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AKI biomarkers are poor discriminants 
for subsequent need for renal replacement 
therapy, but do not disqualify them yet
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An important controversy and uncertainty still exists 
around the optimal timing to start renal replacement 
therapy (RRT) in ICU patients with acute kidney injury 
(AKI) that do not present with absolute indications for 
RRT. Recent RCT’s comparing “early” and “late” initia-
tion of RRT provided contradictory messages, potentially 
related to the difference in study population, design (sin-
gle- versus multicenter), illness severity, modality of RRT 
and definitions of early and late [1–3]. Reliable quantita-
tive tools that predict whether AKI patients will recover 
would allow avoiding unnecessary RRT. Moreover, by 
identifying a more severe subset of patients with AKI, an 
evaluation of the advantages and disadvantages of early 
starting of RRT could be performed in an enriched popu-
lation that would probably need RRT sooner or later dur-
ing their ICU stay. Biomarkers of kidney damage have 
been extensively studied for their accuracy in early diag-
nosis of AKI. Their role in distinguishing patients with 
high versus low likelihood of renal recovery is less clear.

In a recent article in this journal, Klein et al. report the 
results of a systematic review which meta-analyzed the 
ability of biomarkers to identify patients with and without 
subsequent need for RRT [4]. The largest body of evidence 
exists for NGAL that showed only fair discrimination. 
The markers of cell cycle arrest, the product of [TIMP-
2]*[IGFBP-7], showed the best discrimination with a 
pooled area under the ROC curve (AUROC) of 0.857 
(0.789–0.925). This result (based on four studies with 280 

patients and 50 RRT received) was rather homogeneous 
(I2 = 24.9%), increasing the confidence of this estimate. 
On the other hand, the homogeneity of this result prob-
ably relates to the more homogeneous patient popula-
tions with clearly defined insult (mainly surgery) in the 
included studies whereas studies on NGAL included more 
heterogeneous populations where the timing of the renal 
insult is less clear. A summary of the most important find-
ings can be found in the Supplementary Table (Table S).

This enormous amount of work, for which the authors 
are to be congratulated, cannot overcome the limitations 
of the included original studies. The most important limi-
tation is the absence of a gold standard for the endpoint 
(RRT): substantial practice variation exists in the initia-
tion of RRT and many of the included studies did not use 
predefined indications. In 85% of the studies, the predic-
tion of RRT was not the main purpose. The study popula-
tions are heterogeneous and not all patients had AKI at 
the time of biomarker sampling, which could explain the 
large variability of RRT need (Table S). The delay between 
sampling of the biomarker and the start of RRT, when 
reported, was variable, increasing the observed between-
study heterogeneity and biomarker performance (Fig. 1). 
Biomarkers were not compared with readily available 
clinical parameters nor was their additive value assessed, 
for example with the net reclassification index.

Finally, we share the authors’ interpretation that the 
use of biomarkers to discriminate patients requiring RRT 
has currently no implication in routine clinical decision-
making at the bedside because the benefit of early RRT 
initiation remains to be demonstrated, and the predictive 
accuracy of biomarkers is at best fair. Such discrimina-
tion is particularly useful when the disease state is already 
determined but not directly observable (for example the 
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use of d-dimer for a pulmonary embolism diagnostic). 
However, an important purpose of AKI biomarkers is to 
predict future states that are not yet determined, such 
as the future risk of AKI or the need for RRT. AUCs are 
of limited value for this type of risk stratification under 
stochastic uncertainty. Differences in population risk dis-
tribution may contribute to an increase between study 
heterogeneity regarding discrimination (Fig. 1).

Discrimination vs. risk stratification
When trying to guess a future event, two statistical pre-
dictions can be applied: “black or white” (discrimination) 

versus “several shades of gray” (risk stratification). This 
dichotomy can be illustrated with a simple example. Sup-
pose that among 1000 patients, 100 have a 10% chance 
of needing RRT, 800 have a 50% chance and 100 have a 
90% chance. Also, suppose that a biomarker perfectly 
predicts RRT need: It reads ‘10’, ‘50’ and ‘90’ for the 
patients with 10, 50 and 90% risk, respectively. This bio-
marker has obvious clinical potential, as it can be used to 
stratify low-, intermediate- and high-risk patients with 
great fidelity. Yet the calculated AUC of this biomarker in 
this population is only 0.60, which would be commonly 
interpreted as ‘poor’ (0.60–0.70) discrimination. The 

a b

Fig. 1 In two hypothetical populations of 1000 patients, the mean probability of the need for RRT is 30%. The maximum attainable area under the 
receiver operating characteristics curve for a ‘perfect’ biomarker depends on the risk distribution, and, consequently, on the timing of biomarker 
sampling. This illustrates that risk stratification rather than discrimination is more important when predicting future events under stochastic uncer‑
tainty. ROC receiver operating characteristics, AUC area under the curve
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counterintuitive disparity between excellent risk predic-
tion and poor discrimination is a well-proven phenome-
non [5–7]. In a population with normally distributed risk 
characteristics, any biomarker that is perfectly calibrated 
for risk stratification will be a poor discriminant. Con-
versely, a biomarker can achieve perfect discrimination 
only when the predicted risks are 0 and 100%—i.e., when 
the outcomes are already determined but not yet known 
(Fig. 1).

In spite of these limitations, most AKI biomarker stud-
ies report discriminant statistics. Consequently, Klein 
et al. had to rely on AUCs as the common denominator to 
compare the performance of biomarkers for prediction of 
the need for RRT [4]. This has some validity, as the future 
need for RRT is contingent on renal failure that may 
already be present at the time of biomarker sampling.

How biomarkers may help identify patients 
that can benefit from treatment
AKI biomarkers are only useful if they can be proven to 
influence treatment decisions that result in patient-ori-
ented benefit [8, 9]. In the PrevAKI study [10] cardiac 
surgery patients at increased risk of AKI were identi-
fied by a product of [TIMP-2]*[IGFBP-7] above 0.3. 
Although a renal protective treatment bundle was shown 
to reduce the incidence of AKI, the protective effect was 
not observed in the subgroup of patients with the high-
est [TIMP-2]·[IGFBP7] (above 2.0). This underscores 
the importance of risk stratification over discrimina-
tion: outcomes in patients with very high or very low risk 
may not be amenable to therapy. It is often intermediate 
risk patients in the “grey zone” that benefit from protec-
tive interventions, as is now widely recognized in sepsis 
research [11–13]. Generating and validating biomarker-
based risk predictions using logistic regression models 
and decision-tree models are more suitable than AUCs 
for this purpose [5, 11, 14].

Readers should bear in mind that poor discriminatory 
performance does not necessarily disqualify these bio-
markers as risk predictors. In the future, AKI biomarker 
studies should complement AUCs with risk prediction 
parameters, such as odds ratio, relative risks or hazard 
ratios. Although sensitivity and specificity are familiar 
to most clinicians and appear readily interpretable, their 
clinical applications may be limited. Instead, early identi-
fication of patients that can benefit from protective ther-
apies requires more focus on risk stratification.
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