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A growing lack of donor organs has caused extension of criteria for deceased donation. There-
fore, elderly donors and donors with increased serum creatinine levels, as well as donors after
cardiocirculatory death, have become used more frequently. The examination of such donors is
strongly limited due to the lack of time, and the determination of the quality of donor organs is still
based on clinical and laboratory screening data of donors. Implementation of new examination
methods is required to determine the functional condition of donor organs more accurately, which
would allow correct selection of donors. This retrospective study included all consecutive de-
ceased donor (DD) kidney transplantations (KTx) performed in a single centre during the period
from 1 January 2010 till 30 November 2011. The donor examination was supplemented by the
urine neutrophil gelatinase-associated lipocalin (U-NGAL) test. Recipients were available for fol-
low-up for at least 12 months (totally 97 KTx from 63 DD). All cases were divided into four groups
according to U-NGAL and serum creatinine (S-Crea) levels in donors: group | — normal U-NGAL
and S-Crea (n = 70); group Il — elevated U-NGAL and S-Crea (n = 10); group lll — elevated
U-NGAL and normal S-Crea (n = 9); group IV — normal U-NGAL and elevated S-Crea (n = 8). In-
formation about rates of delayed graft function (DGF) and immediate graft function (IGF), acute
rejection (AR), recipient S-Crea levels during the first post-transplant year for functioning grafts,
graft losses and recipient deaths were summarised. Donor urine NGAL level showed moderate
correlation with donor S-creatinie level (r=0.543, P < 0.001). DGF was observed in 20 recipients
(21%) and demonstrated association with increased donor S-creatinine (0.135 + 0.061 vs. 0.108
+ 0.04 mmol/l in IGF, p < 0.05). Combination of increased donor S-Crea and U-NGAL (group 1I)
was associated with worse graft function during the first year after transplantation. Recipients in
group Il had increased S-Crea at the time of discharge from hospital and at one year after trans-
plantation. One-year death censored graft survival and recipient survival was similar in all groups
(P = NS). Determination of U-NGAL can be used as a donor auxiliary examination method for de-
termination of the kidney graft functional condition and for prediction of post-transplant results.
The study needs to be continued with a higher number of observations and longer post-transplant
follow-up.
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INTRODUCTION

Kidney transplantation (KTx) is the most effective method
of treatment of end stage chronic kidney disease (CKD).
Growing donor organ shortage has caused a need to extend
selection criteria for deceased donation. Therefore, elderly
donors and donors with increased serum creatinine (S-Crea)
level, as well as donors after cardiocirculatory death have
become used more frequently (Rozental et al., 2012). The
use of such donors may lead the retrieval of poor quality
grafts and worse post-transplant results. Examination of de-
ceased donors (DD) is strongly limited due to the lack of
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time, and presently determination of the quality of donor or-
gans is based mainly on clinical and laboratory screening
data. Histological examination of “donor O biopsy” is pres-
ently the “gold standard” for donor organ quality determina-
tion, but much time is requires for preparation and examina-
tion of histological samples, which significantly extends
cold ischemia time (CIT), increasing risk of post-transplant
complications (Van der Vliet ef al., 2011).

The correct and careful selection procedure for deceased
donation requires implementation of new examination
methods for determining functional condition of donor or-
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gans. Introduction of new quick and more accurate tests
may improve correct selection of donors, reducing the risk
of transplantation of organs with critically poor quality.
Also, precise determination of the quality of organs recov-
ered from “doubtful” donors may even increase the number
of renal transplants by recognition of discarded organs as
suitable for transplantation.

Urine neutrophil gelatinase-associated lipocalin (U-NGAL)
is a biomarker of acute kidney injury (Haase et al., 2009).
NGAL is a 25-kDa protein that is expressed in neutrophil
leukocytes and human epithelium. NGAL is involved in
iron transportation, regulates cell growth and differentia-
tion, and is a congenital component of antibacterial immu-
nity (Kjeldsen et al., 1993).

Two NGAL secretion localisations have been described —
systemic NGAL and renal NGAL. Systemic NGAL is re-
leased from liver, spleen and activated neutrophils. It is fil-
tered through glomerular tufts and is reabsorbed into proxi-
mal convoluted canals (Kjeldsen et al., 1993). If there is no
systemic inflammation, filtered NGAL does not promote
urine NGAL secretion (Parikh et al., 2006). In case of acute
renal injury, NGAL is rapidly produced in the loop of Henle
and distal canals and is secreted into urine. In urine, NGAL
is resistant to proteolytic cleavage and its level can be deter-
mined (Mishra et al., 2003).

The use of this biomarker as an auxiliary donor examination
method may be useful for clarification of the functional
condition of donor kidneys.

MATERIALS AND METHODS

This retrospective study included all consecutive DD KTx
performed in a single centre during the period from 1 Janu-
ary 2010 till 30 November 2011. Donor examination was
supplemented with the U-NGAL test. Recipients were
available for follow-up for at least 12 months (total 97 KTx

from 63 DD, mean donor age 49.2 + 11.4 years, mean re-
cipient age 47.3 + 13.5 years).

The main CKD diagnoses were chronic glomerulonephritis
(n = 63, 65%), kidney polycystosis (n = 12, 12%) and dia-
betic nephropathy (n = 10, 10%).

Donor organs were recovered and transplanted according to
current and accredited medical technology. Donor organ re-
covery utilised in sitfu preservation in Histidine-tryptophan-
ketoglutarate (HTK) solution. The mean CIT was 17.35 +
2.39 hours; warm ischemia time did not exceed 20 minutes.

All cases were divided into four groups according to donor
U-NGAL and S-Crea levels:

Group I: Recipients who received kidneys from DD with
normal U-NGAL and normal S-Crea (n = 70, recipient
mean age 47.2 + 13.2)

Group II: Recipients who received kidneys from donors
with elevated U-NGAL and elevated S-Crea (n = 10, recipi-
ent mean age 42.1 + 18.2)

Group III: Recipients who received kidneys from donors
with elevated U-NGAL and normal S-Crea (n = 9, recipient
mean age 51.4 + 12.3)

Group IV: Recipients who received kidneys from donors
with normal U-NGAL and elevated S-Crea (n = 8, recipient
mean age 48.8 + 12.9)

Demographical description of groups is showed in Table 1.

Chemiluminescent microparticle immunoassay was used to
measure U-NGAL level (Abbott Architect®).

Groups were compared for rates of delayed graft function
(DGF) and immediate graft function (IGF), acute rejection
reactions (AR), recipient S-Crea level during the first post-
transplant year (for functioning grafts), kidney graft loss

Table 1

DEMOGRAPHICAL AND CLINICAL FEATURES OF RECIPIENT GROUPS

Group 1 Group II Group IIT Group IV
Number of donors 47 6 5 6
Number of haemodynamically unstable donors 4 (8.5%) 6 (100%) 5 (100%) 1(16.7%)
Duration of hospitalisation in intensive care unit, days (mean + SD) 25+23 4.1+23 26+2.6 24+1.7
Donor age, years (mean + SD) 493+11.6 503 6.7 542+7.1 42.8+153
Donor weight, kg (mean + SD) 80.4 +16.8 84.7+13.6 82.0+13.8 96.3 £30.4
Urine NGAL, ng/ml (mean + SD) 259+204 291.9 £202.5 339.9+310.8 224+ 11.1
Serum creatinine, mmol/l (mean + SD) 0.09 +£0.02 0.21 £0.04 0.11 £0.04 0.17 £0.04
Number of recipients 70 10 9 8
Recipient age, years (mean + SD) 472+13.2 42,1 £18.2 51.4+132 48.8+12.9
Recipientd gender (male vs. female) 30/40 5/5 2/7 6/2
Cold ischemia time, hours (mean + SD) 173 +4.6 12.8 £ 8.2 182 +44 220+14
Delayed graft function 13 (18.6%) 5(50%) 1(11.1%) 1(12.5%)
Number of acute rejection reactions 25 (35.7%) 2 (20%) 7 (77.8%) 4 (50%)
Death censored one year graft survival, % 91% 80% 89% 75%
Recipientd one year survival, % 100% 100% 100% 87%
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and recipient death. DGF was defined as the need to per-
form at least one dialysis session during the first post-
transplant week. AR episodes were diagnosed by graft bi-
opsy (Banff 2007 classification) and treated by steroid
pulse, or, in cases of steroid-resistant cases, by anti-thymo-
cyte globulin.

According to the laboratory reference interval, the U-NGAL
level was considered increased if = 100 ng/ml, and the
S-Crea level was considered increased if = 0.15 mmol/l.

Donors were considered haemodynamically instable if there
were episodes of asystole and/or drops of systolic blood
pressure below 80 mm Hg before organ explantation.

Immunosuppression consisted of induction by steroids and
monoclonal or polyclonal antilymphocyte antibodies, and
maintenance immunosuppression by oral steroid, anti-
proliferative agents and calcinerine inhibitors.

All data were entered and processed by Microsoft Office
Excel 2007 and SPSS 13.0 (SPSS Inc.) software.

RESULTS

The mean donor U-NGAL level was 83.79 + 162.24 ng/ml
and S-Crea level was 0.11 = 0.05 mmol/l. Donor U-NGAL
level showed moderate correlation with donor S-Crea level
(r = 0.543, P < 0.001).

Donor U-NGAL and S-Crea levels were not significantly
correlated with other donor haematological and biochemical
parameters (leukocyte and erythrocyte counts, haemoglobin
level, serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels), and also with donor age,
weight, body mass index (BMI), and duration of stay in in-
tensive care unit and use of vasopressors.

Haemodynamic instability was observed in 16 donors
(25%). The U-NGAL level in donors with haemodynamic
instability was statistically higher compared to donors with
stabile haemodynamics (243.41 + 257.86 vs. 29.30 + 37.99
ng/ml, P < 0.001). The S-Crea level in donors with haemo-
dynamic instability was also statistically higher than in do-
nors with stabile haemodynamic (0.15 £ 0.06 vs. 0.10 +
0.03 mmol/l, P < 0.001).

DGF was observed in 20 recipients (21%) and demonstrated
association with increased donor S-Crea level (0.135+0.061
mmol/l vs. 0.108+0.04 in IGF, p=0.03). The duration of

stay in the intensive care unit and CIT did not show associa-
tion with DGF.

During the follow-up period AR episodes were observed in
38 recipients (39%) and showed no association with donor
U-NGAL and S-Crea levels (P = NS for both).

Analysis of the demographical and clinical features of do-
nors and recipients (Table 1) revealed significantly higher
prevalence of haemodynamically unstable donors in groups
II and 1T (compared with other two groups) and higher do-
nor mean weight in group IV compared with group I (P <
0.05 for all).

Analysis of post-transplant results (Table 1) showed higher
rate of DGF in group II compared with groups I, III and IV,
and more frequent development of AR in group III com-
pared with groups I and II (P < 0.05 for all). There also
were no significant differences in graft and recipient sur-
vival between groups (P = NS in all cases).

Analysis of kidney graft function in groups also showed
significant differences (Table 2). Group I had significantly
lower S-Crea compared with group II at the time of dis-
charge from hospital (P = 0.005), and at six, nine and
twelve months post- transplant (P < 0.05, P=0.012 and P =
0.001, respectively). Group I also had significantly lower
S-Crea compared with group III at the time of discharge
from hospital (P < 0.05) and twelve months after transplan-
tation (P = 0.011) and with group IV at the time of dis-
charge from hospital (P < 0.001). Comparison of groups II,
IIT and IV did not show statistically significant differences
between them (P = NS in all cases).

Cross-sectional analysis of combinations of both elevated
donor U-NGAL and elevated S-Crea showed an increase in
sensitivity predicting worse graft function during the first
year after transplantation (Table 3).

DISCUSSION

Serum creatinine level and its clearance has remained the
main marker for evaluation of the functional status of kid-
neys for many years, however, increase in its level appear
too late, when kidney function is already seriously damaged
(Star et al., 2002). Improvement in the quality of transplan-
tation is closely associated with the quality of recovered do-
nor organs, the precision of which can be achieved only by
implementation of new diagnostic methods, including the

Table 2
RECIPIENT S-CREA LEVELS DURING THE FIRST YEAR AFTER TRANSPLANTATION
Recipient S-Crea level Group [ Group IT Group III Group IV

At discharge from hospital, mmol/l (mean = SD) 0.13 +£0.04 0.18 £0.12 0.17 £ 0.08 0.20 + 0.08
3 months after transplnatation, mmol/l (mean + SD) 0.14 £0.07 0.18 £0.12 0.16 £ 0.05 0.17 £0.07
6 months after transplantation, mmol/l (mean + SD) 0.14 £0.07 0.20+£0.11 0.17 £0.09 0.17 £0.05
9 months after transplantation, mmol/l (mean + SD) 0.14 £ 0.06 0.21 £0.12 0.19 £ 0.15 0.17 +£0.04
12 months after transplantation, mmol/l (mean = SD) 0.14 £ 0.06 0.27 £0.19 0.23+0.21 0.17 £0.05
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Table 3

SENSITIVITY AND SPECIFICITY OF DONOR U-NGAL AND S-CREA FOR PREDICTION OF RENAL GRAFT FUNCTION DURING THE FIRST

POST-TRANSPLANT YEAR

Donor factor Sensitivity and

Increased S-Crea in post-transplant period:

specificity at discharge 3 months 6 months 9 months 12 months
Elevated donor U- NGAL Sensitivity 35% 30% 30% 25% 31%
Specificity 86% 89% 90% 87% 89%
Elevated donor S-Crea Sensitivity 32% 18% 25% 21% 24%
Specificity 93% 91% 94% 92% 94%
Elevated donor U-NGAL S-Crea Sensitivity 48% 36% 38% 32% 38%
Specificity 85% 86% 86% 83% 86%

use of biomarkers. Graft function depends on several, both
donor- and recipient-related, factors (Jushinskis et al.,
2009). However, the functional condition of the donor or-
gan before explantation is one of the most significant fac-
tors. U-NGAL here appears to be a promising marker of
early kidney damage, as it increases in level much earlier
than S-Crea (Mishra et al., 2005; Hirsch et al., 2007). How-
ever, there are only few scattered studies on testing of the
use of this marker for evaluation of donor kidneys.

In our study donor U-NGAL level showed correlation with
donor S-Crea level, indicating the relation of this biomarker
to kidney injury. However, U-NGAL level failed to show
association with DGF, while increased donor S-Crea level
was associated with the development of DGF. This may be
explained by the fact that increase in the level of U-NGAL
may reflect only early stage of kidney damage, which does
not always lead to functional insufficiency. The donor S-
Crea level in this respect was more predictive, as increase of
its level indicates a more serious pathology in donor kidney.

The development of acute rejection was not associated ele-
vation of both markers, showing that the initial functional
condition of a donor kidneys does not have much effect on
the immunological component.

The most promising means of evaluation was to use the
combination of both markers, as the increase of one or both
markers was related to development of DGF (higher in cases
of elevated donor U-NGAL and S-Crea) and AR (higher in
cases of elevated donor U-NGAL and normal S-Crea). Dif-
ferences were also seen in kidney graft function in the
post-transplant period, with the best results observed in re-
cipients who received their kidneys from donors with nor-
mal U-NGAL and S-Crea. However, increase in the level of
donor U-NGAL with or without elevation of S-Crea showed
poorer kidney graft function up to 1 year after transplanta-
tion, probably associated with ischemic kidney damage in
the pre-explantation period and more frequent AR.

Unfortunately, this study had a limited number of cases
with different combinations of increased donor U-NGAL
and S-Crea. Further study in this field requires higher
number of observations and longer follow-up period to ob-
tain more precise results.
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In conclusion, determination of U-NGAL can be used as a
donor auxiliary examination method for determination of
kidney graft functional condition and for prediction of
post-transplant results. The study must be continued with a
higher number of observations and longer post-transplant
follow-up.
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URINA NEITROFILU ASOCIETA ZELATINAZES LIPOKALINA NOTEIKSANA KA DONORA PAPILDIZMEKLESANAS
METODE — PIRMIE REZULTATI

Pieaugoss donororganu trukums ir iemesls miruSo donoru atlases krit€riju paplasinasanai, lidz ar ko arvien biezak tiek izmantoti vecaka
gadagajuma donori, donori ar paaugstinato seruma kreatinina limeni, ka ari donori péc sirdsdarbibas apstasanas. Sadu donoru izmeklesana ir
stipri ierobeZota laika trikuma dél un donororgana kvalitates noteikSana joprojam balstas uz kliniski laboratoriskiem donora skrininga
datiem. Ir nepiecieSams ieviest jaunas izmekléSanas metodes donororganu funkcionala stavokla precizéSanai, kas lautu veikt korektu donoru
atlasi. Saja retrospektivaja pétijuma tika ieklautas visas secigas transplantacijas (n = 97), kas tika veiktas no mirusiem donoriem (n = 63)
laika perioda no 2010. gada 1. janvara lidz 2011. gada 30. novembrim, kur tika noteikts donora urina neitrofilu asociéta Zelatinazes
lipokalina (NGAL) limenis un recipienti bija izsekojami vismaz vienu gadu péc transplantacijas. Tika apkopota informacija par donoru
urina NGAL limeni, atlikto transplantata funkciju biezumu, akttam atgriSanas reakcijam, kreatinina limeni pirmaja péctransplantacijas
gada funkciongjosiem transplantatiem, donororganu zaudéjumiem un recipientu navém gada laika. Tika noveérota vidgji stingra donora urina
NGAL un seruma kreatinina korelacija (r = 0,543, P < 0,001). Atlikta transplantata funkcija novérota 20 recipientiem un uzradija statistiski
ticamu saistibu ar paaugstinato donora kreatinina limeni (0,135 + 0,061 vs. 0,108 = 0,04 mmol/I tulitgjas funkcijas gadijuma, P < 0,05).
Gadijumos, kad tika konstatéts paaugstinats donora seruma kreatinina limenis un paaugstinats urina NGAL limenis, tika novérota sliktaka
transplantata funkcija pirmaja gada péc transplantacijas. Transplantacijas gadijumos no donoriem ar paaugstinatu urina NGAL limeni, bet
normalu seruma kreatinina limeni, tika novérota sliktaka transplantata funkcija, recipientam izrakstoties no stacionara un vienu gadu péc
transplantacijas. Viena gada transplantata dzivildze un recipientu dzivildze starp grupam neatSkiras. Jasecina, ka donora urina NGAL
limena noteikSanu var izmantot ka donora papildizmekleSanas metodi transplantata funkcionala stavokla noteikSanai un péctransplantacijas
rezultatu prognozesanai. Pétijums ir jaturpina ar lielaku respondentu skaitu un ilgaku recipientu novérosanas periodu.
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