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Abstract

Biomarker studies for early detection of acute kidney injury (AKI) have been limited by non-
selective testing and uncertainties in using small changes in serum creatinine as a reference
standard. Here we examine the ability of urine L-type fatty acid binding protein (L-FABP),
neutrophil gelatinase-associated lipocalin (NGAL), Interleukin-18 (IL-18), and Kidney Injury
Moledule-1 (KIM-1) to predict injury progression, dialysis, or death within 7 days in critically ill
adults with early AKI. Of 152 patients with known baseline creatinine examined, 36 experienced
the composite outcome. Urine L-FABP demonstrated an area under the receiver-operating
characteristic curve (AUC-ROC) of 0.79 (95% confidence interval 0.70-0.86), which improved to
0.82 (95% confidence interval 0.75-0.90) when added to the clinical model (AUC-ROC of 0.74).
Urine NGAL, IL-18, and KIM-1 had AUC-ROCs of 0.65, 0.64, and 0.62, respectively, but did not
significantly improve discrimination of the clinical model. The category free net reclassification
index improved with urine L-FABP [total net reclassification index for non-events 31.0%] and
urine NGAL [total net reclassification index for events 33.3%]. However, only urine L-FABP
significantly improved the integrated discriminative index. Thus, modest early changes in serum
creatinine can help target biomarker measurement for determining prognosis with urine L-FABP
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providing independent and additive prognostic information when combined with clinical

predictors.
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Introduction

Results

Acute Kidney injury (AKI) is a common complication of critical illness that strongly
associates with morbidity, mortality, and long-term loss of kidney function.(1-3) Lack of
effective treatments has prompted the development of novel biomarkers to provide
complimentary information on the timing, nature, and prognosis of injury.(4, 5) To date, the
evaluation of these markers has focused largely on the early detection of AKI.(6-11) Recent
large cohort studies have reported only moderate performance,(12, 13) potentially reflecting
uncertainties in using smaller changes in serum creatinine as a reference standard. In
addition, non-selective testing within populations may also be limiting predictive
performance.(14, 15)

We hypothesized that examining prediction of clinically meaningful endpoints in a high-risk
population would enhance the value of a panel of novel injury biomarkers. We further
hypothesized that leveraging early changes in serum creatinine to guide testing would
improve predictive performance. To test these hypotheses, we examined the ability of
UNGAL,(7) uL-FABP,(16) ulL-18,(17, 18) and uKIM-1(19, 20) to predict progression of
injury, dialysis, and death within 7 days in a prospective cohort of critically ill adults with
evidence of Kidney Disease Improving Global Outcomes (KDIGO) Stage 1 AKI at the time
of biomarker measurement. We further examined the incremental ability of these biomarkers
to predict outcomes beyond the available clinical predictors.

Subject Characteristics

A total of 170 patients with a known outpatient baseline creatinine and Stage |1 AKI at the
time of biomarker measurement were eligible for study. (Figure 1). Of these, 152 had
complete biomarker data available. Thirty-six (24%) patients experienced the composite
outcome or persistent doubling of serum creatinine (=2 days), dialysis, or death within 7
days of biomarker measurement (Table 1). Eighteen patients experienced persistent doubling
of creatinine (50%), 5 experienced dialysis (14%), and 13 experienced death (36%) as their
first event. No statistically significant differences were noted in the distribution of age,
gender, race, or ICU location. Patients experiencing the composite outcome had higher
severity of illness, as assessed by Acute Physiology and Chronic Health Evaluation Il
(APACHE II) scores [median 32 (IQR: 28-37) versus 27 (IQR: 21-31), p<0.001] and a
higher prevalence of sepsis at biomarker measurement (69% versus 47%, p=0.021) than
patients who did not experience the composite outcome. Median baseline serum creatinine
and eGFR for the cohort were 1.18 (IQR: 0.92-1.49) mg/dl and 64 (IQR: 46-81) ml/min/1.73
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m? respectively, with no significant difference between the two groups. Median serum
creatinine and eGFR at the time of biomarker measurement (i.e. Stage 1 injury) were also
not significantly different between patients experiencing and not experiencing the composite
outcome.

Biomarker Value Comparisons and Outcome Discrimination

Median biomarker values for all patients at the time of Stage | injury (per mg of creatinine)
were 195 ng/mg (IQR: 39-668) for uNGAL, 141 ng/mg (IQR: 57-442) for uL-FABP, 313
pg/mg (IQR: 175-665) for ulL-18, and 5.8 ng/mg (IQR: 3.3-11.6) for uKIM-1. Differences
in median biomarker values based on outcome status are shown in Figure 2 and Table 2.
Median values for all biomarkers were higher for those who experienced the composite
outcome compared to those who did not (all p values<0.05).

Discrimination between patients developing and not developing the composite outcome
within seven days is shown in Figure 3. The area under the receiver operating curve (AUC-
ROC) values were 0.65 (95% CI: 0.54-0.74) for uNGAL, 0.79 (95% CI: 0.70-0.86) for uL-
FABP, 0.64 (95% CI: 0.53-0.75) for ulL-18, 0.62 (95% CI: 0.53-0.72) for uKIM-1, and 0.81
(95%CI: 0.73-0.89) for all 4 biomarkers combined.

Combined Risk Prediction of Biomarkers and the Clinical Model

AUC-ROC Analysis—We also tested the performance of a clinical model to discriminate
between patients who did and did not experience the composite outcome. A priori-selected
variables selected based on known associations with AKI included age, serum creatinine at
the time of biomarker measurement (Stage 1 injury), APACHE Il score, and the presence of
sepsis. The AUC-ROC for the clinical model alone was 0.74 (95% CI: 0.68-0.84). To test
the incremental improvement in discrimination when biomarker data were added to the
clinical model, AUC-ROC values were constructed incorporating biomarker data with
clinical data. The AUC-ROC of the clinical model improved to 0.75 (95% ClI: 0.69-0.85)
with the addition of UNGAL, 0.82 (95% CI: 0.75-0.90) with uL-FABP, 0.76 (95% ClI:
0.69-0.85) with ulL-18, and 0.75 (95% CI: 0.69-0.85) with uKIM-1 (Figure 4). Only uL-
FABP provided a statistically significant improvement in discrimination beyond that of the
clinical model alone (p=0.013).

Logistic Regression—Risk prediction was assessed using multivariable logistic
regression, category free net reclassification index (cfNRI), and the integrated
discrimination index (IDI) for the clinical model. The clinical model is shown in Table 3a
and contains a priori-selected predictors including age, sepsis, serum creatinine at the time
of biomarker measurement, and APACHE II score. Following multivariable adjustment,
only APACHE 11 score remained predictive of the combined composite outcome [OR 2.9
per interquartile range (95%Cl: 1.6-5.5), p<0.001]. We next assessed the ability of urine
injury markers to provide incremental prognostic information (Table 3b). Among these, only
uL-FABP remained predictive for the composite outcome after adjusting for other clinical
factors [OR 2.3 per interquartile range (95%CIl: 1.4-3.8), p=0.001].
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Risk Reclassification—To further describe the ability of these markers to risk-stratify
patients beyond our clinical risk prediction model, cfNRI and IDI values were calculated
(Table 4). Category-free NRI (cfNRI) provides a measure of the direction of change in
reclassification that a biomarker adds to the clinical model, with results reported as
proportions.(21). Because it is possible for 100% of both events and nonevents to be
reclassified, the maximum value of the total cfNRI (events + nonevents) is 200%.(22) In
contrast, the IDI provides information on both the direction and magnitude of mean change
in predicted probabilities for events and non-events when additional variables or biomarkers
are added.(23) Rather than a proportion, total IDI is expressed as an absolute number whose
maximum value is 2.

Urine L-FABP correctly reclassified 36 of 116 non-events to a lower level of risk [non-event
NRI1=31.0% (95%CI: 12.8-49.2)], while the correct reclassification of events to a higher
level of risk was not statistically significant. Urine NGAL correctly reclassified 12 of 36
events to a higher level of risk [event NRI=33.3% (95%CI: 0.7-66.0)], while the correct
reclassification of non-events to a lower level of risk was not statistically significant. Urine
IL-18 and KIM-1 did not aid in risk reclassification. Of the biomarkers tested, only uL-
FABP appropriately changed the mean probability of risk in patients both experiencing the
composite outcome (higher) and those not experiencing the composite outcome (lower),
resulting in a total IDI of 0.0891 (95% CI: 0.0336-0.1445).

Supplemental Analyses

Our composite outcome was comprised of persistent doubling of serum creatinine, dialysis,
and death. We chose persistent doubling of baseline creatinine for the primary analysis to
enrich for patients more likely to have parenchymal injury, rather than transient functional
changes. Further, observational data has suggested that duration of injury is as important as
severity in predicting outcomes following AKI.(24) In order to illustrate the effect of not
requiring persistent changes in creatinine, we performed an additional analysis using the
composite outcome of any doubling of serum creatinine (without requiring persistence),
dialysis, and death. Using these criteria, an additional 12 patients were included (total n=48).
In this combined analysis, the distribution of first outcome achieved included 35 patients
with a doubling of serum creatinine (transient OR persistent), 3 patients experiencing
dialysis, and 10 patients experiencing death, respectively. The AUC-ROC values for the
prediction of this alternative composite outcome were 0.61 (95% CI 0.53-0.71) for uNGAL,
0.72 (95% CI 0.63-0.80) for uL-FABP, 0.60 (95% CI 0.51-0.69) for ulL-18, 0.58 (95% CI
0.50-0.67) for KIM-1, and 0.72 (95% CI: 0.65-0.82) for all 4 biomarkers combined,
compared with AUC-ROC for clinical prediction model alone of 0.73 (95% CI 0.67-0.83).
When combined with clinical predictors, the AUC-ROC were 0.74 (95% CI 0.68-0.84) for
UNGAL, 0.77 (95% CI 0.71-0.85) for uL-FABP, 0.74 (95% CI 0.68-0.83) for ulL-18, and
0.74 (95% CI 0.69-0.83) for uKIM-1.

Discussion

We hypothesized that a panel of biomarkers would have prognostic value in critically ill
adults with early evidence of AKI and add incremental prognostic information to known
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clinical risk factors. Our results demonstrate that uL-FABP has independent and combined
value in combination with known clinical predictors to discriminate between patients with
early AKI who develop proximately relevant outcomes and those who will not. Urine L-
FABP also reclassified patients to a more appropriate level of risk using cfNRI and IDI. In
contrast, UNGAL, ulL-18, and uKIM-1 exhibited modest discrimination for the composite
outcome and did not significantly improve the predictive ability of the clinical model, or
substantially improve reclassification.

To date, larger biomarker studies have suggested modest performance for early detection of
AKI.(6, 12, 25) However, it is unclear whether this lack of performance reflects limitations
of the markers themselves or inherent uncertainty in using modest changes in serum
creatinine as a reference standard.(26, 27) Indeed, recent data suggest that such changes
alone may not necessarily reflect significant parenchymal damage.(28) Determining the
prognostic yield of novel biomarkers in predicting less ambiguous outcomes is therefore
needed and has helped to establish the clinical utility of other injury markers (e.g.troponin-
1).(29) We have previously demonstrated that UNGAL, ulL-18, and uL-FABP can modestly
predict dialysis and death among unselected critically ill adults.(25, 30, 31) However,
although critically ill patients are invariably among the highest risk for poor outcomes, the
relatively low prevalence when measured in “all-comers’ may reduce predictive value.(32)
Furthermore, non-selective biomarker measurement is not cost-effective and can inflate the
likelihood of false positive results, which carries its own untoward effects.(33). We therefore
used early changes in serum creatinine to target a higher risk population in whom clinical
uncertainty often exists regarding evolving parenchymal injury, where novel ‘damage
markers’ may provide clinically relevant information on prognosis.

Other studies have also recently begun to examine the prognostic value of these candidate
markers.(34) Singer et al. evaluated uUNGAL in hospitalized patients and demonstrated an
AUC-ROC of 0.71 (95% CI 0.62 to 0.8) for the prediction of progression of AKI, dialysis,
and death.(35) However, in contrast to our study, 78% of patients had already achieved
KDIGO Stage 2 or 3 AKI, indicating many of these patients already had moderate to severe
injury at the time of biomarker measurement. Similarly, Kashani et al. examined the ability
of several biomarkers to predict progression to KDIGO Stage 2 or 3 AKI within 12 hours in
critically ill ICU patients from the SAPPHIRE study.(36) Reported AUC-ROCs for uNGAL,
uKIM-1, and ulL-18 were 0.72, 0.70, and 0.69, respectively. Notably, the clinical prediction
model already showed good discrimination with an AUC-ROC of 0.81, suggesting that the
risk for injury progression within such a short time frame may have already been clinically
evident in many patients. Lastly, Doi et al. demonstrated that uL-FABP, uNGAL, and
ulL-18 were able to effectively discriminate 14-day mortality in critically ill patients.(37)
Our results extend upon these results by demonstrating prognostic value of these markers for
additional renal-relevant outcomes where the risk for their development is less certain.

There are several potential reasons for the superior discriminative ability of uL-FABP we
observed. It is possible that the peak concentration of uL-FABP following renal insult may
occur later and/or be more sustained than other biomarkers in the setting of critical illness.
Previous studies have demonstrated peak urinary concentrations of IL-18 and KIM-1 within
12 hours after discrete injury,(34) and variable timing of peak UNGAL.(9, 34) By selecting
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for a group of patients already having early creatinine-based evidence of AKI, it is possible
that the window to obtain peak biomarker concentration differences was missed with these
markers. However, Arthur et al. recently demonstrated that ulL-18, uKIM-1, and uNGAL
are able to predict poor outcomes in patients with Stage 1 AKI following cardiac surgery,
making this hypothesis less likely.(38) Our results complement these data by suggesting that
some of these markers have prognostic value when measured in a similar fashion in a more
heterogeneous critically ill population, where the timing of injury is less certain. It is also
possible that uL-FABP in is more specific to certain types of renal injury than other
biomarkers in a heterogeneous population of critically ill patients. For example, preclinical
data suggest that uL-FABP may be particularly useful in detecting severe AKI during sepsis,
(39) which was present in a substantial proportion of our cohort.

In this study, we used cfNRI and IDI to further describe the incremental improvement in
discrimination (AUC-ROC) observed with the addition of biomarkers. However, there are
limitations with the use of cfNRI and IDI and our results should be interpreted with caution.
For example, cfNRI does not account for the magnitude of change in predicted risk, and
small changes may not improve clinical decision-making. Although the total cfNRI for L-
FABP was largely driven by reclassification of non-events to lower risk, the DI for non-
events was relatively modest. Additionally, although cfNRI of events using uUNGAL was
statistically significant, the IDI for events was not statistically significant. Further work to
determine meaningful thresholds and identify subgroups of patients with the highest
incremental improvement in predicted risk is necessary before these results can be translated
to clinical practice.

Strengths of this study include a large, well-phenotyped, heterogeneous ICU population and
the examination of harder clinical endpoints within a relatively proximate time frame. By
including only patients with known baseline creatinine, we also reduced misclassification of
early AKI status. There are also several limitations. Excluding patients with chronic
underlying severe lung disease and those without known baseline serum creatinine may have
reduced the generalizability of our results. However, as the goal of our study was to examine
the prognostic performance of biomarkers in patients with early stage injury, it was
necessary to reduce misclassification of AKI status. We also did not have hourly urine
output data available, which may have reduced our ability to categorize early AKI.
Additionally, we did not have serial biomarker measurements available within a given day,
which limited determination of the kinetics of biomarkers in relation to early AKI.
APACHE 11 scores were determined for all patients at the time of ICU enrollment, but were
not calculated for subsequent hospital days. Lastly, although one of the elements of our
composite outcome used changes in serum creatinine (i.e. persistent doubling) and does not
eliminate the risk of misclassification, the definition used is arguably more specific for
parenchymal injury and associated with clinically relevant downstream outcomes.(24) Our
sensitivity analysis showed less robust performance using non-persistent creatinine
doubling, suggesting that studies relying on achieving a threshold using a single serum
creatinine value should be interpreted with caution, as this may still indicate a temporary
functional change rather than true parenchymal injury. Our results need to be validated in
larger multi-center cohorts of critically ill patients.
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In summary, among critically ill patients with evidence of early AKI, uL-FABP provided
independent and additive short-term prognostic information when combined with known
clinical predictors. Urine NGAL, uKIM-1, and ulL-18 did not improve the ability to
discriminate patients who went on to develop events from those who did not. Our results
also demonstrate that rather than being used solely as a comparator, modest changes in
creatinine may be helpful in targeting of biomarker measurement. Future multi-center
studies are warranted to examine the effectiveness of using the combination of early changes
in serum creatinine and tubular injury markers to provide prognostic information and
identify appropriate patients for testing of interventions.

Materials and Methods

Patients

The study was performed in the previously described Validation of biomarkers for Acute
Lung Injury Diagnosis (VALID) study cohort.(25, 30) In brief, VALID is a single-center,
multi-1CU prospective cohort study with a total enrollment of 2397 patients whose primary
objective is to discover and validate new and existing protein biomarkers to diagnose organ
injury including, but not limited to, Acute Lung Injury and AKI. All adult (=18 years of age)
patients admitted to one of four ICUs (Medical, Cardiac, Surgical, Trauma) at Vanderbilt
University Medical Center (VUMC) who were eligible were enrolled within 24 hours of
ICU admission. Patients were excluded from the parent study if they had chronic lung
disease requiring oxygen supplementation, pulmonary fibrosis, experienced a cardiac arrest
prior to enrollment, had transfer orders written or anticipated within 4 hours, died or were
discharged within 48 hours of ICU admission, were admitted for uncomplicated overdose, or
were in the ICU for more than 3 days prior to enrollment.

For the current study, patients were required to have an outpatient serum creatinine available
7-365 days prior to hospital admission to calculate baseline serum creatinine (average), and
only patients with early AKI at the time of biomarker measurement were included. Early
AKI was captured using KDIGO criteria for Stage 1 injury, defined as an increase in
creatinine of 0.3 mg/dL or 50% from baseline. Exclusion criteria included those with greater
injury severity (i.e. KDIGO Stages 2 and 3) at the time of biomarker measurement, a history
of renal transplant, chronic dialysis, nephrectomy, and eGFR < 15 ml/min/1.73 m? at the
time of ICU enrollment.

Clinical Data Collection

Demographic and physiological data were collected at the time of enrollment. APACHE Il
and SAPS Il were calculated at the time of ICU admission.(40, 41) The presence of the
systemic inflammatory response syndrome (SIRS), sepsis, or severe sepsis was determined
on a daily basis according to the American College of Chest Physicians/Society of Critical
Care Medicine Consensus definition.(42) Patients were followed prospectively until hospital
discharge, with ICU and hospital length of stay, and hospital mortality recorded. The
VALID database has been cross-referenced to the Social Security Death Index (SSDI) to
allow for longitudinal determination of mortality. The Social Security Death Index is 88.2%
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sensitive for death for the general population.(43) Patients without a recorded death in the
SSDI or medical record were considered alive at 7 days after study enrollment.

Biosample Collection and Definitions

Urine biomarker measurement occurred at two points: study enrollment and at 48 hours
later. Serum creatinine was measured per clinical care for critically ill patients. For patients
meeting KDIGO Stage 1 injury at both time points, the earlier of the two time points was
chosen. Glomerular filtration rate was estimated by the abbreviated Modification of Diet and
Renal Disease (MDRD) equation [GFR (mL/min/1.73 m2) = 186 x (S¢,)"1-1%4 x (Age)0-203
x (0.742 if female) x (1.210 if African-American)].(44) The primary outcome in this study
was a composite outcome of persistent doubling of baseline serum creatinine (defined as =2
days), dialysis, or death within 7 days of biomarker measurement. The rationale for the 7-
day time window was to enrich for the examination of outcomes more likely to be
proximately related to the biomarker measurement.

Laboratory Data Collection

Urine samples were collected the morning of enrollment and 48 hours later from the
proximal meter reservoir of the Foley catheter, immediately placed on ice, pipetted into 400
microliter aliquots and frozen at -80°C within 1 hour of collection. Urine biomarker levels
were measured in urine using commercially available ELISA kits for NGAL (R&D Systems,
Minneapolis, MN), L-FABP (CMIC Holdings, Tokyo, Japan), IL-18 (MBL Nagoya, Japan),
KIM-1 (R&D Systems, Minneapolis, MN), and urine creatinine (R&D Systems,
Minneapolis, MN). Samples were run in duplicate and lab personnel were blinded to the
injury status of each patient. Each ELISA kit underwent an additional in-lab validation for
measurement in human urine. In brief, recombinant protein standards at various
concentrations were supplied by the ELISA manufacturer and spiked into normal control
urine. After subtracting the concentration of the analyte of the unspiked control from the
recovered values in the spiked samples, we determined that there was good correlation
between the spiked and recovery concentrations within the standard curve for each analyte.
The mean intra-assay coefficients of variation (CV) in our laboratory were 6.6% for
UNGAL, 4.2% for uL-FABP, 3.4% for ulL-18, 3.6% for uKIM-1, and 3.6% for urine
creatinine.

Statistical Analysis

Patient characteristics were described as medians with interquartile range [IQR] for
continuous variables and compared using the Wilcoxon rank sum test. Categorical variables
were expressed as proportions and compared using the Pearson y2. Biomarker values were
adjusted for volume status by dividing by the urine creatinine value. The ability of
biomarkers to discriminate between patients experiencing the primary outcome within 7
days of biomarker measurement was determined using AUC-ROC curves providing
sensitivity and specificity at different cutoff values to detect AKI. The combined effect of all
4 biomarkers was estimated with logistic regression modeling including the linear
combination of all 4 biomarkers. The improvement in AUC-ROC with the addition of
individual biomarkers to the clinical model was evaluated using nonparametric comparison
of areas under correlated ROC curves.(45) To assess the independent predictive ability of
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the individual and combined biomarker measurements relative to a priori-specified
predictors of AKI including age, APACHE Il score, presence of sepsis, and serum creatinine
at the time of biomarker measurement, multivariable logistic regression modeling was used
and internally validated using bootstrap resampling. Adjusted effects of biomarkers were
presented as odds ratios with 95% confidence intervals showing their contribution to the
existing clinical predictors. The cfNRI and IDI were calculated to assess the incremental
predictive ability of each biomarker when added to the clinical model.(21) The cfNRI was
the sum of correct reclassification among patients with and without composite outcome.
Among patients with the composite outcome, improved reclassification was the difference
between the percentage of patients who were reclassified as being in a higher risk group and
the percentage of patients who were reclassified in the lower risk group.(46) Similarly
among patients without the composite outcome, improved reclassification was the difference
between the percentage of patients who were reclassified as being in a lower risk group and
the percentage of patients who were reclassified in the higher risk group. The IDI was used
to quantify the actual change in calculated risk for each individual for those with and those
without events.(47) The total IDI provides the difference in mean predicted probabilities,
representing the amount by which the addition of a biomarker to a clinical model increases
the separation of the mean predicted probabilities for events and non-events.(23) The
statistical software package R version 2.15.0 (www.r-project.org) and SAS version 9 were
used for analyses.
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Figure 1. Flow chart depicting selection of the study cohort
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Figure 2. Box-plot of levels of urine neutrophil gelatinase—associated lipocalin (UNGAL), urine
L-type fatty acid—binding protein (uL-FABP), urine interleukin-18 (ulL-18), and urine Kidney
Injury Molecule 1 (uUKIM-1) grouped by whether or not patients with KDIGO Stage | injury
experienced the composite outcome of persistent doubling of baseline serum creatinine, dialysis,
or death within 7 days of biomarker measurement

Levels are adjusted for urine creatinine values. P values <0.05 denote statistical significance.
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Figure 3. Area Under the Receiver Operating Curve (AUC-ROC) indicating performance for
each biomarker in discriminating between KDIGO Stage 1 injury who experience and do not
experience a persistent doubling of baseline creatinine, dialysis, or death within 7 days of
biomarker measurement

Area under the receiver-operating curves for (a) uNGAL (black dotted line), (b) uL-FABP
(black solid line), (c) ulL-18 (black dashed line), (d) u-KIM-1(gray solid line), and (e)
combined biomarkers (gray dashed line). 95% Confidence Intervals also shown.
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Figure 4. Area Under the Receiver Operating Curves (AUC-ROCSs) combining the clinical model
with the addition of each biomarker to measure discrimination between patients with KDIGO
Stage 1 injury who experience and do not experience a persistent doubling of baseline creatinine,
dialysis, or death within 7 days of biomarker measurement

(a) clinical model alone (thin black solid line), (b) clinical model + uNGAL (black dotted
line), (c) clinical model + uL-FABP (thick black solid line), (d) clinical model + ulL-18
(black dashed line), and (e) clinical model + uKIM-1 (gray solid line). 95% Confidence
Intervals also shown.
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Table 1
Characteristics of the Study Subjects by Composite Outcome—Persistent Doubling of
Serum Creatinine, Dialysis, or Death
Variable Composite Outcome (N=36) No CompoEite QOutcome P Value
(N=116)

Age 58(51-67) 61(53-66) 0.83
Gender

Female 15(42%) 40(34%) 0.43

Male 21(58%) 76(66%)
Ethnicity (%Non-White) | 3(8.3%) | 18(15.5%) | 0.28
APACHE I Score | 32(28-37) | 27(21-31) | <0.001
Baseline Sepsis | 25(69%) | 55(47%) | 0.021
Patient Location | | | 0.48

Surgical ICU | 10(28%) | 47(41%) |

Medical ICU | 24(67%) | 61(53%) |

Trauma ICU | 0(0%) | 1(1%) |

Cardiac ICU | 2(6%) | 7(6%) |
Baseline Creatinine (mg/dL) | 1.13(0.90-1.48) | 1.19(0.93-1.50) | 0.37
Baseline eGFR (mL/min/1.73m?) | 62(44-79) | 64(46-82) | 0.96
Creatinine at KDIGO Stage 1 AKI (mg/dL) (i.e. biomarker 1.80(1.47-2.32) 1.73(1.38-2.19) 0.66
measurement)
Peak Serum Creatinine (7 days) | 2.56(1.81-3.21) | 1.70(1.32-2.31) | <0.001

Distribution of First Composite Outcome Event within 7 days
Persistent Doubling of Serum Creatinine
Dialysis
Death

18(50%)
5(14%)
13(36%)

Continuous variables are reported as median (interquartile range). Nominal and categorical variables are listed as total number (percentage).

Kidney Int. Author manuscript; available in PMC 2015 September 01.




Page 18

Parr et al.

"paouaLIadxa JuaAa awoaInNo ausodwod 1s114 Aq paziiobared
¥

*(abuel ajiuenbuaiul) uelpaw se pauiodal ase sanfea Jaxewolg

"T-81n9310 N AInfu ASUpIy| suLIn “T-IAIMN ‘8T-UINN3I8U| suLn ‘gT-T7In ‘uialold Buipuiqg p1oe Arey adAl-T sunn ‘dgw4-T1n ‘uijesodi| payeroosse-aseue|ab [1ydosinau surn “YONN SUOHBIASIGOY

(#8'0-T2'0) €20
(7'21-v'6) 8°0T
(L0€2-9971) 0€TT
(€6TT-50€) O
(0e6-1ST) 657
(G=N) sishjeig

(¥8'0-6%°0) L0 (08'0-2€'0) 09°0
'11-82) LY (e'gT-29) §°0T
(e19-252) 86€ (5€85-T9€) €61
(S811-€22) 65 (Tviy-c6) LLL
(8SvT-€2T) Y9V (0eLT-TET) OEY

,(81=N) suluneaid buignog _ (€1=N) Uread

1L00 (S0°'T-15°0) 92°0 (¥8'0-Lt°0) 89°0
8200 (zor-82) v's (8zTey) T8
100 (995-95T) v6¢ (zezt-182) 85V
100°0> (Lez-zv) LOT (855T-26T) 65
8000 (Tey-ve) 181 (90L1-L2T) Gy

anfeAd  (9TT=N) ON ausodwod  (9€=N) SaA susodwod

(Jwy/Bw) sulunesd suLIn
(Buy/Bu) T-INIMN
(BwyBd) gT-71N

(Bw/bu) dgv4-TIn
(Bw/Bu) TvONN

J9xaewolg

Author Manuscript

¢ ?olgel

Author Manuscript

sN1e1S 8Wwo2INQ 01 BuIpa020y padnous) sanjeA Jaxewolg

Author Manuscript

Author Manuscript

Kidney Int. Author manuscript; available in PMC 2015 September 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Page 19

Parr et al.
Table 3a
Clinical Model for the Prediction of Persistent Doubling of Serum Creatinine, Dialysis, or
Death
Variable OR 95% ClI
Age 09 06-14
APACHE Il Score 2.9 1.6-55
Serum Creatinine 0.7  0.4-1.3
Sepsis 21 0949

Abbreviations: OR, odds ratio; Cl, confidence interval; APACHE Il, Acute Physiology and Chronic Health Evaluation 1. ORs are represented per
interquartile range of the corresponding variable.
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Table 3b
Combined Model Using both Clinical + Biomarker Model” for Prediction of Persistent
Doubling of Serum Creatinine, Dialysis, or Death

Variable OR 95% ClI
Clinical Model +:

UNGAL 14 08-25
uL-FABP 23 14-38
ulL-18 14 0.9-22
uKIM-1 15 08-27

Abbreviations: OR, odds ratio; Cl, confidence interval; uNGAL, urine neutrophil gelatinase-associated lipocalin; uL-FABP, urine L-type fatty acid
binding protein; ulL-18, urine Interleukin-18; uKIM-1, urine Kidney Injury Molecule-1.

Biomarkers were log10 transformed. ORs are represented per interquartile range based on biomarker concentration.

*
Adjusted for age, APACHE Il score, serum creatinine at KDIGO Stage |, and presence or absence of sepsis at baseline
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Table 4
Integrated Discrimination Index and Category Free Net Reclassification Index for
Individual Biomarkers in Persistent Doubling of Creatinine Model
uNGAL uL-FABP ulL-18 uKIM-1
IDI
Events to higher risk 0.0099 0.0680 0.0095 0.0111
Non-Events to lower risk 0.0031 0.0211 0.0030 0.0034
Total 0.0129 0.0891 0.0125 0.0145
(95% Cl) (-0.0052-0.0310)  (0.0336-0.1445)  (-0.0118-0.0367)  (-0.0052-0.0343)
NRI
%Events to higher risk 66.7 55.6 58.3 63.9
%Events to lower risk 333 44.4 41.7 36.1
%Non-Events to higher risk 47.4 345 431 43.1
%Non-Events to lower risk 52.6 65.5 56.9 56.9
Total NRI for events 333 11.1 16.7 27.8
(95% CI) (0.7-66.0) (-21.6-43.8) (-16.0-49.3) (-4.9-60.4)
Total NRI for non-events 5.2 31.0 13.8 138
(95% Cl) (-13.0-23.4) (12.8-49.2) (-4.4-32.0) (-4.4-32.0)
Total cfNRI 385 421 30.5 416
(95% Cl) (1.1-75.9) (4.8-79.5) (-6.9-67.9) (4.2-79.0)
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