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Classification System in Early after Living Kidney Donation

Reza Hekmat, Mahmood Mohebi

Department of Nephrology, Ghaem Hospital, Mashhad University of Medical Sciences,
Mashhad, Iran

ABSTRACT. To evaluate the kidney function after living kidney donation, we measured serum
creatinine (SCr), cystatin C, and neutrophil gelatinase-associated lipocalin (NGAL) of 42 living
donors before uninephrectomy and in three immediate days after it. We also evaluated the
prevalence of the occurrence of the different stages of acute kidney injury (AKI) classified
according to risk, injury, failure, loss, and end-stage (RIFLE) criteria, and accuracy of each of
these three biomarkers for predicting them were evaluated. Significant serum NGAL (s-NGAL)
changes were limited to the 1st day after donation, whereas SCr and cystatin C changes continued
to the third day after donation. s-NGAL level in the 1st day and serum cystatin C in the 3rd day
after donation, respectively, had the largest area under curve and best sensitivity and
specificity for Stage 1 (risk) AKI prediction. During the immediate three days after donation,
about half of patients suffered from AKI; mostly Stage 1 (injury). The sequence of the emergence
of s-NGAL and s-cystatin C in the 1st and 3rd days as biomarkers with highest accuracy and power
for RIFLE criteria defined AKI stage discrimination in our study was comparable to previous
studies. We conclude that our study suggests that AKI was best detected in the 1st day after
uninephrectomy by the s-NGAL levels, whereas cystatin C was the best in the 3rd day after
donation for detection of AKI.

Introduction

  Several issues related to living kidney dona-
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tion remain unresolved such as the short- and
long-term medical consequences.1-3 Living-
related donor transplants comprise about 40%
of all transplants performed in the USA,
whereas their proportion is much less (10–
15%) in Europe and Australia.1 Iran performs
most of the kidney transplants in the Middle
East, and 77% of them are from living unre-
lated donors.2 Since living donors in Iran are
selected from healthy young individuals with
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normal kidney function and no medical pro-
blem, evaluation of kidney function in them
provides a unique opportunity for assessing
the impact of donation on kidney function
biomarkers. Furthermore, the impact of acute
loss of at least 50% of the glomerular filtration
rate (GFR) on kidney function biomarkers can
be compared with each other. The most eva-
luated parameters of kidney function include
serum creatinine (SCr), serum cystatin C, and
serum neutrophil gelatinase-associated lipo-
calin (s-NGAL) that have good prediction
ability for the occurrence of different levels of
kidney injury in the donor according to the
Riffle criteria.
  Finding the optimal biomarker requires pros-
pective studies in patients with different cau-
ses of AKI has recently gained momentum.4

We aimed in this study to evaluate the impact
of donation on the different risk, injury, fai-
lure, loss, and end-stage (RIFLE) criteria for
occurrence of acute kidney injury (AKI) in
living donors during the first three days after
donation using the three parameters SCr,
cystatin C, and NGAL to evaluate the kidney
function to find the optimal biomarker among
them.

Materials and Methods

  We studied 42 living unrelated kidney donors
with a mean age of 30.3±4.18 years in Qaem
and Imam-Reza Hospitals, Mashhad, Iran from
June 2010 to April 2011. The research pro-
tocol was approved by the Ethical Committee
of Mashhad University of Medical Sciences
(No. 89066).There were no exclusion criteria
of the study individuals.
  We collected 164 blood samples; four sam-
ples from each donor: one before nephrectomy
and three other samples on days 1, 2, and 3
after the operation. Serum was centrifuged and
then stored at −20°C. For measuring serum
cystatin C and NGAL, we used commercially
available kits from BioVendor Medical Labo-
ratory; Czech Republic. The creatinine kit was
a picric acid-base qualitative one, made by
Pars Azmoon Company, Iran.
  The Cockcroft-Gault and modification of diet

in renal disease (MDRD) formulas were used
for the estimation of GFR in our study.
Cystatin-based estimated GFR was performed
using five different formulas. For classifying
different stages of AKI in donors, the RIFLE
classification system was used.5 In this system,
R = risk for renal dysfunction is defined as an
increase in serum creatinine ≥1.5× baseline or
decrease in GFR ≥25% or urine output <0.5
mL/kg/h for 6 h; I = injury to the kidney is
defined as an increase in serum creatinine
≥2.0× baseline or decrease in GFR ≥50% or
urine output <0.5 mL/kg/h for 12 h; F = failure
of kidney function is defined as an increase in
serum creatinine ≥3.0× baseline OR serum
creatinine ≥4.0 mg/dL in the setting of an
acute rise (0.5 mg/dL) or a decrease in GFR
≥75%, or urine output <0.3 mL/kg/h for 24 h
or anuria for 12 h. L = loss of kidney function
is defined as a persistent failure >4 weeks. E =
end-stage renal disease is defined as a persis-
tent kidney failure >3 months.

Statistical analysis

  In this study, paired sample t-test and Mann–
Whiney U-test were performed for comparing
the paired quantitative variables. Changes in
serum levels of biomarkers before and after
nephrectomy were compared using repeated
measurement and receiver operating curves
(ROCs) of the three biomarker variables to
define the most accurate for the evaluation of
the different stages of AKI. The data were ana-
lyzed using International Business Machines
(IBM) SPSS version 19.0, software, CA, USA.

Results

  Significant changes of SCr and cystatin C
levels continued to the 3rd day after uni-
nephrectomy. However, significant s-NGAL
changes were limited to the 1st day after dona-
tion (Table 1). Percentile increase of the
NGAL levels was significantly more in the 1st

day after donation than the percentile increase
of SCr and cystatin C in the same day (P =
0.013 and 0.007, respectively). Of note was
the wide range and standard deviation (SD) of
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the obtained values, especially for NGAL, per-
haps due to AKI causes such as ischemia,
reperfusion injury rather than simple loss of
GFR because of uninephrectomy.
  About 50% of donors experienced RIFLE
Stage 1 or 2 (risk or injury) in the first two
days after donation. However, none of the
three biomarkers serum levels before donation
could predict the occurrence of AKI.

s-NGAL levels in the 1st day after donation

had the largest area under curve and best
sensitivity and specificity for RIFLE Stage 1
(risk) prediction as estimated by the increase
in SCr ≥1.5× baseline or decrease of more than
25% decrease in GFR (calculate by MDRD or
GC formulas) (Table 2 and Figure 1).
  In the 3rd day after donation, it was cystatin C
that emerged as the best marker for prediction
of injury stage (Table 2), this shows at least a 24
h interval between the beginning of emergence

Table 1. Comparison of s-creatinine-cystatin C and serum neutrophil gelatinase-associated lipocalin
before (day 0) and after nephrectomy in days 1, 2, and 3.

Pairs Cr 0 and Cr 1 Cr 0 and Cr 2 Cr 0 and Cr 3

Mean±SD (mg/dL)
1.02±0.20 and

1.56±0.28
1.02±0.20 and

1.60±0.36
1.02±0.20 and

1.60±0.65
P <0.001 <0.001 <0.001
Pairs Cys 0 and Cys 1 Cys 0 and Cys 2 Cys 0 and Cys 3

Mean±SD (mg/dL)
1.09±0.27 and

1.38±0.37
1.09±0.27 and

1.45±0.37
1.09±0.27 and

1.43±0.61
P <0.001 <0.001 0.005
Pairs NGAL 0 and NGAL 1 NGAL 0 and NGAL 2 NGAL 0 and NGAL 3

Mean±SD (ng/mL)
101.82±74.53 and

165.23±76.74
101.82±74.53 and

141.35±75.48
101.82±74.53 and

117.93±70.43
P <0.001 0.1180 0.0870
SD: Standard deviation, Cr: Creatinine, Cy: Cystatin C, NGAL: Neutrophil gelatinase-associated
lipocalin.

Table 2. Area under curve, P-value, best cut off level, sensitivity and specificity of serum-neutrophil
gelatinase-associated lipocalin, serum creatinine and serum cystatin C for predicting risk, injury, failure,
loss, end-stage Stage 1 (risk) acute kidney injury in first 3 days after kidney donation as obtained by
receiver operative curve characteristics.
Day after

kidney
donation

Marker
RIFLE
stage

Area
under
curve

P
Best cut
off level

Sensitivity
%

Specificity
%

Cr (mg/dL) 1 0.679 0.33 1.55 63 56
Cy C
(mg/dL)

1 0.496 0.30 1.41 52 43Day 1
NGAL
(ng/mL)

1 0.753 0.019 142.5 76 62

Cr (mg/dL) 1 0.512 0.91 1.35 66 35
Cy C
(mg/dL)

1 0.423 0.49 1.25 70 22Day 2
NGAL
(ng/mL)

1 0.407 0.39 75.5 73 35

Cr (mg/dL) 1 0.512 0.91 1.35 66 35
Cy C
(mg/dL)

1 0.733 0.03 1.46 73 85Day 3
NGAL
(ng/mL)

1 0.407 0.39 75.5 73 35

NGAL: Neutrophil gelatinase-associated lipocalin, RIFLE: Risk, injury, failure, loss, end-stage, Cr:
Creatinine, Cy: Cystatin.
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of s-NGAL in the 1st day and s-cystatin C in
the 3rd day after donation as the best predictors
for the occurrence of AKI Stage 1.
  In the 2nd day after uninephrectomy, none of
the three biomarkers was an estimator of
RIFLE Stage 1 AKI described as increase in
serum creatinine ≥1.5× baseline. Using GFR-
based definitions of RIFLE criteria as state
variables and s-NGAL, SCr, or s-cystatin C as
test variables, respectively, for ROC curve
depiction, again the results for all three mar-
kers was unacceptable (all P >0.05). None of
three biomarkers had acceptable sensitivity and
specificity for detecting Stage 2 or 3 (injury
and failure) RIFLE criteria for AKI in the first
three  days after donation.

Using MedCalc statistics software, MedCalc
Software private limited liability company,
Ostend, Belgium, the area under curves of
ROC curves for s-NGAL in the 1st day and s-
cystatin C in the 3rd day after uninephrectomy
were identical whether using more than 1.5-
fold increases in baseline s-SCr or decrease in
GFR ≥25% as estimated by MDRD or GC
formulas for defining Stage 1 AKI (P >0.05).

Discussion

  In our study, we could obtain the results of
the SCr, s-cystatin C, and s-NGAL in living
donors in the early three days after donation.
In Germany, 10 living-related kidney donors
were studied comparing their SCr and cystatin
C daily before donation and for four days after
it. That study showed superiority and accuracy
of s-cystatin C for early detection of the rapid
GFR decrease in comparison with SCr.6

  Our results suggested the superiority of
NGAL for detecting early AKI Stage 1 (risk)
compared with SCr and s-cystatin C. Other
studies showed similar findings such as the
study of Bachorzewska-Gajewska et al who
found that NGAL could represent an early
biomarker of contrast-induced nephropathy in
patients with normal SCr levels undergoing
percutaneous coronary interventions. Signifi-
cant increase in s-NGAL levels occurred 2, 4,
and 8 h after the procedure, whereas cystatin C
levels increased significantly 24 h after the
procedure.7

  Malyszko et al found that NGAL in non-dia-
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Figure 1. Comparison of receiver operating curve curves area under curve, sensitivity and specificity of
serum-neutrophil gelatinase-associated lipocalin, serum-creatinine and serum-cystatin C for predicting
risk, injury, failure, loss, end-stage Stage 1 (risk) in the 1st day after nephrectomy.
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betic hypertensive patients and in normo-
tensive patients with coronary artery disease
can be a useful early marker for kidney injury,
especially in patients with another risk factor
for kidney damage, namely coronary artery
disease.8 The same authors in another study
found that NGAL in adult chronic kidney
disease (CKD) patients and in kidney trans-
plant recipients can represent a new, sensitive
marker of kidney function.9 Poniatowski et al.
in chronic heart failure patients normal serum
creatinine demonstrated that NGAL has the
potential of detecting kidney injury earlier
than SCr.10 In a prospective cohort study con-
ducted in 120 children undergoing CPB, Dent
et al demonstrated that diagnosis of AKI
defined as a 50% or greater increase in SCr
was delayed by two to three days after ope-
ration, whereas plasma NGAL levels increased
threefold within 2 h of CPB and significantly
remained elevated for 24 h after it.11

  Bolignano et al in Italy confirmed that in
CKD patients s-NGAL, urinary NGAL (u-
NGAL) were significantly increased as com-
pared to controls. Furthermore, correlation bet-
ween s-NGAL and u-NGAL was notably more
than serum creatinine and residual GFR.12

Tuladhar et al also were able to show a sig-
nificant predictive value of s-NGAL in the 1st

h after CPB for subsequent kidney injury.13

In our study, the s-cystatin C changes showed
the best sensitivity and specificity for detec-
ting Stage 1 AKI according to RIFLE criteria
on the 3rd day after uninephrectomy is com-
patible with others results. In a four-year
follow-up study, Perkins et al have shown the
usefulness of serial s-cystatin C measurement
for accurately detecting renal function decline
in diabetes.14 In patients with mild to moderate
CKD, serum cystatin C had a higher diag-
nostic accuracy of than SCr in evaluating
impaired kidney function as reported in Hojs
et al study.15 Furthermore, two studies16,17 of
stable renal transplant recipients compared
GFR estimation using cystatin C-based and
standard creatinine-based equations and showed
superiority of the cystatin C over creatinine for
patients classification into the correct CKD
stage. Furthermore, cystatin C was found to be

a more accurate serum marker than serum
creatinine for discriminating type 2 diabetic
patients with reduced GFR from those with
normal GFR.18 Others have found cystatin C
estimated GFR to detect ARF as defined by
RIFLE classification one to two days earlier
than creatinine estimated GFR.19

  The wide range and SD of the percentile
increment of the three biomarkers in our study,
especially for NGAL, may point to AKI occur-
rence due to causes such as ischemia, reper-
fusion injury rather than simple loss of GFR
because of simple uninephrectomy in some
patients, but this is only an assumption that
needs further study.
  Our study has some limitations; among them
is the restriction of biomarkers evaluation to
the first three day after donation then we were
able to detect superiority of NGAL in the first
(and cystatin C in the 3rd day after nephrec-
tomy for detecting FIRLE Stage 1 (injury)
AKI occurrence. Perhaps by continuing the
study for one to two more days, we would
have witnessed emergence of creatinine as the
best marker. Moreover, we were not able to
use a more precise method such as radio-
isotope scanning as the gold standard for
comparing GFR changes against biomarker’s
fluctuations.

Conclusion

  We conclude that our study suggests that s-
NGAL has the best sensitivity and specificity
for detecting Stage 1 (risk) AKI according to
RIFLE criteria in the 1st day after unineph-
rectomy, Whereas s-cystatin C was the best
marker for detecting AKI Stage 1 in the 3rd

day after kidney donation.

Conflict of interest: None declared.
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