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Purpose: Acute kidney injury (AKI) is a frequent complication after cardiac surgery and is associated with
increased mortality. The aim was to design a nondialytic AKI score in patients with previously normal renal
function undergoing cardiac surgery.

Methods: Data were collected on 909 patients who underwent cardiac surgery with cardiopulmonary bypass be-
tween 2012 and 2014. A total of 810 patients fulfilled the inclusion criteria. Patients were classified as having AKI
based on the RIFLE criteria. Postoperative AKI occurred in 137 patients (16.9%). Several parameters were recorded
preoperatively, intraoperatively, and at intensive care unit admission, looking for a univariate and multivariate asso-
ciation with AKI risk. A second data set of 741 patients, from 2 different hospitals, was recorded as a validation cohort.
Results: Four independent risk factors were included in the CRATE score: creatinine (odds ratio [OR], 9.66; 95% con-
fidence interval [Cl], 4.77-19.56; P < .001), EuroSCORE (OR, 1.40; CI, 1.29-1.52; P<.001), lactate (OR, 1.03; CI, 1.01-
1.04; P<.001), and cardiopulmonary bypass time (OR, 1.01; Cl, 1.01-1.02; P<.001). The accuracy of the model was
good, with an area under the curve of 0.89 (CI, 0.85-0.92). The CRATE score retained good discrimination in valida-
tion cohort, with an area under the curve of 0.81 (95% (I, 0.78-0.85).

Conclusions: CRATE score is an accurate and easy to calculate risk score that uses affordable and widely available var-

iables in the routine care surgical patients.

© 2015 Published by Elsevier Inc.

1. Introduction

Acute kidney injury (AKI) is a frequent and severe complication after
cardiac surgery, being this kind of surgery the second most common
cause of AKI in the intensive care unit (ICU) [1]. In this context and
depending on the definition used, AKI could affect up to 39% of patients
undergoing cardiac surgery procedures, with 1% to 5% needing renal
replacement therapy (RRT) [2]. Patients developing AKI have increased
morbidity and worse surviving rates than those with normal renal
function. In addition, it increases ICU and inhospital stay, risk of
infection, and hospitalization cost [3]. Therefore, AKI is an important
complication closely related to cardiac surgery using cardiopulmonary
bypass (CPB). This particular relation gave rise to the appearance of
the term cardiac surgery-associated acute kidney injury (CSA-AKI) [4].
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Risk stratification has become essential in cardiac surgical practice,
specifically focused in mortality (ie, EuroSCORE and ACEF score) [5]. Be-
cause of the implications of CSA-AKI in outcome, this clinical entity has
been targeted in risk stratification models. Previously, some authors
have developed several algorithms trying to predict renal failure not re-
quiring dialysis [6]. The Multicenter Study of Perioperative Ischemia Re-
search Group (MCSPI) model proposed by Aronson et al [7] included
patients who underwent coronary artery bypass grafting (CABG) sur-
gery, evaluating preoperative and intraoperative variables. Brown et al
[8] produced an algorithm, the Northern New England Cardiovascular
Disease Study Group (NNECDSG) score, with preoperative characteris-
tics that included patients scheduled for CABG. None of these models
take into account the early postoperative period, which is considered
by some authors as the best time to apply a cardiac surgery-specific
score because of the influence of intraoperative variables in the clinical
course of these patients [9]. Therefore, it would be necessary to use a
clinical tool estimating the risk by using preoperative, intraoperative,
and postoperative variables. Palomba et al [9] followed up 603 patients

Descargado para Anonymous User (n/a) en Government of Castile and Leon Ministry of Health de ClinicalKey.es por Elsevier en febrero 24, 2026.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcrc.2015.11.004&domain=pdf
http://dx.doi.org/10.1016/j.jcrc.2015.11.004
mailto:jbustamantemunguira@gmail.com
http://dx.doi.org/10.1016/j.jcrc.2015.11.004
http://www.sciencedirect.com/science/journal/

138 P. Jorge-Monjas et al. / Journal of Critical Care 31 (2016) 130-138

[15] Zweig M, Campbell G. Receiver-operating characteristic (ROC) plots: a fundamental
evaluation tool in clinical medicine. Clin Chem 1993;39:561-77.

[16] Gaffney AM, Sladen RN. Acute kidney injury in cardiac surgery. Curr Opin
Anesthesiol 2015;28:50-9.

[17] Mao H, Katz N, Ariyanon W, Blanca-Martos L, Adybelli Z, Giuliani A, et al. Cardiac
surgery-associated acute kidney injury. Cardiorenal Med 2013;3:178-99.

[18] Ranucci M, De Toffol B, Isgro G, Romitti F, Conti D, Vicentini M. Hyperlactatemia
during cardiopulmonary bypass: determinants and impact on postoperative outcome.
Crit Care 2006;10:R167.

[19] Hajjar LA, Almeida JP, Fukushima JT, Rhodes A, Vincent JL, Osawa EA, et al.
High lactate levels are predictors of major complications after cardiac surgery.
] Thorac Cardiovasc Surg 2013;146:455-60.

[20] Shaw A, Swaminathan M, Stafford-Smith M. Cardiac surgery-associated acute kidney
injury: putting together the pieces of the puzzle. Nephron Physiol 2008;109:55-60.

[21] D'Onofrio A, Cruz D, Bolgan I, Auriemma S, Cresce GD, Fabbri A, et al. RIFLE criteria
for cardiac surgery-associated acute kidney injury: risk factors and outcomes.
Congest Heart Fail 2010;16:32-6.

[22] Kumar AB, Suneja M, Bayman EO, Weide GD, Tarasi M. Association between postop-
erative acute kidney injury and duration of cardiopulmonary bypass: a meta-
analysis. ] Cardiothorac Vasc Anesth 2012;25:64-9.

[23] Toumpoulis IK, Anagnostopoulos C, Swistel DG, DeRose Jr JJ. Does EuroSCORE predict
length of stay and specific postoperative complications after cardiac surgery? Eur ]
Cardiothorac Surg 2005;27:128-33.

[24] de Moura EB, Bernardes Neto SC, Amorim FF, Viscardi RC. Correlation of the
EuroSCORE with the onset of postoperative acute kidney injury in cardiac surgery.
Rev Bras Ter Intensiva 2013;25:233-8.

[25] Ranucci M, Ballotta A, Baryshnikova E, Brozzi S, Boncilli A, Surgical and Clinical
Outcome Research (SCORE) Group. Intensive care unit admission parameters im-
prove the accuracy of operative mortality predictive models in cardiac surgery.
PLoS One 2010;5:e13551.

[26] Kennedy SA, McEllistrem B, Kinsella A, Fan Y, Boyce S, Murphy K, et al. EuroSCORE
and neutrophil adhesion molecules predict outcome post-cardiac surgery. Eur ]
Clin Invest 2012;42:881-90.

[27] Omerika L, Rasic S, Serdarevic N. Importance of determination of urine neutrophil
gelatinase associated lipocalin in early detection of acute kidney injury. Coll
Antropol 2014;38:161-6.

[28] Kidher E, Harling L, Ashrafian H, Naase H, Chukwuemeka A, Anderson J, et al.
Pulse wave velocity and neutrophil gelatinase-associated lipocalin as predictors of
acute kidney injury following aortic valve replacement. ] Cardiothorac Surg 2014;
9:89.

[29] Haase-Fielitz A, Haase M, Devarajan P. Neutrophil gelatinase-associated lipocalin as
a biomarker of acute kidney injury: a critical evaluation of current status. Ann Clin
Biochem 2014;51:335-51.

[30] Arnaoutakis GJ, Bihorac A, Martin TD, Hess Jr PJ, Klodell CT, Ejaz AA, et al. RIFLE
criteria for acute kidney injury in aortic arch surgery. ] Thorac Cardiovasc Surg
2007;134:1554-60.

Descargado para Anonymous User (n/a) en Government of Castile and Leon Ministry of Health de ClinicalKey.es por Elsevier en febrero 24, 2026.
Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2026. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0075
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0075
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0080
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0080
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0085
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0085
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0090
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0090
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0090
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0095
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0095
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0095
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0100
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0100
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0105
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0105
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0105
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0110
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0110
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0110
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0115
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0115
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0115
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0120
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0120
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0120
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0125
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0125
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0125
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0125
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0130
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0130
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0130
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0135
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0135
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0135
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0140
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0140
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0140
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0140
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0145
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0145
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0145
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0150
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0150
http://refhub.elsevier.com/S0883-9441(15)00555-9/rf0150

	Predicting cardiac surgery–associated acute kidney injury: The CRATE score
	1. Introduction
	2. Materials and methods
	2.1. Study design
	2.2. Study population
	2.3. Intraoperative care and anesthesia
	2.4. Postoperative care
	2.5. Study variables
	2.5.1. Outcome variables
	2.5.2. Independent variables
	2.5.3. Data collection
	2.5.4. Parameters at admission to the ICU

	2.6. Statistical analysis

	3. Results
	3.1. Patient characteristics
	3.2. Differences between AKI and NON-AKI patients
	3.3. Predictors of CSA-AKI
	3.4. Development of an AKI score: The CRATE score
	3.4.1. Cardiac surgery–associated acute kidney injury risk categories
	3.4.2. Score validation


	4. Discussion
	Funding
	Conflicts of interest
	References


