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Background: The effect of donor kidney morphology parameters on the prognosis of renal transplant
recipients remains unclear.
Methods: We conducted a retrospective cohort study consisting of 290 pairs of donors and recipients who
underwent living related renal transplantation in our center between December 2013 and December 2015.
The donor kidney morphology parameters, demographic characteristics and renal function of the included
participants were collected and analyzed.
Results: The univariate linear regression analysis revealed that the donor kidney weight (DKW)/recipient
body weight (RBW), DKW/recipient body surface area (RBSA), DKW/recipient body mass index (RBMI),
donor kidney volume (DKV)/RBW, DKV/RBSA, DKV/RBMI, and donor body weight (DBW)/RBW were
significantly correlated with estimated glomerular filtration rate (eGFR) and serum creatinine in recipients
within two years of transplantation. In our multivariate linear regression analysis, DKW/RBW and donor
age significantly correlated with eGFR at 6, 12, 18 and 24 months after transplantation. DKW/RBW had the
best prediction performance for good renal allograft function at 12 months after transplantation. We found
that when the age of the donor was 55 years and above, the prediction performance of the nephron dosing
to the recipient’s metabolic demands mismatch was elevated. After grouping according to the donor’s age
and DKW/RBW, the allograft function from different donor ages improved as DKW/RBW increased. The
number of recipients who were rejected in the high DKW/RBW group was significantly fewer than those
in the low and medium groups the 1, 2, and 3-year graft and patient survival rates were comparable among
these groups. Furthermore, we also identified that when the age of the donor was 55 years and above, the
threshold of DKW/RBW was 3.09 g/kg via the receiver operating characteristic curve, which predicted a
good renal function 12 months after transplantation.
Conclusions: The donor kidney morphology parameters were significantly associated with early renal
allograft function, especially when the age of the donor was 55 years and above.
Keywords: Donor kidney; living; morphology parameters; renal transplantation
Submitted Feb 28, 2020. Accepted for publication Aug 19, 2020.
doi: 10.21037/tau-20-680
View this article at: http://dx.doi.org/10.21037/tau-20-680

Introduction

the shortage of donor kidneys, living kidney transplantation

Kidney transplantation is the best treatment for end-stage
renal disease (ESRD) because it has a better life quality and
less cost when compared with dialysis patients (1,2). Due to

has been widely used throughout in the world (3-5). After
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decades of effort, the short-term survival of kidney allografts
and recipients has significantly increased, nevertheless,
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the long-term outcomes remain subject to further
improvement (6).
Due to the improvement of immunosuppressants and
induction therapies, more focus is placed on the nonimmunological factors. Previous animal studies have
indicated that kidney mass loss can result in a chronic
injury of the remaining kidney (7-10). Brenner proposed
the hyperfiltration hypothesis, which states that insufficient
nephron dosing might cause compensatory hyperfiltration
and eventually result in glomerulosclerosis and allograft
progressive damage (11). Several studies have been
conducted to confirm this hypothesis, nevertheless, the
results are contradictory (12-19).
Presently, nephron dosing cannot be measured directly
in vivo, yet the allograft kidney weight and volume correlate
with nephron dosing (20-22). Body weight, body surface
area (BSA), and body mass index (BMI) can represent the
metabolic demands of the recipients (23-25). Based on the
above information, we adopted the ratio of donor kidney
weight (DKW), donor kidney volume (DKV), donor body
weight (DBW), donor BSA (DBSA) and recipient body
weight (RBW), recipient BSA (RBSA), and recipient BMI
(RBMI) as nephron dosing to the recipient’s metabolic
demands mismatch. Subsequently, we conducted a
retrospective cohort study to determine the effect of donor
nephron dosing on the recipient’s metabolic demands
mismatch on the outcomes of renal transplant recipients.
We further explored its predictive value on the posttransplant renal function of recipients.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-680).
Methods
Study population
This is a retrospective observational cohort and 290
recipients who received living relative renal transplantation
in our center between December 2013 and December
2015 were included in our study. In order to limit other
factors that might affect renal allograft function, our
study population was restricted to living relative donor
renal transplantation. Patients who received other solid
organ simultaneous transplantation and dual en-bloc
kidney transplantation were excluded. Patients with other
conditions such as trauma and urinary tract obstruction
leading to allograft impairment or loss were also excluded
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from our study. Our study was approved by the West China
Hospital Institutional Review Board, Sichuan University
(ChiCTR-POC-16008632: the registration number of
ethics board) and informed consent was taken from all the
patients. Our study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).
Data collection
The donor and recipient data were collected at the
inclusion time. Donor data included age, gender, height
(cm), weight (kg), past history and renal function during
the follow-up. Recipient data included age, gender, height
(cm), weight (kg), history of organ transplantation, duration
of dialysis, HLA mismatch, and the panel reactive antibody
(PRA). The renal function trajectory and proteinuria were
recorded during the follow-up at 1, 3, 6, 12, 18, 24, 30,
and 36 months. Clinical related data included warm and
cold ischemia time, renal allograft weight, volume after
perfusion, and intraoperative complications. All patients
took part in periodical outpatient follow-up.
The primary endpoints included a serum creatinine level
and an estimated glomerular filtration rate (eGFR) at 1, 3,
6, 12, 18, 24, 30, and 36 months after transplantation, and
the survival of patient and graft at 1, 2, and 3 years. The
secondary endpoints included the incidence of delayed graft
function (DGF), rejection, infection, and proteinuria.
We use the modification of diet in renal disease equation
to calculate eGFR: eGFR (mL/min/1.73 m2) = 186× (serum
creatinine level)−1.154 × (age)−0.203 × (0.742 if female) × (1.212
if African-American), where the serum creatinine level is
expressed in mg/dL. The BSA was calculated using the
Mostellar formula (26): BSA (m2) = [weight (kg) × height
(cm)/3,600]0.5. BMI (kg/m2) = weight (kg)/height (m)2. DGF
was defined as the need for dialysis within the first week
after the transplantation. The diagnosis of rejection was
based on the indication biopsy or clinical symptoms.
Measurements of donor kidney morphology parameters
All donors received living-relative retroperitoneal pure
laparoscopic donor nephrectomies, which was conducted
by the same transplant surgeon (T Lin) in our center. The
donor kidney was immediately perfused after retiring. After
reperfusion, the donor kidney was immediately weighed on
the electronic weighting scale in the operating room. The
renal volume was subsequently measured with a measuring
glass.
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Entire population
N=322

Included population
N=290

Urinary tract obstruction
N=2

Lost of follow-up
N=29

Native kidney tumor
N=1

Figure 1 The flow chart of 322 living relative donor renal transplantation.

Immunosuppression regimen
Based on the immunological risk stratification, renal
transplant recipients received different induction
treatment strategies. All patients received standard triple
immunosuppression, which consisted of steroids, tacrolimus
(282 cases) or cyclosporine (8 cases), and mycophenolic
acid. Daily dosages of tacrolimus or cyclosporine were
administered orally, starting on the second day after
transplantation, at a dose of 3 or 150 mg/day, respectively.
Mycophenolic acid was administered at 2,000 mg/day,
starting the day before transplantation. The dose of the
drug was individually adjusted, with the target trough blood
level being between 5 and 10 ng/mL, and 30 μg·h/mL
and 60 μg·h/mL for tacrolimus and mycophenolic acid,
respectively. Methylprednisolone was administered
intravenously for three days after transplantation, and
prednisone was taken orally from the fourth day at an initial
dose of 60 mg/day. The dose was reduced over time and was
maintained at 5 or 10 mg/day.
Statistical analysis
Categorical variables were analyzed with χ 2 -tests and
continuous variables were compared using Student’s t-tests
or ANOVA. A nonparametric test was used for the median
comparison. Univariate and multivariate linear regression
analysis was used to evaluate the effect of nephron dosing
on the recipient’s metabolic demands mismatch on the renal
allograft function. Survival analysis was performed using
the Kaplan-Meier survival curves. The adjusted factors in
the statistical analysis included age, gender, HLA mismatch,
percentage of PRA category I and II, warm ischemia time,
history of transplantation, duration of dialysis, induction
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treatment, the incidence of DGF, rejection, and infection.
The threshold value for eGFR being 60 mL/min/1.73 m2 or
above at 1 year after transplantation was determined using
the receiver operating characteristic (ROC) curve. The
results were considered statistically significant if the P value
was less than 0.05 (two-tailed tests). All statistical procedures
were performed using SPSS version 22.0 (IBM, USA)
and SAS version 9.2 (North Carolina University, USA).
Results
General characteristics of donors and recipients
In this study, 290 participants were included from 322
living related renal transplantation donors and recipients
(Figure 1). The general characteristics are shown in Tables 1
and 2, respectively. The preoperative renal function of all
donors was considered normal. The serum creatinine and
cystatin C at one and three months after operation increased
significantly (P<0.01), but were still within the normal
range. Most of the recipients were middle-aged males and
15 (5.17%) patients received preemptive transplantations.
Parameters of the surgery and donor kidney are shown in
Table 2.
Renal allograft function
The eGFR of recipients at 1, 3, 6, 12, 18, and 24 months
after transplantation is 71.7±19.2, 71.7±19.3, 71.9±18.0,
75.1±20.2, 78.2±19.7 and 76.5±22.3 mL/min/1.73 m 2,
respectively. The mean serum creatinine was within the
normal range. The renal function of recipients in the first
year after transplantation tended to be stable. According to
the univariate linear regression analysis, eGFR at 1, 3, 6,
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Table 1 General characteristics of living kidney donors
Donor-related factors

Number (%)/mean ± SD

Gender (male/female)

95/195 (32.8%/67.2%)

Age (year)
Side of donor kidney (left/right)

48.3±8.7
258/32 (89.0%/11.0%)

Height (cm)

159.6±7.3

Weight (kg)

62.5± 9.8

Donor BSA (m2)
History of abdominal operation
(yes/no)

1.6±0.3
47/243 (16.2%/83.8%)

Serum creatinine (μmol/L)

Table 2 General characteristics of donor kidney and recipients
included in the study
Recipient-related factors

Number (%)/mean ± SD

Gender (male/female)

222/68 (76.6%/23.4%)

Age (year)

33.0±9.0

Height (cm)

166.6±7.3

Weight (kg)

58.3±10.8
2

Recipient BSA (m )

1.6±0.2
2

Recipient BMI (kg/m )

21.0±3.4

History of transplant (yes/no)

3/287 (1.0%/99.0%)

Preemptive transplant, n (%)

15 (5.2%)

Pre-operation

62.5±12.0

Duration of dialysis (month)

13.4±12.7

1-month post-operation

99.1±20.2

HLA mismatches (0–8)

3.7±1.4

3-month post-operation

94.1±20.2

PRA I% median (range)

0 (0-67)

PRA II% median (range)

0 (0-61)

Blood urea nitrogen (mmol/L)
Pre-operation

5.5±1.6

1-month post-operation

6.4±1.7

3-month post-operation

6.0±1.4

Cystatin C (mg/L)

Preoperative cystatin C (mg/L)

0.9±0.1

1-month post-operation

1.2±1.2

3-month post-operation

1.1±0.2
8.4±1.7

BSA, body surface area.

12, and 24 months after transplantation was significantly
correlated with DKW/RBW, DKW/RBSA, DKW/RBMI,
DKV/RBW, DKV/RBSA, DKV/RBMI, DBW/RBW
(Table 3). The serum creatinine at 6, 12, and 24 months
post-transplantation significantly negatively correlated
with DKW/RBW, DKW/RBSA, DKW/RBMI, DKV/
RBW, DKV/RBSA, DKV/RBMI, DBW/RBW (Table 4).
The mean tacrolimus trough levels for 1, 3, 6, 12, 18, and
24 months was 7.5±2.8, 6.4±1.6, 6.1±1.9, 5.8±2.2, 5.4±1.5
and 5.3±1.4 ng/mL, respectively. Adjusted and unadjusted
multivariate linear regression analysis showed that, DKW/
RBW, duration of dialysis, and the age of the donor
were significantly correlated with eGFR 6 months after
transplantation (P<0.01). DKW/RBW and the age of the
donor were independent contributing factors for eGFR
at 12, 18, and 24 months after transplantation. DKW/
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1,045.0±342.6
7.5±2.0

Induction therapy
Anti-CD25 monoclonal antibody

Pre-operation

Length of stay

Preoperative serum creatinine (μmol/L)

221 (76.2%)

Antithymocyte globulin

24 (8.3%)

None

45 (15.5%)

Warm ischemia time (sec)

185.9±61.2

Cold ischemia time (min)

129.3±35.4

Kidney weight after perfusion (g)

180.1±33.9

Kidney volume after perfusion (mL)

157.6±34.9

DKW/RBW (g/kg)

3.2±0.7

2

DKW/RBSA (g/m )

110.6±20.9
2

DKW/RBMI (g/kg/m )

8.8±2.0

DKV/RBW (mL/kg)

2.8±0.7

2

DKV/RBSA (mL/m )

96.7±21.1

DKV/RBMI (mL/kg/m2)

7.7±1.9

DBW/RBW

1.1±0.2

DBSA/RBSA

1.0±0.2

BSA, body surface area; BMI, body mass index; HLA, human
leukocyte antigen; PRA, panel reactive antibody; DKW, donor
kidney weight; RBW, recipient body weight; RBSA, recipient
body surface area; RBMI, recipient body mass index; DKV,
donor kidney volume; DBW, donor body weight; DBSA, donor
body surface area.
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Table 3 Univariate linear regression analysis of eGFR within 2 year after transplantation
1 month

3 months

6 months

12 months

24 months

Standard
coefficient

P

Standard
coefficient

P

Standard
coefficient

P

Standard
coefficient

P

Standard
coefficient

P

DKW/RBW

0.4

<0.01

0.4

<0.01

0.5

<0.01

0.5

<0.01

0.5

<0.01

DKW/RBSA

0.4

<0.01

0.4

<0.01

0.4

<0.01

0.4

<0.01

0.5

<0.01

DKW/RBMI

0.4

<0.01

0.4

<0.01

0.4

<0.01

0.4

<0.01

0.4

<0.01

DKV/RBW

0.4

<0.01

0.4

<0.01

0.4

<0.01

0.4

<0.01

0.4

<0.01

DKV/RBSA

0.3

<0.01

0.3

<0.01

0.4

<0.01

0.3

<0.01

0.4

<0.01

DKV/RBMI

0.3

<0.01

0.3

<0.01

0.4

<0.01

0.3

<0.01

0.4

<0.01

DBW/RBW

0.4

<0.01

0.4

<0.01

0.4

<0.01

0.5

<0.01

0.4

<0.01

DBSA/RBSA

0.2

<0.01

0.2

<0.01

0.3

<0.01

0.2

<0.01

0.1

0.4

DKeGFR/(DKV*RBW)

0.2

<0.01

0.2

<0.01

0.2

<0.01

0.1

0.06

0.02

0.8

DKeGFR/(DKV*RBSA)

0.2

<0.01

0.2

<0.01

0.2

0.02

0.1

0.2

−0.02

0.9

DKeGFR/(DKV*RBMI)

0.2

<0.01

0.2

<0.01

0.2

0.01

0.1

0.2

0.03

0.8

DKeGFR/(DKW*RBW)

0.3

<0.01

0.3

<0.01

0.3

<0.01

0.2

<0.01

0.1

0.3

DKeGFR/(DKW*RBSA)

0.3

<0.01

0.2

<0.01

0.3

<0.01

0.2

0.02

0.1

0.6

DKeGFR/(DKW*RBMI)

0.2

<0.01

0.2

<0.01

0.2

<0.01

0.2

0.02

0.01

0.5

eGFR, estimated glomerular filtration rate; DKW, donor kidney weight; RBW, recipient body weight; RBSA, recipient body surface area;
RBMI, recipient body mass index; DKV, donor kidney volume; DBW, donor body weight; DBSA, donor body surface area; DKeGFR, donor
kidney eGFR.

RBW, donor and recipient’s age, sex, and PRA significantly
correlated with the serum creatinine at 6 and 12 months
after transplantation (P<0.05).
We identified several new indexes representing nephron
dosing, such as donor kidney volume density (eGFR/volume
of the donor kidney) and donor kidney mass density (eGFR/
mass of the donor kidney). These indexes to the metabolic
demand mismatch significantly correlated with eGFR and
serum creatinine within six months after transplantation;
nevertheless, it did not show a greater correlation (Tables 3
and 4).
Effectiveness of Indexes
The effectiveness of indexes to predict a good renal allograft
function (eGFR ≥60 mL/min/1.73 m 2) 12 months after
transplantation is shown in Table 5. Among these indexes,
DKW/RBW had the largest areas under the ROC curve of
0.655 and the best prediction performance. According to
the multivariate analysis, the age of the donor also affected
the postoperative renal function. This was the first time we
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compared the AUC of different indexes after stratification
according to the age of the donor (Table 5). When the age
of the donor was 55 years or more, the area under the
ROC curve of every index increased and the prediction
performance enhanced. The AUC of DKW/RBW reached
a maximum of 0.76.
Subgroup analysis
According to the donor age, all renal transplant recipients
were divided into two groups: the young group and
(<55 years) and the old group (55 years and above). Each
group was also divided into tertiles according to the DKW/
RBW: low (<2.83), medium (2.83–3.35), and high (≥3.35)
in the young group; low (<2.81), medium (2.81–3.41), and
high (≥3.41) in the old group. In the young and old groups,
the baseline characteristics, including the age of the donor,
preoperative serum creatinine level, warm ischemia time,
dialysis time, HLA mismatch, PRA, and induction therapy
etc., were comparable among the three groups. In the
young and old groups, the tacrolimus trough level during
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Table 4 Univariate linear regression analysis of the serum creatinine within 2 year after transplantation
6 months

12 months

Standard coefficient

P

Standard coefficient

DKW/RBW

−0.5

<0.01

−0.4

DKW/RBSA

−0.4

<0.01

DKW/RBMI

−0.3

DKV/RBW

24 months
P

Standard coefficient

P

<0.01

−0.2

0.01

−0.4

<0.01

−0.2

<0.01

<0.01

−0.3

<0.01

−0.2

0.02

−0.4

<0.01

−0.4

<0.01

−0.2

0.04

DKV/RBSA

−0.3

<0.01

−0.3

<0.01

−0.2

0.03

DKV/RBMI

−0.2

<0.01

−0.3

<0.01

−0.2

0.04

DBW/RBW

−0.4

<0.01

−0.4

<0.01

−0.2

0.01

DBSA/RBSA

−0.3

<0.01

−0.3

<0.01

−0.1

0.3

DKeGFR/(DKV*RBW)

−0.2

<0.01

−0.1

0.045

0.1

0.2

DKeGFR/(DKV*RBSA)

−0.2

<0.01

−0.1

0.2

0.1

0.2

DKeGFR/(DKV*RBMI)

−0.2

0.02

−0.1

0.5

0.1

0.3

DKeGFR/(DKW*RBW)

−0.3

<0.01

−0.2

<0.01

0.1

0.4

DKeGFR/(DKW*RBSA)

−0.2

<0.01

−0.1

0.03

0.01

0.4

DKeGFR/(DKW*RBMI)

−0.2

<0.01

−0.1

0.1

0.1

0.4

DKW, donor kidney weight; RBW, recipient body weight; RBSA, recipient body surface area; RBMI, recipient body mass index; DKV, donor
kidney volume; DBW, donor body weight; DBSA, donor body surface area; DKeGFR, donor kidney eGFR.

the follow-up period showed no significant difference
among the three groups.
In the young and old groups, there was no significant
difference between the DGF and infection during the
follow-up period among the three groups. In our study,
the overall rejection rate was 17.93% (52/290) and the
overall biopsy-proven acute rejection rate was 3.45%
(10/290). The number of recipients who were rejected
in the high group was significantly lower than that in the
low and medium groups (young group: high vs. medium
vs. low, 11.8% vs. 16.2% vs. 27.0%, P<0.05; old group:
high vs. medium vs. low, 0% vs. 20% vs. 36.8%, P=0.008).
Whether the donor was young or old, the renal function
of the recipients improved as the DKW/RBW increased.
The eGFR of recipients in the high group within 2 years
after transplantation was significantly higher than that of
the other groups. The urine protein of the recipients is
shown in Table 6, with no significant difference 2 years after
transplantation among the three groups.

100%, 98.8%, and 96.2% respectively. Four recipients had
renal allograft failure. The 1, 2, and 3-year patient survival
rates were 98%, 97%, and 97%, respectively. Seven patients
died due to infection. The 1, 2, and 3-year graft and
patient survival rates were comparable among these groups
(P>0.05).

Survival analysis

Discussion

In our study, the 1, 2, and 3-year graft survival rates were

Owing to the increasing shortage of donor kidneys,
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Prediction of renal function
According to the age of the donor, we calculated the
respective threshold value of DKW/RBW, which can
predict the eGFR ≥60 mL/min/1.73 m2 12 months after
transplantation. When the age of the donor was less than
55 years, the threshold value of DKW/RBW was 2.61 g/kg.
The threshold value was 3.09 g/kg when the age of the
donor was 55 years and above. When the DKW/RBW ratio
exceeded the threshold value, the recipients most likely
had a good renal function (eGFR ≥60 mL/min/1.73 m2)
12 months after transplantation.
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Table 5 The areas under the ROC curve of indexes to predict the
eGFR ≥60 mL/min/1.73 m2 at 12 months after transplantation
according to the stratified analyses by donor age

ratio of the nephron and recipient’s metabolism demands
had an extremely significant linear correlation with the early
renal function in transplant recipients. Relative to recipient
metabolic demands, recipients that had more nephron had
a better early allograft renal function. Multivariate analysis
found that the age of the donor and DKW/RBW were
the predictors of the early postoperative renal function in
recipients. Moreover, an early postoperative renal function
could predict the long-term renal function after renal
transplantation (30). In addition, we identified new indexes
that represented nephron dosing, such as the donor kidney
volume density (eGFR/volume of the donor kidney) and
donor kidney mass density (eGFR/mass of the donor
kidney). These indexes to metabolic demands mismatch
correlated significantly linearly with the early renal function
in the recipients. In our study, recipients with a high DKW/
RBW experienced less rejection. Nonetheless, further
research needs to be conducted to exclude confounding
factors.
This is the first time we combined donor age and
nephron dosing to the recipient’s metabolic demands
mismatch. Stratification analysis on the age of the donor
found that the effectiveness of the indexes to predict a
good renal allograft function enhanced when the age of the
donor age exceeded 55 years. Therefore, we endeavor to
focus more on nephron dosing to the recipient’s metabolic
demands mismatch in elderly donors. According to a
previous study, hyperfiltration could cause glomerular
damage and sclerosis and lead to proteinuria (11). However,
recipients in our cohort showed no symptoms of glomerular
sclerosis. This may be due to our shorter follow-up
duration. In our cohort, four recipients had renal allograft
failure and seven recipients died. However, nephron dosing
to the recipient’s metabolic demands mismatch was not the
risk factor behind the short-term patient and graft survival.
The main causes of graft loss and death were still rejection
and infection. Thus, a long-term follow-up duration is
needed to determine the impact on long-term survival. We
determined the thresholds of DKW/RBW under different
donor ages. Comprehensive analysis of the age of the donor
and relative nephron was more advantageous to predict the
renal function in kidney transplant recipients. When the
age of the donor was less than 55 years, the DKW/RBW
threshold was significantly lower. However, when the age of
the donor was 55 years and above, the threshold of DKW/
RBW was 3.09 g/kg.
Though many previous studies had investigated nephron
dosing to the recipient’s metabolic demands mismatch,

ROC-AUC
ROC-AUC

Donor
≥55 years
<55 years old
old

DKW/RBW

0.66

0.62

0.76

DKW/RBSA

0.64

0.62

0.71

DKW/RBMI

0.62

0.59

0.70

DKV/RBW

0.63

0.58

0.74

DKV/RBSA

0.61

0.57

0.71

DKV/RBMI

0.60

0.54

0.72

DBW/RBW

0.65

0.62

0.74

DBSA/RBSA

0.65

0.63

0.74

DKeGFR/(DKV*RBW)

0.59

0.53

0.65

DKeGFR/(DKV*RBSA)

0.58

0.54

0.61

DKeGFR/(DKV*RBMI)

0.59

0.53

0.63

DKeGFR/(DKW*RBW)

0.61

0.53

0.68

DKeGFR/(DKW*RBSA)

0.59

0.52

0.65

DKeGFR/(DKW*RBMI)

0.59

0.52

0.64

eGFR, estimated glomerular filtration rate; DKW, donor kidney
weight; RBW, recipient body weight; RBSA, recipient body
surface area; RBMI, recipient body mass index; DKV, donor
kidney volume; DBW, donor body weight; DBSA, donor body
surface area; DKeGFR, donor kidney eGFR; AUC, areas under
the curve.

transplant physicians must expand the organ donor pool
and improve the long-term survival of renal transplant
recipients. Nephron dosing to the recipient’s metabolic
demands mismatch, as the prognostic factor affecting the
allograft renal function, has drawn the attention and interest
of transplant physicians (11,27). This single-center cohort
study included 290 living relative renal transplantation
donors and recipients with a median follow-up of 22 months
(range: 1–36 months). We found that nephron dosing to the
recipient’s metabolic demands mismatch, especially DKW/
RBW and the age of the donor, were significantly associated
with the renal function within2 years after transplant in
renal transplant recipients.
In this study, 67.24% of donors were female, and 76.55%
of recipients were male. Generally, males have a greater
BMI and BSA and are associated with a greater kidney
weight and volume (14,28,29). According to our study, the
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Table 6 Compare of urine protein in recipients according to the stratified analyses by donor age [median (ranges)]

1 year

2 year

Donor age

Low

Medium

High

P

<55

0.2 (0–3.0)

0.1 (0–6.0)

0.1 (0–1.0)

0.3

≥55

0.1 (0–1.0)

0.1 (0–0.7)

0.1 (0–0.5)

0.6

<55

0.1 (0–2.0)

0.1 (0–6.0)

0.1 (0–2.0)

0.9

≥55

0.1 (0–0.7)

0.2 (0–0.7)

0.1 (0–0.3)

0.6

there was no consensus among various research results.
Brenner et al. proposed the hyperfiltration theory in 1992
and stipulated that the ratio of donor kidney weight and the
recipient body weight could impact the long-term survival
in recipients (11). Since then, transplant physicians globally
have begun to focus more on relative nephron, yet their
research conclusions have been inconsistent. Kim et al.
found that DKW/RBW was linearly correlated with the
3-year creatinine, creatinine clearance, and urine protein
in kidney transplant recipients (12). This study included 82
living donor kidney transplant recipients and the sample
size was too small. Giral et al. reported that recipients
with low DKW/RBW experienced the decline of GFR
(glomerular filtration rate) 7 years after transplantation,
and had a higher risk of proteinuria and were taking more
antihypertensive agents. The risk of a 2-year graft loss
increased by 55% (13). This prospective, multicenter cohort
study consisted of 1,053 deceased donor kidney transplant
recipients who had a longer ischemia time and higher risk
of organ injury during procurement. However, Tent et al.
investigated 293 living renal transplantation and had shown
that recipients with low donor/recipient BSA experienced
an increase in GFR after transplantation. Nonetheless, no
differences were recorded on the renal function 5 years after
transplantation (14), which did not support the hypothesis.
Dinis et al. reported that DKW/RBW, DKV/RBW, and
DBW/RBW did not correlate with the renal function
within 5 years after transplantation in 236 deceased kidney
transplant recipients. Furthermore, there was no significant
difference in DGF, rejection, and the 5-year patient and
graft survival (17).
Our study had a larger sample size of 290 living kidney
transplantation. All laparoscopic donor nephrectomies were
completed by the same doctor (Dr. Lin); this eliminated
surgery-related confounding factors. This single-center
study eliminated center-related bias as much as possible.
However, our study had several limitations. First, our
follow-up duration was short, and could not determine
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the long-term impact of the relative nephron. Second,
we did not compare the direct measurement method and
preoperative imaging method by acquiring data about renal
mass and volume. Third, most of the recipients did not
receive biopsy, and the allograft pathological changes were
not determined.
Conclusions
In conclusion, nephron dosing to the recipient’s metabolic
demands mismatch combined with the age of the donor
has a significant impact on the early post-transplant renal
function in renal transplant recipients. However, further
studies with larger sample sizes and longer follow-up times
are urgently needed.
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