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Introduction
Current diagnostic criteria for AKI are based on serum
creatinine and urinary output, i.e. functional rather than
specific injury markers. New biomarkers appeared to be
flawless at least in selected patient populations such as
children with few if any co-morbidities [1]. However, initial enthusiasm was curbed by subsequent studies revealing important shortcomings, especially in adults with
comorbidities, and uncertainty about the exact timing of
the renal insult [2].
Diagnosis of AKI
Biomarkers should differentiate between so-called prerenal AKI and intrinsic AKI. Existing studies have been
inconsistent and revealed large overlap in biomarker levels between both groups, even after excluding patients
who were deemed unclassifiable according to standard
criteria [3]. Needless to say, the latter are precisely the
patients for whom biomarkers are needed most.
Blind faith in biomarkers has led to the existence of
purely functional or pre-renal AKI being questioned.
Several authors have demonstrated that biomarkers were
detectable in pre-renal AKI and argued that patients
with so-called pre-renal AKI also had a degree of tubular injury [4]. This gave rise to a new concept called subclinical AKI, characterized by an increase in biomarkers
but no change in traditional markers [5]. Although these
patients had a worse outcome than patients without a
biomarker increase, it is not clear whether this was due to
unrecognized renal damage or reflected associated nonrenal conditions.
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Prognosis of AKI
There is an urgent need for tools to identify AKI patients
who will progress to severe AKI or may not recover renal
function. BioMaRK (Biological Markers of Recovery for
the Kidney) was an observational ancillary study to the
Veterans Affairs/National Institutes of Health Acute
Renal Failure Network trial, and focused on identifying
new biomarkers to predict renal recovery at 60 days in
survivors who had renal replacement therapy (RRT) [6].
Urinary hepatocyte growth factor (uHGF) at day 14 and
relative change in uHGF over 14 days were found to be
moderately predictive of RRT independence. However,
when adding the two best performing individual markers [uHGF and neutrophil gelatinase-associated lipocalin
(NGAL)] to a clinical model, the area under the receiver
operating curve (AUC) only improved from 0.74 to 0.75.
It should also be acknowledged that these observational
data were derived from a highly selected patient group.
Data linking biomarkers to long-term outcomes including chronic kidney disease (CKD) and mortality are
scarce. The Translational Research in Biomarker Endpoints in AKI cohort (TRIBE-AKI) investigators showed
modest associations between biomarkers and mortality
[7]. In a study by Coca et al. [7], mortality rates increased
by tertiles of urinary biomarkers in AKI and no AKI
strata. However, the addition of peak biomarker levels to
a clinical model did not change the AUC for death.
Identifying patients with an unfavorable clinical course
is pivotal for clinical management but also for intervention trials. Including AKI patients with a favorable course
regardless of any intervention will reduce the power in
these trials. To date, there is no clear evidence that any of
the existing biomarkers are ready for this task.
Unmet needs
Biomarkers are only useful if they offer value above routinely available clinical data. One of the biggest challenges
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Table 1 Biomarkers of AKI in humans

No agreement on whether biomarker
concentrations in urine should be
corrected for urinary creatinine

No information about aetiology of AKI
Some biomarkers have not been
validated outside the critical care or
post-operative setting

Commercial assays only available
for cystatin C, NGAL and [IGFBP7]∙[TIMP-2)
Lack of agreement on specific cut-offs
for diagnosis of AKI

Limitations

for new AKI biomarkers is that they need to perform
well in patients with chronic comorbidities, including
impaired renal function. Unfortunately, most existing
biomarkers seem to be confounded by the presence of
CKD (Table 1).
In a recent study, evolution to AKI was better predicted
by the response in urinary output to a furosemide stress
test than by markers such as NGAL, interleukin-18, kidney injury molecule-1 and cell cycle arrest markers [8].
This underlines the fact that in our ‘quest for the holy
grail’, the value of traditional diagnostic tests such as urinary analysis and urinary output should not be underrated [9–11].
It is utopian that one single ‘magic bullet’ biomarker
will cover the complex spectrum of AKI and will perform
well for both diagnosis and prognosis, but combining
biomarkers has also yielded rather disappointing results.
On the other hand, it is fair to state that no biomarker can
perform well against an imperfect gold standard such as
serum creatinine. Rather than trying to find a troponinlike biomarker, it is important to focus on the synergistic
role of biomarkers and standard parameters in order to
improve the outcome for AKI patients [10]. Biomarkers
should never replace clinical judgement and should only
be used as add-on tools.
Furthermore, several important technical issues related
to biomarkers need clarification before implementing
them in clinical practice. Clear cut-offs between “AKI”
and “no AKI” need to be determined, and assays need to
be calibrated accordingly. In addition, agreement is necessary as to whether or not biomarker levels should be
normalized for urinary creatinine [12].
To date, four studies have used biomarkers as a clinical decision tool [13–16]. In the EARLY-ARF trial [13],
which investigated the potential benefit of early treatment with erythropoietin to prevent AKI, biomarkers
failed to identify patients at high risk for AKI. Two trials [14, 15] compared early versus late start of RRT in
critically ill patients, and used biomarkers to enrich
their study population. However, in one of these studies,
NGAL levels were not different between patients treated
with RRT and those who recovered spontaneously in the
standard group [14]. Meersch et al. [16] recently compared standard care versus application of a KDIGO care
bundle to prevent AKI post-cardiac surgery and used
[TIMP-2*IGFBP7] to identify high-risk patients. They
found a decrease in AKI incidence and in marker levels in
the intervention group but no difference in mortality or
need for RRT. Larger multicenter studies in a more heterogeneous setting are necessary to validate these results.
More awareness of the potential harm from non-critical use of biomarkers is crucial. New diagnostic tests
should only be implemented if they are cost-effective,

outperform a clinical model based on traditional markers
and improve patient outcome.
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