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Abstract
Background: Hand-assisted laparoscopic donor nephrectomy is a minimally invasive procedure
for living kidney donation. The surgeon operative volume is associated with postoperative
morbidity and mortality. We evaluated the risk factors associated with decreased renal function
after hand-assisted laparoscopic donor nephrectomy performed by a single experienced surgeon.
Methods: We included living renal donors who underwent hand-assisted laparoscopic donor
nephrectomy by a single experienced surgeon between 2006 and 2013. Decreased renal function
was defined as an estimated glomerular ﬁltration rate (eGFR) of < 60 mL/min/1.73 m2 on
postoperative day 4. The donors were categorized into groups with postoperative eGFR < 60
mL/min/1.73 m2 or ≥ 60 mL/min/1.73 m2. Univariate and multivariate logistic regression analyses
were performed to evaluate the risk factors associated with decreased renal function after
hand-assisted laparoscopic donor nephrectomy. The hospital stay duration, intensive care unit
admission rate, and eGFR at postoperative year 1 were evaluated.
Results: Of 643 patients, 166 (25.8%) exhibited a postoperative eGFR of < 60 mL/min/1.73 m2.
Multivariate logistic regression analysis demonstrated that the risk factors for decreased renal
function were age [odds ratio (95% confidence interval), 1.062 (1.035–1.089), P < 0.001], male sex
[odds ratio (95% confidence interval), 3.436 (2.123–5.561), P < 0.001], body mass index (BMI)
[odds ratio (95% confidence interval), 1.093 (1.016–1.177), P = 0.018], and preoperative eGFR
[odds ratio (95% confidence interval), 0.902 (0.881–0.924), P < 0.001]. There were no significant
differences in postoperative hospital stay duration and intensive care unit admission rate between
the two groups. In addition, 383 of 643 donors were analyzed at postoperative year 1. Sixty donors
consisting of 14 (5.0%) from the group of 279 donors in eGFR ≥ 60 mL/min/1.73 m2, and 46 (44.2%)
from the group of 104 donors in eGFR < 60 mL/min/1.73 m2 had eGFR < 60 mL/min/1.73 m2 at
postoperative year 1 (P < 0.001).
Conclusions: Increased age, male sex, higher BMI, and decreased preoperative eGFR were risk
factors for decreased renal function after hand-assisted laparoscopic donor nephrectomy by a
single experienced surgeon. These results provide important evidence for the safe perioperative
management of living renal donors.
Key words: decreased renal function, hand-assisted laparoscopic donor nephrectomy, single surgeon.
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Introduction
Kidney transplantation remains the standard
treatment for end-stage renal disease, and the
incidences of living donor nephrectomy continue to
increase owing to the shortage of donor organs and
increases in the number of patients with end-stage
renal disease [1]. Living donor nephrectomy is a
unique surgical procedure that requires organ
donation from a healthy person to ensure a successful
operation. Therefore, the safety of the donor is a
priority. Living donor nephrectomy has medical
outcomes that are similar to those in the general
population [2]. However, extensive removal of
normal renal tissue may lead to glomerulosclerosis in
the remaining kidney that can progress to renal
failure [3-5]. Therefore, advanced surgical techniques
and meticulous perioperative management are
required for the safety of living renal donors.
Among various surgical techniques that have
been introduced, hand-assisted laparoscopic donor
nephrectomy is the most recent; as compared with
open nephrectomy and laparoscopic donor
nephrectomy, its potential advantages include a
shorter operative time, shorter learning curve, and
decreased postoperative morbidity [6, 7]. For many
surgical procedures, a high surgeon operative volume
is associated with decreased postoperative morbidity
and mortality, blood transfusions, postoperative
infection, bleeding, and medical complications [8-11].
High surgeon operative volume is also related to
improved outcomes including reduced operative time
and hospital stay duration in radical prostatectomy [8,
9]. However, there is limited information about the
risk factors that influence the outcomes of only one
type of operative technique and a technique
performed by a single surgeon in living renal donors.
Therefore, the present study aimed to evaluate
the risk factors associated with decreased renal
function after hand-assisted laparoscopic donor
nephrectomy performed by a single experienced
surgeon. Postoperative renal function was evaluated
on the basis of estimated glomerular ﬁltration rate
(eGFR) calculated by using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI)
equation on postoperative day 4 [12].

Methods
This was a single-center, retrospective
observational study of living renal donors who
underwent
hand-assisted
laparoscopic
donor
nephrectomy by a single experienced surgeon (B.H.)
at Asan Medical Center, Seoul, Republic of Korea,
between 2006 and 2013. The study protocol was
approved by the Institutional Review Board of Asan

Medical Center (approval number 2015-0022).
Electronic medical records were reviewed to evaluate
the risk factors associated with postoperative
decreased renal function. Patients with incomplete
medical records were excluded from the present
study.

Anesthetic technique
Anesthesia was induced with thiopental,
fentanyl, and vecuronium, and was maintained by
using sevoflurane, desflurane, or isoflurane with a
50% oxygen/air mixture. Mechanical ventilation was
performed with a constant tidal volume of 8–10
mL/kg and a respiratory rate of 10–14 cycles/min.
End-tidal carbon dioxide tension was maintained
between 30 and 35 mmHg during surgery.
Electrocardiography, heart rate, body temperature,
and peripheral oxygen saturation were routinely
monitored. Arterial blood pressure was also
monitored by inserting a 20-gauge radial artery
catheter.
Fluid management was performed according to
our institutional protocol. A crystalloid solution
(Hartmann’s solution) was administered in all donors.
However,
synthetic
colloids,
including
6%
hydroxyethyl starch or gelatin, were not used. After
surgical incision, mannitol (0.5 g/kg) was routinely
administered in all donors. Then, heparin (5000 U;
before clamping the renal artery) and protamine (50
mg; after donor nephrectomy) were intravenously
administered.

Surgical technique
The donor was placed in the lateral position, and
an incision was made in the midline above or below
the umbilicus—for the left or right kidney,
respectively.
For the left side, a hand port device (Applied
GelPort; Applied Medical, Rancho Santa Margarita,
CA), a 12-mm camera trocar, and two additional
working laparoscopic ports were inserted. The
gonadal, adrenal, and lumbar veins were controlled
by using 3-0 black silk one-hand ties. An initial
posterior and inferior dissection of the hilum was
performed, and anterior and superior dissection was
subsequently performed to completely free the hilum.
After transection of the ureter, the renal artery was
controlled by using a single Hem-o-lok clip (Weck
Closure System, Research Triangle Park, NC) and two
metal clips, and the renal vein was controlled by using
an EndoGIA stapler (Endopath ETS articulating linear
cutters; Ethicon, Irvine, CA).
For the right side, a 12-mm camera trocar, a
12-mm laparoscopic port, and an additional 5-mm
port were inserted. To gain the maximum length of
http://www.medsci.org
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the right renal vein, the kidney was smoothly
retracted laterally by the surgeon’s left hand to extend
the right renal vein, and an EndoGIA stapler was
placed at the confluence of the inferior vena cava and
right renal vein.

Definition of decreased renal function
To evaluate postoperative renal function, the
eGFR levels were consistently obtained on
postoperative day 4, the earliest date on which the last
follow-up examination of the eGFR is performed
before living donors are discharged. In this study, the
eGFR level measured immediately before discharge
was considered a decisive factor in planning the
post-discharge treatment. The postoperative eGFR
levels measured immediately before discharge may be
regarded as an important guide that may facilitate the
creation of a meticulous post-discharge management
plan. Preoperative eGFR was calculated by using the
CKD-EPI equation: eGFR (mL/min/1.73 m2) = 141 ×
minimum (serum creatinine/k or 1)α × maximum
(serum creatinine/k or 1)-1.209 × 0.993age × 1.018 (if
female), where k is 0.7 for females and 0.9 for males,
and α is -0.329 for females and -0.411 for males [12].
Furthermore, the eGFR level of 60 mL/min/1.73 m2
was used as the critical measure for assessing renal
function [12, 13]. Therefore, we defined decreased
renal function as the eGFR level of < 60 mL/min/1.73
m2 on postoperative day 4 [12]. The donors were
categorized into a group with postoperative eGFR ≥
60 mL/min/1.73 m2 or a group with postoperative
eGFR < 60 mL/min/1.73 m2.

Measurements
The potential preoperative risk factors included
age, sex, body mass index (BMI), diabetes mellitus,
hypertension, preoperative laboratory data, and renal
vascular anatomic factors. Preoperative data were
obtained for glucose, albumin, sodium, potassium,
uric acid, total cholesterol, creatinine, eGFR, and urine
protein. Renal vascular anatomy was evaluated with
computed tomography angiography, and included
the number of renal arteries and veins, early renal
artery bifurcation (within 2 cm of the aorta for
left-side donors and proximal to the right wall of the
inferior vena cava for right-side donors), and late
confluence of the renal vein (left renal vein branch
convergence within 1.5 cm of the aorta and right renal
vein branch convergence within 1.5 cm of the inferior
vena cava).
Intraoperative
predictors,
including
the
anesthetic used, anesthesia time, warm ischemic time,
nephrectomy side (right or left), use of vasopressors,

volume of crystalloid administered, and urine output
were also evaluated. Warm ischemic time was deﬁned
as the time between renal arterial division and graft
perfusion with cold preservation solution [14]. If the
mean arterial blood pressure was < 65 mmHg during
the donor surgical procedure, vasopressors such as
ephedrine or phenylephrine were administered.
Postoperative outcomes such as hospital stay
duration, intensive care unit admission rate, and
eGFR level at postoperative year 1 was evaluated. The
duration of hospital stay was determined starting on
the day after surgery, and the intensive care unit
admission rate was calculated from the number of
patients admitted to the intensive care unit after
surgery.

Statistical analysis
Categorical data are presented as a number
(percentage), and were compared by using the
chi-square test or Fisher’s exact test as appropriate.
Continuous data are expressed as the mean ± SD, and
were compared by using a t-test or Mann-Whitney
U-test as appropriate. The preoperative and
postoperative eGFR levels in the postoperative eGFR
≥ 60 mL/min/1.73 m2 and postoperative eGFR < 60
mL/min/1.73 m2 groups were compared by using
two-way repeated-measures analysis of variance. All
pairwise multiple comparison procedures were
examined with the Holm–Sidak method. In addition,
the most relevant factors associated with decreased
renal function were included in the univariate logistic
regression analysis. Variables with a P value of < 0.05
from the univariate logistic regression analysis were
included in a stepwise multivariate logistic regression
analysis to evaluate the risk factors associated with
decreased renal function. A P value of < 0.05 was
considered statistically significant. All statistical
analyses were performed with SPSS for Windows
(version 21.0; IBM-SPSS Inc., Armonk, NY) and
SigmaPlot (version 12.0; Systat Software, San Jose,
CA).

Results
Of 685 living renal donors who underwent
hand-assisted laparoscopic donor nephrectomy by a
single surgeon during the study period, 643 were
included in the study (Fig. 1). A total of 337 patients
(52.4%) underwent hand-assisted laparoscopic donor
nephrectomy during period 1 (2006–2009), with
another 306 (47.6%) during period 2 (2010−2013)
(Table 1). There were no intraoperative conversion
cases to open nephrectomy.
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Figure 1. Flow diagram of the study participants. eGFR = estimated glomerular ﬁltration rate.

Table 1. Clinical characteristics.
Variables
Study period
Period 1 (2006−2009)
Period 2 (2010−2013)
Age (years)
Sex
Female
Male
BMI (kg/m2)
Diabetes mellitus
Hypertension
Preoperative laboratory data
Glucose (mg/dL)
Albumin (g/dL)
Sodium (mmol/L)
Potassium (mmol/L)
Uric acid (mg/dL)
Total cholesterol (mg/dL)
Creatinine (mg/dL)
eGFR (mL/min/1.73 m2)
Urine protein (mg/dL)
Number of renal arteries
1
2
3
Early renal artery bifurcation
Number of renal veins
1
2
3
Late confluence of renal vein
Anesthetics
Sevoflurane
Desflurane
Isoflurane
Anesthesia time (min)
Warm ischemic time (s)
Nephrectomy side
Right
Left
Use of vasopressors
Crystalloid administered (mL)
Urine output (mL)

All
(n = 643)

eGFR ≥ 60 mL/min/1.73 m2 on
postoperative day 4 (n = 477)

eGFR < 60 mL/min/1.73 m2 on
postoperative day 4 (n = 166)

337 (52.4%)
306 (47.6%)
41.5 ± 11.0

256 (53.7%)
221 (46.3%)
39.1 ± 10.5

81 (48.8%)
85 (51.2%)
48.4 ± 9.4

317 (49.3%)
326 (50.7%)
24.3 ± 3.1
2 (0.3%)
22 (3.4%)

263 (55.1%)
214 (44.9%)
24.1 ± 3.1
2 (0.4%)
15 (3.1%)

54 (32.5%)
112 (67.5%)
24.9 ± 3.0
0 (0%)
7 (4.2%)

104.3 ± 23.9
4.16 ± 0.33
140.1 ± 2.0
4.12 ± 0.31
4.9 ± 1.3
183.4 ± 35.7
0.78 ± 0.16
105.2 ± 13.4
5.8 ± 2.5

104.0 ± 24.5
4.16 ± 0.33
139.9 ± 2.0
4.11 ± 0.31
4.8 ± 1.2
180.6 ± 35.4
0.75 ± 0.15
109.3 ± 11.6
5.9 ± 2.6

105.3 ± 22.2
4.14 ± 0.34
140.4 ± 2.0
4.13 ± 0.31
5.3 ± 1.3
191.5 ± 35.6
0.89 ± 0.15
93.4 ± 11.1
5.7 ± 2.0

548 (85.2%)
86 (13.4%)
9 (1.4%)
74 (11.5%)

407 (85.3%)
63 (13.2%)
7 (1.5%)
48 (10.1%)

141 (84.9%)
23 (13.9%)
2 (1.2%)
26 (15.7%)

558 (86.8%)
76 (11.8%)
9 (1.4%)
35 (5.4%)

414 (86.8%)
56 (11.7%)
7 (1.5%)
25 (5.2%)

144 (86.8%)
20 (12.0%)
2 (1.2%)
10 (6.0%)

21 (3.3%)
319 (49.6%)
303 (47.1%)
227.9 ± 41.8
193.9 ± 40.9

17 (3.6%)
227 (47.6%)
233 (48.8%)
228.0 ± 41.3
193.6 ± 41.1

4 (2.4%)
92 (55.4%)
70 (42.2%)
227.6 ± 43.2
194.4 ± 40.6

289 (44.9%)
354 (55.1%)
60 (9.3%)
2411.0 ± 777.4
795.2 ± 470.0

226 (47.4%)
251 (52.6%)
38 (8.0%)
2414.1 ± 761.7
786.6 ± 477.1

63 (38.0%)
103 (62.0%)
22 (13.3%)
2402.0 ± 823.1
819.8 ± 449.4

P value*
0.279

<0.001
<0.001

0.003
1.000
0.874
0.544
0.475
0.007
0.410
<0.001
0.001
<0.001
<0.001
0.436
0.951

0.052
0.965

0.702
0.203

0.902
0.830
0.076

0.044
0.863
0.433

Data are presented as the mean ± SD or number (%) as appropriate. * Comparison between the postoperative eGFR ≥ 60 mL/min/1.73 m2 group and the postoperative eGFR
< 60 mL/min/1.73 m2 group. BMI = body mass index, eGFR = estimated glomerular ﬁltration rate.
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Table 2. Univariate and multivariate regression analyses of
predictors associated with decreased renal function after
hand-assisted laparoscopic donor nephrectomy performed by a
single surgeon
Variables
Age
Sex
Female
Male
BMI
Diabetes mellitus
Hypertension
Glucose
Albumin
Sodium
Potassium
Uric acid
Total cholesterol
eGFR
Urine protein
Number of renal
arteries
1
2
3
Early renal artery
bifurcation
Number of renal
veins
1
2
3
Late confluence
of renal vein
Anesthetics
Sevoflurane
Desflurane
Isoflurane
Anesthesia time
Warm ischemic
time
Nephrectomy
side
Right
Left
Use of
vasopressors
Crystalloid
administered
Urine output

Univariate analysis
Multivariate analysis
OR (95% CI)
P value OR (95% CI)
P value
1.095 (1.073–1.117) <0.001 1.062 (1.035–1.089) <0.001
1.000
2.549 (1.758–3.696)
1.091 (1.030–1.155)
0.000 (0.000–0.000)
1.356 (0.543–3.386)
1.002 (0.995–1.007)
0.823 (0.483–1.403)
1.136 (1.035–1.247)
1.271 (0.719–2.248)
1.369 (1.188–1.578)
1.009 (1.004–1.014)
0.886 (0.867–0.905)
0.971 (0.901–1.046)

<0.001
0.003
0.999
0.514
0.544
0.475
0.007
0.409
<0.001
0.001
<0.001
0.436

1.000
1.054 (0.630–1.763)
0.825 (0.169–4.016)
1.660 (0.993–2.775)

0.842
0.811
0.053

1.000
1.027 (0.596–1.770)
0.821 (0.169–3.999)
1.159 (0.544–2.467)

0.924
0.808
0.702

1.000
0.581 (0.190–1.772)
0.741 (0.517–1.063)
1.000 (0.995–1.004)
1.000 (0.996–1.005)

0.340
0.104
0.902
0.829

1.000
1.472 (1.026–2.113)
1.765 (1.010–3.083)
0.9999
(0.9998–1.0002)
1.0001
(0.9998–1.0005)

0.036
0.046

1.000
3.436 (2.123–5.561) <0.001
1.093 (1.016–1.177) 0.018

0.981 (0.870–1.105)

0.748

1.082 (0.860–1.361) 0.502
1.001 (0.995–1.007) 0.780
0.902 (0.881–0.924) <0.001

1.000
1.525 (0.964–2.413) 0.071
1.447 (0.714–2.933) 0.305

0.862
0.433

OR = odds ratio, CI = confidence interval, BMI = body mass index, eGFR =
estimated glomerular filtration rate.

Of the 643 donors, 166 (25.8%) exhibited
postoperative eGFR values < 60 mL/min/1.73 m2
(Table 1). Figure 2 demonstrates the alterations in
preoperative and postoperative eGFR levels. The
eGFR levels before and after surgery in the
postoperative eGFR < 60 mL/min/1.73 m2 group
were significantly decreased, as compared with the
levels in the postoperative eGFR ≥ 60 mL/min/1.73
m2 group (P < 0.001). The clinical characteristics
including preoperative and intraoperative factors are

listed in Table 1. There were significant differences in
age, sex, BMI, sodium, uric acid, total cholesterol,
creatinine, eGFR, and use of vasopressors between the
two groups. However, there were no significant
differences in the renal vascular anatomy between the
two groups. In addition, there were no significant
differences in the intraoperative factors, which
included anesthetics, anesthesia time, warm ischemic
time, nephrectomy side, crystalloid administered, and
urine output.
In the univariate logistic regression analysis, the
following factors were significantly associated with
decreased postoperative renal function: age, male sex,
BMI, sodium, uric acid, total cholesterol, preoperative
eGFR, nephrectomy side, and use of vasopressors
(Table 2). In the multivariate logistic regression
analysis, the factors associated with decreased renal
function were age, male sex, BMI, and preoperative
eGFR (Table 2).

Figure 2. Changes in eGFR in the postoperative eGFR ≥ 60 mL/min/1.73 m2
group (black bar) and postoperative eGFR < 60 mL/min/1.73 m2 group (red bar)
on preoperative day and postoperative day 4. eGFR = estimated glomerular
ﬁltration rate, Preop = preoperative day, POD 4 = postoperative day 4. * P <
0.05 compared with the eGFR ≥ 60 mL/min/1.73 m2 group at each time point. †
P < 0.05 compared with preoperative day in each group.

There were no significant differences in the
duration of postoperative hospital stay between the
two groups (5.76 ± 1.76 days in the postoperative
eGFR ≥ 60 mL/min/1.73 m2 group and 5.60 ± 1.74
days in the postoperative eGFR < 60 mL/min/1.73 m2
group, P = 0.330); none of the patients were admitted
to the intensive care unit after hand-assisted
laparoscopic donor nephrectomy. In addition, 383 of
643 (59.6%) donors were analyzed at postoperative
year 1. The mean eGFR level at postoperative year 1
was 75.99 ± 15.34 mL/min/1.73 m2. There was a
significant difference in the eGFR level at
postoperative year 1 between the postoperative eGFR
≥ 60 mL/min/1.73 m2 group and the postoperative
http://www.medsci.org
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eGFR < 60 mL/min/1.73 m2 group (80.63 ± 13.35
mL/min/1.73 m2 and 63.55 ± 13.32 mL/min/1.73 m2,
respectively, P < 0.001). At postoperative year 1, 60 of
383 (15.7%) renal donors consisting of 14 from 279
donors (5.0%) in the postoperative eGFR ≥ 60
mL/min/1.73 m2 group, and 46 from 104 donors
(44.2%) in the postoperative eGFR < 60 mL/min/1.73
m2 group exhibited an eGFR level < 60 mL/min/1.73
m2 (P < 0.001).

Discussion
The major ﬁndings of the present study were
that 166 of 643 donors (25.8%) exhibited decreased
postoperative renal function, defined by an eGFR
level of < 60 mL/min/1.73 m2 on postoperative day 4,
and that increased age, male sex, higher BMI, and
decreased preoperative eGFR were independently
associated with decreased postoperative renal
function. In addition, 60 donors consisting of 14 (5.0%)
from the group of 279 donors in the postoperative
eGFR ≥ 60 mL/min/1.73 m2, and 46 (44.2%) from the
group of 104 donors in the postoperative eGFR < 60
mL/min/1.73 m2 had an eGFR of < 60 mL/min/1.73
m2 at postoperative year 1.
Kidney transplantation is the treatment of choice
for patients with end-stage renal disease; living donor
renal transplantation is superior to cadaveric donor
renal transplantation, with higher patient- and
graft-survival rates [15]. However, donor renal
function is reported to decrease by 30% to 40% after
nephrectomy [3, 16]. Therefore, it is important that
alterations in renal function are evaluated after
nephrectomy in order to predict decreases in renal
function for the safe perioperative management of
healthy donors.
Among the various types of living donor
nephrectomy, hand-assisted laparoscopic donor
nephrectomy is easy to learn and has a relatively ﬂat
learning curve [14]. The safety outcomes in living
donors show no signiﬁcant differences between
hand-assisted laparoscopic donor nephrectomy and
open donor nephrectomy or laparoscopic procedures
[17]. However, hand-assisted laparoscopic donor
nephrectomy signiﬁcantly reduced the warm
ischemic time and operative time compared with
laparoscopic donor nephrectomy [18, 19]. In addition,
the intraoperative conversion rates to open
nephrectomy were higher for laparoscopic donor
nephrectomy than for hand-assisted laparoscopic
donor nephrectomy [7]. Therefore, hand-assisted
laparoscopic
donor
nephrectomy
has
been
predominantly performed at our institution. The
present study included only living renal donors who
underwent
hand-assisted
laparoscopic
donor
nephrectomy.

164
For various surgical procedures, postoperative
morbidity and mortality, blood transfusions,
postoperative infection, bleeding, and medical
complications largely depend on the experience of a
surgeon [8, 9, 11, 20]. Hu et al. showed that higher
operative volumes are associated with shorter lengths
of stay and lower in-hospital cardiac, respiratory,
vascular, wound, genitourinary, and miscellaneous
medical and surgical complication rates after radical
prostatectomy [8]. In addition, high-volume surgeons
experienced a lower postoperative complication rate
for radical prostatectomy (26% vs. 32%) than did
low-volume surgeons [21]. In the present study, to
minimize the intrinsic bias resulting from surgical
experience, all of the nephrectomies were performed
by a highly experienced (>1000 nephrectomies) single
surgeon.
In the present study, the eGFR level of 60
mL/min/1.73 m2 on postoperative day 4 was
considered to be the value directly related to
abnormal renal function [3, 22, 23]. In line with our
present study, the eGFR level of 60 mL/min/1.73 m2
has been used as a standard value to define abnormal
renal function in donor nephrectomy [3]. In addition,
postoperative renal insufficiency can be observed
when the eGFR level is < 60 mL/min/1.73 m2 in
patients undergoing nephrectomy for renal disease as
well as donor nephrectomy [24]. Furthermore, this
value is also used to assess decreased renal function in
the general population [22]. Therefore, the eGFR level
of 60 mL/min/1.73 m2 was selected to evaluate
postoperative decreased renal function.
In
hand-assisted
laparoscopic
donor
nephrectomy, a higher preoperative age was found to
be
significantly
associated
with
decreased
postoperative renal function. Age at donation is
considered a controversial issue. As more patients
develop renal failure, a larger spectrum of potential
donors, including donors with old age, are being
considered, and many centers currently use living
kidney donors with older ages [24, 25]. However,
renal function decreases in the third decade of life [26,
27] and creatinine clearance also begins to decrease by
0.8 mL/min/1.73 m2 per year from age 40 to 80 years
in healthy elderly subjects [28]. Aging is related to a
high prevalence of glomerulosclerosis [29, 30]. In line
with our study, Chu et al. reported that older age was
associated with the development of stage 3 chronic
kidney disease in donor nephrectomy [31]. Therefore,
meticulous follow-up on postoperative renal function
should be performed in older donors who undergo
hand-assisted laparoscopic nephrectomy.
Another significant factor in the present study
that correlated with decreased postoperative renal
function was male sex, which is a known predictor of
http://www.medsci.org

165

Int. J. Med. Sci. 2017, Vol. 14
decreased renal function after donor nephrectomy
[32-35]. Men are reported to show a significant decline
in the GFR and effective renal plasma flow between
the ages of 20 and 50 years; this result is not seen in
women, who are probably protected by estrogens in
the premenopausal period [36]. In addition, women
are known to benefit from the protective effects,
against the progression of renal diseases, of their renal
structure, systemic and renal hemodynamics, diet,
lipid metabolism, and blood pressure, compared with
men [37, 38]. Furthermore, sex hormones affect
numerous cellular processes including mesangial cell
proliferation and matrix accumulation by regulating
the synthesis and release of cytokines, vasoactive
agents, and growth factors [37].
The present findings demonstrated that
preoperative BMI is a risk factor for decreased renal
function after hand-assisted laparoscopic donor
nephrectomy. Higher BMI is an independent risk
factor for the development and progression of chronic
kidney disease [39]. In addition, it was reported that
higher BMI is a signiﬁcant risk factor for developing
proteinuria and the appearance of progressive renal
failure after non-donor unilateral nephrectomy and
donor nephrectomy [40, 41]. Mjøen et al. also showed
that overweight donors have lower eGFR values at 1
year after donor nephrectomy [42]. Obesity may
induce renal alterations such as hyperﬁltration,
pathological proteinuria/albuminuria, and reduced
GFR [43], and excessive adiposity is an ampliﬁer for
the risk of renal disease progression in patients with
chronic kidney disease [44]. Therefore, higher BMI is
associated with impaired renal function recovery after
donor nephrectomy. These results can provide a
better understanding of the influence of BMI on the
post-nephrectomy renal function in renal donors
undergoing hand-assisted laparoscopic donor
nephrectomy.
Preoperative eGFR was demonstrated to be one
of the independent predictors of postoperative
decreased renal function in the present study. In line
with the present results, Rook et al. reported that
pre-donation GFR based on iothalamate clearance is a
significant predictor of renal function after living
kidney donation [45]. Donors with lower preoperative
eGFR are known to develop chronic kidney disease
after a long duration of follow-up [46]. An eGFR of >
90 mL/min/1.73 m2 before donation is a protective
predictor against chronic kidney disease [46]. Donors
with eGFR < 80 mL/min/1.73 m2 before nephrectomy
may not maintain optimal function after nephrectomy
[47]. Therefore, the preoperative eGFR should be
evaluated to optimize the safety of living renal
donors. In addition, the eGFR was calculated by using
the CKD-EPI equation in the present study, as it is less

biased than the Modiﬁcation of Diet in Renal Disease
Study equation for most subgroups deﬁned by
demographic and clinical characteristics, and is able
to more accurately evaluate renal function in patients
with eGFR ≥ 60 mL/min/1.73 m2 [13].
In line with previous studies [48, 49], we found
that 15.7% (60 of 383 donors) of all renal donors
showed a decrease in eGFR level to < 60
mL/min/1.73 m2 at 1 year after donor nephrectomy.
More important, we also noted that 44.2% of the
group whose eGFR level was measured to be < 60
mL/min/1.73 m2 on postoperative day 4 had
maintained the level at 1 year after donor
nephrectomy. These results suggest that a closer
observation may be required for renal donors with
decreased eGFR level on postoperative day 4 in order
to effectively prevent the deterioration of renal
function.
A possible limitation of the present study is its
retrospective design and use of medical records. The
possibility of systematic errors and observer bias
cannot be excluded in this retrospective analysis,
although efforts were made to minimize them by
accounting for all risk factors potentially affecting
decreased renal function during the perioperative
period.
In conclusion, the present study demonstrated
that increased age, male sex, higher BMI, and
decreased preoperative eGFR are associated with
decreased renal function after hand-assisted
laparoscopic donor nephrectomy performed by a
single experienced surgeon. Notably, the potential
bias resulting from the surgeon and operative
technique was minimized by using the outcomes of a
single technique performed by a single surgeon.
These results provide important information for
optimal perioperative management to maximize
safety for living renal donors.
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