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iDepartment of Medicine, Division of Nephrology and Hypertension, Vanderbilt University Medical
Center, Nashville, TN

Abstract
BACKGROUND—The study of novel urinary biomarkers of acute kidney injury has expanded
exponentially. Effective interpretation of data and meaningful comparisons between studies
require awareness of factors that can adversely affect measurement. We examined how variations
in short-term storage and processing might affect measurement of urine biomarkers.

STUDY DESIGN—Cross-sectional, prospective.

SETTING & PARTICIPANTS—Hospitalized patients from two sites: Yale New Haven Hospital
(n= 52) and University of California, San Francisco Medical Center (n=36)
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PREDICTORS—We tested the impact of 3 urine processing conditions on these biomarkers: a)
centrifugation and storage at 4°C for 48 hours before freezing at −80°C, b) centrifugation and
storage at 25°C for 48 hours before freezing at −80°C, and c) uncentrifuged samples immediately
frozen at −80°C.

OUTCOMES—Urine concentration of five biomarkers: neutrophil gelatinase-associated lipocalin
(NGAL), interleukin 18 (IL-18), kidney injury molecule 1 (KIM-1), liver-type fatty acid–binding
protein (L-FABP) and cystatin C

MEASUREMENTS—We measured urine biomarkers by an established ELISA method.
Biomarker values were log-transformed, and agreement with a reference standard of immediate
centrifugation and storage at −80°C was compared using concordance correlation coefficients
(CCCs).

RESULTS—Neither storing samples at 4°C for 48 hours nor centrifugation had a significant
effect on measured levels, with CCCs above 0.9 for all biomarkers tested. For samples stored at
25°C for 48 hours, excellent CCC values (>0.9) were also noted between the test sample and the
reference standard for NGAL, cystatin C, L-FABP and KIM-1. However, the CCC for IL-18
between samples stored at 25°C for 48 hours and the reference standard was 0.81 (95% CI, 0.66–
0.96).

Limitations—No comparisons to fresh “unfrozen” samples, no evaluation of the effect of
protease inhibitors.

CONCLUSIONS—All candidate markers tested using the specified assays showed high stability
with both short-term storage at 4°C and without centrifugation prior to freezing. For optimal
fidelity, urine for IL-18 measurement should not be stored at 25°C before long-term storage or
analysis.

Keywords
proteins; storage; handling; concordance; urine biomarker; AKI; acute renal failure (ARF); protein
stability; biospecimen handling

Development of novel biomarkers for early diagnosis, risk-stratification and prognosis of
acute kidney injury (AKI) is a top priority in kidney research.(1) There are more than one
hundred published studies examining more than twenty novel urine biomarkers in various
settings of AKI and chronic kidney disease (CKD).(2–4) Most studies do not measure novel
biomarkers immediately upon collection. Instead, urine samples are often collected,
processed and stored under different protocols and subsequently assayed in batch. These
protocols are largely based on opinion and convenience without evidence-based consensus
about the optimal handling and processing of urine for evaluation.

The Assessment, Serial Evaluation, and Subsequent Sequelae in Acute Kidney Injury
(ASSESS-AKI) Study is a National Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK)–sponsored multi-site research consortium whose goal is to examine the long-term
outcomes of AKI.(5) A recent NIDDK workshop (Urine Biospecimen Handling Conference,
February 22–23, 2010)(6) identified variations in storage and handling conditions as a major
problem in using reposited samples. In response, we systematically examined how different
“real-world” processing conditions might affect biomarker measurement, study
interpretation, and eventual clinical application. The current standard for processing urine
samples for clinical research studies is centrifugation and immediate storage at −80°C.
However, in the clinical setting, samples may remain at room temperature or be refrigerated
for several hours prior to processing with or without centrifugation. Therefore, we tested the
effect of centrifugation and variations in short-term storage conditions on several promising
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urine biomarkers including neutrophil gelatinase-associated lipocalin (NGAL),(7, 8)
interleukin 18 (IL-18),(9, 10) kidney injury molecule 1 (KIM-1),(11, 12) liver-type fatty
acid–binding protein (L-FABP),(13) and Cystatin C (14, 15).

Methods
Patient Population

Hospitalized adult patients at the Yale-New Haven Hospital (YNHH) and the University of
California, San Francisco Medical Center (UCSF) were screened for eligibility. Each site
targeted a different patient population. The YNHH site enrolled fifty-two unique ICU
patients admitted after cardiac surgery (coronary artery bypass graft surgery or valve
replacement); biospecimens were collected within forty-eight hours of surgery. The UCSF
site enrolled thirty-six unique patients admitted from the Emergency Department to the ICU
or with a congestive heart failure exacerbation; biospecimens were collected as close as
possible to the time of admission (for a description of the parent cohorts, see references (23,
24). Patients who were pregnant or nursing, were treated with long-term dialysis, had
received a kidney transplant, or had a urostomy or nephrostomy were excluded from the
study. At least 20 ml of urine was collected directly from the proximal reservoirs of a Foley
catheter or a freshly voided clean-catch sample. All demographic and baseline information
was obtained via medical chart review during the screening process. When ascertaining
kidney function, the following definitions were employed: AKI stage 1: a 0.3 mg/dl or 50%
increase in serum creatinine concentration during hospitalization; AKI stage 2: a >100%
increase in serum creatinine concentration from baseline during hospitalization; CKD: an
eGFR <60 ml/min/1.73 m2 using the CKD-EPI (CKD Epidemiology Collaboration)
creatinine equation (20).

The study was approved by the Institutional Review Boards of Yale University, Kaiser
Permanente Northern California and the University of California, San Francisco. All patients
or their surrogates provided informed consent, with the exception of (1) patients who died
before they or their surrogate could be approached for informed consent and (2) patients
whose critical illness precluded them from providing informed consent and for whom a
surrogate could not be identified after 28 days at the San Francisco site. For these two
categories of patients, a waiver of consent was obtained.

Processing
The general approach is depicted in Figure 1. Urine samples from each subject were divided
and 10 ml aliquots were processed using the reference protocol (immediate centrifugation at
1000 g at 4°C for 10 minutes, followed by immediate aliquoting and storage at −80°C) and
one of three test processes including: process A: Centrifugation followed by immediate
aliquoting and temporary storage at 4°C for 48 hours prior to freezing at −80°C; process B:
Centrifugation followed by immediate aliquoting and temporary storage at 25°C for 48
hours prior to freezing at −80°C; process C: Samples not centrifuged but immediately
aliquoted and stored at −80°C. (Figure 1)

Fifty pairs of samples were dedicated to each condition tested. Some patients contributed to
multiple conditions if sufficient urine was available.

Biomarker Analysis
The samples for each experimental condition and reference standard were frozen at −80°C
for a median of 5 months before biomarker analysis. All the biomarkers were measured in
one batch. The laboratory and staff measuring the biomarkers were blinded to the study
conditions.
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Urine IL-18 was measured using a commercially available ELISA kit (Medical & Biological
Laboratories Co., Nagoya, Japan) per manufacturer’s instructions (intra-assay and inter-
assay CVs, 7.2% and 7.5%, respectively). The urine KIM-1 ELISA was constructed using
commercially available reagents (Duoset DY1750, R & D Systems Inc., Minneapolis, MN)
with intra-assay and interassay CVs of 5.6% and 4.9%, respectively. Urinary creatinine was
measured by a modified Jaffe method. The analytical sensitivity of the creatinine assay is
0.05 mg/dl (intra-assay and interassay CVs, = 0.6% and 1.1%, respectively). The urine
NGAL ELISA was performed using a commercially available assay (NGAL ELISA Kit
036; Bioporto, Grusbakken, Denmark) that specifically detects human NGAL17. The intra-
assay and inter-assay CVs for NGAL were 2.1% and 9.1%, respectively. Urine L-FABP was
measured using a commercially available ELISA kit (CMIC Co., Tokyo, Japan) per
manufacturer’s instructions. Intraassay and inter- assay CVs for L-FABP were 10.9% and
2.7%, respectively. Cystatin C was measured by latex particle-enhanced nephelometric
immunoassay on a commercial nephelometer (Siemens, Erlangen, Germany). Intra-assay
and inter-assay CVs for urine cystatin C were 5.2% and 4.8%, respectively.

Statistical Methods
The objective of the statistical analysis was to determine the agreement between the
measurements of the urinary biomarkers between the reference standard and values obtained
in samples prepared as process A, process B, and process C. Therefore, we calculated the
concordance correlation coefficient (CCC), introduced by Lin, for each scenario.(18, 19)
The CCC has a scale ranging between -1 (perfect negative agreement) and 1 (perfect
agreement). Zero reflects no agreement. The CCC is a more appropriate statistic than the
Pearson correlation coefficient for assessing the level of agreement between two
measurements of the same item. This is because the latter only quantifies the linear
relationship whereas the former quantifies the linear relationship under the assumption that
the slope equals one and the intercept equals zero. In addition to calculating estimates of the
CCC, we also calculated the 95% confidence intervals (CIs). We required that the CCC must
exceed 0.90 and 0.80 in order to claim that the paired measurements of a urinary biomarker
have excellent and good agreement, respectively, under the two conditions of each process.
The former follows the recommendation by Lin (19), whereas the latter is based on our own
judgment.

There were two noteworthy features of our collected data: (1) the data for each urinary
biomarker were asymmetrically distributed including some very large positive values, and
(2) some data points could not be determined because they were below the lower limit of
detection (LLD) for the assay. Because the CCC is based on a squared distance function, it
can be very sensitive to the effects of large outliers. Also, the typical approach to dealing
with a paired data point with at least one value below the LLD is simply to delete the pair. In
order to address these two issues appropriately, we analyzed data with both raw values and
log-transformed values. We performed analyses by calculating the CCC and its 95% CI
under the assumption of bivariate normality and/or deleting any data pair with at least one
value below the LLD. We then applied maximum likelihood estimation to calculate the
means, variances, and covariance of the bivariate distribution and the standard errors of
these estimates.

The common approaches of deleting the values below the LLD or imputing the fixed value
(such as one half of the lower limit or the lower limit itself) present statistical issues of
concern. The former can yield biased and imprecise results because of the loss of data,
whereas the latter overstates the precision by underestimating the standard errors. In order to
explore these biases, we also performed a sensitivity analysis by constructing a likelihood
function based on the bivariate log-normal distribution in which values below the LLD were
included as left-censored values, i.e., their contribution to the likelihood function was the
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probability of being less than or equal to the LLD. This reduced the number of samples
deleted from analysis. All calculations were performed using SAS 9.3 (SAS Institute Inc)
statistical software.

Results
Eighty-six unique patients participated in the study with some patients contributing to
multiple experimental processes. The mean age of the participants was 70.5 ± 11.9 (standard
deviation) years, with the majority being white (81.4%) and male (64%) (Table 1). The
distribution of biomarker values allowed us to compare the effect of sample handling at both
high and low biomarker levels (Table 2). However, for IL-18, L-FABP and cystatin C, more
than 25% of samples had a value below the detection limit of the assay. Time elapsed during
each condition was recorded (Table S1, available as online supplementary material) and was
comparable between the two sites.

Our primary analysis focused on the CCC for log-transformed biomarker levels above the
LLD (Table 3, Figure S1). For the biomarkers tested, neither storing samples at 4°C for 48
hours nor lack of centrifugation was significantly associated with the levels of IL-18,
NGAL, KIM-1, L-FABP, or cystatin C. There was excellent agreement between processes
for all biomarkers tested with CCC above 0.9. Similarly, NGAL, KIM-1, L-FABP, and
cystatin C demonstrated excellent concordance between levels in samples at 25°C for 48
hours and the reference standard. Results were similar for untransformed biomarker levels
(data not shown). However, there was only good concordance for IL-18 between samples
stored at 25°C for 48 hours and the reference standard for both log-transformed (CCC, 0.81;
95% CI, 0.66–0.96) and untransformed (CCC, 0.79; 95% CI, 0.45–0.85) values. To examine
the impact of including pairs with values below the LLD, we also performed a sensitivity
analysis by developing a statistical model based on a bivariate lognormal distribution that
allowed for left-censoring of low data points. This analysis demonstrated similar results to
the aforementioned analyses (Table 3).

The CCC was also determined for pre-specified subgroups including site (New Haven vs.
San Francisco), AKI (yes/no), use of a Foley catheter (yes/no), diabetes (yes/no), hematuria
(yes/no) and proteinuria (yes/no). Similar to the combined group analysis, IL-18, NGAL,
KIM-1, L-FABP, and cystatin C demonstrated good or excellent concordance for these sub-
groups.

Discussion
For all biomarkers tested (IL-18, NGAL, KIM-1, L-FABP, cystatin C), short-term storage
for 48 hours at 4°C and centrifugation prior to storage had no impact on biomarker levels.
High levels of agreement with the reference standard were also observed during storage at
25°C for 48 hours. These observations are consistent with previous biomarker stability
studies which showed that NGAL and cystatin C remained stable in short term storage. (21,
22) However, for IL-18, a modest decrease in concordance to 0.81 was observed compared
with reference measurements. Measurements were not affected by proteinuria, hematuria,
presence of diabetes or Foley catheter use. In an earlier report, urine KIM-1 and NGAL
concentrations were decreased by 5%–10% after storage at 25°C for 24 hours and by 1%–
2% after storage at 4°C for 24 hours.(16)

Among the biomarkers measured, IL-18 had the highest proportion of values below the
detectable range, with nearly half of the sample pairs not included in the primary
concordance analysis. In addition, the absolute levels of IL-18 in urine (in picograms/
milliliter) were the lowest among all biomarkers tested. Thus, it is possible that even minor
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degradation would affect IL-18 measurement more than that of the other biomarkers, where
concentrations are in the nanogram to microgram range. These two factors could have
contributed to the diminished CCC for IL-18 observed in this study.

There are certain limitations to the study that need to be addressed before the clinical
applicability of these biomarkers can be entertained. Firstly, the results are only
generalizable to the five analytes measured using the specified assays; different assays may
produce varying results. However, these analytes and assays were chosen based on the
extensive ongoing efforts to validate them for clinical use. Furthermore, we have additional
stored aliquots of these samples with which we can test the impact of short-term storage on
biomarker levels for other novel biomarkers and biomarker assays. A second limitation is
that a comparison of fresh urine with samples stored at −80°C was not incorporated into the
study design. In clinical settings, biospecimens are analyzed immediately (forgoing any
short term −80°C storage). However, there are currently no assays available to analyze these
biomarkers in real time. Even if assays do become accessible, they may not be immediately
obtainable in all medical centers. It should be feasible to limit storage at 25°C to no more
than 2 days, even if samples have to be transported to specialty laboratories for novel
biomarker measurements. As such, we did not examine the impact of longer storage times at
4°C, 25°C or −80°C. However, for clinical research purposes (where long term storage is
commonplace), these conditions warrant further investigation. The third limitation is the
effect of protease inhibitors that may have an independent effect on biomarker measurement,
which we did not evaluate.

In summary, the results of this study should reassure investigators and clinicians that
variations in short-term handling using the assays described do not substantially affect the
levels of the novel AKI biomarkers tested. However, for optimal fidelity, urine for IL-18
measurement should not be stored at 25°C before long-term storage. These results highlight
the importance of prospective and systematic testing of sample storage conditions on
biomarker levels prior to the adoption of these tests in clinical practice or research.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Schematic representation of the experimental protocol.
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Table 1

Demographic and Baseline Characteristics

Value

DEMOGRAPHICS

  Age (y) 70.5 ± 11.9

  Female sex 31 (36%)

  Race
    Non-white
    White

16 (18%)
70 (81%)

  Hispanic ethnicity 3 (4%)

CLINICAL CHARACTERISTICS

  AKI Network Stage
    Non-AKI
    AKI stage 1
    ≥AKI stage 2

37 (43%)
40 (47%)
9 (11%)

  Diabetes Mellitus 28 (33%)

  CKD 19 (22%)

  SCr (mg/dl)
    Baseline
    On day sample collected
    Peak during hospitalization

1.1 ± 0.4
1.2 ± 0.7
1.6 ± 1.1

DIPSTICK RESULTS

  Protein
    Negative
    Trace
    30 (+)
    >100 (++)
  Hematuria
    Negative
    Trace
    Small (+)
    >Moderate or large (++)

53 (62%)
15 (17%)
8 (9%)
10 (12%)
21 (24%)
26 (30%)
11 (13%)
28 (33%)

Note: N=86. Values for categorical variables are given as number (percentage); values for continuous variables are given as mean ± standard
deviation. Conversion factor for serum creatinine in mg/dL to µmol/L, ×88.4. AKI stage 1: Defined as 0.3-mg/dL or 50% increase in SCr
concentration during hospitalization; AKI stage 2: Defined as >100% increase in SCr concentration from baseline during hospitalization; CKD:

defined as estimated glomerular filtration rate <60 ml/min/1.73 m2.

AKI, acute kidney injury; CKD, chronic kidney disease; SCr, serum creatinine
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Table 2

Biomarker levels in study participants

Median (10th–90th

percentile)
LLD of
Assay

No. (%) samples
< LDD

IL-18 (pg/ml) 20.3 (12.5–99.32) 12.5 99 (33.0%)

NGAL (ng/ml) 19.4 (4.0–275) 4 48 (16.0%)

KIM-1 (pg/ml) 731 (79–3260) 59 21 (7.0%)

L-FABP (ng/ml) 6.9 (3–55) 3 87 (29.0%)

Urine cystatin C (mg/ml) 0.02 (0.005–0.20) 0.005 80 (26.7%)

Note: For descriptive purposes, values below the LLD have been imputed with the LLD.

LLD: lower limit of detection; IL-18 (interleukin 18); NGAL (neutrophil gelatinase-associated lipocalin); KIM-1 (kidney injury molecule 1); L-
FABP (liver-type fatty acid–binding protein)
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