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Objectives: To determine the 2-year outcome of acute
kidney injury (AKI) following admission to pediatric
critical care units (PICU).

Methods: A retrospective cohort study was conducted
between January 2012 and December 2013. We followed
131 children admitted to PICU, King Abdulaziz
University Hospital, Jeddah, Kingdom of Saudi Arabia
with a diagnosis of AKI, based on pRIFLE (pediatric
risk, injury, failure, loss, and end-stage renal disease),
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for 2 years. During the study period, 46 children died
and 38 of survivors completed the follow-up. Factors
affecting long-term progression to chronic kidney disease
were also evaluated.

Results: The 2-year mortality was more than 40%. The
main determinant of the 2-year mortality was the pediatric
risk of mortality (PRISM) score, which increased the risk
of mortality by 6% per each one score (adjusted odds
ratio, 1.06: 95% confidence interval: 1.00-1.11). By
the end of the 2 years, 33% of survivors had reduction
in the glomerular filtration rate and proteinuria, and
73% were hypertensive. Patients with more severe renal
impairment at admission, based on the pRIFLE criteria,
had higher mortality rate. This association, however,
was not independent since it was influenced by baseline
disease severity (PRISM score).

Conclusion: Large proportion of patients admitted to
PICU with AKI either died during the first 2 months
of follow-up or developed long-term complications. The
severity of AKI, however, was not an independent risk
factor for mortality.
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Long-term outcome of AKI in children ...

Acute kidney injury (AKI) is common in critically ill
children admitted to pediatric intensive care units
(PICU), and is associated with a significant increase
in mortality.) Furthermore, significant percentage
(approximately 10%) of them develops chronic kidney
disease (CKD).? The estimated risk of mortality and
morbidity among critically ill children admitted with
AKI is variable across different studies, and factors
influencing such variation are yet to be determined. In
adults, studies showed that the severity of underlying
CKD rather than AKI predicts medium- to long-term
mortality.>* Acute kidney injury in children, however,
has been reported to be associated with increased risk of
CKD and mortality.’ Factors that have been found to
increase the risk of CKD progression are acute on chronic
kidney disease® and the need for dialysis post AKI,
which was reported to increase the risk of progression
to end-stage renal failure in 5 years follow-up.” In this
study, we evaluated the long-term outcome of critically
ill children admitted to the PICU with AKI, defined
by pediatric risk, injury, failure, loss, and end-stage
renal disease (pRIFLE) classification scheme.® We also
evaluated the risk factors for developing CKD among
those children. We looked into the risk of CKD in
children with AKI stratified according to the pRIFLE
classification in order to answer the question: Do all
AKI children need long term follow up?

Methods. We designed a retrospective cohort
study to evaluate all children who were admitted
to PICU with a diagnosis of AKI, based on pRIFLE
criteria, at King Abdulaziz University (KAU), Jeddah,
Kingdom of Saudi Arabia (KSA) during the period
from January 2012 to December 2013. We included
all children fulfilling the following criteria: 14 years
of age or younger, admitted to PICU with AKI based
on pRIFLE criteria, and their data regarding the exact
duration of follow-up and the outcome (death) during
their follow-up were determined. The pRIFLE staging
was carried out according the most severe stage of
AKI reached during PICU admission using enzymatic
serum creatinine and urine output criteria. Children
with evidence of CKD stage 3 or more were excluded.
Data, which were collected from medical records,
included patients demographic characteristics at
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presentation, length of stay in PICU and regular ward,
requirement of mechanical ventilation, requirement of
renal replacement therapy, baseline creatinine, baseline
glomerular filtration rate (GFR), blood pressure,
proteinuria, and results of renal ultrasound studies.
Baseline creatinine was defined as the last creatinine
within the previous 6 months prior to PICU admission.
For patients without baseline creatinine data, average
normal creatinine values (based on age and gender) were
used. We have calculated the pediatric risk of mortality
(PRISM) score for all children.’

Data regarding blood pressure, creatinine, GFR,
and proteinuria were collected after 3, 6, 12, 18, and
24 months after hospital discharge. The GFR was
calculated using the Schwartz formula. Hypertension
was defined as blood pressure between 95th and 99th
percentile for age and height."" Proteinuria was defined
as early morning urine protein level of 30 mg/dl or
more.'? Reduction in the GFR was defined by change
in GFR by at least one stage based on CKD staging.

The related studies, which have been used within and
throughout our study discussion were obtained from a
variety of reliable online databases, such as PubMed and
WebMD. Permission to conduct the study was granted
by the Biomedical Ethics Research Committee of
Faculty of Medicine at KAU, KSA. Obtaining consents
from participant was waived as it is retrospective study
using anonymous subjects. The study was conducted
according to the principles of Helsinki Declaration.

Statistical analysis. All analyses were performed
using STATA (StataCorp. 2011. Stata Statistical
Software: Release 12. College Station, TX: StataCorp
LP) software. The proportion and mean for
dichotomous and continuous variables were measured
to describe patients’ characteristics. The 2-year survival
among patients who required admission to PICU with
AKI was estimated using the Kaplan-Meier Curve. The
impact of AKI on the 2-year mortality was estimated
using the Cox proportional-hazards regression model.
Multivariate regression analysis was performed to
control for potential confounding factors including
baseline age, gender, BMI, proteinuria, hypertension,
and PRISM. All patients with determined follow-up
duration, including censored patients, were included
in the survival analysis. Long-term outcomes among
patients who survived after acute AKI were estimated
(proportion and 95% confidence intervals [CI]) at 3,
6, 12, 18, and 24 months post admission to PICU.
Statistical significance was determined using the 95%

CI and p-value of 0.05.

Results. Of the 131 children included in the study,
46 died during the follow-up period. Among the
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survivors, 38 subjects completed the 2 years follow-up.
Baseline demographic and disease characteristics
are shown in Table 1. The 2-year mortality among
children admitted to PICU with AKI was more than
40%, most of which was during the first 2 months
of follow-up (Figure 1). In hospital mortality was
28% (95% CI: 21-37%). The AKI severity, based on
pRIFLE criteria (comparing failure to risk stages), had a
significant association with the 2-year mortality (crude
odds ratio [OR]: 2.6; 95% CI: 1.29-5.36). However,
after adjusting for potential confounding factors this
association became insignificant, as it was confounded
by the baseline characteristics (Adjusted OR: 2.3; 95%
CI: 0.79-6.54) (Figure 2 &Table 2). PRISM score, on the
other hand, increased significantly the risk of mortality
by 6% per each one score (adjusted OR: 1.06; 95%
CI: 1.00-1.11). At one-year follow-up, 64% (95% CI:
47-79%) of survivors had normal GFR, 2.5% (95% CI:
0.1-14%) had stage 1 CKD, 26% (95% CI: 13-42%)
had stage 2 CKD, 5% (95% CI: 1-17%) had Stage 3
CKD, and 2.5% (95% CI: 0.1-14%) had stage 4 CKD.
At the end of 2-year follow-up, 73% (95% CI: 52-88%)

Table 1 - Baseline patients’ demographic and disease characteristics.

Characteristics Estimate 95% CI
Age (mean, months) 39.6 31.5-47.6
Male gender (%) 62.6 53.7-70.9
BMI (mean) 16.4 14.3 - 18.5
Proteinuria (%) 31.4 22.5-41.3
Hypertension (%) 39.7 21.3-42.6
Creatinine* (mean, pmol/L) 39.2 32.8-45.6
GFRY (mean, ml/min/1.73m?) 102.1 95.5-108.6
Need for renal replacement therapy (%) 9.2 4.9-15.6
Use of mechanical ventilation 69.5 60.8-77.2
PRISM 17.8 16.2-19.5
pRIFLE
Risk 42.0 33.4-50.9
Injury 34.4 26.3 -43.2
Failure 23.7 16.7 -31.9
Etiology of AKI (%)
SRNS (1) 2.3 0.5-6.6
Hypoxia (2) 33.6 25.6-42.4
Septicemias (3) 35.9 27.7 —44.7
MOSEF (4) 1.5 0.2-54
Dehydration (5) 8.4 4.3 -14.5
Heart failure (6) 14.5 9.0-21.7
Obstructive uropathy (7) 1.5 0.2-54
Renal neoplasm (8) 0.8 0.02-4.2
Tumor lysis syndrome (9) 0.8 0.02-4.2
Vasculitis (10) 0.8 0.02-4.2

Kaplan-Meier Survival Estimate
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Figure 1 - Kaplan-Meier curve showing survival rate among patients
admitted to pediatric intensive care unit with renal impairment
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Figure 2 - Kaplan-meier curve showing survival rate among patients
admitted to pediatric intensive care unit stratified by the
extent of renal impairment, based on pediatric risk, injury,

failure, loss, and end-stage renal disease (pRIFLE).

Table 2 -Hazard ratio of death among patients admitted to pediatric
intensive care unit with different characteristic features.

* Creatinine reference range is 30-65 pmol/L; 1 GFR reference range
is 90-120 ml/min/1.73m2. GFR - glomerular filtration rate, AKI -
acute kidney injury, SRNS - steroid resistant nephrotic syndrome,
MOSEF - multi organ system failure, PRISM - pediatric risk of mortality,
pRIFLE - pediatric risk, injury, failure, loss, and end-stage renal disease,
BMI - body mass index

Crude OR  95% CI Adg;fed 95% CI
PRIFL Criteria
Risk Reference Reference  Reference Reference
Injury 107 051-224 095 0.34—2.64
Failure 2.63* 1.29 - 5.36* 2.27 0.79 - 6.54
Age 1.00 0.99 - 1.01 1.00 0.99 - 1.01
Gender 0.75 0.41 —1.34 0.62 0.28 - 1.36
BMI 0.99 0.94 -1.03 1.00 0.91-1.10
Baseline proteinuria 0.88 0.42 - 1.84 1.02 0.41-2.5
Hypertension 0.82 0.44-1.51 090  0.39-2.10
PRISM 1.09* 1.05 - 1.12* 1.06* 1.00 —
1.11*

* indicates statistical significance, RIFLE - (R: risk, I: injury, F: failure,

L: loss, E: end stage renal failure), BMI - body mass index, PRISM - the
pediatric risk of mortality, pRIFLE - pediatric risk, injury, failure, loss, and
end-stage renal disease, OR - odd ratio, CI - confidence interval
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Figure 3 - Glomerular filtration rate level during 2 years follow-up among patients with normal
versus high (30 mg/dl or more) urine protein level at baseline.
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Figure 4 - Glomerular filtration rate level during 2 years follow-up after admission to pediatric intensive
care unit, stratified by the modified pediatric risk, injury, failure, loss, and end-stage renal

disease criteria at the time of admission.

of survivors developed hypertension, 33% (95% CI:
15-57%) developed proteinuria, and 33% (95% CI:
17-54%) developed renal impairment. However, the
severity of renal impairment and proteinuria at baseline
did not significantly influence the risk of long-term
renal impairment (Figures 3& 4).

Discussion. We have observed high mortality rate,
particularly in the first 2 months after AKI episode and
with increasing PRISM score in children admitted to
the PICU. The high initial mortality rate is similar to a
report from Hong Kong with mortality rate of 41% in
children with AKI during PICU admission compared
with 8% of those without AKI."> However, the authors
in this study did not follow the children after discharge
from the PICU. High mortality rate (47%) was also
reported in adults with AKI (RIFLE stage failure) who
required renal replacement therapy with mortality at

one (65%), 5 (75%), and 10 years (80%) following

the episode of AKIL.* Furthermore, CKD developed
in considerable percentage of survivors.® Similarly, a
Swedish multi-center study’ found increase in short-
and long-term risk of death and progression to CKD
among adults admitted to the intensive care unit with
AKI? Other studies, on the other hand, reported lower
mortality (15.5%) among children admitted to PICU
with AKIL.™

In our study, patients with higher pRIFLE score had
increased risk of the 2-year mortality. This association,
however, became insignificant after adjusting for
potential confounding factors. Previous studies showed
that the risk of mortality is in association with AKI as
well as RIFLE class (5.1% for risk, 16.2% for injury,
and 29.6% for failure stages).'* Consistent with our
study, this association disappeared after adjusting for
confounding factors in multivariate analysis.'* Naik et
al' found that the need for mechanical ventilation and
the number of failed organs, but not the presence of
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AKI, were the factors that independently influenced
mortality. In our study, PRISM score was the factor
that was independently associated with mortality.
These findings indicate that AKI and its severity are
not independent risk factors for mortality, and other
factors related to underlying disease severity influenced
mortality among patients admitted to PICU with AKI.
At the end of the 2 years, in our cohort, considerable
percentage of children developed CKD with evidence
of proteinuria, hypertension, or reduction in GFR.
This is similar to recent reports from both adult and
pediatric studies.*”"” The percentage of children with
worsening GFR in our study is much higher when
compared with what has been published in a recent
meta-analysis of 10 cohort studies with 346 children
included (33.4 % versus 6.3%). We also observed
higher percentage of proteinuria (33.3% versus 3.1)
and hypertension (73.3% versus 1.4)." This could be
explained by the difference in severity , the underlying
etiology of AKI and the presence of associated factors
as chronic illness. The severity of renal impairment and
proteinuria at baseline did not significantly influence the
risk of long-term renal impairment. The small number
of survivors who completed the follow-up, however,
limits the power to confidently extract conclusion from
these findings; therefore, larger multicenter studies are
required.

We have several limitations, including the fact that
the recruitment was confined to a single center and the
retrospective nature of the study, which limited our
access to follow-up data for some patients. Although the
number of included subjects for survival analysis was
reasonable, it was small for measuring other long-term
outcomes among survivors.

In conclusion, children with AKI had high mortality
in our population, particularly in early months after
admission to PICU. Considerable proportion of
survivors developed hypertension, proteinuria, and
renal impairment after 2 years of follow-up. Children
with more severe AKI at admission to PICU had higher
2-year mortality rate. This association, however, was not
independent since it was influenced by baseline PRISM
score. Impact of AKI severity on other long-term
outcomes among survivors requires further multicenter
studies.
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