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Editorial

Is There One Best Way to Define AKI?
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Acute kidney injury (AKI) has been repeatedly shown
to be associated with adverse outcomes in both inpa-
tient and outpatient settings, with even small eleva-
tions in serum creatinine associated with subsequent
risk of cardiovascular disease (CVD) and mortality
(1-3). Accurate ascertainment of AKI is then funda-
mental to determine whether a more stringent blood
pressure (BP) goal may have an unintended conse-
quence of higher rates of AKI. Approaches to AKI
ascertainment that leverage serum creatinine measure-
ments from the electronic health record (EHR) may be
more sensitive than traditional billing-based methods,
allowing for greater precision and less bias in random-
ized clinical trials that use AKI as an outcome.

To this end, the recent secondary analysis of the
SPRINT trial (4) by Drawz et al. (5) had two objectives.
First, the authors aimed to evaluate the treatment
effect of intensive BP lowering on AKI, on the basis of
three definitions of AKI: (1) serious adverse events
(SAE) adjudication on the basis of inpatient diagnosis
codes and review of admission and discharge notes,
as in the primary SPRINT analysis; (2) an increase of
=50% or =0.3 mg/dl in inpatient EHR serum creati-
nine values compared with baseline outpatient values;
or (3) an increase of =50% in outpatient serum creati-
nine using both serum creatinine measurements col-
lected through the clinical trial protocol and the EHR.
For both inpatient and outpatient EHR-based defini-
tions, baseline serum creatinine was defined as the
most recent creatinine measured as part of the trial
follow-up. Second, the authors examined the associa-
tion of each of these definitions of AKI with subse-
quent development of the primary SPRINT outcomes
of cardiovascular events (fatal or nonfatal myocardial
infarction, stroke, or heart failure; unstable angina; or
death attributable to CVD) and mortality.

Utilizing linked EHR data from 47 out of 102 clinical
sites representing 3644 SPRINT participants, the
authors found that both inpatient and outpatient EHR
laboratory-based definitions of AKI identified more
than double the number of events (342 and 416 events,
respectively) compared with the trial’s SAE adjudica-
tion (156 events). Intensive BP lowering treatment
significantly elevated the risk of SAE adjudicated inpa-
tient AKI (hazard ratio [HR]=1.51; 95% confidence
interval [CI], 1.09 to 2.08) and creatinine-based outpa-
tient AKI (HR=1.40; 95% CI, 1.15 to 1.7); there was a
more modest, although not statistically significant,
effect on creatinine-based inpatient AKI (HR=1.2; 95%

CI, 0.97 to 1.48). The majority of AKI cases in either
EHR-based definition were mild, and most patients
had quick resolution of their AKI. All three definitions
of AKI were associated with higher mortality, with
creatinine-based inpatient AKI having the strongest
association (HR=5.54; 95% CI, 3.94 to 7.8). In contrast,
only creatinine-based inpatient AKI was significantly
associated with a greater risk of CVD (HR=1.74; 95%
CI, 1.15 to 2.64).

This study highlights the difficulties in ascertaining
AKI as a study outcome. As the authors note, an AKI
definition on the basis of SAEs may be biased in an
open-label study, where providers may be sensitive to
the risk of AKI for a given treatment group and there-
fore more likely to mention it in admission and
discharge notes. The authors note that the creatinine-
based inpatient AKI definition found relatively more
additional events in the standard versus intensive
group, suggesting that this phenomenon may have
been present in SPRINT. In addition, AKI on the basis
of SAEs has previously been shown to have poor sensi-
tivity (<20%) compared with AKI defined by inpatient
creatinine values (6). Conversely, in an outpatient set-
ting, there may be bias in why serum creatinine is mea-
sured in the first place.

In this study, EHR-based definitions identified many
more AKI events compared with the SAE-based defini-
tion, and most patients with outpatient AKI regained
kidney function within 12 months, defined as returning
to within 30% of their pre-AKI SPRINT value. One
might wonder, then, whether the additional AKI
events identified with EHR data represent meaningful
kidney dysfunction with long-term effects. In fact, AKI
identified from inpatient creatinine values had a stron-
ger association with mortality than SAE-based AKI
and was also significantly associated with incident
CVD. Although the association of AKI with CVD and
mortality has been shown repeatedly and is not in itself
novel, it underscores the fact that traditional methods
of ascertaining AKI from SAEs miss events that may
carry real risk for long-term clinical outcomes.

The authors suggest that future studies of imple-
mentation of intensive BP control would be beneficial
because certain forms of intensive control might carry
different risks of AKI. However, from the results of
the current work, it is unclear whether reducing AKI
in this setting would directly reduce subsequent mor-
bidity and mortality. The strong association of AKI
with mortality shown here may simply be a “stress
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test” of a person’s overall and cardiovascular fitness to
acute changes in BP. Development of mild AKI resultant
from changes in BP may identify patients at higher risk of
poor long-term outcomes, with the mortality benefits of
intensive BP lowering occurring independently of an AKI
pathway. Given the clear overall benefit shown in SPRINT,
an intensive BP management strategy is here to stay; how-
ever, it seems relevant to study whether the risk of AKI is
modifiable within the intensive BP management strategy.

The findings of Drawz and colleagues also have implica-
tions for the design and analysis of future studies. First, the
results argue for incorporating EHR ascertained AKI into
the design of large and/or pragmatic clinical trials. The
authors note in their discussion that in evaluating the effect
of intensive BP control in an open-label trial, providers may
have been more likely to identify and mention AKI in their
admission and discharge notes, from which SAEs were
ascertained. In contrast, leveraging EHR data to define AKI
may minimize this bias. More broadly, the prospect of
incorporating EHR data into clinical trial outcome defini-
tion is appealing because of improvements in efficiency.
However, this needs to be balanced with issues of ascertain-
ment bias, in that clinicians may measure serum creatinine
values more often in patients at higher risk of AKI. Thus,
the ascertainment of the outcome may be different in popu-
lations with differing baseline risk. Clinical settings in
which this bias may be limited include maintenance dialy-
sis centers, in which routine vital sign measurements and
laboratory values are less likely to be subject to ascertain-
ment bias. Second, EHR-based definitions of AKI are likely
to identify more events that are associated with risk of clini-
cally meaningful outcomes. Trials that utilize this method
for ascertainment can be smaller compared with studies
that use SAE-defined AKI, with the same power to detect
clinically meaningful treatment effects. Finally, similar
approaches could be used to abstract data to examine
related outcomes such as eGFR trajectory over time, which
is often used as a surrogate outcome in clinical trials.

In summary, the EHR offers the prospect of a more sensi-
tive and less biased method of ascertaining AKI in large
clinical trials. Drawz and colleagues have shown the feasi-
bility of implementing EHR-based AKI definitions in this
secondary analysis of the SPRINT trial, which should pro-
mote and guide the use of this type of ascertainment in the
design of future trials that have AKI as an outcome.
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