 2019;         
17(4): 559-567 

►  Original article 

DOI: 10.18869/acadpub.ijrr.17.3.559 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

25
-0

8-
23

 ]
 

                             1 / 10

http://ijrr.com/article-1-2660-en.html


condition of the whole tumor. 
Developing an imaging technology that can 

non-invasively evaluate the microcirculation 
state of the whole tumor is a research hotspot. 
Contrast-enhanced perfusion imaging is a               
non-invasive functional imaging method (3). 
Quantitative analysis of the blood flow in the 
region of interest can be performed by injecting 
a microbubble contrast agent to quantitatively 
analyze the blood flow information in the region 
of interest. Zhou et al found that the targeted 
ultrasound agent can bind with angiogenesis 
endothelium in ovarian transplantation tumor of 
nude mice and achieved targeted ultrasound 
molecular imaging, which provide a new method 
on ovarian cancer angiogenesis evaluation (4). So 
far, there have been only few reports on CEUS 
characteristics and their relationship with MVD 
in benign and malignant ovarian lesions. The 
purpose of this present study was to evaluate 
the relationship between the perfusion                
characteristics of ovarian tumors and tumor           
angiogenesis using contrast-enhanced                    
ultrasound imaging.  
 
 

MATERIALS AND METHODS 
 
Patients 

All patients with ovarian tumors who were 
clinically diagnosed and confirmed via               
postoperative pathological examination from 
January 2016 to December 2018 were enrolled. 
All patients underwent ultrasound contrast            
perfusion imaging within 3 days before surgery. 
Patients were included and excluded according 
to the following criteria. The inclusion criteria 
were cases diagnosed as ovarian tumors via a 
clinical diagnosis and postoperative pathological 
examination. The exclusion criteria were               
obvious cardiopulmonary abnormalities; a            
history of obvious allergies; body mass index 
exceeding 25 kg/m2; postoperative pathological 
findings indicating non-ovarian tumors; poor 
perfusion image quality during the scanning  
process due to patient movement or respiratory 
motility and the inability to perform quantitative 
analysis; and the inability to immunohistochemi-
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cally stain the pathological specimen. This work 
was approved by the Ethics Committee of 
Huangshi Maternity & Children’s Health                
Hospital, and informed consent was obtained 
from all patients. Finally, 116 patients were             
enrolled. Out of a total of 116 ovarian tumors, 40 
were benign ovarian tumors and 76 were                 
malignant ovarian tumors.  

 
Ovarian cancer xenograft model 

The ovarian cancer xenograft model was             
established as previously described [5]. Briefly, 
human ovarian cancer cells SKOV3 (Cell Bank of 
the Chinese Academy of Sciences) were                 
subcutaneously injected for 28 d into the back of 
30 Balb/c female nude mice (Institute of                 
Laboratory Animals, Chinese Academy of            
Medical Sciences) that were 7-8 weeks old and 
that had body weights of 18-20 g. The nude mice 
were sacrificed according to the ethical                  
requirements for experimental animals. 

 
Equipment 

The study was performed using a GE-Voluson 
E10 ultrasound system (General Electric               
Company, Fairfield, Connecticut, USA) with a 
transducer frequency range of 5.0 to 9.0 MHz. 
Contrast-specific imaging (CSI) mode was used 
for contrast-enhanced ultrasound at a low               
mechanical index (<0.2), enabling efficient tissue 
elimination to produce almost pure microbubble 
images and avoid microbubbles in                             
microcirculation damage. 

 
Routine Ultrasound Examination  

Conventional ultrasonography was used to 
obtain a comprehensive two-dimensional                 
gray-scale image of the pelvic internal organs 
(such as the uterus and adnexa); the position, 
size, shape, boundary, ultrasonic properties,          
envelope and internal echo of the tumor were 
observed for the detected lesions. Color Doppler 
ultrasound was used to observe the blood flow. 

 
Contrast-enhanced perfusion imaging  

The contrast agent (SonoVue, Bracco, Italy) 
consisted of sulfur hexafluoride (SF6)                      
surrounded by a phospholipid. After 2.4 ml (0.3 
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ml for mouse) of the microbubble suspension 
was injected into the vein, a single injection of 5 
mL of normal saline was administered. After  
using conventional ultrasound to observe and 
determine the lesion, the method was switched 
to the ultrasound contrast mode, the cut surface 
was fixed to the largest section of the tumor to 
display part of the uterus, and the method was 
switched to the double contrast mode. The         
contrast image was dynamically observed             
continuously.  

 
Image Analysis 

The regions of interest (ROI) of the lesions 
were selected first, and the ovarian cystic mass 
was selected from the thickest part of the cyst 
wall. The ROI was selected as the ovarian solid 
mass in the largest longitudinal section of the 
mass; the free shape delineation method or fixed 
5 mm box delineation method was used to avoid 
the capsule and the hyperechoic area of the 
mass, which may be a large vessel or a                  
non-blood perfusion zone. The ROI position was 
corrected frame by frame, and frames with         
excessively displaced organs were removed to 
ensure that the ROI was located within the           
tumor throughout image analysis. The             
time-intensity curve (TIC) was obtained; the 
gamma fitting function suitable for the group 
injection method was selected to perform            
gamma curve fitting on the TIC; and the contrast 
perfusion parameters of the lesion site were  
obtained, including the rise time (RT), peak           
intensity (PI), area under the curve (AUC), time 
from peak to one half (TTH), and time to peak 
(TT).  

 
Immunohistochemistry 

The specimens were placed according to their 
anatomical position, the longitudinal section of 
the largest lesion was vertically cut, and the           
tissue in the deepest infiltrating area of the            
surrounding tissue was removed. After                 
obtaining the specimen, it was fixed in neutral 
formalin for 4-6 hours and embedded in                 
paraffin. The paraffin block was sliced into 4 μm 
slices on a common slide, and HE staining was 
performed to determine the histological type 
and tissue structure. Immunohistochemical 

staining was performed using the                       
streptavidin-peroxidase method. The primary 
antibody CD34 (sc-74499, 1:100, Santa Cruz  
Biotechnology, Inc.) is a mouse monoclonal           
antibody raised against amino acids 151-290 of 
CD34 of human or mouse origin, while the VEGF 
antibody (sc-7269, 1:150, Santa Cruz                       
Biotechnology, Inc.) is a mouse monoclonal          
antibody raised against amino acids 1-140 of 
VEGF of human or mouse origin. 

 
Determination of results 

VEGF evaluation criterion: Brown-yellow  
particles appear in the cytoplasm of ovarian          
tumor cells as a criterion for VEGF-positive cells. 
VEGF grading of ovarian tumors was performed 
according to the method of Siddiqui et al. (6): the 
staining intensity was divided into 4 degrees; 
degree 0 was no staining in the cytoplasm of 
ovarian tumor cells, degree 1 was cytoplasmic 
staining of ovarian tumor cells, degree 2 was 
medium cytoplasmic staining of ovarian tumor 
cells, and degree 3 was stronger in cytoplasmic 
staining of ovarian tumor cells. According to the 
percentage of stained ovarian tumor cells in all 
observed cells, they were divided into 4 grades: 
grade 0 showed no stained ovarian tumor cells; 
grade 1 indicated stained ovarian tumor cells 
≤25%; grade 2 indicated stained ovarian tumor 
cells >25% and ≤50%; and grade 3 indicated 
stained ovarian tumor cells >50%. The scores of 
the staining intensity and percentage were            
added to obtain a VEGF positive index.  

MVD evaluation criterion: Cells with                
brown-yellow particles after CD34 staining in 
the cytoplasm were identified as vascular             
endothelial cells. MVD counts of ovarian tumors 
were performed according to the method of 
Huang et al. (7): if the surrounding adjacent            
tissue could be distinguished from the                  
brown-colored vascular endothelial cells, it was 
judged to be a microvessel. Large blood vessels 
containing smooth muscle wall or vascular          
lumen greater than approximately 8 red blood 
cells were not counted in the MVD count of   
ovarian tumors; the average of 5 visual fields 
was taken as the representative value of MVD of 
ovarian tumors. 
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Statistical analysis 
Statistical analysis was performed using SPSS 

version 19.0 (Chicago, IL, USA). Data are               
expressed as the mean ± SD of at least three        
independent experiments. Spearman correlation 
analysis was used to analyze the relationship 
between the VEGF positive index and MVD in 
ovarian tumors and the correlation between the 
perfusion parameters of ovarian tumors, VEGF 
positive index and MVD. The VEGF positive               
index and MVD of ovarian tumors in different 
clinical pathological conditions were analyzed 
using one-way analysis of variance or Student’s  
t-test. All differences were considered statistically 
significant at the level of P < 0.05.  
 
 

RESULTS 
 

VEGF and MVD immunohistochemistry results 
As shown in figure 1 (A, B), ovarian tumors 

were stained positive for VEGF and CD34, and 
the positive rate was 100%. The MVD of 40           
cases of ovarian benign tumors was 
(32.19±7.25)/HP, and the MVD of 76 cases of 
ovarian cancer was (57.27±9.28)/HP. The VEGF 
positive index of 40 cases of benign ovarian           
tumors was 3.86± 0.45, and that of 76 cases of 
malignant ovarian tumor was 6.87±1.12; the 
difference was statistically significant (P <0.01). 
Furthermore, correlation analysis found that the 
VEGF positive index was positively correlated 
with MVD (table 1) (r=0.52, P <0.05; r=0.65, P 
<0.05).  

 

Relationship between the VEGF positive index 
and MVD and the clinical characteristics of 
human ovarian cancer 

As shown in table 2, among the 76 cases of 
malignant tumors, 10 cases were stage I, 16            
cases were stage II, 20 cases were stage III, and 
30 cases were stage IV; 50 cases exhibited poor 
differentiation, and 26 cases exhibited high            
differentiation; 40 cases exhibited lymph node 
metastasis, and 36 cases exhibited no lymph 
node metastasis; and 30 cases were metastatic 
malignant tumors, and 46 cases were primary 
malignant tumors. The VEGF positive index and 
MVD of ovarian cancer were compared with  

respect to the clinical stage, differentiation                
degree, lymph node metastasis, and primary or 
metastasized tumor. The results showed no            
significant difference (P>0.05). 

 
Correlation between MVD and the VEGF                
positive index and ultrasound perfusion              
parameters of ovarian cancers 

Ultrasound contrast perfusion images of  
ovarian tumors are shown in figure 1(C, D). The 
correlation between MVD and the VEGF positive 
index and perfusion parameters in 116 ovarian 
tumors is shown in table 3. The perfusion              
parameter RT was (15.38±7.41) s, PI was 
(18.23±5.69) dB, AUC was (1125.54±452.98) 
dB·s, TTH was (58.23±22.46) s and TTP was 
(38.19±15.58) s. The Spearman correlation             
coefficients of MVD and the PI, AUC and TTH 
were 0.69, 0.71 and 0.59, respectively (P < 0.05), 
while the Spearman correlation coefficients of 
the VEGF positive index and the PI, AUC and TTH 
were 0.71, 0.65 and 0.68, respectively (P < 0.05).  

Moreover, the relationship between MVD and 
the VEGF positive index and perfusion                  
parameters in 30 cases of transplanted tumors is 
shown in table 4. The perfusion parameter RT 
was (8.52±6.37) s, PI was (31.79±8.52) dB, AUC 
was (305.73±89.75) dB·s, TTH was 
(60.17±35.12) s and TTP was (35.48±17.51) s. 
The Spearman correlation coefficients of MVD 
and the PI, AUC and TTH were 0.51, 0.65 and 
0.58, respectively (P < 0.05), while the Spearman 
correlation coefficients of the VEGF positive     
index and the PI, AUC and TTH were 0.61, 0.60 
and 0.55, respectively (P < 0.05). 

 
Comparison of the ultrasound perfusion               
parameters between high and low MVD 

In human ovarian cancers, 38/HP was used as 
the critical value according to the ROC curve. 
Cases with MVD ≥38/HP were considered to be 
the high-MVD group (n=46), and cases with MVD 
<38/HP were considered to be the low-MVD 
group (n=30). The perfusion parameters of the 
two groups are compared in table 5. The               
difference among the groups of the PI, AUC and 
TTH was statistically significant (P < 0.01). The 
PI, AUC and TTH for the high-MVD group were 
significantly higher than those for the low-MVD 
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group. 
In transplanted tumors of nude mice, 35/HP 

was used as the critical value according to the 
ROC curve, and cases with MVD ≥35/HP were 
considered to be the high-MVD group (n=24) 
and cases with MVD <35/HP were considered to 
be the low-MVD group (n=6). The perfusion              

parameters of the two groups are compared in 
table 6. The difference among the groups of the 
PI, AUC and TTH was statistically significant        
(P  0.01). The PI, AUC and TTH for the                  
high-MVD group were significantly higher than 
those for the low-MVD group.  

Figure 1. Modified Ondo Google Satellite Map Showing Zones of Sample Collection. Map data ©2017 Google (14).  

Figure 1. Immunohistochemistry stains and ultrasound perfusion imaging of ovarian tumors. A: Immunohistochemistry stains of 
VEGF, magnification ×400; B: immunohistochemistry stains of CD34, which represents the distribution of microvessels, original 

magnification ×400; C: ultrasound perfusion imaging of ovarian tumors; D: the time-intensity curve (TIC) of the ultrasound              
perfusion. 

Table 2.  Relationship between VEGF positive index and MVD with clinicopathological features of malignant ovarian cancer.  

  benign ovary tumor (n=40) malignant ovary tumor (n=76) P 

MVD(/HP) 32.19±7.25/HP 57.27±9.28/HP 0.000 

VEGF index 3.86± 0.45 6.87±1.12 0.000 

r 0.52 0.65   

P 0.010 0.008   

Clinical characteristics classification case MVD(/HP) P VEGF index P 

clinical stage phase Ⅰ 10 58.3±8.5 0.12 6.9±2.5 0.15 

  phase Ⅱ 16 60.7±12.1   5.8±1.9   

  phase Ⅲ 20 53.5±5.7   6.5±3.4   

  phase Ⅳ 30 55.7±9.6   5.3±1.2   

differentiation poorly 50 60.5±7.8 0.09 5.2±1.5 0.08 

  well 26 57.9±5.4   6.1±2.3   

lymph node metastasis yes 40 58.3±8.2 0.13 5.5±2.1 0.34 

  no 36 55.9±4.8   5.9±1.3   

primary or metastatic metastatic 30 61.1±11.1 0.16 7.2±2.2 0.16 

  primary 46 55.3±6.5   6.5±1.9   
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Table 3. The spearman correlation between perfusion parameters and MVD and VEGF positive index of ovarian cancers. 

Perfusion parameter 
MVD VEGF 

r P r P 

RT(s) 15.38±7.41 0.19 0.85 0.26 0.23 

PI(dB) 18.23±5.69 0.69 0.02 0.71 0.00 

AUC(dB.s) 1125.54±452.98 0.71 0.01 0.65 0.03 

TTH(s) 58.23 ±22.46 0.59 0.00 0.68 0.01 

TTP(s) 38.19±15.58 -0.15 0.53 -0.21 0.32 
RT: Rise time; PI: Peak intensity; AUC: Area under the curve; TTH: Time from peak to one half; TTP: Time to peak; MVD: 
Microvessel density; VEGF: Vascular epithelial growth factors. 

Table 4. The spearman correlation between perfusion parameters and MVD and VEGF positive index of transplanted tumors.  

Perfusion parameter 
MVD VEGF 

r P r P 

RT(s) 8.52±6.37 0.18 0.32 0.09 0.41 

PI(dB) 31.79±8.52 0.51 0.03 0.61 0.02 

AUC(dB.s) 305.73±89.75 0.65 0.00 0.60 0.04 

TTH(s) 60.17 ±35.12 0.58 0.01 0.55 0.03 

TTP(s) 35.48±17.51 -0.11 0.29 -0.23 0.71 
RT: Rise time; PI: Peak intensity; AUC: Area under the curve; TTH: Time from peak to one half; TTP: Time to peak; MVD: 
Microvessel density; VEGF: Vascular epithelial growth factors. 

Table 5. Comparison of ultrasound perfusion parameters between high MVD group and low MVD group of ovarian tumors.  

Perfusion parameter Low MVD group (n=30) High MVD group(n=46) P 

RT(s) 16.12±9.32 14.31±4.12 0.323 

PI(dB) 16.32±4.43 19.89±4.52 0.001 

AUC(dB.s) 890.31±359.01 1300.35±401.57 0.000 

TTH(s) 50.15±18.23 64.12±12.45 0.000 

TTP(s) 38.23±5.32 36.72±2.11 0.147 

RT: Rise time; PI: Peak intensity; AUC: Area under the curve; TTH: Time from peak to one half; TTP: Time to peak; MVD: 
Microvessel density. 

Table 6. Comparison of ultrasound perfusion parameters between high MVD group and low MVD group of transplanted tumors.  

Perfusion parameter Low MVD group (n=6) High MVD group(n=24) P 

RT(s) 7.69±2.32 8.31±4.12 0.632 

PI(dB) 24.25±4.57 32.99±2.19 0.005 

AUC(dB.s) 250.56±58.01 356.91±68.29 0.004 

TTH(s) 50.91±12.68 65.52±3.23 0.037 

TTP(s) 42.12±8.78 38.25±3.98 0.336 

RT: Rise time; PI: Peak intensity; AUC: Area under the curve; TTH: Time from peak to one half; TTP: Time to peak; MVD: Microvessel density. 
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DISCUSSION 

Angiogenesis of ovarian tumors 
In 1971, Folkman et al. (8) first proposed a 

theory that tumor growth and metastasis                
depend on tumor angiogenesis. Studies have 
shown that when inhibiting tumor angiogenesis, 
tumor tissue growth often cannot exceed 2 to 3 
mm3 and will be in a sleep state (9). Depending 
on the presence or absence of blood vessels, the 
growth of the tumor can be divided into two  
distinct phases: a slow-growing avascular phase 
and a rapidly growing proliferative vascular 
phase. Compared with normal blood vessels, 
neovascular tumors have the following                    
characteristics in terms of morphology and  
function: increased number of blood vessels; 
increased permeability of the wall; increased 
arteriovenous shunt; slender, fragile and              
tortuous neovascularization; lack of smooth 
muscle in the wall; presence of vascular end 
veins; discontinuous and regurgitating blood 
flow in the blood vessels; tumor interstitial            
tissue with increased pressure; and increased 
hematocrit (10). The characteristics of the above 
tumor blood vessels cause changes in tumor 
blood perfusion parameters, which is also the 
pathological basis of ultrasound perfusion              
imaging.  

 
Relationship between MVD and VEGF in              
ovarian tumors 

Tumor angiogenesis can be understood by 
measuring the expression of MVD and VEGF in 
tissues. MVD is considered to be the gold               
standard for evaluating tissue vascular                  
conditions and is often used to evaluate and 
quantify vascular conditions in biopsy tissues. In 
this study, the MVD of benign ovarian tumors 
was lower than that of ovarian cancer, and the 
difference was statistically significant, indicating 
that MVD is related to the malignant condition of 
the tumor. These results are similar to those   
obtained from studies conducted at home and 
abroad (11). However, the results of the present 
study suggest that MVD is not associated with 
the stage, differentiation, presence of primary or 
secondary tumors of the ovarian cancer and 
whether the tumor has lymph node metastasis.  

Tumor angiogenesis is regulated by both            
angiogenesis inhibitors and stimulators. VEGF is 
the most important stimulating factor to                
promote tumor angiogenesis (12). VEGF is a              
glycoprotein whose biological function is mainly 
to promote the division and proliferation of             
endothelial cells in blood vessels, thereby             
promoting the neovascularization of tissues,  
inhibiting the apoptosis process of vascular            
endothelial cells, and increasing the                            
permeability of microvessel in tissues (13).             
Studies have shown that VEGF has a very close 
relationship with the formation of tumor                
angiogenesis (14). In the present study, the             
positive expression rate of VEGF in 116 cases of 
ovarian tumors was as high as 100% and the 
VEGF positive index of benign ovarian tumors 
was lower than that of ovarian cancer. The               
difference was statistically significant, consistent 
with results that have been reported in the              
literature (15-17). However, this study suggests 
that the VEGF positive index is not associated 
with the stage, differentiation, tumor                      
lymph-node metastasis status and presence of a 
primary tumor in ovarian cancer. Patients with 
positive VEGF expression often exhibit higher 
MVD (18-19). In the present study, we also                
investigated the correlation between the VEGF 
positive index and MVD in ovarian tumors, and 
correlation analysis indicated that the VEGF  
positive index was positively correlated with 
MVD in both benign and malignant ovarian            
tumors (r=0.52, P <0.05; r=0.65, P <0.05). 

 
Relationship between ultrasound perfusion 
parameters and MVD and VEGF 

Many previous studies have shown that           
tumor angiogenesis is associated with                      
ultrasound perfusion parameters. Ultrasound 
perfusion imaging is a non-invasive and                  
quantitative analysis technique for determining 
the vascular conditions in tumors. Ultrasound 
perfusion imaging is safe, convenient,                       
non-invasive, reproducible and easy to use             
repeatedly. This study analyzed the correlation 
between MVD and the VEGF positive index and 
ovarian tumor ultrasound perfusion parameters. 
The results showed that the MVD and VEGF              
positive index of ovarian tumor were positively 
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correlated with the perfusion parameters PI, 
AUC and TTH, which exhibited no correlation 
with other perfusion parameters. Comparing the 
high-MVD with the low-MVD ultrasound                  
perfusion parameters, the difference in the PI, 
AUC and TTH between the two groups was             
statistically significant (P<0.05). Of note, we also 
added the xenograft model experiment, in the 
transplanted tumors of nude mice, we observed 
the same trend as human ovary tumors. In the 
previous study, Willmann et al. also found that 
contrast-enhanced ultrasound directed at               
VEGFR2 improves in-vivo visualization of tumor 
angiogenesis in a human ovarian cancer                  
xenograft tumor model in mice (20). 

The PI refers to the maximum value of the 
time-intensity curve, which characterizes the 
maximum concentration of contrast agent or the 
blood volume. The AUC refers to the area under 
the entire time-intensity curve, which                    
characterizes blood volume, and the AUC is             
proportional to the regional blood volume. The 
TTH refers to the time when the curve intensity 
decreases from the peak to half of the peak, 
characterizing the flow rate of blood flushing, 
which is the contrast-agent removal time; the 
contrast agent content is related to the amount 
of perfusion of the tissue (21-23). Tumor              
neovascularization is characterized by the               
pathology of the changes in the ultrasound             
perfusion parameters of tumor blood flow. In 
this study, 3 perfusion parameters (PI, AUC and 
TTH) that were associated with the tissue blood 
volume were positively correlated with MVD 
and the VEGF positive index, demonstrating that 
the tumor blood volume is closely related to the 
tumor microvascular status and that                     
tumor-induced microvascular changes often 
manifest as an increase in tumor perfusion (24). 
Wang’s study also found that the PI and AUC of 
the ovarian masses in the contrast transvaginal 
sonography show significant correlation with 
the angiogenesis and may help in assessing             
tumor vascularity in ovarian masses (25).               
Therefore, we believe that the PI, AUC and TTH 
are important indicators of the expression of 
MVD and VEGF.  

In conclusion, this study explored the                  
correlation between contrast-enhanced            

perfusion imaging and angiogenesis in human 
ovarian tumors and transplanted ovarian            
tumors and found that the PI, AUC and TTH, as 
perfusion parameters, were associated with 
ovarian tumor MVD and VEGF. The PI, AUC and 
TTH can reflect the angiogenesis status of               
ovarian tumors and have the potential to serve 
as prognostic factors. 
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