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Background: To compare the Paediatric RIFLE (p-RIFLE) and Kidney Disease Improving
Global Outcomes (KDIGO) definitions of acute kidney injury (AKI) for frequency of (AKI) and
in-hospital mortality in critically ill children. Methods: Retrospective review of medical records
of all patients (aged 1 month — 16 years) admitted in Paediatric Intensive Care Unit from January
2015-December 2016, with length of stay >48 hours, was done. Patients with chronic kidney
disease were excluded. Receiver operating characteristic (ROC) curves were used to evaluate the
performance of the p-RIFLE and KDIGO criteria to predict the AKI related mortality. Logistic
regression analysis was done to determine the association of different variables with mortality in
AKI patient based on p-RIFLE, KDIGO. A p-value of <0.05 was considered significant. Results:
Out of total 823 patients admitted during the study period, 562 patients were included in the study.
Median age was 2 years (Interquartile range 8§ years). Acute kidney injury frequency according to
p-RIFLE and KDIGO were 391 (70%), and 372 (66%) respectively. Overall, 106/823 (12.8%)
children died during study period, 78 (19.9%) in AKI by p-RIFLE and 76 (20.4%) in AKI by
KDIGO died. The area-under- curve for in-hospital mortality for p-RIFLE and KDIGO criteria
were 0.525 (p=0.427), and 0.534 (p=0.276), respectively. Conclusion: P-RIFLE is more sensitive
compared to KDIGO in diagnosing AKI in critically ill children; identifying a greater number of
moderate staged AKI cases. Greater AKI severity is associated with higher mortality in critically
ill children.
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INTRODUCTION

Kidney maintains the homeostasis in the body,
including fluid and electrolytes balance, acid-base
balance, erythropoiesis, and vascular tone
regulation.'” Injury to the kidney leads to disruption
of all these functions leading to higher morbidity and
4-6 times high mortality compared to patients
without acute kidney injury (AKI).>” AKI is a
common complication in critically ill children,
affecting up to 18-52% of Paediatric intensive care
unit (PICU) admissions depending on setting and
definitions used.®’

There are approximately more than 30 AKI
definitions currently present; three of these are
recently developed. In 2004, the Acute Dialysis
Quality Initiative group proposed the first evidence-
based consensus for adult population, the Risk,
Injury, Failure, Loss of Kidney Function, and End-
stage kidney disease (RIFLE) classification for AKI.
RIFLE was modified in 2007 and evaluated in
Paediatric population, termed as p-RIFLE criteria.” >*
Second classification was developed by the Acute
Kidney Injury Network (AKIN) which grades AKI
severity.” The latest definition was published by

Kidney disease improving Global Outcomes
(KDIGO)." This system is combination of RIFLE
and AKIN system. KDIGO is new system of
definition, its application to AKI and prognostic
accuracy compared with p-RIFLE has not been
evaluated in detail in critically ill children.'®"

Data from single centre study from
Netherland has shown incidence of AKI to be 58%
based on p-RIFLE criteria.'> A comparative study
done by Sutherland et a/ in 2015 at Cincinnati
Children’s Hospital, where they compared all three
definitions for AKI incidence and outcome in PICU
and non PICU Paediatric population, showed
difference in AKI incidences across the cohort
according to pRIFLE, AKIN, and KDIGO were
51.1%, 37.3%, and 40.3%.”

Because of lack of standardized AKI
definition in Paediatric population, there is wide
variation in epidemiological data of AKI which is
hampering the advancement in management and
prevention of AKI. Due to high incidence of AKI and
its significant contribution to high mortality rates a
comparative study of the RIFLE and KDIGO criteria
as predictors of mortality in critically ill patients is of
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great importance.

We conducted a retrospective study to
describe the epidemiology of AKI in PICU based on
p-RIFLE and KDIGO definition and compare the
both definition (p-RFIEL and KDIGO) for its
predictive ability for in hospital mortality. We intend
to compare the performance of two commonly used
definitions of AKI in critically ill children and
determine which definition fares better in diagnosing
AKI early and which definition better predicts the
severity of AKI. This study will also generate more
data to answer the question of agreement between the
two definitions. This will contribute to reach an
agreement to use one definition or come up with a
combination of scores like renal angina index.

MATERIAL AND METHODS

Retrospective review of medical record of all
children aged 1 month to 16 years, admitted in four
bedded closed multi-disciplinary PICU of Aga Khan
University hospital from January 2015 to December
2016, was done after approval from Institutional
Ethics Committee (4460-PED-ERC-16). Children
with PICU length of stay more than 48 hours, who
had at least one measured serum creatinine during PICU
stay were included. Initial serum creatinine value (done
in emergency room or ward) before the PICU admission
was taken as baseline. Children with previous history of
chronic kidney disease according to medical records
(either deranged serum creatinine before admission,
those already on renal replacement therapy and patients
with other features of chronic kidney disease) were
excluded. Our PICU is an acute unit with ~600 annual
admissions, patients are referred to us from the whole
city of 20 million as well from other cities. AKI was
diagnosed and staged using the p-RIFLE and KDIGO
criteria (Table-1). The serum creatinine was measured
by Jafe’s method on ADVIA 1800 Chemistry System
(Siemens Healthliners, Germany), and creatinine
clearance has been calculated by modified Schwartz
formula.” Length of all patients was measured while in
PICU and was taken as surrogate for height. Only serum
creatinine values were taken for definition purpose
similar to Sutherland’; because urine output
measurement before presentation isn’t possible,
sometimes urine output can be low because of
intravascular volume depletion or shock and not because
of AKI, many patients receive diuretics before or during
admission; some patient also present in polyuric phase
of AKI which can make the diagnosis and staging of
AKI biased, so urinary output was not used for AKI
diagnosis and staging.'*"> Serum creatinine was
measured on admission in patients who were on
ventilatory support, hemodynamically stable or if they
were receiving any nephrotoxic agent. There after
creatinine is measured daily in patients with AKI or
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according to the patient status. Data was collected on
structured proforma which included -demographic
variables like age in years, gender, height in cm and
diagnostic categories, clinical variables including
inotropic support, mechanical ventilation and renal
supportive therapy requirement along with nephrotoxic
drug exposure and development of fluid overload. Data
collection also included serum creatinine and discharge
outcome (survival). Fluid over load was defined as if
any one develops positive 48 hours fluid balance (intake
and output balance or increase in admission weight of
>10%), nephrotoxic exposure was defined as
prescription and delivery of a drug which is labelled as
nephrotoxic drug by the hospital formulary.16'18

The data was analysed using the statistical
program SPSS-22. Descriptive statistics were performed
for frequency estimates, measures of central tendency
and dispersion. Student's t-test was performed to
compare means, and the chi-squared test was used to
compare proportions. ROC (receiver operating
characteristic) curves were used to evaluate the
performance of the p-RIFLE and KDIGO criteria to
predict the acute kidney injury related mortality.
Logistic regression analysis was done to determine the
association of different variables with mortality in AKI
patient based on p- RIFLE, KDIGO. A p-value of <0.05
has been considered significant.

RESULTS

During the study period, 823 patients were admitted,
and 562 patients met the inclusion criteria. The
characteristics of the whole cohort are shown in (
Table-2). Median age of the study population was 2
years (interquartile range 8 years); 349 (62%) were
males. Major diagnostic categories at admission
included sepsis (n=116, 21%), central nervous system
diseases (n=100, 18%), respiratory system diseases
(n=91, 16%), haematology/oncology diseases (n = 69,
12%), cardiac diseases (n=60, 11%), surgical (n=53,
9%), miscellaneous [road traffic accident and inborn
error of metabolism (n = 37, 7%)] and gastrointestinal
system diseases (n=36, 6%) (Table-2). 84 (68%)
patients required vasopressor support, 351 (63%) patient
required mechanical ventilation and 31 (6%) patient
required renal replacement therapy. 527 (94%) patients
had nephrotoxic drug exposure. 443 (79%) patients
develop fluid overload over 48 hours of admissions (
Table-2).

AKI was diagnosed in 391 (70%) patients by
p-RIFLE classification: out of these 391 patients, 90
(23%) were in Risk stage, 158 (40%) in Injury and 143
(37%) were Failure stage. 372 (66%) patients had AKI
by KDIGO criteria: 68 (18%) with stage 1, 116 (31%)
with stage 2, and 188 (51%) with stage 3. Application of
the two definitions did not lead to similar diagnosis or
staging of patients. Cohen's k¥ was run to determine if
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there was agreement between two AKI definitions (p-
RIFLE and KDIGO) for determining AKI. There was
near perfect agreement between the two AKI definition
judgments, k = .906, p<0.05. Additionally, patients with
AKI were staged differently on the basis of the
definition applied. As for staging of two AKI definition
(p-RIFLE and KDIGO), there was near substantial
agreement between the staging of two AKI definition
judgments, k = .799, p<0.05. pRIFLE diagnosed more
of stage I and II of AKI than KDIGO (90 versus 68
(stage 1) and 158 versus 116 (Stage II)) than stage III
(143 versus 183 patients). AKI overlap across the two
definitions is shown in (
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(391 by p-RIFLE and 372 by KDIGO), 78/391 (19.9 %)
and 76/372 (20.4%) died respectively. There was
significant association of mortality with requirement for
vasopressor support, mechanical ventilation and
nephrotoxic exposure (p<0.05) (
Table-6).

Predictive ability for mortality (area-under-ROC curves)
for in-hospital mortality for p-RIFLE and KDIGO
criteria were 0.525 (p=0.427), and 0.534 (p=0.276),
respectively (Figure 1).

ROC Curve

Source of the
Curve

p-RIFLE e
No AKI Risk Injury Failu ReterenceLine
No AKI 169 (30%) 19 3%) 2(0.35%) 0
Stage 1 1(0.2%) 66 (12%) 0 1(0.2¢
Stage 2 1(0.2%) 5 (0.9%) 106 (19%) 47% g
Stage 3 0 0 50 (9 %) 138 (2¢ ©
Total 171 (30 %) 90 (16 %) 158 (28 %) 1432 &

The p-RIFLE criteria was more sensitive than KDIGO
(70% versus 66%, p<0.05) for diagnosis of AKI. Fluid
overload was present in 329 (84%) patients with AKI
diagnosed by p-RIFLE criteria and 314 (84%) AKI
diagnosed by KDIGO criteria; each definition has
significant p-value of <0.05 (
Table-5).
The p-RIFLE criteria identified 19 more patients with
AKI than the KDIGO criteria did: 19 with Risk and 2
with injury (Table-4).

Overall, 106/823 (12.8%) children died during
study period, while among those who developed AKI
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Figure 1: Area under the curves for p-RIFLE and

KDIGO classification schemes comparing the
predictive ability of p-RIFLE and KDIGO
classification for in-hospital mortality.

Area under the Curve 0.528 (95% CI1 0.465-0.585, P = 0.427). For

KDIGO Area under the Curve 0.534 (95% C10.474-0.594, p =
0.276.

Table-1: The p-RIFLE, and KDIGO definitions and classifications for AKI

p-RIFLE KDIGO
Increase in serum creatinine 1.5 — 1.9 times from
Risk Estimated creatinine clearance decrease by 25% | Stage 1 I(J:;sellne
Increase creatinine 0.3mg/dl
. Injury Estimated creatinine clearance decrease by 50% | Stage 2 Increz}se inserum creatinine 2.0-2.9 times  from
Staging baseline
Estimated creatinine clearance decrease by 75% glrcrease in serum creatinine 3 times from bascline
. Or ..
Failure Estimated creatinine clearance < 35 35 Stage3 | Serum creatinine 4 mg/di
mL/min/1.73 m2 or
) Initiation of renal replacement therapy
Table-2: Demographics and clinical characteristics of study participants
Characteristics Frequencies, mean and median (n=562)

Age, median (IQR)

2 years (8 years)

o Male 349 (62%)

Gender, n (%) | Female 213 (38 %)
Gastrointestinal 36 (6%)
Miscellaneous 37 (7%)

. . Surgical 53 (9%)
g{“egg‘(‘)‘;f;‘: . [Cardiovascular 60 (11%)
(%) ? Haematology/oncology 69 (12%)

Respiratory disease 91 (16 %)
Neurological 100 (18%)
Sepsis 116 21 %)
Vasso-pressor support, n (%) 384 (68%)
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Mechanical Ventilation, n (%)

351 (63%)

Renal replacement therapy, n (%)

31 (6%)

Nephrotoxic drug exposures, n (%)

527 (94%)

Fluid overload, n (%)

443 (19%)

Mortality, n (%)

106 (19 %)

AKI based p-RIFLE

391 (70%)

AKI based KDIGO 372 (66%)
Table-3: Agreement between p-RIFLE and KDIGO classification.
i -RIFLE

Definition No AKI Risk Ipnjury Failure Total
No AKI 169 (30%) 19 (3%) 2 (0.35%) 0 190 (34%)
Stage 1 1(0.2%) 66 (12%) 0 1(0.2%) 68 (12%)

KDIGO Stage 2 1(0.2%) 5 (0.9%) 106 (19%) 4 (7%) 116 (21%)
Stage 3 0 0 50 (9 %) 138 (25%) 188 (33%)
Total 171 (30 %) 90 (16 %) 158 (28 %) 143 (25%) 562 (100%)

Kappa value is 0.79, p-value <0.05
Table-4: In —hospital mortality according to AKI stratified by KDIGO and p-RIFLE classification schemes

CATEGORY KDIGO n=372 p-RIFLE n= 391
NONE (%) 30/ 190 (15.7%) 28/ 171 (16.3%)
STAGE 1/ RISK (%) 4/68 (1 %) 7/90 (1.7%)

STAGE 2/ INJURY (%) 19/ 116(5.1 %) 26/158 (6.64 %)
STAGE 3/ FAILURE (%) 53/ 188 (14 %) 45/143 (11.5 %)
ANY CATEGORY (%) 76 /372 (20.4%) 78/391 (19.9%)

Table-5: Association of different clinical and demographic characteristics with AKI based on p-RIFLE and
AKI based on KDIGO by multivariate logistic regression models:

AKI by p-RIFLE (391, 70%) AKI BY KDIGO (372, 66%)
.. Frequenc;
Characteristics e;lnd v Odds ratio (CI195%) | p-value | Frequencyand | o440 60 (CI95%) | p-value
percentages

percentages
Gender male, n (%) 237(61%) | 1220(0.827-1.799) | 0310 230 (62%) 1.013 (0.696 — 1.475) 0.946
Vasopressor support, n (%) 281 (72%) | 0.867(0.560-1373) | 0.524 268 (72%) 0.901 (0.586 _ 1.383) 0.632
Mechanical ventilation, n (%) 260 (66%) | 0.746(0491-1.133) | 0.169 249 (67%) 0.756 (0.503  1.137) 0.179
Renal replacement therapy, n (%) 25 (6%) 0656 (0259-1.662) | 0374 25 (1%) 0.568 (0.225_ 1.438) 0233
Nephrotoxic drug exposures,n (%) | 371(95%) | 0.592(0282_1243) | 0592 357 (96%) 0.519 (0.246_1.092) 0.084
Fluid overload, n (%) 329(84%) | 0439(02770.696) | <0.05 314 (84%) 0451 (0.286—0.713) <005
Mortality, n (%) 78(139%) | 1.077(0.634-1830) | 0.784 76 (13.5%) 0.970 (0.578_ 1.628) 0.908

Table-6: Association of different clinical and demographic characteristics, AKI with mortality by
multivariate logislitic regression models

Characteristics Odds ratio (CI95 %) p- value
Gender, Male 1.288 (0.803 —2.067) 0.294
Vasopressor support 0.133 (0.055 - 0.320) <0.05
Mechanical Ventilation 0.120 (0.054 — 0.266) <0.05
Renal replacement therapy 0.584 (0.235 — 1.450) 0.246
Nephrotoxic drug exposures 5.151 (1.635 —16.225) <0.05
Fluid overload 1.059 (0.503 —2.231) 0.880
AKI KDIGO 0.502 (0.132-1.911) 0.313
STAGE 1 0.2.105 (0.415 — 10.670) 0.369
KDIGO STAGE 2 0.523 (0.071 —3.854) 0.525
STAGE 3 0.432 (0.052 —3.607) 0.438
AKI p-RIFLE 2.22(0.570 — 8.665) 0.250
RISK 1.509 (0.389- 5.849) 0.552
INJURY 2.009 (0.257 -15.686) 0.506
FAILURE 0.974 (0.112 —8.457) 0.981
DISCUSSION used.”® To date only a few previous studies have

AKI continues to be associated with increased morbidity
and mortality in PICU, which remains a challenge for
intensivist and nephrologist. Various studies have
compared the KDIGO and RIFLE criteria for AKI in
adult population. However, the incidence of AKI varies
in paediatric population based on setting and definition

compared the incidence and mortality of AKI in
critically ill children according to these two definitions.’
This is the first study to compare two different criteria in
critically ill children with AKI in Pakistan.

In our study, the incidence of AKI according to the p-
RIFLE criteria was higher (70%) than that defined by
KDIGO (66%). Overall incidence of AKI in our
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study population is higher compared to previous
studies.”*' This could be due to different settings;
since our PICU admits very sick patients, and our
cohort has varied underlying diagnosis; this is also
depicted by the higher number of patients requiring
mechanical ventilation (63%) and vasopressor
support (68%) as well as the higher overall mortality
(12.8%). However, the comparison between AKI
incidences based on the p-RIFLE and KDIGO were
similar as reported by Sutherland (51.1% and 40.3%),
pRIFLE diagnosed more cases of AKI compared to
KDIGO.*” pRIFLE also diagnosed more cases in
another study by Daneil et al in their post cardiac
surgery patients.® It is also worth mentioning that
pRIFLE diagnosed more of stage I and II AKI than
KDIGO (90 versus 68 (stage I) and 158 versus 116
(stage II)) than stage IIT (143 versus 183) AKI which
shows that for severity KDIGO performed better than
pRIFLE. Another study done in Brazil in adult
population showed KDIGO identified more patients
with AKI than p-RIFLE, but they included only those
individuals who had myocardial infarction.” Almost
half (45-53%) of patients with AKI had moderate to
severe category. Application of the two definitions
resulted in different AKI incidences in the same
population with difference in their severity too. These
staging discrepancies were highlighted by our
comparative data, these differences, both in overall
incidence and staging are troubling if the literature
continues to apply multiple definitions. It may
become difficult to compare results of studies that
used different definitions, especially from an
epidemiologic standpoint. This underscores the need
for a single, unified AKI definition. The aim of this
definition should be prediction and early recognition
of AKI.

Mortality was higher and almost similar in
both the definition systems. In our study overall
PICU mortality was 106/823 (12.8 %), while
among those who developed AKI (391 by p-RIFLE
and 372 by KDIGO), 78/391 (19.9%) and 76/372
(20.4%) died respectively. This high mortality is
probably due to nature of our PICU patients and
severity of underlying disease as 68% and 63% of
patients required vasopressor support and mechanical
ventilation respectively. In another study by Hui et a/
showed overall PICU mortality of 12% and those with
AKI had a mortality of 21%. They used pRIFLE for
diagnosing AKL* Sutherland er al compared AKI
incidence and mortality according to pRIFLE, AKIN
and KDIGO and revealed that all three-definition
demonstrated there are differences in identification of
severity based on staging.” Similarly our study showed
difference in mortality between two definitions.
However, the agreement statistics between the two
definition was very good (x = .906, p<0.05). This is
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different to a previous study which reported lesser
degree of agreement between the three definitions
(AKIN, p-RIFLE, KDIGO) they used.” This again
could be because of study population as we included
only PICU patient which Sutherland et al also included
other hospitalized patients. Within the PICU, all two
definitions demonstrated higher mortality as severity
stage increased. This became apparent in our study
when Vasopressor support, nephrotoxic drugs
exposure and length of mechanical ventilation data
were analysed; greater mortality was associated with
longer length of mechanical ventilation, vasopressor
support requirement and nephrotoxic drug exposure,
this is comparative to a study done in India showed
study patient who died has increased rate of
mechanical ventilation in 68%.%*

Identifying critically ill children with
appropriate AKI criteria and staged adequately can
help develop appropriate interventions to reduce AKI
progress. One can start prompt management
according to carly stage (risk or stage 1) of acute
kidney injury in critically ill children; like applying
preventive and reno-protective measures such as
avoidance of nephrotoxic agents, aggressively
maintaining optimal blood pressure, maintaining
euvolemia and initiation of organ supportive therapy,
may help to decrease burden Of AKI related
mortality and morbidity. Addition of renal angina
index (RAI) to AKI definition could be one possible
solution for prediction and early detection of AKI.*
In the absence of wide availability of AKI
biomarkers especially in low resource settings, p-
RIFLE or KDIGO along with RAI can help predict
AKI and improve outcomes. Our findings should be
interpreted in the context of their limitations. Our
study is from a single, paediatric institution. We did
not apply the urine output AKI criteria. However, the
urine output criteria have never correlated with the
creatinine criteria or outcomes.”"> We also chose to
include patients only if they had a baseline creatinine
available and at least one follow-up creatinine during
the hospitalization, similar to a study done in 2015 by
Sutherland ez al”

CONCLUSION

The p-RIFLE and KDIGO result in different
incidences and substantial disparities in staging, but
with acceptable overall agreement. Greater AKI
severity is associated with higher mortality critically
ill children. p-RIFLE is sensitive, identifying a
greater number of moderate AKI cases.
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