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Abstract

Objective: To compare the RIFLE (Risk, Injury, Failure,
Loss and End-stage Renal Failure) and AKIN (Acute Kidney
Injury Network) criteria for diagnosis of acute kidney injury
after coronary artery bypass grafting.

Methods: Retrospective cohort. 169 patients who underwent
coronary artery bypass grafting from January 2007 through
December 2008 were analyzed. Information was entered into a
database and analyzed using STATA 9.0.

Results: Patients' mean age was 63.43 + 9.01 years old.
Predominantly male patients (66.86%) were studied. Acute
Kidney Injury was present in 33.14% by AKIN and in 29.59%
by RIFLE. Hemodialysis was required by 3.57% and 4.0% of
the patients when AKIN and RIFLE were applied respectively.
There was 4.0% and 3.57% mortality of patients with Acute
Kidney Injury according to the RIFLE and AKIN criteria,
respectively. In 88.76% of the cases, there was good agreement
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between the two methods in the detection (kappa=0.7380) and
stratification (kappa=0.7515) of Acute Kidney Injury.
Conclusion: This study showed that the RIFLE and AKIN
criteria have a good agreement in the detection and stratification
of acute kidney injury after coronary artery bypass grafting.

Descriptors: Myocardial revascularization. Acute kidney
injury. Risk factors.

Resumo

Objetivo: Comparar os critérios RIFLE (Risk, Injury,
Failure, Loss and EndStage Renal Failure) e AKIN (Acute
Kidney Injury Network) para diagnéstico de lesdo renal
aguda em pacientes no pos-operatorio de revascularizacio do
miocardio.

Métodos: Coorte retrospectiva, a partir dos prontuarios
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Abbreviations, acronyms & symbols

ADQI Acute Dialysis Quality Initiative Group
AKI Acute kidney injury

AKIN Acute Kidney Injury Network

AMI Acute myocardial infarction

ARF Acute renal failure

CABG Coronary artery bypass grafting

CPB Cardiopulmonary bypass

HD Hemodialysis

ICU Intensive care unit

RIFLE Risk, Injury, Failure, Loss and End-stage Renal Failure
RRT Renal replacement therapy

de 169 pacientes submetidos a cirurgia de revascularizacio
do miocardio, de janeiro de 2007 a dezembro de 2008. As
informacoes foram inseridas em um banco de dados e analisadas
pelo software STATA 9.0.

INTRODUCTION

Acute kidney injury (AKI) is an important and prevalent
complication in the prognosis of cardiac surgery [1]. The term
AKI is used to reflect the entire spectrum of what is defined
as the abrupt reduction in renal function, in hours or days, in
which acute renal failure (ARF) is characterized by a decrease
in the glomerular filtration rate and/or urinary volume, in
addition to the loss of basic functions, such as the inability to
maintain the hydro-electrolyte and basic acid balance [2]. Most
estimates demonstrates that over 30% of patients undergoing
cardiac surgery develop clinically severe renal damage [3],
with the need for dialysis ranging from 1.4% to 7% [4,5] and
mortality rate of 5% to 44% [6,7].

As a result of the lack of a standardized definition,
AKI has received numerous definitions. In 2002, the Acute
Dialysis Quality Initiative Group (ADQI) proposed the
classification Risk, Injury, Failure, Loss and End-stage Renal
Failure (RIFLE) classification. This classification system uses
measurements of serum creatinine levels and urine output [8],
having been validated in over 550,000 patients worldwide [9].

In 2005, the Acute Kidney Injury Network (AKIN),
proposed improvements to the RIFLE criteria in order to make
the detection of acute kidney injury clear and faster, by adopting
a lower cutoff point for variation in serum creatinine [10].

Both RIFLE and AKIN criteria, used to rate the degree
of AKI associated with mortality seems to correlate in a
progressive manner and may predict its severity [11]. Thus,
both classification systems help to standardize the definition
and management of this disease. There have been few studies

Resultados: A média de idades dos pacientes foi de 63,43
+ 9,01 anos, havendo predominincia do género masculino
(66,86%). A lesdo renal aguda foi detectada em 33,14% pelo
AKIN e 29,59% pelo RIFLE. A hemodidlise foi necessaria
em 3,57% e em 4% dos pacientes, quando o AKIN e RIFLE
foram aplicados, respectivamente. Foram a ébito 4% e 3,57%
dos pacientes com Lesdo Renal Aguda pelos critérios RIFLE
e AKIN, respectivamente. Em 88,76% dos casos, ambos os
métodos demonstraram boa concordincia para deteccio
(kappa=0,7380) e estratificacdo (kappa=0,7515) de lesdo renal
aguda.

Conclusdo: O presente estudo permitiu concluir que os
critérios RIFLE e AKIN possuem boa concordéincia na deteccio
e estratificacio da lesdo renal aguda no pés-operatério de
revasculariza¢io do miocardio.

Descritores: Revasculariza¢io miocardica. Lesdo renal
aguda. Fatores de risco.

comparing the two classification systems and they shown little
difference between the two systems [12]. Therefore, there is no
insight into the advantages of choosing one approach to define
and classify the AKI as opposed to the another [12].

AKTl is a serious complication in the postoperative period of
cardiac surgery with major impact on mortality and length of
intensive care unit (ICU) stay [13]. Early detection of AKI is of
utmost importance in making decisions regarding appropriate
therapy. The aim of this study was to compare the “RIFLE
and AKIN” criteria in patients undergoing cardiac surgery at
a university hospital, in order to identify the one that provides
the best classification of renal injury and thereby contribute to
better monitoring and outcome of these cases.

METHODS

Type of Study

We performed an analytical, retrospective cohort study,
based on data obtained from medical records of patients
undergoing cardiac surgery for coronary artery bypass
grafting (CABG) at a University Hospital, from January
2007 to December 2008. Of the 305 patients who underwent
this type of surgery, 169 were included in the study after the
application of inclusion and non-inclusion criteria, considering
a prevalence of AKI of 30% [4] a sample power of 80% and
an alpha error of 5%.

Inclusion Criteria
We included all patients older than 18 who underwent
CABG alone.
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Non-inclusion criteria

Patients undergoing CABG surgery associated with other
procedures, patients with stage 5 chronic kidney disease and
patients who died within 24 hours after surgery were not
included in this study.

Data Collection

Laboratory tests, clinical presentation, hemodynamic and
therapeutic monitoring, and postoperative evolution data for
filling the protocol form were obtained from the medical records.

Creatinine clearance was estimated using the Cockcroft-
Gault formula [14].

To assess the impairment of renal function in the
postoperative period, RIFLE [15] and AKIN [16] ratings
were used.

The RIFLE classification provides a uniform definition for
the AKI that includes criteria for three categories of injury:
risk renal failure (R - Risk), renal injury (I) and renal failure
(F). In addition it includes two classes of renal disease: renal
function (L) and end-stage kidney disease (E) [17], defined
according to function impairment, in a period of 4 weeks and
3 months, respectively [9] (Table 1).

The AKIN criteria adopted higher baseline serum
creatinine levels: between 150 — 200%, 200 — 300% and >
300% for classifying the AKI in stages 1, 2 and 3, respectively.
Since AKI stage 1 is analogous to RIFLE Risk, kidney injury
corresponds to stage 2, and renal failure/renal replacement
therapy (RRT) to stage 3 of AKIN [12] (Table 2).

Statistical Analysis

Quantitative variables were expressed as means and standard
deviation, whereas qualitative variables were expressed as
proportions and were compared using the chi-square test.

The t test was used to compare means.

The level of agreement of the RIFLE and AKIN
classification criteria was assessed through kappa’s test.
Agreement was considered weak when kappa values were
below 0.4, moderate for kappa values between 0.41 and

Table 1. RIFLE classification.

0.60, good for kappa values between 0.61 and 0.80, and
excellent for kappa values above 0.80 [18]. Data processing
was performed in STATA statistical software, version 9.0. The
results were considered significant when P<0.05.

Ethical Aspects

This study was approved by the Research Ethics Committee
of the institution under record number 001811/2010-00
complying with the requirements of the Resolution of the
National Health Council 196/96 for research involving humans.

RESULTS

Among the 169 patients studied, there was a predominance
of males (66.86%). The mean age was 63.43 +9.01 years-old,
and 63.91% (108) were over 60 years-old. Of all patients
studied, 33.14% (56) met the diagnostic criteria for AKI, based
on the AKIN classification. According to the RIFLE criterion,
29.59% (50) of the patients developed AKI (Table 3).

Although forty-four (26.03%) patients were classified as having
AKI by both criteria, 12 (7.10%) patients were considered ARF
carriers only by AKIN, and 6 (3.55%) patients only by RIFLE.

There was no statistically significant association between
the variables for gender, age, prior hypertension, extent and
severity of coronary artery disease, the times cardiopulmonary
bypass (CPB) and anoxia, number of grafts, need for blood
transfusion, postoperative bleeding, use of vasopressors and
the development of AKI by both criteria.

In patients with renal injury by RIFLE classification,
obesity (36%, P=0.011) and intraoperative ventricular
tachycardia (4%, P=0.026) were significantly associated with
the development of AKI. In the group of patients with AKI by
AKIN classification, prior angina (67.86%, P=0.024), obesity
(37.50%, P=0.002), intraoperative ventricular tachycardia
(3.57%, P=0.043), postoperative acute myocardial infarction
(AMI) (3.57%, P=0.043) and vasodilators (73.36% P=0.006)
were significantly associated with the occurrence of renal
impairment (Table 4).

Classification Glomerular filtration rate Urine output
Without ARF Increased SCr < 1.5 x baseline or decrease in GFR > 25% <0.5 ml/kg/h
Risk (RIFLE-R) Increased SCr from 1.5 to < 2.0 x baseline or decrease in GFR between 25-50% <0.5 ml/kg/h for 6h

Injury (RIFLE-T)

Increased SCr from 2.0 to <3.0 x baseline or decrease in GFR > 50-75%

<0.5 ml/kg/h in 12 hours

Failure (RIFLE-F) Increased SCr from 3.0 x baseline or decrease in GFR> 75% or Crs>4mg/dL <0.3 ml/kg/h in 24 hours or anuria for 12h
Loss Complete loss of renal function; loss for more than 4 weeks

CKD stage 5

Final stage of the disease for more than 3 months

Source: Adapted from Bellomo, 2004. SCr = serum creatinine, GFR = glomerular filtration rate; CKD stage 5 = chronic kidney disease with

= GFR <15 ml/min/1.73m?
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Table 2. AKIN classification.

Stage Serum creatinine criteria Urine output criteria

1 Increased SCr > or = 0.3 mg/dl (> or =26.4 < 0.5 ml/kg/h for more than 6 hours
micromol/L) or increased > or = 150 - 200% (1.5
to 2-fold) from baseline

2 Increase SCr > at 200 - 300% (> 23 times) the < 0.5 ml/kg/h for more than 12 hours
basal value

3 Increased SCr > 300% (3 times) the basal value (or < 0.3 ml/kg/h for 24 hours or anuria for

Scr > or = 4mg/dl) with surge increase greater than

0.5 mg/dL

12 hours

Source: Adapted from Mehta, 2007. SCr = serum creatinine

Table 3. Incidence of AKI stratified by RIFLE and AKIN criteria.

RIFLE Rate (n=169) AKIN Rate (n=169)
Without AKI ~ 70.41% (119) Without AKI 66.86% (113)
Risk 25.44% (43) Risk 29.59% (50)
Injury 3.55% (6) Injury 2.96% (5)
Failure 0.59% (1) Failure 0.59% (1)

AKI = acute kidney injury

Table 4. Relationship of clinical variables and anthropometric ratings from AKI.

Variables RIFLE P AKIN P
With AKI Without AKI With AKI Without AKT

Angina

not 16 (32%) 59 (49.58%) 0.05 18 (32.14%) 57 (50.44%)  0.024

yes 34 (68%) 60 (50.42%) 38 (67.86%) 56 (49.56%)

BMI

weight normal 15 (30%) 15 (38.65%) 0.011 15 (26.78%) 46 (40.71%)

overweight 16 (32%) 20(46.22%) 20 (35.72%) 51(45.13%)  0.002

obesity 19 (38%) 21 (15.13%) 21 (37.50%) 16 (14.16%)

IVA

no 48 (96%) 119 (100%) 0.026 54 (96.43%) 113 (100%) 0.043

yes 2 (4%) 0 2 (3.57%) 0

PO-AMI

no 49 (98%) 118 (99.16%) 0.51 54 (96.43%) 113 (100%) 0.043

yes 1(2%) 1 (0.84%) 2 (3.57%) 0

Vasodilator

no 14 (28.57%) 50 (42.37%) 0.122 13 (23.64%) 51 (45.54%)  0.006

yes 35 (71.43%) 68 (57.63%) 42 (76.36%) 61 (54.46%)

AKI = acute kidney injury, BMI = body mass index; IVA = intraoperative ventricular arrhythmia

Only two (1.18%) patients required hemodialysis (HD)
by both criteria, corresponding to 3.57% of patients with AKI
by AKIN criteria (P=0.043) and 4% by the RIFLE criteria
(P=0.026). Of these, only the AKIN or RIFLE-F stage 3
patient died (P=0.001). Overall mortality rate was 2.96%,
where two of the five patients who died, were AKI carriers

by both criteria (Table 5).

When comparing the RIFLE and AKIN methods, there
was good agreement in the detection of AKI in 88.76% of
the cases (kappa=0.738). Additionally, AKI stratification,
also showed good agreement in 88.76% of the cases (kappa
=0.7515).
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Table 5. Clinical outcomes stratified by the RIFLE and AKIN classifications.

Outcomes Classification systems
RIFLE (n=50) AKIN (n = 56)

Total Hemodialysis 2 (4%)* 2 (3.57%) **

AKI Hemodialysis Risk 0 Stage 1 0
Injury 1.(2%) Stage II 1 (1.78%)
Failure 1 (2%) Stage III 1 (1.78%)

Total deaths 0 0

AKI deaths Risk 2E37%) 1(2%) Stage [ 280y (1 78%)
Injury 0 Stage 11 0
Failure 1 (2%) *** Stage III 1 (1.78%) ***

Discharge 48 54

AKI = acute kidney injury; *P = 0.026, **P = 0.043, ***P = (0.001 (Pearson chi-square test)

DISCUSSION

Acute kidney injury associated with cardiac surgery is a
clinical problem, with significant higher rates of mortality
[13,19]. Volkmann et al. [20] demonstrated that AKI may be
hidden in over 25% of patients who underwent CABG. Thus,
the existence of a classification criterion to detect early kidney
as well as a proposal to unify the classification/definition of
AKIT are essencial [4,6,7].

Similar to others, this study demonstrates that, by adopting
lower values of variation in serum creatinine as a marker of
renal injury the AKIN criteria identified more acute kidney
injury than RIFLE [12,21].

Patients rated with AKI by both criteria were predominantly
elderly (> 60 years), male, with hypertension, angina, obesity
and overweight. The same profile was found by Brito et al.
[4], using other classification criteria.

AKI after CPB has occurred between 1% and 15%
[22]. Several authors have associated CPB time with the
development of AKI in the cardiac surgery postoperative
[23-25]. Changes such as contact with nonendothelial
surfaces, exclusion of pulmonary flow, presence of minimally
pulsatile or nonpulsatile continuous flow may contribute to the
pathogenesis of AKI associated with this procedure [12,19].

The positive impact of the absence of CPB on renal
function during the postoperative period of cardiac surgery has
been described in a coronary randomized clinical trial where
4752 patients undergoing CABG were randomly allocated
into two groups according to whether cardiopulmonary bypass
was used. The authors observed a lower incidence of AKI in
the off-pump group (28%) when compared to the on-pump
group (32.1%), with P=0.01 [26]. In the same context, Chawla
et al. [27], studying patients with chronic kidney disease in
nondialytic stages, observed a reduction in mortality and a need
for renal replacement therapy among those patients who had
undergone surgery without CPB, especially when the levels
of glomerular filtration rate were lower. In the present study,

all patients underwent CABG with CPB, and, for both criteria,
those who developed AKI, had longer cardiopulmonary
bypass; however, the sample size did not allow for statistical
significance between the CPB time and acute renal injury
outcome to be determined.

In this study obesity was associated with the development
of AKI by RIFLE and AKIN criteria. Similar findings using
other classification methods of AKI have been found by Conlon
etal. [24] and Pontes et al. [28]. This finding can be attributed
to greater endothelial dysfunction in obese patients [24].

Although not statistically significant, the transfused
patients in this study had more AKI, as in the TRACS study in
which transfusion was associated with postoperative AKI [29].

Ventricular tachycardia during surgery was also associated
with AKI by both criteria. The postoperative AMI was
statistically associated only by AKIN criteria. The low cardiac
output due to these events may be directly responsible for renal
hypoperfusion which culminates with AKI [13].

Furthermore, it was observed that angina pectoris was also
associated with AKTI according to the AKIN classification. The
ischemic acute syndrome may be secondary to the formation of
atherosclerotic plaques or thrombus development [23] and thus
suggest greater likelihood of ischemic attacks in other organs
and systems leading to hypoperfusion. This association was
reported in other studies in patients who developed AKI [4,7].

Association of use of vasopressors with AKI, although
well established [7], was not observed in this study. However,
vasodilator drugs are statistically associated with AKI, which
is not very clear in the literature. It is possible that this
association is a result of AMI cases in this study, since the use
of vasodilator drugs is useful in cases where the appropriate
volume replacement and optimization of cardiac output with
inotropic agents do not reverse the condition of low output,
as in cases of cardiogenic shock after AMI [30].

Two (1.9%) patients required hemodialysis (HD), one
being classified as AKIN stage 2 or RIFLEI; the other, AKIN
stage 3 or RIFLE-F.
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Other studies show a rate among dialysis patients who
develop AKI, according to various classifications ranging from
1.4% to 7% [4,5,31].

Although AKIN has been proposed in order to improve
RIFLE sensitivity, in this study, there was not a significant
difference in the incidence and mortality of AKI in the CABG
postoperative detected by both criteria, similar to the study by
Cruz et al. [32], which found that mortality rates in RIFLE
and AKIN groups did not differ significantly. Bagshaw et al.
[12] also found no statistical significance in terms of incidence
and hospital mortality of AKI, according to RIFLE or AKIN
criteria in the first 24 hours after admission.

In this study, the RIFLE and AKIN methods showed good
concordance in relation to the incidence and strata of severity
of acute kidney injury in agreement with studies by Dan et al.
[31] and Zappitelli et al. [33] who found excellent concordance
between RIFLE and AKIN in AKI classification in adult and
pediatric patients, respectively.

The retrospective design and sample size are limitations
of this study. However, it has clinical relevance and it was
not limited to assessment of only the first 24 hours of ICU
admission, allowing for the assessment of other outcomes,
such as the need for dialysis and the occurrence of death
secondary to AKI.

REFERENCES

1. Karkouti K, Wijeysundera DN, Yau TM, Callum JL, Cheng DC,
Crowther M, et al. Acute kidney injury after cardiac surgery: focus
on modifiable risk factors. Circulation. 2009;119(4):495502.

2. Sociedade Brasileira de Nefrologia. Insuficiéncia renal aguda:
diretriz da Sociedade Brasileira de Nefrologia. J Bras Nefrol.
2002;24(1):379.

3. Rosner MH, Okusa MD. Acute kidney injury associated with
cardiac surgery. Clin J Am Soc Nephrol. 2006;1(1):19-32.

4. Brito DJA, Nina VJS, Nina RVAH, Figueiredo Neto JA, Oliveira
MIG, Salgado JVL, et al. Prevaléncia e fatores de risco para
insuficiéncia renal aguda no pdsoperatdrio de revascularizagio
do miocardio. Rev Bras Cir Cardiovasc. 2009;24(3):297304.

5. Provenchere S, Planteféve G, Hufnagel G, Vicaut E, De Vaumas
C, Lecharny JB, et al. Renal dysfunction after cardiac surgery
with normothermic cardiopulmonary bypass: incidence,
risk factors, and effect on clinical outcome. Anesth Analg.
2003;96(5):1258-64.

6. Barrantes F, Feng Y, Ivanov O, Yalamanchili HB, Patel J, Buenafe
X, et al. Acute kidney injury predicts outcomes of non-critically
ill patients. Mayo Clin Proc. 2009;84(5):4106.

7. Santos FO, Silveira MA, Maia RB, Monteiro MDC, Martinelli
R. Insuficiéncia renal aguda apds cirurgia de revascularizagao
miocardica com circulagdo extracorpdrea: incidéncia, fatores de
risco e mortalidade. Arq Bras Cardiol. 2004;83(2):145-9.

8. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P; 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(4):R20412.

9. Srisawat N, Hoste EE, Kellum JA. Modern classification of acute
kidney injury. Blood Purif. 2010;29(3):300-7.

10. Magro MCS, Franco ES, Guimaraes D, Kajimoto D, Gongalves
MAB, Vattimo MFF. Avalia¢do da fungado renal em pacientes no
pos-operatodrio de cirurgia cardiaca: a classificacdo AKIN prediz
disfun¢do renal aguda? Rev Bras Ter Intensiva. 2009;21(1):2531.

11. Cuhaci B. More data on epidemiology and outcome of acute

kidney injury with AKIN criteria: benefits of standardized

definitions, AKIN and RIFLE classifications. Crit Care Med.
2009;37(9):265961.

12. Bagshaw SM, George C, Bellomo R; ANZICS Database

Management Committe. A comparison of the RIFLE and AKIN

criteria for acute kidney injury in critically ill patients. Nephrol

Dial Transplant. 2008;23(5):1569-74.

13. Bellomo R, Auriemma S, Fabbri A, D’Onofrio A, Katz N,

McCullough PA, et al. The pathophysiology of cardiac surgery-

associated acute kidney injury (CSAAKI). Int J Artif Organs.

2008;31(2):16678.

14. Cockcroft DW. Creatinine clearance prediction. This week’s

citation classic®. CC/NUMBER 48 NOVEMBER 30, 1992.

Available at: http://www.garfield.library.upenn.edu/classics 1992/

A1992JX46100001.pdf.

15. AIDQ. The RIFLE system uses either GFR criteria or urine output
criteria to classify patients into three severity categories: Risk,
injury and failure; and two additional outcome categories: Loss
and ESRD. ADQI newsletter, 2002. Available at: http://www.
adqi.net/ADQI_newsletter _fall 2002.pdf.

16. Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C,

Warnock DG, et al. Acute Kidney Injury Network: report of an

initiative to improve outcomes in acute kidney injury. Crit Care.

2007;11(2):R31.

17. Li WX, Chen HD, Wang XW, Zhao S, Chen XK, Zheng Y, et al.
Predictive value of RIFLE classification on prognosis of critically
ill patients with acute kidney injury treated with continuous renal
replacement therapy. Chin Med J. 2009;122(9):10205.

18. Comerlato L, Veronese FJV, Prochnow AA, Gongalves LFS.

Interpretacdo e uso clinico da pesquisa de dismorfismo

eritrocitario no sedimento urinario. Rev HCPA. 2006;26(3):127.

236

Rev Bras Cir Cardiovasc | Braz J Cardiovasc Surg



Nina VIS, et al. - Acute kidney injury after coronary artery bypass grafting:
assessment using RIFLE and AKIN criteria

Rev Bras Cir Cardiovasc 2013;28(2):231-7

19.

20.

21.

22.

23.

24.

25.

26.

Passaroni AC, Silva MAM, Martins AS, Kochi AC. Uso de
nifedipina e incidéncia de lesao renal aguda em pdsoperatorio de
cirurgia de revascularizagdo do miocardio com CEC. Rev Bras
Cir Cardiovasc. 2010;25(1):327.

Volkmann MA, Behr PEB, Burmeister JE, Consoni PR, Kalil
RAK, Prates PR, et al. Insuficiéncia renal oculta acarreta risco
elevado de mortalidade apds cirurgia de revascularizagdo
miocardica. Rev Bras Cir Cardiovasc. 2011;26(3):31925.

Lopes JA, Fernandes P, Jorge S, Gongalves S, Alvarez A, Silva
ZC, et al. Acute kidney injury in intensive care unit patients: a
comparison between the RIFLE and the Acute Kidney Injury
Network classifications. Crit Care. 2008;12(4):R110.

Santos LM, Hajjar LA, Galas FRB, Fernandes Junior CJ, Auler
Junior JOC. Prote¢do renal na unidade de terapia intensiva
cirargica. Rev Bras Ter Intensiva. 2006;18(3):282-91.

Kochi AC, Martins AS, Balbi AL, Moraes e Silva MA, Lima
MCP, Martin LC, et al. Fatores de risco préoperatorios para
o desenvolvimento de insuficiéncia renal aguda em cirurgia
cardiaca. Rev Bras Cir Cardiovasc. 2007;22(1):3340.

Conlon PJ, StaffordSmith M, White WD, Newman MF, King S,
Winn MP, et al. Acute renal failure following cardiac surgery.
Nephrol Dial Transplant. 1999;14(5):115862.

Taniguchi FB, Souza AR, Martins AS. Tempo de circulagdo
extracorpdrea como fator risco para insuficiéncia renal aguda.
Rev Bras Cir Cardiovasc. 2007;22(2):2015.

Lamy A, Devereaux PJ, Prabhakaran D, Taggart DP, Hu S,
Paolasso E, et al; CORONARY Investigators. Offpump or on-

27.

28.

29.

30.

3L

32.

33.

pump coronaryartery bypass grafting at 30 days. N Engl J Med.
2012;366(16):148997.

Chawla LS, Zhao Y, Lough FC, Schroeder E, Seneff MG, Brennan

JM. Offpump versus onpump coronary artery bypass grafting
outcomes stratified by preoperative renal function. J Am Soc
Nephrol. 2012;23(8):138997.

Pontes JCDV, Silva GVR, Benfatti RA, Machado NP, Pontelli R,
Pontes ERJC. Fatores de risco no desenvolvimento de insuficiéncia
renal aguda apds cirurgia de revascularizagdo miocardica com
CEC. Rev Bras Cir Cardiovasc. 2007;22(4):48490.

Hajjar LA, Vicent JL, Galas FR, Nakamura RE, Silva CM, Santos
MH, et al. Transfusion requirement after cardiac surgery: the
TRACS randomized control. JAMA. 2010;304(14):155967.

Tibiri¢a E. Fisiopatologia em medicina cardiovascular. In: Mill
JG, Milanez MC, Stefanon I, eds. Fisiopatologia das altera¢des
estruturais e funcionais do coragdo apos infarto do miocardio.
Rio de Janeiro: Editora Revinter, 2001. p.257-78.

Dan H, Zhengwen L, Qunying H, Zhu L, Guoyu Z, Jianming Q, et
al. Acute kidney injury in patients with hemorrhagic fever with renal
syndrome caused by Hantaan virus: comparative evaluation by RIFLE
and AKIN criteria. Vector Borne Zoonotic Dis. 2011;11(6):72330.

Cruz DN, Ricci Z, Ronco C. Clinical review: RIFLE and AKIN:
time for reappraisal. Crit Care. 2009;13(3):211.

Zappitelli M, Parikh CR, AkcanArikan A, Washburn KK, Moffett
BS, Goldstein SL. Ascertainment and epidemiology of acute
kidney injury varies with definition interpretation. Clin J Am Soc
Nephrol. 2008;3(4):948-54.

237

Rev Bras Cir Cardiovasc | Braz J Cardiovasc Surg



