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Abstract 
Objective: To investigate the correlation between 64-slice spiral CT perfusion imaging of clear cell renal cell car-

cinoma (CCRCC) and Fuhrman’s nucleus grading. 

Methods: A total of 54 cases of pathologically confirmed CCRCC were consecutively included, and underwent 
64-slice spiral CT perfusion imaging. The perfusion fraction (PF) of the contralateral and ipsilateral part of kidney and
the tumor was measured respectively. The peak enhancement intensity (PEI) and blood volume (BV) were measured
as well. T-test was performed in PF, BV and PEI value between contralateral kidney and CCRCC, between low-grade
and high-grade CCRCC. Receiver operating characteristic (ROC) curves were used to evaluate the diagnostic perfor-
mance of PF and BV in distinguishing clear cell carcinoma with different grade. The diagnostic accuracy of PF and BV
was also tested after conventional CT screening.

Results: There were significant differences in PF, PEI and BV between the contralateral kidney and renal cell 
carcinoma (p<0.05). There were also significant differences in PF and BV between low-grade and high-grade clear 
cell carcinoma (p<0.05). No significant difference was found in PEI between low-grade and high-grade renal cell car-
cinoma (p>0.05). Single or combined use of the PF and BV showed low accuracy in grading of clear cell carcinoma. 
The diagnostic accuracy of PF and BV in clear cell carcinoma will be improved by the combination of the perfusion CT 
and routine CT application. 

Conclusion: PF and BV values are significantly higher in high-grade CCRCC than in low-grade CCRCC, and their 
application will increase the accuracy for detecting high-grade CCRCC than conventional CT scan alone. 

Keywords: Computed tomography (CT); Computed tomography
perfusion; low-grade CCRCC; high-grade CCRCC 

Introduction 
Clear cell renal cell carcinoma (CCRCC) accounts for about 63

～88.7% of the renal cell carcinoma (RCC) [1,2]. In addition to 
traditional surgery, minimally invasive treatments, including radio 
frequency ablation and cryoablation surgery, are also choices for some 
small, low-grade clear cell carcinoma. These alternative therapies are 
especially suitable for the elderly, whose postoperative quality of life 
can be significantly improved [3,4]. Therefore, accurate evaluation of 
tumor grading is essential for the treatment plan, the choice of surgical 
approach and objective evaluation of prognosis. Currently, in CCRCC, 
Fuhrman nuclear grading system is superior to tumor size, stage and 
other prognostic factors, and is considered to be a quite accurate 
prognostic evaluation system [5-7]. 

Clear cell carcinoma grading must be pathologically confirmed 
after surgery, which makes it little preoperative guiding significance. 
Computed tomography (CT) and magnetic resonance imaging (MRI) 
are currently the main imaging methods, but are of limited value in the 
grading evaluation of renal cell carcinoma [8,9]. Jain R et al. [10], showed 
that PS and CBV showed strong association with gliomas grading, and 
high-grade gliomas have higher perfusion parameters such as PS and 
CBV compared with low-grade gliomas. Ding B et al. [11], suggested 
that perfusion CT is able to contribute to the grading of gliomas. Xiong 
Z et al. [12], thought that perfusion characteristics of CT are helpful to 
determine lung cancer differentiation. Sahani DV et al. [13], suggested 
that the CT perfusion of well differentiated hepatocellular carcinoma is 
higher than that of moderately differentiated and poorly differentiated 
hepatocellular carcinoma. However, CT perfusion has not been 
reported in the staging of CCRCC. 

Therefore, this study used 64-slice spiral CT perfusion imaging 

to explore perfusion characteristics of CCRCC, and compared tumor 
classification with Fuhrman’s nucleus grading system. Our study aims 
to explore their correlation from the micro-cycle perspective, and to 
provide help for CCRCC grading by functional imaging. 

Materials and Methods 
Patients 

The research program has been discussed, approved and recorded 
by Medicine Ethics Committee of the First Affiliated Hospital of Xi’an 
Jiaotong University. All subjects have signed the informed consent 
form of Enhanced CT. The hospitalized patients with suspicion of 
renal tumor were forward-looking consecutively enrolled from March 
1, 2010 to March 30, 2011. The inclusion criteria for patients were: (1) 
renal tumors identified by B-ultrasonography, CT or MRI scanning; (2) 
Good renal function and cooperation with the inspection. Exclusion 
criteria were patients with heart or kidney dysfunction; unresectable 
tumor due to metastasis of other organs. 
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Inspection methods 

All subjects were inspected by 64-slice CT scanning (Philips 
Brilliance). Respiratory training was performed before the subjects 
received inspection. The patients were positioned supine with 
pressurized cummerbund, and performed routine kidney scanning, 
then the maximum level of lesion was taken as center for scanning 
with the upper and lower range 4cm. With a 21G catheter placed in 
antecubital vein, a bolus of 50ml non-ionic contrast agent was injected 
through high-pressure syringe (IohexolInjection 300mgI/ml, Ulrich, 
Germany), with injection rate of 5.0 ml/s. Continuous dynamic multi-
layer film scan mode was performed, and the scan conditions were 110 
kV for the tube voltage and 80 mA for tube current, then automatically 
scanning was trigger 5 s after injection. Scanning was performed in 
the quiet breathing condition at intervals of 1.5 s with thickness of 
2.5 mm, and cycle of scanning was 30 times, and a total of 480 images 
were obtained. Again after the 90 s and 180 s, renal scanning was once 
again performed to obtain images of renal medulla and delayed phase, 
respectively. 

post-processing of perfusion imaging parameters 

The perfusion raw data were input software workstation (Philips 
Extended Brilliance Workspace, V4.5.2) for processing. The same level 
abdominal aorta artery was selected as a reference artery, and regions 
of interest were selected in the abdominal aorta center to acquire the 
enhancement of the abdominal aorta, the time to peak (TTP) value, 
and time-density curves (TDC) value. Threshold parameters were 
set as following: minimum CT value was -100 HU, maximum CT 
value was 300 HU; pseudo-color perfusion parametric maps of each 
pixel were ultimately obtained within the threshold range, including 
perfusion fraction (PF), blood volume (BV), and peak enhancement 
intensity (PEI). 

Data measurement 

Blinded data measurements were performed by two doctors of 
imaging department (a MD, deputy director, with 14 years work 

Figure 1: Clear cell carcinoma of right kidney, grade II. (a) tMIP image: round 
strengthening shadow in dorsal side of right kidney, with clear boundary, and 
low density was shown in the eccentric necrotic area. (b) Lesions on perfusion 
map showed white high perfusion shadow, ROIT1: P: 143.33 ml/min/100g, 
PEI: 243.35 Hu, BV 42.72 ml/100g. (c) Pathological picture, HE × 400. Clear 
Cytoplasm was seen in tumor cells. The size of nucleus was similar. Nucleolus 
was seldom seen. 

Figure 2: Clear cell carcinoma in right kidney, grade III. (a) tMIP image: sig-
nificantly strengthen irregular film in dorsal side of left kidney. (b) perfusion of 
lesions showed white high perfusion shadow, ROIT1: P: 193.72 ml/min/100g, 
PEI: 340.54 Hu, BV: 80.42 ml/100g. Pathological picture: HE × 400. Clear Cy-
toplasm was seen in tumor cells. The size of nucleus was uneven. Nucleolus 
was frequently seen. 

experience; a physician, with six years of work experience, engaged in 
the study of kidney MRI functional imaging in a graduate student). In 
perfusion map, the window width and window level were adjusted with 
tMIP as basis and the contralateral kidney as control. The maximum 
level of the tumor was selected and ROI was manually delineated 
including the most obvious substantial part of tumor enhancement. 
Regions of tumor necrosis, liquefaction or fat content were excluded, 
and high perfusion area was chosed as far as possible, referring to the 
color of the perfusion pseudo-color pictures (Figures 1a-c,2a-c). The 
contralateral renal cortex was manually delineated and perfusion 
parameters of contralateral renal cortex and renal space-occupying 
lesions were obtained, including PF, BV and PEI, and their mean values 
were averaged from two measurements. 

Histological analysis 

All postoperative pathological slices were graded by a deputy 
director of Department of Pathology with 15 years of experience, in 
accordance with the classification criteria of the Fuhrman grading 
system (I-IV). Grades I and II were considered low-grade clear cell 
carcinoma, grades III and IV were considered high-grade clear cell 
carcinoma [14,15]. 

Statistical analysis 

The experimental results are presented as mean ± standard 
deviation. T-test was applied in PF, BV and PEI values between the 
contralateral renal cortex and medulla, and clear cell carcinoma. 
T-test was also applied in PF, BV and PEI values between low-grade 
and high-grade clear cell carcinoma. Receiver operating characteristic 
(ROC) curve was applied to evaluate diagnostic efficacy of PF and BV 
in degrading clear cell carcinoma. Conventional CT plain scanning and 
enhanced CT scanning were assessed in nuclear grade using the chi-
square test. ROC curve was used to evaluate diagnostic accuracy of CT 
perfusion after conventional CT in Low-grade and high-grade clear cell 
carcinoma. SPSS 16.0 statistical software (SPSS, Inc., Chicago, IL, USA) 
was applied, and P <0.05 was considered statistically significant. 

Results 
Lesions 

Based on inclusion and exclusion criteria, a total of 60 cases (41 
cases of male, 19 cases of female, 33-79 years old, 58 years median 
age) of hospitalized patients with suspected renal cell carcinoma were 
performed 64-slice CT perfusion imaging. Renal cell carcinoma was 
confirmed by pathology within an average of 12 days after inspection 
(range 2-46 days) (46 patients with radical nephrectomy; 14 patients 
with nephron-sparing resection), of which 54 cases of clear cell 
carcinoma were included in this study. Six cases were excluded (2 cases 
were chromophobe cell tumor, 1 case was unclassified stromal tumors, 
1 case was metastatic renal adenocarcinoma, 2 cases were papillary 
renal cell carcinoma). Among all 54 cases of clear cell carcinoma, 34 
cases were low-grade (5 cases of grade I, 29 cases of grade II) clear cell 
carcinoma, with tumor size of 1.4 ~ 9.2cm, and 20 cases were high-
grade (17 cases of grade III, 3 cases of grade IV), with tumor size of 3.0 
~ 10.4cm. A total of 54 lesions in 54 patients were included in statistical 
analysis, comprising 34 low-grade and 20 high-grade CCRCC. 

Comparisons in PF, PEI, BV values between contralateral 
kidney and renal cell carcinoma 

PF, PEI, BV values of contralateral kidney cortex were greater than 
those of the renal medulla. PF, PEI, BV values of contralateral kidney 
cortex were significantly higher than those of renal cell carcinoma, with 
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CT perfusion 
parameters 

Contralateral 
kidney cortex 

Contralateral 
kidney medulla

 Clear cell 
carcinoma P 

PF(ml∕min∕100g) 185.42±40.92 32.56±10.46 140.48±39.06 0.000 
BV (ml∕100g) 44.33±10.54 23.26±13.34 36.41±10.00 0.000 
PEI (Hu) 205.14±33.83 54.02±14.27 154.65±42.85 0.000 

Table1: Comparison in PF, PEI, BV values between contralateral kidney cortex and 
renal cell carcinoma 

CT perfusion parameters Low-grade CCRCC High-grade CCRCC p 
PF (ml∕min∕100g) 127.67±32.60 159.98±23.05 0.003 
BV (ml∕100g) 32.63±9.73 40.59±9.05 0.038 
PEI (Hu) 159.68±40.63 159.98±23.06 0.868 

Table 2: Comparison in PF, PEI, BV values between Low-grade CCRCC and High-
grade CCRCC. 
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Figure 3: ROC curve of separate evaluation of clear cell carcinoma grading 
by PF or BV. Areas under the curve were 0.729 in the PF and 0.734 in BV, 
with no statistically significant difference (p> 0.05). 

significant difference (p <0.05) (Table 1). 

Comparisons in PF, PEI, BV values between different grades 
of clear cell carcinoma 

PF and BV values of high-grade clear cell carcinoma were 
higher than those of low-grade clear cell carcinoma, with statistically 
significant difference (p<0.05). No significant difference was found in 
PEI between the two groups (p> 0.05) (Table 2). 

Evaluation in identification of different grades of clear cell 
carcinoma using PF and BV measured values 

ROC curve was used to evaluate clear cell carcinoma grading by 
PF or BV alone (Figure 3). As independent diagnostic markers, area 
under the curve of PF and BV was 0.729 and 0.734, respectively, with 
no significant difference (p>0.05). 

The gradient effects of clear cell carcinoma was evaluated by alone 
or combined PF (cut-off point value of 136.88) and BV values (cut-off 
point value 32.17). The results showed that the parallel combination of 
PF and BV has highest sensitivity (96.15%); series combination of PF 
and BV has highest specificity (71.79%). BV values alone showed the 
highest Youden index (0.42) for diagnosis, and was still below the 0.5 
standard, indicating poor clinical utility. 

Evaluation of nuclear grading between conventional CT plain 
scanning and enhanced CT scanning 

The size of the low-grade clear cell carcinoma was 4.66 ± 2.07 cm, 
high-grade clear cell carcinoma was 5.35 ± 2.20 cm, and there was 
significant difference (p <0.05) but overlap between the two sets of 
data. Comparison of conventional CT features between low-grade and 
high-grade CCRCC was listed in Table 4. Conventional CT features 
of the tumor showed that in addition to fatty infiltration, there were 
no statistically differences in shape, necrosis, hemorrhage, calcification, 
invasion in renal pelvis and renal vein, and enhancement homogeneity 
between low-grade and high-grade CCRCC identification. 

Evaluation of low and high-grade clear cell carcinoma by 
joint conventional CT and CT perfusion 

We further selected fatty infiltration as a hierarchical standard in 
conventional CT, and based on this standard, PF and BV measurement 
values were used to identify different grading in clear cell carcinoma. In 
group with fatty infiltration, the area under the curve of PF and BV were 
0.912 and 0.819, respectively (Figure 4a) while in group without fatty 
infiltration, the area under the curve of PF and BV values were 0.403 
and 0.641, respectively (Figure 4b). The above data showed that the 
pre-stratification by whether there is fatty infiltration, can effectively 
increase the area under the ROC curve of the PF and BV. Based on 
alone or combined PF (cut-off point value of 139.46) and BV (cut­
off point value 33.33), the effects on renal cell carcinoma grading were 
evaluated in fatty infiltration group. The results showed that Youden 
index was greater than 0.5 whether single or joint PF and BV values 
were used for diagnosis; Youden index was highest (0.78) when single 
PF value was used for diagnosis. 

Discussion 
In this study, we found that the PV, PEI and BV values of the 

normal contralateral kidney were significantly higher than those of 
clear cell carcinoma. PF and BV value of low-grade clear cell carcinoma 
were lower than those of high-grade clear cell carcinoma. Combined 

Sensitivity (%) Specificity (%) Youden index 
BV 88.46 53.85 0.42 
PF 76.92 61.54 0.38 

Parallel combina-
tion 69.23 71.79 0.41 

Series combination 96.15 43.59 0.40 

Table 3: Evaluation of renal cell carcinoma grading by separate and joint use of 
BV and PF values. 

Feature Low-grade 
ccRCC(%) 

High-grade 
ccRCC(%) 

P 

Irregular margin 79.41(27/34) 80.00(16/20) 0.623 
Necrosis 82.35(28/34) 90.00(18/20) 0.366 
Hemorrhage 8.82(3/34) 5.00(1/20) 0.525 
Calcification 5.88(2/34) 0(0/20) 0.392 

Perinephric fatty in-
vasion 

8.82(3/34) 40.00(8/20) 0.012 

Renal pelvis inva-
sion 

11.77(4/34) 25.00(5/20) 0.188 

Renal vein invasion 8.82(3/34) 20.00(4/20) 0.221 
Enhancement ho-
mogeneity 

73.53(25/34) 90(18/20) 0.134 

Table 4: Comparison of Conventional CT Features for Low-Grade and High-Grade 
Clear Cell Renal Cell Carcinoma. 
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Figure 4: (a) Grading of renal cell carcinoma with fatty infiltration, the area under the curve of PF and BV were 0.912 and 0.819, respectively; (b) Grading of renal 
cell carcinoma without fatty infiltration, the area under the curve of PF and BV were 0.403 and 0.641, respectively. 

Sensitivity (%) Specificity (%) Youden index 
BV 88.46 53.85 0.42 
PF 76.92 61.54 0.38 

Parallel combination 69.23 71.79 0.41 
Series combination 96.15 43.59 0.40 

Table 5: Evaluation of renal cell carcinoma grading by separate and joint use of 
BV and PF values. 

conventional CT and CT perfusion can contribute to the evaluation of 
the grading of clear cell carcinoma. 

In contralateral kidney cortex, PF value was 185.42 ± 40.92 ml/ 
min/100g, BV was 44.33 ± 10.54 ml/100g, and PEI was 205.14 ± 
33.83 Hu, which was significantly higher than PF (32.56 ± 10.46 ml/ 
min/100g) BV (23.26 ± 13.34ml/100g), and PEI (54.02 ± 14.27 Hu) in 
kidney medulla. This is consistent with the blood supply of the kidney. 
The kidney is an organ rich in blood supply, with about 90% of its blood 
flow distributed in the cortex and 10% distributed in medulla. Therefore, 
significant differences exist between the cortex and medulla of normal 
kidney. Results from literature varied widely. Chen Y et al. [16], used the 
an 8-detector or a 16-detector of CT scanner (the LightSpeed Ultra, the 
LightSpeed Pro16; GE Healthcare Technologies), Advantage Windows 
4.2 and GE Healthcare Technologies workstation. Their PF value in 
normal renal cortex was 454.32 ± 110.90 ml/min/100 g. Squillaci E et 
al. [17], used a 64 multi-detector row CT scanner (LightSpeed VCT; 
GE Medical Systems, Milwaukee, USA), Advantage Windows 4.4 and 
GE Medical Systems, with PF value in normal lateral cortex of 393.8 ± 
59.01 ml/min/100 g. The results in their studies are significantly higher 
than that in our study. This is mainly because the research data were 
obtained from different scanners and perfusion software, especially in 
the differences in scanner sensitivity to delay [18]. 

The perfusion was different between clear cell carcinoma and 
contralateral Kidney cortex. The PF, PEI and BV of contralateral kidney 
cortex was significantly higher than those of renal cell carcinoma (p 
<0.05), which is consistent with the literature [16,19]. This is mainly 
because renal cell carcinoma lacks normal glomerular and tubular 
structure, and has malignant vascular characteristics: blood vessels 
within the tumor are rarely differentiated and matured, and show 
great differences in morphology, such as the rough structure, running 
disorder, often showing an irregular shape of the narrow, expansion 
and distortion; blood vessel wall is mostly thin with single layer of 
endothelial cells and large cell space, and the basement membrane 
is incomplete or missing; arteriovenous shunt is often existed in the 
tumor blood vessels, making the placeholder internal hemodynamic 
disturbances. Furthermore, the tumor growth was affected by a variety 
of factors such as inadequate nutrition supply and anti-tumor response 

[19]. These factors can reduce BF, PEI and BV values in cancer 
substantive, making lower perfusion in renal cell carcinoma compared 
with normal renal cortex. 

The PF and BV in low-grade clear cell carcinoma were statistically 
significant lower than those in high-grade clear cell carcinoma (p 
<0.05), which is similar to the perfusion in liver cancer grading 
performance [10]. Brain gliomas are different from tumors of the 
body organs [20], and there are difference in hemodynamic changes 
in tumors with different nature or different degree of differentiation. 
Higher tumor grade means higher malignancy, lower differentiation, 
more tumor angiogenesis, and less complete tumor vascular endothelial 
cells. Therefore, these characteristics should indirectly reflected by CT 
perfusion. No significant difference was found in PEI between low-
grade and high-grade tumor, and shows there is no obvious correlation 
between degree of enhancement and tumor grading. 

Combined use of conventional CT and perfusion imaging may 
contribute to the diagnosis of CCRCC grading. Compared with renal 
cell carcinoma grading, tumor size makes significant differences in 
various features of the conventional CT. Although tumor sizes with 
different grades are overlapping, small tumors may be high-grade and 
large tumors may also be low-grade. However, the overall trend is that 
tumor mean size increases with the increase in tumor grade. This is 
also consistent with the tumor evolution that tumor will acquire more 
and more invasive characteristics in tumor growth process. Apart from 
perirenal fatty infiltration, conventional CT characteristic morphology 
of the tumor, such as necrosis, cystic degeneration, hemorrhage, 
calcification, renal pelvis and renal vein violations, and enhanced 
heterogeneity make no statistical difference in identifying low-grade 
and high-grade CCRCC. Literature [7], reported that the tumor size, 
necrosis, and surrounding fat infiltration inspected by conventional 
MRI will help in diagnosis of high-grade clear cell carcinoma. We took 
fatty infiltration in conventional CT as a hierarchical standard: in group 
with fatty infiltration, the area under the curve of PF and BV were 0.912 
and 0.819, respectively; and in group without fatty infiltration, the area 
under the curve of PF and BV were 0.403 and 0.641, respectively. This 
indicates that pre-stratification with existence of fatty infiltration can 
effectively improve the sensitivity and specificity of the PF and BV in 
grading of clear cell carcinoma. 

Compared with the conventional CT, perfusion imaging can indeed 
provide more information about lesions, and its value is gradually being 
revealed. The scanning range of CT perfusion is limited. Therefore, it 
only reflects hemodynamics of part of the organ, and can not provide 
an accurate, real-time and full reflection on the organ. 
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Conclusion 
PF and BV values are significantly higher in high-grade CCRCC 

than in low-grade CCRCC, and their application will increase the ac­
curacy for detecting high-grade CCRCC than conventional CT dose 
alone. 
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