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Abstract
Background—Serum creatinine is a delayed marker of acute kidney injury (AKI). Our purpose
was to discover and validate novel early urinary biomarkers of AKI after cardiac surgery.

Study Design—Diagnostic test study.

Setting & Participants—Children undergoing cardiopulmonary bypass surgery. The test set
included 15 subjects with AKI and 15 matched controls (median age 1.5 years) among 45 subjects
without AKI. The validation set included 365 children (median age 1.9 years).

Index Tests—Biomarkers identified by proteomic profiling: α1-microglobulin, α1-acid
glycoprotein, and albumin.

Reference Test—AKI, defined as a 50% or greater increase in serum creatinine from baseline
within three days of surgery.

Results—Proteomic profiling by SELDI-TOF MS revealed three protein peaks that consistently
appeared within 2 hours in children who developed AKI after cardiopulmonary bypass surgery. The
proteins were identified as α1-microglobulin, α1-acid glycoprotein, and albumin. Using clinical
assays, the results were confirmed in a test set and validated in an independent prospective cohort.
In the validation set, 135 (37%) developed AKI, in whom there was a progressive increase in urinary
biomarker concentrations with severity of AKI. The area under the curve (AUC) for urinary α1-
microglobulin, α1-acid glycoprotein, and albumin at 6 hours after cardiac surgery were 0.84 (CI 0.79–
0.89), 0.87 (CI 0.83–0.91), and 0.76 (CI 0.71–0.81) respectively. Subjects with increasing quartiles
of biomarkers demonstrated increasing length of hospital stay and duration of AKI (P<0.001).
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Limitations—Single center study of children with normal kidney function at recruitment. The
SELDI-TOF MS technique has limited sensitivity for the detection of proteins above the 20 kDa
range.

Conclusions—Urinary α1-microglobulin, α1-acid glycoprotein, and albumin represent early,
accurate, inexpensive and widely available biomarkers of AKI after cardiac surgery. They also offer
prognostic information on duration of AKI and length of hospitalization after cardiac surgery.

Acute kidney injury (AKI) affects 2–5% of hospitalized patients in whom it represents an
independent predictor of mortality and morbidity (1–3). In critical care settings, the prevalence
of AKI requiring dialysis is about 5%, with a mortality rate exceeding 60% (3–5). The diagnosis
depends on detection of a rise in serum creatinine concentration, which is an unreliable measure
in the acute setting. Although experimental studies have identified interventions that may
prevent or treat AKI if instituted before the serum creatinine rises (6), the lack of early
predictive biomarkers has impaired our ability to translate these promising findings to humans..

Recent advances in clinical proteomics have accelerated the discovery of novel urinary
biomarkers for kidney diseases (7–9). Of the various methods available, the Surface-Enhanced
Laser Desorption/Ionization Time-of-Flight Mass Spectrometry (SELDI-TOF MS) technology
offers the advantage of unbiased, rapid, high-throughput urinary protein profiling (7–11). This
technique has recently revealed urinary peaks α2-microglobulin and other unidentified species
in adult subjects who developed AKI after cardiopulmonary bypass surgery (10). Furthermore,
the appearance of novel peaks identified as hepcidin-25 in the non-AKI urine samples has
suggested a novel role for this iron-sequestering molecule in modulating AKI (10). We have
previously shown in children undergoing cardiac surgery that a distinctive urinary proteomic
profile consisting of enhanced peaks at 28.5, 43, and 66 kDa predicts the development of AKI
(11). Therefore, the first objective of the present study was to identify the three urinary peaks.
The second objective was to conduct a prospective observational study, first with a test set and
then with a validation set of children undergoing cardiac surgery, to define the diagnostic and
prognostic properties of the identified biomarkers.

METHODS
Protein Identification

Previous SELDI-TOF MS studies in children undergoing cardiopulmonary bypass surgery who
subsequently developed AKI (defined as a 50% or greater increase in serum creatinine from
baseline) revealed peptide species at 28.5, 43, and 66 kDa that were enhanced in urine obtained
2 hours post-surgery (11). The archived urine samples (n=10) were subjected to sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE), and individual protein bands
detected at 28.5, 43, and 66 kDa were excised and digested with trypsin. Single MS and tandem
(MS/MS) spectra of peptide fragments were acquired on a tandem mass spectrometer (Q-Star
XL, Applied Biosystems, www.appliedbiosystems.com) equipped with a PCI-1000
ProteinChip Interface (Vermillion [formely Ciphergen Biosystems], vermillion.com). The
collisionally induced dissociation spectra were submitted to Mascot (Matrix Science,
www.matrixscience.com) for protein identification..

Study Design
This investigation was approved by the Institutional Review Board of the Cincinnati Children’s
Hospital Medical Center. Written informed consent was obtained from each patient or legal
guardian before enrollment. All subjects undergoing elective cardiopulmonary bypass at
Cincinnati Children’s Hospital Medical Center for surgical correction or palliation of
congenital heart lesions were eligible for the prospective arms of this study. Exclusion criteria
included pre-existing renal insufficiency, diabetes mellitus, and use of radiocontrast agents or
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nephrotoxic drugs up to 1 week before or during the study period. The test set was chosen from
60 subjects who consented to the study between January 2004 and June 2004. Fifteen patients
met the criteria for AKI, and 15 additional age- and gender-matched controls were included
from among the 60 consenting subjects. The validation set included 385 patients who agreed
to participate in the study between July 2004 and June 2007, out of which 20 subjects met one
of the exclusion criteria.

Spot urine samples obtained pre-operatively and at defined time intervals for up to 72 hours
after initiation of cardiopulmonary bypass were centrifuged at 2000 g for 5 min, and the
supernatants aliquoted and stored at −80°C. Samples were batched for biomarker
measurements within 12 months of collection. No more than two freeze-thaw cycles were
permissible for each sample. Serum creatinine was measured at baseline and routinely
monitored every 24 hours post surgery.

The primary outcome variable was the development of AKI, defined as a 50% or greater
increase in serum creatinine from baseline within three days of the surgery, which was sustained
for more than 24 hours and not reversed by fluid administration or by other routine standard
of care measures. For the validation set, subjects were stratified according to the severity of
AKI, as mild (50–99% increase in serum creatinine from baseline), moderate (≥100% increase
in serum creatinine) or severe (dialysis requirement or death during hospitalization). This
simple but widely used classification was utilized because of the potential for errors in staging
AKI by RIFLE criteria, as was recently described by Pickering and Endre (14). The secondary
outcome variables included length of hospital stay and duration of AKI (defined as the number
of days serum creatinine was elevated >50%). The candidate predictor variables assessed for
the prediction of AKI included age, gender, ethnic origin, cardiopulmonary bypass time,
inotrope score, and previous history of cardiac surgery. In order to provide an index of the
subject’s post-operative hemodynamic status, we utilized the dosages of inotropic infusions to
calculate the inotrope score at 24 hours post cardiopulmonary bypass, as previously described
for similar patient cohorts (12).

Biomarker Measurements
All measurements were made in duplicate, and the laboratory investigators were blinded to the
sample sources and clinical outcomes until the end of the study. Initially, the peak intensities
of the identified urinary biomarkers on SELDI-TOF MS profiles were compared. In addition,
the concentrations of the identified biomarkers were measured by nephelometry using a clinical
laboratory platform (BN ProSpec, Siemens Healthcare Diagnostics,
www.medical.siemens.com),. The inter- and intra-assay coefficient variations were < 5% for
batched samples analyzed on the same day, and <10% for samples measured 6 months apart.
No change in biomarker concentration was noted following up to three freeze-thaw cycles.
Urine creatinine was measured using a quantitative colorimetric assay kit (Sigma,
www.sigmaaldrich.com). Since urine creatinine measurements did not differ significantly
between patients who developed AKI versus those who did not, no adjustment was required
for changes in urinary concentrations, and the results of all assays were expressed per unit
volume of urine.

Statistical Analysis
Paired t-test and chi-square test were conducted to test demographic, clinical and laboratory
measurements differences between the AKI and the control groups. Analysis of variance as
well as non-parametric Wilcoxon test was used to determine whether statistically significant
differences existed between urinary biomarkers at various time points by severity of AKI.
Multivariate logistic regression on biomarkers was conducted for diagnosis of AKI, adjusting
for demographic and clinical variables. In the validation set, the biomarkers were dichotomized
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at values which optimize sensitivity and specificity, respectively. The logistic regression results
were further utilized to compute odds ratios, along with their confidence intervals. To illustrate
trends over time of the three biomarkers, sample means and standard errors were computed
and depicted longitudinally for AKI and control groups. A mixed model analysis was
performed by log-transforming biomarker values, and fitting the linear mixed model to the
data, including fixed effects for time after surgery (2, 6, 12, 24, and 48 hours, with an origin
of 2), group (AKI and non AKI), and their interaction, and random intercepts and slopes. The
estimated interaction of time and group suggests much steeper average time trend for the
biomarker in Non AKI group than in AKI group (P < 0.001 except for interaction of time and
group for Alb with p = 0.08). To assess prediction accuracy of biomarkers for diagnosis of
AKI, receiver operating curves (ROC) were plotted and the areas under the curves (AUC) were
computed with their confidence intervals. Analysis of variance was conducted to assess the
association of quartiles of biomarker levels with severity of clinical outcomes, such as percent
change in serum creatinine, duration of AKI, and hospital length of stay. Bayes’ theorem was
incorporated to generate individual post-test probabilities (15). Based on the sensitivity and
specificity of the test, the likelihood ratios were calculated. The range of values for expected
post-test probability of disease for any pre-test probability when a test of known sensitivity
and specificity is positive or negative were obtained (15). All tests are two-sided with p-value
< 0.05 indicating statistical significance. We analyzed the data using R 2.6.0 (R Foundation
for Statistical Computing, www.r-project.org).

RESULTS
Identification of Early Biomarkers of AKI after Cardiopulmonary Bypass

Previous SELDI-TOF MS studies using the normal phase (NP20) protein array chip in children
undergoing cardiopulmonary bypass surgery who subsequently developed AKI revealed
peptide species at 28.5, 43, and 66 kDa that were enhanced in urine obtained 2 hours post-
surgery (11). Tryptic digests of these peptides extracted from archived urine samples resulted
in the identification of the following proteins: α1-microglobulin at 28.5 kDa, α1-acid
glycoprotein at 43 kDa, and albumin at 66 kDa. The identity of these proteins was further
confirmed in 15 subjects who developed acute kidney injury after cardiopulmonary bypass as
follows. A research ELISA assay for α1-microglobulin (Immundiagnostik,
www.immundiagnostik.com) showed a three-fold increase in this urinary biomarker within 2
hours of surgery (p<0.01 versus control; data not shown). Western blotting with a specific
monoclonal antibody to α1-acid glycoprotein (Abcam, www.abcam.com) recognized a ten-
fold induction of the predicted 43 kDa immunoreactive species in the urine within 2 hours of
surgery (p<0.01 versus control, data not shown). Immunonephelometric testing (BN ProSpec,
Siemens) revealed a five-fold increase in urinary albumin within 2 hours of surgery (p<0.01
versus control, data not shown). We therefore recruited a separate test set of subjects to measure
the identified biomarkers by nephelometry.

Findings of the Test Set
The test set included 30 children who met the inclusion and exclusion criteria. The
demographic, clinical and laboratory characteristics are shown in Table 1. The type of surgical
procedures performed was similar to that previously reported in studies performed by our group
(12,13). Fifteen patients (25%) met the criteria for AKI, defined as a ≥50% increase in serum
creatinine from baseline, within a three day period after cardiopulmonary bypass. We measured
the identified biomarkers in those 15 subjects, and in 15 age- and gender-matched controls that
did not develop AKI following cardiopulmonary bypass. No differences were noted with
respect to race or history of previous cardiac surgery in cases and controls.
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Peak intensities of the identified urinary biomarkers on SELDI-TOF MS profiles were
analyzed. There were no differences in peak intensities of any of the three biomarkers at
baseline between the two groups, and the control group showed no significant change at 2 hours
post-surgery. However, there was a significant increase in peak intensity of all three biomarkers
in the AKI group at 2 hours post surgery (all p<0.001). In agreement with these findings,
nephelometric measurements revealed a four-fold increase in α1-microglobulin, a ten-fold
increase in α1-acid glycoprotein, and a three-fold increase in albumin within 2 hours of surgery
in the AKI group when compared to the control group (all p<0.001). We therefore designed a
prospective validation study to further define the diagnostic and prognostic properties of the
identified biomarkers measured by nephelometry.

Findings of the Validation Set
The validation set included 365 children who met the inclusion and exclusion criteria. The
demographic, clinical and laboratory characteristics are shown in Table 1. One hundred and
thirty five patients (37%) met the criteria for AKI within a three day period. The increase in
serum creatinine of 50% or greater from baseline was delayed by 2.2±0.74 days after
cardiopulmonary bypass. Based on this primary outcome, we classified subjects into those with
and without AKI. No significant differences were noted with respect to age, gender, race, or
urine output. Within the AKI group, oliguria was noted in only seven (5%) subjects. Subjects
that developed AKI were more likely to have had previous cardiac surgery, longer duration of
cardiopulmonary bypass, and greater inotrope scores. The length of hospital stay and duration
of AKI were significantly greater in the group with AKI (all p<0.001 by ANOVA and by t-
test and non-parametric Wilcoxon test).

Within the AKI group, 44% displayed mild injury (50–99% increase in serum creatinine from
baseline), 49% had moderate injury (≥100% increase in serum creatinine from baseline, and
7% were classified as severe injury (dialysis requirement or death during hospitalization). A
time course of the pre- and post-operative values of the three biomarkers (α1-microglobulin,
α1-acid glycoprotein, and albumin) is demonstrated in Figure 1. There was no difference in the
biomarker values at baseline before surgery. However, post-operatively the biomarker
concentrations were significantly different at all time-points between patients with and without
AKI. The urine creatinine concentrations were not significantly different between patients with
and without AKI at any of the time-points. The maximum separation of the biomarker
concentrations between patients with and without AKI was evident at 6 hours after surgery,
although all four biomarkers were significantly increased within 2 hours of initiation of
cardiopulmonary bypass (all p<0.001 by ANOVA and by t-test and non-parametric Wilcoxon
test). By additional mixed model analysis, there was a significant time effect indicating that
each of the biomarkers was changing across time (p<0.001). There was also a significant group
effect indicating that each biomarker is increased in the AKI group (P<0.001).

Table 2 lists the area under the receiver-operating characteristic curves (AUCs) for the
prediction of AKI at different early time points following initiation of cardiopulmonary bypass,
for the three biomarkers examined as well as other clinical parameters. The AUCs for urine
α1-microglobulin, α1-acid glycoprotein, and albumin were optimal when measured at 6 hours
after cardiopulmonary bypass, at 0.84 (CI 0.79–0.89), 0.87 (CI 0.83–0.91), and 0.76 (CI 0.71–
0.81) respectively, as shown in Figure 2. The AUCs did not differ if the values were corrected
for urine creatinine concentration (not shown). Due to the robustness of each biomarker, the
AUC’s could also not be significantly improved when multiple combinations of these
biomarkers were evaluated (not shown). The derived sensitivities, specificities, and predictive
values at different cutoff concentrations for the urinary biomarkers measured at 6 hours after
cardiopulmonary bypass in the validation set are shown in Table 3.
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We performed univariate and multivariate logistic regression analysis of the biomarkers as
well as clinical factors for the prediction of AKI (Table 4). We first constructed a logistic model
with baseline clinical risk factors and CPB time. We then built a model with the addition of
α1-microglobulin levels at 6 hours, to compare with the reference model using the log-
likelihood ratio test. This yielded a significant p-value < 0.001. This procedure was repeated
for α1-acid glycoprotein at 6 hours, and albumin at 6 hours, respectively. All p-values were <
0.001. Thus, each of these markers provided additional information as compared to clinical
risk factors alone. By multivariate analysis, previous surgery, age, gender and race were not
significant in assisting with the diagnosis of AKI. Cardiopulmonary bypass time and the
biomarker concentrations at 6 hours after surgery were strong independent predictors of AKI.
A value of >4 mg/dl for urine α1-acid glycoprotein was the strongest independent predictor of
AKI, with an adjusted odds ratio of 12.87 (CI 6.25–25.41), followed by a value of >9 mg/dl
for urine α1-microglobulin (adjusted odds ratio 4.03, CI 1.88–8.63).

We created quartiles of biomarkers in order to demonstrate their prognostic potential with
respect to clinical outcomes. The increasing quartiles of biomarkers demonstrated worsening
severity for clinical outcomes, such as rise in serum creatinine (Figure 3a), length of hospital
stay (Figure 3b) and duration of AKI (figure not shown, all P<0.001). Baseline or peak serum
creatinine did not offer any prognostic potential for length of hospital stay.

In order to illustrate the applicability of these results to individual patients, we plotted the
conditional probabilities of the change in diagnosis of AKI following availability of the test
results (15). Figure 4a shows the increase in post-test probability if the test results were positive,
i.e. higher than the suggested optimal cut-off. Figure 4b illustrates the decrease in post-test
probability if the tests were negative. We noted a substantial change in the intermediate zone
of pre-test probability (30–70%), where the post-test probability of AKI is dramatically
improved over and above the clinical diagnosis.

DISCUSSION
The findings in this study describe the unbiased identification, initial testing, and systematic
validation of three urinary biomarkers of AKI after cardiopulmonary bypass, elucidated
through recently established phases of the diagnostic test development process (16–18). The
three biomarkers demonstrated excellent separation at all post-operative time points between
patients with and without AKI. When accuracy was assessed by receiver-operating
characteristic curves, these biomarkers performed in the very good (for albumin) to excellent
(for α1-microglobulin and α1-acid glycoprotein) range. The biomarkers also demonstrated
excellent prognostic potential such that increasing quartiles of biomarker concentrations were
associated with duration of AKI and length of hospital stay.

We employed a temporally predictable human model of AKI to uncover and validate these
biomarkers, namely subjects undergoing cardiopulmonary bypass, the most frequent major
surgical procedure performed in hospitals worldwide. AKI requiring dialysis represents the
strongest independent risk factor for death in these patients (19). Even a minor degree of post-
operative AKI as manifest by only a 0.2–0.3 mg/dl rise in serum creatinine from baseline is
associated with a significant increase in mortality after cardiac surgery in adult cohorts (20).
Additionally, AKI after adult cardiac surgery is associated with adverse outcomes such as
prolonged intensive care and hospital stay, dialysis dependency, and increased long-term
mortality (21–22). Children with congenital heart diseases may be especially vulnerable to
developing AKI, since many require multiple surgeries for step-by-step repair of complex
congenital anomalies. Indeed, the incidence of AKI in the validation set was 37%, similar to
that previously reported in pediatric cardiac surgery cohorts (11–13,23).
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α1-microglobulin (A1M) is a 27 kDa glycoprotein produced in the liver. It’s biological
functions remain unclear (24). It is freely filtered by the glomerulus and efficiently reabsorbed
by the proximal tubule. A previous study (25) has shown that in adult patients with established
acute kidney injury, an increase in urinary A1M predicted subsequent requirement of renal
replacement therapy, with an AUC of 0.86 (CI 78–0.92). In a study of adults presenting to the
emergency department (26), a single measurement of urinary A1M predicted the subsequent
development of acute kidney injury, with an AUC of 0.89 (CI 0.84–0.93). A recent study of
adults undergoing coronary artery bypass grafting revealed urinary A1M to be significantly
elevated within 1 hour of initiating cardiopulmonary bypass in subjects who subsequently
developed AKI (10), but biomarker characteristics were not reported. The findings reported
herein validate A1M as a promising urinary biomarker for the prediction of AKI and its
outcomes after cardiopulmonary bypass. However, the reported presence of urinary A1M in
subjects with chronic glomerular disorders (8) as well in patients with sepsis (27) may limit
the utility of this biomarker.

α1-acid glycoprotein is a 43 kDa acute phase reactant glycoprotein synthesized primarily in
the liver. It has two major biological functions – transport of endogenous substances and an
immunomodulatory role (28). Measurement of urinary α1-acid glycoprotein in adults
presenting to the emergency department (26) predicted the subsequent development of acute
kidney injury, with an AUC of 0.83 (CI 0.77–0.89). Our findings reported herein validate α1-
acid glycoprotein as an excellent urinary biomarker for the prediction of AKI and its clinical
outcomes in the pediatric cardiac surgical population. However, increases in urinary α1-acid
glycoprotein concentrations have also been reported in nephrotic syndrome (8), acute
inflammation (28), and type 2 diabetes with normal glomerular filtration rates (29).

Microalbuminuria is a well known consequence of many acute conditions, even in the absence
of kidney injury. Postulated mechanisms include acute changes in capillary permeability (30)
and an inflammatory insult (31). Studies have shown the predictive role of microalbuminuria
for the development of multi-organ failure and mortality in critically ill subjects (32,33). The
results reported here identify and validate the potential utility of microalbuminuria as a simple
and widely available test for the early diagnosis and prognosis of AKI after cardiopulmonary
bypass.

This study has several strengths. First, we employed a prospective cohort design of children
undergoing cardiopulmonary bypass, with distinct testing and validation datasets. Our
homogeneous cohort of pediatric subjects with normal baseline kidney function in whom the
only obvious etiology for AKI would be the result of cardiopulmonary bypass comprises an
ideal population for the initial discovery and validation of AKI biomarkers (34). Second, the
biomarkers themselves were uncovered using an unbiased, proteomic approach. Fortunately,
all three identified biomarkers could be measured non-invasively by widely available clinical
platforms, which accelerated the progress from discovery to validation.

This study also has important limitations. First, the SELDI-TOF MS proteomic technique has
several shortcomings. It has limited sensitivity for the detection of proteins above the 10–20
kDa range, and other proteomic platforms will be necessary to explore the entire urine proteome
in greater detail. SELDI-TOF MS is also only semi-quantitative, due to ion suppression effects
that can confound mass-charge ratios. Second, our results will need to be validated in a larger
randomized prospective trial, including adults undergoing cardiopulmonary bypass, in whom
the biomarker performance may differ (23,35,36). Third, ours was a cohort with normal kidney
function at recruitment, and it will be important to confirm our findings in documented high-
risk settings such as pre-existing kidney dysfunction, diabetes mellitus, and concomitant
nephrotoxic drug use. Fourth, the definition of AKI was based on elevations in serum
creatinine, which raises the conundrum of using a flawed outcome variable to analyze the
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performance of novel biomarkers. This study may have yielded different results had there been
a true “gold standard” for AKI. Instead, using a change in serum creatinine potentially sets up
the biomarkers for lack of accuracy due to either false positives (true tubular injury but no
significant change in serum creatinine) or false negatives (absence of true tubular injury, but
elevations in serum creatinine due to pre-renal or other causes).

Finally, simultaneous examination of other urinary biomarkers as potential predictors of AKI
may provide additional information (5). Recent studies have uncovered other AKI biomarkers
such as neutrophil gelatinase-associated lipocalin (NGAL) (23,36,37), interleukin 18 (IL-18)
(38) and kidney injury molecule 1 (KIM-1) (39) in clinical cohorts similar to that employed in
this study. A collection of strategically selected candidates, perhaps including the three
biomarkers reported herein, may prove of value for early and rapid diagnosis of AKI.
Experimental studies continue to reveal therapies such as growth factors, stem cells, anti-
apoptotic, anti-inflammatory, and anti-oxidant approaches that are effective in early AKI (6).
It is anticipated that emerging biomarker panels will enable these promising agents to be
investigated in humans with AKI, especially in temporally defined clinical situations such as
subjects undergoing cardiopulmonary bypass.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Trends over time of the three biomarkers by severity of AKI after cardiopulmonary bypass.
Values represent means±SEM for biomarker levels at each time-point. X axis represents
various time-points in the validation set. Post-operative concentrations of all three biomarkers
were significantly higher at all time-points between the four groups of severity of AKI
(P<0.001). 1a: AIM (α1-microglobulin), 1b: AAG (α1-acid glycoprotein), 1c: Alb (albumin).
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Figure 2.
Receiver-operating characteristic curves showing diagnostic accuracy of the novel biomarkers
for the prediction of AKI when measured at 6 hours post-CPB. AIM, α1-microglobulin; AAG,
α1-acid glycoprotein; Alb, albumin.
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Figure 3.
Association of quartiles of biomarker levels with severity of clinical outcomes. All the
associations of biomarkers with outcomes are significant at P<0.005. 3a, association of
biomarkers with increase in serum creatinine; 3b, association of biomarkers with length of
hospital stay.
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Figure 4.
Conditional probability of the three biomarkers in the setting of AKI after cardiopulmonary
bypass. Initial assessment of the likelihood of disease (pre-test probability) was estimated, a
test performed to shift suspicion one way or the other, and a final assessment of disease
likelihood determined (post-test probability). AIM, α1-microglobulin; AAG, α1-acid
glycoprotein; Alb, albumin. The lines in the graphs represent the likelihood ratios (LR) for
each of the tests at their optimal cut-offs, as an estimate of how much one should shift clinical
suspicion for a particular test result. Since tests can be positive or negative, there are at least
two LRs for each test. In Figure 4a, the positive LR estimates the increase in disease probability
if the test is positive. In Figure 4b, the negative LR estimates the decrease in disease probability
if the test is negative. There are several scenarios when the pre-test probability of AKI is
between 30–70% where the post-test probability of AKI is dramatically changed based on the
biomarker test result.
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TABLE 4

Univariate and multivariate analysis of factors used to differentiate patients with and without AKI after CPB

Variable Unadjusted P-value Unadjusted OR (95% CI) Adjusted P-value Adjusted OR (95% CI)

Age (/y) 0.6 0.98 (0.94–1.03) 0.9 1.00 (0.93–1.08)

Gender (male) 0.9 1.00 (0.65–1.52) 0.5 1.26 (0.67–2.37)

Race (black) 0.4 0.75 (0.41–1.39) 0.5 0.79 (0.33–1.86)

Previous surgery with CPB 0.02 1.70 (1.08–2.58) 0.9 0.99 (0.51–1.94)

CPB time (>100 min) <0.001 3.60 (2.30–5.72) <0.001 3.37 (1.74–6.54)

A1M at 6 h (>9 mg/dl) <0.001 14.5 (8.23–25.5) <0.001 4.03 (1.88–8.63)

AAG at 6 h (>4 mg/dl) <0.001 30.0 (16.7–53.7) <0.001 12.87 (6.52–25.41)

Alb at 6 h (>10 mg/dl) <0.001 6.7 (4.16–10.77) 0.003 2.9 (1.51–5.60)

AKI, acute kidney injury; CI, confidence interval; CPB, cardiopulmonary bypass; A1M, α1-microglobulin; AAG, α1-acid glycoprotein; Alb, albumin;
OR, odds ratio
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