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ABSTRACT

Background. Acute kidney injury (AKI) has been extensively
studied in hospital settings. Limited data exist regarding out-
comes for patients with outpatient AKI who are not subse-
quently admitted. We investigated whether outpatient AKI,
defined by a 50% increase in creatinine (Cr), is associated with
increased mortality and renal events.

Methods. In this retrospective study, outpatient serum Cr
values from adults receiving primary care at a health system
during an 18-month exposure period were used to categorize
patients into one of five groups (no outpatient AKI, outpa-
tient AKI with recovery, outpatient AKI without recovery,
outpatient AKI without repeat Cr and no Cr). Principal out-
comes of all-cause mortality and renal events (50% decline in
estimated glomerular filtration rate to <30 mL/min/1.73 m?)
were examined using Cox proportional hazards models.

Results. Among 384 869 eligible patients, 51% had at least one
Cr measured during the exposure period. Outpatient AKI
occurred in 1.4% of patients while hospital AKI occurred in
only 0.3% of patients. The average follow-up was 5.3 years.
Outpatient AKI was associated with an increased risk of all-
cause mortality {adjusted hazard ratio [aHR] 1.90 [95% confi-
dence interval (CI) 1.76-2.06]} and results were consistent
across all AKI groups. Outpatient AKI was also associated with
an increased risk of renal events [aHR 1.33 (95% CI 1.11-1.59)],
even among those who recovered.

Conclusions. Outpatient AKI is more prevalent than inpatient
AKT and is a risk factor for all-cause mortality and renal events,
even among those who recover kidney function. Further
research is necessary to determine risk factors and identify strat-
egies for preventing outpatient AKL

Keywords: acute kidney injury, albuminuria, chronic kidney
disease, epidemiology, mortality
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INTRODUCTION

Acute kidney injury (AKI) has been extensively studied in hospi-
tal settings, both when present on admission and when AKI
develops during an admission. Incidence rates and risk factors
have been defined for hospital-acquired AKI [1, 2] and multiple
large observational studies have documented its association with
chronic kidney disease (CKD), hypertension, hospital length of
stay and mortality [3-8]. Community-acquired AKI, a term used
to describe AKI present on hospital admission, is believed to rep-
resent about a quarter of AKI events observed in the hospital, and
its incidence appears to be increasing [9, 10]. Community-
acquired AKI, like hospital-acquired AKI, is associated with a
higher incidence of CKD and mortality [11, 12], although studies
are conflicting regarding which has a higher risk [10, 13].

Little is known about outpatient AKI, that is, AKI in patients
not subsequently admitted in the period after an increase in cre-
atinine (Cr). The few studies that have addressed this issue have
found that outpatient AKI may be common and associated
with increased mortality and CKD [10, 14-17]. To the best of
our knowledge, there has been no comprehensive study analyz-
ing patients with and without outpatient AKI and comparing
those who recover with those who do not.

The purpose of this retrospective cohort study was to deter-
mine whether outpatient AKI, with or without recovery, is asso-
ciated with an increased risk of mortality, renal events and
other secondary outcomes, including hospitalization, hospital
AKIT and recurrent outpatient AKI.

MATERIALS AND METHODS
Data source

Patients were identified from the electronic health record
(EHR) of Fairview Health Services, a large health system in
Minnesota that serves the Twin Cities metro area and sur-
rounding communities. Fairview, the primary affiliate of the
University of Minnesota, operates six hospitals and medical
centers and more than 40 primary care clinics and 55 specialty
clinics. The EHR incorporates all inpatient and outpatient

documentation, labs, imaging and billing. To capture patient
death, the EHR has been linked to the Minnesota Death Index.
The Institutional Review Board at the University of Minnesota
approved this study and the study adhered to the Declaration of
Helsinki.

Cohort definition

The cohort included all adult patients receiving primary care
through Fairview Health Services (see Figure 1). Those with at
least two primary care provider (PCP) visits separated by at
least 18 months were included. The period between these visits
(the ‘baseline period’) was used to establish baseline Cr values,
vitals, labs and comorbidities. Patients were excluded if they
were <18 years old at the second qualifying PCP visit. After the
baseline period, an 18-month exposure period was used to cap-
ture outpatient serum Cr values, from which the following sub-
groups were defined: no outpatient AKI (reference group),
outpatient AKI with recovery, outpatient AKI without recovery,
outpatient AKI without a repeat Cr and no Cr checked during
the exposure period. AKI events with a hospital admission in
the subsequent 7 days were excluded, as were Cr values
obtained in the emergency room. AKI at hospital admission or
during hospitalization was collected and analyzed separately.
Patients who died during the exposure period were excluded.
Patients with a diagnosis of end-stage renal disease or with a
kidney transplant before the end of the exposure period were
also excluded. After the 18-month exposure period, a follow-up
period began and continued until the outcome of interest or a
censoring event occurred. Censoring occurred at the time of the
last data point in the EHR for each patient.

We are unaware of any validated definition of AKI strictly in
the outpatient setting. For our study, outpatient AKI was defined
as a 50% increase in Cr compared to baseline. Each Cr value had
a moving baseline that was the average of up to the last three out-
patient Cr values 30-365 days prior [18]. If no Cr value was avail-
able within 30-365 days, the most recent Cr value >365 days
prior was used as the baseline. Recovery from AKI was defined as
a return of the Cr to within 10% of the baseline value at any time
during the exposure period. The severity of outpatient AKI was

I&A{ least 18 months#

Exposure Period | |
(18 months) Follow-up Period

u I
| - |
|Patient entered PCP visit #1

Entered
Example  into  —> vF;s?tP1 . fﬁﬁ
Patent  EHR

o
PCP visit X

»> Cr0.8—» Cr09—»Cr0.7—» Cr1.5 —» Cr0.8 —» Follow-up

Follow-up | Outcome or |
Exposure Period \‘

Patient
period death

1 )

T - .
Baseline Cr = Moving Avgof3 | AKI | Recove
values 30-365 days prior o Cr o

FIGURE 1: Cohort construction with example of a patient followed by AKI definitions.
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Table 1. AKI classification and AKI definitions for this study

AKI by setting
Outpatient AKI
Community-acquired AKI
Hospital-acquired AKI
Hospital AKI

AKT and recovery definitions

AKI diagnosed and managed in the outpatient setting without hospital admission within 7 days after AKI was detected
AKT resulting in hospital admission within 7 days or present on day of admission

AKI occurring during hospitalization, but not present on day of admission

Community-acquired and hospital-acquired AKI combined

AKI A 50% increase in Cr with a moving baseline using an average of the last three Cr values 30-365 days prior for
outpatient AKI and 7-365 days for hospital AKI

Recovery from AKI
AKI severity (modified KDIGO
classification)

Recovery of Cr to within 110% of the baseline Cr after AKI

Stage 1 Increase in Cr of 1.5-1.9 times the baseline Cr
Stage 2 Increase in Cr of 2.0-2.9 times the baseline Cr
Stage 3 Increase in Cr at least 3.0 times the baseline Cr
Outpatient AKI groups in our cohort
No AKI At least one Cr value present during the 18-month exposure period with no AKI occurring during this time
period
AKI with recovery AKI and a future Cr value during the exposure period meeting criteria for recovery as defined above
AKI without recovery AKI and one or more future Cr values during the exposure period with none meeting criteria for recovery
AKI without repeat Cr AKI without a repeat Cr value during the exposure period to assess for recovery
No Cr No Cr value available during the exposure period
Proteinuria classification
(adapted from KDIGO)
0 Urine dipstick 0 or trace or urine albumin:Cr ratio or protein:Cr ratio <30 mg/g or 24-h urine protein <30 mg
1 Urine dipstick 30-100 mg/dL or urine albumin:Cr ratio or protein:Cr ratio 30-299 mg/g or 24-h urine protein
30-299 mg
2 Urine dipstick >300 mg/dL or urine albumin:Cr ratio or protein:Cr ratio >300 mg/g or 24-h urine protein >300 mg

defined as Stages 1-3 based on the Kidney Disease: Improving
Global Outcomes (KDIGO) definition, excluding urine output
[19]. See Table 1 for all definitions.

Covariate definitions

All baseline characteristics were defined using EHR data up
to and including the second qualifying PCP visit. Baseline char-
acteristics included age, gender, race and smoking status.
Baseline comorbidities included diabetes, hypertension, cardio-
vascular disease, liver disease and any cancer diagnosis.
Comorbidities were considered present if at least two
International Classification of Disease codes for that condition
were present during the baseline period (Supplementary data,
Table S4) [20]. Baseline labs and vitals were defined using the
last value before the end of the baseline period and included
blood pressure (BP), estimated glomerular filtration rate
(eGFR), sodium, albumin and urine protein. eGFR was calcu-
lated using the Modification of Diet in Renal Disease (MDRD)
equation and urine protein was classified as 0, 1 or 2 based on
the KDIGO cdlassification (Table 1) [19]. Other covariates
included hospitalization, inpatient AKI and outpatient AKI
during the baseline period.

Outcome measures and definitions

The principal outcomes were all-cause mortality and renal
events, defined as a decrease in eGFR to <30 mL/min/1.73 m>
on at least two measurements with at least a 50% decline from
the last value during the exposure period. This level of CKD
with eGFR <30 mL/min/1.73 m” was chosen since it is known
to be associated with a significant increased risk of adverse out-
comes [21]. Only outpatient Cr measurements were used to

Outpatient AKI increases mortality and CKD

assess the renal outcome. Secondary outcomes included hospi-
talization, hospital AKI and recurrent outpatient AKI. In addi-
tion to the primary analysis, each outcome was analyzed by the
severity of AKI, and all outpatient AKI groups (with recovery,
without recovery, and without a repeat Cr) were combined to
compare risk among those with any outpatient AKI to those
with hospital AKI during the exposure period. Inpatient AKI as
a covariate (exposure period) and outcome (follow-up) was
defined by a 50% increase in Cr during a hospitalization com-
pared to a known baseline 7-365 days prior to admission.

Statistical analysis

Baseline variables are reported by AKI group as the mean
and standard deviation or median and the first and third quan-
tiles for continuous variables and as the total number and per-
centage for categorical variables. Principal and secondary
outcomes were analyzed as the time to event, with follow-up
beginning at the end of the exposure period. The Kaplan-Meier
method and Cox proportional hazards models were used to
generate cumulative incidence curves and obtain adjusted haz-
ard ratios (aHRs), adjusting for baseline characteristics, comor-
bidities, vitals, labs, hospitalization events and AKI events that
occurred during the baseline period. The group without AKI
was used as the reference group in all models. The models for
each outcome included all covariates defined above, which were
selected a priori. For covariates where data were missing, we
considered ‘NA’ to be its own unique value and adjusted for
this [22, 23]. We considered a P-value <0.05 to be statistically
significant and 95% confidence intervals (CIs) are provided.
R version 3.3.1 was used for all statistical analysis (R Foundation
for Statistical Computing, Vienna, Austria).
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(n=190,851)  (n=2,025) (n=1,913) (n=1,420)  (n=188,660)

FIGURE 2: Flow diagram showing all EHR patients, those excluded from our cohort and a breakdown of each AKI group.

Sensitivity analyses

Preplanned sensitivity analyses included the following:
excluding patients without a Cr during the exposure period,
adjusting for the number of Cr values measured during base-
line, changing the exposure period from 18 months to 12 and
24 months, changing the exposure period to end at the date of
the last Cr measurement, censoring by using the date of the last
Cr measurement during follow-up and utilizing two alternative
eGFR thresholds for the renal outcome (<45 and <15 mL/min/
1.73 m?®). A post hoc time-dependent Cox model that otherwise
mirrored the primary analysis was conducted with follow-up
starting at the second qualifying PCP visit and HRs were deter-
mined for the following (with the reference as no event): Cr
measured, outpatient AKI, repeat Cr measured after outpatient
AKI and recovery from outpatient AKI. A post hoc sensitivity
analysis excluding patients that recovered from AKI ‘after’ the
exposure period was also conducted.

RESULTS
Cohort characteristics

There were 1.77 million patients identified from the EHR, of
which 384 869 were included in our cohort (Figure 2). Of these,
nearly equal numbers of patients had no Cr measured during
the exposure period (49.0%) or had at least one Cr measured
and did not have outpatient AKI (49.6%). Outpatient AKI
occurred in 1.4% of patients during the 18-month exposure
period and in 5.9% at any time, which was more common than
hospital AKI (0.3% and 1.9%, respectively). Compared with
patients without outpatient AKI, those with AKI were older and
more likely to be smokers, female and black (Table 2). They had
more comorbidities and were more likely to have had an AKI
or a hospitalization during the baseline period. On average,
they had higher systolic BP and more proteinuria. Of the 5358
with outpatient AKI during the exposure period, 37.8% recov-
ered, 35.7% did not recover and 26.5% did not have a repeat Cr.
More than half (52.3%) of the patients in the latter two groups
had a Cr measure qualifying them as recovered during follow-
up; therefore, 70.4% of patients (3772 of 5358 with AKI) recov-
ered to within 10% of their baseline Cr during either the expo-
sure or follow-up period.

The average follow-up was 5.3 years. Overall mortality in
the cohort was 3.2%. Mortality was lowest in those without a
Cr measured (1%), higher in patients without outpatient AKI
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(4.9%) and highest in those with outpatient AKI (17.9%).
Patients that recovered had the highest mortality (20.9%),
followed by those without recovery (17.8%) and those with-
out a repeat Cr (13.7%). Renal events occurred during
follow-up in 0.8% of patients without AKI and in 4.0, 3.0 and
1.0% in patients with outpatient AKI with recovery, without
recovery and without a repeat Cr, respectively. Secondary
outcomes including hospitalization, hospital AKI and outpa-
tient AKI had a similar pattern among the five groups

(Table 2).

Outcomes

Figure 3 shows the unadjusted cumulative incidence curves
for mortality, renal events and hospitalization by outpatient
AKI group. Table 3 shows the aHRs for the principal and secon-
dary outcomes by AKI group and by AKI severity. Outpatient
AKIT was associated with an increased risk for mortality, includ-
ing those with recovery [aHR 2.15 (95% CI 1.91-2.41)], with no
recovery [aHR 1.71 (95% CI 1.51-1.95)] and with no repeat Cr
[aHR 1.77 (95% CI 1.49-2.12)]. In a post hoc time-dependent
analysis, the association between outpatient AKI and mortality
was consistent [aHR 1.55 (95% CI 1.28-1.88)]. Measurement of
Cr after outpatient AKI was associated with lower mortality
[aHR 0.55 (95% CI 0.41-0.74)], but having a repeat Cr qualify-
ing as recovery was not associated with a further reduction in
mortality [aHR 1.19 (95% CI 0.87-1.63)].

Outpatient AKI with recovery was associated with an
increased risk for the principal renal outcome [aHR 1.73 (95%
CI 1.37-2.19)], but the AKI without recovery and AKI with no
repeat Cr groups were not at increased risk for renal events in
the primary analysis [aHR 1.20 (95% CI 0.91-1.57); aHR 0.73
(95% CI 0.43-1.25), respectively]. When those that recovered
from outpatient AKI after the exposure period were excluded in
post hoc analyses (Supplementary data, Table S3), there was an
increased risk of the renal outcome in the AKI without recovery
group [aHR 2.16 (95% CI 1.49-3.14)] as well as the AKI with
recovery group [aHR 1.57 (95% CI 1.21-2.04)].

All categories of outpatient AKI were associated with an
increased risk for secondary outcomes of hospital AKI, out-
patient AKI and hospitalization (Table 3). Additionally, in
secondary analyses, each stage of severity of outpatient AKI
was associated with an increased risk of mortality. Stage 1
outpatient AKI was associated with an increased risk of
renal events [aHR 1.34 (95% CI 1.10-1.62)] while Stages 2

M.D. Leither et al.
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FIGURE 3: Cumulative incidence curves by AKI group for mortality, incident CKD and hospitalization.

and 3 were not [aHR 1.32 (95% CI 0.86-2.03); aHR 0.90
(95% CI 0.37-2.19)]. Each stage of outpatient AKI was asso-
ciated with an increased risk for hospitalization, inpatient
AKI and recurrent outpatient AKI. Hospital AKI was associ-
ated with an increased risk for mortality [aHR 2.79 (95% CI
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2.31-3.38)], renal events [aHR 2.12 (95% CI 1.30-3.46)]
and all secondary outcomes. The highest risk of mortality
occurred in those with hospital and outpatient AKI [aHR
4.42 (95% CI 3.27-5.96)]. Similar results were observed for
renal events and secondary outcomes.

M.D. Leither et al.



Table 3. aHRs (95% Cls) for various outcomes by AKI group

Mortality

eGFR <30 mL/min/1.73 m*

Hospital AKI

Outpatient AKI Hospitalization

Primary analysis
Outcomes by outpatient AKI group

No AKI

AKI with recovery

1.0 (Ref)
2.15(1.91-2.41)

1.0 (Ref)
1.73 (1.37-2.19)

AKI no recovery 1.71 (1.51-1.95) 1.20 (0.91-1.57)
AKI no repeat Cr 1.77 (1.49-2.12) 0.73 (0.43-1.25)
No Cr 0.73 (0.68-0.77) NA

Secondary analyses
Outcomes by AKI severity

1.0 (Ref)

2.63 (2.27-2.99)
1.94 (1.65-2.27)
1.53 (1.20-1.96)
0.53 (0.48-0.57)

1.0 (Ref)

2.06 (1.85-2.30)
221 (1.67-2.92)
3.25 (2.09-5.06)
0.53 (0.49-0.57)

1.0 (Ref)

2.37 (2.14-2.63)
2.61 (2.37-2.89)
3.40 (3.02-3.83)
0.53 (0.50-0.55)

1.0 (Ref)

2.55 (2.38-2.74)
3.08 (2.60-3.65)
2.64 (1.90-3.67)
0.53 (0.51-0.56)

1.0 (Ref)

1.76 (1.63-1.89)
1.77 (1.65-1.91)
1.51 (1.37-1.67)
0.67 (0.66-0.69)

1.0 (Ref)

1.73 (1.64-1.82)
1.73 (1.51-1.97)
2.00 (1.58-2.54)
0.67 (0.66-0.69)

No AKI 1.0 (Ref) 1.0 (Ref)

Stage 1 AKI 1.90 (1.74-2.07) 1.34 (1.10-1.62)
Stage 2 AKI 1.92 (1.53-2.41) 1.32 (0.86-2.03)
Stage 3 AKI 2.47 (1.61-3.80) 0.90 (0.37-2.19)
No Cr 0.73 (0.68-0.77) NA

Any outpatient AKI versus No AKI
No AKI 1.0 (Ref) 1.0 (Ref)
Any outpatient AKI 1.90 (1.76-2.06) 1.33 (1.11-1.59)

No AKI versus outpatient AKI
versus hospital AKI versus both

No AKI 1.0 (Ref) 1.0 (Ref)
Outpatient AKI 1.87 (1.72-2.03) 1.37 (1.15-1.65)
Hospital AKI 2.79 (2.31-3.38) 2.12 (1.30-3.46)

Outpatient and hospital AKI 4.42 (3.27-5.96)

1.11 (0.55-2.26)

1.0 (Ref)
2.14 (1.93-2.37)

1.0 (Ref)
2.75 (2.57-2.93)

1.0 (Ref)
1.71 (1.63-1.79)

1.0 (Ref)

2.13 (1.91-2.37)
4.30 (3.55-5.21)
4.69 (3.58-6.14)

1.0 (Ref)

2.79 (2.61-2.98)
2.41 (1.98-2.94)
3.00 (2.28-3.96)

1.0 (Ref)

1.70 (1.62-1.78)
2.53 (2.26-2.84)
2.93 (2.44-3.52)

All are aHRs (Cox model). Variables in each Cox model included demographics (age, gender, race), baseline comorbidities (diabetes, hypertension, cardiovascular disease, liver disease,
cancer, smoking status), baseline vitals and labs (last systolic BP, diastolic BP, sodium, albumin, urine protein and eGFR), baseline events (hospitalization, hospital AKI, outpatient

AKI), recurrent outpatient AKI during exposure and total follow-up time.

Sensitivity analyses

Sensitivity analyses are shown in Supplementary data,
Tables S1 and S2. Shortening the exposure period from
18 months to 12 months tended to attenuate the aHR slightly for
each outcome in each AKI group and lengthening it to 24 months
tended to increase the aHR slightly, without changing the direc-
tion or statistical significance. One exception was the 95% CI for
mortality in the AKI with no repeat Cr group, which only crossed
1.0 in the 12-month exposure group. Results were consistent in
sensitivity analyses for principal and secondary outcomes when
excluding those without a Cr checked during the exposure period
and when adjusting for the number of Cr measurements during
the baseline period. For the renal outcome, results were consistent
regardless of the eGFR threshold or whether the last Cr during the
exposure period or last Cr during follow-up was used to start and
end follow-up, respectively. In post hoc analyses, we assessed for
potential inciting events by analyzing International Classification
of Diseases (ICD) Revision 9/10 codes within 72 h of the Cr value
that qualified as AKI. Among the 5358 patients with outpatient
AKT, 1403 (26.2%) had ICD codes consistent with infection, hypo-
tension or chronic conditions with clear links to AKJ; the propor-
tion of patients with one of these ICD codes was similar for those
with recovery (30%) and those without recovery (27%) but was
lower among those with no repeat Cr (19%).

DISCUSSION

We observed that AKI in the outpatient setting is more than
three times as common as AKI observed in the hospital setting
and is an independent risk factor for all-cause mortality and
clinically significant CKD (determined by our threshold of

Outpatient AKI increases mortality and CKD

eGFR <30 mL/min/1.73 m” and a minimum 50% decrease in
eGFR), even among patients who recover to within 10% of their
baseline Cr. There additionally appeared to be a dose-response
relationship between the severity of AKI and mortality risk.
While the groups of AKI without recovery and AKI without
repeat Cr could represent progressive CKD, these results held
for patients with near-complete recovery of their eGFR to
within 10% of baseline. Compared to patients with no AKI,
those with outpatient AKI had a 33% increased risk for renal
events and a 90% increased risk for mortality. Recovery from
outpatient AKI was not protective from this increased risk for
mortality in either the primary analysis or in a time-dependent
analysis; unexpectedly, patients with outpatient AKI with
recovery had higher aHRs for mortality and renal events than
patients with outpatient AKI without recovery. Patients with
AKI without recovery may have actually had a period of rapid
decline in renal function rather than an acute isolated event. It
is possible that AKI poses a greater risk for adverse outcomes
than a sustained decline in renal function.

Five retrospective studies have analyzed outcomes after out-
patient AKI. Four of these studies were conducted in the UK
and one in Canada with a variety of sampling methods, defini-
tions and outcomes. The first was limited to patients with
advanced CKD and found those with outpatient AKI had
greater than double the risk for dialysis initiation and death
compared with age- and gender-matched controls [16]. Two
subsequent registry cohorts from the UK also found an
increased risk of mortality in patients with outpatient AKI with
increased risk regardless of severity [14, 17]. A larger cohort
from a UK health authority registry divided patients into
groups with hospital-acquired, community-acquired and
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outpatient AKL They found that 5-year mortality was high in
all three patient groups (67.1, 64.7 and 46.2%, respectively)
[10]. However, there were no patients without AKI in the
adjusted model for this cohort. Most recently, in a cohort study
from Wales, mortality was 25% overall for those with AKI and
was higher with hospital-acquired AKI and with increasing
severity. Hospital-acquired AKI was least likely to recover and
AKI detected in the community was more likely to lead to wor-
sening renal function at 90 days [15]. These prior studies were
the first to report on AKI in the outpatient setting but are lim-
ited by a lack of a control group without AKI [10, 15] and an
inability to adjust for important comorbidities [15-17].

Our study is the most comprehensive analysis of outpatient
AKI and is the first American cohort. Strengths are its size,
length of follow-up, robust comparator arm and comprehensive
clinical data allowing for adjustment of potential confounders
and assessment of multiple important outcomes. Consistent
results in multiple sensitivity analyses also increase confidence in
the results. Outpatient AKI was a risk factor for every outcome
analyzed. Outpatient AKI had nearly double the risk of mortality
>5years compared with patients without outpatient AKI, with
an incidence of more than three times that of hospital AKI.
Similar to prior studies that have shown hospital AKI to be a risk
factor for mortality and CKD regardless of severity or whether
the Cr returns to baseline [3, 5, 7], we found that even the mild-
est form of outpatient AKI (1.5-1.9 times the baseline Cr) and
those that recover their Cr to baseline have a significantly
increased risk of mortality, CKD, hospitalization and recurrent
AKL

There are several limitations to our study. First, this is a ret-
rospective observational cohort with all the inherent limita-
tions, including differential follow-up. We attempt to account
for this by adjusting for possible confounders, including demo-
graphics, vital signs, labs and comorbidities. Second, this is a
single health system database in a metropolitan area with multi-
ple health systems and may not be representative of the general
population. This problem is limited given the size and expan-
sive nature of the health system and by selecting patients who
received their primary care within the system. Third, while lim-
ited mostly to lab tests in our database, there are missing data.
We account for this by using ‘missingness’ as a variable to
adjust for rather than by imputation, which is limited by an
assumption of randomness. Fourth, there are no established
uniform definitions for outpatient AKI like those for hospital
AKI. Knowing this limitation, we chose to use a 50% increase in
Cr to define outpatient AKI, because it remains a significant
change in eGFR regardless of the baseline Cr and is similar to
previously used definitions of AKI for the outpatient setting
[10]. We chose to utilize an exposure period of 18 months,
which is an effective method to define comparator groups, but
it is an arbitrary period of time and may result in survivorship
bias and misclassification. We accounted for this by using two
alternative exposure period lengths (12 and 24 months) and by
conducting a time-dependent analysis, neither of which
changed the overall conclusions. Finally, our definition of out-
patient AKI is not consistent with the KDIGO definition, which
is mainly applicable in the inpatient setting. Our definition may
also capture what is sometimes known as acute kidney disease,
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or AKD. Our definition could classify some patients with signif-
icant variability in kidney function as having AKI. Variability in
Cr has been associated with an increased risk for all-cause mor-
tality [24]. Our definition of outpatient AKI could also capture
patients with a rapid decline in renal function, although 70.4%
of those with outpatient AKI were seen to eventually recover
back to baseline renal function. Patients with AKI without
recovery may actually have progressive CKD; if so, it may
explain why this group had lower short-term mortality than
those with AKI (AKI with recovery group). This study, and the
few similar studies outlined above, identifies outpatient AKI as
having similar risks for adverse outcomes as inpatient AKI. We
plan a prospective observational study to better understand
potential inciting events, assess kidney injury biomarkers and
closely monitor renal function in the period after an outpatient
AKI event. The results will help differentiate outpatient AKI
from variability in renal function, AKD and development/pro-
gression of CKD.

The findings of this study reveal the significant consequen-
ces of AKI in the outpatient setting. This burden is managed
primarily in primary care clinics and efforts should now focus
on prevention, early detection and rapid intervention.
Unfortunately, evidence on how and where to focus these
efforts is limited. Future research is required to standardize defi-
nitions for outpatient AKI and its severity and to identify risk
factors and settings in which it occurs (demographics, comor-
bidities, medications, illnesses and behaviors). Prospective stud-
ies are necessary to test efforts at prevention and early
intervention, including the timing of referral to a specialist.

In conclusion, outpatient AKI not requiring hospital admis-
sion was common and occurred more than three times as often
as hospital AKI. Outpatient AKI was associated with an
increased risk of death and renal events as well as hospitaliza-
tion, hospital AKI and recurrent outpatient AKI, even in those
in whom Cr recovered to within 10% of baseline. Further
research is necessary to better understand the etiology and
pathophysiology underlying outpatient AKI in order to develop
approaches to prevent AKI events as well as reduce the risk for
subsequent adverse outcomes.

SUPPLEMENTARY DATA

Supplementary data are available at ndt online.
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