OBSERVATIONAL STUDY

Association of Nonrecovery of Kidney Function
After Pediatric Acute Kidney Injury With 5-Year

Kidney and Nonkidney Outcomes

IMPORTANCE: Acute kidney injury is common in critically ill children, but the
long-term outcomes are not well defined.

OBJECTIVES: Evaluated whether nonrecovery of kidney function, following acute
kidney injury, was associated with postdischarge mortality, healthcare utilization,
and chronic kidney disease.

DESIGN: Retrospective, two-center, observational study.
SETTING: Two ICUs at tertiary children’s hospitals in Montreal, QC.

PARTICIPANTS: Pediatric patients (age < 18 yr) with index admission to inten-
sive care between January 1, 2003, and March 31, 2005. Children were excluded
if they 1) died during admission, 2) did not have serum creatinine or urine output
measured, 3) did not develop acute kidney injury, 4) could not be linked to admin-
istrative health data, and 5) (for chronic kidney disease outcome) had pre-existing
renal disease by chart review, baseline estimated glomerular filtration rate meas-
urement, or administrative health data codes.

MAIN OUTCOMES AND MEASURES: Three-hundred seventy-eight patients’
data were included for long-term mortality and healthcare utilization outcomes;
316 patients for long-term chronic kidney disease outcome. Outcomes were de-
fined using provincial administrative healthcare data diagnosis, procedure, and
billing codes.

MAIN RESULTS: Nonrecovery of kidney function, defined as serum creatinine
greater than or equal to 1.5x baseline at ICU discharge, occurred in 51 patients
(13%). Nonrecovery of kidney function was not associated with long-term mor-
tality (at 5-7 yr following hospital discharge), increased hospitalizations or emer-
gency department visits (at 30-days, 1-year, and 5-yr follow-up), or increased
physician visits (at 1- and 5-yr follow-up). Nonrecovery was associated with
increased 30-day physician visits (adjusted relative risk, 1.40; 95% CI, 1.13-
1.73) and chronic kidney disease diagnosis within 5 years of discharge (adjusted
hazard ratio, 4.92, 95% CI, 1.77-13.70).

CONCLUSIONS AND RELEVANCE: Nonrecovery of kidney function following
an episode of acute kidney injury in critically ill children is associated with nearly
five-fold increased risk for long-term chronic kidney disease. Acute kidney injury
nonrecovery may be a useful marker to identify patients that are particularly impor-
tant to follow-up post discharge for chronic kidney disease detection.

KEY WORDS: acute kidney injury; chronic renal insufficiency; critical care
outcomes; mortality; pediatrics; recovery of function

AKIT in this population is associated with ICU and hospital mortality
and with length of stay and mechanical ventilation (4, 5). In hospital-
ized adults, AKI is known to be strongly associated with long-term incidence

3 cutekidneyinjury (AKI)occursinatleast15%ofchildrenintheICU (1-3).
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and progression to chronic kidney disease (CKD), end
stage renal disease, and increased risk for cardiovas-
cular events and death (6-14). As a result, the Kidney
Disease: Improving Global Outcomes (KDIGO) guide-
line recommends routine follow-up after hospitaliza-
tion with AKI (15).

Research on the association of pediatric AKI with
long-term kidney outcomes is limited, largely due to
the lack of non-AKI comparison groups in previous
studies. However, observational studies have demon-
strated a high prevalence of hypertension and CKD
in children with a history of hospitalization-associ-
ated AKI, relative to the general pediatric population
(16-18). For children undergoing cardiac surgery, the
association between postoperative AKI and long-term
CKD or hypertension is controversial (19, 20). We pre-
viously showed that in children admitted to the ICU,
AKTI is associated with increased risk for 5-year mor-
tality (21), increased healthcare utilization (22), hyper-
tension (17), and CKD (18) using administrative data.
However, identifying which patients should be followed
after an episode of AKI remains elusive in the current
context, where follow-up of children with AKI after
hospital discharge is not the standard of care (19, 23).
Previous adult studies have shown that lack of kidney
function recovery after AKI was associated with higher
risk for mortality, CKD, and other morbidities (24-27).
Several studies have defined nonrecovery as the pres-
ence of any AKI by KDIGO criteria, including serum
creatinine (SCr) greater than 1.5 times baseline by dis-
charge from hospital or other clinically relevant time
points (28-31). One study performed in children
undergoing ventricular assist device implantation re-
ported that patients with persistent postimplant AKI at
discharge (i.e., nonrecovery from AKI based on SCr >
1.5x baseline at 3 mo) had significantly higher rates of
CKD at 1-year post heart transplant (30). Nonrecovery
of AKI before hospital discharge may therefore be
a clinically useful marker, which is easily applicable
across different types of patients, for risk-stratifying
patients for systematic follow-up after discharge.

We hypothesized that in critically ill children with
AKI during ICU admission, nonrecovery of kidney
function before hospital discharge is associated with
long-term kidney and nonkidney outcomes. In chil-
dren admitted to two PICUs, we evaluated the extent to
which nonrecovery (defined as SCr > 1.5x baseline at
hospital discharge) was associated with postdischarge
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1) mortality, 2) healthcare utilization, and 3) CKD, as
defined using administrative healthcare data.

MATERIALS AND METHODS

Design, Setting, and Patient Selection

We performed a secondary analysis using a database
that has been extensively described previously (21, 22).
The original study was a retrospective cohort study
of children (age < 18 yr) admitted to two ICUs in
Montreal, QC, Canada (Montreal Children’s Hospital;
Centre Hospital Universitaire Sainte-Justine) between
January 1, 2003, and March 31, 2005, to evaluate the
association of AKI during ICU admission with 5-year
postdischarge outcomes. Only the first hospitalization
(index admission) per patient during the study pe-
riod was included. For the current analysis, exclusion
criteria were as follows: 1) death during index admis-
sion, 2) lack of either SCr or urine output (UO) data
available during ICU admission, 3) did not develop
AKI (defined below) during index ICU admission, 4)
lack of SCr measured between ICU and hospital dis-
charge (to define AKI nonrecovery), or 5) unable to
link medical chart data to provincial administrative
health data. Only for analyses pertaining to the CKD
outcome, additional exclusion criteria were as follows:
1) pre-existing (pre-ICU) kidney disease (including
kidney/urinary tract abnormalities determined by
chart review and adjudicated by authors E.H., M.Z.);
2) baseline estimated glomerular filtration rate (eGFR)
below normal for age (32-34); or 3) presence of CKD
diagnosis code or CKD medication prescription, as per
administrative health data codes, within 12 months
before index admission. Approvals from the research
ethics board of the McGill University Health Centre
(study code/approval number 12-015-PED) and the
Commission dacces a I'information du Québec (pro-
vincial ethics body) were obtained. Requirement for
patient consent was waived.

Data Collection and Sources

Data sources included retrospectively collected med-
ical chart data and provincial administrative health
data. Full description of data collection methods
has been described previously (21, 22). Briefly, base-
line and index ICU variables were collected by ret-
rospective chart review (using data collection forms
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pretested for inter- and intrarater reliability) (21, 22),
including age, pre-existing kidney abnormalities, pri-
mary ICU diagnosis (i.e., cancer, kidney disease, di-
abetes), variables required to calculate the Pediatric
Risk of Mortality (PRISM) II (converted into a death
risk rate) (35), treatments (i.e., vasopressor use, need
for invasive mechanical ventilation, nephrotoxin expo-
sure), length of stay, and daily ICU SCr and UO data.
Nephrotoxins included nonsteroidal anti-inflamma-
tory drugs (NSAIDs) and antimicrobials, including
aminoglycosides, vancomycin, acyclovir, and ampho-
tericin. Postdischarge outcome data were obtained
from provincial administrative health databases
(Quebec Vital Statistics Registry, Régie de l'assurance
maladie du Québec (RAMQ), and Med-Echo), from
which health data on all subjects were available up
until March 31, 2010 (5 yr after the last hospital ad-
mission during the study period or ~7 yr after the first
hospitalization during the study period). These data-
bases contain mortality data and all inpatient and out-
patient billing codes and International Classification of
Disease, 9th revision and 10th revision diagnosis and
procedure codes. Diagnosis codes from the index ad-
mission were used to calculate the Pediatric Medical
Complexity Algorithm (PMCA), which classifies chil-
dren with chronic disease according to level of medical
complexity (36).

Exposure: Nonrecovery Following AKI

AKI during ICU admission was defined using the
KDIGO SCr and UO-based criteria and staged by se-
verity (no AKI or stage 1-3 AKI) (1, 15). The worst
of the SCr criteria or UO criteria staging was used to
classify AKI severity. Baseline SCr was defined as the
lowest SCr 3 months before index admission. If una-
vailable, we back-calculated baseline SCr using previ-
ously described validated methods, assuming normal
pre-ICU baseline kidney function for age (21, 22, 33).
AKI nonrecovery was defined using the last SCr meas-
ured “after” ICU discharge but “before” hospital dis-
charge. Nonrecovery was defined as last SCr greater
than or equal to 1.5 times baseline SCr (28, 37).

Outcomes: Mortality, Healthcare Utilization,
and CKD

For all outcomes, day 0 of follow-up was the hospital
discharge date. The primary outcome was mortality
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(determined using RAMQ databases and Québec
Vital Statistics Registry). A secondary outcome was
healthcare utilization. As previously published, we
separately evaluated any hospitalizations, emergency
department (ED) visits, and outpatient physician
visits (including primary care and specialist visits),
expressed as events (visits) per unit time of observa-
tion, occurring within 30 days, 1 year, and 5 years after
index hospital discharge (defined using RAMQ and
Med-Echo databases, as described previously) (22).
Another secondary outcome was diagnosis of CKD
within 5 years of hospital discharge, using diagnosis,
procedure, and medication codes available from
RAMQ and Med-Echo databases (Supplementary
Fig. 1, http://links.lww.com/CCX/A897) (full algo-
rithm definition described previously [18, 22]).

Analysis

All analyses were planned a priori and conducted using
SAS statistical software, release 9.2 (SAS Institute, Cary,
NC)and Stata Version 12 (College Station, TX).Reporting
was prepared in accordance with guidelines (38).
Associations between patient and ICU characteristics
with the exposure and the outcomes (mortality, health-
care utilization, or CKD) were evaluated using uni-
variable analyses appropriate for variable distribution.
Variables associated at a p value of less than 0.05 level
with both the exposure and outcomes were selected for
inclusion in multivariable models. Cox proportional
hazards analysis was performed to evaluate the associa-
tions between AKI nonrecovery with mortality and be-
tween AKI nonrecovery with 5-year postdischarge CKD
diagnosis. Modified Poisson regression was performed
to evaluate the associations between AKI nonrecovery
with 30-day, 1-year, and 5-year healthcare utilization
outcomes (expressed as events per unit time). A sen-
sitivity analysis was performed, which was planned a
priori, to perform univariable associations between AKI
nonrecovery with each outcome, excluding patients
who did not have a measured baseline SCr (i.e., patients
for whom baseline SCr was estimated).

RESULTS

Patient Characteristics

Of 2,499 eligible ICU patients during the study pe-
riod, 535 (21%) developed AKI. After exclusions
(Fig. 1), 378 patients were included in the analysis for
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Patients (<18 years old) admitted to 1 of 2

Montreal pediatric intensive care units
between 2003-2005 (N~3400)

Pre-admission ESRD or no healthcare

number (neonates or non-Quebec
residents) (N=901)

Patients included in the database (N=2499)

Missing healthcare number
(N=10)

Repeat admissions
(N=14)

Died during admission
(N=84)

No SCr or urine output measured
(N=419)

No AKI during PICU admission
(N= 1437)

AKI in PICU but no SCr measured
between PICU and hospital discharge

diagnoses, nephrology con-
sultations, and treatment
with renal support therapy;
they had lower proportions
of postcardiac surgery pro-
cedures, vasopressor use,
NSAIDs use, and mechan-
ical ventilation and had
lower PRISM death rate
and ICU length of stay.

Association
of Nonrecovery
With Mortality

Mortality within 5-7 years
following hospital discharge
occurred in five of 51 chil-
dren (10%) with AKI non-
recovery and in 28 of 327
patients (9%) with AKI re-
covery (p = 0.77). As shown
in Figure 24, in the multi-
variable model (adjusted for

(N=157)

N= 378 included in analysis for mortality and
healthcare utilization

age and PRISM death rate),
nonrecovery after AKI was
not associated with long-

Any pre-existing renal problem
(N=62)

term mortality (adjusted
hazard ratio [HR], 1.26;

N= 316 included in analysis for CKD

95% CI, 0.48-3.30).

Association

Figure 1. Participant flow diagram. AKI = acute kidney injury, CKD = chronic kidney disease,

ESRD = end stage renal disease; SCr = serum creatinine.

long-term mortality and healthcare utilization out-
comes (205/378 [54%] male; mean age at admission
5.9+ 6.0 yr; mean follow-up duration 5.7 +1.4 yr). Of
these, 316 patients were included in the analysis for
long-term CKD outcome (excluding patients with pre-
existing kidney disease, reduced baseline eGFR, or
CKD diagnostic codes or medications within 12 mo of
index admission) (Fig. 1).

Nonrecovery of kidney function occurred in 51 of
378 patients (13%). Table 1 shows that patients with
nonrecovery (vs recovery) were significantly older at
ICU admission and had a higher proportion of females.
Patients with nonrecovery also had higher proportion
of oncologic, kidney and postoperative (noncardiac)
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of Nonrecovery With
Healthcare Utilization

Figure 2B shows that in
multivariable analyses (adjusted for age, admission
diagnoses [cancer; renal; diabetes], vasopressor use,
need for invasive mechanical ventilation, PMCA score,
and pre-existing renal abnormalities), nonrecovery
after AKI was not associated with increased relative
risk of hospitalization at 30 days, 1 year, or 5 years post
hospital discharge. Similarly, Figure 2B shows that in
multivariable analyses, nonrecovery was not associ-
ated with ED visits at 30 days, 1 year, or 5 years.

Figure 2B also shows that although nonrecovery after
AKI was associated with increased physician visits at 30
days, 1 year, and 5 years after discharge in univariable
analyses, nonrecovery was only associated with increased
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TABLE 1.

Comparison of Patient Characteristics by Nonrecovery

Variables

AKI and Nonrecovery,

N =51

AKI and Recovery,

N =327

Baseline characteristics
Age, yr
Female sex
Center 12
ICU diagnosis
Cardiac surgery
Cardiac (nonsurgical)
Diabetes
Gastrointestinal
Infection (excluding bronchiolitis)
Neurologic or neurosurgical
Oncologic
Kidney disease
Respiratory
Trauma
Other®
Pre-existing kidney disease®
Postoperative (noncardiac)
PRISM Il score
PRISM death rate
ICU treatment characteristics
Vasopressor use
Any nephrotoxic antibiotics
Nonsteroidal anti-inflammatory drugs use (yes/no)
Mechanically ventilated (yes/no)
ICU length of stay (d)
Hospital length of stay (d)
Kidney related
Nephrology consultation during admission
Renal support therapy in ICU (yes/no)
AKI stage
Stage 1
Stage 2
Stage 3
Outcomes
5-7 yr mortality
Chronic kidney disease

3.06 (10.46)¢
30 (59%)¢

14 (27%)
2 (4%)°
4 (8%)

0 (0%)

3 (6%)
11 (22%)
3 (6%)

8 (16%)°
10 (20%)°
3 (6%)

1 (2%)
6 (12%)
41/327 (12.5%)°
17 (33%)°
7.0 (12.0)¢
2.0 (8.7)°
9 (18%)°

22 (43%)
4 (8%)¢

20 (40%)°

1.9 (6.4)°

16 (20)

26 (519%)°
8 (16%)°

18 (35%)
9 (18%)
24 (47%)

5 (10%)
5 (10%)

6.68 (10.11)
143 (44%)
92 (28%)

148 (45%)
9 (3%)
12 (4%)
22 (7%)
46 (14%)
16 (5%)
2 (1%)
5 (2%)
10 (3%)
19 (6%)
38 (12%)
21/51 (41.2%)
44 (14%)
12.0 (9.0)
6.1 (14.1)

173 (53%)
124 (38%)

77 (24%)
244 (75%)
4.2 (8.7)
18 (23)

57 (17%)
4 (1%)

198 (61%)
75 (23%)
54 (17%)

28 (9%)
14 (4%)

AKI = acute kidney injury, PRISM Il = Pediatric Risk of Mortality II.

2Patients were admitted to one of two ICUs in Montreal, QC, Canada.

*Includes hematologic (nononcologic), inborn error of metabolism and metabolic (noninborn error of metabolism), immunologic,
intoxication, burn, orthopedic, otolyarngologic, endocrinologic (nondiabetes), and bronchiolitis

*Excluded from chronic kidney disease analysis.
4p < 0.05.
ep < 0.001.

Continuous variables reported as median (interquartile range) and categorical variables reported as number (percentage).

Critical Care Explorations
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A Mortality Effect (95% CI)
Univariate © 1.17 (0.45, 3.03)
Multivariate - 1.26 (0.48, 3.30)
T
1 3
Hazard Ratio
B Healthcare Utilization Effect (95% ClI)
30-Day Hospitalizations
Univariate = 1.58 (0.96, 2.61)
Multivariate = 1.59 (0.87, 2.93)
1-Year Hospitalizations
Univariate —0— 1.40 (1.13, 1.73) *
Multivariate —— 1.09 (0.83, 1.43)
5-Year Hospitalizations
Univariate = 1.12 (0.95, 1.31)
Multivariate - 1.05 (0.86, 1.28)
30-Day ED Visits
Univariate ~—————— 1.04 (0.61, 1.83)

Multivariate ——l— 0.97 (0.50, 1.89)
1-Year ED Visits

Univariate —P— 0.98 (0.78, 1.23)

Multivariate Hl— 1.10 (0.84, 1.44)
5-Year ED Visits _
Univariate & 0.71 (0.61, 0.83) *
Multivariate — 0.89 (0.75, 1.06)
30-Day Physician Visits o
Univariate —S— 1.73 (1.46, 2.05) *
Multivariate — 1.40 (1.13,1.73) *
1-Year Physician Visits o
Univariate = 1.50 (1.40, 1.61) *
Multivariate = 1.05 (0.96, 1.15)
5-Year Physician Visits -
Univariate <] 1.33 (1.27, 1.39) *
Multivariate = 0.95 (0.90, 1.01)
T
1 3
Relative Risk
C
CKD Effect (95% CI)
Univariate —_—— 3.65 (1.31, 10.13) *
Miiltivariats = 4.92 (1.77,13.70) *
T T
1 1

Hazard Ratio

Figure 2. Univariable and multivariable analysis of association of nonrecovery of renal function
after acute kidney injury (AKI) with long-term outcomes. A, Mortality at 5=7 yr (n =5 AKl and
nonrecovery; n =28 AKl and recovery) hazard ratios (95% ClI) is evaluated using Cox proportional
hazard analysis. B, Healthcare utilization (n =51 AKI and nonrecovery; n = 327 AKI and recovery)
relative risk (95% Cl) is evaluated using modified Poisson regression. €, Chronic kidney disease

at 5 yr (n="5 AKI and nonrecovery; n = 14 AKI and recovery) hazard ratio (95% Cl) is evaluated
using Cox proportional hazard analysis. * p < 0.05. CKD = chronic kidney disease, ED = emergency
department.
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physician visits at 30 days
in multivariable analyses
(adjusted relative risk, 1.40;
95% CI, 1.13-1.73).

Association of
Nonrecovery With CKD

CKD diagnosis at 5 years
following hospital  dis-
charge occurred in nine
of 30 children (30%) with
nonrecovery after AKI and
in 30 of 286 patients (10%)
with recovery after AKI
(p = 0.002). In the multi-
variable analysis (adjusted
for age, PMCA score, and
nephrotoxic antibiotic ex-
posure), nonrecovery was
associated with nearly five-
fold increased risk for CKD
diagnosis within 5 years of
discharge (adjusted HR,
4.92; 95% CI, 1.77-13.70,
shown in Fig. 2C).

Sensitivity Analysis

When excluding children
without measured baseline
SCr, the magnitude and
directions of associations
between nonrecovery and
outcomes were very sim-
ilar (Fig. 3 A-C).

DISCUSSION

We found that nonrecov-
ery of kidney function fol-
lowing AKI in critically
ill children is associated
with increased risk for
diagnosis of CKD, as de-
fined using administrative
health data. To our know-
ledge, this has not been
previously reported in the
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The disproportionate
A Moraity Effect (35% C1) distribution of children
undergoing cardiac sur-
- 127036, 4.48) gery (4% of the AKI nonre-
, covery group vs almost half
1 3
AR of the AKI recovery group)
may at least partially ex-
B Healthcare Utilization Etfect (95% Cl) plain Why children in the
30-Day Hospitalizations recovery group had higher
< L7A0RK 243 illness severity in the ICU
1-Year Hospitalizations .
— i 1S58 208 * and more stable kidney
SN HENRAEEa - - function at the time of dis-
1 A .83, 1.
charge. Children undergo-
30-Day ED Visits i 1
- 125 055,264 ing cardiac surgery very
1-Year ED Visits commonly have small ele-
_ =8 L1 vations of SCr postopera-
5-Year ED Visits . . .
— 072(057,092) * tively and also significant
R oliguria, which would clas-
30-Day Physician Visits . .
—_— 23301.83,205) * sify them as having stage 1
vear Physician Vists . AKL It is conceivable that
- 2.06 (1.88, 2.25) . .
5-Year Physician Visits children undergoing car-
= VR diac surgery with stage
. 1 AKI might more com-
elative Risk
C monly recover their kidney
CKD Effect (95% CI) function compared with
noncardiac ICU children.
=t 2.78 (0.56, 13.78) Another possible explana-
tion is that patients with
T
1 Y more severe AKI in ICU
Hazard Ratio died prior to hospital dis-

Figure 3. Univariable analysis of association of nonrecovery of kidney function after acute kidney
injury with long-term outcomes (excluding patients without a measured baseline serum creatinine).
A, Mortality at 57 yr hazard ratios (95% Cl) is evaluated using Cox proportional hazard analysis.
B Healthcare utilization relative risk (95% Cl) is evaluated using modified Poisson regression.

C, Chronic kidney disease at b yr hazard ratio (95% Cl) is evaluated using Cox proportional hazard
analysis. “p < 0.05. CKD = chronic kidney disease, ED = emergency department.

AKT literature for children admitted in the general
ICU. Nonrecovery of kidney function at hospital dis-
charge after an episode of AKI was not associated with
increased mortality or hospitalizations but was associ-
ated with increased risk of outpatient physician visits
at 30 days.

In this study, patients with nonrecovery of kidney
function after AKI had lower illness severity markers
compared with those with recovery. This finding was
surprising considering the established association be-
tween AKI and poorer hospital outcomes (3, 39, 40).

Critical Care Explorations

charge and thus did not
have the opportunity to
be ascertained for nonre-
covery prior to hospital
discharge.

We previously showed
that AKI is independently
associated with increased risk of 5-7-year mortality
after critical illness in children (23). A large multi-
center study, including nearly 17,000 adult patients
with stage 2 or 3 AKI, showed significantly increased
risk of 1-year mortality in patients without AKI re-
covery (similarly defined as in our study) at hospital
discharge (29). Our study does not support this as-
sociation in children. Although our study is limited
by a small sample size and low event rates, the point
estimates (HRs) suggest that even if there is an asso-
ciation of AKI nonrecovery with mortality, it is not a
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very strong effect. Future larger studies with a higher
proportion of patients with more severe AKI (at least
stage 2 AKI or worse) should be performed to better
investigate and quantify the increased risk of mortality
attributable to nonrecovery from more severe AKI.
Nonrecovery of kidney function was not associated
with significantly increased risk of rehospitalization or
ED visits. However, nonrecovery was associated with
approximately 40% increased risk of outpatient physi-
cian visits at 30 days, even when adjusting for medical
complexity (i.e., admission diagnoses, illness severity,
and PMCA score). Contrary to the adult population
where follow-up after AKI is routine, healthcare uti-
lization post-AKI is difficult to study and interpret in
the pediatric population, in whom there is currently
no pediatric data-driven consensus guideline for op-
timal follow-up (15). Understanding postdischarge
care pathways for children who develop AKI during
hospitalization is essential to determining whether
increased healthcare utilization is due to increased
surveillance and higher illness severity or whether
healthcare providers are triggered by elevated SCr at
discharge to follow these patients prospectively.
Children with nonrecovery of kidney function had
nearly five times significantly increased adjusted risk
of CKD diagnosis at 5-year follow-up when adjust-
ing for age, medical complexity (using PMCA score),
and nephrotoxin exposure. We recently showed that
critically ill children with AKI are at higher risk for
CKD development in this cohort using administrative
health data; we applied multiple algorithms account-
ing for stricter definitions of CKD using codes con-
sistent with KDIGO criteria for CKD (including CKD,
proteinuria, and dialysis) and broader definitions in-
cluding outpatient diagnostic codes and CKD-specific
medications (18). We also supported this association
in a separate prospective study of two Canadian cen-
ters using laboratory data (18, 41). There is almost no
published literature on the association of predischarge
AKI recovery with long-term kidney outcomes and
none published in a general PICU population (30). The
results of our study suggest that children without renal
recovery of AKI before hospital discharge are at risk
for long-term kidney dysfunction. Increased AKI se-
verity could be an important driver of this observation
considering the higher rate of stage 3 AKI in children
with nonrecovery versus recovery at hospital discharge
(47% vs 17%). Future studies are needed to determine

8 www.ccejournal.org

other factors that may contribute to this association,
including pattern and timing of AKI recovery, ICU/
post-ICU care pathways that could be contributing to
persistent AKI at discharge (i.e., number and duration
of nephrotoxins or severity of fluid overload), and AKI
recurrence after discharge. Prospective studies are also
needed to confirm the association between nonrecov-
ery and long-term CKD using laboratory markers of
kidney dysfunction. Finally, efforts should be made
to ensure that when care transfer occurs from ICU to
non-ICU wards, communication and documentation
about AKI events is performed to maximize the prob-
ability that appropriate follow-up ensues.

A recent consensus statement by Chawla et al (42)
proposes the term “acute kidney disease” to repre-
sent our evolving understanding of the continuum
of kidney dysfunction between AKI and CKD. This
guideline suggests that patients with persistent AKI
or SCr greater than or equal to 1.5x baseline 7 days
post-AKI episode are at high risk for morbidity and
mortality and recommends closer surveillance of
these patients following hospital discharge. However,
we and others have shown that follow-up of kidney
function after ICU discharge, in children who de-
velop AKI during ICU admission, is quite uncommon
(19, 23). It is also noteworthy that in our study, ap-
proximately 25% of children who developed AKI in
the ICU did not have a repeat SCr measured prior
to hospital discharge. Future studies are needed to
evaluate specific time points for renal recovery and
severity of ongoing kidney dysfunction and their as-
sociation with long-term outcomes in children. At
the very least, our results suggest that an effort should
be made to ensure that kidney function be measured
after AKI to document recovery from AKI, prior to
hospital discharge.

Our study has limitations. Our sample size was rel-
atively small for children with nonkidney recovery
post-AKI, limiting the inclusion of additional con-
founding variables in our multivariable analysis. We
defined nonrecovery in our study using SCr greater
than 1.5x baseline to be consistent with the recently
published literature; however, there is not yet a con-
sensus definition of nonrecovery. We defined CKD
using administrative health data, which has been
shown to have poor sensitivity but very high speci-
ficity in a Canadian study (43). Furthermore, in our
previous study, we demonstrated that the presence
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of AKI during ICU admission, defined in many dif-
ferent ways, was strongly associated with CKD using
this definition (18). Although we did not have access
to postdischarge laboratory data to confirm diag-
nosis of CKD, future studies should be performed
with available linked laboratory data to confirm the
diagnosis and evaluate the severity of CKD. Our data
come from ICU admissions occurring about 15 years
ago, with long-term follow-up data available until
about 10 years ago. However, the incidence of AKI
(21%) is consistent with the reported incidence of
AKI in a multinational prospective study (3), sug-
gesting that the identification and management of
critically ill children with AKI has not changed sig-
nificantly. To our knowledge, there have been no
substantial changes in the long-term follow-up care
of children with AKI at either of these two institu-
tions. Furthermore, the use of already available data
to determine the extent to which AKI nonrecovery
is associated with later outcomes (vs initiating a new
resource-intensive data collection process of pro-
spective study) is a strength. Many of our patients
did not have a baseline SCr measurement, which is
typical for children admitted to the ICU (3, 33). For
this reason, we performed a sensitivity analysis ex-
cluding patients for whom we estimated baseline SCr.
This analysis did lead to a loss of statistical signifi-
cance for association with CKD diagnosis, likely due
to reduced sample size. Although consensus opinion
is that estimating baseline SCr is acceptable (by ne-
cessity) to do in patients without baseline SCr (42),
systematic monitoring of kidney function may be-
come an important component of primary care sur-
veillance of higher risk patients. Another potential
limitation which must be addressed is the potential
bias associated with evaluating nonrecovery of AKI
with later CKD development. It is possible that AKI
patients with elevated SCr prior to hospital discharge
may have been “appropriately” targeted for postdis-
charge SCr measurement or physician visits, thereby
increasing the probability of CKD detection (com-
pared with those patients without recovery). This
potential bias can only be addressed in future pro-
spective studies of children with AKI, irrespective of
their recovery status. Our results may not be com-
pletely generalizable to other countries, where health
system funding and processes and healthcare dispari-
ties differ from those in Canada.

Critical Care Explorations

CONCLUSIONS

Nonrecovery of kidney function following AKI was as-
sociated with increased long-term CKD. There is a need
to better understand the pathophysiology of this acute
kidney disease state in order to identify potential targets
for treatment and to inform prognostic models. As well,
there is urgency to develop evidence-based recommen-
dations for follow-up of critically ill children after AKL
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