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Abstract

Background. The Acute Dialysis Quality Initiative Group
has published a consensus definition/classification system
for acute kidney injury (AKI) termed the RIFLE criteria.
The Acute Kidney Injury Network (AKIN) group has re-
cently proposed modifications to this system. It is currently
unknown whether there are advantages between these cri-
teria.

Methods. We interrogated the Australian New Zealand In-
tensive Care Society (ANZICS) Adult Patient Database
(APD) for all adult admissions to 57 ICUs from 1 January
2000 to 31 December 2005. We compared the performance
of the RIFLE and AKIN criteria for diagnosis and classifi-
cation of AKI and for robustness of hospital mortality.
Results. We included 120 123 critically ill patients, of
which 27.8% had a primary diagnosis of sepsis. We found
only small differences (<1%) in the number of patients
classified as having some degree of kidney injury using
either the AKIN or RIFLE definition or classification sys-
tems. AKIN slightly increased the number of patients clas-
sified as Stage I injury (category R in RIFLE) (from 16.2 to
18.1%) but decreased the number of patients classified as
having Stage II injury (category I in RIFLE) (13.6% versus
10.1%). The area under the ROC curve for hospital mortal-
ity was 0.66 for RIFLE and 0.67 for AKIN in all patients
and it was 0.65 for both in septic patients.

Conclusion. Compared to the RIFLE criteria, the AKIN
criteria do not materially improve the sensitivity, robustness
and predictive ability of the definition and classification of
AKI in the first 24 h after admission to ICU.
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Introduction

Acute kidney injury (AKI) is a common clinical problem
encountered in critically ill patients and characteristically
portends an increase in morbidity and mortality [1].

Previous epidemiologic investigations describing the in-
cidence and outcomes of AKI in critically ill patients have
been limited due to the differences used in defining and
classifying AKI [2-9]. This has been unfortunate and likely
contributed to hindering scientific progress in the field of
critical care nephrology [10,11].

The Acute Dialysis Quality Initiative (ADQI) group,
comprising experts in the fields of nephrology and criti-
cal care medicine, recently published the RIFLE classifi-
cation, a new consensus and evidence-based definition for
AKI [12]. The RIFLE classification defines three grades of
severity of AKI (Risk, Injury and Failure) based on changes
to serum creatinine and urine output and two clinical out-
comes (Loss, End-stage) (Table 1). The RIFLE classifica-
tion has now been evaluated in a number of clinical studies
of critically ill patients with AKI [13—24]. In general, these
criteria have been found to have clinical relevance for the
diagnosis of AKI, classifying the severity of AKI and for
monitoring the progression of AKI, as well as having mod-
est predictive ability for mortality.

More recently, the Acute Kidney Injury Network (AKIN)
group, an international collaboration of nephrologists and
intensivists, have proposed refinements to the RIFLE crite-
ria [25]. In particular, the AKIN group sought to increase
the sensitivity of the RIFLE criteria by recommending that
a smaller change in serum creatinine (>26.2 pmol/L) be
used as a threshold to define the presence of AKI and iden-
tify patients with Stage 1 AKI (analogous to RIFLE-Risk)
(Table 1). Second, a time constraint of 48 h for the diagnosis
of AKI was proposed. Finally, any patients receiving renal
replacement therapy (RRT) were to now be classified as
Stage 3 AKI (RIFLE-Failure).

It is currently unknown whether discernible advantages
exist with one approach to definition and classification
versus the other.
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Table 1. A comparison of the RIFLE and AKIN definition and classification schemes for AKI

RIFLE category Serum creatinine criteria

UO criteria

(A) The Acute Dialysis Quality Initiative (ADQI) criteria for the definition and classification of AKI (i.e. RIFLE criteria)

Risk Increase in serum creatinine >1.5X baseline or decrease in GFR >25% <0.5 mL/kg/h for >6 h
Injury Increase in serum creatinine >2.0X baseline or decrease in GFR >50% <0.5 mL/kg/h for >12 h
Failure Increase in serum creatinine >3.0X baseline or decrease in GFR >75% or an <0.3 mL/kg/h >24 h or

absolute serum creatinine >354 pwmol/L with an acute rise of at least 44 wmol/L

anuria >12 h

AKIN criteria Serum creatinine criteria UO criteria

(B) The proposed Acute Kidney Injury Network (AKIN) criteria for the definition and classification of AKI

Stage 1 Increase in serum creatinine >26.2 pmol/L or increase to >150-199% (1.5- to <0.5 mL/kg/h for >6 h
1.9-fold) from baseline

Stage 2 Increase in serum creatinine to 200-299% (>2-2.9 fold) from baseline <0.5 mL/kg/h for =12 h

Stage 3 Increase in serum creatinine to >300% (>3-fold) from baseline or serum <0.3 mL/kg/h >24 h or

creatinine >354 wmol/L with an acute rise of at least 44 pmol/L or initiation of

RRT

anuria >12 h

Accordingly, we interrogated the Australian and New
Zealand Intensive Care Society (ANZICS) Adult Patient
Database (APD) to obtain information on AKI as defined
by both the RIFLE and AKIN criteria in a large cohort
of critically ill patients from 57 Australian hospitals over
a 5-year period. The ANZICS APD is a clinical database
containing data from >600 000 individual adult admissions
to 135 intensive care units (ICUs) from 1987 to the present
[26].

Our primary objectives were to evaluate (1) the occur-
rence of AKI within 24 h of ICU admission using the two
different classification systems, (2) the effect on epidemiol-
ogy of classifying patients according to the AKIN or RIFLE
criteria in a large multi-centre heterogenous population of
critically ill patients and (3) the robustness of the AKIN and
RIFLE criteria and their relationship with hospital mortality
in all patients and in those patients with a primary admission
diagnosis of sepsis.

Methods

This was a retrospective analysis of prospectively col-
lected data to compare the RIFLE and AKIN defini-
tion/classification schemes for AKI [12,25]. We interro-
gated the ANZICS APD for all adult (age >18 years) ICU
admissions for a duration >24 h from 1 January 2000 to
31 December 2005. Only the index admission to ICU was
considered. Patients discharged and re-admitted within 72 h
were classified as part of the index admission.

We excluded patients with end-stage kidney disease
(ESKD) on chronic dialysis, prior ESKD or patients ad-
mitted following kidney transplant.

We included data from only those ICUs that had con-
tinuously contributed data to the APD during this 5-year
period. This comprised of 57 ICUs (19 tertiary referral, 15
metropolitan, 12 regional/rural and 11 private hospitals).

Identification of cases

AKI was classified according to both the RIFLE and AKIN
criteria [12,25] (Table 1). The RIFLE criteria (acronym in-
dicating Risk of renal dysfunction; Injury to the kidney;

Failure of kidney function; Loss of kidney function; and
End-stage kidney disease) classify AKI into three cate-
gories of severity (Risk, Injury and Failure) and two cat-
egories of clinical outcome (Loss and End-stage kidney
disease). The AKIN criteria classify AKI into three stages
of severity (Stages 1, 2 and 3).

Urine output data were available for 92.4% of patients
(n=111091). However, only a cumulative 24-h output was
described. We did not have patient weights. Thus, we used
a minor modification of the RIFLE and AKIN urine output
criteria, assuming an average patient weight of 70 kg, into
<35 mL/h (Risk or Stage 1), <21 mL/h (Injury or Stage
2) or <4 mL/h (Failure or Stage 3). We did not have data
available on the proportion of patient receiving acute RRT.

Baseline serum creatinine values were unavailable and
were estimated by the Modification of Diet in Renal Disease
(MDRD) equation as recommended (assuming a lower limit
of normal baseline GFR of 75 mL/min) and previously
applied [12,20,23,27]. For analysis, patients were assigned
to their worst RIFLE or AKIN category according to either
serum creatinine or urine output criteria.

Data collection

Standard demographic, clinical and physiologic data were
retrieved. Demographic information included age, sex and
duration of ICU and hospital stay. Clinical data included pri-
mary diagnosis, a diagnosis of sepsis/septic shock, surgical
status, presence of co-morbidities and need for mechani-
cal ventilation. Physiologic data included serum pH, serum
potassium, serum creatinine, urea and urine output [28].
Severity of illness was assessed using the Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) II [29]. The
presence of pre-existing comorbidities was defined by use
of the chronic health evaluation for APACHE II, APACHE
IIT and SAPS II systems as outlined in the ANZICS APD
data dictionary. Sepsis/septic shock included all admissions
for primarily sepsis-related diagnoses and included sepsis
associated with pneumonia, gastrointestinal disease, uri-
nary tract infections, central nervous system infections, soft
tissue infections and the unique ANZICS APD additions of
sepsis with shock of undetermined source.
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Table 2. Patient demographics and primary diagnosis at ICU admission for the total cohort and septic subgroup

Characteristics

Total (n = 120 123)

Septic (n = 33 375)

Age (years) [mean (SD)] 61.6 (17.5) 61.3 (17.6)
Male sex (%) 59.5 57.3
Comorbidities disease (%) 28.6 30.3
Surgical admission (%) 49.7 28.8
Sepsis/septic shock (%) 27.8 100
APACHE 11 score [mean (SD)] 16.9 (7.7) 18.3 (8.3)
Mechanical ventilation (%) 52 49.4

pH [mean (SD)] 7.33(0.11) 7.33(0.13)
Potassium (mmol/L) [mean (SD)] 4.3 (0.8) 4.2 (0.9)
Creatinine (jumol/L) [median (IQR)] 98 (68-130) 93 (69-154)
Urea (mmol/L) [median (IQR)] 6.6 (4.6-10.8) 7.6 (4.9-13.5)
Urine output (L/24h) [mean (SD)] 2.1(1.3) 2.1(1.3)

Abbreviations: APACHE = Acute Physiology and Chronic Health Evaluation; SAPS = Simplified Acute Physiology Score. SI conversion rates: serum

creatinine 1 mg/dL = 88.4 pmol/L; serum urea 1 mg/dL = 0.357 mmol/L.

Table 3. Incidence of AKI stratified by the RIFLE and AKI definition/classification schemes

RIFLE category Total (%) (n = 120 123)  Septic (%) (n =33 375)  AKIN category  Total (%) (n = 120 123)  Septic (%) (n = 33 375)
None (%) 76 728 (63.9) 19 336 (57.9) None (%) 75570 (62.9) 18 889 (56.6)
Risk (%) 19 547 (16.2) 5406 (16.2) Stage 1 (%) 21741 (18.1) 6140 (18.4)
Injury (%) 16 344 (13.6) 5444 (16.3) Stage 2 (%) 12 160 (10.1) 4010 (12.0)
Failure (%) 7504 (6.3) 3189 (9.6) Stage 3 (%) 10 652 (8.9) 4336 (13.0)
Any category (%) 43 395 (36.1) 14 039 (42.1) Any stage (%) 44 553 (37.1) 14 486 (43.4)

Abbreviations: RIFLE = Risk, Injury, Failure, Loss, End-stage kidney disease; AKIN = Acute Kidney Disease Network.

Statistical analysis

Analysis was performed using Stata version 8.2 (Stata
Corp., College Station, TX, USA). In the event of missing
data values, data were not replaced. Normally or near nor-
mally distributed variables are reported as means with stan-
dard deviations (SD) and compared by Student’s #-test, anal-
ysis of variance or simple linear regression. Non-normally
distributed continuous data are reported as medians with
inter-quartile ranges (IQR) and compared by the Mann—
Whitney U-test or Kruskal-Wallis test. Categorical data
were reported as proportions and compared using Fisher’s
exact test. Logistic regression analysis was used to assess
the association of each RIFLE and AKIN category with
hospital mortality. Model fit was assessed by the goodness-
of-fit test and discrimination was assessed by the area under
the receiver operator characteristic (AuROC) curve. Data
are presented as odds ratios (OR) with 95% confidence
intervals (CI). A P-value of < 0.05 was considered statisti-
cally significant for all comparisons.

Results

During the study period, 124 088 critically ill patients were
admitted for a minimum 24 h to the 57 ICUs. From these, a
total of 120 123 (96.8%) had satisfactory data for analysis
(Table 2). Sepsis/septic shock was the primary admission
diagnosis for 27.8% of the cohort.

Acute kidney injury stratified by the RIFLE criteria

AKI occurred in 36.1% with a maximum RIFLE category:
Risk in 16.2%, Injury in 13.6% and Failure 6.3% (Table 3).

An estimated 42.1% of patients with sepsis/septic shock
had evidence of AKI defined by the RIFLE criteria within
24 h of ICU admission.

Acute kidney injury stratified by the AKIN criteria

When defined by the AKIN criteria, AKI occurred in 37.1%
with 18.1% with Stage 1, 10.1% with Stage 2 and 8.9%
with Stage 3 (Table 3). A total of 43.4% of patients with
sepsis/septic shock were classified by the AKIN criteria as
having AKI within 24 h of ICU admission (Table 3).

Mortality

Crude hospital mortality was significantly higher for AKI
defined by any of the RIFLE criteria (24.2% versus 8.9%,
OR 3.29, 95% CI 3.19-3.41, P < 0.0001) (Table 4). This
was similarly shown for AKIN defined by the AKIN cri-
teria (24.5% versus 8.5%, OR 3.13, 95% CI1 3.0-3.3, P <
0.0001). There were no statistical differences in mortal-
ity by the AKI definition/classification criteria (P = 0.40)
(Table 5) (Figure 1).

Discussion

We conducted a 5-year analysis of 120 123 admissions to
57 ICUs across Australia, using a large clinical database,
to compare the RIFLE and AKIN definition/classification
systems for AKI.

We have confirmed that the RIFLE criteria identify and
classify a significant proportion of all critically ill patients
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Table 4. Clinical outcomes stratified by the RIFLE and AKI defini-
tion/classification schemes

Clinical outcome Classification system

RIFLE AKIN
Crude mortality (%)
Total cohort None 8.9 None 8.5
Risk 17.9 Stage 1: 18.5
Injury 27.7 Stage 2: 28.1
Failure 33.2 Stage 3: 32.6
Any 24.2 Any 24.5
Crude mortality (%)
Septic cohort None 12.6 None 12.0
Risk 23.4 Stage 1: 24.1
Injury 32.2 Stage 2: 32.8
Failure 35.8 Stage 3: 35.5
Any 29.7 Any 29.9
ICU length of stay (days)
Dead [median (IQR)] 3.7 (2.0-8.1) 3.7 (2.0-8.1)
Alive [median (IQR)] 3.0 (1.8-6.0) 3.0 (1.8-5.9)
Hospital length of stay (days)?
Dead [median (IQR)] 9.1(3.7-20.7) 9.2 (3.8-20.9)

Alive [median (IQR)] 14.5 (8.6-26.9) 14.6 (8.6-27.1)

2Any AKI criteria.

with AKI, and show robustness for prediction of hospital
outcome in this large heterogenous cohort. This has been
similarly shown in numerous smaller studies in a variety of
critically ill populations [13-24].

However, the AKIN group has proposed a number of
modifications to the RIFLE criteria [25]. The principal aim
for these revisions was to improve the sensitivity and re-
producibility of the criteria for defining and classifying
AKI [25]. These included incorporating an acute change in
serum creatinine as little as 26.2 pmol/L to the diagnos-
tic criteria for AKI. In addition, a time constraint of 48 h
for the diagnosis of AKI was proposed. Finally, the AKIN
group amended the AKI Stage 3 (RIFLE-Failure) to now
include any patient receiving RRT. It is currently unknown

S. M. Bagshaw et al.

whether these proposed modifications improve the ability
of the definition/classification system to identify patients
at risk of dying or whether these modifications materially
influence how patients are classified into different severity
categories of injury.

Accordingly, we have utilized a large multi-centre clin-
ical database to compare the performance of the RIFLE
and AKIN definition/classification systems in a hetero-
geneous population of critically ill patients [26]. We com-
pared the overall incidence and severity classification of the
RIFLE and AKIN criteria in this cohort and found no signif-
icant differences. We also compared the clinical outcomes,
specifically hospital mortality and duration of stay in ICU
and hospital, and found no material differences. Moreover,
we also evaluated the subgroup of critically ill patients with
a primary admission diagnosis of sepsis/septic shock. Sep-
sis is the leading contributing factor to AKI in critically ill
patients and generally portends a worse prognosis [30]. We
found no clinically important differences in outcome by the
RIFLE or AKIN criteria in this subgroup analysis.

These findings are relevant as they suggest that the pro-
posed modifications to an already recognized and estab-
lished definition/classification system (i.e. RIFLE criteria)
fail to bring about material advantages. Moreover, our re-
sults suggest that future effort should focus more on the suc-
cessful application and extend use of the RIFLE criteria to
the randomization of patients in clinical trials or on its use as
a surrogate marker of a clinically important outcome in clin-
ical trials aimed as prevention or attenuation of renal injury.

Our study has both strengths and weaknesses. First, our
study focuses on the occurrence of AKI at or within the
first 24 h of admission to ICU only. We recognize a num-
ber of ICU patients will have delayed onset of AKI oc-
curring >24 h after ICU admission or even considerably
later in their course of critical illness. As such, our inci-
dence estimates of early AKI may be an underestimate of
the true cumulative burden of AKI in our cohort. We are

Table 5. Predictive ability for crude hospital mortality by separate multivariable logistic regression models for
the RIFLE and AKIN definition/classification schemes. (A) RIFLE criteria; (B) AKIN criteria

Criteria Odds ratio (95% CI) P AuROC curve
(A) RIFLE criteria
RIFLE category?®
Risk 2.24 (2.1-2.3) <0.001 0.66
Injury 3.95(3.84.1) <0.001
Failure 5.13(4.9-5.4) <0.001
Septic cohort RIFLE category®
Risk 2.12 (1.9-2.3) <0.001 0.65
Injury 3.31(3.1-3.5) <0.001
Failure 3.89 (3.6-4.2) <0.001
(B) AKIN criteria
AKI category®
Stage 1 2.45(2.3-2.6) <0.001 0.67
Stage 2 423 (4.04.4) <0.001
Stage 3 5.22 (5.0-5.5) <0.001
Septic cohort AKIN category?®
Stage 1 2.33(2.2-2.5) <0.001 0.65
Stage 2 3.59 (3.3-3.9) <0.001
Stage 3 4.04 (3.7-4.4) <0.001

2Reference variable: no acute kidney injury.
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Fig. 1. AuROC curves for the total cohort for the RIFLE and AKIN
definition/classification schemes.

also unable to specifically comment on the differences in
incidence of AKI or associated clinical outcomes by the
variable time constraints originally proposed by the RIFLE
criteria (1-7 days) and now by the AKIN criteria (<48
h). At present, there is a paucity of data to show whether
small differences in the time over which AKI occurs (i.e. 24
versus 48 versus 72 h) have any meaningful impact on clin-
ical outcome. However, while perhaps the AKIN criteria
are more sensitive than the RIFLE criteria, the added con-
straint for defining AKI proposed by the AKIN criteria of
<48 h potentially risks misclassifying a significant propor-
tion of patients. We believe this issue requires prospective
investigation. Second, we did not have the baseline serum
creatinine or the prevalence of CKD (except for those with
end-stage kidney disease). However, we know this problem
is common. Instead, we calculated an estimate of baseline
function by use of the MDRD equation. Third, we did not
have hourly urine output data for all critically ill patients.
As a result, our study may provide a biased estimate of
the true burden of AKI according to urine output criteria
across this large heterogeneous cohort. Overall, we recog-
nize that any biases would influence both the RIFLE and
AKIN criteria and thus not significantly influence our con-
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clusions. We were also not able to specifically evaluate the
performance of the proposed minimum urine output criteria
(<0.5 mL/kg/h for >6 h) to qualify as AKI as defined by
both the RIFLE and AKIN criteria. While such a change
in urine output may be a sensitive marker of AKI, it will
likely have poor specificity. Clearly, urine output can be
modified by additional factors independent of changes in
kidney function (i.e. diuretic therapy). However, these urine
output criteria have yet to be prospectively evaluated. Yet,
the proposed AKIN criteria also recommend only applying
the urine output criteria ‘following adequate fluid resusci-
tation’. Regrettably, this statement is ambiguous and may
possibly just add confusion as to when to apply the urine
output criteria in the diagnosis of AKI. We contend that
the urine output criteria for AKI, as originally proposed by
the RIFLE criteria, should be used until prospective evalua-
tions conclude otherwise. Fourth, we do not have data on the
proportion of patients with AKI that required acute RRT.
This may translate into a discriminating variable, both for
classification and outcome, between the RIFLE and AKIN
criteria. However, we recognize from prior studies that RRT
is generally performed in only 4% of all critically ill patients
and that the majority of those requiring acute RRT would
fulfil the RIFLE-Failure category. Thus, we believe it un-
likely that many patients would have been re-classified had
we had such data available. Nonetheless, the relationship
between the RIFLE category at the time of ICU admission
and the subsequent need for RRT is worthy of further in-
vestigation. Finally, our study is greatly strengthen by the
inclusion of >120 000 heterogenous critically ill patients
from 57 ICUs across Australia. This represents the largest
cohort study of AKI performed to date.

Conclusion

In conclusion, compared to the RIFLE criteria, the newly
proposed AKIN criteria do not materially improve the sen-
sitivity, robustness or predictive ability of the definition
and classification of AKI in the first 24 h after admission
to ICU. There would appear to be no justification at present
for the introduction of a modified definition and classifica-
tion system for AKI. Any future refinements to the RIFLE
criteria (i.e. time constraint or urine output) should ideally
occur only after prospective evaluation in clinical studies.
Moreover, instead of seeking minor modifications which do
not materially affect the robustness, clinical utility and pre-
dictive ability of RIFLE, future investigations should also
ideally focus on its utility as a means of identifying patients
for randomization into clinical trials of early interventions
to protect the kidney from advanced renal injury, as a means
of stratification of injury for optimal trial randomization
and as a surrogate outcome measure in pilot investigations
aimed at identifying new interventions which protect the
kidney during critical illness.

Key messages

e The RIFLE criteria identify and classify an estimated
36.1% of all critically ill patients as having AKI.
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e The RIFLE criteria are robust in this large heterogenous
population of critically ill patients for prediction of hos-
pital mortality.

e The proposed modifications to the RIFLE criteria by the
AKIN group increase the sensitivity of the RIFLE-Risk
category, however, show no significant differences in in-
cidence or outcome.
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