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Editorial

We Can Diagnose AKI “Early”
Raymond K. Hsu and Chi-yuan Hsu
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Proteinuria and AKI

Proteinuria was ﬁrst identiﬁed as a strong risk factor
for AKI in 2008 (1). These observations were subsequently conﬁrmed and extended in several other clinical scenarios and patient groups (2). Huang et al.
showed that preoperative proteinuria was an independent risk factor for AKI after coronary artery bypass grafting (3). In this issue of the Clinical Journal of
the American Society of Nephrology, two observational
studies—both developed as part of the National Institutes of Health–sponsored Translational Research Investigating Biomarker Endpoints in AKI (TRIBE-AKI)
consortium—extend the association in the setting of
cardiac surgery to postoperative proteinuria (4,5).
Molnar and colleagues studied 1198 adult patients
undergoing coronary artery bypass graft and/or valve
surgery who were at high risk of AKI (including those
with baseline creatinine level $ 2 mg/dl and age .70
years). They found that higher levels of urine albumin
at approximately 6 hours after surgery measured by
urine albumin concentrations or by urine dipstick levels (but not by urine albumin-to-creatine ratios) were
associated with increased risk for postoperative AKI,
deﬁned as requiring dialysis or doubling of serum creatinine (4). Zappitelli and colleagues report that in a
group of 294 children aged 1 month to 18 years undergoing cardiac surgery, postoperative urine albuminto-creatine ratio at about 6 hours after surgery predicts
AKI on the basis of Acute Kidney Injury Network
(AKIN) serum creatinine criteria, with greater prediction of lower stage AKI in children $2 years (5).
Both studies are strengthened by their multicenter
design, which enhances the generalizability of the
ﬁndings, and by the careful and standardized prospective collection of clinical data and biospecimens in
their participants. The investigators also took into
account detailed patient and perioperative characteristics as part of their multivariate-adjusted models.
The researchers for the adult study should be further
commended because of the large sample and supplementary sensitivity analyses modifying the outcome
to AKIN stage I and stage III AKI. These analyses
allow us to see that the association between albuminuria and AKI remains fairly robust across gradations
of AKI severity.
Although the exact mechanisms underlying these
associations are not known deﬁnitively, one can
hypothesize that perhaps preoperative proteinuria
identiﬁes patients with underlying CKD and reduced
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renal reserve who are more susceptible to AKI,
whereas postoperative proteinuria is an early reﬂection of renal parenchymal damage, the cause of the
subsequent observed increase in serum creatinine.

New and Old Biomarkers

These are important ﬁndings for the following reason. One oft-repeated mantra in the AKI ﬁeld is that
our failure thus far to devise effective therapies for
most cases of AKI (speciﬁcally acute tubular necrosis) is
due to an inability to detect AKI “early.” The accompanying discussion sometimes makes it sound as if this
were the predominant explanation for the lack of progress, crowding out other possibilities, such as reliance
on excessively simplistic animal models or incomplete
understanding of complex and heterogeneous pathophysiologic pathways in human AKI. This emphasis
on “early” detection of AKI has resulted in a plethora
of studies of promising biomarkers. Some of those garnering a lot of interest include neutrophil gelatinaseassociated lipocalin (NGAL), kidney injury molecule-1,
IL-18, and liver-type fatty acid–binding protein.
Results from TRIBE-AKI, the largest AKI biomarker
study performed to date, have considerably advanced
the ﬁeld by quantifying how much traditional and
novel biomarkers contribute to improvement in risk
prediction. Both papers in this issue (4,5) tested the risk
prediction performance of postoperative albuminuria
by using area under the receiver-operating characteristic curve (AUC) to determine ability to discriminate
between AKI and non-AKI and continuous net reclassiﬁcation improvement analyses to quantify the added
value of albuminuria on AKI risk prediction beyond
routinely considered clinical information. Notably,
Molnar and colleagues found that albuminuria (as
urine albumin concentration at 6 hours after surgery)
performed better than both urine IL-18 and NGAL in
AKI risk prediction when combined with clinical risk
factors (6). Similarly, Zappitelli and colleagues found
that in children, ﬁrst postoperative urine albumin-tocreatinine ratio had an AKI risk prediction performance
that was on par with models that include clinical factors and other biomarkers (urine IL-18, NGAL) (5).
As Molnar et al. put it: “Of note, a measure as accessible and simple as albuminuria performed better than
IL-18 and NGAL (AUC, 0.76, P50.03, for IL-18 plus
clinical model; AUC, 0.73, P50.12, for urine
NGAL plus clinical model; AUC, 0.75, P50.01, for
plasma NGAL plus clinical model).. . . In our study,
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postoperative albuminuria gave an AUC of 0.81 and [a net
reclassiﬁcation improvement] of 0.55.”
There is reason to think that the AUC of 0.81 may in fact
be an underestimation of the predictive ability now available
to clinicians because not all clinically available measures
were fully exploited. For example, urine output immediately
after surgery was not considered, although adults undergoing cardiac surgery routinely have urine output measured hourly. (Both the Molnar and the Zappitelli studies
used modiﬁed versions of the AKIN criteria as the outcomes
of interest without including urine output.) Serum creatinine was measured approximately 6 hours after surgery
in TRIBE-AKI but was not incorporated into the analysis
(most of the AKI cases qualiﬁed by serum creatinine values
were measured after 6 hours). A recent cohort study of
adults undergoing cardiac surgery demonstrated that serum
creatinine measurements obtained within 6 hours of operation predicted subsequent postoperative AKI (7). In that
study, a $10% level increase in serum creatinine predicted
signiﬁcantly higher AKI risk (odds ratio, 6.38; 95% conﬁdence interval, 2.73–17.2) compared with reference participants with #10% change in serum creatinine; AKI risk
prediction also improved considerably after immediate postoperative creatinine was added to the base clinical model
(0.09 increase in AUC). Finally, urine sediment was not
examined. In the only head-to-head study of “novel” biomarkers (NGAL, kidney injury molecule-1, IL-18) versus
“old-fashioned” urine microscopy (granular casts and renal
tubular epithelial cells) that we are aware of, Hall et al.
showed that the test characteristics of urine microscopy
was not much worse than those of the biomarkers (8).

The Future
It appears that on the basis of information currently
available to clinicians and researchers, including preoperative risk factors for AKI (such as estimated baseline GFR),
intraoperative characteristics (such as bypass time), and immediate postoperative data (such as proteinuria quantiﬁcation approximately 6 hours after surgery), we can identify
quite well cardiac surgery patients who will go on to develop
AKI, as deﬁned by the latest consensus deﬁnition. An AUC
of 0.81 is better than the Framingham risk score plus novel
risk factors for predicting major cardiovascular events (9).

Thus, it is no longer tenable to argue that inability to diagnose AKI “early” is a reason for lack of effective therapies
in this setting. The onus is now on the renal community to
overcome other barriers and devise interventions that
work.

References
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