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Abstract
AIM: To evaluate the feasibility of low contrast medium 
and radiation dose for hepatic computed tomography 
(CT) perfusion of rabbit VX2 tumor.

METHODS: Eleven rabbits with hepatic VX2 tumor 
underwent perfusion CT scanning with a 24-h interval 
between a conventional tube potential (120 kVp) 
protocol with 350 mgI/mL contrast medium and filtered 
back projection, and a low tube potential (80 kVp) 
protocol with 270 mgI/mL contrast medium with iterative 
reconstruction. Correlation and agreement among 
perfusion parameters acquired by the conventional and 
low dose protocols were assessed for the viable tumor 
component as well as whole tumor. Image noise and 
tumor-to-liver contrast to noise ratio during arterial and 
portal venous phases were evaluated. 

RESULTS: A 38% reduction in contrast medium dose 
(360.1 ± 13.3 mgI/kg vs  583.5 ± 21.5 mgI/kg, P < 0.001) 
and a 73% decrease in radiation dose (1898.5 mGy • 
cm vs  6951.8 mGy • cm) were observed. Interestingly, 
there was a strong positive correlation in hepatic arterial 
perfusion (r  = 0.907, P  < 0.001; r  = 0.879, P  < 0.001), 
hepatic portal perfusion (r  = 0.819, P  = 0.002; r  = 0.831, 
P  = 0.002), and hepatic blood flow (r  = 0.945, P  < 0.001; 
r  = 0.930, P  < 0.001) as well as a moderate correlation 
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in hepatic perfusion index (r  = 0.736, P  = 0.01; r  = 0.636, 
P  = 0.035) between the low dose protocol with iterative 
reconstruction and the conventional protocol for the 
viable tumor component and the whole tumor. These two 
imaging protocols provided a moderate but acceptable 
agreement for perfusion parameters and similar tumor-
to-liver CNR during arterial and portal venous phases 
(5.63 ± 2.38 vs  6.16 ± 2.60, P  = 0.814; 4.60 ± 1.27 vs 
5.11 ± 1.74, P  = 0.587).

CONCLUSION: Compared with the conventional 
protocol, low contrast medium and radiation dose with 
iterative reconstruction has no significant influence on 
hepatic perfusion parameters for rabbits VX2 tumor.

Key words: Low radiation dose; Low concentration 
contrast medium; Perfusion computed tomography; 
Liver; VX2 tumor
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Core tip: We performed hepatic computed tomography 
(CT) perfusion of liver VX2 tumor in rabbits by using 
both conventional tube potential (120 kVp) protocol 
with 350 mgI/mL concentration contrast medium and 
low tube potential (80kVp) protocol with 270 mgI/mL 
concentration contrast medium at a 24-h interval. This 
study demonstrated that there were a 38% reduction in 
contrast medium consumption and a 73% reduction in 
radiation dose for low dose protocol without significant 
influence on the hepatic perfusion parameters. It is 
promising that hepatic CT perfusion with low contrast 
medium dose and tube potential protocol may be 
clinically used to decrease radiation dose and the risk 
of contrast-induced nephropathy.

Zhang CY, Cui YF, Guo C, Cai J, Weng YF, Wang LJ, Wang 
DB. Low contrast medium and radiation dose for hepatic 
computed tomography perfusion of rabbit VX2 tumor. World J 
Gastroenterol 2015; 21(17): 5259-5270  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v21/i17/5259.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v21.i17.5259

INTRODUCTION
Angiogenesis is essential for tumor growth and 
metastasis, and has significant implications in the 
diagnosis and treatment of solid tumors. Functional 
computed tomography (CT) perfusion of the liver was 
first introduced in 1991, and has been reported to 
provide quantitative assessment of tumor angiogenesis 
with high spatial resolution[1]. This multi-detector row 
technique has the potential to identify the dynamic 
features of contrast agents passing through the tumor 
neovessels with high temporal resolution[2]. However, 
application of functional CT perfusion is limited in 
routine clinical practice due to concerns regarding the 

relatively high radiation dose and contrast-induced 
nephropathy[3,4].

To date, many techniques have been used for 
radiation dose reduction, mainly including automatic 
exposure control (AEC), tube current adjustment, and 
tube potential optimization. Although AEC was shown 
to achieve acceptable image quality with effectively 
reduced radiation dose, it may be less effective in small 
patients[5]. Low tube potential is closer to the iodine 
K-edge of 33 keV, which increases the contrast of 
iodine. This technique enhances the iodinated contrast 
medium and therefore reduces the administered 
contrast medium dose. However, low tube potential 
may increase image noise during abdominal CT 
scanning[6].

A new method for noise reduction has been recently 
developed for clinical use. With this new algorithm 
called iterative reconstruction, image data are 
corrected with a system of models to improve image 
noise. Multiple studies have assessed the iterative 
reconstruction with the aim to reduce the radiation 
dose and improve image quality[7,8]: this technique 
achieved diagnostic image quality with a CT dose 
index reduction of 32%-65%. A previous report found 
that combination of low tube potential and 40% hybrid 
iterative algorithm yielded a dramatic decrease in both 
radiation dose and contrast medium administration for 
hepatic CT scanning without compromising the image 
quality[9]. To our knowledge, no study has reported 
the use of low tube potential in combination with 
iterative reconstruction and low concentration contrast 
medium for hepatic CT perfusion. We hypothesized 
that CT perfusion could be performed to assess the 
angiogenesis of hepatic VX2 tumor in rabbits by using 
a combination of 80 kVp tube potential with 270 mgI/
mL contrast medium and iterative reconstruction. 

Therefore, this study aimed to evaluate the 
feasibility of low radiation dose and low concentration 
contrast medium in quantitative assessment of liver 
VX2 tumor in rabbits with implementation of iterative 
reconstruction on a 256-slice CT. 

MATERIALS AND METHODS
Ethics statement
This study was carried out in strict accordance with 
the recommendations in the Guide for the Care and 
Use of Laboratory Animals of the National Institutes 
of Health. The protocol was approved by the Ethics 
Committee of Xinhua Hospital Affiliated to Shanghai 
Jiao Tong University School of Medicine (Approval No, 
XHEC-F-2013-016). All surgery was performed under 
ketamine hydrochloride and xylazine anesthesia, and 
animal suffering was minimized.

Experimental animal model 
Twelve adult New Zealand white rabbits (Xinhua 
Hospital Laboratory Animal Center) weighing between 
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2.88 and 3.15 kg were implanted with a hepatic VX2 
tumor using methodology similar to Kim et al[10]. Three 
weeks after implantation, the tumor size was expected 
to be approximately 3 cm. Non-contrast enhanced 
CT scanning was performed for the 12 experimental 
rabbits to evaluate the tumor size. No tumor was 
observed in the liver of one experimental rabbit. The 
tumor sizes for the remaining eleven rabbits were 3.3 
± 0.43 cm, ranging from 2.8 to 3.8 cm. One daughter 
nodule (0.51 cm in size) adjacent to the main tumor 
was detected in the liver of one rabbit. The eleven 
main tumors were evaluated in the perfusion CT study.

Perfusion CT and contrast medium administration 
protocols
Before perfusion CT scan, each rabbit was anesthetized 
by intramuscular injection of 25 mg/kg body weight 
ketamine hydrochloride (Ketamine, Fujian, China) and 
0.1 mL/kg 2% xylazine (Lu mian ning, Jilin, China). A 
24-gauge cannula was inserted into the auricular vein. 
The rabbit was fixed on a board in supine position 
and properly covered with a bandage on the belly to 
minimize the respiratory motion. 

Eleven rabbits were examined with a 256-slice CT 
scanner (Brilliance iCT; Philips Healthcare, Cleveland, 
Ohio). Repeated perfusion CT scanning of the upper 
abdomen was performed by using two different 
protocols: (1) conventional tube potential (120 kVp, 
100 mAs) and concentration contrast medium (5 
mL omnipaque at 350 mgI/mL); and (2) low tube 
potential (80 kVp, 80 mAs) and low concentration 
contrast medium (4 mL, visipaque at 270 mgI/ml). 
We used 80 kVp and 80 mAs setting as low radiation 
dose scanning protocol, based on Verdun et al[11] 
recommendation regarding low radiation dose CT scan 
protocol for pediatric patients with body weight from 
2.5 to 5 kg. The dedicated perfusion scanning protocol 
with 8 cm wide coverage in one gantry rotation was 
used for whole liver perfusion CT. A 24-h interval was 
allowed between the use of low and conventional 
dose protocols for each rabbit. Iohexol (Omnipaque 
350 mgI/mL, GE healthcare, Shanghai, China) and 
Iodixanol (visipaque, 270 mgI/ml, GE healthcare, 
Cork, Ireland) for conventional and low dose protocols, 
respectively, were administered through the auricular 
vein with a power injector (Mallinckrodt, Liebel-
Flarseim Company, United States) at the rate of 1.5 
mL/s. The perfusion CT scanning of the entire liver 
began at 2 s before bolus injection of contrast medium 
and continued for 90 s (gantry cycle time: 1.5 s, 
gantry cycle: 60 times). The scanning parameters 
were as follows: hepatic perfusion mode with field of 
view (FOV) 15 cm; slice thickness, 1.5 mm; no gap; 
matrix size, 512 × 512.

CT image reconstruction and perfusion quantification 
Conventional 120 kVp (protocol A) image data were 

reconstructed using the filtered back projection (FBP) 
algorithm. Images obtained from 80 kVp imaging 
were reconstructed by using the hybrid iterative 
reconstruction algorithm (protocol B) and FBP (protocol 
C). The level of hybrid iterative reconstruction was 
selected as 40% that theoretically provides 40% noise 
reduction for abdominal CT image data. 

The perfusion images were transferred to the 
dedicated post-processing workstation (Extended 
Brilliance Workspace, V4.5.3, Philips Healthcare) for 
functional analysis using the maximum slope method. 
The region of interest (ROI) was placed on the 
abdominal aorta at the level of hepatic hilum, the main 
portal vein and the cortex of right kidney, to generate 
time-density curve (TDC). The rabbit’s relative small 
spleen cannot be easily identified; therefore, we 
selected the right renal cortex to differentiate the 
arterial and portal venous phases[12]. A radiologist (YFC) 
with 4 years of abdominal CT interpretation experience 
manually drew the ROI, outlining the contour of the 
whole tumor as well as the portion of viable tumor with 
the most marked enhancement. All measurements 
were performed three times. Three ROIs each with 
50 mm2 area were drawn on the hepatic lobe without 
tumor, avoiding the large vessels. Each ROI on the 120 
kVp images was matched with that on 80 kVp images 
as much as possible. Subsequently, hepatic blood 
flow (HBF), hepatic arterial perfusion (HAP), hepatic 
portal perfusion (HPP), and hepatic perfusion index 
(HPI) for the whole tumor, viable tumor and normal 
liver parenchyma were automatically calculated with 
protocols A, B and C.

Lesion-to-liver contrast-to-noise ratio analysis
Three ROIs each with 50 mm2 area were drawn on 
the hepatic parenchyma without tumor, avoiding large 
vessels at the level of maximum tumor diameter. The 
normal liver attenuation (ROIliver) was defined as the 
mean CT value of the three ROIs. The mean tumor 
attenuation (ROItumor) was assessed by manually placing 
circle or ovoid ROIs as much as possible to encompass 
the enhanced portion of the tumor in three consecutive 
scanning slices. The lesion-to-liver contrast-to-noise ratio 
(CNR) was calculated using the following equation: CNR 
= (ROItumor-ROIliver)/SDnoise, where ROIliver is the mean 
attenuation of normal hepatic parenchyma; ROItumor 

is the mean attenuation of viable tumor component; 
and SDnoise is measured as the standard deviation of 
the pixel values from a circular or ovoid ROI drawn in 
the subcutaneous fat of the abdominal wall at the level 
of maximum tumor diameter[13]. All measurements 
were performed in both the hepatic arterial and portal 
venous phases; namely, CNR in the arterial phase 
(CNRHAP) and portal venous phase (CNRPVP) were both 
obtained. The timings of arterial and portal venous 
phases were defined as 11 s and 25 s, respectively, after 
enhancement in the aorta reached 100 HU[10]. 
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strong positive relationship[14]. Bland-Altman plots 
were employed to evaluate the agreement of perfusion 
parameters between protocols A and B. Dunnett 
test was used to compare the noise, CNR, and CT 
values for ROI in the three sets of perfusion CT, with 
protocol A used as a control. All statistical analyses 
were performed with SPSS version 15.0 for Microsoft 
Windows (SPSS, Inc., Chicago, IL) and the Medcalc 
software (Ostend, Belgium). 

RESULTS 

Capability of perfusion parameters obtained with 
protocols A and B for detecting liver VX2 tumor in 
rabbits
Perfusion CT was successfully performed in all 11 
rabbits (Figure 1). Figure 2 shows that perfusion 
parameters for both viable tumor and whole tumor 
were significantly higher compared with those 
obtained for the normal liver parenchyma with pro
tocols A and B, respectively (P < 0.05). However, no 
significant differences in HPP among viable tumor, 
whole tumor, and normal liver parenchyma were 
obtained using protocols A and B (P = 0.421 and 
0.251, respectively). Therefore, a Dunnett test was 
not performed for this group.

Similarly, analysis of variance showed that there 

Histopathology and immunohistochemistry
After perfusion CT with low and conventional dose 
protocols, rabbits were sacrificed by injection of 
xyazine overdose (Lu mian ning, Jilin, China). Then, 
liver tissues were sliced into 1 mm thick sections in the 
orientation matching the CT scanning. The specimens 
were fixed with formalin for 24 h, embedded in 
paraffin and stained with hematoxylin and eosin, anti-
CD31 and anti-vascular endothelial growth factor 
(VEGF) antibodies. The histological characterization of 
tumor was assessed by a pathologist (XY W).

Statistical analysis
All numeric values are expressed as mean ± stan
dard deviation (SD). To compare CT perfusion 
parameters in whole tumor, viable tumor, and normal 
liver parenchyma for protocols A, B and C, one-way 
analysis of variance (ANOVA) was used. P < 0.05 was 
considered statistically significant. If a statistically 
significant difference was obtained, the Dunnett test 
was performed with protocol A serving as a control. 
Correlations among perfusion parameters for the whole 
tumor, viable tumor, and normal liver parenchyma 
measured in protocols A and B were assessed by 
Pearson correlation analysis. A correlation coefficient 
(r) between 0.5 and 0.8 indicated a moderate positive 
relationship; r ranging from 0.81 to 1.0 indicated a 

Figure 1  Computed tomography perfusions using both 80 kVp protocol with iterative reconstruction (4 mL Visipaque 270, 354.1 mgI/kg) and 120 kVp 
protocol with filtered back projection (5 mL Omnipaque 350, 573.8 mgI/kg) at a 24-h interval were performed for liver VX2 tumor in a rabbit (body weight, 3.05 
kg). A-D: Pseudocolor perfusion maps with the 80 kVp protocol and iterative reconstruction for HAP, HPP, HBF and HPI, respectively; E-H: Pseudocolor perfusion 
maps with the 120 kVp protocol and FBP for HAP, HPP, HBF, and HPI, respectively; I,J: Arterial phase images obtained using the 80 kVp protocol with iterative 
reconstruction and 120 kVp protocol reveal a markedly enhanced mass with central necrotic change, respectively. Computed tomography perfusion maps obtained 
using low tube potential with low concentration contrast medium depict a hypervascular mass with central hypovascular component, which is comparable to that 
obtained using the conventional tube potential and concentration contrast medium protocol. IR: Iterative reconstruction; FBP: Filtered back projection; HAP: Hepatic 
arterial perfusion; HPP: Hepatic portal perfusion; HBP: Hepatic blood flow; HPI: Hepatic perfusion index. 

A B C D

E F G H

I J
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were no significant differences among protocols A, B 
and C with regard to HAP, HPP, HBF and HPI for normal 
liver, viable tumor component and whole tumor (P > 
0.05; Table 1). 

Correlation and agreement among perfusion parameters 
obtained using protocols A and B
HAP (r = 0.577, P = 0.031), HPP (r = 0.527, P = 0.048), 

HBF (r = 0.583, P = 0.03), and HPI (r = 0.531, P = 
0.046) for normal liver parenchyma at 80 kVp with the 
iterative reconstruction protocol showed a moderate 
positive correlation with values measured at 120 kVp. 

As shown in Figure 3, strong positive correlations 
were obtained in HAP (r = 0.907; P < 0.001), HPP (r 
= 0.819; P = 0.002) and HBF (r = 0.945; P < 0.001) 
values for viable tumor between protocols A and B. 
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Figure 2  Box-and-whisker plots of hepatic arterial perfusion (A), hepatic portal perfusion (B), hepatic blood flow (C) and hepatic perfusion index (D) values 
were obtained with the 80 kVp protocol and iterative reconstruction and 120 kVp protocol to assess the difference in perfusion parameters among normal 
liver parenchyma, viable tumor and whole tumor (Donnut test, normal liver parenchyma set as control). Center lines in box represent mean HAP, HPP, HBF 
and HPI values with upper and lower box margins denoting maximum and minimum percentile of values, respectively. Whiskers gives the range of values. IR: Iterative 
reconstruction; HAP: Hepatic arterial perfusion; HPP: Hepatic portal perfusion; HBP: Hepatic blood flow; HPI: Hepatic perfusion index; HBF: Hepatic blood flow.
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Table 1  Perfusion parameters for normal parenchyma, viable tumor component and whole tumor (n  = 11) obtained using protocols A, 
B and C

HAP (mL/min per 100 mg) HPP (mL/min per 100 mg) HBF (mL/min per 100 mg) HPI (%)

Normal liver 120 kVp 31.27 ± 9.22 99.44 ± 22.99 130.71 ± 31.08 23.60 ± 3.99
80 kVp IR 28.38 ± 9.45   97.5 ± 22.11 125.93 ± 29.19 22.24 ± 4.55
80 kVp   28.5 ± 9.56 97.56 ± 22.02 125.96 ± 29.35 22.20 ± 4.34
P value 0.721 0.974 0.912 0.699
Viable tumor
120 kVp 112.68 ± 50.22 82.67 ± 25.21 195.36 ± 72.38 56.65 ± 6.42
80kVp IR 108.94 ± 43.35 83.83 ± 25.04 192.77 ± 63.56 55.66 ± 6.90
80 kVp 106.76 ± 42.99 83.91 ± 25.36 192.49 ± 64.08 55.46 ± 7.23
P value 0.954 0.992 0.994 0.909
Whole tumor
120 kVp 102.06 ± 45.53 81.65 ± 25.55 183.71 ± 68.66 54.60 ± 6.01
80 kVp IR   96.71 ± 38.69 81.99 ± 22.79 178.70 ± 57.81 53.10 ± 6.71
80 kVp   99.48 ± 40.32 83.37 ± 23.11 182.85 ± 59.63 53.22 ± 7.03
P value 0.956 0.984 0.980 0.842

Data are expressed as mean ± SD. HAP: Hepatic arterial perfusion; HPP: Hepatic portal perfusion; HBF: Hepatic blood flow; HPI: Hepatic perfusion index; 
IR: Iterative reconstruction.
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Figure 3  Correlation and agreement of perfusion parameters for viable tumor component obtained using the 80 kVp protocol with iterative reconstruction 
(low radiation dose and concentration contrast medium) and 120 kVp protocol with filtered back projection (conventional radiation dose and concentration 
contrast medium). A: HAP; B: HPP; C: HBF; D: HPI; E: HAP-HAP; F: HPP-HPP; G: HBF-HBF; H: HPI-HPI. IR: Iterative reconstruction; HAP: Hepatic arterial 
perfusion; HPP: Hepatic portal perfusion; HBF: Hepatic blood flow; HPI: Hepatic perfusion index.
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HPI (r = 0.736; P = 0.01) for viable tumor determined 
with protocol A showed a moderate positive correlation 
with the value measured with protocol B. Bland-Altman 
plots for viable tumor yielded mean differences of -3.7 
for HAP (95% limits of agreement, -45.5 to 38 mL/min 
per 100 mg), 1.2 for HPP (95% limits of agreement, 
-28.4 to 30.8 mL/min per 100 mg), -2.6 for HBF 
(95% limits of agreement, -50.0 to 44.8 mL/min per 
100 mg), and 1.0 for HPI (95% limits of agreement, 
-15.2% to 13.3%), which did not differ significantly 
from zero. In clinical interpretation, the 95% limits 
of agreement may lead to misinterpretation of tumor 
angiogenesis and liver perfusion in few cases, and are 
therefore considered to be a moderately acceptable 
agreement. For example, all points were located within 
95% limits of agreement values (Figure 3), and HPI 
at 80 kVp with iterative reconstruction differed from 
HPI at 120 kVp by 15.2% below and 13.3% above; 
with mean value of these two HPIs being 56.16%, the 
misinterpretation of tumor perfusion may occur in few 
atypical cases. 

Similarly, correlation and agreement data among 
perfusion parameters for whole tumor between 
protocols A and B are shown in Figure 4. HAP, HPP 
and HBF determined with protocol A showed a strong 
positive correlation with values measured at 80 kVp. 
There was a moderate positive correlation for HPI of 
whole tumor between protocols A and B. Bland-Altman 
plots suggested a moderate acceptable agreement for 

these perfusion parameters between protocols A and B. 

Quantitative image analysis
As shown in Table 2, the CT values obtained for normal 
liver parenchyma in arterial and portal venous phases 
with protocols B and C were significantly different from 
those obtained with protocol A (P < 0.05). However, 
there was no significant difference among protocols 
A, B and C for the same parameters of viable tumor 
in arterial and portal venous phases, respectively (P 
> 0.05). Image noises in arterial and portal venous 
phases with protocol C were 70% and 63% higher 
than values obtained with protocol A (13.85 ± 1.05 HU 
vs 8.16 ± 0.95 HU, P < 0.001; 13.47 ± 1.27 HU vs 8.27 
± 1.17 HU, P < 0.001, respectively). In comparison 
with image noises determined by protocol C, 80 kVp 
with iterative reconstruction reduced 33% and 29% 
of image noises in arterial and portal venous phases 
(9.31 ± 0.94 HU vs 13.85 ± 1.05 HU; 9.50 ± 0.93 HU 
vs 13.47 ± 1.27 HU, respectively). However, there was 
a significant difference in image noises during arterial 
and portal venous phases between protocols B and A 
(9.31 ± 0.94 HU vs 8.16 ± 0.95 HU, P = 0.019; 9.50 
± 0.93 HU vs 8.27 ± 1.17 HU, P = 0.031). There was 
no significant difference between protocols B and A 
in tumor-to-liver CNR values during both arterial and 
portal venous phases (P = 0.814, P = 0.587), while 
CNR values obtained with protocol C significantly 
differed from those measured with protocol A (P = 
0.048, P = 0.004). 

Contrast medium consumption
The mean values of contrast medium dose delivered 
for the 80 kVp and 120kVp protocols were 360.1 ± 
13.3 and 583.5 ± 21.5 mgI/kg, respectively (P < 
0.001). Low tube potential allowed a 38% decrease in 
contrast medium dose in comparison with conventional 
tube potential (Table 3).

Histopathology and immunohistochemical findings
Figure 5 illustrates the histopathological features of 

Table 2  Quantitative image analysis (n  = 11)

P value

80 kVp with IR 80 kVp 120 kVp 80 IR vs  120 80 vs  120

Normal liver
Arterial phase (HU) 78.88 ± 7.1 78.61 ± 7.27   71.57 ± 6.93 0.041    0.049
Portal venous phase (HU) 129.00 ± 5.70 129.5 ± 5.67 120.34 ± 5.26 0.002    0.001
Viable tumor
Arterial phase (HU)   131.68 ± 24.24 131.74 ± 24.29   122.15 ± 23.25 0.552    0.549
Portal venous phase (HU)     86.05 ± 12.82   87.77 ± 13.39     79.43 ± 10.59 0.357    0.211
Noise
NoiseHAP (HU)     9.31 ± 0.94 13.85 ± 1.05     8.16 ± 0.95 0.019 < 0.001
NoisePVP (HU)     9.50 ± 0.93 13.47 ± 1.27     8.27 ± 1.17 0.031 < 0.001
CNR
CNRHAP     5.63 ± 2.38   3.88 ± 1.82     6.16 ± 2.60 0.814    0.048
CNRPVP     4.60 ± 1.27   3.16 ± 1.04     5.11 ± 1.74 0.587    0.004

Data are expressed as mean ± SD. CNR: Tumor-to-liver contrast-to-noise ratio; IR: Iterative reconstruction.

Table 3  Contrast medium consumption (n  = 11)

80 kVp 120 kVp P  value

Body weight (kg)     3.0 ± 0.11     3.0 ± 0.11
Concentration of contrast 
medium (mgI/mL)

270 350

Volume of contrast 
medium (mL)

    4     5

Contrast medium dose 
(mgI/kg)

360.1 ± 13.3 583.5 ± 21.5 < 0.001

Data are expressed as mean ± SD.
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Figure 4  Correlation and agreement of perfusion parameters for whole tumor obtained using the 80 kVp protocol with iterative reconstruction (low 
radiation dose and concentration contrast medium) and 120 kVp protocol with filtered back projection (conventional radiation dose and concentration 
contrast medium). A: HAP; B: HPP; C: HBF; D: HPI; E: HAP-HAP; F: HPP-HPP; G: HBF-HBF; H: HPI-HPI. IR: Iterative reconstruction; HAP: Hepatic arterial 
perfusion; HPP: Hepatic portal perfusion; HBF: Hepatic blood flow; HPI: Hepatic perfusion index.
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hepatic VX2 tumor in rabbits. The epithelial cells in 
tumor microvessels were stained brown with anti-
CD31 and protoplasm of tumor cells was stained 
brown with anti-VEGF. In addition, microvessels were 
heterogeneously distributed within the tumor and 
showed a predominantly peripheral distribution. These 
findings were correlated with perfusion CT images.

Radiation dose
Radiation doses were automatically measured by the 
CT scanner during scanning. The radiation dose for the 
80 kVp group was 73% lower than that used in the 120 
kVp group (CTDIvol: 237.31 mGy, DLP: 1898.5 mGy • 
cm vs CTDIvol 868.98 mGy, DLP 6951.8 mGy • cm). 

DISCUSSION 

Our data revealed that perfusion parameters (HAP, HBF 
and HPI) of viable tumor component and whole tumor 
obtained by a 256-slice CT scanner using 80 kVp and 
conventional 120 kVp protocols were significantly higher 
than those of normal liver parenchyma, indicating a 
successful detection of all liver tumors in experimental 
rabbits. Slightly lower mean HPP values were measured 
for viable tumor and whole tumor in comparison with 
tumor free liver parenchyma. Consistent with previous 
experimental and clinical studies, HAP and HPI in both 
hepatocellular carcinoma and hepatic metastases were 

significantly elevated[2,15-18]. As a result of increased 
formation of new blood vessels from the hepatic artery 
during angiogenesis, which was also observed in our 
immunohistochemical analysis of tumor specimen, 
hepatic arterial flow in the region of viable tumor was 
increased. Moreover, owing to obstruction, stenosis 
and compression of the hepatic sinusoidal capillaries, 
the increased intrahepatic resistance contributed to 
decreased portal venous flow. This indicated that the 
blood supply of rabbit liver VX2 tumor mainly derived 
from arterial rather than portal venous circulation, 
which resulted in increased HPI. Consequently, 
compared to 120 kVp with conventional concentration 
contrast agent protocol, we believed that 80 kVp with 
low concentration contrast agent protocol has similar 
capability in providing valuable information for rabbit 
liver VX2 tumor identification. 

In the past few years, with the development of 
imaging technique, perfusion CT has played a vital 
role in quantitatively assessing the perfusion of 
abdominal organs and lesions. However, the relatively 
high radiation dose limits the wide application of 
this functional image modality[19]. The low-kVp 
technique allows a sharp decrease in radiation dose 
(proportionally to the square of tube voltage) and 
increase in the attenuation of iodinated contrast 
agent[20-23]. Previous studies have reported that the 
delivered dose of the contrast agent is closely related to 

Figure 5  Histological and immunohistochemical micrographs of hepatic VX2 tumor. A: Tumor tissue stained with hematoxylin and eosin (magnification × 400) 
demonstrates that the normal hepatic sinusoidal capillary disappeared and was replaced by a large amount of tumor cells; B: CD31 staining of tumor tissue shows the 
formation of new microvessels with incomplete layer of endothelial wall (arrows, magnification × 400); C: Vascular endothelial growth factor staining of tumor tissue 
depicts positive expression in the cytoplasm of tumor cell (arrows, magnification × 400).
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contrast-induced nephropathy and affects the mortality 
rate in patients with acute myocardial infarction[24-27]. 
In our study, the use of 80 kVp with 40% iterative 
reconstruction protocol offers a 73% reduction of the 
radiation dose with a 38% decrease in contrast agent 
concentration in comparison with the conventional 120 
kVp protocol. Thus, the low tube potential protocol 
may reduce the risk of contrast-induced nephropathy. 
Another important finding was the positive correlation 
among perfusion parameters between the 80 kVp and 
120 kVp protocols. Despite the low concentration of 
contrast medium administrated in the 80kVp protocol, 
the latter achieved highly positive correlations for 
HAP, HPP, and HBF, and moderate positive correlation 
for HPI in viable tumor and whole tumor compared 
with the conventional 120 kVp protocol. It has 
been suggested that correlation coefficient may not 
reflect the level of agreement and cannot be used to 
explain the possibility of interchangeability between 
two methods of measurements[28]. In order to avoid 
systematic bias, Bland-Altman analysis of perfusion 
parameters was performed for the whole tumor and 
viable tumor component between the two image 
settings, and a moderate acceptable agreement was 
obtained. Therefore, perfusion CT with low radiation 
dose and low concentration of contrast agent may be 
more helpful in evaluating tumor angiogenesis and 
blood perfusion in comparison with the conventional 
protocol. 

The iterative reconstruction algorithm has been 
routinely applied in the field of nuclear imaging and 
was introduced in the past six years to reduce the 
noise and artifacts of image for MDCT with the advance 
in computer technology[29]. We found that 80 kVp with 
40% iterative reconstruction decreases image noise 
by 33% in hepatic arterial phase and 29% in hepatic 
portal venous phase. Iterative reconstruction algorithm 
allows similar tumor-to-liver CNR (P > 0.05) in hepatic 
arterial and portal venous phases, compared with 120 
kVp with the FBP algorithm. However, Marin et al[13] 

reported that low tube voltage and high tube current 
CT technique increases the tumor-to-liver CNR and 
improves the conspicuity of malignant hypervascular 
liver tumors during late hepatic arterial phase (12). 
This discrepancy can mainly be explained by the 38% 
lower dose of contrast media used in our study. At the 
same tube potential setting and lower contrast agent 
delivered, less lesion enhancement was obtained. 
These findings indicate that the iterative reconstruction 
algorithm together with 80 kVp tube potential and low 
contrast medium dose dramatically reduced image 
noise with similar conspicuity of tumor, compared with 
FBP algorithm used in combination with 120 kVp and 
conventional contrast medium dose (Figure 6).  

This study has several limitations. First, a relatively 
small number of rabbits was involved, which might 
limit the statistical significance. Second, we only 
performed one level of hybrid iterative reconstruction. 

Figure 6  Computed tomography perfusions using both 80 kVp protocol with iterative reconstruction (4 mL Visipaque 270, 354.1 mgI/kg) and 120 kVp 
protocol with filtered back projection (5 mL Omnipaque 350, 573.8 mgI/kg) at a 24-h interval were performed for liver VX2 tumor in a rabbit (body weight, 3.05 
kg). A: Arterial phase image (80 kVp protocol); B: Portal venous phase image (80 kVp protocol); C: Arterial phase image (120 kVp protocol); D: Portal venous phase 
image (120 kVp protocol).
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Although an increased level of iterative reconstruction 
might result in a more pronounced decrease of image 
noise, Leipsic et al[30] reported that a high level of 
iterative reconstruction causes loss of image nature. 
Third, imaging was set for the low dose radiation 
protocol based on body weight recommendation; 
however, body size such as body mass index and cross 
sectional diameter are key points to assessing image 
noise and CNR as well[31]. Combination of body size and 
body weight may offer more accurate measurements 
of perfusion parameters in further studies. Fourth, 
rabbit liver VX2 is a hypervascular tumor model with 
only one input blood supply, and the use of low dose 
protocol in evaluating hepatic metastatic tumors 
might be limited. Fifth, our low concentration contrast 
medium and radiation dose protocol was implemented 
using a rabbit model, and clinical application with 
patients’ larger body weight and body size could pose a 
challenge. The low dose radiation and contrast medium 
protocol needs to be modified for patient suitability 
in further clinical research. In addition, we performed 
maximum slope perfusion CT, which was reported to 
possibly underestimate hepatic perfusion, especially 
for portal venous perfusion[32]. Finally, we present the 
correlation and agreement of HAP, HPP, HBF and HPI 
and did not evaluate other useful parameters such as 
hepatic permeability of capillary vessel surface (PS), 
hepatic blood volume, mean transit time, because 
these measurements were not achievable in the 
maximum slope perfusion CT protocol. 

In conclusion, perfusion CT with low tube potential 
and low concentration contrast agent can dramatically 
decrease radiation dose and image noise with similar 
conspicuity of tumor compared to conventional tube 
potential with conventional concentration contrast 
medium and does not significantly influence perfusion 
parameters for liver VX2 tumor in rabbits. Therefore, 
the proposed protocol has a potential for clinical use 
in evaluating hepatic tumor angiogenesis and the 
response of anti-angiogenesis therapy.

COMMENTS
Background 
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assessing the perfusion of abdominal organs and lesions. However, concerns 
regarding the relatively high radiation dose and contrast-induced nephropathy 
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emerged as a robust tool to dramatically decrease the radiation dose without 
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