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Abstract
Background and objectives Little is known about the long-term burden of AKI in the pediatric intensive care unit.
We aim to evaluate if pediatric AKI is associated with higher health service use post–hospital discharge.
Design, setting, participants, & measurements This is a retrospective cohort study of children (#18 years old) admitted
to two tertiary centers in Montreal, Canada. Only the ﬁrst admission per patient was included. AKI was deﬁned in two
ways: serum creatinine alone or serum creatinine and/or urine output. The outcomes were 30-day, 1-year, and 5-year
hospitalizations, emergency room visits, and physician visits per person-time using provincial administrative data.
Univariable and multivariable Poisson regression were used to evaluate AKI associations with outcomes.
Results A total of 2041 children were included (56% male, mean admission age 6.565.8 years); 299 of 1575 (19%)
developed AKI deﬁned using serum creatinine alone, and when urine output was included in the AKI deﬁnition 355
of 1622 (22%) children developed AKI. AKI deﬁned using serum creatinine alone and AKI deﬁned using serum
creatinine and urine output were both associated with higher 1- and 5-year hospitalization risk (AKI by serum creatinine
alone adjusted relative risk, 1.42; 95% conﬁdence interval, 1.12 to 1.82; and 1.80; 1.54 to 2.11, respectively [similar
when urine output was included]) and higher 5-year physician visits (adjusted relative risk, 1.26; 95% conﬁdence interval,
1.14 to 1.39). AKI was not associated with emergency room use after adjustments.
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Conclusions AKI is independently associated with higher hospitalizations and physician visits postdischarge.
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Introduction
AKI is common in children admitted to the pediatric
intensive care unit and is associated with higher
hospital mortality and morbidity (1–5). In adults,
AKI during a hospitalization is associated with higher
risk for long-term kidney disease, cardiovascular
morbidity, and hospital readmission (6–11). Although
some data suggest that AKI in children may be a risk
factor for future kidney disease (12,13), little is known
about the long-term burden of illness of survivors of
pediatric AKI and the extent to which AKI is associated
with long-term morbidity. One way to evaluate this is
to determine whether AKI is associated with higher
post–hospital discharge use of health services.
We conducted a retrospective cohort study, utilizing provincial administrative data, to evaluate if AKI
in critically ill children is associated with higher hospitalizations, emergency room visits, and physician visits
5 years after hospital discharge. We hypothesized that
AKI is associated with higher health care utilization,
independent of other factors.

Materials and Methods
Design, Setting, and Patient Selection
We conducted a retrospective cohort study of children (#18 years old) admitted to the pediatric intensive
www.cjasn.org Vol 13 May, 2018

care unit at one of two tertiary centers in Montreal,
Canada (Montreal Children’s Hospital; Centre Hospitalier Universitaire Sainte-Justine) between January 1,
2003 and March 31, 2005. Patients with preexisting
ESKD, or no health care number, were excluded a priori.
We included only the ﬁrst hospitalization during the
study period. We excluded patients who could not be
linked to provincial data, did not survive the hospitalization, or underwent cardiac surgery during the index
admission (Figure 1). Patients transferred to long-term
care facilities were included in all analyses (n=9).
Approvals from institutional research ethics boards
and the Commission d’accès à l’information du Québec
(provincial data monitoring board) were obtained.
Requirement for patient consent was waived.
Data Collection and Sources
Index hospitalization data were collected by retrospective chart review (described previously) (14).
Before ﬁnal analysis, independent reviewers from
each center reassessed 50 randomly selected charts
to evaluate and correct for sources of reduced reliability (92% of continuous variables had inter-rater
correlation $0.90 and 96% of categoric variables had
$90% agreement). Variables collected included primary diagnosis (categorized on the basis of the chart
Copyright © 2018 by the American Society of Nephrology
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Figure 1. | Study flow and selection criteria leading to the analysis population.

admission note), treatments, and illness severity measures
(Supplemental Table 1).
The chart data were merged with the Quebec Vital
Statistics Registry and administrative health databases
(Régie de l’assurance maladie du Québec and Med-Echo)
from which data from January 1, 2003 to March 31, 2010 (5
years after the last hospital admission in our cohort) were
available. The provincial administrative database contains
three datasets: (1) demographic information (including
patient postal code and community health center region,
used to calculate the deprivation index) (15); (2) medical
services data (including outpatient services date, service
type, physician type, billing codes, and International Classiﬁcation of Disease [ICD-9 and ICD-10] diagnostic codes);
and (3) outpatient prescription data for patients whose
medications are insured by the provincial health plan. The
Med-Echo database (maintained by the Quebec Ministry of
Health and Social Affairs) contains acute care hospitalization data including admission and discharge dates and
primary diagnoses, physician information, procedures, and
up to 15 secondary diagnoses (ICD-9/10 codes). We used
this data to deﬁne complex chronic illnesses in our
population using the Pediatric Medical Complexity Algorithm
(16), as well as if the patient had a primary care physician
(Supplemental Table 1).
Primary Exposure: AKI
AKI was deﬁned using serum creatinine alone or
combining serum creatinine and/or urine output criteria,

on the basis of the Kidney Disease: Improving Global
Outcomes deﬁnition (17). AKI staging by serum creatinine
was as follows: stage 1 (serum creatinine rise $1.5–
1.93baseline in 7 days or $0.3 mg/dl rise within 48
hours), stage 2 ($2.0–2.93baseline), or stage 3 ($3.03baseline, $4.0 mg/dl, dialysis treatment for AKI, or eGFR,35
ml/min per 1.73 m2 [if .3 months old]). Baseline serum
creatinine was the lowest measurement 3 months before
admission. If unavailable we back-calculated baseline
using a previously validated method (14).
Urine output AKI was classiﬁed as stage 1 (,0.5 ml/kg
per hour for 8 hours), stage 2 (,0.5 ml/kg per hour for 16
hours), or stage 3 (,0.3 ml/kg per hour for 24 hours, anuric
for 12 hours, or dialysis treatment for AKI) (18).
For the combined AKI deﬁnition, if a patient fulﬁlled criteria
for either serum creatinine or urine output, they were classiﬁed
as having AKI. The maximum AKI stage deﬁned by serum
creatinine or urine output criteria was used to classify AKI severity.
Outcome: Health Care Utilization
We evaluated the number of 30-day, 1-year, and 5-year
hospitalizations, emergency room visits, or physician visits
per person-time (events per person-month for 30-day
outcomes, person-year for 1- and 5-year outcomes), where
day zero was date of hospital discharge. Physician visits
included outpatient clinics with specialists or general
practitioners, local community services centers, and family
medicine group clinics (claim codes in Supplemental Table
1). We excluded billing codes from physical rehabilitation
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centers, laboratory testing claims, long-term care facilities,
and dental claims.
Analysis
The associations between patient characteristics and AKI
were evaluated using appropriate univariable tests. In the
whole study population (including patients with no serum
creatinine or urine output measured), associations between
patient and hospitalization characteristics with 30-day,
1-year, and 5-year outcomes were evaluated using univariable Poisson regression, and reported as relative risk (RR)
(95% conﬁdence interval [95% CI]). Analyses evaluating the
associations between AKI and outcomes only included
patients with an ascertainable AKI status. Selection of
variables for inclusion in multivariable analyses was on
the basis of (1) a priori selected known AKI risk factors and (2)
univariable associations with outcomes (P,0.05). We
evaluated two sets of multivariable Poisson regression
models. Model 1 included baseline patient characteristics
and index admission variables (age, sex, center, Pediatric
Risk of Mortality death rate score [fourth quartile versus
others] [19], nephrotoxic antibiotics, vasopressors, steroids)
and primary admission diagnoses signiﬁcant in univariable
analyses (oncologic, diabetes, trauma, infection, cardiac
[nonsurgical], kidney, and neurologic/gastrointestinal/
respiratory). Model 2 additionally included social and
material deprivation indices (fourth/ﬁfth quintiles [most
deprived] versus others) (15), Pediatric Medical Complexity Algorithm classiﬁcation (17), rural versus urban, and
number of hospitalizations 12 months before admission.
For 5-year hospitalization and emergency room visit
outcomes we also controlled for evidence of a primary
care physician (this variable requires at least 2 years of
observation to ascertain). To determine if any associations
between AKI and physician visits were being driven by
nephrology visits we repeated the ﬁnal multivariable
analysis excluding nephrology visits from the outcome.
We evaluated effect modiﬁcation of the 5-year AKIoutcome associations. A preplanned evaluation of variables
selected for inclusion in the multivariable analysis was
performed by developing interaction terms with AKI (e.g.,
AKI 3 age). Statistical signiﬁcance of interaction terms was
evaluated one-by-one in a Poisson regression including
AKI, the variable of interest, and the interaction term for
5-year hospitalizations, emergency room visits, and physician visits. Interaction terms with a P,0.05 were added oneby-one to model 2. If the interaction term remained
signiﬁcant in the full model it was included in the ﬁnal
multivariable analysis. A priori, it was decided that stratiﬁed
(subgroup) analyses would be performed on variables
showing signiﬁcant effect modiﬁcation on AKI–health
care utilization associations.
Because mortality has a large effect on health care
utilization we also performed a sensitivity analysis by
excluding patients who died during follow-up and rerunning the multivariable analysis for 5-year outcomes.
Statistical assumptions of multivariable analyses were
evaluated.
All analyses were planned a priori and conducted using
SAS statistical software, release 9.2 (SAS Institute Inc.,
Cary, NC). Reporting was prepared in accordance with
guidelines (20).
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Results
Patient Characteristics
A total of 2041 children were eligible for this analysis
(56% male, mean age at admission 6.565.8 years, mean
follow-up 4.860.8 years). Of these, 1575 (77%) patients had
serum creatinine measured and, of these, 299 (19%) developed AKI. Of the eligible children, 1622 (80%) patients
had either serum creatinine or urine output data and, of
these, 355 (22%) patients had AKI (Figure 1). Those
excluded due to missing health care number did not differ
signiﬁcantly in patient or hospitalization characteristics
from the remaining population (data not shown). Table 1
shows patient and admission characteristics stratiﬁed by
AKI. Patients with AKI had higher illness severity measures and a longer duration of admission (Table 1).
Many patient and treatment characteristics were associated with 5-year outcomes in univariable analyses. Younger age; higher illness severity and complexity scores; and
use of nephrotoxic antibiotics, steroids, and invasive mechanical ventilation were all signiﬁcantly associated with
outcomes (Supplemental Table 2). Similar results were
found for 30-day and 1-year outcomes (Supplemental
Tables 3 and 4).
Hospitalizations after AKI
The 30-day, 1-year, and 5-year postdischarge cumulative
number of rehospitalizations was 354, 2290, and 5315,
respectively, for 2041 patients. Of the total 5-year postdischarge hospitalizations, 14% (740 of 5315) required
intensive care admissions. AKI was associated with higher
hospitalizations per person-time over the 5-year follow-up
(Table 2) and for 30-day and 1-year follow-up periods
(Supplemental Table 5).
Figure 2 shows the unadjusted and adjusted analyses for
the association between AKI and rehospitalization. In
model 1 (includes baseline, index admission characteristics), AKI was associated with 30% higher risk of hospitalization within 30 days, 1 year, and 5 years. In model 2
(including socioeconomic variables and effect modiﬁers),
AKI remained associated with risk for 1- and 5-year
hospitalizations (too few events for 30-day hospitalizations
for full adjustments) (Figure 2). The results for stage 2/3 AKI
versus no AKI/stage 1 were very similar (Supplemental
Table 6).
Emergency Room Visits after AKI
The cumulative number of emergency room visits for 30
days, 1 year, and 5 years postdischarge was 444, 3292, and
9606, respectively. AKI was associated with more emergency room visits per person-time at all three follow-up
periods (Table 2 shows 5-year results; 30-day and 1-year
results in Supplemental Table 5). In multivariable analyses,
AKI was no longer associated with emergency room use
(Supplemental Figure 1). This was also true for severe AKI
(Supplemental Table 6).
Outpatient Physician Visits after AKI
The 30-day, 1-year, and 5-year postdischarge cumulative
numbers of physician visits were 2800, 20763, and 60083,
respectively. AKI was associated with higher physician
visits per person-time over 5 years (Table 2) and over 30-day
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Table 1. Comparison of patient characteristics by AKI (yes/no)
Serum Creatinine Only

Serum Creatinine and Urine Output

Variables
Baseline characteristics
Age, yr
Female sex
Sainte-Justine Hospital
Admission diagnosis
Cardiac (nonsurgical)
Trauma
Kidney
Infection (excluding bronchiolitis)
Neurologic/neurosurgical
Gastrointestinala
Oncologic
Respiratory
Diabetes
Otherb
Baseline kidney abnormality
Postoperative (noncardiac)
PRISM score
PRISM death rate (%)
Treatment characteristics
Nephrotoxic antibiotics
Vasopressors
Steroids
Mechanically ventilated (yes/no)
Length of mechanical ventilation, d
Kidney related
Nephrology consultation during admission
Kidney Replacement Therapy
Outcomes
Intensive care length of stay, d
Hospital length of stay, d

No AKI (n=1276)

AKI (n=299)

No AKI (n=1267)

AKI (n=355)

5 (11)
583 (46%)
822 (64%)

5 (10)
143 (48%)
212 (71%)

5 (11)
574 (45%)
803 (63%)

6 (11)
168 (47%)
255 (72%)

69 (5%)
158 (12%)
4 (0.3%)
253 (20%)
217 (17%)
44 (4%)
43 (3%)
121 (10%)
14 (1%)
353 (28%)
22 (2%)
485 (38%)
6 (6)
1.9 (3.3)

26 (9%)
26 (9%)
15 (5%)
67 (22%)
32 (11%)
26 (9%)
12 (4%)
31 (10%)
18 (6%)
46 (15%)
26 (9%)
87 (29%)
9 (10)
3.2 (9.2)

71 (6%)
151 (12%)
4 (0.3%)
244 (19%)
216 (17%)
45 (4%)
43 (3%)
125 (10%)
17 (1%)
351 (28%)
22 (2%)
481 (38%)
6 (6)
1.9 (3.4)

28 (8%)
37 (10%)
15 (4%)
86 (24%)
41 (12%)
27 (8%)
12 (3%)
34 (10%)
18 (5%)
57 (16%)
27 (8%)
101 (29%)
9 (9)
2.8 (7.3)

289 (23%)
87 (7%)
339 (27%)
526 (41%)
0 (2)

111 (37%)
72 (24%)
116 (39%)
146 (49%)
0 (4)

278 (22%)
77 (6%)
336 (27%)
510 (40%)
0 (2)

126 (36%)
82 (23%)
130 (37%)
185 (52%)
1 (4)

49 (4%)
0

76 (25%)
12 (4%)

47 (4%)
0

80 (23%)
12 (3%)

1.4 (2.3)
9 (12)

2.5 (5.8)
13 (19)

1.3 (2.1)
9 (11)

2.7 (6.0)
13 (19)

Continuous variables presented as median (interquartile range) and categoric variables presented as number (percentage). PRISM,
Pediatric Risk of Mortality.
a
Gastrointestinal includes liver, stomach, pancreas, and intestine.
b
Includes hematologic (nononcologic), inborn error of metabolism and metabolic (noninborn error of metabolism), immunologic,
intoxication, burn, orthopedic, otolaryngologic, endocrinologic (nondiabetes), and bronchiolitis.

and 1-year periods (Supplemental Table 5). The proportion
of outpatient visits to a nephrologist was higher in patients
with AKI versus patients without AKI 5 years postdischarge
(11% versus 0.8% of total physician visits, P,0.001). Of
299 patients with AKI (serum creatinine only), 72 (24%)
saw a nephrologist at least once in the 5 years after
discharge; 54 (18%) saw a nephrologist within 1 year of
discharge.
Figure 3 shows that in multivariable models 1 and 2,
AKI was associated with higher risk for 30-day, 1-year,
and 5-year postdischarge physician visits. In the models
controlling for effect modiﬁcation, AKI only remained
signiﬁcantly associated with higher physician visits 5
years postdischarge (Figure 3). Overall, outcome associations for AKI by serum creatinine alone and AKI by
serum creatinine and urine output were similar, with
slightly larger magnitudes of association when AKI
was deﬁned using only serum creatinine. Furthermore,
the results for stage 2/3 AKI versus no AKI/stage 1 were
very similar (Supplemental Table 6). When nephrology
visits were excluded from the outpatient physician
visits ascertainment, there was no difference in the
associations of AKI with 5-year postdischarge physician

visits (adjusted RR, 1.14; 95% conﬁdence interval, 1.08
to 1.20).
Sensitivity Analysis
When we excluded patients who died during the 5-year
follow-up period, AKI remained signiﬁcantly associated
with 5-year hospitalizations and physician visits (Supplemental Table 7). AKI was not associated with 5-year
emergency room visits.
Subgroup Analyses
Subgroup (stratiﬁed) analyses on effect modiﬁers of the
AKI associations with 5-year outcomes are shown in
Supplemental Tables 8–10. In patients with higher socioeconomic status (ﬁrst to third quintiles), AKI was more
strongly associated (greater RR) with 5-year outcomes than
in patients with lower socioeconomic status. AKI was more
strongly associated with 5-year hospitalizations and emergency room visits in patients with no prior hospitalizations
versus those with $1 hospitalization 12 months before index
admission. AKI was more strongly associated with outcomes
in the patients with lower illness severity scores compared
with those with the highest scores (fourth quartile).
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Table 2. Comparison of 5-yr hospitalizations, emergency room visits, and physician visits between patients with versus without AKI
Hospitalizations
AKI
Deﬁnition

Serum
creatinine
only
No AKI
AKI
Serum
creatinine
or urine
output
No AKI
AKI

#
Visits

# Intensive
Care
Admissions

3183
1033

415 (13%)
134 (13%)

3165
1186

414 (13%)
158 (13%)

Emergency Room Visits

Outpatient Physician Visits
#
Visits

#
Nephrology
Visits

Events/Person
Year (95% CI)

0.52 (0.50 to 0.53) 5650
0.73 (0.68 to 0.77)a 1422

0.91 (0.89 to 0.94) 34937
1.00 (0.95 to 1.06)a 11683

295 (0.8%)
1300 (11%)

5.65 (5.60 to 5.71)
8.25 (8.10 to 8.40)a

0.52 (0.50 to 0.53) 5693
0.71 (0.67 to 0.75)a 1640

0.93 (0.90 to 0.95) 35111
0.98 (0.93 to 1.02)a 13023

297 (0.8%)
1308 (10%)

5.72 (5.66 to 5.78)
7.75 (7.61 to 7.88)a

Events/Person
Year (95% CI)

#
Visits

Events/Person
Year (95% CI)

95% CI, 95% conﬁdence interval.
a
P,0.001 for comparison between AKI and non-AKI by univariable Poisson regression.

Discussion
We found that AKI in the pediatric intensive care unit is
associated with higher risk for postdischarge hospitalizations and physician visits, independent of baseline, admission, and chronic illness variables. This suggests that AKI
either contributes to long-term morbidity or is at least an
important marker of long-term morbidity after intensive
care unit admission.
AKI was associated with approximately 40% higher
adjusted risk of rehospitalization 1 year postdischarge
and 60%–80% higher risk (depending on the AKI deﬁnition) for 5-year rehospitalizations. A recent American study
reported that 1-year rehospitalization rate after pediatric
intensive care unit admission was 62 readmissions per 100
person-years (21). In our cohort, the overall 1-year rehospitalization rate was almost double (113 hospitalizations
per 100 person-years). This discrepancy may be due to the
larger sample size in the United States study or differences
between health care systems. Contrary to our ﬁndings, this
United States study found that AKI was only associated
with 1-year rehospitalization in patients with cancer and
not the remaining population (21). These conﬂicting ﬁndings may be because AKI was deﬁned by diagnostic codes
in the American study, leading to an underestimation of
AKI in their population (22). We deﬁned AKI using
internationally accepted guidelines (serum creatinine and
urine output data), likely enhancing sensitivity and speciﬁcity of our main exposure variable. In the fully adjusted
model, children with complex chronic illness were at
approximately 300% higher risk of readmission at all three
time points. These results reﬂect what has been found
previously (23).
After adjustments, AKI was associated with more frequent 5-year outpatient physician visits. This was true even
when nephrology visits were removed, indicating that
children with AKI have higher health care use to other
providers as well. It is important to note that ,25% of these
children with AKI saw a nephrologist 5 years postdischarge. There are currently no follow-up guidelines for

children with AKI, a population with signiﬁcant morbidity.
Future research should evaluate what factors, including
AKI, are associated with poor long-term outcomes.
Given the paucity of data on this topic, our study adds to
the global understanding of factors associated with longterm morbidity and health care use in critically ill children.
We evaluated variables that are easily ascertainable at the
time of discharge, providing a starting point for risk
stratifying which patients should be targeted for follow-up
intervention strategies, with the ultimate goal of decreasing the number of hospitalizations and emergency room
visits.
It is challenging to understand if AKI is simply a marker
for illness severity or if it directly affects health care
utilization. One hypothesis is that children with AKI may
progress to develop CKD, requiring more care; however, future research would have to evaluate the hospitalization causes in this population to elucidate this (24–
27). AKI may have underappreciated acute and/or chronic
nonkidney organ complications that contribute to prolonged recovery (example: cardiac, respiratory), contributing to higher health care utilization (28–30). What
remains unknown is the effect of provider biases on health
care utilization postdischarge. The perceptions of health
care providers on what follow-up patients with versus
without AKI need, and whether this affects health care
utilization independent of patient health events, is unknown. Future research should aim to evaluate current
health care provider perceptions on post-AKI follow-up,
devise rational guidelines for AKI follow-up targeted to
primary care physicians as well as nephrologists, and
determine the extent to which instituting such guidelines
affects patient outcomes.
This study had some limitations. Although we controlled
for effects of multiple variables, there are postdischarge
variables (new treatments, diagnoses) that we could not
account for. For example, we did not evaluate postdischarge CKD or recurrence of AKI during future hospitalizations. There are no validated deﬁnitions for
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Figure 2. | Unadjusted and adjusted associations of AKI with 30-day, 1-year, and 5-year postdischarge hospitalizations. Relative risk (95%
confidence interval) for 30-day, 1-year, and 5-year hospitalizations for patients with (A) AKI defined using serum creatinine alone (n=1575) and
(B) AKI defined using serum creatinine and urine output (n=1622). The unadjusted (squares), model 1 adjustments (crosses), model 2 adjustments
(triangles), and model 2 adjustments with effect modifiers (circles) relative risks and 95% confidence intervals for (A) AKI by serum creatinine
criteria and (B) AKI by serum creatinine and urine output criteria, for 30-day, 1-year, and 5-year hospitalizations for patients. Multivariable
Poisson regression was used in all multivariable analyses to calculate adjusted relative risks. Model 2 adjustments were not made for the 30-day
outcomes due to low numbers of hospitalizations. Model 1 adjusted for age (continuous), sex, center, significant diagnoses from univariable analysis
(oncologic, diabetes, trauma, infection, cardiac [nonsurgical], kidney, neurology/gastrointestinal/respiratory), death rate fourth quartile versus others,
nephrotoxic antibiotics, vasopressors, and steroids. Model 2 adjusted for all variables in model 1 plus deprivation index (fourth/fifth quintile versus
others),PediatricMedicalComplexityAlgorithm score, rural versusurban,baselinenumberofhospitalizations, andfamily doctor/pediatrician(5years
only). Effect modifiers added to model 2 include: AKI3death rate, AKI3material deprivation index, AKI3social deprivation index, AKI3number of
hospitalizations 12 months prior, and AKI3primary care doctor (yes/no). For model 2 the total N decreases because the deprivation index could not be
calculated onall patients.n valuesfor model 2:(A) AKI serum creatinine alone(n=1497),(B) AKI serum creatinine andurine output (n=1539). *P,0.05;
**P,0.001.

administrative data–deﬁned pediatric CKD or AKI. Future
research should evaluate how to best deﬁne CKD and AKI in
children using diagnostic and procedure codes to garner
knowledge on these postdischarge outcomes and their
effects on other patient outcomes. We did not control for

hospital discharge kidney function, because few patients
had serum creatinine measured near hospital discharge.
Given recent evidence on the potential effect of hospital
discharge kidney function on long-term outcomes, future
research in children should evaluate this exposure in a

Figure 3. | Unadjusted and adjusted associations of AKI with 30-day, 1-year, and 5-year postdischarge physician visits. Relative risk (95%
confidence interval) for 30-day, 1-year, and 5-year physician visits for patients with (A) AKI defined using serum creatinine alone (n=1575) and (B)
AKI defined using serum creatinine and urine output (n=1622). The unadjusted (squares), model 1 adjustments (crosses), model 2 adjustments
(triangles), and model 2 adjustments with effect modifiers (circles) relative risks and 95% confidence intervals for (A) AKI by serum creatinine
criteria and (B) AKI by serum creatinine and urine output criteria, for 30-day, 1-year, and 5-year physician visits for patients. Multivariable Poisson
regression was used in all multivariable analyses to calculate adjusted relative risks. Model 1 and model 2 are the same as described in Figure 2
except we did not control for family physician/pediatrician for the 5-year outcome in model 2. Effect modifiers added to model 2 include:
AKI3sex, AKI3center, AKI3oncologic, AKI3infection, AKI3cardiac (nonsurgical), AKI3kidney, AKI3neurology/gastrointestinal/respiratory,
AKI3death rate, AKI3material deprivation index, AKI3Pediatric Medical Complexity Algorithm, and AKI3number of hospitalizations 12
months prior. For model 2 the total N decreases because the deprivation index could not be calculated on all patients. n values for model 2: (A) AKI
serum creatinine alone (n=1497), (B) AKI serum creatinine and urine output (n=1539). **P,0.001.
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larger sample size, considering other discharge characteristics (13). We excluded patients undergoing cardiac surgery, because this population undergoes very speciﬁc
treatments with a unique AKI pathophysiology; very
speciﬁc factors will drive long-term health care utilization
in this population, who should be studied separately in
future research. This study was conducted in Quebec and
therefore may not be generalizable to patient populations
in other provinces or countries without universal health
care. We were unable to determine if patients moved out
of province and whether this was different across AKI
groups, leading to bias. However, during the study period,
on average ,0.5% of the Quebec population emigrated
per year and there is little reason to suspect that this should
differ between patients with AKI versus patients without
AKI (31). Inherent to all studies on pediatric AKI was the
lack of serum creatinine measurements in a substantial
proportion of patients, required for AKI ascertainment. We
believe that with increasing awareness of the importance
of AKI on short- and long-term outcomes, guidelines on
which patients should have kidney function systematically monitored, and knowledge translation interventions to apply such guidelines, should be developed. Our
evaluation of AKI deﬁned using only serum creatinine
criteria (as used in the majority of pediatric AKI studies)
as well as the AKI deﬁnition including urine output
criteria was useful to enhance sensitivity of identifying
patients with AKI. However, our results show that
adding urine output to AKI ascertainment did not lead
to substantial differences in AKI-outcome associations,
suggesting that for determining AKI status for such
studies, utilizing only serum creatinine criteria may be
adequate.
AKI in critically ill children was associated with higher
hospitalizations and physician visits in the long-term.
Future research should elucidate the mechanism of this
association and begin to identify and target at-risk groups
for long-term studies and health interventions. Research
should aim to develop evidence-based recommendations
on postdischarge follow-up of children with AKI and
evaluate the effectiveness and cost of such monitoring
interventions.
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