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Standardized systems for defining and staging AKI
predict mortality in a stage-dependent manner. In2012,
the Kidney Disease: Improving Global Outcomes
(KDIGO) criteria unified the preceding RIFLE and
AKIN classifications (Figure 1A) (1). However, AKI
remains a syndrome with devastating clinical out-
comes, no approved specific therapies, and only
supportive care.

Need for a Definition of AKI Recovery

The growing recognition of the mechanisms, tim-
ing, and extent of AKI recovery as key factors in
determining patient outcomes and development of
potential AKI therapies has focused attention on the
need to standardize the diagnosis/staging of AKI
recovery. CKD is now among the recognized potential
sequelae of AKI, even in those with normal pre-AKI
kidney function. Animal models and epidemiologic
studies suggest that apoptosis, maladaptive repair,
and fibrosis lead to new or worsening CKD in a
significant proportion of patients with AKI (2). Ac-
cordingly, the 2012 KDIGO clinical practice guidelines
recommended clinical follow-up of surviving patients
at 3 months after an episode of AKI, to determine if
new or worsening CKD has developed and requires
ongoing management (Figure 1C) (1). Furthermore,
clinical trials of potential new therapies use composite
clinical outcomes that expand on the traditional out-
come of dialysis-free survival, to incorporate mea-
sures of new/worsening CKD. However, less
attention has been paid to the importance of the
rate and extent of AKI recovery during the initial
weeks of an AKI episode. Here, we review recent
literature proposing approaches to define and stage
AKI recovery, and propose novel criteria for the
retrospective diagnosis and staging of AKI that was
present on admission and recovered within
7 days (Figure 1B).

Epidemiologic Data and Observational Studies of
AKI Recovery

AKI recovery has been defined by the Acute Disease
Quality Initiative 16 consensus group as the absence of
AKI by both serum creatinine and urine output
criteria (per KDIGO) within 7 days after AKI onset
(Figure 1C) (3,4). Transient AKI is defined by rapid
reversal of AKI within 48 hours, and is strongly
correlated with reduced morbidity and mortality
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(3-7), compared with persistent AKI, which is defined
by reversal of AKI within 2-7 days (Figure 1C). AKI
that has not recovered within a week is termed acute
kidney disease (AKD; a term first proposed in the
original KDIGO AKI guidelines) (Figure 1C) (1). AKD
is assigned stages 1-3 on the basis of the occurrence of
KDIGO AKI criteria during the 7-90 day period after
the initial AKI. Stage 0 subgroups A-C represent
patients without stage 1-3 criteria but at increased risk
of progression to CKD (lesser decrements of GFR, loss
of kidney functional reserve, proteinuria, other markers
of kidney damage; Figure 1C). Finally, CKD is defined
as kidney disease persisting for 3 months or longer.

A growing evidence base supports the adoption of
this conceptual framework and proposed definitions. In
2017, Kellum et al. (5) studied 16,968 critically patients
with KDIGO AKI stage 2/3 at the University of
Pittsburgh and found that approximately 40% of pa-
tients with AKI in this cohort progressed to AKD. AKD
that has not recovered by hospital discharge was
associated with a doubling of 1-year mortality. They
also found that recurrent AKI which occurred before
discharge was associated with significantly increased 1-
year mortality. One-year mortality was 31% for those
who had at least one relapse but recovered by hospital
discharge, versus 58% in those who relapsed but did not
recover in hospital, and in contrast was only 10% in for
those who had a sustained recovery within a week.
These data demonstrated the importance of early AKI
recovery, versus progression to AKD. Similarly, in their
recent large retrospective population-based cohort
study, James et al. (8) studied residents of Alberta,
Canada. AKI occurred in 15,777 (1%) and AKD without
AKI (kidney dysfunction without an AKI-defining
event) occurred in 42,487 (4%) of the population studied.
Both AKI and AKD were associated with significantly
increased mortality versus those without kidney disease
(adjusted hazard ratio, 3.23; 95% confidence interval
[95% CI], 3.16 to 3.31, and adjusted hazard ratio, 1.42;
95% CI, 1.39 to 1.45, respectively). They also demon-
strated a substantial increase in the risk of both CKD,
defined by eGFR loss or proteinuria, and ESKD among
both AKI and AKD without AKI cohorts. Also in 2019,
Hsu et al. (9) presented AKI data from the Assessment,
Serial Evaluation, and Subsequent Sequelae in AKI and
Chronic Renal Insufficiency Cohort studies. A total of
324 patients had an AKI episode, which was associated
with a 9% increase in the urine-protein-to-creatinine
ratio in multivariable analysis. Proteinuria correlated
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Figure 1. | Conceptual model of proposed retrospective staging of AKI on admission. (A) Kidney Disease: Improving Global Outcomes
(KDIGO) AKl serum creatinine definitions. For urine output criteria, see KDIGO guideline. (B) Proposed criteria for retrospective diagnosis and
staging of AKI. The minimum serum creatinine (SCr) within 7 days is compared with the reference (first/admission) value. (C) ADQI recovery and
acute kidney disease (AKD) definitions. AKI may then reverse within 7 days (AKl recovery) or progress to AKD with or without CKD. Modified from

reference 3, with permission.

with the severity of the initial injury, with patients who had
AKI stage 3 having a 24% increase in urine-protein-to-
creatinine ratio (95% CI, 1.09 to 1.40; P<0.001). These findings
underline the importance of continuum of AKI recovery, the
potential development of AKD post-AKI, and its relationship
with CKD. More data on the evolution of proteinuria and
GEFR loss post-AKI are needed to understand the pathobiol-
ogy of this syndrome and the potential utility of routinely
monitoring urinary protein excretion in the early period (<3
months) post-AKI.

In their large AKI cohort study (8), James et al. defined
43% of their AKI cases using a “decrease in serum
creatinine >50% in 7 days.” This illustrates the frequency
of recovering AKI at presentation, which could otherwise
be missed. This phenomenon was highlighted in the 2012
KDIGO AKI guidelines, which first proposed a decrement
in serum creatinine of =50% occurring within a week as a
retrospective definition of AKI (1). Similarly, in our recent
prospective study of a critically ill cohort, we used a
threshold of a =33% decrease from the intensive care unit
admission (reference) serum creatinine during the first
7 days to identify patients with recovering AKI at admis-
sion (10). An additional 177 AKI cases (26% of total cohort,
added to 38% who developed AKI by standard KDIGO
criteria; with an overall AKI incidence of 65%) were
identified using this criterion. We chose a 33% decrease
in serum creatinine, rather than a 50% decrease, as it
represents the inverse of the =50% increase within 7 days
that prospectively defines KDIGO stage 1 AKI (see pro-
posed retrospective AKI definition and staging system
below; Figure 1B).

AKI Recovery: A Proposed Definition

We thus propose the retrospective diagnosis of recov-
ering AKI that was present at admission, on the basis of a
decrease from the reference serum creatinine of at least
33% in the following 7 days (Figure 1B). A serum creatinine
decrease of =0.3 mg/dl (=26.5 umol/L) within 48 hours
was considered, but not included in stage 1 of the

proposed classification, as it may not be sufficiently
specific (prior CKD, rapid volume shifts, etc). We further
categorize recovering AKI into stages 1-3 on the basis of
the inverse of the AKI KDIGO serum creatinine criteria
(Figure 1B). In clinical practice and epidemiologic studies,
this approach would substantially increase the recognition
of AKI that reverses within the initial week of hospital-
ization, whether transient (<48 hours) or persistent (2-7
days) according to the proposed KDIGO AKI recovery
criteria, which we also endorse (Figure 1C). Taken to-
gether, we think that these emerging data should prompt
additional analyses of the epidemiology, pathobiology,
and clinical importance of early AKI recovery, and the
continuum of AKI, AKD, and CKD as defined and staged
using these criteria. This will facilitate AKI research and
management that achieves optimal AKI recovery
and outcomes.
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