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ABSTRACT �

Over the last decades, more than 35 different definitions have been used to describe acute kidney injury 
(AKI). Multiple definitions for AKI have obviously led to a great disparity in the reported incidence and 
mortality of AKI making it difficult or even impossible to compare the various published studies focusing 
on AKI. Therefore, it became crucial to establish a consensual and accurate definition of AKI that could 
desirably be used worldwide. Recent consensus criteria for AKI definition and classification [the Risk Injury 
Failure Loss of kidney function End-stage kidney disease (RIFLE) and the Acute Kidney Injury Network (AKIN) 
classifications] have led to more consistent estimates of its epidemiology. This review will present and criti-
cally discuss current literature about AKI diagnosis and epidemiology.
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RESUMO �

Nas últimas décadas têm sido utilizadas mais de 35 definições diferentes para o diagnóstico de lesão 
renal aguda (LRA). As múltiplas definições levaram, obviamente, a uma disparidade importante na inci-
dência e mortalidade observada nas publicações, tornando difícil ou mesmo impossível comparar os vários 
estudos sobre lesão renal aguda. Por este motivo, tornou-se crucial estabelecer uma definição consensual 
e precisa da LRA, que pudesse ser utilizada de forma generalizada. Critérios recentes na definição e clas-
sificação de LRA [the Risk Injury Failure Loss of kidney function End-stage kidney disease (RIFLE) and the 
Acute Kidney Injury Network (AKIN)] permitiram uma estimativa mais consistente da epidemiologia. Esta 
revisão tem por objetivo apresentar e discutir de forma crítica, a literatura atual sobre epidemiologia e 
diagnóstico da LRA.
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 DEFINITION AND CLASSIFICATION  �
OF AKI

 The “Risk Injury Failure Loss of kidney function   �
End-stage kidney disease” (RIFLE) classification

In May 2002, the Acute Dialysis Quality Initiative 
(ADQI) group for the study of AKI, composed by 
nephrologists and intensivists, gathered during two 
days in a conference in Vicenza (Italy), with the pur-
pose of defining AKI. From this conference, the con-
sensual Risk Injury Failure Loss of kidney function 
End-stage kidney disease (RIFLE) classification for AKI 
definition emerged, and was later published in May 
2004 on Critical Care1. The RIFLE classification (Table 
1) is based on SCr and urine output (UO) determina-
tions, and considers three severity classes of AKI 
(Risk, Injury, and Failure), according to the variations 
in SCr and/or UO, and two outcome classes (Loss of 
kidney function and End-stage kidney disease). The 
patient should be classified using the criteria (SCr 
and/or UO), which leads to the worst classification 
(maximum RIFLE), for instance, if a patient would be 
in Risk class according to UO but in Injury class 
according to SCr variation, then the worst criteria (SCr) 
should be used for classifying AKI in this patient. The 
temporal pattern of the SCr and/or UO variation is 
also relevant for defining AKI: the deterioration of 
renal function must be sudden (1 to 7 days) and 
sustained (persisting more than 24 hours). If this 
definition can easily be applied when baseline SCr is 
known, however, in a significant number of patients 
baseline SCr is unknown; in these cases, if there is 

no history of chronic kidney disease (CKD), baseline 
SCr should be calculated using the Modification of 
Diet in Renal Disease (MDRD)2 equation, assuming a 
baseline GFR of 75 ml/min/1.73m2. The RIFLE has been 
largely validated in terms of determining the incidence 
of AKI and its prognostic stratification in several set-
tings of hospitalized patients3-8. In these studies, 
RIFLE allowed the identification of a large proportion 
of patients as having AKI and there was an indepen-
dent and stepwise increase in mortality as AKI severity 
increased; RIFLE also exhibited a good prognostic 
accuracy in terms of mortality. Furthermore, it has 
been shown that RIFLE allows monitoring the progres-
sion of AKI severity within hospitalization and RIFLE 
classes were associated with increased length of stay, 
renal replacement therapy requirement, renal function 
recovery and discharge from hospital to a care 
facility4-7.

 The “Acute Kidney Injury Network” (AKIN)   �
classification

In September 2005, in a meeting in Amsterdam 
a new classification of AKI has been proposed by 
the Acute Kidney Injury Network (AKIN) working 
group composed by nephrologists, critical care physi-
cians and other physicians specialized in AKI. The 
AKIN classification (Table 2) has been published in 
March 2007 on Critical Care9, and it is a version of 
the RIFLE classification with some modifications: the 
diagnosis of AKI is only considered after achieving 
an adequate status of hydration and after excluding 
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Table 1

Risk, Injury, Failure, Loss of kidney function, End-stage kidney disease 

(RIFLE) classification1.

Class GFR1 UO2

Risk ↑ SCr3 X 1.5

or ↓ GFR > 25%

< 0.5 ml/kg/h X 6h

Injury ↑ SCr X 2

or ↓ GFR > 50%

< 0.5 ml/kg/h X 12h

Failure ↑ SCr X 3

or ↓ GFR > 75%

or if baseline SCr 

≥ 353.6 μmol/l (≥ 4 mg/dl)

↑ SCr > 44.2 μmol/l (> 0.5 mg/dl)

< 0.3 ml/kg/h X 24h

or anuria X 12h

Loss of kidney 

function

Complete loss of kidney function > 4 weeks

End-stage kidney 

disease

Complete loss of kidney func-

tion > 3 months

1 GFR – glomerular filtration rate. 2 UO – urine output. 3 SCr – serum creatinine. 

Table 2

Acute Kidney Injury Network (AKIN) classification / staging system of 

acute kidney injury9.

Stage SCr1 UO2

1 ↑ SCr ≥ 26.5 μmol/l (≥ 0.3 mg/dl)

or

↑ SCr ≥ 150 a 200%

(1.5 a 2 X)

< 0.5 ml/kg/h (> 6h)

2 ↑ SCr > 200 a 300%

(> 2 a 3 X)

< 0.5 ml/kg/h (> 12h)

33 ↑ SCr > 300%

(> 3 X)

or if baseline SCr ≥ 353.6 μmol/l 

(≥ 4 mg/dl) ↑ SCr ≥ 44.2 μmol/l 

(≥ 0.5 mg/dl)

< 0.3 ml/kg/h (24h)

or anuria (12h)

1 SCr – serum creatinine. 2 UO – urine output. 3 Stage 3 also includes patients requir-

ing renal replacement therapy (RRT) independently of the stage (defined by SCr and/

or UO) they are in at the moment they initiate RRT.
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urinary obstruction; the AKIN classification only relies 
on SCr and not on GFR changes; baseline SCr is not 
necessary in AKIN classification, and it requires at 
least two values of SCr obtained within a period of 
48 hours; AKI is defined by the sudden decrease (in 
48 hours) of renal function, defined by an increase 
in absolute SCr of at least 26.5 mmol/l (0.3 mg/dl) 
or by a percentage increase in SCr equal to or higher 
than 50% (1.5x baseline value), or by a decrease in 
UO (documented oliguria lower than 0.5 ml/kg/hour 
for more than 6 hours); stage 1 corresponds to Risk 
class, but it also considers an absolute increase in 
SCr equal to or higher than 26.5 mmol/l (0.3 mg/dl); 
stages 2 and 3 correspond to Injury and Failure 
classes, respectively; stage 3 also considers patients 
requiring RRT, independently of the stage (defined 
by SCr and/or UO) they are in at the moment they 
initiate RRT; the two outcome classes (Loss of kidney 
function and End-stage kidney disease) were 
removed from the classification.

These modifications were based in the cumulative 
evidence that even small increases in SCr are associ-
ated with a poor outcome, and in the extreme vari-
ability of resources and of the indications to start RRT 
exhibited in different countries and hospitals10,11.

It has been shown that both the AKIN and the 
RIFLE classifications allowed the identification and 
stratification of AKI in a large proportion of hospital-
ized patients and it was independently associated 
with outcome12-16. In fact, patients with AKI had 
higher in-hospital mortality and longer lengths of 
stay, and AKI survivors were more likely to be dis-
charged to an extended care facility.

The AKIN classification could theoretically improve 
the RIFLE criteria sensitivity and specificity, although 
the advantages of the RIFLE modifications have not 
been proven yet. In actual fact, AKIN classification 
compared to RIFLE classification did not exhibit a 
better prognostic acuity, in terms of in-hospital 
mortality, although it could allow the identification 
of more patients as having AKI13-16.

   � The “Kidney Disease Improving Global Outcomes” 
(KDIGO) classification

The Kidney Disease Improving Global Outcomes 
(KDIGO) work group has recently made the fusion 

of the RIFLE and AKIN classifications in order to 
establish one classification of AKI for practice, 
research, and public health. Therefore, AKI has been 
defined as an increase in SCr ≥ 0.3 mg/dl (≥ 26.5 
mmol/l) within 48 hours; or an increase in SCr to ≥ 
1.5 times baseline, which is known or presumed to 
have occurred within the prior 7 days; or an urine 
volume < 0.5 ml/kg/h for 6 hours. Furthermore, AKI 
has been staged in severity according to the AKIN 
criteria. One additional change in the criteria was 
made for the sake of clarity and simplicity. For 
patients reaching stage 3 by SCr > 4.0 mg/dl (> 354 
μmol/l), rather than require an acute increase of ≥ 
0.5 mg/dl (≥ 44 μmol/l) over an unspecified time 
period, it instead requires that the patient first 
achieve the creatinine based change specified in the 
definition [either ≥ 0.3mg/dl (≥ 26.5 μmol/l) within a 
48-hour time window or an increase of ≥ 1.5 times 
baseline]. This change brings the definition and 
staging criteria to greater parity and simplifies the 
criteria17.

One of the major caveats of these clinical clas-
sifications is that they rely on SCr and/or UO 
changes, which are insensitive and non-specific 
markers of kidney function. First, the endogenous 
production and serum release of Cr is variable, and 
it is influenced by multiple factors, namely age, 
gender, diet, and muscle mass. Second, 10 to 40% 
of Cr elimination is performed by tubular secretion18 
and this mechanism is amplified as GFR diminishes, 
thus, overestimating renal function in AKI patients. 
Third, many medications inhibit tubular secretion of 
Cr (i.e., thrimetroprim, cimetidine), causing a tem-
porary increase in SCr. Fourth, various factors can 
interfere with SCr determination (i.e., acetoacetate 
accumulated in diabetic ketoacidosis can interfere 
with the alcaline picrate method), originating a false 
elevation in SCr19. Fifth, Cr is a marker of renal func-
tion, and not of renal lesion. Sixth, sensitivity and 
specificity of UO can be significantly changed by 
diuretics use. Seventh, UO can only be determined 
in patients with a bladder catheter in place, which, 
despite being common in ICU patients, is not fre-
quent in other hospitalized patients. Furthermore, 
in CKD patients, compared with patients with previ-
ously normal renal function, the percentual increase 
in SCr used to define AKI generally occurs later and, 
thus, defining AKI by employing exclusively SCr 
criteria could diminish sensitivity of AKI diagnosis 
in CKD patients20.
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New biomarkers of AKI  �

Remarkably, clinical classifications of AKI also 
do not provide any information regarding the origin 
of the renal lesion (i.e., cellular or subcelular lev-
els), as opposed to several biomarkers of AKI 
recently identified and studied. Furthermore, the 
limitations of the conventional renal function mark-
ers (Cr and UO) can be overwhelmed with the 
utilization of those new biomarkers. In fact, various 
urinary and serum markers of AKI have been identi-
fied by new techniques based on proteomics21, 
such as cystatin C, neutrophil gelatinase-associated 
lipocalin (NGAL), interleukin-18 (IL-18) and the kid-
ney injury molecule-1 (KIM-1). Current state of the 
art does not allow declaring which of these bio-
markers is the ideal one: however, a biochemical 
pattern can be drawn basing on the different fea-
tures of each of them. In many pivotal studies 
biomarkers showed to elevate soon in AKI (1 to 3 
days before the increase in SCr)22. Others appeared 
to reflect different aetiologies of renal injury23. 
Then, they seemed to dynamically change with 
treatment or recovery, which suggests that they can 
be used to monitor interventions24. In recent stud-
ies, subpopulations of patients who did not have 
AKI, according to SCr-based criteria, but actually 
had a degree of subclinical renal damage, were 
identified by biomarkers and associated with worse 
outcomes25. Finally, by identifying possible mecha-
nisms of injury, these biomarkers might increase 
our understanding of the pathogenesis of AKI and/
or help in prognosis/triaging of AKI syndrome26. 
Although urinary NGAL and cystatin C are probably 
the most studied renal biomarkers, multiple other 
molecules are currently under investigation. No 
study so far, however, attempted to show a positive 
association of biomarkers use (and relative cost) 
with hard clinical outcomes. It must finally be 
remembered that apart from biomarkers expecta-
tions, the operators never have to forget AKI causes 
and pathophysiology: the current effort to standard-
ize AKI and to diagnose it with magic tools before 
it can be clinically manifest will never be able to 
track AKI before renal damage has even occurred. 
Furthermore, any diagnostic approach to the cause 
or trigger of AKI must take into account the local 
context and epidemiology. In this light, each criti-
cally ill patient should be closely observed, AKI 
occurrence never overlooked and pathophysiology/
prevention.

EPIDEMIOLOGY OF AKI �

Incidence and mortality  �

Large epidemiological studies have suggested that 
the occurrence of AKI is rising over time27-29. Older 
age, much higher frequency of comorbidities, diag-
nostic and therapeutic interventions, increased 
prevalence of human immunodeficiency virus infec-
tion and related treatments, more frequent non-renal 
organ transplantations, and more aggressive diag-
nostic and therapeutic interventions can contribute 
to this phenomenon30. Another explanation is the 
increasing prevalence of diabetes patients who are 
increasingly being treated with angiotensin-convert-
ing enzyme inhibitors, angiotensin receptor blockers, 
and aldosterone antagonists, which all carry an 
increased risk for AKI, particularly during episodes 
of dehydration31,32. In addition, the increased aware-
ness on the part of non-nephrologist ICU specialists 
of the potential presence of AKI has probably also 
increased. This increased awareness has been 
accompanied by a more widespread use of so-called 
“non-renal indications” for dialysis and an “earlier 
start” of dialysis in ICU patients33,34.

Additionally, the aforementioned studies have also 
revealed a declining trend in mortality27-29. Whether 
this decline can be attributed to an improvement in 
the overall care of patients or to specific interventions 
or therapies aimed at those with AKI remains 
unknown35,36. This decline in mortality has, however, 
occurred despite reported changes to the clinical 
profile and characteristics of patients with AKI37,38. 
Observational studies suggest that patients with AKI 
are increasingly older, have more comorbid diseases, 
are more probably septic, and have greater severity 
of illness and organ failure4,5,16. Nevertheless, there 
has been considerable controversy as to whether the 
clinical outcomes – in particular, mortality associated 
with AKI – have improved. For example, in a system-
atic review mortality associated with AKI has shown 
no consistent change over several decades39. Regret-
tably, their study was highly prone to bias and was 
limited by only reporting crude mortality rates across 
those studies included and by the inability to show 
equivalent illness severity.

Recent larger epidemiological studies examining 
the incidence of AKI (defined by the recently pro-
posed consensus criteria) and its impact on mortality 
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have found that AKI is an alarmingly common disor-
der in hospitalized patients, particularly in the criti-
cally ill, leading to decreased survival. Furthermore, 
these studies pointed towards a graded relationship 
of increased mortality with increasing severity of AKI. 
Uchino and colleagues focused on the predictive 
ability of the RIFLE classification in a cohort of 20,126 
patients admitted to a teaching hospital for > 24 h 
over a 3-year period3. Acute kidney injury occurred 
in 18% of patients, as follows: 9.1% were on class 
Risk, 5.2% on class Injury and 3.7% on class Failure. 
There was a nearly linear increase in hospital mortal-
ity with increasing RIFLE class, with patients at Risk 
having more than three times the mortality rate of 
patients without AKI. Patients with Injury had close 
to twice the mortality of Risk, and patients with 
Failure had 10 times the mortality rate of hospitalized 
patients without AKI. On multivariate analysis, RIFLE 
classification was an independent predictor of mor-
tality: class Risk carried an odds ratio of hospital 
mortality of 2.5, Injury of 5.4 and Failure of 10.1. In 
a larger single-centre multi-ICU study, the occurrence 
of AKI was examined in 5383 critically ill patients4. 
AKI occurred in 67 % of patients, with 12 % achieving 
a maximum class of Risk, 27 % Injury and 28 % 
Failure. Of the 1,510 patients who reached Risk, 56 
% progressed to either Injury or Failure. Patients with 
a maximum score of Risk had a mortality rate of 8.8 
%, compared to 11.4 % for Injury and 26.3 % for 
Failure. On the other hand, patients who had no 
evidence of AKI had a mortality rate of 5.5 %. Fur-
thermore, after adjusting for other covariates with 
prognostic impact class Injury (adjusted hazard ratio 
of 1.4) and class Failure (adjusted hazard ratio of 
2.7) were independent predictors of hospital mortal-
ity. In two recent multicentre studies including more 
than 160,000 patients very similar results were found. 
First, Ostermann and Chang analysed 41,972 patients 
admitted to 22 intensive care units (ICUs) in the 
United Kingdom and Germany, between 1989 and 
1999, as part of the Riyadh Intensive Care Program 
database5. AKI defined by RIFLE occurred in 15,019 
(35.8%) patients: 7,207 (17.2 %) with Risk, 4,613 
(11%) Injury and 3,199 (7.6%) with Failure. Hospital 
mortality rates were higher in patients with AKI than 
in patients with no AKI, and increased in accordance 
with severity of AKI (no AKI 8.4%, Risk 20.9%, Injury 
45.6% and Failure 56.8%). Class Risk (adjusted odds 
ratio 1.40), class Injury (adjusted odds ratio 1.96) 
and class Failure (adjusted odds ratio 1.59); were 
independent risk factors of in-hospital mortality. 

Interestingly, renal replacement therapy for AKI was 
not an independent risk factor for hospital mortality. 
More recently, Bagshaw and colleagues have report-
ed on data from the Australian New Zealand Intensive 
Care Society Adult Patient Database7. They evaluated 
120,123 patients admitted, from the 1st January 2000 
to the 31st December 2005, to 57 ICUs across Aus-
tralia. The RIFLE criteria for AKI on the day of admis-
sion occurred in 36.1% of patients with a maximum 
RIFLE category of Risk in 16.3%, Injury in 13.6% and 
Failure in 6.3%. Acute kidney injury was associated 
with an increase in hospital mortality (adjusted odds 
ratio 3.29) and hospital mortality stratified by RIFLE 
category was 17.9% for Risk, 27.7% for Injury and 
33.2% for Failure. By multivariate analysis, each 
RIFLE category was independently associated with 
hospital mortality (adjusted odds ratio: Risk 1.58, 
Injury 2.54 and Failure 3.22). In a retrospective 
observational study, Thakar and colleagues examined 
the effect of severity of AKI (defined by the AKIN 
criteria) or renal recovery on risk-adjusted mortality 
among 325,395 critically ill patients admitted to 191 
US Veterans Affairs ICUs across the country40. Over-
all, 22% (N = 71,486) of patients developed acute 
kidney injury (Stage I: 17.5%; Stage II: 2.4%; Stage 
III: 2%); 16.3% patients met AKI criteria within 48 
hrs, with an additional 5.7% after 48 hrs of ICU 
admission. Acute kidney injury frequency varied 
between 9% and 30% across ICU admission diagno-
ses. After adjusting for severity of illness in a model 
that included urea and creatinine on admission, odds 
of death increased with increasing severity of AKI: 
Stage I, adjusted odds ratio 2.2; Stage II, adjusted 
odds ratio 6.1; and Stage III, adjusted odds ratio 8.6. 
Acute kidney injury patients with sustained elevation 
of creatinine experienced higher mortality risk than 
those who recovered. The discrepancies observed in 
the incidence and mortality in the aforementioned 
studies could reflect differences in case-mix, and 
experience with treatment of AKI and its concomitant 
pathology.

The negative impact of AKI on patient outcome 
still persists after hospitalization. In fact, patients 
who survive AKI have a greater rate of long-term 
mortality and other adverse outcomes (i.e., progres-
sion to or acceleration of CKD and cardiovascular 
disease) than patients who survive hospitalization 
without AKI in varied settings, such as community/
hospitalized patients, hospitalized patients and ICU 
patients41,42. Therefore, understanding the impact 
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of AKI on long-term outcomes will have a marked 
impact on treatment and risk stratification during 
hospitalization and will assist with guiding follow-up 
care after discharge.

   � Extra-renal effects of AKI, impaired immunity and 
progression to or acceleration of CKD

There is increasing knowledge of AKI and deleteri-
ous interorgan crosstalk that arises, at least in part, 
due to the imbalance of immune, inflammatory, and 
soluble mediator metabolism that attends severe 
insults to the kidney (i.e., heart, lungs, brain, liver, 
and other organs)43,44,45,46. In addition, there is also 
evidence that AKI impairs innate immunity and is 
associated with higher infection rates5-7,47. Such 
effects are likely to contribute to the poor survival 
of patients suffering from AKI despite excellent 
electrolyte, acid-base, volume, and small solute 
clearance. Critical reappraisal of current literature on 
experimental studies, generally conducted on models 
of ischaemia reperfusion, revealed multiple pathways 
and mechanisms of organ injury: local activation of 
the coagulation system48 infiltration of the kidney 
by leukocytes49, endothelial injury50, expression of 
adhesion molecules51, release of cytokines52, induc-
tion of toll-like receptors53, activation of intra-renal 
vasoconstrictor pathways54 and induction of apop-
tosis55. There are also associated changes in tubular 
cells with loss or inversion of polarity56 and loss of 
adhesion to the basement membrane57.

After an episode of AKI, it is likely that there is 
failure to resolve renal structure and function ade-
quately58,59. Acute kidney injury itself may increase 
the risk of subsequent events and decrease kidney 
reserve leading to an increased risk of CKD or pro-
gression of CKD in patients with previous renal 
impairment41,60,61. Through inflammatory and fibrotic 
signaling pathways, residual kidney damage can lead 
to progressive structural kidney damage, which may 
then predispose to worsening hypertension, protei-
nuria and more rapid decreases in GFR62-64, all 
well-known risk factors for cardiovascular dis-
ease65-67. The progression for CKD may account for 
the burden of cardiovascular disease and mortality 
of patients who had AKI during hospitalization. 
Recently, it was found an association between kid-
ney function decline after a non-dialysis requiring 
AKI and long-term mortality in ICU survivors68.

CONCLUSIONS �

The mortality of AKI remains unacceptably high. 
It is possible that even a short and mild episode of 
AKI may contribute to patient morbidity and mortal-
ity. Thus, this complex syndrome should be pre-
vented, aggressively treated and never overlooked, 
even the milder forms. AKI survivors have to be 
closely monitored after discharge since AKI is associ-
ated with progression to or acceleration of CKD, 
extra-renal organ dysfunction and, therefore, with 
long-term morbidity and mortality. Taking into con-
sideration that immune and inflammatory pathways 
likely contribute to poor survival of patients with 
AKI novel immune therapeutics can improve out-
comes from AKI.
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