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  Multidetector row computed tomography (MDCT) provides 

anatomical information about the kidney and other internal 

organs. Presently, the suitability of 64-channel MDCT to 

assess the kidney of healthy micropigs was evaluated. 

Morphological evaluations of the kidney and the major 

renal vessels of six healthy micropigs were carried out using 

MDCT, recording kidney volume and the diameter and 

length of renal arteries and veins. The mean diameters and 

lengths of the renal artery were 0.44 ± 0.05 and 4.51 ± 0.55 

cm on the right side and 0.46 ± 0.06 and 3.36 ± 0.27 cm on the 

left side, respectively. The mean diameters and lengths of the 

renal vein were 1.44 ± 0.52 and 4.22 ± 1.29 cm on the right 

side and 1.38 ± 0.17 and 5.15 ± 0.87 cm on the left side, 

respectively. The mean volume of the right kidney was 79.3 

± 14.5 mL and of the left kidney was 78.0 ± 13.9 mL. The 

data presented in this study suggest that the MDCT offers a 

noninvasive, rapid, and accurate method for the evaluation 

of the renal anatomy in living kidney donors. It also provides 

sufficient information about extra-renal anatomy important 

for donor surgery and determination of organ suitability.
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Introduction 

Transplantation is used to treat fulminate organ failure, 
but severe shortages in the availability of suitable human 
donors have limited the application of organ transplants 
[4]. This donor shortage has stimulated interest in the 

possible use of animal organs for transplantation into humans. 
Animal-to-human transplantation (xenotransplantation) 
would offer an unlimited supply of organs and tissue for 
transplantation. Pigs are the most likely source animals for 
xenotransplantation due to their anatomical and physiological 
similarities with humans [1]. Additionally, the pig can be 
raised to obtain large numbers of specific-pathogen-free 
animals. The reproductive properties of pigs such as early 
sexual maturity, short gestation time, and generation of 
large litters can allow a large pool of animal donors for 
xenotransplantation [18]. The ability to genetically modify 
the pig also allows modification of the targets of the human 
immune response and amelioration of some aspects of the 
rejection process without directly affecting the recipient’s 
immune system. 

In order to transplant swine organs into humans, physiological 
or anatomical comparison and analyses are essential in the 
investigation of whether an individual donor organ is suitable 
to a prospective patient. However, an appropriate method 
for estimating micropig organs has not been established. 
This study examined the feasibility of evaluating the kidney 
and its related major vessels using multidetector row computed 
tomography (MDCT) in micropigs. In recent years, major 
technological improvements have been achieved in CT. 
The most significant development has been the introduction 
of MDCT, which has brought about substantial improvements 
in spatial and particularly temporal resolution [3,6]. The 
present study examined the feasibility of MDCT on 
evaluation of kidney and renal vascular system of micropig 
as a potential renal donor. 

Materials and Methods

Animals
All experimental protocols were approved by the Ethics 
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Fig. 1. (A) Posteroanterior views of the coronal maximum 
intensity projection image and (B) the volume-rendered image 
showing both the single right and left renal arteries (arrows). 
IVC: inferior vena cava; RK: right kidney; LK: left kidney; RV: 
right renal vein; LV: left renal vein.

Committee of Chonnam National University (CNU IACUC- 
YB-2008-29). The study was conducted on six male Yucatan 
micropigs purchased from PWG Genetics Korea (Korea). 
The micropigs were physically healthy. They were housed 
in individual cages at the central animal facility and received 
a standard pig meal ad libitum. The mean age and body weight 
of the micropigs was 360 days and 30.50 ± 1.24 kg, respectively. 
Before the CT imaging procedures, all animals were fasted 
for a minimum of 24 h. Before MDCT image acquisition, 
the animals were premedicated using an intramuscular 
injection of azaperone (0.5 mg/kg) and xylazine (8 mg/kg), 
and anesthetized with an intramuscular injection of a 
zolazepam/tiletamine cocktail (4.4 mg/kg). 

MDCT protocol
CT examination was performed on a 64-channel multi- 

detector row helical CT scanner (Lightspeed VCT; GE 
Healthcare, USA) with following parameters: 0.5 sec per 
rotation, 5 mm collimation, pitch of 0.984 : 1, and tube 
current of 120 kV per 140∼200 mAs. For administration 
of intravenous contrast material, a 20-gauge peripheral line 
was inserted in an ear vein. After a scout CT image was 
obtained, arterial phase volumetric image data sets were 
acquired 15 sec after the start of an intravenous injection of 
60 mL of a nonionic contrast agent (Ultravist 370; Schering 
AG, Germany) at an injection rate of 3 mL/sec using an 
automated injector (LF CT 9000; Liebel-Flarsheim, USA). 
All image acquisitions were obtained in the craniocaudal 
direction and in the supine position. The imaging volume 
in arterial phase imaging extended from above the kidneys 
to just below the common iliac arteries. The volumetric 
data sets were then transferred to workstation (GE Advantage 
Workstation 4.3; GE Healthcare, USA) equipped with three- 
dimensional (3D) software (Volume Viewer Plus; GE 
Healthcare, USA) for subsequent review. Transverse 0.625 
mm-thick sections were reformatted into maximum intensity 
projection images and volume rendered images. 

Image analysis 
One radiologist reviewed the CT images at the workstation. 

The reviewer used source images as well as 3D display 
images. For 3D CT angiography, volume-rendering techniques 
were usually used, but maximum-intensity-projection rendering 
was also used as an adjunct display. Renal arterial and venous 
anatomy was evaluated primarily on arterial phase images. 
The number and origin of renal arteries, the presence of 
early branching arteries, and any intrinsic renal artery disease 
was recorded. Renal venous anatomy was evaluated for the 
presence of accessory, retroaortic, or circumaortic veins. 
The reviewer recorded the number and diameter of renal 
arteries, and veins found on each side. Any branch within 
2.0 cm from the aorta was classified as early branching. The 
diameter of the main renal artery and vein was assessed 
from the most appropriate point of the segment, 1 to 1.5 cm 

from the ostium. The length of renal vessels was assessed 
on coronal 3D CT angiographic images and defined as the 
distance from the ostium to the renal hilum. The kidney 
volume was measured from contiguous slices. In coronal 
reformatted images, the region of interest was drawn 
around the kidney, and the slices were reconstructed at 
1-mm intervals to obtain a 3D volume-rendered image of 
the kidney. The volume was calculated by multiplying the 
sum of areas from each slice by the reconstruction interval 
at the workstation. 

Statistical analysis
The results were presented as mean ± SD. The two-tailed 

t-test was used to compare values between the right and left 
kidneys. The results were considered to be significant when 
the p value was ＜ 0.05. Statistical analysis was performed 
using software (SPSS version 15.0; SPSS, USA). 

Results

CT examinations were successfully performed in all animals. 
The mean body weight of the micropigs was 30.5 kg. There 
were 12 renal arteries in six micropigs. No accessory renal 
arteries or early branching arteries were detected. No arterial 
stenosis, aneurysm, or calcification was noted in any 
micropig (Fig. 1). The mean diameter of all 12 renal arteries 
was 0.45 ± 0.05 cm (min = 0.39, max = 0.56). The mean 
diameters of the renal artery were 0.44 ± 0.05 cm on the right 
side and 0.46 ± 0.06 cm on the left side. The mean lengths 
of the renal artery were 4.51 ± 0.55 cm on the right side and 
3.36 ± 0.27 cm on the left side. The right renal artery was 
significantly longer than the left renal artery (p ＜ 0.05). 

There were 13 renal veins in the six animals. Two renal 
veins on the right side were observed in one micropig. No 
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Table 1. Micropig renal vascular data

No. Weight
(kg)

Diameter of 
renal artery (cm)

Length of 
renal artery (cm)

Diameter of 
renal vein (cm)

Length of 
renal vein (cm)

Volume of 
kidney (mL)

Right Left Right Left Right Left Right Left Right Left

1
2
3
4
5
6

31.2
30.1
29.7
29.1
30.3
32.6

0.42
0.45
0.52
0.39
0.46
0.42

0.41
0.46
0.56
0.40
0.50
0.44

4.37
4.41
3.62
4.53
5.25
4.88

3.26
2.93
3.44
3.76
3.44
3.30

2.51/1.69
1.24
1.29
1.11
1.04
1.20

1.43
1.54
1.29
1.54
1.09
1.36

5.64/4.12
3.02
2.63
3.25
5.12
5.73

5.81
4.03
4.55
4.62
5.61
6.26

72.12
84.62
64.20

101.04
88.05
65.52

68.19
90.54
66.62
91.82
89.26
61.60

Mean 
± SD

30.5 
± 1.24

0.44 
± 0.05

0.46 
± 0.06

4.51 
± 0.55

3.36 
± 0.27

1.44 
± 0.52

1.38 
± 0.17

4.22 
± 1.29

5.15 
± 0.87

79.3 
± 14.5

78.0 
± 13.9

Table 2. Comparision of renal vessels and kidney volume between
micropigs and humans

Micropigs
(present study) Humans References

Diameter of renal
 artery (cm)

Right
Left

Length of renal
 artery (cm)

Right
Left

Diameter of renal
 vein (cm)

Right
Left

Length of renal
 vein (cm)

Right
Left

Kidney volume
 (mL)

Right
Left

 

0.44
0.46

 

4.51 
3.36 

 

1.44 
1.38 

 

4.22 
5.15 

 
79.30 
78.00

 
0.48
0.49

 

3.46 
2.86 

 

N/A
N/A

 

4.20
9.50

 
203.26 
207.32

[16]

 
 

[12]

 
 

 
 
  

[5]

 
 

[13]

 
 

N/A: not available.

Fig. 2. (A) Anterior coronal volume-rendered image showing 
both the right and left renal veins. (B) Posteroanterior view of the
coronal volume-rendered image showing two right renal veins 
(black arrows) that drain into the inferior vena cava separately. 
The white arrow indicates the left renal artery. The arrowhead 
indicates the right renal artery that runs between two right renal 
veins. A: abdominal aorta; IVC: inferior vena cava; RK: right 
kidney; LK: left kidney; RV: right renal vein; LV: left renal vein.

retroaortic or circumaortic renal vein was observed (Fig. 
2). The mean diameter of the 13 renal veins was 1.41 ± 0.38 
cm (min = 1.04, max = 2.51). The mean diameters of the 
renal vein were 1.44 ± 0.52 cm on the right side and 1.38 ± 
0.17 cm on the left side. The mean lengths of the renal vein 
were 4.22 ± 1.29 cm on the right side and 5.15 ± 0.87 cm on 
the left side. The left renal vein was significantly longer 
than the right renal vein (p ＜ 0.05).

The mean volume of all kidneys was 78.6 ± 13.6 mL (min 
= 61.6, max = 101.04). The mean volumes of the right kidney 
were 79.3 ± 14.5 mL and those of the left kidney were 78.0 
± 13.9 mL (Table 1). There was no significant difference in 
renal volume between the right and left kidneys. MDCT 
revealed no abnormalities in ureters and renal parenchyma 
in all micropigs. Furthermore, when compared with human 

data, considerable anatomic similarities were apparent between 
human and micropigs in renal vascular dimensions, although 
differences in renal volume were evident (Table 2).

Discussion

Kidney transplants from living donors have become 
increasingly common during the past decade. Anatomical 
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assessment of the donor kidneys is performed prior to 
transplantation to help select the kidney to be used and to 
plan the surgical approach [9]. An ideal imaging test should 
be free of morbidity, accurately estimate vascular and 
parenchymal structures, and recognize stone disease, renal 
parenchymal lesions, and other intra-abdominal pathologies. 
In human cases, preoperative knowledge of renal vascular, 
parenchymal, and urothelial anatomy based on imaging 
has always been important, not only to select suitable donor 
and kidney but also to avoid potential donor complications 
such as hemorrhage and potential recipient problems such 
as graft ischemia and urine leakage [14]. Although the 
micropig, a potential organ donor, should not be considered 
concerning postoperative complications, anatomical differences 
between donor and recipient should be determined. Indeed, 
congenital polycystic kidneys often occur in swine and can 
be inherited as an autosomal dominant trait [10]. Therefore, 
it is very important to establish the preoperative evaluation 
and selection system of the appropriate donor organ in 
micropigs. 

In this study, we measured the vascular and volumetric 
parameters of right and left kidneys of micropigs using 
64-channel MDCT. We reconfirmed that micropigs may be 
an appropriate renal donor because of the absence of 
arterial variations such as an accessory or early branching 
renal artery, and venous anomalies including retroaortic vein 
or circumaortic veins. In addition, comparison with human 
data revealed considerable anatomic similarities between 
human and micropigs in renal vascular dimensions, although 
differences in renal volume were found. 

Since the introduction of MDCT in the early 1990s, the 
number of detectors has gradually increased [11], with 64- 
channel MDCT clinically used on humans at present. The 
advantages of MDCT include faster image acquisition, 
improved image resolution, and superior contrast reinforcement 
[2,19]. In addition, multiplanar reformation using MDCT 
is an optimal tool for imaging complicated anatomic and 
pathologic cases [7]. 

Conventional catheter digital subtraction angiography 
(DSA) has been performed on potential renal donors to 
show the number of renal arteries and the presence of early 
branching and vascular disease. However, it is invasive and 
sometimes traumatic, needs post-procedure observation, 
and has significant limitations in displaying renal veins and 
renal parenchyma. MDCT offers noninvasive imaging with 
minimal risk of morbidity. Over the past few years, MDCT 
has been used increasingly for noninvasive renal imaging 
[15,17]. MDCT angiography is highly accurate for detecting 
vascular anomalies and providing anatomic information of 
the kidney [8]. In addition, previous results showed that a 
more accurate evaluation of the renal arteries of potential 
donors can be achieved with MDCT angiography that with 
3D magnetic resonance angiography. Furthermore, MDCT 
angiography can be used instead of digital subtraction 

angiography because the former can almost perfectly assess 
the number of renal arteries and the presence of proximal 
branches of the renal artery [9]. In addition to the vascularization 
of kidney, MDCT is usually used to detect various pathological 
conditions of the kidney including congenital anomalies, 
renal masses, cystic kidneys, or obstructive renal diseases 
[15]. Therefore, MDCT is an appropriate method is collecting 
data for the determination of normality and suitability of 
donor kidneys for transplantation. 

In conclusion, 64-channel MDCT imaging allows the accurate 
determination of kidney morphological and spatial aspects, 
and understanding of renal vascular structures. 
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