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Abstract

Background—The interaction between baseline kidney function and the performance of 

biomarkers of acute kidney injury (AKI) on the development of AKI is unclear.

Study Design—Post-hoc analysis of prospective cohort study.

Setting & Participants—The 1,219 TRIBE-AKI Consortium adult cardiac surgery cohort 

participants.

Predictor—Unadjusted post-operative urinary biomarkers of AKI measured within 6 hours of 

surgery.
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Outcome—AKI was defined as greater than or equal to AKI Network stage 1 (any AKI) as well 

as a doubling of serum creatinine from the pre-operative value or the need for emergent dialysis 

(severe AKI).

Measurements—Stratified analyses by a pre-operative eGFR ≤ 60 ml/min/1.73 m2 vs. > 60 

ml/min/1.73 m2.

Results—180 (42%) patients with a pre-operative eGFR ≤ 60 ml/min/1.73m2 developed clinical 

AKI compared to 246 (31%) in those with an eGFR >60 ml/min//1.73m2 (p<0.001). For log2-

transformed biomarker concentrations there was a significant interaction between any AKI and 

baseline eGFR for interleukin 18 (IL-18; p=0.007) and borderline significance for liver-type fatty 

acid binding protein (p=0.06). For all biomarkers, the adjusted relative risk (RR) point estimates 

for the risk of any AKI were higher in those with elevated baseline eGFRs compared to those with 

an eGFR ≤ 60 ml/min/1.73m2. However the difference in magnitude of these risks were quite low 

(adjusted RRs were 1.04 [95% CI, 0.99–1.09] and 1.11 [95% CI, 1.07–1.15] for those with a pre-

operative eGFR ≤ 60 ml/min/1.73 m2 and those with higher eGFRs, respectively). Although no 

biomarker displayed an interaction for baseline eGFR and severe AKI, log2-transformed IL-18 and 

kidney injury molecule 1 (KIM-1) had significant adjusted RRs for severe AKI in those with and 

without baseline eGFR ≤ 60 ml/min/1.73 m2.

Limitations—Limited numbers of patients with severe AKI and emergent dialysis.

Conclusions—The association between early post-operative AKI urinary biomarkers and AKI 

is modified by preoperative eGFR. The degree of this modification and its impact on the 

biomarker-AKI association is small across biomarkers. Our findings suggest that distinct 

biomarker cut-offs for those with and without a pre-operative eGFR ≤ 60 ml/min/1.73 m2 is not 

necessary.
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Acute kidney injury (AKI) is the most common reason for inpatient nephrology 

consultation. Significant research efforts are focused on translating biomarkers of AKI so 

they become available for clinical use. 1,2 While several urine biomarkers have 

demonstrated promise for their ability to detect AKI earlier than traditional markers or to 

predict disease progression, clinical factors that impact biomarker performance, such as 

decreased pre-operative glomerular filtration rate (GFR), remain unclear. 3–6 Chronic kidney 

disease (CKD) as defined by decreased GFR is a common risk factor for the development of 

AKI, occurring in one third to half of all those with AKI, 6–8 and is heavily weighted in a 

variety of AKI risk assessment tools.9–11 Biomarkers like urinary neutrophil gelatinase-

associated lipocalin (NGAL) and kidney injury molecule 1 (KIM-1) act as markers of renal 

tubular injury and, as such, have recently been shown to be increased in the presence of 

CKD but absence of AKI. 12–15 However, when evaluated as a prognostic tool in the setting 

of AKI, these same markers have demonstrated varied performance in those with and 

without pre-existing decreased baseline GFR.16–18 It stands to reason that biomarker 
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concentrations and kinetics will be different in those with and without decreased baseline 

GFR as decreasing functional nephron mass and renal reserve will affect the kidney’s ability 

to filter or produce these proteins. Additionally, if biomarker concentrations are higher in 

those with lower baseline GFRs, smaller renal insults resulting in phenotypically milder AKI 

(as evidenced by change in serum creatinine) may lead to a disproportionate increase in 

biomarker concentration despite a weaker association with AKI. The interplay between AKI, 

GFR and urinary biomarkers of renal tubular injury remain unclear.

To clarify the interaction between urinary biomarkers, GFR and AKI, we performed a 

secondary analysis of the prospectively collected Translational Research Investigating 

Biomarker Endpoints in AKI (TRIBE-AKI) adult cardiac surgery cohort to evaluate the 

effect modification by pre-operative GFR on the association of six urinary biomarkers of 

AKI (NGAL, KIM-1, IL-18, liver-type fatty acid binding protein [L-FABP], cystatin C and 

albumin), assessed in the hours following surgery, and AKI during the hospital stay.

Methods

Patient Cohorts and Samples

The detailed methods of the TRIBE AKI cardiac surgery cohort (clinicaltrials.gov identifier 

NCT00774137) have been previously described. 6,19 Adults deemed high risk for AKI 

following cardiac surgery (CABG and/ or valve repair or replacement) were prospectively 

enrolled at six academic medical centers in North America in July 2007–December 2009. 

All participants provided written informed consent and the study was approved by each 

institution’s research ethics board. The first postoperative samples were collected within 6 

hours of admission to the ICU. For the first 24 hours postoperatively, urine samples were 

collected every 6 hours. The remaining daily blood and urine samples were obtained at the 

time of routine morning blood collection done for clinical care. Specimen collection was 

stopped on postoperative day 3 in patients who did not demonstrate any AKI in the 3 days 

following surgery. Details on sample collection and processing have been previously 

described. 6,19

Outcomes: Study Variables

The definition of AKI was development, at a minimum, of a 50% increase or absolute 

increase of 0.3 mg/dL in serum creatinine from pre-operative baseline during the hospital 

stay (AKI Network [AKIN] stage 1). Severe AKI was defined as developing at least a 100% 

increase in serum creatinine from baseline or the need for renal replacement therapy. 20,21

All pre-operative creatinine and biomarker values were measured within two months prior to 

surgery. Pre- and post-operative serum creatinine concentrations were measured in the same 

clinical laboratory for each patient at all sites. Serum creatinine values were recorded for 

every patient throughout the hospital stay. For adults we estimated preoperative GFR 

(eGFR) using the CKD-EPI (CKD Epidemiology Collaboration) creatinine equation. 22 As 

previously described we collected preoperative characteristics, operative details, and post-

operative complications using definitions of the Society of Thoracic Surgeons.6,19
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Biomarker Assays

All biomarkers were measured in blinded fashion with assay information and inter and intra-

assay coefficients of variation as previously described (Parikh et al6 [IL-18 and NGAL], 

Parikh et al23 [KIM-1 and L-FABP], Koyner et al24 [CysC], and Molonar et al25 [albumin]).

Statistical Analysis

Continuous variables were compared with a two-sample t-test or Wilcoxon rank sum test 

and dichotomous variables with the chi-square test or fisher’s exact test. The adult 

population was divided into unique quintiles using the first post-operative value of each 

individual biomarker. Unadjusted trends across biomarker quintiles were assessed by 

Cochran-Armitage test for dichotomous outcomes. To evaluate the association between 

biomarkers and AKI, modified Poisson regression models with a log link function were 

used. 26 We adjusted for age, gender, race, history of hypertension, history of diabetes, 

history of congestive heart failure, surgery status (elective vs. non-elective), type of surgery 

(bypass alone, valve alone or bypass and valve), myocardial infarction and cardiopulmonary 

bypass pump time. Biomarkers were included in models as log2-transformed continuous 

variables or as quintiles. To explore the possibility of effect modification by pre-operative 

eGFR, we included an interaction term in the model between eGFR >60 vs. ≤60 ml/min/

1.73m2 and the biomarker or CKD-EPI eGFR (continuously) and the biomarker. The same 

clinical adjustment variables were used across all analyses. All analyses were performed in 

SAS version 9.2 (SAS Institute Inc, Cary, NC) and R 2.12.1 (R Foundation for Statistical 

Computing, Vienna, Austria).

Results

Patient Characteristics

Figure 1 provides information about those TRIBE-AKI subjects included in this analysis. Of 

the 1,219 adults in the TRIBE-AKI cohort, 424 (34.8%) had a pre-operative eGFR ≤ 60 

ml/min/1.73 m2.22 Defined as AKIN stage 1, AKI occurred more commonly in those with a 

pre-operative eGFR ≤60 ml/min/1.73m2: 180 of 424 (42.5%) compared to 246 of 795 

(30.9%) in those without decreased baseline eGFR (p < 0.001). Severe AKI, defined as 

AKIN stage 2 or higher, was not different in patients with and without decreased baseline 

GFR, (p =0.3). Table 1 demonstrates the patient characteristics of those with and without a 

pre-operative eGFR ≤60 ml/min/1.73m2. Those with a pre-operative eGFR ≤ 60 ml/min/

1.73m2 were more likely to be older, female and have a history of hypertension and 

congestive heart failure (p<0.05 for all). Those with lower baseline eGFRs were more likely 

to undergo a valve surgery or a combined valve and CABG procedure and had longer cross 

clamp and cardiopulmonary bypass times (p<0.05 for all). (Table 1)

Biomarker Kinetics and Preoperative eGFR

Figure 2 displays the biomarker concentrations over the pre and early post-operative period 

for those patients with and without a pre-operative eGFR ≤ 60 ml/min/1.73m2 stratified by 

their post-operative AKI status. Table S1 (provided as online supplementary material) 

compares the pre-operative biomarker concentrations in those with and without a pre-

Koyner et al. Page 4

Am J Kidney Dis. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



operative eGFR ≤ 60 ml/min/1.73m2. Amongst those with lower pre-operative eGFR, values 

of urine albumin and L-FABP were higher in those who went on to develop AKI (median 

albumin levels, 32.9 [IQR, 10–92.8] vs. 14.0 [5.8–60] mg/L [p <0.01]; median L-FABP 

concentrations, 3.98 [IQR, 1.6–12.9] vs. 2.35 [1.1–4.7] ng/mL [P <0.01]). In those with a 

higher pre-operative eGFR, only the pre-operative urinary albumin levels were different 

amongst those who did and did not develop AKI (AKI: 13.9 [IQR, 6.7–42] g/dL; without 

AKI: 9.9 [IQR, 5.0–22.0] mg/L; p <0.01). Figure 2 also shows that individual biomarkers 

were significantly different at several post-operative timepoints with values being higher in 

those with baseline eGFR >60 mL/min/1.73 m2. Table S2 provides the AUCs for 

biomarkers measured in the first 6 post-operative hours to predict all AKI and severe AKI 

stratified by pre-operative eGFR.

Association of Continuous Early Postoperative Biomarker Values With AKI and 
Interactions With Preoperative eGFR

Table 2 demonstrates the association of the log2-transformed continuous early postoperative 

biomarker values for the development of any AKI while accounting for the interaction with 

baseline eGFR. In those with a preoperative eGFR ≤ 60 ml/min/1.73m2, after adjusting for 

the clinical model, only KIM-1 and albumin were independently associated with the 

development of any AKI. In those with higher baseline eGFR, all biomarkers except urine 

Cystatin C were independently associated with any AKI in the adjusted analyses. However, 

no log2-transformed biomarker had an adjusted relative risk (RR) greater than 1.16. The 

only biomarker that performed significantly differently across the dichotomized cohort was 

IL-18 (Table 2).Table S3 provides the analyses for the urine creatinine-adjusted log2-

transformed continuous biomarker values. Again, IL-18 remained the only biomarker with a 

significant difference between those with and without decreased baseline eGFR, and overall 

the adjusted RR was not greater than 1.25. Table 2 also shows the association of the log2-

transformed continuous biomarker values for the development of severe AKI while 

accounting for the interaction with baseline eGFR.

To further investigate the interaction between biomarkers and eGFR, we plotted the log2-

transformed biomarkers against the logit of any AKI for those with and without pre-

operative eGFR >60 ml/min/1.73m2. These plots (Figure 3) demonstrate that there is an 

interaction present for IL-18 (p=0.007) and borderline statistical significance for an 

interaction for cystatin C (p=0.1) and L-FABP (p=0.06). Importantly, in these plots the 

interactions occur at biomarker values that are significantly higher than the post-operative 

values seen in the population. We investigated the interaction between continuous log2-

transformed biomarkers and continuous eGFR and the development of post-operative AKI 

(tables a–d of Item S1). Item S1 shows coefficients and p-values for biomarkers and eGFR 

when examining any AKI and Severe AKI in adjusted and unadjusted analyses.

Association of Early Postoperative Biomarker Quintiles With AKI and Interactions With 
Preoperative eGFR

We further analyzed the incidence and association of AKI in the cohort dichotomized by 

baseline eGFR across quintiles of the first post-operative biomarker values (Figure S1). The 

incidence of AKI was significantly different across biomarker quintiles for a majority of 
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biomarkers (Cochran-Armitage p<0.05), regardless of baseline eGFR with the exception of 

urine cystatin C in those with eGFR ≤ 60 ml/min/1.73m2 (p=0.7). Tables a and b of Item S2 

display the unadjusted and adjusted RRs for individual biomarker quintiles (for biomarkers 

unadjusted and adjusted for urine creatinine). The interaction tests were significant for some 

biomarkers but the adjusted RRs were not meaningfully different.

The Spearman Correlation coefficients of the first post-operative biomarkers values with 

each other are found in Table S4 (all correlations p<0.001).

Association of Preoperative Biomarker With AKI and Interactions With Preoperative eGFR

Table 3 demonstrates the adjusted and unadjusted RRs for pre-operative log2-transformed 

pre-operative biomarkers and the development of AKI. Urinary albumin and cystatin C were 

the only biomarkers associated with increased risk of any AKI in those with and without a 

preoperative eGFR ≤ 60 ml/min/1.73m2 (with albumin being significant for both); However, 

the adjusted magnitude of this risk for albumin was small (eGFR≤ 60 ml/min/1.73m2: RR, 

1.08 [95% confidence interval, 1.03–1.13]; eGFR >60 ml/min/1.73m2: RR, 1.09 [95% 

confidence interval, 1.04–1.14]). Despite no significant ability to detect an increased risk for 

AKI, L-FABP was the only biomarker different across the two baseline eGFR strata 

(p=0.03). The data were similar when looking at the pre-operative biomarkers association 

with severe AKI (Table 3). Table S5 demonstrates the performance of pre-operative 

biomarkers to predict AKI across biomarker quintiles stratified by baseline eGFR.

Finally, we investigated the association of the change in biomarker concentration from pre-

operative to early post-operative values and the development of AKI in those with and 

without a preoperative eGFR ≤ 60 ml/min/1.73m2. The results were nearly identical to those 

presented for pre-operative and post-operative values alone (Table S6).

Discussion

In our analysis of a prospective multi-center observational cohort of adults undergoing 

cardiac surgery, we discovered that there is statistically significant interaction between 

urinary biomarkers and its association with AKI in the presence of pre-operative eGFR. We 

have demonstrated that these statistical interactions were present, but varied across 

biomarkers depending on whether biomarkers were analyzed continuously (IL-18) or across 

quintiles (NGAL, L-FABP and albuminuria). Additionally, the presence and magnitude of 

these interactions varied if baseline eGFR was assessed as a dichotomous (≤ vs >60 ml/min/

1.73m2) or continuous variable. For most biomarkers, their median levels and association 

with mild AKI was slightly larger in patients with higher baseline eGFR. However, the 

magnitude of effect of these interactions is small, and the differences are not clinically 

meaningful at the average biomarker concentrations to require separate reporting of these 

sub-groups.

These results provide some clarity on an issue that has been discussed throughout the 

urinary biomarker literature for the past several years. 16–18 McIlroy and colleagues 

measured urinary NGAL in a prospective observational study of 426 adult cardiac surgery 

patients and demonstrated that, when AKI was defined as a 50% increase in serum 

Koyner et al. Page 6

Am J Kidney Dis. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



creatinine from baseline (over 7 days), NGAL was not able to detect AKI in those with a 

eGFR less than 60 ml/min/1.73m2. This was in contrast to its performance in those with an 

eGFR > 60 ml/min/1.73m2, where it was able to predict AKI at several timepoints in the 

first 24 hours following the completion of cardiopulmonary bypass. 17 Additionally, urinary 

NGAL measured 24 hours after surgery performed the best in the subset of their patients 

who had an eGFR of 90–120 ml/min/1.73m2 (AUC of 0.88 for the detection of AKI [stage 1 

AKI]). In contrast, our data demonstrated a clear pattern of significant association when pre 

and post-operative NGAL values were assessed as continuous variables adjusting for the 

model (Tables 2 and 3).

Conversely, in a post-hoc analysis of the Early Intervention in Acute Renal Failure 

(EARLYARF) study18, Endre and colleagues measured several urinary biomarkers in their 

mixed surgical–medical ICU cohorts, and assessed their ability to predict AKI (defined by 

the AKIN criteria20) stratified by GFR status. They demonstrated that several biomarkers, 

including NGAL, IL-18, KIM-1 and cystatin C, all displayed individual patterns in their 

timing and ability to detect AKI in those with variable baseline eGFRs. In this study, while 

several biomarkers (including NGAL, IL-18 and KIM-1) were associated with the 

development of AKI in those with an eGFR less than 60 ml/min/1.73m2, these same 

biomarkers were not able to consistently predict AKI in those with eGFRs of 60-<90, 90-

<120 and ≥120 ml/min/1.73 m2.18 Our data differ slightly from those of the EARLYARF 

study as well as the aforementioned McIlroy et al study. 17 These differences may stem from 

our patient populations. McIlroy et al was single-center cohort of cardiac surgery patients, 

where patient care and unique practice patterns may affect biomarker results and outcomes, 

and the EARLYARF study was a mixed ICU cohort with only 17.8% of patients undergoing 

cardiac surgery and, as such, the AKI and its associated biomarker fingerprint from this 

cohort will likely be very different than those in our multi-center, high-risk adult cardiac 

surgery cohort. 17,18

Our study has several strengths. Our data, samples and biomarker measurements were all 

from a large prospective multi-center investigation. We also utilized standardized, 

internationally accepted definitions of AKI20 and eGFR equations22. However, as 

previously reported, we are limited in that there was a low number of severe AKI events. By 

their nature, post-hoc interaction analyses are often underpowered and this undoubtedly 

affected our analyses. Additionally, our findings are specific to the setting of cardiac 

surgery-associated AKI and, as such, our findings may be setting specific and not 

generalizable to other AKI phenotypes. Additionally, we are limited in that we relied on 

serum creatinine as our gold standard to define AKI. Serum creatinine has been repeatedly 

demonstrated to be an imperfect biomarker of renal tubular injury and does not adequately 

reflect the underlying renal reserve/ functioning nephron mass27,28 and may in fact 

negatively affect biomarker performance.29 In spite of these limitations, our data is 

strengthened by reporting on our complete panel of urinary biomarkers and providing data 

for these biomarkers at multiple timepoints, for multiple definitions of AKI as well as 

adjusted for urinary creatinine. Finally we provide thorough and complete analyses 

investigating the biomarkers and eGFR as categorical and continuous variables and 
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attempted to account for several clinical variables known to affect AKI and patient 

outcomes.

In summary, in this secondary analysis of the TRIBE-AKI adult cardiac surgery cohort, 

biomarkers of AKI performed differently in those with and without a preoperative eGFR 

≤60 ml/min/1.73m2. Although there were statistically significant interactions between AKI 

biomarkers and the baseline eGFR, the effects were weak, inconsistent across biomarkers, 

varied across definitions of both AKI and baseline kidney function. Even when these 

interactions are significant, their clinical implication is modest and, as such, at this time 

applying distinct biomarker cut-offs for those with and without decreased pre-operative 

eGFR is not necessary in the peri-operative setting.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
TRIBE-AKI subjects included in the analyses
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Figure 2. Peri-operative biomarker distributions stratified along baseline eGFR and AKI status
The bar plots represent the median (horizontal line) and 25–75% IQR(boxes) for those 

subjects with (blue) and without (green) postoperative AKI. In those with a preoperative 

eGFR ≤ 60 ml/min/1.73m2, pre-operative L-FABP and albumin were higher in those who 

went on to develop AKI, while only urinary albumin levels were elevated pre-operatively in 

those with an eGFR > 60 ml/min/1.73m2. At the majority of post-operative timepoints 

biomarkers were elevated in those with AKI regardless of baseline eGFR. (* p <0.05). 

CysC, cystatin C.
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Figure 3. Log-transformed (base 2) Continuous biomarkers and the Logit of Any AKI
The plots demonstrate the presence or absence of an interaction between continuous 

biomarkers, AKI and baseline eGFR (dichotomized at 60 ml/min/1.73m2). The red line 

represents patients with eGFR ≤60 and blue line represents patients with eGFR > 60. The 

plots demonstrate the Interquartile range of values for the individual biomarkers at this early 

postoperative timepoint (grey bars). The plots that cross or nearly intersect are those that 

demonstrate a significant (or trend to significant) interaction (IL-18: p=0.007; L-FABP: 

p=0.06; cystatin C: p=0.1). Importantly for those biomarkers which displayed an interaction 
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(or trend) that this interaction takes place at values on the extreme high end of the spectrum 

well above what we saw in our cohort.
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Table 1

Clinical Characteristics of those patients with and without a Pre-operative eGFR≤60 ml/min/1.73m2

Characteristic eGFR ≤60 ml/min/1.73m2 (n= 424) eGFR >60 ml/min/1.73m2 (n=795) P-value†

Age at time of surgery, y 74.86 (8.49) 69.66(10.43) <0.001

Male sex 252 (59%) 574 (72%) <0.001

White race 394 (93%) 747 (94%) 0.5

Diabetes 174(41%) 337 (42%) 0.6

Hypertension 350 (83%) 611 (77%) 0.02

Congestive Heart Failure 133(31%) 181 (23%) 0.001

Elective Surgery 104(25%) 151 (19%) 0.02

Surgery

 CABG 161 (38%) 424 (53%) <0.001

 CABG and Valve 117 (28%) 162(20%) <0.001

 Valve 146(34%) 209 (26%) <0.001

Myocardial Infarction 114(28%) 199(26%) 0.5

Cardiac catheterization in past 48 h 27 (6%) 46 (6%) 0.7

Preop Serum Creatinine (mg/dL) 1.41 (0.36) 0.92(0.17) <0.001

Preop eGFR (ml/min/1.73m2) 46.26(10.04) 78.44(12.77) <0.001

Perfusion Time* 118.29(55.89) 112.02(61.86) 0.02

Cross Clamp time (min) 81.84(42.08) 75.77 (45.55) 0.001

Cardioplegia 384(91%) 693 (87%) 0.08

IABP 25 (6%) 32 (4%) 0.1

Severe AKI 25 (6%) 35 (4%) 0.3

Any AKI 180(42%) 246(31%) <0.001

Note: Values tor categorical variables are given as number (percentage); tor continuous variables, as mean ± standard deviation. Conversion factor 
for serum creatinine in mg/dL to μmol/L, ×88.4.

*
Perfustion Time is reported for the patients who had cardiopulmonary bypass

†
Pvalues are for the comparison of patients with and without decreased pre-op GFR AKI, acute kidney injury; CABG = Coronary Artery Bypass 

Grafting; eGFR= estimated Glomerular Filtration Rate IABP = Intra-Aortic Balloon Pump; preop, preoperative
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