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Over the past decade, large prospective cohort studies 
have repeatedly shown that novel biomarkers are supe-
rior in performance to serum creatinine (SCr) in the early 
diagnosis and prognosis of acute kidney injury (AKI) 
with this data being summarized in recent reviews [1, 2]. 
Several investigations have linked these first-generation 
serum and urinary biomarkers of AKI [e.g., neutrophil 
gelatinase-associated lipocalin (NGAL) or tissue inhibitor 
of metalloproteinases (TIMP)-2 and insulin-like growth 
factor binding protein 7 (IGFBP7)] with adverse patient 
outcomes even in the absence of a change in SCr con-
centrations (biomarker-“positive”/creatinine-“negative” 
status) [3, 4]. We will delineate the barriers to biomarker 
development and validation in AKI while highlighting 
methods to overcome these barriers in an attempt to 
improve the management of patients with AKI.

While numerous novel biomarkers have been assessed 
in diverse populations in various AKI clinical scenarios, 
their implementation into current clinical practices has 
been hindered primarily as a result of the continued com-
parison to the imperfect gold standard SCr [5] but also 
the unclear impact of chronic kidney disease (CKD) on 
biomarker performance [6] and testing of a single bio-
marker in a heterogeneous pool of AKI (cardiac surgery 
or ICU-associated AKI) [7], resulting in suboptimal 
areas under the receiver-operating characteristic curves 
(AUROC). Table 1 highlights some  potential solutions to 
these barriers of AKI biomarker development.

Validation of biomarker performance against consen-
sus definitions of SCr defined AKI has been particularly 

problematic. Even though an increase in biomarker levels 
can predict an impending increase in SCr, only a change 
in SCr can diagnose AKI. This over-reliance on SCr has 
led some investigators to avoid SCr-based definitions 
entirely, choosing to link elevations in functional and 
structural biomarkers to outcomes such as the need for 
renal replacement therapy (RRT) and death [8]. In fact, 
recently proposed consensus definitions classify AKI 
through changes in biomarkers in the absence of changes 
in SCr [9]. While not all biomarkers have shown this 
phenomena, it is important to acknowledge that many 
of these first-generation tests are able to detect ongoing 
tubular injury in the setting of renal reserve before there 
is a change in functional/filtration capacity (SCr or cys-
tatin C) and allow a window of time when interventions 
might be able to prevent further injury [10].

Combining biomarkers with other risk stratification 
techniques is yet another method in which biomarkers 
can help improve outcomes in AKI in high-risk patients. 
Adding biomarkers to AKI clinical risk models (e.g., renal 
angina index or cardiac surgery-associated AKI risk 
model) has been shown to further enhance biomarker 
utility [11]. Another risk stratification method that has 
excellent discriminatory capacity for predicting severe 
AKI in patients with early AKI is the furosemide stress 
test (FST). Assessment of urine output following an FST 
challenge (protocoled dose of a diuretic in the setting 
of early AKI) has demonstrated the ability to improve 
patient risk stratification for adverse outcomes (AKI pro-
gression, need for RRT, and inpatient mortality) [12]. In 
fact pairing functional and structural injury markers (as 
suggested by a recent Acute Dialysis Quality Initiative 
consensus paper) such as NGAL and TIMP2*IGFBP7 
with the FST improves their accuracy in detecting these 
impending adverse events [13]. Others have shown that 
combining the risk stratification of the renal angina 
index with biomarkers enhances the detection of those 
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at highest risk for morbidity and mortality [11]. As our 
understanding of these first-generation risk stratifica-
tion methods improves they will expand our knowledge 
of appropriate biomarker use and improve the care and 
outcomes of those with AKI.

Biomarkers have also been shown to be informative for 
the inclusion of patients with AKI in intervention trials 
[10, 14, 15]. The PrevAKI trial is the most recent example 
of trials utilizing biomarkers to trigger patient randomi-
zation and we anticipate growth of this technique given 
these successes [10]. In the PrevAKI trial, patients with 
[TIMP-2]  ×  [IGFBP7] (Nephrocheck®) levels greater 
than 0.3, 4  h after cardiopulmonary bypass were rand-
omized to receive a “KDIGO-based care bundle” consist-
ing of optimization of volume status, and hemodynamics, 
avoidance of nephrotoxins, and prevention of hypergly-
cemia. Rates of AKI were significantly reduced by the 
bundle compared with standard care (55.1% vs 71.1%, 
95% CI 5.5–27.9%, p = 0.004) [10]. As more trials incor-
porate biomarkers into their entry criteria and protocols 
we will further perfect and understand the strengths and 
weaknesses of these first-generation AKI biomarkers.

Are the currently available biomarkers perfect? No they 
are not. Their development is hindered by comparison to 
SCr and heterogeneity in AKI sources. As an example not 
all cardiac surgery-associated AKI is due to ischemic injury 
(as originally thought); some may be due to athero-embolic 
disease, or sepsis, or interstitial nephritis, but it all gets 
reported as a change in SCr. Thus each unique biomarker 
may not be ideally suited for the same “one-size-fits-all” 
model we have created with SCr. It took decades to over-
come the barriers and refine the assays before the high sen-
sitivity troponin immunoassays could be optimized for use. 
The association of first-generation biomarkers with clini-
cally meaningful endpoints such as early AKI, progression 
of AKI, need for RRT, and long-term mortality is clear [1, 2]. 
As above, a recent consensus statement included biomark-
ers in the definitions of AKI and given the imperfections of 
SCr and difficulty in assessing renal reserve there is increas-
ing acceptance of the importance of the biomarker-positive 
creatinine-negative cohorts [9]. We must continue to use 
these tools and embrace them despite their limitations or 

lack of an AUROC >0.90. Just as SCr and urine output are 
imperfect biomarkers of AKI, it is not reasonable to expect 
NGAL or TIMP2*IGFBP7 or any other biomarker to pre-
dict all outcomes (early AKI, severe AKI/need for RRT, 
mortality) in every clinical setting (emergency room, ICU, 
cardiac surgery). As nephrologists and intensivists continue 
to care for patients with AKI, they need to be aware of the 
clinical value of these first-generation biomarkers and when 
appropriate they should work to incorporate them into 
clinical care (e.g., use of “KDIGO bundle”). While this is 
occurring we need continued research in the field of critical 
care nephrology and we must work to discover and refine 
the next generation of AKI biomarkers.
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