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enal transplantation is the most effective treatment option for end
stage renal disease.1-3 As a consequence of the industrialized world
more patients are being diagnosed with end stage renal disease pre-

dominantly due to diabetes and hypertension.4 Although the numbers of
the patients in the waiting list for renal transplantation are increasing, kid-
ney donation from deceased patients is not sufficient.5,6

Assessment of the Accuracy of the Multi Detector
Computed Tomography in Defining Renal Artery

Before Laparoscopic Donor Nephrectomy
Accuracy of Tomography for Renal Artery

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee:: Renal transplantation is the most effective treatment option for end stage
renal disease. Because of severe organ shortage, living kidney donors are important choices for
transplantation. Evaluation of vascular anatomy of living donor’s kidney before nephrectomy is es-
sential to perform a successful procedure. Computed tomography angiography which is noninva-
sive and effective is preferred for evaluation in many centers. In this study we aimed to compare
the results of the multi detector CT angiography (MDCTA) with operation findings in patients who
underwent live renal transplantation. MMaatteerriiaall  aanndd  MMeetthhooddss::  Living kidney donors between Janu-
ary 2008 and December 2015 were evaluated retrospectively. MDCTA findings and operation notes
were compared. RReessuullttss:: A total 110 living kidney donors (50.57 ± 12.26 years, 46.4% male) were
evaluated. Renal artery anatomic variations were detected in 27.3% and 31% of right and left kid-
neys, respectively. The accuracy of the MDCTA was 95.4% and 98.2% regarding renal artery and
early branching of the artery, respectively. CCoonncclluussiioonn:: MDTCA is serving an accurate modality in
preoperative assessment of renal arteries before laparoscopic donor nephrectomy.

KKeeyywwoorrddss::  Kidney transplantation; living donors; renal artery; tomography, x-ray computed;
angiography 

ÖÖZZEETT  AAmmaaçç:: Böbrek nakli, son dönem böbrek yetmezliğinde en etkili tedavi seçeneğidir. Kadave-
rik organ havuzun yetersizliğinden dolayı canlı böbrek nakli önemlidir. Canlı verici böbreklerinin
vasküler anatomisinin nefrektomi öncesi değerlendirilmesi başarılı bir ameliyat için gereklidir. Bir-
çok merkezde değerlendirme için noninvaziv ve etkin olan bilgisayarlı tomografi (BT) anjiyografi
tercih edilir. Bu çalışmada canlı böbrek nakli yapılan vericilerde multi dedektör BT anjiyografi
(MDBTA) bulgularının ameliyat bulguları ile karşılaştırılması amaçlandı. GGeerreeçç  vvee  YYöönntteemmlleerr::  Ocak
2008 ile Aralık 2015 arasında canlı böbrek vericileri retrospektif olarak değerlendirildi. MDBTA
bulguları ve ameliyat notları karşılaştırıldı. BBuullgguullaarr::  Toplam 110 canlı böbrek vericisi (50.57 ±
12.26 yıl, %46.4 erkek) değerlendirildi. Renal arterin anatomik varyasyonları sırasıyla sağ ve sol
böbrekler için %27.3 ve % 31 oranında tespit edildi. MDBTA'nın doğruluğu sırasıyla renal arter ve
arterin erken dallanması ile ilgili olarak %95.4 ve %98.2 idi. SSoonnuuçç:: MDTBA, laparoskopik verici
nefrektomi öncesi renal arterlerin preoperatif değerlendirilmesinde uygun bir yöntemdir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Böbrek transplantasyonu; canlı vericiler; renal arter;
tomografi, x-ray bilgisayarlı; anjiyografi 
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Live kidney donation is an alternative method
to deceased donation. Graft survival rates of the
live kidney translation is found to be longer than
the deceased kidney transplantation.7 Today, the
kidney can be harvest from the live donors laparo-
scopically which provides a better comfort and cos-
metic appearance at post-operative period which has
resulted and increase in numbers of live donation.8

Preoperative assessments before donor neph
rectomy is extremely important not only for safety
of the donor, also important for the success of the
operation.9 Outstandingly, accurate determination
of renal vessel anatomy is essential. Conventional,
computed tomography (CT) or magnetic resonance
imaging (MRI) angiography are available for this
purpose.10 Today, CT angiography has replaced
conventional angiography in many of the centers.9

In this study we aimed to compare the results
of the multi detector CT angiography (MDCTA)
with operation findings in patients who underwent
live renal transplantation. 

MATERIAL AND METHODS

Following an approval (2016-18/9) from the insti-
tutional ethical committee the medical records of
the patients who underwent LDN between Janu-
ary 2008 and December 2015 were retrospectively
reviewed. The study was performed in accordance
with Helsinki Declaration. The patients with CT
angiography record in patient achieving and com-
munication system were included in the study. A
radiologist reassessed CT angiography images with-
out any information regarding operation notes of
the patients. Then, the radiological findings were
compared with the operation notes. Three experi-
enced laparoscopic surgeons performed all of the
laparoscopic nephrectomy (LPN) operations.

IMAGING PROTOCOL

All of the imaging was performed with 64 multi-
dector-row computed tomography (MDCT), (So-
matom Definition 64; Siemens Medical Solutions,
Erlangen, Germany). Imaging protocol included
non-contrast and excretory images from upper
margin of the kidney to the lower end of the blad-

der; arterial images starting from dome of the di-
aphragm to the middle of the sacrum and nephro
genic images of the same area with 0.6 mm slices.
Non contrast images were used to diagnose
nephrolithiasis or non-enhanced density of the
mass lesions.

Axial images with 5 mm. were assessed rou-
tinely. Constructed images from 0.6 mm. slices
were assessed in coronal and sagittal planes at
working station (Leonardo; Siemens Medical Solu-
tions, Malvern, PA) (Figure 1). 

The terminology for definition of other renal
arteries besides the main renal artery is presented
below.

Polar artery: This refers to an additional ar-
tery which originating from the aorta and directly
piercing the upper or the lower pole of the kidney.

Accessory artery: This refers to an additional
renal artery which does not consistent with a polar
renal artery.

Early branching: This refers to diverging of the
main artery in a distance of ≤1.5 cm from its origin
at the abdominal aorta. 
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FIGURE 1: Constructed images of a donor with a left accessory renal artery.
RRA: right renal artery, LRA: left renal artery, Acc LRA: left accessory renal
artery.



STATISTICAL METHOD

The data was analyzed by using SPSS statistical
software version 23.0 (SPSS Inc., Armonk, NY,
USA). Chi square and Fisher’s Exact test was used
for comparison between surgical and radiological
findings. A p value of 0.05 or less were considered
significant. The surgical findings were considered
as the reference point for calculation of sensitivity,
specificity and the accuracy of MDCTA. 

RESULTS

A total of 216 patients underwent laparoscopic
donor necphrectomy (LDN) during the study pe-
riod. The total number of patients with an avail-
able record at patient achieving and communi-
cation system was 110. The mean age of the pa-
tients was 50.57 ± 12.26 years, 51 (46.4%) patients
were male and 59 (53.6%) were female. There was
no supernumerary artery in 80 (72.7%) and 76
(69%) patients’ right and left kidneys respectively.
The numbers of supernumerary and early branch-
ing arteries obtained with MDCTA are listed in
Table 1. A total of 82 (74.6%) left kidney and 28
(25.4%) right kidney were transplanted. 

Comparison of the MDCTA findings with the
operation notes regarding renal artery is presented
in Table 2. The sensitivity and the specificity of the
MDCTA were 97.8% (90/92) and 83.3% (15/18) re-
spectively. The accuracy of the MDCTA was 95.4%
(105/110).

Table 3 shows comparison of the MDCTA
findings with operation notes regarding early
branching of the artery. The sensitivity and the
specificity of the MDCTA were 98.9% (96/97) and

92.3% (12/113) respectively. The accuracy of the
MDCTA was 98.2% (108/110).

DISCUSSION

Normal arterial pattern of the kidney includes a
single artery. However, variations are not infre-
quent. This phenomenon is mainly due to embry-
onic ascent of the kidney.11,12

In our series the rate of supernumerary arter-
ies were 27.3% and 31% in arteries of the right and
left kidneys respectively, according to the MDCTA.
These rates were in accordance with other series
carried out either in cadaver or imaging series. In a
retrospective review of imaging and cadaveric se-
ries, Satayapal et al. reported a median rate of
28.1% for supernumerary arteries.13 The rate of
multiple arteries in Turkish population was found
to be 27% in review of 820 patients with MDCTA.14

It is highly important to have an idea of
whether if there is an anomaly in renal artery be-
fore performing a renal surgery. This is much more
important in renal transplantation surgeries.15 It is
ideal to transplant the kidney with single artery.
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Right Kidney Left Kidney

One artery 80 (72.7%) 76 (69%)

Accessory artery 14 (12.7%) 16 (14.5%)

2nd Accessory artery 1 (0.9%) -

Polar artery 10 (9%) 11(10%)

2nd Polar artery 1 (0.9%) 1 (0.9%)

Early branching 7 (6.3%) 10 (9%)

TABLE 1: The numbers of the main artery only,
supernumerary arteries and early branching arteries. 

Operation Findings

MDCTA Findings Single artery Multiple artery Total 

Single artery 90 3 93

Multiple 2 15 17

Total 92 18 110

TABLE 2: Comparison of MDCTA with operation
findings regarding the number of the artery

on transplanted kidney.

P<0.001
MDCTA: Multi detector computed tomography angiography.

Operation Findings

MDCTA Findings Not Present Present Total 

Not Present 96 1 97

Present 1 12 13

Total 97 13 110

TABLE 3: Comparison of MDCTA with operation
findings regarding presence of “early branching”

on transplanted kidney.

P<0.001
MDCTA: Multi detector computed tomography angiography.
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There are conflicting reports regarding the out-
comes of renal transplantation with multiple arter-
ies. Hemorrhagic and thrombotic complications
can occur where multiple arteries are anasto-
mosed.16 However, there are other reports with
finding no difference in outcomes of anastomosis
with single and multiple arteries.17

Renal angiogram was the previous gold stan-
dard imaging method for pre-operative determina-
tion of the renal vasculature.18 Since introduction
of the high quality axial imaging modalities such as
MDCTA and MRI angiography; these modalities
became popular due to non-invasive their nature.19

MDCTA is fast, and has additional advantage of
ability to diagnose urinary stones or renal masses
with higher rates of donor compliance.20,21

The main purpose of the present study was to
review confirmation of the MDCTA findings with
operation notes in patients undergoing live donor
renal transplantation. The sensitivity and the speci-
ficity of the MDCTA for detecting extra arteries
were calculated as 97.8% and 83.3% respectively.
The accuracy of the MDCTA was 95.4%. Our find-
ings were in accordance with the other studies in
the literature. Kawamoto et al. reported a sensitiv-
ity and specificity rate of 65-88% and 96-100% re-
spectively.22 Similarly, Hainen et al. reported a
sensitivity rate of 93% and specificity of 100% with
an accuracy rate of 98%.15 While the rate of accu-
racy for detecting accessory arteries with one-
channel CT angiography technique found to range
between 78-89% this rate was reported as 89-97%
with MDCTA.9,22

Three patient reported to have a single artery
on MDCTA had found to have multiple arteries at
surgery (two polar and one accessory arteries)
Also, no multiple arteries notice in operation 
two patients with a report of a polar artery on
MDCTA. 

When the results were compared for the early
branching of the renal artery the sensitivity and the
specificity of the MDCTA were 98.9% and 92.3% re-
spectively. The accuracy of the MDCTA was 98.2%.

Also, these findings were in accordance with other
reports in the literature. In Kawamoto’s series the
sensitivity, specificity and the accuracy rates for the
detection of early branching were 90%,97% and
96% respectively. The rate of accuracy for early
branching was reported between 89-99%.

Since the left renal vein is longer than the
right renal vein it is easier to make an easier vein
anastomosis with the left-kidney. For this reason,
in our clinic we prefer to choose the left kidney in
live renal transplantation if the arteries of both kid-
ney is equal and there is no major difference in
functionality of the kidney. The rate of left kidney
for transplantation was 74.6% in our series. 

The kidneys with more complex arterial
anatomy were not considered as potential donors.
This makes the main limitation of the present
study. It is possible to have increased numbers of
conflicts between MDCTA findings with operation
notes when these kidneys were considered. 

CONCLUSION

In conclusion MDTCA is serving an accurate
modality in preoperative assessment of renal arter-
ies before laparoscopic donor nephrectomy.
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