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Subclinical Acute Kidney Injury Is Acute Kidney Injury and Should Not
Be Ignored

Serum creatinine (SCr) has long been known to be an imperfect
biomarker of kidney function (1). Although consensus definitions of
acute kidney injury (AKI) using SCr exist, they remain limited (2).
More specifically, owing to the nature of renal reserve, it often takes a
significant amount of (tubular) injury to translate into a rise in SCr
concentrations from baseline (3). Over the last decade, countless
investigations have sought to discover and validate biomarkers of AKI
that can identify patients who have early kidney injury (4). This concept
of elevation in kidney injury biomarkers in the absence of changes in
traditional markers (SCr and urine output [UO]) has been dubbed
“subclinical AKI” (5). However, given the mounting evidence and

multiple methods of detecting this injury, perhaps it needs a different
name because it will not be subclinical for much longer. It is with this
backdrop that, in this issue of the Journal, Dépret and colleagues (pp.
822–829) investigated plasma proenkephalin A (penKid), a 5-kD stable
breakdown product of enkephalins that accumulates in the setting of
reduced glomerular filtration (GFR) as a biomarker of subclinical AKI
in critically ill patients (6).

However, this newwork is not the first to look at subclinical AKI; in
2011, Haase and colleagues published a pooled multicenter analysis of
prospective studies focused on NGAL (neutrophil gelatinase–associated
lipocalin), an iron-binding protein that is upregulated in the setting of
ischemic kidney injury (7). In a compilation of 2,322 critically ill
patients, they demonstrated that patients who had elevated NGAL
concentrations in the absence of changes in SCr (NGAL[1]/SCr[2])
had similar outcomes compared with those with elevations in SCr in the
absence of changes in NGAL (NGAL[2]/SCr[1]). However, both these
groups experienced more adverse outcomes (need for renal replacement
therapy, longer length of ICU stay, and higher inpatient mortality)
compared with those with no elevations in SCr or NGAL.
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These data are mirrored by other studies, including a
multicenter, prospective observational study of 1,635 emergency
room patients that demonstrated that patients with elevated urinary
NGAL or KIM-1 (kidney injury molecule 1) and lower SCr were at
increased risk for receipt of renal replacement therapy or inpatient
mortality (8). On presentation, these patients with biomarker
elevations in the absence of changes in SCr were also more likely to
have intrinsic AKI (compared with prerenal AKI or chronic kidney
disease) through a blinded adjudication process. More recently,
Joannidis and colleagues demonstrated that critically ill patients with
elevations in their TIMP23 IGFBP7 (tissue inhibitor metalloprotease
2 3 insulin-like growth factor binding protein 7) in the absence of
changes in SCr or UO were more likely to develop stage 3 AKI or
death compared with those with no changes in any biomarker. In
fact, TIMP23 IGFB7 concentrations above 2.0 were more strongly
correlated with adverse outcomes compared with UO-based AKI
(9). Thus, elevations in several of these biochemical biomarkers of
tubular injury in the absence of changes in traditional biomarkers
(SCr and UO) have been repeatedly shown to identify a cohort of
patients at high risk for adverse (AKI and non-AKI) outcomes.

In this issue of the Journal, Dépret and colleagues conducted a
post hoc analysis of data from two prospective observational studies,
the FROG-ICU (French and European Outcome Registry in ICUs)
and the AdrenOSS-1 (Adrenomedullin and Outcome in Severe
Sepsis and Septic Shock 1) (6). In their analyses, they defined
subclinical AKI as a penKid of more than 80 pmol/L in the absence
of a change in SCr concentrations. They demonstrated that 6.2%
(161 of 2587) of the population were penKid(1)/SCr(2), but these
161 subjects represented 12.6% of those previously labeled as having
no AKI. Thus, in these cohorts, roughly one in every eight patients
without a change in SCr actually experienced some change in kidney
function as measured by penKid.

As in the prior studies, they demonstrated a stepwise increase in
adverse outcomes and/or severity of illness in those with subclinical
AKI compared with those without AKI. penKid(1)/SCr(2) patients
were more likely to require hemodynamic support (defined as needing
specific intravenous vasoactive medications) and to need support for
longer duration compared with those with no AKI. Similarly, they
demonstrated that 28-day survival was 93.3% in those who were
penKid(2)/SCr(2) compared with 79.5% in the penKid(1)/SCr(2)
cohort and 66.8% in those with SCr(1) AKI. Thus, it seems that even
in the absence of a change in SCr, penKid is able to identify a cohort of
critically ill adults who are at an increased risk for adverse outcomes.

It is important to note a few limitations of this work. First, UO-
based criteria were not used to define AKI; although UO is often less
strongly associated with adverse outcomes compared with SCr, it
is still an integral part of the AKI definition. In addition, in the
AdrenOSS-1 study, UOwas not associated with 28-daymortality with
a C-statistic of 0.49 (P= 0.71) (the C-statistic was slightly higher in
the FROG-ICU at 0.56; P= 0.017). In addition, the authors chose to
back-calculate baseline GFR for patients whose estimated GFRs were
,75 ml/min at admission using the MDRD (Modification of Diet
in Renal Disease Study) equation. Although there is no universal
standard for attempting to establish a baseline SCr or baseline
estimated GFR in hospitalized patients, it is not clear how this back-
calculation impacted the findings through potentially erroneous
designations of AKI and subclinical AKI.

Regardless of these limitations, this important work adds
penKid to the growing list of clinically available tests that clearly

identify at-risk critically ill patients. Because penKid accumulates
early in the setting of reduced GFR, pairing it with other early
biomarkers that assess tubular stress/injury may augment the ICU
clinician’s ability to detect AKI. We need to move beyond
using SCr and UO as the sole method of assessing AKI, and
AKI risk assessment should move from a static to a more
dynamic/continuous process (4). At-risk patients with elevated
penKid and other biomarkers in the absence of changes in
SCr/UO are likely to be the ones who will benefit from early
interventions such as an AKI care bundle. Recently, care bundles
have been repeatedly shown to improve outcomes in patients with
elevated biomarkers and in those with early SCr-based AKI (10,
11). In the near future, we hope that investigators would perform
randomized trials to determine if critically ill patients with
penKid (or other biomarker)-defined AKI benefit from specific
interventions. n

Author disclosures are available with the text of this article at
www.atsjournals.org.

Jay L. Koyner, M.D.
Section of Nephrology
University of Chicago
Chicago, Illinois

ORCID ID: 0000-0001-6873-8712 (J.L.K.).

References

1. Colls PC. Notes on creatinine. J Physiol 1896;20:107–111.
2. Group KAW. KDIGO clinical practice guideline for acute kidney injury.

Kidney Int Suppl 2012;17:1–138.
3. Bosch JP, Saccaggi A, Lauer A, Ronco C, Belledonne M, Glabman S.

Renal functional reserve in humans: effect of protein intake on
glomerular filtration rate. Am J Med 1983;75:943–950.

4. Koyner JL, Zarbock A, Basu RK, Ronco C. The impact of biomarkers of acute
kidney injury on individual patient care.Nephrol Dial Transplant 2019;gfz188.

5. Haase M, Kellum JA, Ronco C. Subclinical AKI: an emerging syndrome
with important consequences. Nat Rev Nephrol 2012;8:735–739.
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