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ABSTRACT

Background: ADQI group proposed the Risk, Injury, Failure, Loss of Kidney Function, and End-stage Kidney
Disease (RIFLE) criteria for defining AKI. RIFLE criteria were later modified for paediatric patients and termed as
Paediatric Risk, Injury, Failure, Loss, End Stage Renal Disease (pRIFLE). The Acute Kidney Injury Network (AKIN)
group proposed modification to this system. While there are studies comparing RIFLE and AKIN criteria, they are
limited to adult population. This study aims to compare between the pRIFLE and AKIN criteria in critically ill
children admitted to Pediatric intensive care unit (PICU).

Methods: All children admitted to PICU during December 2013 to May 2015 were included in the study. Serum
creatinine was estimated on alternate days till death or discharge. The performance of pRIFLE and AKIN criteria for
diagnosis and classification of AKI and its association with mortality was compared.

Results: AKI occurred in 178 (26.1%) PICU patients through pRIFLE, risk in 108(15.9%), injury in 51 (7.5%) and
failure in 19 (2.8%), while by AKIN criteria, AKI occurred in 248 (36.5%) patients, with 93 (37.5%) in Stage 1,
88(35.5%) in Stage 2 and 67(27 %) in Stage 3. Mortality rates were 13 (27.65%), 7 (14.89%), 12 (25.53%) and 15
(31.91%) for patients without AKI and at stages of Risk, Injury and Failure, respectively according to pRIFLE
criteria. While for AKIN criteria, mortality rates were 7 (14.89%), 14 (29.78%), 15 (31.91%) and 11 (23.4%) for
patients without AKI and at stages 1, 2 and 3 respectively. For pRIFLE criteria odds ratio (OR) for mortality was
0.92, 5.22 and 73.71 for Risk, Injury and Failure stage respectively. Results for AKIN criteria were, OR of 2.98, 3.60
and 3.15 for stage 1, 2 and 3 respectively.

Conclusions: A higher incidence of AKI was diagnosed by AKIN criteria in comparison to pRIFLE criteria. Patients
diagnosed with AKI had higher mortality. Both criteria had good association with mortality.
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INTRODUCTION studies cannot be extrapolated to children since adults
have higher rates of co morbid illness than children.**

Acute kidney injury (AKI) is a common and serious

complication encountered in critically ill patients. It is For long there existed widely varying definitions of AKI
associated with increased mortality, especially when which limited results of studies on incidence and
associated with sepsis and multiple organ dysfunctions. outcomes of AKI in critically ill patients.” The varying
Patients who suffer from an episode of AKI are prone for definition also created confusion in clinicians and
subsequent renal dysfunction after the original injury. complicated comparisons of data between studies.®’

Children may be more susceptible to this injury. Studies
in adults suggest multiple etiology of AKI but these
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In 2004 the Acute Dialysis Quality Initiative group
proposed the RIFLE classification for AKI: the Risk,
Injury, Failure, Loss of Kidney Function, and End-stage
Kidney Disease (RIFLE) classification, the first
evidence-based consensus.® The classification which was
includes three grades of severity of AKI (risk, injury, and
failure) according to relative changes in serum creatinine
(SCr) and urine output, and two outcomes (loss of kidney
function and end-stage kidney disease, or ESKD). The
RIFLE system includes separate criteria for creatinine
and urine output. The criteria that lead to higher stage
should be considered. It has been evaluated in a number
of studies in critically ill patients with AKI. This criteria
has shown good relevance for diagnosing and classifying
the severity of AKI and for monitoring the progression,
as well as comparable predictive ability for mortality.?%*3
This definition was modified and evaluated in critically
ill pediatric patients and termed pRIFLE criteria. pRIFLE
criteria is based on estimated creatinine clearance and
urine output (Table 1). pRIFLE can serve well to improve
understanding of AKI epidemiology and potentially
g)optimize evaluation and treatment for AKI in children.**

Table 1: pRIFLE classification of AKI.

Estimated CrCl Urine output

Risk eCrCl decrease by 25% ;0'5 m i e

Injury eCrC decrease by 50% ;glf mi/kg/h for

Failure HCIC lareess by 1500 €0 ;2 g g;lgr(ﬂrr;cf?cr)r
eCrCl<35 ml/min/1.73 m? 2h

Loss Persistent failure >4 weeks

End End-stage renal disease (persistent failure >3

stage months)

eCrCl, estimated creatinine clearance; pRIFLE, pediatric risk,
injury, failure, loss and end-stage renal disease

Table 2: AKIN classification of AKI.

Serum creatinine criteria Urine output

Increase in serum creatinine

Stage  >0.3md/dl (>26.4umol/l) or ]f(?r'i g‘r']/ kel
1 increase to >150% to 200% (1.5
fold to 2 fold) from baseline
Stage Increase to >200% to 300% (>2  <0.5 ml/kg/h
2 fold to 3 fold) from baseline for>12h
Increase in serum creatinine to <0.3ml/kg/hr

>300% (>3 fold) from baseline,
or serum creatinine >4.0mg/dl
(>354pumol/l) with acute increase
of atleast 0.5mg/dl

for 24 hours,
or anuria for
12 hours

Stage
3

In 2007, the Acute Kidney Injury Network (AKIN) group
proposed a modified version of the RIFLE classification,
which aimed to improve the sensitivity of AKI criteria
(Table 2).2* There were several changes: in AKIN stage 1
a smaller increase in serum creatinine greater than
0.3mg/dl (26 umol/L) was suggested as AKI threshold;
patients starting with RRT were classified as stage 3,

irrespectively of creatinine levels; and the change in
glomerular filtration rate (GFR) and the two outcome
classes were removed. AKI diagnosis was based on
change between two creatinine values within a 48-hour
period for AKIN classification. Only few studies that
have been done to compare between the staging systems,
have shown little difference between them.?% But these
studies are limited to comparison of criteria’s in adults
and not in paediatric population. Hence this study
compares the efficacy of pRIFLE and AKIN criteria in
studying the incidence and outcome of AKI in PICU
patients.

METHODS

This was a prospective study conducted from December
2013 to May 2015. All patients aged 1 month to 18 years,
admitted to PICU during the study period were included
in the study. Patients with known kidney disease and
post-operative patients were excluded from the study.
The study was approved by the Institute Ethics
Committee. Demographic, clinical and physiologic data
were collected. Demographic information included age,
sex and duration of ICU and hospital stay. Clinical data
included diagnosis, occurrence of sepsis, shock, need for
mechanical ventilation. Physiologic data included height,
serum creatinine and urine output.

Serum creatinine levels were estimated by modified Jaffe
method.?® Serum creatinine was estimated on all patients
admitted to PICU on the day of admission and on
alternate days till discharge from PICU. Serum creatinine
may be repeated frequently in children who develop
shock, sepsis, need for ventilation, inotropes or diuretics.
Creatinine estimation was done at daily intervals in those
patients with AKI. Age related creatinine clearance was
taken as the baseline CrCl. Estimated creatinine clearance
(eCrCL) for pRIFLE criteria was calculated using
Schwartz formula.?®

eCrCl (GFR) = (k X Height)/ S.Cr

k = 0.45 for infants 1 to 52 weeks old

k = 0.55 for children 1 to 13 years old

k = 0.55 for adolescent females 13-18 years old
k = 0.7 for adolescent males 13-18 years old

Urine output measured and recorded as ml/kg/hour. Only
patients who were catheterized were considered for urine
output criteria. AKI was classified according to both
pRIFLE and AKIN criteria. Either eCrCl/ serum
creatinine criteria or urine output was used to diagnose
and stage AKI, the criteria that led to worst classification
was used. All patients were followed till death or
discharge.
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Statistical software

The Statistical software SPSS 15.0 was used for the
analysis of the data. Student t test (two tailed,
independent) has been used to find the significance of
study parameters on continuous scale between two
groups (Inter group analysis) on metric parameters. Chi-
square/ Fisher Exact test has been used to find the
significance of study parameters on categorical scale
between two or more groups.

RESULTS
During the study period 680 patients met the eligibility
criteria. Patient baseline characteristics are summarised in

Table 3.

Table 3: Baseline characteristics and clinical features
of all patients.

Mean age (months) 51.6 + 22
Gender

Male 387 (56.9%)
Female 293 (43.1%)
Duration of stay in PICU 4.45 £ 2.47
Duration of stay in Hospital 5.30 £ 3.25

Sepsis 91 (13.4%)
Mechanical ventilation 70 (10.3%)
Hypotension 288 (42.4%)
Nephrotoxic drugs 366 (53.8%)

AKI occurred in 178 (26.1%) PICU patients through
PRIFLE, RISK in 108 (15.9%), INJURY in 51 (7.5%)
and failure in 19 (2.8%). When defined by AKIN criteria,
AKI occurred in 248 (36.5 %) patients in PICU, with 93
(13.7%) in Stage 1, 88 (12.9%) in Stage 2 and 67 (9.9 %)
in Stage 3 (Table 4).

Table 4: Incidence of AKI stratified by the pRIFLE
and AKIN definition.

| pRIFLE  INCIDENCE AKIN  INCIDENCE |
No AKI 502 (73.8%)  No AKI  432(63.5%)
RISK 108 (15.9%)  Stagel  93(13.7%)
Injury 51 (7.5%) Stage 2 88(12.9%)
Failure 19 (2.8%) Stage3 67 (9.9%)

According to the pRIFLE criteria, the mortality rates
were 13 (27.65%), 7 (14.89%), 12 (25.53%) and 15
(31.91%) for patients without AKI and at the stages of
Risk, Injury and Failure, respectively. While for the
AKIN criteria, the mortality rates were 7 (14.89%), 14
(29.78%), 15 (31.91%) and 11 (23.4%) for patients
without AKI and at stages 1, 2, and 3, respectively (Table
5).

Table 5: Mortality rate stratified according to the p
RIFLE and AKIN criteria.

Total DEATH  No DEATH |
pRIFLE
No AKI 502 (73.8%) 13 (27.65) 489 (77.25)
Risk 108 (15.9%) 7 (14.89) 102 (16.11)
Injury 51(7.5%)  12(25.53) 51 (8.05)
Failure 19 (2.8%) 15(31.91) 19 (3.00)
AKIN
No AKI 432 (63.5%) 7 (14.89) 425 (67.14)
Stage 1 93 (37.5) 14 (29.78) 79 (12.48)
Stage 2 88 (35.5) 15 (31.91) 73 (11.53)
Stage 3 67 (27) 11 (23.40) 56 (8.85)

The association between mortality and the pRIFLE and
AKIN criteria was tested using odds ratio. The results for
the pRIFLE criteria were as follows: an odds ratio (OR)
of 0.92 and a 95% confidence interval (95%CI) of 0.40 to
2.12 for the Risk stage; an OR of 5.22 with a 95%CI of
2.51 to 10.86 for the Injury stage; and an OR of 73.71
with a 95%CI of 23.14 to 234.84 for the Failure stage.
The results for the AKIN criteria were as follows: an OR
of 2.98 with a 95%CI of 1.53 to 5.80 for stage 1; an OR
of 3.60 with a 95%ClI of 1.86 to 6.96 for stage 2; and an
OR of 3.15 with a 95%CI of 01.52 to 6.53 for stage 3
(Table 6).

Table 6: Association between mortality and the
pRIFLE and AKIN criteria.

ODDS Ratio (95%  ‘Z’ P value of

ClI ~ Score significance
PRIFLE 8.88 (4.56-17.28) 6.43  P<0.0001
Risk 0.92 (0.40-2.12) 0.19 0.85
Injury  5.22 (2.51-10.86) 4.43  P<0.0001
Failure  73.71(23.13-234.835) 7.27  P<0.0001
AKIN  11.67 (5.14-26.50) 5.87  P<0.0001
Stage 1 2.98 (1.53-5.80) 3.19  P=0.001
Stage 2 3.60 (1.86-6.96) 3.80  P=0.0001
Stage 3 3.15 (1.52-6.53) 3.084 P=0.002
DISCUSSION

Acute kidney injury in pediatric patients confers a
relatively high mortality and remains a challenge to
pediatric nephrologists and intensivists. The diverse
definitions of this condition caused great confusion for
both clinical management and comparison of research
results

The RIFLE and AKIN criteria both operate using serum
creatinine, creatinine or creatinine based measurements
and urine output measurements to stage acute kidney
injury. Thus, any bias that may compromise the accuracy
of the values will alter all the indices, thereby reducing
any particular influence on the outcome.
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Most of studies comparing RIFLE and AKIN criteria are
done in adult population. Bagshaw et al conducted the
first study in 2008 to compare the RIFLE and AKIN
criteria and relate them to AKI in an ICU setting.
According to this study AKIN criteria, which were
derived from the renowned RIFLE criteria, was not
significant in bringing substantial benefits to improve
sensitivity and predictive ability.”® Lopes et al compared
AKIN and RIFLE staging system and found that AKIN
classification had superior sensitivity to AKI but was
inferior for outcome prediction in critically ill patients.?

However there are only a few studies have compared the
incidence and mortality of AKI in PICU patients using
PRIFLE and AKIN criteria. Sutherland et al compared
AKI incidence and mortality according to pRIFLE, AKIN
and KDIGO and opined that all three definition
demonstrated excellent interstage discrimination.”’

In this study AKI incidences according to pRIFLE and
AKIN were 26.1% and 35.5% respectively. This was
comparable to Krishnamurthy and Mehta et al which
found the incidence of AKI to be 25.1 and 36.1%
respectively.?®* AKIN criteria was more sensitive than
PRIFLE in our study as it detected 9.4% higher cases
than pRIFLE.

Among the AKI patients, stage 1 (13.7%) or RISK
(15.9%) comprised the maximum AKI cases, followed by
stage 2 (12.9%) or INJURY (7.5%) and last being stage 3
(9.9%) or FAILURE (2.8%).

Mortality was higher among patients with AKI by both
definitions (pRIFLE, 72.3%; AKIN, 85.1%). The number
of cases decreased with progression of disease but
mortality increased. Odds ratio for mortality by pRIFLE
criteria was 8.88 with 95% CI 4.56 t017.28 and by AKIN
criteria was 11.67 with 95% CI of 5.14 to 26.50; with
both being significant (p<0.0001). pRIFLE staging
demonstrated progressively higher mortality at each AKI
severity stage among PICU patients.

CONCLUSION

In conclusion, AKIN criteria are more sensitive than
PRIFLE in identification of AKI cases is more sensitive.
Patients diagnosed as AKI had significantly higher
mortality rate than non AKI patients irrespective of the
criteria used. While both the criteria were good predictors
of mortality in PICU patients.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Uchino S, Kellum JA, Bellomo R, Doig GS,
Morimatsu H, Morgera S, et al. Acute renal failure

10.

11.

12.

13.

14.

in critically ill Patients- a multinational, multicenter
study. JAMA 294:813Y818. 2005.

Ostermann M, Chang RWS: Acute kidney injury in
the intensive care unit according to RIFLE. Crit
Care Med. 35:1837Y1843. 2007.

Morgera S, Kraft AK, Siebert G. Long term
outcomes in acute renal failure patients treated with
continuous renal replacement therapies. Am J
Kidney Dis. 2002;40:275-9.

Askenazi DJ, Feig DI, Graham NM, Hui-Stickle S,
Goldstein SL. 3-5 years longitudinal follow up of
pediatric patients after acute renal failure. Kidney
International. 2006;69:184-9.

Kellum JA, Levin N, Bouman C, Bouman C:
Developing a consensus classification system for
acute renal failure. Curr Opin Crit Care 8:509Y514.
2002.

Lameire N, Van Biesen W, Vanholder R: Acute
renal failure. Lancet. 365:417Y430. 2005.

Schrier RW, Wang W, Poole B, Mitra A: Acute
renal failure: definitions, diagnosis, pathogenesis,
and therapy. J Clin Invest 114:5Y14. 2004.

Bellomo R, Ronco C, Kellum JA, Mehta RL,
Palevsky P, Acute Dialysis Quality Initiative
workgroup: Acute Dialysis Quality Initiative
workgroup: Acute renal failure - definition, outcome
measures, animal models, fluid therapy and
information  technology needs: the Second
International Consensus Conference of the Acute
Dialysis Quality Initiative (ADQI). Group. Crit
Care. 2004;8:R204-12.

Wen Y, Jiang L, Xu Y, Qian CY, Li SS, Qin TH, et
al: Prevalence, risk factors, clinical course, and
outcome of acute kidney injury in Chinese Intensive
Care Units: a prospective cohort study. Chin Med J.
2013;126:4409-16.

Hoste EA, Clermont G, Kersten A, Venkataraman
R, Angus DC, De Bacquer D, et al: RIFLE criteria
for acute kidney injury are associated with hospital
mortality in critically ill patients: a cohort analysis.
Crit Care. 2006:10:R73.

Lin CY, Chen YC, Tsai FC, Tian YC, Jenq CC,
Fang JT, et al: RIFLE classification is predictive of
short-term prognosis in critically ill patients with
acute renal failure supported by extracorporeal
membrane oxygenation. Nephrol Dial Transplant.
2006;21:2867-73.

Lopes JA, Jorge S, Neves FC, Caneira M, da Costa
AG, Ferreira AC, et al: An assessment of the rifle
criteria for acute renal failure in severely burnt
patients. Nephrol Dial Transplant. 2007;22:285.
Uchino S, Bellomo R, Goldsmith D, Bates S, Ronco
C: An assessment of the RIFLE criteria for acute
renal failure in hospitalized patients. Crit Care Med.
2006;34:1913-7.

Akcan-Arikan A, Zappitelli M, Loftis LL,
Washburn KK, Jefferson LS, Goldstein SL.
Modified RIFLE criteria in critically ill children
with acute kidney injury. Kidney Int. 2007;71:1028-
35.

International Journal of Contemporary Pediatrics | April-May 2016 | Vol 3 | Issue 2 Page 401



15.

16.

17.

18.

19.

20.

21,

22,

Srinivasa S et al. Int J Contemp Pediatr. 2016 May;3(2):398-402

Amalia R, Saragih C, Jose M, Irene Y. Using p
RIFLE criteria for acute kidney injury in critically
ill children. Paediatr Indones. 2013;53:32-6.

WEF Hui, Chan W, Miu TY. Acute kidney injury in
the pediatric intensive care unit: identification by
modified RIFLE criteria. Hong Kong Med J.
2013:19:13-9.

Goldstein S, Somers M, Baum M, Symons J,
Brophy P. Pediatric patients with multi-organ
dysfunction syndrome receiving continuous renal
replacement  therapy. Kidney International.
2005;67:653-8.

Askenazi DJ, Ambalavanan N, Hamilton K, Cutter
G, Laney D, Kaslow R. Acute kidney injury and
renal replacement therapy independently predict
mortality in neonatal and pediatric noncardiac
patients on extracorporeal membrane oxygenation.
Pediatr Crit Care Med. 2011;12:e1-6.

Plotz FB, Bouma AB, van Wijk JA. Pediatric acute
kidney injury in the ICU: An independent
evaluation of pRIFLE criteria. Intensive Care Med.
2008;34:1713-7.

Zappitelli M, Bernier PL, Saczkowski RS. A small
post-operative rise in serum creatinine predicts acute
kidney injury in children undergoing cardiac
surgery. Kidney International. 2009;76:885-92.
Mehta RL, Kellum JA, Shah SV, Molitoris BA,
Ronco C, Warnock DG. Acute Kidney Injury

Network: report of an initiative to improve
outcomes in acute kidney injury. Crit Care.
2007:11:R31.

Lopes JA, Fernandes P, Jorge S, Goncalves S,
Alvarez A, Costa e Silva Z, et al. Acute kidney
injury in intensive care unit patients: a comparison

23.

24,

25.

26.

27.

28.

29.

between the RIFLE and the Acute Kidney Injury
Network classifications. Critical Care.
2008;12:R110.

Bagshaw SM, George C, Bellomo R: A comparison
of the RIFLE and AKIN criteria for acute kidney
injury in critically ill patients. Nephrol Dial
Transplant 23:1569Y1574. 2008.

Luo X, Li J, Ying W. The Beijing Acute Kidney
Injury Trial (BAKIT) workgroup: A comparison of
different diagnostic criteria of acute kidney injury in
critically ill patients. Critical Care. 18:R144. 2014.
Bowers LS, Wong ET. Kinetic serum creatinine
assay Il. A critical analysis and review. Clin Chem.
1980;26:555-61.

George J. Schwartz and Dana F. Work;
Measurement and Estimation of GFR in Children
and Adolescents; Clin J Am Soc Nephrol.
2009;4:1832-43.

Sutherland SM, Byrnes JJ, Kothari M, Longhurst
CA, Dutta S, Garcia P, et al: AKI in hospitalized
children: comparing the pRIFLE, AKIN, and
KDIGO definitions; Clin J Am Soc Nephrol.
2015;10(4):554-61.

Krishnamurthy S, Mondal N, Narayanan P, Biswal
N, Srinivasan S, Soundravally R. Incidence and
etiology of acute kidney injury in Southern India.
Indian J Pediatr. 2013.80(3):183-9.

Mehta P, Sinha A, Sami A, Hari P. Incidence of
Acute Kidney Injury in Hospitalized Children.
Indian Pediatrics. 2012;49:537-42.

Cite this article as: Srinivasa S, Reshmavathi V,
Srividya GS. A comparison of pRIFLE and AKIN
criteria for acute kidney injury in pediatric intensive
care unit patients. Int J Contemp Pediatr
2016;3:398-402.

International Journal of Contemporary Pediatrics | April-May 2016 | Vol 3 | Issue 2  Page 402



