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ABSTRACT. This study aims to investigate the accuracy and value
of multislice spiral computed tomography (MSCT) angiography in the
evaluation ofrenal artery variation in living donor kidney transplantation.
Two hundred seventy-three kidney transplantation donors underwent
preoperative MSCT scanning. Two doctors determined the running
direction and variation of the renal artery through joint analysis of
the preoperative original MSCT image and the recombination image
using the blind reading method, compared the imaging results with the
intraoperative results, and evaluated the accuracy and application value
of MSCT angiography in the evaluation of renal artery variation in
living donor kidney transplantation. CT angiography (CTA) can better
show the renal artery and its variation. A total of 52 accessory renal
arteries were found in the 273 kidney transplant operations, whereas
55 accessory renal arteries were found in preoperative MSCT. Four
accessory renal arteries indicated in the MSCT were not found during
the operation, and one accessory renal artery found during the operation
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was not indicated in the preoperative MSCT. The sensitivity, specificity,
positive predictive value, negative predictive value, and accuracy of
MSCT in the diagnosis of accessory renal arteries were 98.1, 98.2, 92.7,
99.5, and 98.2%, respectively. MSCT angiography can sensitively and
accurately show the renal artery and its variation in living donor kidney
transplantation, and has important clinical value for the formulation of
the operative scheme before the transplantation.

Key words: Kidney transplantation; Living donor; CT angiography;
Preoperative evaluation; Tomography; Computed radiography

INTRODUCTION

Kidney transplantation has become the most effective therapeutic measure for the
treatment of end-stage renal disease. To solve the problem of kidney shortage, many hospitals
implement living kidney transplantation. Living kidney donors can relieve the problem of or-
gan shortage to a great extent (Yap et al., 2010; Zhao et al., 2012; Kute et al., 2012; Balachan-
dran et al., 2012). The aim of living donor kidney transplantation is to ensure the life safety
of both the donor and receptor. To ensure the safety of the donor, the choice of the method for
excision of the donor kidney is crucial. Preoperative evaluation of the vascular anatomy of the
donor kidney is the main basis for donor kidney selection and the formulation of the donor
nephrectomy scheme. Renal angiography evaluation mainly includes digital subtraction angi-
ography (DSA), magnetic resonance angiography, color Doppler flow imaging, and multislice
spiral computed tomography (MSCT) angiography. After comparing the advantages and limi-
tations of different imaging methods, and combining with the knowledge of the anatomical
characteristics and clinical requirements of blood vessels in the donor kidney, most transplan-
tation centers evaluate the anatomical structure and adjacent relation of the blood vessels in
the donor kidney by using MSCT, the outcomes of which have attracted extensive attention
and recognition (Valastro et al., 2007; Tombul et al., 2008; Anderson et al., 2008; Chai et al.,
2008; Singh et al., 2008; Yap et al., 2010). Previous studies reported fewer cases, and the influ-
ence of CT scanning and image post-processing technology on the diagnostic accuracy were
insufficiently studied. This article investigates the accuracy and clinical application value of
MSCT in the evaluation of renal artery variation in living donor kidney transplantation, with
intraoperative findings as the gold standard.

MATERIAL AND METHODS
Clinical data

We retrospectively analyzed the clinical data of 273 kidney donors, for the living kid-
ney transplantation of their relatives, in the Department of Urology of our hospital in October
2007 to December 2011. The donors underwent preoperative MSCT and had complete intra-
operative data; they comprised 186 male and 87 female donors with an average age of 37.7 +
11.5 years (range, 20-65 years). This study was conducted in accordance with the Declaration
of Helsinki and with approval from the Ethics Committee of Jinan Military General Hospital.
Written informed consent was obtained from all participants.
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Examination method

Biograph Sensation 16 (Siemens Medical Systems, Erlangen, Germany) was used for
the CT examination. The patients were first subjected to a noncontrast enhanced scan, and to
early arterial and late arterial + delayed computed tomography urography (CTU) scanning
through the injection of 90 mL nonionic contrast agent (Ultravist 370; Guangzhou Branch of
Bayer Healthcare Co., Ltd., Guangzhou, China) with an iodine content of 37 g/100 mL into
the elbow vein, by using a high-pressure syringe (Stellant; Medrad, Indianola, PA, USA) at an
injection rate of 4.0 mL/s. Delayed imaging of early artery was monitored in real time by using
the Bolus Tracking software system at the origin of the abdominal aorta. Ten seconds after the
injection began, the monitoring scan was started. Five seconds after the monitoring threshold
value reached 40 HU (scanning was prepared for 5 s), CT scan was started; early arterial
scanning lasted for about 11-12 s, late arterial scanning was started 8 s after the early arterial
scanning was completed, and CTU scanning was started 10-12 min after the late arterial scan-
ning was completed. The patients held their breath in each scanning. The scanning parameters
were as follows: tube voltage, 120 kV; tube current, 160 mAs; late arterial scanning and CTU
scanning, 140 mAs; collimation, 16 x 0.75 mm; pitch, 0.75; slice, 5.0 mm; and feed/rotation,
9.0 mm. It took 0.5 s for the pipette to rotate one cycle. The scanning range was from the upper
pole of the kidney to the upper edge of the iliac crest, and the lower edge of CTU scanning was
the pubic symphysis level. The thin slice reconstruction was implemented with the body soft
tissue algorithm, B31f medium smooth filtering function kernel and a slice thickness of 1.0
mm, and data post-processing was done with the volume rendering technique (VRT) by using
the Syngo software, maximum intensity projection (MIP), multiplanar reconstruction (MPR),
and curved planar reconstruction (CPR).

Image interpretation

According to the original cross-section, in combination with VRT, MIP, MPR, CPR,
and other reconstruction images, two attending physicians analyzed the following contents
through blind reading: the opening position and number of accessory renal arteries, the site of
their entry into the kidney and their relation with the main renal artery, and the presence of any
early renal artery branch. An accessory renal artery refers to a renal artery other than the main
renal artery, and can be subdivided into the accessory portal renal artery, accessory upper polar
artery, and accessory lower polar artery; an early renal artery branch means that the distance
from the branch to the origin of the renal artery is <1.5 cm. When the two doctors had differing
opinions, an agreement was reached through discussion.

Statistical analysis

The MSCT results were compared by using the SPSS13.0 software to analyze the
intraoperative findings, which were taken as the gold standard. The accessory renal artery data
from MSCT were compared with the intraoperative results by using the ¥* test, and the sensi-
tivity, specificity, positive predictive value, negative predictive value, and accuracy of MSCT
in the evaluation of the anatomical structure of the renal artery were calculated.
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RESULTS
CTA
Accessory renal artery

A total of 79 accessory renal arteries were found in the CTA of the left kidney. There
were 1, 2, and 3 accessory renal arteries in 56, 7, and 3 patients, respectively. The opening
position of 47 accessory renal arteries was located at the origin of the main renal artery and
that of 32 accessory renal arteries was located at the end of the main renal artery. Accessory
renal arteries that enter the kidney from the upper pole, hilus, and lower pole accounted for
44.3% (35/79), 34.2% (27/79), and 21.5% (17/79), respectively, of which 15 accessory renal
arteries were beyond the plane of the donor kidney. A total of 76 accessory renal arteries were
found on the CTA of the right kidney. There were 1, 2, and 3 accessory renal arteries in 61, 5,
and 2 patients, respectively. The opening position of 35 accessory renal arteries was located
at the origin of the main renal artery and that of 41 accessory renal arteries was located at the
end of the main renal artery. Accessory renal arteries that enter the kidney from the upper
pole, hilus, and lower pole accounted for 27.6% (21/76), 32.9% (25/76), and 39.5% (30/76),
respectively, of which 14 accessory renal arteries were beyond the plane of the donor kidney.
On the basis of the number of donors, accessory renal arteries were found in 109 donors, with
an incidence of 39.9%. On the basis of the number of kidneys, accessory renal arteries were
found in a total of 134 kidneys, with an incidence of 24.5%. Among the 155 accessory renal
arteries, patients with 1, 2, and 3 accessory renal arteries accounted for 75.5, 15.5, and 9.7%,
respectively (Figure 1A-E).

Figure 1. Renal artery and its variation in living donor kidney transplantation indicated by angiography.
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Early branch

CTA showed 37 and 28 early branches in the left and right kidney, respectively, with
an incidence of 13.6 and 10.3%, respectively (Figure 1F).

MSCT (comparison with intraoperative results)

Two hundred seventy-three donors successfully underwent donor nephrectomy. Fifty-
two accessory renal arteries were found in 273 patients undergoing nephrectomy; 1, 2, and 3
accessory renal arteries were found in 35, 7, and 1 patient, respectively. Preoperative MSCT
showed 55 accessory renal arteries, of which 4 accessory renal arteries indicated in MSCT
were not found during the operation and 1 accessory renal artery found during the operation
was not indicated in preoperative MSCT. The sensitivity, specificity, positive predictive value,
negative predictive value, and accuracy of MSCT in the diagnosis of accessory renal arteries
were 98.1, 98.2,92.7, 99.5, and 98.2%, respectively (Table 1).

Table 1. Comparison of accessory renal arteries diagnosed by MSCT and intraoperative findings (branch).

MSCT Intraoperative findings

Positive Negative
Positive 51 4
Negative 1 217
DISCUSSION

The preoperative noninvasive investigation of the detailed anatomical structure of the
blood vessels in the donor kidney is one of the important bases for selecting which kidney will
be taken from the living donor. It also reduces postoperative complications (Dachman et al.,
1996; Kuwabara et al., 2006; Raman et al., 2006; Chu et al., 2012; Liefeldt et al., 2012).

MSCT provides a tool for the CT examination of the renal artery, and improves the
accuracy and sensitivity of the detection of renal artery variation (Laugharne et al., 2007).
However, the MSCT scanning technique and post-processing procedures are not uniform,
and this reduces the advantages of the procedure. The selection of enhanced scanning param-
eters and the reasonable application of post-processing technology are two important steps in
renal artery CT imaging. Factors affecting enhanced scanning include the type, amount, and
injection speed of the contrast agent; delayed scanning time; structural characteristics of the
nephridial tissue itself; and renal function. The total amount of contrast agent that examinees
can receive in a short period is limited, and their blood vessels can tolerate only limited pres-
sure from the contrast agent within a short time. Therefore, among the controllable factors,
the type, amount, and injection speed of the contrast agent could be made uniform; namely, in
most cases, a total of 80-150 mL nonionic contrast agent is used at an injection speed of 3-4
mL/s, and the main difference lies in the length of the delayed scanning time and the deter-
mination of the time point. At present, there are three alternative techniques for selecting the
delayed scanning time and determining the time point (Tiirkvatan et al., 2009; Yap et al., 2010;
Koplay et al., 2010; Kim et al., 2011; Kulkarni et al., 2011; Bazeed et al., 2011). 1) Method
1- empirical value method: according to the experience value, the scan is performed in 25 and
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50 s to show arteries and veins, respectively. 2) Method 2 - bolus test: the circulation time is
measured and determined by using the time density curve. After a bolus injection of 20 mL
contrast agent, the time taken by the contrast agent to travel from the elbow vein to the peak
value in the region of interest of the aorta is measured using a corresponding software, and is
considered to be the delay time of enhanced scanning. 3) Method 3 - bolus tracking: the de-
layed scanning time is determined by using a direct contrast agent tracking (automatic trigger)
technique, through establishing a trigger threshold value in the region of interest of the aorta.
Upon reaching the threshold value, the machine is started automatically and is delayed for 3-5
s; it then automatically triggers the scanning. To avoid the impact of individual differences and
the increased radiation dose caused by repeated scanning, the bolus tracking method is more
frequently used at present. Various reports provide greatly different trigger threshold settings,
which ranges from 50 to 200 HU; moreover, there is no detailed description of the effect of
different threshold values on the observation of target vessels (Namasivayam et al., 2006;
Chai et al., 2008; Petridis et al., 2008; Zamboni et al., 2010). It should be noted that with the
increase of the threshold value, the renal vein gradually becomes more obviously developed
in the arterial phase scan, which affects the observation of renal arteries, especially the tiny
branches. In this study, we adopted the trigger threshold value of 100 HU in the early stage,
and then changed it to 40 HU so as to reduce the interference of venography on the observa-
tion of arteries, to more clearly show the arterial branches below the arterial segments, and to
better predict preoperatively the blood supply area of renal artery branches and accessory renal
arteries. These produced satisfactory angiographs; however, the effect of the threshold setting
on the target vessel display was not statistically comparatively analyzed in detail, which is also
a weakness of this study. This will be further studied and summarized.

In the MSCT examination of renal arteries, the frequently used post-processing tech-
niques include VRT, MIP, MPR, and CPR (Berg et al., 1998). Various post-processing tech-
niques have different imaging characteristics. VRT is characterized by a simple operation,
intuitive three-dimensional display of renal artery details, and a clear display of the spatial
anatomical relation of the renal artery and its variation; however, it cannot show the internal
features of the renal arteries. MIP has a gray level that reflects the relative CT value, produces
a reconstruction image similar to conventional angiography, and can clearly show the main
renal artery and its main branches; however, its three-dimensional appeal is not as good as that
of VRT, and its display of overlapped vessels and structures with similar density is restricted
(Figure 1B and C). Thin MIP can avoid the above weaknesses to a certain extent and can bet-
ter show the overall running direction of blood vessels in the reconstruction image than MPR;
however, the layer details of the image are not as well defined as those of MPR (Figure 1D).
MPR is a recombination imaging method based on the reconstruction image of the cross-
section with a high resolution of density and without overlapping front and back tissues, and it
can show the running direction and anatomy of blood vessels from different angles; however,
it can show neither the blood vessels beyond the recombination layer in a planar image, nor the
extension and running direction of the blood vessels in the image at the same level. Thin MPR
and CPR are two special forms of MPR. Thin MPR reduces the cortex interference and more
clearly shows the tiny branches. CPR produces the recombination image formed by the profile
curve drawn along the vascular center, and can straighten the circuitous blood vessels and
show them in the image at the same level. For the anatomical display of the renal artery, with
respect to image post-processing, this study showed that a variety of post-processing tech-
niques of MSCT have complementary advantages. A high-quality image of the original cross-
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section is the basis of various post-processing techniques, and VRT and MIP technologies
should be preferred. The combined application of these methods can best show the variation
of renal arteries and can effectively avoid misjudgment of overlapped vascular branches. This
allows distinguishing the suspicious signs and observing the details. The combination of CPR
and thin MIP can clearly show the anatomical details of tiny blood vessels and can effectively
avoid intraoperative hemorrhage and accidental extrarenal vascular injury caused by misjudg-
ment (Figure 1G and H). It should be emphasized that the image of the original cross-section
in each patient should be routinely and carefully observed to further avoid missed diagnosis of
some renal arteries with tiny variations.

During kidney transplantation, preoperative image evaluation can accurately show the
anatomy and variation of the renal arteries, and not only can provide important reference for
the selection of the operation method but also effectively prevents the occurrence of compli-
cations, such as hemorrhage, renal infarction, ureteral necrosis, and urine leakage, caused by
misjudgment of the vascular anatomy. Renal artery variation mainly includes the accessory
renal arteries and early renal artery branches. In the subjects of this study, in accordance with
the number of donors, accessory renal arteries were found in 109 donors, with an incidence of
39.9%. On the basis of the number of kidneys, accessory renal arteries were found in a total
of 134 kidneys, with an incidence of 24.5%. Among the 155 accessory renal arteries, patients
with 1, 2, and 3 accessory renal arteries accounted for 75.5, 15.5, and 9.7%, respectively.
Compared with the incidence of accessory renal arteries in previous reports, the incidence of
accessory renal arteries calculated in accordance with the number of donors in this study was
higher than the 24-28% reported in the literature (Berg et al., 1998; Chai et al., 2008; Yap et
al., 2010; Zamboni et al., 2010; Kulkarni et al., 2011). The findings of this study show that the
sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of
MSCT in the diagnosis of renal arteries were 98.1, 98.2, 92.7, 99.5, and 98.2%, respectively,
and were similar to those in the literature (Rajamahanty et al., 2005; Rastogi et al., 2006; Chai
et al., 2008; Kim et al., 2011; Kulkarni et al., 2011). The data provided by MSCT can fully
meet the requirements of surgery, and this further verifies the accuracy and clinical value of
MSCT in the evaluation of renal vascular structure. Therefore, MSCT can be used to replace
DSA as the standard examination method for the evaluation of preoperative vascular structure
in the donor kidney (Chai et al., 2008; Yap et al., 2010; Chu et al., 2012). At the same time,
previous studies have shown that some accessory renal arteries are located beyond the kidney
plane, which has not been reported in detail previously, and this has a guiding significance
for MSCT scanning and the surgical operation range (Figure 11). However, it should be noted
that this study takes intraoperative findings as the gold standard, and surgical operation almost
excludes kidneys with a complex vascular structure; therefore, MSCT findings cannot be con-
trasted one by one, which is also the relative weakness of this study.

In this study, MSCT misdiagnosed five accessory renal arteries. The cause may be as
follows: 1) in the initial stage, the complex vascular variation was insufficiently understood;
2) because of the machine resolution, operation technique, or individual differences, the blood
vessels with tiny diameters were not displayed; 3) the knowledge of the diagnostician about
the characteristics of different recombination images and his comprehensive application abil-
ity was also an important subjective factor. For example, MSCT did not find any small artery
entering the kidney from the back of the organ, and showed four accessory renal arteries that
were inconsistent with the intraoperative findings (Figure 1J and K).

In conclusion, MSCT can accurately show the anatomical structure of renal vessels,
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can fully meet the requirements of clinical operation, and can be used as the standard method
for the evaluation of the preoperative anatomical structure of blood vessels in living donor
kidney transplantation.
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