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ABSTRACT

Introduction: It has been postulated that renal volume should play a bigger role in selection of donor kidney apart from anatomy
and that the larger kidney should be kept for the donor. We attempted to investigate the correlation between donor residual renal
volume and post-transplant donor renal function up to 5 years post donation.
Material and methods: Retrospective analysis was performed on all living related renal transplant at a tertiary institution from
2005-2013. Pre-operative renal volumes of donors were calculated using computer tomography (CT) images. Serum creatinine
and creatinine clearance levels were collected at pre-operative, 6 months, 1 year, and 5 years post donation. Percentage residual
renal volume was correlated against the percentage change in serum creatinine and creatinine clearance over the specified time
points.
Results: Eighty-four donors were analyzed and the left kidney was removed in all patients. Median age was 46 years (22-76),
median pre-operative renal volume was 261 cm3 (142–453) and median percentage of residual renal volume was 44% (29-55).
Median serum creatinine at pre-operative, 6 months, 1 year, and 5 years were 65, 96, 99, and 91 µmol/L respectively. Median
creatinine clearance at pre-operative, 6 months, 1 year and 5 years were 113, 76, 74 and 81 ml/min respectively. Serum creatinine
trend showed improvement up to 5 years but creatinine clearance stabilized after 6 months. When compared against percentage
residual renal volume, there were no significant correlations found with percentage change in serum creatinine and creatinine
clearance over pre-operative, 6 months, 1 year or 5 years.
Discussion: There is no association between donated renal volume and changes in serum creatinine or creatinine clearance. Size
of the donated kidney does not matter.
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1. INTRODUCTION

Renal transplantation is currently the preferred treatment for
End Stage Renal Disease (ESRD) with organ transplanta-

tion offering improved quality of life and survival in these
patients when compared to dialysis treatment.[1] While the
utilization of Renal Replacement Therapy (RRT) has dramat-
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ically increased the survival of these patients, this number
can only be expected to increase as the prevalence of ESRD
continues to rise from diabetes and hypertension.

Advances in surgical technique and development of better
immunotherapy resulted in increased graft survival rate over
the past few decades. Including advances that allow for ABO
incompatible transplantation, renal transplantation has been
increasingly accepted as a viable treatment modality.[2]

Potential donors are rigorously screened to assess suitability
in high volume renal transplantation centers. Several studies
have shown that the long-term outcome after donor nephrec-
tomy remains comparable with the general population.[3–5]

There is also evidence to suggest that a larger donated renal
volume confers a better outcome in the recipients and is an in-
dependent determinant of post transplant graft outcomes.[6–8]

The impact of residual renal volume on donor renal function
is less clear.

The selection of donor kidney in our tertiary institution cur-
rently focuses on kidney anatomy with the following con-
siderations: 1) renal vasculature; 2) length of the vessels;
and 3) absence of abnormal renal anatomy. With no formal
measurement of the relative size of each kidney, the above
three criteria take precedence to the relative size of each
kidney. In the light of this historical practice, we aim to retro-
spectively investigate the correlation between the remaining
kidney volume of the donor and the post transplant donor
renal serum creatinine (Cr) and Creatinine Clearance (CCr)
at 6 months, 1 year, and 5 years as well as the correlation
between removed kidney volume and Cr and CCr levels.[1]

2. MATERIAL AND METHODS
We performed an institutional review board approved retro-
spective analysis of all living kidney donors performed at our
institution between January 2005 and December 2013. As
per our institution’s protocol, a computerized tomography
(CT) abdomen and pelvis with contrast was obtained for each
potential renal donor to assess vascular anatomy since 2005.
With the existing CT scans, we retrospectively calculated
the respective kidney volumes of the donors. Each CT scan
sequence included a minimum of coronal and transverse im-
ages for which length was obtained from the coronal view
(mm), and width and thickness (mm) were obtained from
the transverse sequence. We used the ellipsoid method to
estimate the kidney volume from the measurements obtained.
(Kidney volume = length × width × thickness × (π/6)).

Two independent investigators read each patient’s CT scan to
obtain the length, width and thickness of both left and right
kidneys. To minimize inter observer variability, we defined
the length of the kidney as measured from the tip of the up-

per pole to the lower pole and the width of the kidney as the
thickest measurement at the level of the hilum encompassing
the hilum on the coronal scans. The thickness of each kidney
was defined as the thickest transverse measurement from the
anterior to the posterior aspect of the kidney at the level of
the renal hilum using the transverse scan.

The two sets of measured kidney volumes from the 2 raters
were averaged to obtain the volumes for both left and right
kidneys after ascertaining that inter-rater variability was neg-
ligible. In the absent of abhorrent vascular anatomy the left
kidney was harvested as per the institution’s practice. A per-
centage residual renal volume was calculated for each patient
as follow:

% Residual Renal V olume = Residual Kidney V olume

Total Kidney V olume

× 100%
(1)

Post operatively these patients are also followed up life long
by the Transplant Clinic of the institution. At each visit, Cr
level and 24 hours urine volume were measured to monitor
renal function. Cr level and CCr pre operatively, at around 6
months, 1 year, and 5 years post donation were collected as
part of our study. CCr was calculated using the formula;

Creatinine clearance = Creatinineurine

Creatinineserum

× V olumeurine(ml)
Time(min) × 1440 (2)

Statistical analyses were performed using IBM SPSS Statis-
tics version 21. Statistical significance was assumed at p
< .05. Continuous variables were summarized as median
(range) and categorical variables as numbers (%). End-points
of Cr and CCr were measured at baseline, 6 months, 1 year,
and 5 years. The difference in Cr and CCr at each time point
and against pre op baseline was performed and the changes
were analysed by Wilcoxon Signed Rank test for statistical
significance. Correlation of Cr and CCr changes against per-
centage volume were tested by Pearson correlation statistics
at 6 months, 1 year, and 5 years.

3. RESULTS
A total of 84 donors who underwent donor nephrectomy be-
tween January 2005 and December 2013 were included. All
patients were noted to have donated their left kidney during
this period of time. Baseline characteristic of this group are
shown in Table 1. Median transplant age was 46 years (22-
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76). Median kidney volume was 261 cm3 (142-453), median
pre donation Cr was 65 µmol/L (44-118) and median pre
donation CCr 113 ml/min (54-209). The mean percentage
residual renal volume was 44% (29-55) suggesting that the
left kidney is commonly the larger of the two kidneys and
was donated unintentionally.

Table 1. Demographics (n = 84)
 

 

Sex: n (%) 
male: 35 (41.6), 
female: 49 (58.3) 

Median donation age, years (range) 46 (22-76) 

Median total renal volume, cm3 (range)  261 (142-453) 

Median pre op Serum Creatinine, μmol/L 
(range)  

65 (44-118) 

Median pre op Serum Creatinine Clearance, 
ml/min (range) 

113 (54-209) 

Median percent of residual renal volume, % 

(range) 
44 (29-55) 

Number of donated left kidney (%) 84 (100) 

 

The estimated total kidney volumes obtained from the 2 in-
dependent raters were well correlated, as can be appreciated
by the high value of intra-class correlation (ICC) of 0.989
(95% CI: 0.975 – 0.995).

3.1 Serum creatinine
Of the 84 donors, 5 years, 1 year, 6 months and pre-operative
Cr clearance were available for 36 (42%) patients, 66 (79%)
patients, 81 (96%) patients and 84 patients (100%) respec-
tively. As expected there was a statistically significant in-

crease in Cr from pre-operation baseline to 6 months post
donation (n = 81, change from baseline, median: 33 µmol/L,
p < .001). Cr subsequently decreased thereafter at 1 year
and at 5 years post donation compared with the baseline (see
Figure 1).

Figure 1. Boxplot of Cr change (µmol/L) at each time point
from the previous time point measurement

Comparing Cr between 6 months and 1 year post donation,
there was an improvement in Cr levels (n = 63, median
change -2 µmol/L, p = .017). At 5 years, Cr continued to im-
prove compared with 1 year after donation (N = 36, median
change: -9 µmol/L, p < .001) (see Table 2).

Table 2. Serum creatinine post donation
 

 

 

Timing post donation Pre op 6 months 1 year 5 year 

n (%) 84 (100) 81 (96) 66 (79) 36 (42) 

Median Creatinine, μmol/L (range) 65 (44-118) 96 (59-158) 99 (60-146) 91 (54-127) 

Change in serum creatinine, umol/L; median(p value)      

   Difference (6 months - Pre op), n = 81 33 (p < .001)    

   Difference (1 year - 6 months &), n = 63  -2 (p < .017)    

   Difference (5 year - 1 year), n = 36     -9 (p < .001) 

3.2 Serum creatinine clearance
Of the 84 donors, 5 years, 1 year, 6 months and pre-operative
CCr were available for 32 (38%) patients, 66 patients (79%),
79 patients (94%) and 84 patients (100%) respectively. While
there were significant decrease in CCr (see Figure 2) in the
pre and 6 months period (n = 78, median change -38 ml/min,
p < .001), CCr stabilized after the initial 6 months. At 1 year,
there is no significant change in CCr from 6 months (n = 62,
median change -2 ml/min, p = .514). At 5 years, there is
no significant change in Cr clearance from 1 year (n = 32,

median change 13 ml/min, p = .058) (see Table 3).

Correlation analyses were performed looking at the percent-
age change in Cr and CCr against percentage kidney vol-
ume donated. There were no significant correlation between
the percentage of donated kidney volume versus percentage
change in Cr from baseline at 6 months, 1 year, and 5 years
(p > .05 for all, see Table 4). The percentage change in CCr
from baseline at 6 months, 1 year, and 5 years was also not
correlated with the percentage kidney volume donated (p >
.05 for all, see Table 5).
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Table 3. Serum creatinine clearance post donation
 

 

Timing post donation Pre op 6 months 1 year 5 year 

n (%) 84 (100) 79 (94) 66 (79) 32(38) 

Median Creatinine Clearance ml/min (range) 113 (54-209) 76 (20-206) 74 (24-167) 81 (43-153) 

Change in serum creatinine clearance, μmol/L; median (p value)     

    Difference (6 months - Pre op), n = 78 -38 (< .001)    

    Difference (1 year - 6 months), n = 62  -2 (.514)   

    Difference (5 year - 1 year), n = 32   13 (.058)  

 

Table 4. Correlation analysis of % Donated Renal Volume vs % Cr change
 

 

% Renal volume donated 
% Cr Change from pre op to 

6 months 

% Cr Change from pre op 

to 1 year 

% Cr Change from pre op to 5 

years 

Pearson correlation, r 0.074 0.040 0.248 

p-value .512 .749 .146 

N 81 66 36 

 

Table 5. Correlation analysis of % Donated Renal Volume vs. % CCr change
 

 

% Renal volume donated %CCr Change from pre op 

to 6 months 

% CCr Change from pre 

op to 1 year 

% CCr Change from pre op to 

5 years 

Pearson correlation, r -0.088 -0.048 -0.197 

p-value .444 .704 .289 

N 78 65 31 

 

Figure 2. Boxplot of CCr change at each time point from
the previous time point measurement

3.3 Subgroup analysis
One possible confounding factor in our study was the large
variation between donors at the extreme ends. While we
note that the larger kidney were donated with a mean per-
centage residual renal volume of 44%, there was nearly 2-
fold difference (29%-55%) in term of residual renal volume.
There was also a 3-fold difference between the small and the
largest donated volume (median volume was 261 cm3, range

142 cm3-453 cm3) with resultant percentage difference in Cr
and CCr. The age group similar varied over a large range
from 22 years to 76 years. This raises the possibility of “av-
eraging” any meaningful differences that might exist in the
extreme ends of the data range.

A separate analysis was performed that divided percentage
residual renal volume range in thirds (≤ 42%, 43%-46%,
≥ 47%) and their corresponding changes in percentage
change Cr and CCr examined. Similarly, an analysis by
age into two groups was performed and examined.

3.3.1 Residual renal volume
Cr change and CCr change at each time point from the previ-
ous time (e.g. 6 mths – pre, 1yr-6 mths) followed the same
trend for each subgroup as compared to the whole group
anaylsis (see Figures 3 & 4). Cr changes and CCr changes
did not differ significantly between the 3 tertiles (n = 27, 29,
28) of percentage residual renal volume (p > .05 for all).

3.3.2 Age
The patients were separated into two age groups using the me-
dian age of 46 years. Cr change and CCr change at each time
point from the previous time (e.g. 6 mths – pre, 1yr-6 mths)
followed the same trend for each age subgroup as for whole
group (see Figures 5 & 6). Cr changes and CCr changes
were found to not be significant between the 3 tertiles of %
residual renal volume (p > .05 for all).

Published by Sciedu Press 17



www.sciedupress.com/jbgc Journal of Biomedical Graphics and Computing 2016, Vol. 6, No. 2

Figure 3. Boxplot of Cr change (µmol/L) at each time point from the previous time point measurement for 3 tertile
subgroups of % residual renal volume

Figure 4. Boxplot of CCr change (ml/min) at each time point from the previous time point measurement for 3 tertile
subgroups of % residual renal volume

Figure 5. Boxplot of Cr change
(µmol/L) at each time point from
the previous time point
measurement for 2 subgroups of
age
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Figure 6. Boxplot of CCr
(ml/min) change at each time
point from the previous time
point measurement for 2 age
subgroups

4. DISCUSSION

As the prevalence of end stage renal disease increases interna-
tionally, the number of living kidney donor transplantations
have increased 50% over the last decade.[9] Together with
the medical advancements in developing protocols for ABO
incompatible transplants, the pool of potential kidney donors
have increased for each recipient. As the motives are altruis-
tic, this elective loss of an otherwise normally functioning
organ demands detailed information and post-donation out-
comes to be clearly made known to potential donors. Donor
registries have been set up in many countries to monitor the
long-term health and welfare of kidney donors. This is neces-
sary as it is ethically important to ensure that donors’ health
are not being overly compromised post-transplant.

Prior studies have shown that larger donated kidney volume
lowers the incidence of acute cellular rejection and results
in better-estimated glomerular filtration rate (eGFR) at two
years post-transplant in the recipient.[7, 10] These findings,
together with dual cadaveric renal transplants, form the belief
that “more is better” for the recipient. However, this intro-
duced the ethical dilemma that leaving the smaller kidney for
the donor could potentially compromise the residual renal
function.

Renal donors have longer longevity than their counterparts,
with the rationale being that kidney donors are heavily
screened and thus are healthier pre-operatively than indi-
viduals in their age cohort.[11] However, recent studies with
greater enrollment numbers and more robust follow-up data
have shown that there is no statistically significant differ-
ence in long-term risk of death between live donors and
an age- and comorbidity-matched cohort. The same study
also showed the rate of surgical mortality for kidney donors
has remained stable at 3.1 per 10,000 despite advances and
changes in donor selection.[12] As such, kidney donors face
a morbidity from an immediate risk peri-operatively but not

from the long term risk of inadequate renal function.

4.1 Serum markers

Our aim was to examine the correlation between donor resid-
ual volume and post-transplant donor renal function 5 years
post-operatively. While eGFR has been accepted as a more
robust estimation of renal function, we used creatinine-based
approximation of GFR as these biomarkers were readily col-
lected from our donors on follow up, and allows for direct
comparison over long follow up periods. The Cockcroft-
Gault equation would be a better estimation of renal function
and may provide valuable insights into correlations relation-
ship between renal volume and function, which is something
to consider for future studies.

Both Cr and CCr changed significantly from baseline to 6
months. Renal function as measured by Cr improved there-
after at 1 year (change in CR: -2 µmol/L, p < .017) and
continued to improve up to 5 years (-9 µmol/l, p < .001)
after donation. CCr continued to decrease till the 1 year
point although at a slower rate (difference (1 yr - 6 mths):
-2 ml/min). At the 5 years mark, CCr improved by 13 ml/min
from the 1 year mark (p = .058), which was close to statisti-
cal significance. This shows that renal deterioration does not
persist after donation but instead stabilizes for the first few
years and may even show trends of improvement beyond 5
years.

We believe the reversal in renal function that can be seen in
serum Cr and CCr (although not statistically significant) is
a result of renal hypertrophy as a means of homeostasis to
support the physiological need of the body. We believe that
the trend of CCr follows that of creatinine but it is less clear
as to the duration of deterioration and the turning point when
renal function starts to improve. Our finding is also similar to
Fehrman-Ekholm et al., whose cross-sectional retrospective
study on the living kidney donors and their renal function
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demonstrated that renal function continues to improve for up
to 8 years but will show some signs of slight deterioration in
the longer run.[13]

4.2 Correlation relationships
When comparing the percentage change in renal volume ver-
sus serum Cr and CCr, we found no strong relationship exists.
The residual renal volume for the donor does not affect the
change in serum markers. This we believe is due to hyper-
trophy as a result of homeostasis. It is a dynamic process
to achieve equilibrium and not for the purpose of nephron
replacement. Contrary to our results, Hugen et al. have
shown that donated kidney volume correlated with donor Cr.
This may be due to a more sensitive modality used in volume
calculation and the use of body surface area in renal function
assessment that were not available in our cohort.[14] While
the relatively small number may compound the results of
the correlation studies especially at the 5 years follow up,
we believe this relationship is a true representation of the
dynamics between renal volume and serum markers.

We further divided our data set into smaller subgroup despite
our small sample size to investigate for significant correla-
tion relationship. Compensatory hypertrophy as a result of
homeostasis is also likely to be inversely proportional to age.
This avoids over simplification and averaging of the results.
While the results were similar to the whole group analysis,
we believe it is important to explore subgroup correlation to
account for the large difference in the terms of residual renal
and age and their corresponding renal function changes.

Our center routinely selects the left kidney due to ease of

surgery and renal vessel length. Incidentally in our study,
the transplanted left kidney was on average larger than the
right kidney, resulting in the donor having a mean residual
renal volume of 43.6% (28.8-54.5). We argue that the ro-
bustness of our correlation relationship is boosted by this
unintended selection. Moreover, we noted that at the very
least CCr plateaus at 1 year post donation and may continue
to improve up to 5 years post donation.

5. CONCLUSION

Based on these findings, we conclude that the size of the kid-
ney is not a crucial determinant in the welfare of the kidney
donor as long as safety considerations are not compromised.
As previous research has suggested that a larger kidney size
benefits the recipient, it is ethically acceptable to transplant
either kidney, even if this results in the selected kidney being
the slightly larger of the two. Muzzale et al. wrote that
although there is an increased risk of ESRD in renal donors,
the magnitude of absolute risk increase was very small, thus
supporting our conclusion as well.[15] Future directions for
this clinically and ethically important question would be
with three dimensional radiological measurement of pre and
post-operative renal volume and the usage of GFR with age,
ethnicity and BMI factored in to investigate the relationship
between residual renal volume and renal function in the renal
donor. We eagerly await future research on this topic for
validation of our findings.
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