Article

Characteristics and Outcomes of Patients Discharged
Home from an Emergency Department with AKI
Rey R. Acedillo,*† Ron Wald,‡§ Eric McArthur,§ Danielle Marie Nash,§ Samuel A. Silver,‡ Matthew T. James,|
Michael J. Schull,§ Edward D. Siew,¶** Michael E. Matheny,¶**†† Andrew A. House,* and Amit X. Garg*†§

Abstract
Background and objectives Patients discharged home from an emergency department with AKI are not well
described. This study describes their characteristics and outcomes and compares these outcomes to two referent
groups.
Design, setting, participants, & measurements We conducted a population-based retrospective cohort study in
Ontario, Canada from 2003 to 2012 of 6346 patients aged $40 years who were discharged from the emergency
department with AKI (deﬁned using serum creatinine values). We analyzed the risk of all-cause mortality, receipt
of acute dialysis, and hospitalization within 30 days after discharge. We used propensity score methods to compare
all-cause mortality to two referent groups. We matched 4379 discharged patients to 4379 patients who were
hospitalized from the emergency department with similar AKI stage. We also matched 6188 discharged patients to
6188 patients who were discharged home from the emergency department with no AKI.
Results There were 6346 emergency department discharges with AKI. The mean age was 69 years and 6012 (95%)
had stage 1, 290 (5%) had stage 2, and 44 (0.7%) had stage 3 AKI. Within 30 days, 149 (2%) (AKI stage 1: 127 [2%];
stage 2: 15 [5%]; stage 3: seven [16%]) died, 22 (0.3%) received acute dialysis, and 1032 (16%) were hospitalized. An
emergency department discharge versus hospitalization with AKI was associated with lower mortality (3% versus
12%; relative risk, 0.3; 95% conﬁdence interval, 0.2 to 0.3). An emergency department discharge with AKI versus no
AKI was associated with higher mortality (2% versus 1%; relative risk, 1.6; 95% conﬁdence interval, 1.2 to 2.0).
Conclusions Patients discharged home from the emergency department with AKI are at risk of poor 30-day
outcomes. A better understanding of care in this at-risk population is warranted, as are testing strategies to
improve care.
Clin J Am Soc Nephrol 12: 1215–1225, 2017. doi: https://doi.org/10.2215/CJN.10431016

Introduction
AKI, deﬁned as a sudden deterioration in kidney
function, affects approximately 10% of hospitalized
patients worldwide (1–3). Among hospitalized patients, AKI is associated with increased morbidity,
mortality, and health care costs exceeding $10 billion
annually in the United States (4–7). Furthermore,
survivors of AKI hospitalization are at increased
risk of cardiovascular disease (8), CKD (9), and
ESRD (10,11).
AKI epidemiology is largely informed by studies
conducted in hospitalized and critically ill patients
(12). Less is known about patients who develop AKI
as outpatients or who present to the emergency
department (ED) with AKI and are managed in the
community (13). ED visits are brief, and health care
staff must decide whether a patient should be admitted to hospital or discharged home. A discharge home
may mean the ED health care staff felt the AKI was
reversible and could be managed in the community
or it may represent an underappreciated population
at risk of poor outcomes. We performed a detailed
www.cjasn.org Vol 12 August, 2017

search of PubMed and other bibliographic databases
in March of 2016 and found no study describing this
population in detail.
We conducted this study to describe the characteristics and outcomes of patients discharged home from
the ED with AKI and to compare outcomes to two
referent ED groups: patients hospitalized with AKI
and patients discharged home with no AKI. We
hypothesize that an ED discharge with AKI will
have lower risk of adverse outcomes compared with
hospitalization with AKI, and a higher risk compared
with an ED discharge with no AKI.

Materials and Methods
Study Design and Setting
We conducted a population-based, retrospective
cohort study of adults in Southwestern Ontario,
Canada, at the Institute for Clinical Evaluative Sciences Western facility. Our study was approved by
the Research Ethics Board at Sunnybrook Health
Sciences Centre in Toronto, Ontario. Southwestern
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Ontario has approximately 1.6 million residents with
universal access to hospital care and physician services
(14). Prescription drug coverage is a universal beneﬁt for
those aged $65 years. Participant informed consent was
not required for this study. This study followed the
STrengthening the Reporting of OBservational studies in
Epidemiology guidelines (Supplemental Table 1) (15). To
comply with privacy regulations for minimizing the chance
of patient reidentiﬁcation, results were suppressed in cells
with ﬁve or fewer patients.
Data Sources
We ascertained patient and hospital characteristics, drug
prescriptions, and outcome data from 13 health administrative databases (Supplemental Table 2). These datasets
were linked using unique, encoded identiﬁers and analyzed at the Institute for Clinical Evaluative Sciences
Western facility. We obtained vital statistics on all Ontario
residents who were issued a health card from the Ontario
Registered Persons Database. The Registered Persons
Database mortality ﬂag has a sensitivity of 94% and a
positive predictive value of 100% (16). We used the Ontario
Drug Beneﬁt database to identify prescription drugs for
eligible patients or those aged $65 years with an error rate
,1% (17). We identiﬁed diagnostic and procedural information from the National Ambulatory Care Reporting
System (ED visits) and the Canadian Institute for Health
Information Discharge Abstract Database (hospitalizations). We used the International Classiﬁcation of Diseases,
ninth (pre-2002) and tenth revision (post-2002) codes to
assess baseline comorbidities in the 5 years before the index
date (Supplemental Table 3). We used the Ontario Health
Insurance Plan database for health claims for physician
services (Supplemental Tables 4–6). We used the Institute
for Clinical Evaluative Sciences Physician Database to
ascertain information on physician specialty. We derived
total health care costs from several Institute for Clinical
Evaluative Sciences databases (Supplemental Table 6) (18).
We obtained outpatient, ED, and inpatient serum creatinine, sodium, and potassium measurements from 13
hospitals (Supplemental Table 7) in Southwestern Ontario
sharing the same electronic health record (Cerner, MO).
Data are only available for patients aged $40 years. We
also obtained outpatient serum creatinine and urine protein
(albumin, total protein, and dipstick) measurements from
Dynacare Medical Laboratories, which represents approximately one third of outpatient laboratory testing for
Ontario residents. Dynacare does not have test results
from the ED or hospital.
Patients
We established a cohort of Ontario residents aged $40
years who visited an ED and had at least one serum
creatinine measurement at the ED visit and 7–365 days
before the ED visit (pre-ED baseline) (Figure 1). We
excluded patients who: (1) died on arrival or during the
ED visit; (2) received dialysis 1 year before the ED visit
(because AKI would not be relevant on dialysis and to
ensure stable kidney function after the discontinuation of
dialysis); (3) received a kidney transplant in the 5 years
before the ED visit (to ensure AKI was not related to

transplant rejection); (4) spent .48 hours in the ED (to
exclude those without a disposition plan); (5) left against
medical advice or without being seen by an ED physician;
(6) were transferred to another facility; or (7) received
palliative care 30 days before or 14 days after the ED visit
(to exclude those who did not receive active medical
management). The ED visit date served as the index or
cohort entry date. If an individual had multiple ED serum
creatinine measurements, we selected the highest value. If
multiple pre-ED baseline serum creatinine values were
available, we selected the most recent one.
Patients were assigned to one of three groups on the basis
of AKI and ED disposition: (1) discharge home with AKI, (2)
hospitalization with AKI, or (3) discharge home with no AKI
(Figure 1). There was no crossover of patients between
groups. Preference was given to the group discharged home
from the ED with AKI if patients were also eligible for one of
the other two groups. For all ED visits with AKI, we excluded
patients with an improvement in AKI severity during the ED
visit and those assigned AKI as the main ED diagnosis, in
order to concentrate on patients less likely to be treated and
resolved before discharge. For ED visits with no AKI, we
selected the ﬁrst ED visit in which the individual had both ED
and pre-ED baseline serum creatinine measurements.
Kidney Function
AKI was deﬁned as a relative increase in serum creatinine
by $50%, or an absolute increase of $0.3 mg/dl from the
pre-ED baseline. Patients were identiﬁed and staged according to AKI severity as outlined in the 2012 Kidney Disease:
Improving Global Outcomes guidelines (Supplemental Table
8) (19). Urine output was not available in our data sources.
Pre-ED baseline serum creatinine measurements were chosen
no earlier than 7 days before the ED visit to avoid potentially
unstable baseline values. Baseline kidney function was
reported as the eGFR (in ml/min per 1.73 m2), derived
from the CKD Epidemiology Collaboration equation (20). We
stratiﬁed baseline kidney function into ﬁve CKD groups (21):
CKD stage 1, 2, or normal kidney function (eGFR$60 ml/
min per 1.73 m2); stage 3a (eGFR of 45 to ,60 ml/min per
1.73 m2); stage 3b (eGFR of 30 to ,45 ml/min per 1.73 m2);
stage 4 (eGFR of 15 to ,30 ml/min per 1.73 m2); and stage 5
(eGFR,15 ml/min per 1.73 m2 when not on dialysis).
Outcomes
In the descriptive analysis, the outcomes assessed were
all-cause mortality, receipt of hospital-based acute dialysis,
hospitalization, at least one outpatient physician visit
(family physician, internist, nephrologist, or urologist), at
least one outpatient serum creatinine or urine protein test,
and total health care costs, all within 30 days of ED
discharge (outcome codes deﬁned in Supplemental Table
6). Health care costs were reported in Canadian dollars and
adjusted for inﬂation to 2013. In the two subpopulation
analyses, the primary outcome was all-cause mortality and
the secondary outcome was hospital-based acute dialysis,
all within 30 days of ED discharge.
Statistical Analyses
We compared patients discharged home from the ED with
AKI to two separate propensity score-matched referent ED
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Figure 1. | Study flow diagram. aPatients were excluded in order as listed. bWe selected the most recent pre-ED baseline serum creatinine
measurement. cIf an individual had more than one ED visit with AKI, as defined by ED and pre-ED serum creatinine measurements, we selected
the first ED visit with AKI. dIf an individual had more than one ED visit with a serum creatinine measurement, we selected the first ED visit. This
group does not include patients with a subsequent ED visit with AKI (n=9549); these patients were preferentially classified as having AKI.
e
Excluded: improvement in AKI severity (discharged n=447, admitted n=1248); admitted to hospital (n=8117); assigned an ED diagnosis of AKI
(International Classification of Diseases, Tenth Revision, code N17) (n=56). fExcluded: patients with an improvement in AKI severity (n=1695);
discharged home from ED (n=6402). gExcluded: patients admitted to hospital from the ED with no AKI. hFollow-up was complete during the
30-day period. ED, emergency department.

groups: (1) patients hospitalized with AKI (AKI subpopulation) and (2) patients discharged home with no AKI
(discharge subpopulation) (Supplemental Figure 1).
In the AKI subpopulation, we matched each patient
from our discharged home cohort to one patient admitted
to hospital from the ED with AKI on the logit of the
propensity score and AKI stage. In the discharged subpopulation, we matched each patient to one patient discharged from the ED with no AKI on the logit of the
propensity score and baseline CKD stage. We derived the
propensity scores from logistic regression models and
included 92 and 91 baseline variables for the AKI and
discharged subpopulations, respectively (Supplemental
Table 7). We included Ontario Drug Beneﬁt eligibility in
the propensity score to account for individuals who did
not have provincial drug coverage. We used greedy,

nearest neighbor matching (without replacement) with a
speciﬁed caliper width 60.2 times the SD of the logit of the
propensity score (22).
Serum sodium and potassium values were missing in
,10% of patients. We performed single imputation using
the median value (23). Income quintile and rural residency
status were missing in ,2% of patients. We imputed the
middle quintile for income and “no” for rural residency
status.
Baseline characteristics included demographic information, comorbidities, prior health care utilization, medications dispensed, laboratory results, and ED characteristics.
We compared characteristics using standardized differences to assess balance after propensity score matching
because this metric is less sensitive to large sample sizes
(24,25). A standardized difference of $10% was considered

Cohort size
Age, yr, mean (SD)
40 to ,65
65 to ,80
$80
Women
Year of cohort entry (index date)
2003–2005
2006–2008
2009–2011
Rural residence
Comorbid conditionsc
Hypertension
Diabetes
Heart failure
Coronary artery diseased
Chronic liver disease
Nephrolithiasis
Aggregated diagnosis group point scoree
0–5
$6
Medication utilizationf
Ontario Drug Beneﬁt eligible patients
Medication classg
Angiotensin-converting enzyme inhibitors
or angiotensin II receptor blockers
Antibiotics
Antipsychotic medications
Nonpotassium-sparing diuretics
Potassium-sparing diuretics
Nonsteroidal anti-inﬂammatory drugsh
No. of unique drug names, median
(interquartile range)
Pre-ED baseline kidney functioni
Baseline serum creatinine in mg/dl, mean (SD)
No. of d taken before ED visit, mean (SD)
No. with serum creatinine #0.6 mg/dl

Characteristic

4525 (75)
2292 (38)
1325 (22)
2069 (34)
399 (7)
162 (3)
1669 (28)
4343 (72)
4367 (73)
2614/4367 (60)
1931/4367 (44)
284/4367 (7)
2465/4367 (56)
511/4367 (12)
849/4367 (19)
5 (0–10)

4783 (75)
2405 (38)
Not reported
2160 (34)
Not reported
Not reported
1756 (28)
4589 (72)
4605 (73)
2750/4605 (60)
2041/4605 (44)
Not reported
2609/4605 (57)
Not reported
892/4605 (19)
5 (0–10)

1.2 (0.6)
132 (102)
215 (4)

1497 (25)
2769 (46)
1746 (29)
912 (15)

1593 (25)
2903 (46)
1850 (29)
969 (15)

1.1 (0.6)
133 (102)
Not reported

6012
69 (13)
2189 (36)
2351 (39)
1472 (25)
2745 (46)

1
6346
69 (13)
2326 (37)
2475 (39)
1545 (24)
2948 (47)

All Patients

13/25 (52)‡§
#5/25 (#20)
16/25 (64)‡
#5/25 (#20)‡§
9/25 (36)‡§
0 (0–7)
1.1 (1.0)§
152 (116)‡§
#5 (#11)‡§

0.9 (0.3)†
140 (105)
44 (15)†

14/25 (56)

25 (57)‡§

9 (21)‡§
35 (80)‡§

97/213 (46)
18/213 (9)
128/213 (60)
34/213 (16)†
34/213 (16)
5 (0–10)

122/213 (57)

213 (73)

79 (27)
211 (73)

36 (82)‡§
13 (30)‡§
#5 (#11)‡§
13 (30)‡
#5 (#11)§
#5 (#11)‡§

9 (21)‡§
18 (41)‡
17 (39)‡§
6 (14)§

87 (30)†
116 (40)†
87 (30)
51 (18)
222 (77)
100 (35)
48 (17)†
78 (27)†
24 (8)
11(4)

44
65 (13)‡§
25 (57)‡§
10 (23)‡§
9 (21)
26 (59)‡

3

290
68 (14)
112 (39)
114 (39)
64 (22)
177 (61)†

2

AKI Stageb

Patients Discharged Home from the ED with AKI, n (%)a

Table 1. Baseline characteristics of patients discharged home from the emergency department (ED) with AKI
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Baseline eGFR, ml/min per 1.73 m2
$60
45 to ,60
30 to ,45
,30
Albumin-to-creatinine ratio, mg/g
,30
30 to ,300
$300
ED visit laboratory values
Serum potassium in mEq/L, mean (SD)
Serum sodium in mEq/L, mean (SD)
Serum creatinine in mg/dl
Mean (SD)
Median (interquartile range)
Absolute change in serum creatinine in mg/dl
Mean (SD)
Median (interquartile range)
Percent change in serum creatinine, %
Mean (SD)
Median (interquartile range)
Previous health care utilizationj
ED visit in the previous 30 d
Hospitalization in the previous 30 d
Family physician visit
General internist visit
Nephrology visit
Urology visit
Imaging and investigations
Computed tomography with contrast
Coronary angiogram or revascularization
ED patient acuity and wait times
Canadian triage acuity scalek
1 and 2
3
4 and 5

Characteristic

Table 1. (Continued)

1271 (21)
3579 (60)
1162 (19)

1321 (21)
3797 (60)
1228 (19)

48 (18)
44 (34–57)

52 (34)
45 (35–60)

175 (3)
138 (2)

0.5 (0.2)
0.4 (0.4–0.5)

0.5 (0.4)
0.4 (0.4–0.6)

Not reported
Not reported

1.6 (0.7)
1.4 (1.2–1.8)

1.7 (0.8)
1.5 (1.2–1.8)

1062 (18)
451 (8)
5924 (99)
1385 (23)
270 (5)
1084 (18)

4.2 (0.6)
137 (5)

4.2 (0.6)
137 (5)

1114 (18)
481 (8)
6251 (99)
1470 (23)
Not reported
1132 (18)

3654 (61)
1029 (17)
833 (14)
496 (8)
1602 (27)
959 (16)
262 (4)
381 (6)

1
3919 (62)
Not reported
Not reported
Not reported
1689 (27)
Not reported
Not reported
Not reported

All Patients

3.8 (2.1)‡§
3.4 (2.3–4.8)
2.7 (1.4)‡§
2.5 (1.6–3.7)
294 (128)‡§
265 (224–359)

2.0 (0.8)†
1.8 (1.4–2.3)
1.1 (0.5)†
1.0 (0.8–1.3)
129 (26)†
121 (108–144)

#5 (#11)
#5 (#11)‡§
7 (16)‡
25 (57)§
12 (27)‡§

7 (2)
6 (2)
43 (15)†
193 (67)†
54 (19)

7 (16)
6 (14)‡§
44 (71)‡§
9 (21)§
#5 (#11)
8 (18)§

4.2 (0.8)§
134 (5)‡§

4.1 (0.8)†
136 (5)†

45 (16)
24 (8)
283 (98)
76 (26)
14 (5)
40 (14)†

35 (80)‡
#5 (#11)‡§
#5 (#11)‡
#5 (#11)§
10 (23)
#5 (#11)‡§
#5 (#11)
#5 (#11)

3

230 (80)†
34 (12)†
19 (7)†
7 (2)†
77 (27)
49 (17)
13 (5)
15 (5)

2

AKI Stageb

Patients Discharged Home from the ED with AKI, n (%)a
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0.6 (0.8)
1.3 (1.3)
1.6 (1.4)

All Patients

0.6 (0.8)
1.3 (1.3)
1.6 (1.4)

1

0.5 (0.6)†
1.5 (1.3)
1.7 (1.4)

2

AKI Stageb

Patients Discharged Home from the ED with AKI, n (%)a

0.3 (0.5)‡§
1.6 (1.1)‡§
1.4 (1.2)‡§

3

A standardized difference of $10% was found between the following two AKI subgroup comparisons: †stage 1 versus stage 2; ‡stage 1 versus stage 3; and §stage 2 versus stage 3. To convert serum
creatinine from traditional units (milligram per deciliter) to SI units (micromole), multiply by 88.42.
a
Reported as n (%) unless otherwise noted. To comply with privacy regulations for minimizing the chance of patient reidentiﬁcation, numbers of patients were suppressed in ﬁve or fewer patients.
The total number of patients was not reported if there were other calculations that could result in the reidentiﬁcation of ﬁve or fewer patients.
b
Stage 1, evidence of a relative increase in serum creatinine value of $50% to ,100% or $0.3 mg/dl from baseline; stage 2, evidence of a relative increase in serum creatinine value of $100% to
,200% from baseline; and stage 3, evidence of a relative increase in serum creatinine value of .200% from baseline or an absolute increase in serum creatinine value to $4 mg/dl or the initiation of
dialysis.
c
Look-back window for comorbidities was 5 years unless otherwise noted.
d
Does not include angina.
e
The Aggregated Diagnosis Groups point score, derived from the John Hopkins Adjusted Clinical Groups system, is a weighted measure of health care utilization as a proxy measure for
comorbidity and accounts for the duration of condition, severity of condition, diagnostic certainty, etiology of the condition, and specialty care involvement. The higher Aggregated Diagnosis
Groups score, the greater the comorbidity. Individuals with an Aggregated Diagnosis Groups score of 0–2 reﬂect low health care costs with no prior hospitalizations; 3–5 reﬂects high health care
costs but no prior hospitalizations; and a score of $6 reﬂects high health care costs and at least one prior hospitalization.
f
Look-back window for medication utilization was 120 days.
g
Percentages reported are on the basis of the number of Ontario Drug Beneﬁt eligible patients (those aged $65 years).
h
Does not include acetylsalicylic acid.
i
Pre-ED visit look-back window was 7–365 days.
j
Look-back window for health care utilization was 365 days unless otherwise noted.
k
Patients with a Canadian Triage Acuity Scale score of 1 or 2 need to be seen immediately 98% of the time or within 15 minutes 95% of the time, respectively. Patients with a Canadian Triage Acuity
Scale score of 3 need to be seen within 30 minutes 90% of the time or 60 minutes 85% of the time, respectively. Patients with a Canadian Triage Acuity Scale score of 4 or 5 need to be seen within 120
minutes 80% of the time.

Time (in hr) waiting for physician
assessment, mean (SD)
Canadian triage acuity scale 1 and 2
Canadian triage acuity scale 3
Canadian triage acuity scale 4 and 5

Characteristic

Table 1. (Continued)
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Table 2. Thirty-day outcomes of patients discharged home from the emergency department (ED) with AKI

Patients Discharged Home from the ED with AKI, n (%)a
AKI Stageb

Outcome
All Patients (n=6346)
1 (n=6012)
All-cause mortality
Receipt of hospital-based
acute dialysis
At least one hospitalization
At least one outpatient
Physician clinic visitc
Serum creatinine test
Urine test for proteind
Total health care costs, $e
Mean (SD)
Median (interquartile range)

149 (2)
22 (0.3)

3 (n=44)

15 (5)
#5 (#2)

7 (16)
#5 (#11)

956 (16)

62 (21)

14 (32)

4287 (68)
1446 (23)
Not reported

4062 (68)
1339 (22)
713 (12)

197 (68)
89 (31)
41 (14)

28 (64)
18 (41)
#5 (#11)

3522 (7079)
1172 (661–3020)

3499 (7135)
1164 (657–2955)

1032 (16)

127 (2)
Not reported

2 (n=290)

3856 (6065)
1342 (749–4372)

4429 (5454)
1748 (699–6478)

a

Reported as n (%) unless otherwise noted. To comply with privacy regulations for minimizing the chance of patient reidentiﬁcation,
numbers of patients were suppressed in ﬁve or fewer patients. The total number of patients was not reported if there were other
calculations that could result in the reidentiﬁcation of ﬁve or fewer patients.
b
AKI stage 1, evidence of a relative increase in serum creatinine value of $50% to ,100% or $0.3 mg/dl from baseline; stage 2, evidence of
a relative increase in serum creatinine value of $100% to ,200% from baseline; and stage 3, evidence of a relative increase in serum
creatinine value of .200% from baseline or an absolute increase in serum creatinine value to $4 mg/dl or the initiation of dialysis.
c
Seen by any one of the following physicians as outpatient: family medicine, internal medicine, nephrology, or urology.
d
Urine protein tests included any one of dipstick, protein, or albumin-to-creatinine ratio.
e
Reported in Canadian dollars, adjusted for inﬂation to 2013.

clinically meaningful (26). After matching, we used modiﬁed Poisson regression to express risk in relative terms,
account for matched data, and test for interaction (27,28).
We deﬁned statistical signiﬁcance as a two-sided P value
of ,0.05.

Results
Characteristics of Patients Discharged Home from the ED
with AKI
Cohort selection is presented in Figure 1. There were
6346 patients discharged home from the ED with AKI
included in the cohort, of which 6012 (95%) had stage 1,
290 (5%) had stage 2, and 44 (0.7%) had stage 3 AKI.
Selected characteristics of this cohort are shown in Table 1
(additional characteristics in Supplemental Table 9). The
mean age was 69 years and 47% were women. The most
common preexisting comorbidities were hypertension
(75%), diabetes (38%), and coronary artery disease (34%).
Baseline medication information was available for 73% of
patients. Commonly prescribed medications in the 120
days before the ED visit were angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers (60%),
antibiotics (44%), nonpotassium-sparing diuretics (57%),
and nonsteroidal anti-inﬂammatory drugs (19%). CKD,
deﬁned by a baseline eGFR of ,60 ml/min per 1.73 m2,
was present in 38% of patients. Compared with patients
with stage 1 AKI, patients with stage 2 or 3 AKI were
more likely to be women, reside in long-term care, or a
have lower baseline serum creatinine value; they were
less likely to have coronary artery disease, heart failure, CKD, or be prescribed b-blockers, calcium channel

blockers, lithium, oral hypoglycemic agents, or insulin. The
three most frequent main diagnoses assigned by ED
physicians were throat or chest pain (9%), abdominal or
pelvic pain (7%), and renal colic (5%) (Supplemental
Table 10).
Outcomes
During the 30 days after an ED discharge with AKI,
149 (2%) patients died, 22 (0.3%) received hospital-based
acute dialysis, and 1032 (16%) required hospitalization
(Table 2). There were 4287 (68%) patients who were seen
at least once by a physician as an outpatient. Outpatient serum creatinine testing occurred at least once in
1446 (23%) patients. Outpatient urine protein testing
occurred in at least 11% of patients. When assessing
patients by AKI severity, 127 (2%) with stage 1, 15 (5%)
with stage 2, and seven (16%) with stage 3 AKI died
within 30 days of ED discharge. Compared with patients
with stage 1 AKI, the likelihood of hospitalization and
total health care costs were higher in patients with stage
2 or 3 AKI.
AKI Subpopulation
Among patients who had AKI upon presentation to
the ED, we matched 4379 patients discharged home to
4379 patients whose ED visit resulted in hospitalization
(Table 3). There were 4091 (93%) patients with stage 1,
244 (6%) with stage 2, and 44 (1%) with stage 3 AKI.
Groups were balanced for 91 out of 92 characteristics
(Supplemental Table 11). The primary outcome of 30-day
all-cause mortality is presented in Table 3. Compared with
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Table 3. Thirty-day risk of all-cause mortality and other adverse outcomes in the AKI subpopulation

Events, n/N (%)
Outcome

Patients in the ED with AKI
Discharged Home

All-cause mortality
AKI severity
Stage 1
Stage 2
Stage 3
Receipt of hospital-based
acute dialysis
a

Relative Riska (95%
Conﬁdence Interval)

P Value

Admitted to Hospital

130/4379 (3)

522/4379 (12)

0.3 (0.2 to 0.3)

,0.001

108/4091 (3)
15/244 (6)
7/44 (16)
19/4379 (0.4)

477/4091 (12)
38/244 (16)
7/44 (16)
33/4379 (0.8)

0.2 (0.2 to 0.3)
0.4 (0.2 to 0.7)
1.0 (0.4 to 2.6)
0.6 (0.3 to 1.0)

,0.001b
0.06

Patients admitted to hospital from the ED with AKI served as the referent group.
P value for interaction.

b

patients admitted to hospital with AKI, fewer patients
discharged home with AKI died (130 [3%] versus 522
[12%]; relative risk, 0.3; 95% conﬁdence interval, 0.2 to
0.3; P,0.001). The difference was attenuated in a subgroup of patients with increased AKI severity (P value
for interaction ,0.001). Fewer patients discharged
home with AKI received hospital-based acute dialysis
within 30 days of an ED visit, although this difference
was not statistically signiﬁcant (19 [0.4%] versus 33
[0.8%]; relative risk, 0.6; 95% conﬁdence interval, 0.3 to
1.0; P=0.06).
Discharge Subpopulation
We matched 6188 patients discharged home from the
ED with AKI to 6188 patients discharged home with no
AKI (Table 4). The groups were balanced on 89 out of 91
characteristics (Supplemental Table 12). The primary
outcome of 30-day all-cause mortality is presented in
Table 4. Compared with patients discharged with no
AKI, patients discharged with AKI had a higher risk of
death (136 [2%] versus 87 [1%]; relative risk, 1.6; 95%
conﬁdence interval, 1.2 to 2.0; P=0.001). The association
between AKI and mortality was not modiﬁed by CKD
stage (P value for interaction ,0.6). More patients discharged with AKI received hospital-based acute dialysis
within 30 days of ED discharge (19 [0.3%] versus seven
[0.1%]; relative risk, 2.7; 95% conﬁdence interval, 1.2 to
6.0; P=0.01).

Discussion
In this population-based cohort study of adults discharged home from the ED with AKI, 149 (2%) died within
30 days and this proportion increased with AKI severity.
Compared with patients who were hospitalized with AKI,
patients discharged from the ED with AKI had lower risk
of death and subsequent dialysis. Although these two
groups had comparable characteristics, the divergence in
outcomes highlights the accuracy of ED clinicians in
discerning subtle clinical differences in patients with
AKI. Sicker patients destined for worse outcomes were
appropriately hospitalized. Nonetheless, the adverse out-

comes of AKI after an ED discharge are clearly highlighted
when such patients were compared with a similar cohort
of ED patients without AKI. An ED discharge with AKI
was associated with a 1.6-fold increase in mortality and an
increased need for hospital-based acute dialysis within
30 days of discharge. Among the groups studied, an ED
discharge with AKI represents an intermediate risk
population.
The results of our study provide important insights
into the characteristics and outcomes of patients discharged home from the ED with AKI. In our literature
review, we found two observational studies of patients
with community-acquired AKI managed by primary care
or ED physicians (29,30). However, neither study performed a separate and comprehensive analysis of ED
discharges with AKI.
We found comparable 30-day mortality in a matched
subgroup of patients with stage 3 AKI in the AKI subpopulation. Patients discharged home with severe AKI
appear to be at risk of poor outcomes. This may reﬂect
progression of an underlying illness because 32% of
patients were admitted to hospital within 30 days of the
ED visit. However, the use of administrative data cannot
account for important factors such as hemodynamic stability and the ED physician’s determination of safety and
appropriateness for discharge home. Further details would
require a detailed chart review, best collected in a prospective fashion.
The 30-day mortality risk in patients discharged home
from the ED with AKI is not insigniﬁcant when compared
with other ED patient groups. For example, fewer
patients die within 30 and 90 days of an ED discharge
with chest pain (0.2%) and a transient ischemic attack
(2%), respectively (31,32). Without conducting a formal
analysis and accounting for differences in study methodology, the higher risk is likely because our cohort has a
greater burden of comorbidity. Conversely, other studies
showed that more patients die within 30 days of ED
discharge with heart failure (4%) or unstable angina (5%)
(33,34). The lower risk is likely because a proportion of
AKI in our cohort may be caused by mild, reversible
hemodynamic changes and thus confer better short-term
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Table 4. Thirty-day risk of all-cause mortality and other adverse outcomes in the discharge subpopulation

Events, n/N (%)
Variable

AKI
All-cause mortality
Pre-ED CKD stage, eGFR
in ml/min per 1.73 m2b
$60
45 to ,60
30 to ,45
,30d
Receipt of hospital-based
acute dialysis

Relative Riska (95%
Conﬁdence Interval)

P Value

87/6188 (1)

1.6 (1.2 to 2.0)

0.001

47/3904 (1)
16/1054 (2)
13/803 (2)
11/427 (3)
7/6188 (0.1)

1.4 (1.0 to 2.1)
2.1 (1.2 to 3.8)
1.2 (0.6 to 2.6)
1.7 (0.8 to 3.6)
2.7 (1.2 to 6.0)

0.57c

Patients Discharged from the ED

136/6188 (2)
67/3904 (2)
34/1054 (3)
16/803 (2)
19/427 (4)
19/6188 (0.3)

No AKI

0.01

ED, emergency department.
a
Patients discharged home from the ED with no AKI served as the referent group.
b
Derived from pre-ED serum creatinine measurements 7–365 days before the ED visit and is reported in ml/min per 1.73 m2.
c
P value for interaction.
d
Patients with an eGFR of 15 to ,30 ml/min per 1.73 m2 and those with ,15 ml/min per 1.73 m2 (not on dialysis) were combined because
of a low number of events.

outcomes. We also found that most patients had mild AKI
and that mortality was far more common than the need
for dialysis. Mortality does not appear to be caused by
kidney failure—it is more likely that AKI is a marker of
severe illness.
The need for hospitalization within 30 days of an ED
discharge with AKI occurred in 1032 (16%) patients,
similar to the 30-day readmission rates (15%–20%)
among AKI survivors discharged after hospitalization
(35,36). We also found a discrepancy between the proportion of patients who received outpatient physician
follow-up (68%) and those who had repeat serum
creatinine measurements (23%). This raises questions
of whether AKI was the main reason for the outpatient visit, physicians recognized the presence of AKI,
and if appropriate measures were taken to avoid
hospitalization.
Our results suggest there is an opportunity to explore
health system strategies to improve the identiﬁcation and
management of patients discharged home from the ED
with AKI. Several rapid access clinics for patients discharged from the ED with chest pain, heart failure, or a
transient ischemic attack have been shown to improve
patient outcomes (37–39). AKI survivors discharged after
hospitalization appear to beneﬁt from follow-up clinics
(40). A similar model could be adapted for patients discharged home from the ED with AKI, supported by an
automated surveillance system to aid in the identiﬁcation
of AKI.
Our study has limitations. First, we could not capture
patients who had baseline pre-ED serum creatinine
measurements in other outpatient laboratories or hospitals. Second, use of administrative data limited our
ability to ascertain information regarding AKI awareness
by ED physicians. For many patients, we suspect that
AKI was in fact recognized, appropriately managed, and
deemed safe for discharge home. Third, we excluded

patients with an improvement in AKI severity in order to
exclude those recognized and treated. These individuals
may differ systematically from those who did not have
an improvement in AKI severity. Fourth, hospitalization
may not have been preventable because of underlying
illness. Alternatively, these patients could have been
appropriately hospitalized after a visit to a rural ED,
where patients were strategically discharged and instructed to seek further care at a tertiary care center. Such
patients would be considered an ED discharge. There
were also limitations in our two subpopulation analyses.
First, as with all observational studies, our results are
subject to confounding because propensity score matching will only ensure balance on measured characteristics.
The ED main diagnosis was not included in our propensity score models because the diagnosis is often
preliminary and there is signiﬁcant disagreement with
main diagnoses assigned at later stages of patient care
(41–43). Second, referent subpopulations are only generalizable to ED discharges with AKI included in the
match. We could not match 1967 (31%) patients in
the AKI subpopulation and 228 (4%) patients in the
discharged subpopulation. Third, medication information was only available for a subset of patients eligible for provincial drug coverage. We minimized the
effect of missing medication information by balancing
the comorbidities for which these medications are
indicated.
In summary, patients discharged home from the ED with
AKI are at signiﬁcant risk of 30-day mortality and hospitalization. Compared with hospital admission with AKI
and an ED discharge with no AKI, an ED discharge with
AKI is at intermediate risk for adverse outcomes. Research into risk factors for adverse outcomes, further
characterization of ED and outpatient care, and testing
health system strategies to identify and mitigate gaps in
care is warranted.
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