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ABSTRACT 
Aim: To analyze the image quality and diagnostic performance of CT angiography using low dose (60 ml) contrast medium for 
living kidney donors and compare with surgical results.
Material and Method: Angiographic findings of 81 renal donor Candidates in 128-slice MDCT were evaluated by two 
independent radiologists in terms of renal artery number, early bifurcation, renal vein variations, pelvicalyceal system 
and ureter variations. Results were compared with intraoperative findings. The image quality, diagnostic performance and 
interobserver agreement of MDCT obtained with low dose contrast material were analyzed.
Results: The mean age of the 81 living kidney donors included in the study was 49±12 (24-68) years. Left nephrectomy was 
performed in 71% (n=64) and right nephrectomy in 29% (n=17) of the donors. Intraoperative accessory arteries were detected 
in 22.2% (n:18) of the donors. The specificity, sensitivity, and accuracy for detecting accessory artery variation in MDCT were 
100%, 88.9%, and 97.5%, respectively. Early bifurcation was observed in 21% (n=17) of the donors. Specificity, sensitivity 
and accuracy for early bifurcation detection were 98.4%, 94.1% and 97.5%, respectively. Renal vein variation was detected 
in 12.3% (n=10) of the donors. Specificity, sensitivity, and accuracy for renal vein variation detection were 100%. Variations 
of the pelvicalyceal system and ureter were observed in 3.7% (n=3) of the donors. The specificity, sensitivity, and accuracy 
for detecting pelvicalyceal system and ureteral variations were 100%. Interobserver agreement was excellent in detecting 
variations of accessory arteries, renal venous anomalies, pelvicalyceal system and ureters by MDCT (kappa: 1,000; p< 0.001). 
It was higher in early bifurcation detection (kappa: 0.853; p< 0.001).
Conclusion: MDCT angiography with a lower dose of iodine contrast at 60 mL in kidney donors is sufficient to detect vascular 
anomalies and provide anatomical information. It is possible to reduce the contrast agent dose in CTA without affecting the 
preoperative evaluation.
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INTRODUCTION
Transplantation from a living donor is the most effective 
treatment option in patients with end-stage renal disease 
(1). In transplantation operations performed from living 
donors, preoperative evaluation and removal of the organ 
to be transplanted in a way that causes minimal damage to 
the donor and the organ itself is of great importance (2).

Clinical evaluation, laboratory tests and a comprehensive 
radiological study are necessary to determine the quality 
of the graft organ, to prevent future problems in the 
donor, to increase the success of the operation and to 
ensure that the graft works well in the recipient (3,4).

Detailed pre-operative knowledge of the donor's renal 
anatomy helps to minimize the risks of intraoperative 
bleeding, vascular or ureteral injury (5,6).

In the past, living kidney donors were subjected to 
preoperative evaluation with excretory urography 
and renal catheter angiography. However, because 
angiography is an invasive procedure and its value 
is limited in the detailed evaluation of renal venous 
anomalies, cross-sectional examination methods have 
taken its place (7).
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The vascular and pelvicalyceal anatomy of the donor can 
be identified by CT or MRI (8).

With the introduction of multi detector computed 
tomography (MDCT), increased scanning speed, higher 
spatial resolution, thinner sections and superior image 
quality have been achieved. CT has become a safe and 
widely accepted method for the preoperative evaluation 
of the renal vasculature, due to the higher spatial 
resolution, acquisition rate, and greater ability to detect 
small accessory arteries than MRI (9,10).

The use of high-dose contrast media in computed 
tomography can cause acute kidney injury (CI-AKI), 
known as contrast-induced nephropathy not associated 
with another nephrotoxic event, when there is a sudden 
increase in serum creatinine after exposure to iodinated 
contrast media. This condition is normally self-limiting, 
but can lead to increased morbidity and mortality (11,12).

The degree of renal artery opacification defines the 
technical adequacy of CT Angiography (CTA) scanning 
and is proportional to the rate and dose of contrast agent 
administration. Recent advances in CT technology 
and faster image acquisition times can shorten the 
time required for opacification of the vascular system. 
Therefore, it makes it possible to reduce the contrast 
agent dose used in CTA (13).

Due to the difficulty of finding renal donors, the contrast 
agent dose to be applied to the kidney to be transplanted 
is important. It has been reported in the literature that 
75-120 ml of contrast material is used in preoperative CT 
angiography in renal donors (14-16).

The use of less contrast reduces the risk of potential 
complications associated with an iodinated contrast 
agent, such as an allergic reaction or nephrotoxicity. 
Therefore, the contrast dose should be reduced to the 
lowest dose that will not affect the imaging quality (13).

The aim of this study is to analyze the image quality and 
diagnostic performance of CTA using 60 ml of contrast 
medium for living kidney donors and compare it with 
surgical results.

MATERIAL AND METHOD
The study was reviewed and applied by Non-Interventional 
Clinical Researchs Ethics Committee of Health Sciences 
University, Haydarpaşa Numune  Training and Research 
Hospital Health Application Center (Date: 02.08.2021, 
Decision No: 2021/197-3396). All procedures were 
carried out in accordance with ethical rules and the 
principles of the Declaration of Helsinki.

Between February 2015 and April 2021, 110 potential 
living donors who underwent CTA imaging before renal 

transplantation in our hospital were retrospectively 
reviewed. Nineteen patients were excluded from the 
study because nephrectomy was not performed due to 
malignancy and/or positive cross-match results, and 10 
patients were excluded because the contrast medium rate 
(3.5 ml/sec) was different. 81 patients were included in 
the study.

CTA imaging in renal donors was performed with 
128-slice CT (Optima CT 660, Logic Healthcare, 
Waukesha, USA) with 120 Kv radiation dose, 150 mA, 
tube output between 200-400, 0.6 pitch, 0.4 sec rotation 
time, 0.625 mm slice thickness and It was done with 40 
mm collimation.

The patients were taken to the to the CT scan as fasting 
for at least 6 hours and drinking 250-500 cc of water 
in the last half hour. The CTA procedure and breathing 
instructions were explained to each patient.

60 ml of contrast material (iohexol, Omnipaque 350, 
Amersham Health, Princeton, NJ) was given to the 
patients through an 18 G cannula with an automatic 
injector (Ulrich Inject CT Motion, Ulrich Medical, 
Buchbrunnenweg, Germany) at a rate of 4 ml/sec. After 
the contrast application, 40 cc of saline was administered 
at the same rate.

Imaging was performed by taking arterial (25 sec), 
portal (60 sec) and late venous (300 sec) phases in the 
craniocaudal direction. Scanning area starting from the 
top of the diaphragm domes; It was determined to be 
just below the common iliac arteries in the arterial and 
venous phase, and up to the symphysis pubis in the late 
venous phase.

All acquired images were transferred to the workstation 
(Advanced Workstation, GE Healthcare, Milwaukee, 
WI, USA) for postprocessing.

Two experienced independent radiologists (S.A and 
H.G.) reviewed images from each CT scan at the 
workstation preoperatively. Image analyzes were 
performed without knowledge of other reviewers or 
surgical results.

Multiplane remodeling (MPR) and volume rendering 
(VR) techniques were generally used for 3D CT 
angiography. However, the maximum intensity 
projection (MIP) technique was used especially when 
needed for small vessels.

Renal artery anatomy was evaluated in arterial phase, 
venous anatomy was evaluated in arterial and/or portal 
phase, and collecting system anatomy and variations 
were evaluated in late venous phase.

Both radiologists recorded the number of renal arteries. 
Any branch within 2.0 cm of the aorta was classified as 
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early branching. Other associated findings, including 
stenosis and aneurysms, were recorded for each artery. 
Renal vein anatomy was evaluated for the presence of 
retroaortic and circumaortic veins. Pelvicalyceal system 
and ureteral anomalies were recorded.

None of the patients developed complications related 
to contrast material. In addition, there was no patient 
who could not be evaluated due to poor image quality 
or insufficiency.

Donor nephrectomy was performed between 4 weeks 
and 6 months (mean 3 months) after CT examination. 
Transplant surgeons recorded the side of the 
nephrectomy kidney, the number of renal arteries, the 
presence of early branching arteries, the presence of 
renal vein anomalies, pelvicalyceal system and ureter 
anomalies.

Statistical Analysis
Statistical analyzes were performed with IBM SPSS 
Statistics, Version 23.0 (SPSS Inc., Chicago, USA) and 
MedCalc® Statistical Software version 20 (MedCalc 
Software Ltd, Ostend, Belgium; https://www.medcalc.
org; 2021). Categorical data of both groups were 
reported as frequencies and percentages within the 
groups (n, %). The relationship between observers and 
surgery was assessed by kappa concordance analyses. In 
addition, the diagnostic performance of the observers 
according to surgery was evaluated and reported as % 
sensitivity and % specificity. The limit of significance 
was accepted as p < 0.05.

RESULTS
The mean age of 81 living kidney donors included in 
the study was 49±12 (min-max:24-68) years; 51.9 % 
(n=42 ) were female and 48.1% (n=39 ) were men. Left 
nephrectomy was performed in 71% (n=64) and right 
nephrectomy in 29% (n=17) donors (Table 1).

Intraoperative accessory renal artery was observed 
in 22.2% (n:18) of the donors; single renal artery in 
77.8% (n=63), double renal artery in 19.8% (n=16), and 
triple renal artery in 2.4% (n=2). Specificity, sensitivity, 
and accuracy for accessory artery detection in CTA 
for observer 1 and observer 2 were 88.9%, 100%, and 
97.5%, respectively (16/18). Excellent agreement among 
observers was detected (kappa: 1.00; p< 0.001) (Table 
2). More than three renal arteries were not detected 
in any donor. Both observers evaluated the presence 
of triple renal artery as bilateral renal artery in two 
donors. Retrospectively, these arteries were identified 
as superior and inferior polar arteries with a diameter 
of less than 2 mm, respectively. These arteries were not 
considered important by the surgeon.

Early bifurcation was detected in 21% (n=17) of the 
donors. Specificity, sensitivity, and accuracy for early 
bifurcation detection in CTA for observer 1 and 
observer 2 were 98.4%, 94.1%, and 97.5%, respectively 
(16/17). High agreement among observers was detected 
(kappa: 0.853; p< 0.001) (Table 3). The mean length 
from aorta to renal artery branching was 21.2 mm in the 
two donors in which early branching was misregistered, 
possibly confused with early branching.

Renal vein anomaly was observed in 12.3% (n=10) 
of the donors, and all of them were in the left kidney. 
Specificity, sensitivity, and accuracy for detecting renal 
vein variation in CTA for observer 1 and observer 2 were 
100. Excellent agreement was found between observers 
(kappa: 1,000; p< 0.001). Of the donors with renal vein 
anomalies, 80% (n:8) had a retroaortic and 20% (n:2) 
had a circumaortic renal vein. All of the variations were 
detected by both observers.

A normal single ureter was detected in 78 of 81 
intraoperative kidneys. Variations of the pelvicalyceal 
system and ureter were observed in 3.7% (n=3) of the 
donors. There was one partial ureteral duplication in the 
right kidney and two complete ureteral duplications in 
the left kidney. Specificity, sensitivity, and accuracy for 
detecting renal pelvis and ureter variations on CT for 
observer 1 and observer 2 were 100% (3/3). Excellent 
agreement was found between observers (kappa: 1,00; 
p<0.001).

Table 1. Demographic characteristics of the renal donors
  n (%)/Mean ±SD
Sex

Female 42 (51.9)
Male 39 (48.1)

Age (years) 49±12
Side

Left 64 (79)
Right 17 (21)

Table 2. Sensitivity, specificity, and accuracy of multidetector CT 
angiography for presence of accessory arteries

Sensitivite 
%

Spesifite 
%

Accuracy 
(%) Kappa      P

Observer 1 88.9 
(16/18)

100 
(63/63) 97.5 1 <0.001

Observer 2 88.9 
(16/18)

100 
(63/63) 97.5 1 <0.001

Table 3. Sensitivity. specificity. and accuracy of multidetector CT 
angiography for presence of early branching of renal arteries

  Sensitivite 
%

Spesifite 
%

Accuracy 
(%) Kappa     P

Observer 1 94.1 
(16/17)

98.4 
(63/64) 97.5 0.853 <0.001

Observer 2 94.1 
(16/17)

98.4 
(63/64) 97.5 0.853 <0.001
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DISCUSSION
Kidney transplantation remains the most effective 
treatment option for patients with end-stage renal disease. 
Transplantation can be done from cadavers or from 
living kidney donors. According to recent data, living 
donor transplants account for more than two-thirds of 
all kidney transplants performed in Turkey, compared to 
only about a quarter in the United States (17,18).

Donor safety is the primary goal of living donor 
transplant programs. All potential donors should have 
standard laboratory tests, clinical evaluation prior to 
kidney transplant surgery, and anatomical evaluation 
of the kidney and renal vessels should include imaging 
studies (19,20).

The number, length, location and branching pattern of 
the renal arteries, venous anomaly, kidney and collecting 
system should be evaluated preoperatively by imaging 
methods (21).

Multi-detector CT angiography (MDCTA), contrast-
enhanced MR angiography and digital subtraction 
angiography (DSA) can be applied in the structural 
evaluation of the kidney and renal vascular system in living 
kidney donors. However, the use of DSA has decreased 
because it is invasive and does not provide detailed 
information about venous anatomy and renal parenchyma. 
MR imaging is not sensitive in detecting urolithiasis and 
its spatial resolution is lower than MDCTA (10,22).

MDCT is a non-invasive, easily accessible and relatively 
inexpensive imaging modality. In addition, MDCT is 
preferred to other imaging modalities due to its high 
spatial resolution, acquisition rate, ability to detect small 
accessory arteries, and more sensitive to identify and 
characterize vascular calcifications (23).

Adequate vascular augmentation is essential to obtain 
a high-quality angiogram. The degree of arterial 
opacification defines the technical proficiency of a CTA 
scan. It is proportional to the rate and dose of contrast 
agent administration (24).

The organ taken in donor surgeries is used in another 
individual and the donor continues his life with the 
remaining kidney. For this reason, it is of great importance 
to remove the organ to be transplanted in a way that 
causes the least damage to the donor and the organ.

CI-AKI is related to the amount of contrast material 
used, and although it is usually self-limiting, it can lead 
to increased morbidity and mortality (11). Groups of 
patients with hypertension, advanced age, and recent 
exposure to nephrotoxic drugs are at risk of developing 
CI-AKI. Therefore, the contrast dose should be kept to a 
minimum, provided it does not affect the overall quality 
of the image (12).

Recent advances in CT technology have allowed faster 
image acquisition times, reducing the time required 
to opacify the pulmonary vasculature. This made it 
possible to consider reducing the dose of contrast agent 
used in other angiographies as well as in CT pulmonary 
angiographies (13).

To the best of our knowledge, our study is the first study 
in which the diagnostic performance of CTA obtained 
using low-dose contrast material was compared with 
surgical results in renal donors. It is aimed to reduce 
the risk of complications and the cost of screening by 
reducing the dose, and to increase patient safety.

Although the contrast agent doses used in CTA imaging 
for kidney donors vary, they have decreased over the years 
with the development of CT technology. Rankin et al. (14) 
used 150 ml, Kawamoto et al. (25) used 120 ml, Ghonge 
et al. (26) used 100 ml of contrast agent for renal donors.

In our study, CTA had a diagnostic accuracy of 97.5% for 
number of arteries when compared with intraoperative 
findings. Similarly, Sarier et al. (2) reported an accuracy 
rate of 97.9% with CTA in their study on 2,144 living 
donors using an average of 90 ml of contrast. In our 
study, the specificity and sensitive values for accessory 
renal artery in CTA were 100% and 88.9%, respectively, 
and Sarıer et al. similar to his work.

When CTA and intraoperative findings were compared 
in terms of early bifurcation in our study, the specificity, 
sensitivity, and accuracy were 98.4%, 94.1%, and 97.5%, 
respectively. Kawamoto et al. (14) reported that early 
branching of the renal arteries could be detected with an 
average accuracy of 96% in his study by applying 100 ml 
of contrast material.

Çınar et al. (27) found the retroartic and circumaortic 
renal vein variation rate of 9.4% in their study on 504 
living donors using 80-100 ml contrast. Holden et al. (28) 
found a 14% vein variation rate in 80 living donors. In 
the study, this rate was similar to that of Holden et al. 
We think that this is due to the fact that the number of 
patients in the study is less than that of Çınar et al., and 
that it is close to that of Holden et al. In the study, the 
specificity, sensitivity and accuracy in detecting renal 
vein variations in MDCT were similar to the study of 
Turkvatan et al. (15).

The rate of detection of pelvicalyceal system and ureters 
variation in our study was similar to the literature. The 
specificity and sensitivity of detection with MDCT was 
100%, and it was similar to the study of Türkvatan et al. 
(15).

In the literature, some authors recommend scanning 
before contrast application to detect the presence of 
nephrolithiasis and urolithiasis, while others do not 
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(15,28,29). In our study, unhanced imaging was not 
performed in order to minimize the radiation dose 
received.

We experienced that nephro and urolithiasis can be 
detected in arterial phase images. In a literature study of 
65 patients using MDCT, all five patients with urolithiasis 
were seen on both non-contrast and contrast-enhanced 
scans (30). In our study, we detected four donors, two 
with nephrolithiasis and two with urolithiasis, on arterial 
phase images.

The limitations of our study are that it is retrospective, 
single-centered, and the images were evaluated by only 
two observers. In addition, renal function tests and the 
incidence of CI-AKI were not compared with CTA with 
high-dose contrast material.

CONCLUSION
Our study showed that CTA performed with low-dose 
contrast agent (60 mL) on 128-slice CT in renal donors is 
clinically applicable without adversely affecting the image 
quality and diagnostic value, and provides sufficient 
preoperative information. New studies are needed to 
determine that CT with less slices provides sufficient 
preoperative information.
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