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Urinary Neutrophil Gelatinase-Associated Lipocalin and the Occurrence of
Delayed Graft Function After Kidney Transplant
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Objectives: To investigate the predictive value of urinary neutrophil gelatinase-associated

lipocalin in the occurrence of delayed graft function after kidney transplant.

Materials and Methods: In this prospective cohort study of 67 consecutive patients who
received a living-related (40 patients [61%]) or deceased-donor kidney transplant (27
patients [39%]), urinary neutrophil gelatinase-associated lipocalin was determined in
the first 100 mL perfusate of the donor kidney and in urine at 6 hours after transplant.
Patients were followed (11 + 7 mo) for changes in estimated glomerular filtration rate
and delayed graft function.

Results: The mean urinary neutrophil gelatinase-associated lipocalin level at 6 hours
after transplant was significantly higher after deceased-donor (781 + 452 ng/mL) than
living-donor transplant (229 + 223 ng/mL; P < 0.001). The decrease in estimated
glomerular filtration rate from 6 to 12 months after transplant was positively correlated
with the urinary neutrophil gelatinase-associated lipocalin levels in the perfusate in
living-donor transplant. A significant correlation was noted between the occurrence of
delayed graft function and the urinary neutrophil gelatinase-associated lipocalin level at
6 hours after living-donor transplant. In the deceased-donor group, the occurrence of
delayed graft function was correlated with urinary neutrophil gelatinase-associated
lipocalin levels in the perfusate. In deceased-donor kidney transplant, the mean urinary
neutrophil gelatinase-associated lipocalin level in the perfusion fluid was significantly
greater from donors who had terminal serum creatinine > 150 pmol/L, and urinary
neutrophil gelatinase-associated lipocalin level at 6 hours after transplant was
significantly greater in transplants with longer cold ischemia time and donors who had
hypertension.

Conclusions: Urinary neutrophil gelatinase-associated lipocalin levels in the donor kidney
perfusate and 6 hours after transplant may be a useful predictor of delayed graft function
and decreased graft function from 6 to 12 months after transplant.
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Introduction

Serum creatinine is the most commonly used test to detect renal failure or injury. However, serum
creatinine does not have adequate sensitivity for kidney function because it increases late after
kidney injury or damage. Furthermore, creatinine level may not reflect the degree of renal damage
and may be affected by other factors such as body weight, race, age, sex, total body water volume,
drugs, muscle metabolism, and protein intake.1-3 This drawback is unfortunate because acute
kidney injury may occur in 7% to 10% hospitalized patients.4

Other biomarkers have been evaluated for early detection of acute kidney injury such as neutrophil
gelatinase-associated lipocalin (NGAL), an ion transporting agent that was identified using
functional genomics and proteomics technology.>® The NGAL is a 25-kDa protein that is produced
in the distal nephron in low concentrations, and the synthesis of NGAL is up-regulated in response
to kidney injury. As a marker of kidney damage, NGAL may be more useful than markers that rely
on function such as serum creatinine and estimated glomerular filtration rate (eGFR). The protein
NGAL also is a marker of kidney disease progression. Serum concentration of NGAL rises before
creatinine level and is useful to monitor chronic kidney disease.” The NGAL is useful in detecting
acute kidney injury in patients who are critically ill, receive intravenous contrast media for coronary
angiography, are admitted to the emergency department, or have cardiac surgery.8-12

Deceased-donor kidney transplant frequently is associated with delayed graft function (25%).13 The
rate of improvement in kidney function during the days after transplant is multifactorial and may
depend on whether the donated kidney is optimal or marginal.14 However, there is no test available
to predict which allograft will have slow recovery of kidney function or delayed graft function.

The concentration of NGAL in urine samples collected on the day of transplant may identify
deceased-donor kidney recipients who subsequently may develop delayed graft function and dialysis
requirement, which typically may occur at 2 to 4 days after transplant. The receiver operating
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characteristic curve for prediction of delayed graft function based on urinary NGAL (uNGAL)
concentration at day 0 showed an area under the curve of 0.9, suggesting that uUNGAL may be an
excellent predictive biomarker.15 In addition, UNGAL concentrations are significantly increased in
recipients who have biopsy-proven tubulitis or other tubular pathology after kidney transplant, and
uNGAL may be a useful noninvasive screening tool for the detection of tubulointerstitial disease
early after kidney transplant.1®

The purpose of the present study was to evaluate uNGAL in the donor kidney perfusion fluid before
transplant and in urine samples at 6 hours after transplant to determine whether uNGAL may be
predictive of acute kidney injury such as delayed graft function and renal outcome at 6 and 12
months after transplant.

Materials and Methods

Patients

In this prospective cohort study, all 67 consecutive patients who received a living-related or
deceased-donor kidney transplant at King Abdulaziz Medical City, Riyadh, between July 2011 and
September 2012 were evaluated. Written informed consent was obtained from all participants. The
study was approved by the local institutional review board.

Data were collected including demographic data about recipients and donors, cause of chronic
kidney disease, clinical variables in deceased donors (cause of death, comorbid conditions, and
terminal serum creatinine), degree of human leukocyte antigen mismatch, preexisting panel
reactive antibodies, cold ischemia time, and the occurrence of biopsy-proven rejection and delayed
graft function. The serum creatinine levels and eGFR were recorded at 3, 6, and 12 months after
transplant. Samples were collected from early perfusion fluid of donor kidneys (t; sample: the first

100 mL perfusate), and a urine sample was obtained at 6 hours after the end of the operation (t,

sample). Levels of uNGAL were determined with a commercially available assay that used a
noncompetitive sandwich format with chemiluminescent signal detection (ARCHITECT NGAL Assay,
Abbott, Abbott Park, IL, USA).17

Statistical analyses

Data collected were entered into database software (Access, Microsoft, Redmond, WA, USA) and
analyzed with statistical software (SAS, version 9.2, SAS Institute, Cary, NC, USA). Descriptive
statistics were reported as mean + standard deviation (continuous variables) or number (%)
(categorical variables). Continuous variables were evaluated with t test. Multivariate analysis was
used to evaluate the effect of potentially confounding variables on the predictive effect of UNGAL.
Statistical significance was defined by P < .05.

Results

Most recipients were male patients who had living-related kidney transplant and who did not have
diabetic nephropathy or positive panel reactive antibody (Table 1). The deceased donors most
frequently died because of stroke and most frequently did not have hypertension or diabetes (Table
1). Most recipients received basiliximab and anti-thymocyte globulin as induction
immunosuppressive therapy, and most recipients did not have delayed graft function or biopsy-
proven rejection (Table 1). The mean cold ischemia time was 6 + 6 hours, and the mean uNGAL
level was significantly greater at 6 hours after transplant than the uNGAL level in the perfusate
(Table 2). Mean follow-up was 11 £ 7 months after transplant, and eGFR was similar at 6 and 12
months after transplant (Table 2).

Multivariate analysis showed significant correlations between the change in eGFR from 6 to 12
months and uNGAL in the perfusion fluid for living-donor transplant (Table 3). In addition, there
were significant correlations between delayed graft function and uNGAL at 6 hours after living-donor
transplant and between delayed graft function and uNGAL in the perfusion fluid for deceased-donor
transplant (Table 3). The mean uNGAL level in the perfusion fluid and at 6 hours after transplant
was significantly higher in patients who developed than did not develop delayed graft function
(Table 4). The mean uNGAL levels at 6 hours after transplant (but not in the perfusion fluid) was
significantly greater for deceased-donor than living-related kidney transplant (Table 5).

In deceased-donor kidney transplant, the mean uNGAL levels at both collection times were similar
in transplants with positive or negative panel reactive antibody status but greater in transplants
from donors who had than did not have diabetes mellitus (Table 6). In deceased-donor kidney
transplant, the mean uNGAL level in the perfusion fluid was significantly greater from donors who
had terminal serum creatinine > 150 pmol/L, and uNGAL level at 6 hours after transplant was
significantly greater in transplants with longer cold ischemia time and donors who had hypertension
(Table 6).

There was no correlation observed between the uNGAL levels in the perfusion fluid and the absolute
or percent decrease in serum creatinine from baseline (before transplant) to 5 days or 3 months
after transplant. However there was significant negative correlation between the absolute and
percent decrease in serum creatinine at 3 months after transplant and the uNGAL levels at 6 hours
after transplant (t, sample) (Table 7).

Discussion
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. . - Neutrophil Gelatinase-Associated
Delayed graft function occurs in 20% to 33% deceased-donor kidney transplants. In our study, Li?)l;c?lipn ;ndeai'nr;?asfpai:(xg;s in

delayed graft function occurred in 23% deceased-donor and in 13% living-donor transplants.18 Deceased-Donor Kidney Transplant

Several reports suggested that NGAL level may predict delayed graft function, and NGAL staining

intensity in graft biopsies obtained 1 hour after anastomosis significantly correlates with the

development of delayed graft function.1> In addition, UNGAL assayed on the day of transplant is S

highly significantly correlated with the subsequent development of delayed graft function.1® Other Table 7. Relation Between the
ghly signitficantly q p yed g Decrease in Serum Creatinine After

studies also have shown the usefulness of uUNGAL in predicting acute kidney injury after kidney Transplant and Postoperative

transplant.20,21 When uNGAL levels were correlated with graft biopsy findings, there were Urinary Neutrophil Gelatinase-

significantly increased uNGAL levels in the presence of tubulitis (including subclinical tubulitis) and Associated Lipocalin*

other tubular pathologies.22

In both living-donor and deceased-donor transplants, we observed a significant correlation between
delayed graft function and uNGAL levels. The uNGAL level of the perfusate was significantly higher
in patients who developed than did not develop delayed graft function (Table 4). The uNGAL level at
6 hours after transplant was 3.4-fold greater after deceased-donor than living-donor transplant
(Table 5). We observed no correlation between uNGAL levels in the t; sample and the absolute or
percent decrease in serum creatinine from baseline to 5 days or 3 months after transplant.
However, there was a significant negative correlation between the absolute or percent decrease in
serum creatinine and uNGAL at 6 hours after transplant (t, sample) (Table 7).

Levels of uNGAL in the perfusion fluid (t1) were predictive of reduction in eGFR at 12 months after

living-donor but not deceased-donor transplant (Table 3). Higher uNGAL levels were observed with
longer cold ischemia time (> 5 h; t; levels), higher deceased-donor terminal serum creatinine (>

150 pmol/L; t, levels), and diabetic (t; and t;, levels) or hypertensive donors (t, levels) (Table 6).

The normal uNGAL level in patients undergoing coronary is 11 + 16 ng/mL.23 In the present study,
the mean 6-hour postoperative uNGAL levels were 20-fold greater for living-donor (229 + 223
ng/mL) and 70-fold greater for deceased-donor kidney transplants (781 + 452 ng/mL) (Table 5). In
another recent study in which uNGAL was measured at 6 hours after deceased-donor kidney
transplant, the uNGAL level was 640 ng/mL (339.4-2845 ng/mL) in patients who developed delayed
graft function and 217 ng/mL (58.1-632.2 ng/mL) in patients who did not develop delayed graft
function, and it was concluded that uNGAL may be an accurate predictor of delayed graft function,

consistent with the present findings.24

In summary, we confirmed that uNGAL concentrations measured during the first day after kidney
transplant may be useful in predicting the development of delayed graft function. In addition,
uUNGAL measured in the donor kidney perfusate also may help predict the development of delayed
graft function and decreased short-term graft function.
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