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Abstract
Objective: To determine the accuracy of computed tomography renal angiography (CTRA) in the evaluation of the arterial renal system and its anatomical variations in living kidney donors, and the correlation of CTRA findings with those
observed during kidney harvesting.
Materials and methods: Patients who had undergone laparoscopic nephrectomy as living kidney
donors and their CTRA performed in our institution between 2014 and 2016 were retrospectively evaluated. Results are
presented using statistical descriptive analysis. The following were assessed in the CTRA report: number of main renal
arteries, presence and number of polar arteries, and renal artery diameter abnormalities.
Results: Twenty-one patients who had undergone laparoscopic nephrectomy as living donors were included: 10 female
and 11 male donors (age range 23 - 61 years). Renal harvesting included left kidney in all cases. Out of 21 patients
evaluated, 15 had no anatomical variations or arterial renal dilations on CTRA (one main renal artery, without polar
arteries). The same findings were confirmed during surgery. In one case CTRA showed a double renal artery, which was
also found during kidney harvesting; and in three cases CTRA identified a single polar artery, a finding that was confirmed by surgery. In these 19 cases, a correlation was shown between CTRA and surgery, with 90.4% accuracy. In the
remaining 2 cases, there were discrepancies.
Conclusion: Detailed knowledge of the renal arterial anatomy is necessary for the surgical planning of laparoscopic
nephrectomy in living renal donors. CTRA is the method of choice for this evaluation, showing a good correlation between CTRA findings and surgery.
© 2017 Sociedad Argentina de Radiología. Published by Elsevier Spain, S.L.U. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Material and methods

At present, renal transplantation is the treatment of choice in
patients with end-stage chronic renal failure, improving the
quality of life of these patients, who require ongoing dialysis.
In recent years, because of the shortage of cadaveric kidney
donors and the long waiting times for an organ, the percentage of living donor renal transplantation has increased1.
The evaluation of living donors is essential to reduce potential surgical complications that may compromise the graft,
and for surgical planning. Thus, detailed knowledge of the
renal arterial and venous anatomy is essential for harvesting
kidneys from living donors2. Computed tomography renal
angiography (CTRA) is the method of choice for the evaluation of the living renal donors’ kidney prior to laparoscopic
nephrectomy3.
The aim of this study is to determine the accuracy of CTRA in
the evaluation of the arterial renal system in the living donor.

Renal donors
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Patients undergoing laparoscopic nephrectomy as living renal donors and their respective CTRA reports, performed
between February 2014 and April 2016 at our institution,
were retrospectively evaluated. Results were summarized by
descriptive statistics.

Imaging protocol and analysis
All CTRAs were performed at our institution using a 16-detector TOSHIBA Activion multislice computed tomography
scanner (Minato, Tokyo, Japan) with intravenous administration of 125 ml of nonionic iodinated contrast (Optiray 320
prefilled syringes) by an injection pump into the antecubital vein at 3.5 – 4 ml/sec. Unenhanced arterial phase images
were obtained (20-30 seconds) by using the sure-start system, with scanning starting when the contrast level of the
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aorta reached 180 Hounsfield units (HU) at the origin of renal
arteries, including acquisitions from the diaphragm to the
pelvis. CTRA reports were randomly performed by two specialized physicians, who used a Vitrea workstation for image
post-processing and subsequent reporting.
The study was approved by the institutional review board. No
informed consent was requested from the donor because this
was a retrospective study. CTRA images review included: the
number of main renal arteries, defined as those entering the
renal hilum; presence and number of polar arteries, defined
as those that attain the kidney poles; and/or abnormalities of
the renal artery diameter (fig. 1).
When there was no correlation with surgery, a repeat review
of the CTRA scans was performed to identify causes or sources of error. Anatomical variants of renal veins or of the urinary
excretory tract were not considered for this study.

Results
Twenty-one patients undergoing laparoscopic nephrectomy
as living donors were included: 10 women and 11 men, with
an age range between 23 and 61 years old.
In all cases (table 1), the left kidney was harvested. Out of 21
patients evaluated, 15 had no anatomic variants or diameter
abnormalities on CTRA scan reviews; i.e., a single main renal
artery was identified, with no polar arteries. The same findings were confirmed during renal surgery (figs. 2 and 3).
In one case, the CTRA scan showed a double main renal artery and this finding was confirmed by surgery (figs. 4 and 5);
in other three cases, CTRA identified a single polar artery (the
three of them in the inferior pole), a finding that was confirmed during surgery (fig. 6). Therefore, in these 19 cases, an
exact correlation has been demonstrated between CTRA and

Figure 1. Drawing showing the findings used for CTRA scan
reviews: number of renal arteries, presence or absence of polar arteries and arterial diameter abnormalities.

Figure 3. CTRA with 3D reconstruction shows no anatomical variants, with a main renal artery and no presence of polar arteries.

Figure 2. Axial computed tomography renal angiography
(CTRA) images in a living donor with Maximum Intensity Projection (MIP), with no anatomical variants. The scan shows a
single main renal artery, with no polar arteries or diameter
abnormalities.

Figure 4. Axial CTRA with MIP in a living donor shows two
renal arteries entering the renal hilum, with that anteriorly
located being of small diameter (arrow).
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Table 1: Detailed report of each case included in this study.
Case Gender CTRA report
		
on the LK

SURGERY (LK: left kidney)

1
F
1 main renal artery
Harvesting of LK with a single renal artery
		
1 small superior 		
		
accessory renal artery		
				
				
2

F

No variants

Harvesting of LK with no anatomical variants

3

M

No variants

Harvesting of LK with no anatomical variants

4

F

No variants

Harvesting of LK with no anatomical variants

5

F

No variants

Harvesting of LK with no anatomical variants

6

F

No variants

Harvesting of LK with no anatomical variants

7

F

No variants

Harvesting of LK with no anatomical variants

8

M

No variants

Harvesting of LK with no anatomical variants

9

M

No variants

Harvesting of LK with no anatomical variants

10

M

No variants

Harvesting of LK with no anatomical variants

11

M

No variants

Harvesting of LK with no anatomical variants

12

F

No variants

Harvesting of LK with no anatomical variants

13
F
No variants
Harvesting of LK with 2 arteries
			
(1 superior polar artery and 1 main artery)
				
				
				
14

M

Double renal artery

Harvesting of LK with 2 renal arteries

15
M
		

1 renal artery and
1 inferior polar artery

Harvesting of LK with 2 arteries
(1 main and 1 polar artery)

16
M
		

1 renal artery and
1 inferior polar artery

Harvesting of LK with 2 arteries
(1 main and 1 polar artery)

17

F

No variants

Harvesting of LK with no anatomical variants

18

M

No variants

Harvesting of LK with no anatomical variants

19

M

No variants

Harvesting of LK with no anatomical variants

20

F

No variants

Harvesting of LK with no anatomical variants

1 renal artery and
1 inferior polar artery

Harvesting of LK with 2 arteries
(1 main and 1 polar artery)

21
M
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Comments
Discrepant case depicted in
figure 9. Persistent presence
of accessory renal artery on
imaging, not identified during
surgery

Discrepant case depicted in
figure 8. The 1-mm diameter
superior polar artery was
detectable in a repeat review
of CTRA scans
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Figure 5. Image of kidney harvesting; double-barrel anastomosis (arrow) was performed between the two arteries visualized in figure 4.

Figure 6. Axial and coronal CTRA, both with MIP, show the
presence of a left inferior polar artery.
surgery findings. Based on these results, we obtained 90.4%
accuracy when comparing CTRA with surgery (fig. 7).
In the two remaining cases, a discrepancy was found between CTRA and surgery. In one of them, the presence of a
polar artery that had not been visualized on the CTRA scan
was noted during surgery. However, this polar artery could be

Figure 7 Pie chart showing the correlation between the CTRA
report and surgery

Figure 8. One of the discordant cases of the study. In this
case, the polar artery was not visualized in the first review
of the scan, being reported during surgery. After a detailed
review of the scan (post-surgery stage), this artery could be
detected arising perpendicularly to the renal artery (arrow);
this position and the small diameter of the artery may have
been the reason why we failed to detect it in the first review.
It fails to be visualized in 3D reconstruction.
identified in a repeat review of the CTRA scan. The reason for
this false negative result is thought to be the small diameter
of the artery (1.5 mm) and the fact that it arises perpendicularly to the main renal artery, which hindered initial visualization (fig. 8).
In the other case of discrepant results, both reviews of the
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CTRA scan (initial the preoperative review and the repeat review of the scan after surgery) showed the presence of an
accessory renal artery of 1 mm in diameter, arising from the
aorta above the main renal artery (fig. 9). During surgery, the
search for this artery was disregarded because of its small diameter, the fact that it did not affect subsequent perfusion of
the organ and the impossibility of using this artery to perform
an effective anastomosis.

Discussion
Living donor kidney transplantation, as opposed to cadaveric
donation, is currently considered the best option for the recipient and survival of the graft3.
The first successful living donor kidney transplantation was
performed in 1954 in Boston, between monozygotic 23-yearold twins. However, in 1952, living donor transplantation had
already been performed in Paris, but the recipient died 21
days later as a result of fatal rejection. Since then, the importance of histocompatibility between donor and recipient for
successful transplantation has been recognized4. In addition
to compatibility, the evaluation of the potential donor should
be free of contraindications for surgery, including, but not
limited to, blood hypertension, diabetes and associated ma-

Figure 9. The other discordant case of the study. The presence of a 1-mmm-diameter accessory renal artery (double
renal artery) arising from the aorta above the main renal artery was reported (arrow). During surgery, the search for this
artery was disregarded because of its small diameter.
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lignancies. Each site presents its own preoperative evaluation
of the living donor, with general tests and other tests focused
on a detailed assessment of the renal system, to define the
renal vascular architecture and screen for anatomic abnormalities that may be overlooked5.
Furthermore, a radiologic preoperative evaluation of the living donor’s renal system is performed to select and analyze
which kidney will be used for transplantation. This information is extremely useful for surgery planning and helps to prevent potential complications at the time of surgery5.
With the introduction of laparoscopic nephrectomy (LN) in
1995 by Ratner et al6, as a minimally invasive alternative to
open nephrectomy, the role of preoperative radiologic evaluation has expanded. Because of the limited field of view available with laparoscopic technique, and the blinded dissection
of the upper pole of the kidney, preoperative imaging is required to define the arterial and venous anatomy, the collecting system and renal parenchyma to avoid complications,
bleeding and potential injury to the donated organ7.
The evaluation of the renal arterial anatomy prior to LN helps
determine the number and location of the main arteries, the
pattern of accessory arterial branches and the presence of
intrinsic renal artery disease7. Historically, the anatomic evaluation of the renal system was performed using conventional
renal angiography, combined with excretory urography, for
donor evaluation. Later on, the use of ultrasound provided
data about actual size, the presence of masses or abnormalities in other associated intraabdominal organs.
In 1998, multislice computed tomography (CT) was introduced, in its modalities of CT angiography and CT urography,
being subsequently followed by magnetic resonance imaging in its different modalities, all these being methods that
improved the evaluation of kidney donors, minimizing invasive tests, morbidity and costs for these healthy individuals5,8.
Undoubtedly, it was multislice computed tomography, in its
CTRA modality, the imaging method that changed the way of
evaluation of living kidney donors, providing valuable information both on vasculature and the rest of the renal system.
Thus, it has become possible to rule out associated pathologies including, but not limited to, the presence of renal masses, calcifications, lithiasis and excretory system abnormalities
with the use of a single imaging method, as compared to the
limited data provided by other imaging techniques9,10.
In most individuals (70-75%), the kidneys are supplied by a
pair of renal arteries, one on each side, arising from the abdominal aorta below the origin of the superior mesenteric artery, at the level of the L2 vertebral body. Each renal artery is
divided into an anterior and a posterior branch at the hilium of
the kidneys, and these branches further divide into segmental
and then lobar arteries2. Notwithstanding this anatomic detail, abnormalities in renal arterial vascular patterns are one of
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the most common variations in renal morphology11. According
to various studies11-13, the average occurrence of accessory or
polar renal arteries is approximately 30%. In agreement with
these authors, in our experience we have not found anatomic
variants in 71% of cases (15 patients out of 21) and the presence of any abnormality in the remaining 29%.
These vascular variations will remain undiscovered unless surgical procedures or radiological interventions are performed
or, as in the case of our study, a CTRA is performed11. Thus,
detailed evaluation of the arterial system prior to a surgical
procedure such as laparoscopic nephrectomy is essential.
At present, computed tomography renal angiography is the
method of choice for the evaluation of renal vascular anatomy. The relevant data to be recorded in the angiographic
report for surgical planning includes: number of main renal arteries, presence of accessory arteries, abnormalities in
the caliber and early or late branching of the arteries14. Our
study is based on these premises, except for the early or late
branching of the arteries, which had not been recorded in
some of our reports.
Several authors have evaluated the sensitivity of CTRA1,9,15-18;
though with small differences, in most cases the sensitivity
has been shown to be above 90%. Our study demonstrated
90.4% accuracy for the evaluation of the arterial renal system
and its variants.
According to Pozniak et al15, CTRA has 100% sensitivity
in identifying accessory renal arteries and 93% sensitivity
in identifying prehilar arterial branches, thus demonstrating
that CTRA is currently the best method for the evaluation of
the vascular territory. In our study, sensitivity was not separately calculated for main and/or accessory branches.
In order to achieve such precision and optimal results, it is important to accurately follow the CT protocol, which includes
the preparation and positioning of the patient, adequate
management of the intravenous contrast, respecting the different phases of image acquisition, and the stage of image
interpretation2. Even if each institution has its own CTRA
protocol, variations in technique are minimal and are mainly
related to the model of CT scanner used and the number of
detectors. Our protocol includes a first unenhanced phase to
evaluate mainly renal morphology and to detect the presence
of lithiasis, followed by a second acquisition in arterial phase
20-30 seconds after the intravenous injection of contrast material for vascular assessment. This protocol is similar to most
protocols mentioned in the literature1,2,18.
In image post-processing at the workstation, images are reconstructed by multiplanar reformation, volume rendering
and maximum intensity projection (MIP) to optimize the angiographic effect. Notwithstanding the image post-processing
possibilities, the analysis of vascular anatomy should always
include first a detailed evaluation of axial raw images, and

then be followed by 3D evaluation1,19.
As regards the CTRA false-negative findings in our study, in
one of the cases a 1.5-mm-diameter polar artery was overlooked in the first review of the images, but after surgery,
when the presence of such artery was reported, a thorough
repeat review of the CTRA scan was performed by the same
reporting specialist, and this artery could be visualized. Satyapal et al12 described a range of diameter for an accessory
renal artery between 0.2 and 3 mm. As our false-negative
finding was within this range, we think that it was not only
the size of the artery what hindered visualization in the first
review of the scan, but also the course followed by this accessory artery, which arose perpendicularly to the main artery,
thus impairing visualization in the first review of axial images.
Misinterpretation may also be related to technical artifacts
such as motion or poor acquisition in the contrast-enhanced
phase18. If this polar renal artery had been detected in the
first review of images, the sensitivity of the CTRA in our study
would have been higher (>95%).
Regarding the other case of discrepancy, the CTRA scan
showed an accessory renal artery of 1 mm in diameter arising
from the aorta above the left renal artery. During surgery, the
search for this artery was disregarded because of its small
diameter, the fact that it did not affect subsequent perfusion of the organ and the impossibility of using this artery to
perform an effective anastomosis. This accessory renal artery
was visualized again in the repeat review of the CTRA scan,
and therefore we have decided not to consider this finding
as false-positive.
The selection of the kidney to be removed is related to anatomical and functional aspects, and the best kidney for the
donor is chosen20. Even if there have been reports of right
kidney harvesting, in these cases surgical resection has been
limited because of the small lateral distance from the inferior
vena cava. This is the reason why in most cases left nephrectomy is preferred, as the anatomic features of the vessels,
such as the longer renal artery and veins allow for an easier
surgical procedure with less complications5,8. In all our cases,
the left kidney was harvested.
Recently, attempts have been made to introduce magnetic
resonance angiography (MRA), as this procedure does not
use ionizing radiation and, if intravenous contrast is used,
the contrast material has less potential adverse reactions than
other contrast agents used for conventional angiography and
CTRA. A limitation of MRA is that it cannot be performed in
patients with pacemakers, metallic prosthesis and implants
and there may be difficulties for performing the scan in
patients with claustrophobia. Furthermore, duration of the
exam is longer and blood vessels are not always visualized at
the same level of detail. Diagnosis of small-diameter arteries
and differentiation of arteries and veins may be difficult. In
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addition, the use of MRA is limited because of high costs and
limited scanner availability at the various sites21,22.
Our hospital is a transplantation site for CUCAIBA (Centro
Unico Coordinador de Ablación e Implante de la Provincia
de Buenos Aires, Single Coordinating Center for Surgical
Removal and Implants of Buenos Aires Province). For this
reason, we present a large number of organ transplantation
from related living donors in a relatively short time of study;
however, the small number of patients is a limitation of our
study. We think that the analysis of a larger number of cases
would confirm the statistical findings reported and would
further support CTRA as the method of choice for the evaluation of living donors.
An additional relative limitation of our study is the experience
of the specialist physicians in CTRA reporting. Over the years
and as more scans were reviewed, the specialists had gained
more detailed knowledge by the end of this scientific study.
In order to optimize CTRA efficiency, radiologists should be
familiarized with the anatomic renal aspects, have knowledge
of technical parameters and be aware of any advances and
potential difficulties (including, but not limited to, technical
failures or misinterpretation of images) that may occur in relation to this method. It is also important to identify variants
not only in renal anatomy but also extrarrenal abnormalities,
as these data are crucial at the time of performing laparoscopic nephrectomy in living donors.
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