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Abstract
Background and objectives There is a limited appreciation of the epidemiology of dialysis-receiving AKI in
children. The primary objective of the study was to evaluate changes in the incidence of dialysis-receiving AKI
among children over a period of 20 years in Ontario, Canada. The secondary objectives were to assess temporal trends
in the utilization of various dialysis modalities and 30-day mortality among children with dialysis-receiving AKI.
Design, setting, participants, & measurements All children (29 days to 18 years) who received their ﬁrst dialysis for
AKI between 1996 and 2015 were identiﬁed from healthcare administrative databases. Those who received
dialysis for ESKD, inborn errors of metabolism, and poisonings were excluded. The incidence rates of dialysisreceiving AKI were reported annually. The Cochran—Armitage test was used to assess trends in the incidence and
short-term mortality after dialysis-receiving AKI.
Results We identiﬁed 1394 children treated with dialysis for AKI during a hospital stay. There was a signiﬁcant
increase in the incidence of dialysis-receiving AKI among hospitalized children from 1996 (0.58 per 1000 personyears) to 2015 (0.65 per 1000 person-years) (P=0.01). The use of continuous kidney replacement therapy and
intermittent hemodialysis increased whereas the relative use of peritoneal dialysis declined over time. Thirty-day
mortality rates after dialysis-receiving AKI increased from 14% to 25% between 1996 and 2009 and reduced to 19%
in the more recent years (P=0.03).
Conclusions In Ontario, the incidence of dialysis-receiving AKI among children has increased between 1996 and
2015. The use of peritoneal dialysis for AKI has declined and the short-term mortality after dialysis-receiving AKI
has increased.
CJASN 14: 1288–1296, 2019. doi: https://doi.org/10.2215/CJN.08250718

Introduction
AKI has been increasingly recognized as an important
complication in hospitalized children. AKI occurs in
up to 60% of children after cardiac surgery (1–3) and
10%–80% of all children admitted to an intensive care
unit (ICU) (4–6). AKI is strongly associated with hospital
mortality in children (6–8), and among those with severe
AKI receiving dialysis, hospital mortality is as high as
50%–70% (9,10). Similarly, among neonates, AKI occurs
in around 18%–70% of patients undergoing cardiac
surgery or those on extracorporeal membrane oxygenation (ECMO) (11–13), and has been shown to be
associated with high mortality rates in the range of
13%–55% on the basis of data from various multicenter
studies (12,14,15).
Recent data suggest that the incidence of dialysisreceiving AKI has increased among adults over the
past two decades (16,17). However, trends in the
incidence of AKI over time have not been well
documented in children. Previous studies in children
on AKI were from single centers or (18) cross-sectional
1288
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in design (19), and there is no information on secular
trends in AKI incidence.
We conducted a population-based cohort study to
determine the epidemiology of dialysis-receiving AKI
among children over a period of 20 years, using health
administrative databases in Ontario. Our main objectives
were to determine the trends in the incidence of dialysisreceiving AKI, relative utilization of various dialysis
modalities, and risk of short-term mortality after dialysisreceiving AKI among children. We hypothesized that the
incidence of dialysis-receiving AKI and the utilization of
intermittent hemodialysis (HD) and continuous kidney
replacement therapy (CKRT) have increased but the risk
of mortality after AKI has decreased over the past two
decades among hospitalized children.

Materials and Methods
Setting and Design
This was a population-based, retrospective cohort
study of children who received their ﬁrst dialysis
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treatment for AKI in any one of the four tertiary care
pediatric hospitals in Ontario between April 1, 1996 and
March 31, 2015. Ontario is Canada’s most populous
province in which comprehensive publicly funded health
care is available for its .13 million residents. The use of
data in this project was authorized under section 45 of
Ontario’s Personal Health Information Protection Act,
which is exempt from review by a research ethics board.
Population
All children (29 days to 18 years) who were hospitalized
between April 1, 1996 and March 31, 2015, were included
in this study. To assess trends in dialysis-receiving
AKI over time, separate cohorts were created for each
ﬁscal year (April 1 to March 31), and only children alive at
the beginning of the ﬁscal year were included. Study entry
date was considered the start of each ﬁscal year. To
calculate the incidence of dialysis-receiving AKI among
children, we included not only the hospitalized population
but also the total childhood population in Ontario between
1996 and 2015. We then followed them for 1 year during
each ﬁscal year for evidence of dialysis-receiving AKI.
Emigration from Ontario is very low (0.1% per year) and
was the only reason for loss to follow-up.
We also analyzed the trends in dialysis-receiving AKI
among hospitalized neonates (0–28 days) as an exploratory
analysis. For neonates, date of birth was used as the study
entry date and they were followed for 28 days from birth
for evidence of dialysis-receiving AKI.
We excluded neonates and children who were not
residents of Ontario at the time of entry into the study,
and those who received any dialysis or a kidney transplant
before the study entry date. The exclusion of kidney transplant did not apply to the index hospitalization.
Data Sources
The study utilized provincial health care administrative
databases housed at ICES. The details of the databases used
in this study are presented in Supplemental Table 1.
Outcomes
Dialysis-Receiving AKI. The primary outcome of the
study was the annualized incidence of dialysis-receiving
AKI among hospitalized children in Ontario. We ascertained dialysis-receiving AKI by the presence of at least one
acute dialysis code (intermittent HD, CKRT, or peritoneal
dialysis [PD]) or access code (for HD or PD catheter)
(Supplemental Table 2) billed between the admission
and discharge dates during the index hospitalization. To
exclude patients starting maintenance dialysis for ESKD,
we did not consider children who received dialysis at 90
days beyond their initial acute dialysis date. This strategy
of identifying those with dialysis dependence through the
ICES databases has been published previously (20).
Patients who received dialysis but who had a diagnostic
code for inborn errors of metabolism (e.g., organic acidemia, maple syrup urine disease, and urea cycle defect) or
poisonings (methanol, salicylates, and ethylene glycol)
were not considered as dialysis-receiving AKI cases. For
patients with multiple eligible hospitalizations during each
ﬁscal year (i.e., hospitalization with dialysis-receiving AKI),
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the ﬁrst hospitalization during the study year was chosen.
Children with dialysis-receiving AKI during a particular
ﬁscal year were included in the analysis again if they had a
hospitalization for dialysis-receiving AKI during the subsequent years. For patients treated with multiple modalities
of dialysis used during an episode of AKI, only the ﬁrst
modality was considered for all analyses.
To deﬁne dialysis-receiving AKI among hospitalized
neonates, a slightly different strategy was used. This was
because many hospitalized neonates originally identiﬁed
as receiving acute dialysis had an access code (HD or PD)
only without an associated acute dialysis code, especially
those receiving cardiac surgery (Supplemental Table 3).
Because of the nature of our health administrative databases, it was difﬁcult to ascertain whether the neonates
who had an access code only without an acute dialysis code
did actually receive dialysis. Hence, we created two
deﬁnitions for dialysis-receiving AKI among hospitalized
neonates: (1) the presence of an acute dialysis code (HD,
PD, or CKRT) (considered as main deﬁnition to reduce
misclassiﬁcation bias), and (2) the presence of either an
acute dialysis code or an access code.
Dialysis Modalities. The relative utilization of various
dialysis modalities (HD, CKRT, and PD) for each ﬁscal year
was determined using the acute dialysis codes.
Short-Term Mortality. Secular trends in all-cause mortality within 30 days of dialysis-receiving AKI were also
evaluated.
Demographics and Comorbidities
We considered the demographic and clinical characteristics
of our cohorts by time periods: (1996–2001, 2002–2005, 2006–
2009, and 2010–2015). The International Classiﬁcation of
Disease (ICD) Ninth Revision coding system was in use
during the ﬁrst time period and the ICD-10 was used in all
subsequent periods. Variables of interest included age, sex,
neighborhood income quintile, and rural residence.
We also considered various features of the index hospitalization (e.g., most responsible diagnosis, sepsis, Risk
Adjustment in Congenital Heart Surgery-1 score [21],
receipt of cardiac surgery, ECMO, and mechanical ventilation). We also described the presence of hypertension,
CKD, liver disease, and malignancy in the preceding 5 years.
Income quintile was assigned according to the average
neighborhood household income in which the patient resided
(22). Rurality was deﬁned by residence in a municipality
with a population of ,10,000 persons (23).
Statistical Analyses
All analyses were conducted using SAS version 9.4 (SAS
Institute, Cary, NC). As we expected all continuous
baseline variables to be non-normally distributed, we
presented all continuous variables using median
(interquartile range [IQR]). Categorical and binary variables were reported as numbers and percentages. For
each study year, neonates were followed for 28 days and
children were followed for 365 days to identify the incidence rate of dialysis-receiving AKI. For both neonates
and children, the incidence rate of dialysis-receiving AKI
was reported annually. We used incidence rate ratios to
compare differences in the incidence across the study
years. To evaluate the incidence of dialysis-receiving
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Table 1. Baseline characteristics of the hospitalized children who received dialysis for AKI in Ontario between April 1, 1996 and March
31, 2015
Baseline Characteristic
Total
Median age at ﬁrst dialysis (IQR), years
Male, n (%)
Rural status, n (%)
Income quintile, n (%)
1
2
3
4
5
Interventions during index hospitalization
Need for mechanical ventilation, n (%)
Cardiac surgery, n (%)
Risk Assessment for Congenital Heart
Surgery-1 score, n (%)
0 (not relevant)
1
2
3
$4
Sepsis, n (%)
Extracorporeal membrane oxygenation, n (%)
Index hospital
Hospital for Sick Children, Toronto, n (%)
Children’s Hospital of Eastern Ontario, Ottawa, n (%)
London Health Sciences Center, London, n (%)
McMaster Children’s Hospital, Hamilton, n (%)
Other, n (%)
Median duration of index hospitalization
among those who survived
hospitalization, days (IQR)
Liver disease in past 5 yr, n (%)
Hypertension in past 5 yr, n (%)
CKD in past 5 yr, n (%)
Malignancy in past 5 yr, n (%)

1996–2001

2002–2005

2006–2009

2010–2015

502
13
252
121

(6–16)
50%
24%

269
3
136
33

(0–13)
51%
12%

248
5
132
33

(0–14)
53%
13%

375
3
207
47

(0–13)
55%
13%

100
100
118
84
100

20%
20%
24%
17%
20%

70
63
54
40
42

26%
23%
20%
15%
16%

52
40
59
53
44

21%
16%
24%
21%
18%

98
61
58
71
77

26%
16%
16%
19%
21%

88
36

18%
7%

195
95

73%
35%

179
79

72%
32%

295
154

79%
41%

478
0
11

95%
0%
2%

206

77%

196

79%

20

7%

28

11%

13

3%

55
13

11%
3%

23
20
59
9

9%
7%
22%
3%

16
8
44
54

7%
3%
18%
22%

242
18
62
36
17
57
57

65%
5%
17%
10%
5%
15%
15%

106
39
41
39
267
7

21%
8%
8%
8%
53%
(4–15)

165
26
23
27
25
21.5

61%
10%
9%
10%
9%
(13–42)

138
37
26
19
26
22

56%
15%
11%
8%
11%
(12–41)

154
124
26
30
36
15

41%
33%
7%
8%
10%
(7–35)

25
17
49
46

5%
3%
10%
9%

35
20
36
46

13%
7%
13%
17%

33
41
30
51

13%
17%
12%
21%

40
56
28
60

11%
15%
8%
16%

IQR, interquartile range.

AKI we divided the number of children with dialysisreceiving AKI by (1) the total number of hospitalized
children in Ontario, and (2) the entire pediatric population of Ontario. Relative utilization of different dialysis
modalities was calculated across the study period (24).
We also calculated the proportion of childhood deaths
within 30 days of dialysis-receiving AKI across four
time periods (i.e., 1996–2001, 2002–2005, 2006–2009, and
2010–2015). The Cochran–Armitage test was used to
assess trends in in the incidence and mortality after
dialysis-receiving AKI over time. This test is sensitive to
the linearity between response variable and experimental
variables (25).
Sensitivity Analyses
We performed a number of sensitivity analyses to
conﬁrm the robustness of our ﬁndings. Similar to
neonates, a proportion of children, especially those receiving cardiac surgery, had an access code (HD or PD)
only without an associated acute dialysis code (Supplemental Table 3). Because it was difﬁcult to ascertain the
actual receipt of dialysis in those patients, we analyzed the
trend in dialysis-receiving AKI by including only those

children who had an acute dialysis code (HD, PD, or CKRT).
For the same reason, we performed a subgroup analysis in
which the trend in dialysis-receiving AKI (deﬁned by
presence of either an acute dialysis code or an access
code) was analyzed among only hospitalized children who
did not receive cardiac surgery.
We did not include AKI diagnosis codes in the main
algorithm to deﬁne dialysis-receiving AKI as they are known
to have low sensitivity (26). However, because of the high
speciﬁcity of these codes, we performed an additional
sensitivity analysis by deﬁning dialysis-receiving AKI as
those children who had an AKI diagnosis code in addition to
the acute dialysis/access codes.
Any analyses with a cell count of ﬁve or fewer study
participants was reported as “,6” in accordance with ICES
data privacy policies. A two-sided P value ,0.05 was
considered statistically signiﬁcant.

Results
During the study period, 1394 children experienced
dialysis-receiving AKI during a hospitalization. Supplemental Figure 1 illustrates the cohort assembly for the last
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Abbreviations: AKI, acute kidney injury; CI, confidence interval; IRR, incidence rate ratio.

Figure 1. | Incidence of dialysis-receiving AKI among hospitalized children (n=1394) between April 1, 1996 and March 31, 2015 in Ontario.
95% CI, 95% confidence interval; IRR, incidence rate ratio.

ﬁscal year (2014–2015). The identical approach was used to
identify children with dialysis-receiving AKI during previous study years.
Baseline characteristics of children with dialysisreceiving AKI stratiﬁed by the designated time periods
is described in Table 1. The median age at dialysis
initiation among children consistently decreased over
time and was 3 years (IQR, 0–13) during 2010–2015
compared with 13 years (IQR, 6–16) during 1996–2001.
The relative proportion of children with cardiac surgery
associated AKI and the receipt of mechanical ventilation
and ECMO increased over time, whereas the proportion
of children with concomitant sepsis has remained somewhat stable over the past decade. Supplemental Table 4
shows the reasons for the most responsible diagnosis
leading to index hospitalization.
Incidence of Dialysis-Receiving AKI Among Children
The incidence of AKI-D among 2,363,053 hospitalized
children between 1996 and 2015 was 0.59 per 1000 personyears. There was a signiﬁcant change in the incidence of
dialysis-receiving AKI among children from 1996 (0.58 per
1000 person-years) to 2015 (0.65 per 1000 person-years)
(Cochran–Armitage test for trend, P=0.01). The incidence of
dialysis-receiving AKI peaked in the year 2000 (0.83 per
1000 person-years) and then stabilized (Figure 1). When
examined as a proportion of the total Ontario pediatric
population, there was a slight reduction in the incidence of
dialysis-receiving AKI from 0.03 per 1000 person-years in
1996 to 0.02 per 1000 person-years in 2015 (Cochran–Armitage
test for trend, P=0.02) (Supplemental Figure 2).

Trends in the Use of Various Dialysis Modalities for AKI
Among children, there was a relative decline in the use of
PD over years. HD and CKRT were more frequently
deployed as initial dialysis modalities for AKI in more
recent years (Figure 2).
Trends in the 30-Day Mortality after Dialysis-Receiving AKI
Among children with dialysis-receiving AKI, 30-day
mortality increased in the early 2000s compared with
1996–2001, but has stabilized around 20% in the past 10
years (Cochran–Armitage test, P=0.03) (Table 2). The
mortality rates differed on the basis of the dialysis modality. The relative proportion of deaths among children was
higher among those on CKRT (146 out of 393, 37%)
compared with those on HD or PD (Supplemental Table 5).
Exploratory Analysis on the Incidence of Dialysis-Receiving
AKI among Neonates
During the study period, 2,481,043 neonates were born,
and among them, 293,583 were hospitalized. Of the
hospitalized neonates, 225 experienced dialysis-receiving
AKI as deﬁned using only acute dialysis codes (incidence
rate 9.38 per 1000 person-years). The incidence of dialysisreceiving AKI was relatively stable from 1996 to 2005.
Thereafter, there was an increase in the number of cases
that peaked in 2010 and declined thereafter (Figure 3)
(Cochran–Armitage test for trend, P,0.001).
On deﬁning dialysis-receiving AKI as those neonates
who had either an access code or an acute dialysis code
(n=531), the incidence rate of dialysis-receiving AKI was
22.13 per 1000 person-years. From the ﬁscal years 1996 and
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Figure 2. | Relative utilization of various dialysis modalities for the management of dialysis-receiving AKI among hospitalized children in
Ontario between April 1, 1996 and March 31, 2015. CKRT, continuous kidney replacement therapy; HD, hemodialysis; PD, peritoneal
dialysis.

1997, the incidence of dialysis-receiving AKI among neonates increased from 5.33 per 1000 person-years to 47.92
per 1000 person-years in 2005 and then declined and
stabilized at 20.35 per 1000 person-years in the year 2015
(Cochran–Armitage test for trend, P,0.001) (Supplemental
Figure 3).
Sensitivity Analyses
Among hospitalized children in whom dialysis-receiving
AKI was deﬁned only on the basis of the presence of acute
dialysis codes (n=1249), the trend in dialysis-receiving
AKI was not statistically signiﬁcant (Cochran–Armitage
test for trend, P=0.3) (Supplemental Figure 4). Similarly,
on analyzing a subset of hospitalized children who did
not have a cardiac surgery, there was a reduction in the
incidence of dialysis-receiving AKI (n=1030; Cochran–
Armitage test for trend, P,0.001) (Supplemental Figure 5).
Finally, when including AKI diagnosis codes in addition to
the acute dialysis codes to deﬁne dialysis-receiving AKI
among hospitalized children, there was a slight change in the
trend compared with the main analysis (n=455; Cochran–
Armitage test for trend, P,0.001) (Supplemental Figure 6).

Discussion
This comprehensive, population-wide study evaluated
the epidemiology of pediatric dialysis-receiving AKI over a
period spanning two decades. The incidence of dialysisreceiving AKI has increased signiﬁcantly among hospitalized neonates and children from 1996 to 2015. Our study

also shows the relative increase in the use of intermittent HD
and CKRT as the initial modality of dialysis for AKI among
children. Moreover, one ﬁfth of children die within 30 days of
initiating dialysis for AKI and the short-term mortality after
dialysis-receiving AKI has increased signiﬁcantly over time.
This is the only population-wide study examining the
trends in dialysis-receiving AKI among children and
represents the largest reported cohort of nonadults with
dialysis-receiving AKI. Using the Nationwide Inpatient
Sample database in the United States, Hsu et al. (16)
showed that the incidence of dialysis-receiving AKI among
children and adults increased by 10% per year (incidence
rate ratio, 1.10; 95% conﬁdence interval, 1.10 to 1.11 per year)
from 2000 to 2009. Among children (0–19 years), the increase
was 7% per year. The authors identiﬁed dialysis-receiving

Table 2. 30-Day mortality after dialysis-receiving AKI among
children in Ontario between April 1, 1996 and March 31, 2015
Years
1996–2001
2002–2005
2006–2009
2010–2015
Total

N
502
269
248
375
1394

Deaths
n

% (95% Conﬁdence Interval)

69
64
61
71
265

14 (11 to 17)
24 (19 to 29)
25 (20 to 30)
19 (15 to 23)
19 (17 to 21)

N, number of children; n, number of deaths.
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Figure 3. | Incidence of dialysis-receiving AKI among hospitalized neonates (n=225) between April 1, 1996 and March 31, 2015 in Ontario
using only acute dialysis codes. 95% CI, 95% confidence interval; IRR, incidence rate ratio.

patients with AKI by using both AKI diagnosis and dialysis
procedure codes through a national database. We also
documented an increase in the incidence of dialysis-receiving
AKI; however, we deﬁned it using only the acute dialysis and
access codes and not AKI diagnosis codes in our main
analysis. Of note, in sensitivity analyses when we deﬁned
dialysis-receiving AKI using only acute dialysis codes, the
trend in the incidence was no longer statistically signiﬁcant.
However, the result of this sensitivity analysis should be
interpreted with caution because of the reduced sample size
(Supplemental Figure 4), and may have occurred because of
changes in coding practice after 2001. This is also reﬂected in
the fact that there was a greater than three times increase in
the proportion of children with PD access and no dialysis
codes among those who had cardiac surgery between 1996–
2001 and 2002–2005, which is unlikely to be a true increase in
dialysis over that time period. Moreover, changes in the
practice of inserting prophylactic dialysis catheters among
cardiac surgery patients could also be an explanation of this
ﬁnding. When we included AKI diagnosis codes in the
algorithm (in addition to acute dialysis/access codes), the
sample size was reduced, and as such the trend in dialysisreceiving AKI looked different from the main analysis. The
increase in dialysis-receiving AKI cases after 2002 (Supplemental Figure 6) in this sensitivity analysis can also be
potentially explained by changes in coding practice after
2002. On analyzing a subset of children who did not have
cardiac surgery, the incidence in dialysis-receiving AKI
appeared to be decreasing. This can be explained by
improved quality of care, awareness of AKI, and prevention of ﬂuid overload strategies in pediatric ICUs over
time (27–29).
Intermittent HD and CKRT have become the predominant dialysis modalities in children with AKI, with the use
of PD diminishing. This trend can be explained by

signiﬁcant advances in extracorporeal therapy technology tailored to the pediatric population. This includes
the availability of smaller dialyzers permitting the use
of smaller extracorporeal volumes, which has made the
delivery of HD and CKRT feasible and safe even in
extremely low-birth-weight babies (30). With the introduction of newer machines for CKRT, it is expected that CKRT
utilization will continue to grow. The Newcastle infant
dialysis and ultraﬁltration system and CARPEDIEM
(Cardio-renal pediatric dialysis emergency machine)
have lower extracorporeal volumes for providing dialysis
to infants ,8 kg. There are emerging reports on the safety
and efﬁcacy of these and other machines, which will make
CKRT a more accessible option in the future for critically
ill infants and children (31,32).
Children with dialysis-receiving AKI are at a high risk of
death. In a multicenter study of .2 million hospitalized
children where AKI was deﬁned using ICD-9 codes, those
with dialysis-receiving AKI had a high risk of mortality
that was substantially higher than those with AKI not
receiving dialysis (27.1% versus 14.2%; P,0.001) (19). In a
more recent study of 4683 hospitalized children in which
AKI was deﬁned by serum creatinine criteria (33), dialysisreceiving AKI (n=73) was associated with a three-fold risk
of 28-day mortality (odds ratio, 3.38; 95% conﬁdence
interval, 1.74 to 6.54) compared with children with no
AKI (4). In our study, there was initially an increase in the
30-day mortality from 14% to 25% until 2009, followed by a
decline to around 20% in the more recent years despite an
increasing burden of comorbid conditions such as cardiac
surgery and mechanical ventilation. This may be due to
various reasons, including signiﬁcant advancement in
clinical care of the underlying conditions, better availability
of ICUs, and earlier initiation of dialysis. The overall
mortality rate in our study among children (19.0%) was
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lower than those shown in the ppCKRT registry (.40%),
which could be because children in the latter study were all
critically ill and recipients of CKRT, which suggest a higher
degree of acuity. It is notable that in our cohort, mortality
was highest among children who commenced CKRT (37%).
In summary, our work and those of others highlight the
important association between dialysis-receiving AKI and
short-term mortality among children.
In our study, there was an increase in the number and
complexity of cardiac surgeries after 2001 during which a
prophylactic PD catheter or a central venous line may
have been inserted before cardiopulmonary bypass depending on the institutional practices. However, we
recognize that placement of access for kidney replacement
therapy may not have necessarily resulted in the administration of dialysis. In fact, a proportion of patients in our
study, especially neonates with cardiac surgery, had an
access code (PD or HD) but no acute dialysis code.
Because of the nature of our databases, we could not
ascertain whether those neonates and children with an
access code actually received dialysis. Also, because this
issue was more profound in neonates, we primarily
deﬁned dialysis-receiving AKI as only those neonates
who had an acute dialysis code. Since ﬂuid overload has
been shown to be a major determinant of morbidity and
mortality among infants after cardiac surgery, various
interventions have been tried to prevent it. Pharmacologic
management, such as use of diuretics and aminophylline,
have shown mixed results. Because of these reasons, early
kidney replacement therapy, especially PD, is being increasingly used to prevent ﬂuid overload. However, there
is no consensus on the use of prophylactic PD catheter
insertion after cardiac surgery among infants and children
and there is a signiﬁcant variation in practice. The
evidence to support prophylactic PD catheter insertion
to prevent ﬂuid overload secondary to AKI or hemodynamic stability is quite conﬂicting. Some studies have
shown a higher risk of mortality in patients who received
PD (34), whereas others have shown a signiﬁcant improvement in the ﬂuid overload compared with medical
treatment (35).
Our study also demonstrates that the trends in dialysisreceiving AKI among children are more nuanced than
those in adults. Most of the adult studies have shown a
rapid and consistent increase in the incidence of dialysisreceiving AKI over time. In our study, there was a
signiﬁcant periodic variation in the incidence of dialysis-receiving AKI over the past two decades despite a
consistent increase in the comorbid conditions and procedures. Some potential reasons could be administrative
(changes in the coding strategy after 2001), changes in
patient characteristics (case-mix as suggested by increase in the number of cardiac surgeries and ECMO),
and changes in provider characteristics (improving awareness of AKI, practice patterns related to prophylactic
dialysis catheter insertion, better availability of various
dialysis modalities, and lower threshold of offering dialysis over years). These reasons potentially explain the
dynamic variation seen in the trend of dialysis-receiving
AKI among children in our study and provide explanation
of the modest change in dialysis-receiving AKI compared
with adults.

Our study has several strengths. We assembled the
largest described cohort of neonates and children receiving dialysis for AKI that spanned two decades and
encompassed the entire Ontario population of over 13
million residents. The universal access to publicly funded
health care in Ontario gave us a unique opportunity to
study the changing incidence and outcomes of severe AKI
among the entire neonatal and pediatric population in our
province.
Our study also has several important limitations. The
nature of our datasets did not allow us to account for
important factors, most notably the severity of acute illness,
which may have confounded the secular trends in dialysisreceiving AKI over time. Second, administrative codes for
dialysis-receiving AKI have not been validated in the
pediatric population. The sensitivity of AKI diagnosis
codes has been shown to be limited but because acute
dialysis is associated with reimbursement, it is likely to be
captured with greater accuracy (36). In addition, codes for
identifying individuals with dialysis-receiving AKI have
been validated in adults and have been shown to have a
sensitivity of 90.3% and speciﬁcity of 93.8% compared with
chart review (37). Third, we excluded children who received kidney transplant before index date but not those
who received it on the index date, so our dialysis-receiving
AKI cohort may have included a small proportion of
children with kidney transplant. Fourth, we excluded
neonates and children (n=79) if they were receiving dialysis
on or after day 90 to exclude those in whom dialysis was
presumably started in the context of ESKD. However,
through this process we may have inadvertently excluded
those who had true AKI that did not recover. Fifth, we
performed all analyses on the basis of the ﬁrst modality of
dialysis used for AKI among children. Because patients
may transition between modalities in the course of a
hospitalization complicated by AKI, our data on the use
of dialysis modalities may not reﬂect the actual usage of
different therapies.
In conclusion, the incidence of dialysis-receiving AKI has
increased signiﬁcantly among children in Ontario between
1996 and 2015. The utilization of HD and CKRT have
increased with a decline in the use PD over the past two
decades. Dialysis-receiving AKI continues to be associated
with an unacceptably high risk of short-term mortality.
Future research should aim to test strategies that will
improve outcomes in this vulnerable population.
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