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Abstract
Background: Kidney transplantation is the treatment of choice for end stage kidney disease, providing improved patient survival as compared to dialysis therapy. 
Generally nuclear renography is performed to estimate split kidney function (SRF), and computed tomography is done to evaluate vascular anatomy in preoperative 
investigation of living kidney donors. The aim of our study was to compare nuclear scintigraphy and CT based volumetry to evaluate SRF in living kidney donors in 
the selection of the kidney for donor nephrectomy.

Method: We designed a retrospective study to find out the relevance between the left and right kidney volumes calculated by CT and SRF measured by a nuclear 
renal scintigraphy. A total of 36 patients underwent live donor nephrectomy at Medipol University Hospital between April 2015 and April 2018. 

Result: Mean age of the 36 donors was 42.7 ± 13.4 (23-67) years, and 20 (66.7%) of them were female. Pearson correlation analysis test was done to determine the 
correlation of these techniques with percentage decrease of eGFR before donation and in postoperative 3rd day. The p value was 0.714 and 0.06 for CT volumetry and 
nuclear scintigraphy when correlated with % decrease in donor eGFR, respectively.

Conclusion: This current study suggests that CT volumetry gives similar results when compared to nuclear renography in calculating SRF of live kidney donors.
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Introduction
Kidney transplantation is the treatment of choice for end stage 

kidney disease, providing improved patient survival as compared to 
dialysis therapy. On the other hand, because of organ shortage, living 
donors are used generally world-wide. In order to ensure donor 
safety and comfort, it requires a very careful preoperative evaluation 
process. Assessment of predonation kidney function and anatomy is an 
important factor to eliminate the risk of kidney disease in the living 
donor. Ideally, the nephron mass hypothesis suggests that the larger or 
more dominant kidney should remain with the donor [1]. There are 
no universal recommended guidelines about acceptable volume or 
function asymmetry when choosing right or left kidney for living donor 
nephrectomy. In many transplant centers, functional assessment of both 
kidneys is most commonly measured by nuclear scintigraphy although 
it has limitations such as radiation exposure, long procedure time, high 
cost and interpretation errors [2]. In addition, contrast-enhanced CT 
(or MRI) is used for vascular and anatomical evaluation and screening 
possible abnormalities [3]. 

Moreover, in the presence of a CT scan, assessment of split renal 
function (SRF) by nuclear scintigraphy has been questioned among 
transplant society recently [4]. In some current studies, it has been 
demonstrated that SRF could be measured by CT-deriven calculations 
of the kidney volume with different volumetry techniques [5-7]. The 
aim of our study was to compare nuclear scintigraphy and CT based 
volumetry to evaluate SRF in living kidney donors in the selection of 
the kidney for donor nephrectomy.

Method
We designed a retrospective study to find out the relevance 

between the left and right kidney volumes calculated by CT and SRF 
measured by a nuclear renal scintigraphy. Our study cohort consisted 
of 36 adult (>18 years) donors. Electronic charts were retrospectively 
evaluated and donors of the pediatric patients, recipients who had 
an acute rejection or major complication alongside the donors with 
MRI angiography or whose CT scans performed elsewhere from our 
institution were excluded from the study. Donor serum Cr, 24-hour 
urine cretinine clearance (CrCl) and estimated GFR (eGFR) calculated 
by Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 
equation were investigated for the assessment of predonation kidney 
function [8]. Additionally, postdonation kidney function of the donor 
was calculated by eGFR test on postoperative day three. All of the 
donors had a contrast-enhanced CT during preparation process 
involving evaluation of the renal vascular anatomy, and a Tc-99m-
mercapto-acetyltriglycine (MAG3) (Tc99m-MAG3) scan to measure 
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preoperative SRF. Both volume and SRF calculation results was given 
as percentages. 

CT-Volumetry

Renal length and volume were evaluated by CT executed by a 
256-detector CT scanner (Philips 256-slice CT, Philips Electronics 
N.V). The multiphase CT study involved four abdominal scans got 
before (1 pre-contrast phase) and after (3 post-contrast phases with 
a slice thickness under 1.5 mm) administration of contrast material 
(low osmolality, iodinated contrast at a dose of 2 mL/kg body weight 
at a rate of 4 mL/s). Post-contrast phases were the cortico-medullary, 
tubulary and excretory phases. The renal delineation was made semi-
automatically by mouse clicks on the renal cortex on a computer software 
(Philips Portal Medical Systems, Philips Healthcare Informatics, Inc.). 
The parts of collecting system, adipose tissue in the sinus, and cystic 
or solid masses were omitted. The total renal volume of each donor 
was calculated then. The total kidney volume for each donor was 
defined as the sum of the left (L) and the right (R) kidney volumes. The 
individual kidney contribution to overall kidney function was assumed 
proportional to its contribution to the total kidney volume based on the 
equation; % measured kidney volume of interest= (individual R or L 
kidney volume) x 100 / (total R + L kidney volume).

Nuclear scintigraphy

Nuclear imaging renograms were acquired using a parallel hole, 
low-energy, high-resolution collimator. Background activity was 
calculated from soft tissue regions of interest. Differential function was 
calculated from integrated background- and depth-corrected cortical 
activity.

Analysis of donor renal function

The percentage of decrease in estimated glomerular filtration rate of 
the donor was calculated with given formulae: 100 x [postop third day 
eGFR – preop eGFR] / preop eGFR.

Statistical analysis

Statistical analysis was done with the SPSS Statistics software 
(version 20; IBM Corp., Armonk, NY). Qualitative data were given by 
percentage, quantitative data by mean ± standard deviation. Pearson 
correlation analysis was used to compare two measurement methods 
and percentage of preoperative and postoperative eGFR difference. P 
values of 0.05 or less was considered statistically significant.

Result
A total of 36 patients underwent live donor nephrectomy at 

Medipol University Hospital between April 2015 and April 2018. 
After the elimination of unsuitable group of patients mentioned in 
the methods, a number of 36 donors were included in the study. Mean 
age of the 36 donors was 42.7 ± 13.4 (23-67) years, and 20 (66.7%) of 
them were female. Table 1 shows the basic demographics of all the 
donors. Mean serum creatinine level and eGFR value before renal 
transplantation were 0.73 ± 0.11 mg/dL and 106.9 ± 15.7 l/min/1.73 
m2, respectively. On postoperative third day, mean serum creatinine 
levels and calculated eGFR values of the donors were 1.04 ± 0.17 mg/
dL and 77.4 ± 15.5 ml/min/1.73 m2, respectively.

Table 1 shows the comparison of demographic findings of the 36 
donor patients.

We evaluated the status of correlation between proportional 
kidney volume calculated by CT volumetry and SRF by nuclear 

scintigraphy. We measured the difference noticed between right and 
left kidneys for each technique. Percentage contributions of the left 
and right kidney to the total renal function evaluated by the Tc99m 
DTPA were 51.13 ± 3.66 and 48.87 ± 3.66, respectively. CT volume 
percentages of the left and right kidney were 50.39 ± 2.75 and 49.61 
± 2.75, respectively. Pearson correlation analysis test was done to 
determine the correlation of these techniques with percentage decrease 
of eGFR before donation and in postoperative 3rd day (Table 2). The p 
value was 0.714 and 0.06 for CT volumetry and nuclear scintigraphy 
when correlated with % decrease in donor eGFR, respectively.

Table 2 shows correlation of two different techniques with the % 
decrease in eGFR.

Discussion
In this current study it has been shown that there is no statistically 

difference between CT-based volumetric measurements and nuclear 
scintigraphy in determining SRF. Outcomes of our investigation verify 
that in living donor kidney transplantation, volume of the kidneys 
is an important employable parameter of renal function. Therefore, 
volumetric studies can be regarded as a mean to evaluate predonation 
SRF.

To properly define the related participation of each kidney to 
total kidney function is utterly important in predonation assessment 
of living donors in order to provide donor comfort and safety. If 
an inequality detected in kidney function, the better functioning 
kidney should be left in the donor. Predonation assessment of split 
kidney function is done widely by nuclear renographic techniques 
[3,5,9,10,11]. In this technique, a radioisotope is injected systemically, 
and kidney uptake is quantified over time. Even though its common 
utilization, nuclear scintigraphy has important disadvantages, such as 
length of procedure, exposure to radiation, and calculation mistakes. 
On the other hand, CT angiography that is routinely used in many 
transplant centers to assess renal vascular and parenchymal anatomy 
has its own benefits of minimizing radiation exposure, procedure 
time and operator dependency. Advanced devices which have the 
ability to produce rapid and dependent 3D images of the kidneys 
are widely accessible now [12]. Thus, use of CT- based techniques 
to measure SRF encouraged transplant physicians as a noninvasive, 
easy to perform single study, hence facilitating and accelerating donor 
assessment [2]. 

Donor Age (years) 42.7 ± 13.4
Donor Sex Ratio (Male/Female) 
(n / %) 16 (33.3%) / 20 (66.7%)

Mean 24 Hours Creatinine Clearance (milliliter/minute) 119 ± 25.7
Mean Donor Serum Creatinine (milligram/deciliter) 0.73 ± 0.11
Mean Preoperative
Estimated Glomerular Filtration Rate 
(milliliter /minute/1.73 square meters)

114.13 ± 15.9

Mean postop 3rd day Estimated Glomerular Filtration 
Rate (milliliter /minute/1.73 square meters) 67.4 ± 16

Table 1. Basic demographic characteristics (n = 36)

Difference in Contribution with the 
Preferred Kidney

% Decrease in Estimated Glomerular 
Filtration Rate

CT volumetry
Pearson correlation (r) / Sig. (2-tailed) (p) 0.07 / 0.714

Scintigraphy
Pearson correlation (r) / Sig. (2-tailed) (p) 0.336 / 0.069

Table 2. Correlation of two different techniques with the % decrease in eGFR
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While the mean glomerular volume is closely correlated with 
kidney weight, volumetric studies has been suggested to be used as 
a substitute [9]. Therefore, kidney volume, has also been indicated as 
a significant factor for nephron number [13]. To evaluate SRF with 
CT, kidney volume is measured and compared between left and right 
kidneys, accepting that volume is correlated with function in healthy 
donors without parenchymal abnormalities. There are variable 
techniques used for CT volumetric studies [2,4,5,9]. In this study, the 
definition of kidneys was made semi-automatically by mouse clicks 
on the renal cortex using software on a computer. Then the individual 
kidney contribution to overall kidney function was assumed by an 
equation as defined in methods section. 

The evaluation of kidney function in living donors is highly 
crucial to avoid renal failure during their remaining lifetime. In a 
previous study, it is indicated that after donor nephrectomy, 12% of 
donors develop chronic kidney disease defined as an eGFR<60 ml/
min/1.73 m2 [14]. Consequently, assessment of donor SRF before 
donor nephrectomy is extremely critical to decide to the side of 
nephrectomy. In our institution, we both investigate the 24 hours 
creatinine clearance and eGFR before donation process. In addition, 
we checked the postdonation kidney function with postoperative 3rd 
day eGFR test. Then we analyzed the correlation of SRF calculations 
of CT volumetry and nuclear scintigrahy with the percentage of 
decrease in renal function measured as predonation and postdonation 
difference of the eGFR, and we found no statistically difference 
between two techniques. 

Our study has some limitations: First of all, this is a single center 
study with a relatively small number of populations. Secondly kidney 
function is measured by eGFR which may have restrictions related to 
formula used for calculation. 

Conclusion
This current study suggests that CT volumetry gives similar 

results when compared to nuclear renography in calculating SRF 
of live kidney donors. Consequently, when the present technical 
limitations of renal scintigraphy such as radiation exposure, long 
procedure time, high cost and interpretation errors are considered, 
a CT only protocol may be more useful for predonation preparation 
of the donors in the context of estimating split renal function. 
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