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Background: Clear cell renal cell carcinoma (ccRCC) comprises 70% of all renal cell carcinomas 
(RCCs). Currently, the most important prognostic factor for this type of carcinoma is the World Health 
Organization/International Society of Urological Pathology (WHO/ISUP) grade. However, nonsurgical 
methods are rarely used to determine a tumor’s WHO/ISUP grade, thus limiting the development of 
nonsurgical therapies. Due to variations in microvascular density (MVD) at different stages of tumor growth, 
contrast-enhanced ultrasound (CEUS) features may provide a noninvasive method for evaluating the WHO/
ISUP grade of ccRCC. 
Methods: In this study, we analyzed confirmed cases of ccRCC using CEUS features. We also used CD34 
and CD31 antibodies to determine MVD. The heterogeneity of CD34 and CD31 expressions were used to 
determine different degrees of angiogenesis. 
Results: When compared to WHO/ISUP grade I/II (G1/G2) tumors, grade III/IV (G3/G4) tumors had 
reduced peak intensity (PI) (P=0.006), time to peak (TTP) (P<0.001), and relative enhancement percentage 
index (∆PI%) (P<0.001). However, the frequency of incomplete pseudocapsule (P=0.049) and slow wash-in 
(P=0.001) was significantly higher in G3/G4 tumors. A cut-off value of ∆PI% <33.15% (P<0.001) allowed 
identification of G3/G4 tumors with an area under the curve (AUC) of 0.80 [95% confidence interval (CI): 
0.70 to 0.91) and a sensitivity of 80%. The mean CD34+ MVD (P<0.001) and CD31+ MVD (P<0.001) were 
significantly lower in G3/G4 tumors. A positive correlation was revealed between ∆PI% and MVD. There 
was a statistically significant difference in the density of undifferentiated vessels between the slow wash-in 
and fast wash-in cases (P<0.001). 
Conclusions: The features of CEUS are effective for differentiating G3/G4 tumors from G1/G2. There 
was a positive correlation detected between ∆PI% and MVD, and the density of undifferentiated vessels 
showed a significant difference between slow wash-in and fast wash-in cases. These findings indicate that 
CEUS can enable the sonographic visualization of tumor angiogenesis and thus be considered an acceptable 
method for the nonsurgical assessment of tumor microvascular distribution and grade.
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Introduction

Renal cell carcinomas (RCCs) account for 90% of all renal 
cancers, and 70% of RCC are clear cell RCCs (ccRCC), 
which is the most aggressive subtype (1). Surgical treatment 
remains the main clinical therapy for ccRCC (2), but 
even when renal tumor resection is carried out during the 
early stages of tumor development, 20–30% of patients 
still develop local or distal metastases (3). Furthermore, 
within 3–5 years after radical nephrectomy, the likelihood 
of developing chronic kidney disease is still 30–50%, and 
patient quality of life remains poor (4). For this reason, 
nonsurgical treatment methods (5) are important for 
improving the survival rate and quality of life of patients 
with renal tumors.

The most reliable independent prognostic factor 
for assessing ccRCC remission is the World Health 
Organization/International Society of Urological Pathology 
(WHO/ISUP) grade (6). However, at present, the lack 
of available nonsurgical methods to evaluate the WHO/
ISUP grade limits the clinical application and prognostic 
assessment of nonsurgical treatments. 

Angiogenesis plays a crucial role in the growth and 
metastasis of most human tumors (7). The malignancy of 
ccRCC is a highly vascularized, and studies have shown that 
the expression of vascular endothelial growth factor (VEGF) 
in ccRCC is 5 times that of other renal cancer subtypes. 
An evaluation of the angiogenesis of solid tumors can be 
carried out by assessing microvascular density (MVD), which 
is an independent prognostic factor (8). However, ccRCC 
angiogenesis is complex. Studies have shown that there 
are at least 2 types of blood vessels in tumor angiogenesis: 
differentiated and undifferentiated blood vessels. Tumors 
with a high density of the latter type have a poor prognosis (9).  
Currently, there is a lack of nonsurgical methods for 
MVD evaluation, and there are even fewer studies on the 
degree of tumor angiogenesis differentiation. Nevertheless, 
imaging enhancement of RCC is positively correlated with 
MVD (10). In some studies, contrast-enhanced ultrasound 
(CEUS) has been used to classify RCC histologic subtypes, 
and real-time CEUS has been found to be helpful for 
displaying the microvascular perfusion pattern of the 
lesion (11). In fact, CEUS features can be described by a 
contrast analysis software that can obtain its quantitative 
and qualitative parameters. Despite this, CEUS has never 
been used to study the tumor grade of ccRCCs (12,13). 
Therefore, in this in vivo study, we sought to determine 
the correlation between CEUS parameters, ccRCC MVD, 

degree of angiogenesis differentiation, and tumor grade to 
assess the efficacy and value of CEUS in evaluating tumor 
angiogenesis and grade. 

Methods

Study population

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and was 
approved by the Ethics Committee of the China-Japan 
Union Hospital of Jilin University. Written informed 
consent was provided by all participants. We acquired  
86 tumor specimens at our institution between January 
2017 and September 2020 via partial or total nephrectomy. 
The inclusion criteria were a histopathological diagnosis 
of ccRCC and available preoperative CEUS imaging. The 
exclusion criterion was prior systemic therapy for metastatic 
disease. The clinicopathological characteristics of the 
participants are shown in Table 1. Histopathological analysis 
revealed low-grade (WHO/ISUP grade I/II) tumors in  
56 cases and high-grade (WHO/ISUP grade III/IV) tumors 
in 30 cases. The flow chart for the patient selection process 
is shown in Figure 1. 

CEUS examination and image analysis

Conventional ultrasound was used to select the best 
section of the tumor and adjacent renal cortex. The CEUS 
examinations were performed on the MyLab™ Twice 
(Esaote, Genova, Italy) and Resona 7 (Mindray Medical 
Inc., Shenzhen, China) ultrasound devices. The ultrasound 
contrast agent (25 mg; SonoVue, Bracco Imaging, Milan, 
Italy) was shaken for 15 s with 5 mL of 0.9% saline solution, 
and 1.2–1.6 mL of this suspension was injected as a bolus 
through the antecubital vein. We then injected 5 mL of 
0.9% saline solution to quickly flush the bolus. To select 
the section with the lowest mechanical index (0.10) after 
initiation of CEUS imaging, the video system was started to 
record the whole course of the examination. In the process 
of imaging, the patient was asked to breathe smoothly so 
that the contrast agent wash-in and wash-out phases could 
be dynamically observed for 3–5 min. Then, QontraXt 
software (AMID, Rome, Italy) was started, and the whole 
process of CEUS was played back dynamically. The entire 
renal ultrasonogram was drawn first, and 2 regions of 
interest (ROIs), namely ROI1 and ROI2, were delineated. 
We selected ROI1 because it was the most obvious portion 
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Table 1 Baseline characteristics 

Characteristics Low grade (WHO/ISUP grade I and II) High grade (WHO/ISUP grade III and IV) P value

Gender

Male 37 5

Female 19 25

Mean age (range), years 54 (25–79) 58 (39–74)

Laterality of tumor

Right kidney 30 14

Left kidney 26 16

Mean tumor size (range), cm 3.46 (1.5–8) 5.29 (2–13) <0.05

WHO/ISUP grade

I 11 0

II 45 0

III 0 25

IV 0 5

CD34+ MVD 60.38 (±21.62) 30.99 (±11.85) <0.001

CD31+ MVD 68.41 (±21.91) 50.47 (±17.34) <0.001

Undifferentiated vessels MVD 8.00 (±3.35) 19.47 (±9.76) <0.001

WHO/ISUP, World Health Organization/International Society of Urological Pathology; MVD, microvascular density.

Figure 1 Flow chart of the patient selection process. CEUS, contrast-enhanced ultrasound; ccRCC, clear cell renal cell carcinoma. 

Soild focal renal lesions scanned 
on CEUS (n=253)

Pathology sections acquired by 
surgery (n=212)

ccRCC analyzed with QontraXt 
Software (n=86)

(I)	 Bilateral kidney lesions or multiple 
lesions in one kidney (n=28) 

(II)	Poor CEUS image quality (n=13)

(I)	 Without pathological diagnosis or 
incomplete pathology sections (n=21)

(II)	Benign lesions ,non- ccRCC, renal 
pelvis lesions (n=105)

excluded

excluded

after edge enhancement of the ccRCC tumor, whereas 
the normal renal cortex at the same depth adjacent to the 
tumor was defined as ROI2. These areas were deemed to 
be the most like each other. During the process of ROI 
delineation, enhancement-free areas, calcification, and the 
renal capsule were excluded. The placement of ROIs in the 

tumoral area and adjacent renal parenchyma is shown in 
Figure 2. 

A time-intensity curve (TIC) was drawn, and its 
parameters were recorded. The quantitative parameters 
included peak intensity (PI), time to peak (TTP), and 
the relative enhancement percentage index (∆PI%). The 
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∆PI% was calculated as follows: ∆PI%=(Pt−Pc)/Pc100%, 
where Pt = peak of the tumor and Pc = peak of the adjacent 
renal cortex (14). Qualitative parameters included the 
speed of wash-in, the speed of wash-out, homogeneity of 
enhancement, and the integrity of the pseudocapsule. Slow 
wash-in was determined to have occurred when the TIC 
upward branch slope of the tumor was smaller or the same 
as that of the adjacent renal parenchyma. Slow wash-out 
was determined to have occurred when the TIC downward 
branch slope of the tumor was smaller or the same as that of 
the adjacent renal parenchyma. The pseudocapsule sign was 
defined as an enhanced rim of tumoral tissue. We enlisted 
2 experts with more than 5 years of CEUS experience, who 
were blinded to patient information, including pathological 
diagnosis, to perform both CEUS and CEUS software 
evaluations.

MVD analysis and angiogenesis differentiation

From each of the 86 tumor specimens, 2 sections (4-μm 
thick) were prepared by paraffin wax embedding, and the 
histological sections were stained with hematoxylin and 
eosin. Mouse monoclonal anti-CD34 and anti-CD31 
antibodies (Roche Corporation, Basel, Switzerland) were 
used to visualize the endothelial cells. The positivity 
of CD34 and CD31 was determined by brown-yellow 
staining on the surface of the tumor’s vascular endothelial 
cell membrane, and MVD was quantified according to 
the Weidner method (15). Each specimen was observed 
under a low-power lens (×100), and a high density of 

endothelial structures was chosen as the hotspot. The 
number of microvessels was counted in the 5 fields with 
the highest MVD under a high-power lens (×400), and 
the mean value was calculated. As each case was evaluated 
using the difference between 2 consecutive slides of 
CD31 and CD34 expression, the immunohistochemical 
staining quality was highly controlled and the hotspots 
were defined by the most vascularized areas of CD31 
staining (16). In terms of expression location, CD34 is 
expressed in differentiated microvessels, while CD31 
is expressed in both undifferentiated and differentiated 
microvessels. The expression heterogeneity of CD31 and 
CD34 in differentiated and undifferentiated vessels was 
used to obtain the count of undifferentiated microvessels 
by subtracting the CD34+ vessel count from the CD31+ 
vessel count (9,16). The processing and analysis of tissue 
specimens were performed by pathologists at our hospital 
who were blinded to the results of the CEUS findings.

Statistical analysis

The software SPSS 23.0 (IBM, Armonk, NY, USA) was used 
for statistical analysis. The qualitative data were expressed as 
frequencies, whereby normally distributed quantitative data 
were statistically described by mean ± standard deviation, and 
the data with skewed distribution were expressed through 
median and range. The chi-square test and independent 
samples t-test were used to compare the frequency and the 
mean of the 2 ROIs. A Wilcoxon signed-rank test was used 
for skewed data. A receiver operating characteristic (ROC) 
analysis was used to determine the optimal cut-off values for 
∆PI%. Spearman rank correlation was used to evaluate the 
association between ∆PI% and MVD. Statistical significance 
was set at P<0.05. All statistical analysis results are provided 
in Tables 1,2.

Results

Association between CEUS features and WHO/ISUP grade

Regarding the CEUS quantitative analysis of PI, ∆PI%, and 
TTP, there were significantly different values between high- 
and low-grade ccRCC tumors (P<0.05). We found that the 
PI and ∆PI% were lower, and the TTP shorter, in high-
grade ccRCC tumors (Figures 3,4). Among the qualitative 
parameters of CEUS, the frequency of a complete 
pseudocapsule and slow wash-in were significantly higher in 
high-grade ccRCC (P<0.05). High-grade tumors were also 

Figure 2 The placement of ROIs in the tumor (red circle) and 
adjacent renal parenchyma (green circle). ROIs, regions of interest.
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Table 2 CEUS features of ccRCCs across different grades

Features Low grade (WHO/ISUP grade I and II) (n=56) High grade (WHO/ISUP grade III and IV) (n=30) P value

TTP (range), s 76.00 (56.25–114.00) 21.00 (15.00–35.25) <0.001

PI 42.01 (±12.41) 35.67 (±8.20) 0.006

ΔPI% (range), % 43.95 (38.28–62.95) 17.35 (7.78–32.40) <0.001

Wash-in 0.001

Fast wash-in 41 11

Slow wash-in 15 19

Wash-out 0.353

Fast wash-out 32 14

Slow wash-out 24 16

Homogeneous 0.100

Present 23 7

Absent 33 23

Pseudocapsule 0.049

Complete 33 11

Incomplete 23 19

CEUS, contrast-enhanced ultrasound; ccRCCs, renal clear cell carcinomas; WHO/ISUP, World Health Organization/International Society of 
Urological Pathology; TTP, time to peak; PI, peak intensity; ΔPI%, relative enhancement percentage index.

Figure 3 Ultrasound images of high-grade ccRCC in a 63-year-old woman. (A) Conventional ultrasound and CEUS images of the tumor; 
(B,C) chromatic maps with ROIs: (B) ROI1 for the analysis area and (C) ROI2 for the reference area; (D,E) intensity-time curves obtained 
using QontraXt software with PI, TTP, and ΔPI%. ccRCC, clear cell renal cell carcinoma; CEUS, contrast-enhanced ultrasound; ROIs, 
regions of interest; PI, peak intensity; TTP, time to peak; ΔPI%, relative enhancement percentage index. 
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characterized by a lack of blood supply. The wash-out speed 
and the homogeneity of enhancement were not significantly 
different between low- and high-grade tumors. The ROC 
analysis revealed that a cut-off value of ∆PI% <33.15% with 

an area under the curve (AUC) of 0.80 [95% confidence 
interval (CI): 0.70 to 0.91] allowed for the identification 
of high-grade tumors with a specificity of 82.1% and a 
sensitivity of 80% (Figure 5).
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Association between MVD, angiogenesis differentiation, 
and WHO/ISUP grade

Our study found that both CD34- and CD31-identified 
MVD were lower in high-grade than in low-grade 
ccRCC tumors (P<0.001; Figure 6A,6B). The proportion 
of undifferentiated vessels (CD34−/CD31+) of high-
grade tumors was significantly higher than that of low-
grade tumors (P<0.001; Figures 6C,7). Undifferentiated 
vessels were negatively correlated with differentiated 
vessels (CD34+) (r=−0.248, P=0.021). This indicated that 

the proliferation of undifferentiated vessels was often 
accompanied by a decrease in the number of differentiated 
vessels, and vice versa. 

Association between CEUS features, MVD, and 
angiogenesis differentiation

The ∆PI% was positively correlated with MVD in both 
CD34 and CD31 staining (r=0.372, P<0.001 and r=0.315, 
P=0.003, respectively; Figure 8A,8B); however, it was 
negatively correlated with undifferentiated vessels (CD34−/
CD31+) (r=−0.354, P=0.001). There was also a statistically 
significant difference in the density of undifferentiated 
vessels between the slow wash-in and fast wash-in cases 
(P<0.001). 

Discussion

This retrospective study demonstrates that CEUS features 
can reliably differentiate between high- and low-grade 
ccRCC tumors. We found that a cut-off value of ∆PI% 
<33.15% (AUC =0.811) allowed for the identification 
of high-grade tumors. Moreover, MVD and ∆PI% were 
positively correlated, and there was a statistically significant 
difference in the density of undifferentiated vessels between 
the slow wash-in and fast wash-in cases. This suggests 
that the amount of contrast agent detected by CEUS is 
valid in representing tumor perfusion. Therefore, CEUS 
features could reliably evaluate tumor angiogenesis, MVD, 
and distinguish between undifferentiated vessels and 

Figure 4 Ultrasound images of low-grade ccRCC in a 45-year-old man. (A) Conventional ultrasound and CEUS images of the tumor; (B,C) 
chromatic maps with ROIs: (B) ROI1 for the analysis area and (C) ROI2 for the reference area; (D,E) intensity-time curves obtained using 
QontraXt software with PI, TTP, and ΔPI%. ccRCC, clear cell renal clear cell carcinoma; CEUS, contrast-enhanced ultrasound; ROIs, 
region of interests; PI, peak intensity; TTP, time to peak; ΔPI%, relative enhancement percentage index. 

Figure 5 ROC analysis regarding the differentiation between 
high- and low-grade tumors using ΔPI%. ROC, receiver operating 
characteristic; ΔPI%, relative enhancement percentage index; 
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Figure 6 CD34+ MVD and CD31+ MVD were lower in high-grade than low-grade ccRCC (A,B), and undifferentiated vessels (CD34−/
CD31+) were higher in high-grade than in low-grade ccRCC (C). (A) Association between MVD (CD34+ staining) and WHO/ISUP grade; (B) 
association between MVD (CD31+ staining) and WHO/ISUP grade; (C) association between MVD (CD34−/CD31+ staining) and WHO/
ISUP grade. HPF, high power field; MVD, microvascular density; WHO/ISUP, World Health Organization/International Society of 
Urological Pathology.

Figure 7 MVD of high- and low-grade ccRCC. (A) MVD (CD34+ staining) in high-grade tumors; (B) MVD (CD31+ staining) in high-grade 
tumors; (C) MVD (CD34+ staining) in low-grade tumors; (D) MVD (CD31+ staining) in low-grade tumors. The red arrows represent MVD 
(CD34−/CD31+ staining). Scale bar: 800 μm. ccRCC, clear cell renal clear cell carcinoma; MVD, microvascular density. 
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differentiated vessels. 
The identification of tumor neovascularization is critical 

for optimizing the first-line selection of an appropriate 
treatment sequence for antiangiogenic therapy. In fact, 

because different grades of ccRCC tumors differ in 
morphology and vasculature, their treatment methods and 
prognosis are different (17). Therefore, the nonsurgical 
evaluation of ccRCC grade is critical for the development 
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of nonsurgical treatments. With regards to surgical 
examinations, renal tumor biopsy has been essential to 
evaluate the subtype and prognosis of RCC. However, 
the heterogeneity of RCC tumors sometimes makes it 
difficult to determine their subtype and grade (18). On 
the other hand, imaging methods may be more efficient, 
while also being less invasive than surgical procedures. For 
example, the diagnostic ability of multiphasic multidetector 
computed tomography (CT) on distinguishing ccRCC 
from other RCCs has been previously demonstrated. Pei 
et al. (19) showed that enhanced CT has high diagnostic 
efficiency for distinguishing between low- and high-grade 
ccRCC. Nonetheless, the use of this method and magnetic 
resonance imaging (MRI) is limited by radiation exposure, 
renal toxicity, and the presence of metal implants. 

Multiple studies have focused on the nonsurgical 
evaluation of renal tumors with CEUS as a viable alternative 
to the aforementioned methods. The CEUS features of 
ccRCC and non-ccRCC have already been demonstrated 
to be significantly different (20), and PI has been described 
as a better parameter for representing enhancement. 
Furthermore, the ∆PI% index can help to avoid errors 
caused by individual differences across different patients (21).  
In this study, we successfully used the ∆PI% index to 
represent enhancement and distinguish between high- and 
low-grade tumors. 

At present, the WHO/ISUP grading of ccRCC is the 
only tissue prognostic indicator included in RCC models. 
Measuring MVD is a method for both the quantitative 
evaluation of tumor neovascularization and the evaluation 

of the degree of vascular differentiation (16). Some previous 
studies have reported that tumor grade is positively 
correlated with MVD (22-24), while others have stated that 
tumor grade is negatively correlated with MVD (25,26). 
These latter findings are consistent with our results. 

The MVD is determined by vascular and non-vascular 
factors. When the metabolic level of tumor cells exceeds 
the level of angiogenesis, and the oxygen and nutrition 
supply to tumor cells is insufficient, tumor cell necrosis 
and MVD reduction occur. Although high-grade ccRCC 
still has some angiogenic activity, tumor cell necrosis, 
decreased MVD (27), increased capillary distance, 
and increased undifferentiated blood vessels in highly 
neovascularized areas are a result of the high metabolic 
state and severe hypoxia in tumoral tissues. Pericyte 
coverage is an important indicator of cell maturation (28), 
and the pericyte coverage of CD34+ differentiated vessels is 
higher than that of CD34−/CD31+ undifferentiated vessels. 
These characteristics result in the specific morphology of 
undifferentiated vessels, which present as an absent or small 
lumen with a tortuous shape (9). This also explains the 
features of high-grade tumors that indicate a lack of blood 
supply, including lower MVD, more undifferentiated vessels, 
less edge enhancement, shorter duration of the contrast 
agent in the microvascular network, and slow wash-in.  
Some existing anti-vascular treatments have focused on 
reducing blood perfusion (29), while others have focused on 
reducing undifferentiated vessels and promoting vascular 
maturation (30). The outcome of both these methods can 
be evaluated nonsurgically through the abovementioned 

Figure 8 ΔPI% was positively correlated with CD34+ MVD and CD31+ MVD (A,B). (A) Association between ΔPI% and MVD (CD34+ 
staining); (B) association between ΔPI% and MVD (CD31+ staining). ΔPI%, relative enhancement percentage index; MVD, microvascular 
density; HPF, high power field. 
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CEUS features.
Despite our findings, our study still had certain 

limitations, including its retrospective nature, the small 
number of enrolled patients, and the variance in tumor 
grades assessed (most patients had either grade II or III 
tumors, while fewer had grade I or IV). In addition, to 
calculate the number of undifferentiated vessels, hotspots 
were chosen according to the most vascularized areas 
as assessed by CD31 staining intensity, so this may have 
ultimately resulted in a lower MVD value than that 
reported in other studies. Lastly, a certain degree of 
subjectivity in selecting the MVD hotspots and ROIs on the 
CEUS images cannot be completely excluded, although the 
selection criteria for determining both remained constant 
throughout the process.

Conclusions

In conclusion, the analysis of CEUS features can contribute 
to the nonsurgical diagnosis of ccRCC tumors, and our 
study has confirmed the reproducibility and high accuracy 
of CEUS to differentiate between low- and high-grade 
ccRCC. Future studies should be conducted in a prospective 
manner using a larger cohort to validate our results and 
assess whether incorporating CEUS features into clinical 
models will improve the ability of practitioners to predict 
high-grade tumors and optimize therapy for ccRCC 
patients.
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