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ABSTRACT 

Introduction: Cardiac surgery may induce acute kidney injury (AKI) and need for renal 

replacement therapy, being the second most common cause of AKI in the intensive care unit. 

Purpose: To determine AKI incidence after coronary artery bypass grafting (CABG) surgery, its 

predictors and its impact in immediate and long-term survival. 

Methods: Retrospective single-center cohort study including all CABG surgeries performed in 

2012 and 2013 at Centro Hospitalar e Universitário São João, EPE. Patients on haemodialysis 

before surgery and off- to on-pump conversions were excluded. AKI was defined as an increase 

of at least 0.3 mg/dL in creatinine within 48 hours, or an increase to 1.5 times or more from 

baseline, within 7 days after CABG. Chi-square tests and independent t-tests were used to 

compare categorical and continuous data, respectively, between patients with and without AKI. 

A multivariate logistic regression model was used to identify independent risk factors of AKI. To 

determine the effect of AKI in long-term survival, Kaplan-Meier curves, Log Rank test and 

multivariate Cox regression (maximum follow-up time: 6 years) were used. 

Results: We included 804 patients, mean age 64±10 years, 82% being male. AKI occurred in 89 

patients (11%). These patients were older (67±10 vs. 64±10 years, p=0.003), presented more 

frequently diabetes (51% vs. 39%, p=0.028), recent acute myocardial infarction (AMI; 52% vs. 

39%, p=0.025), NYHA functional class III-IV (13% vs. 6%, p=0.034), moderate to severe left 

ventricular dysfunction (28% vs. 18%, p=0.023), lower haemoglobin and haematocrit (13 g/dL 

vs. 14 g/dL, p=0.005 and 38% vs. 40%, p=0.005, respectively) and had worse renal function pre-

operatively, characterised by a lower glomerular filtration rate (GFR) (82 vs. 91 ml/min/1.73m2, 

p<0.001) compared with patients without AKI. In multivariate analysis, age (OR: 1.03, 95% CI: 

1.00-1.06, p=0.014), male gender (OR: 2.03, 95% CI: 1.02-4.04, p=0.045), the occurrence of 

recent AMI (OR: 1.61, 95% CI: 1.01-2.58, p=0.046) and pre-operative serum creatinine (OR: 

2.43, 95% CI:1.40-4.23, p=0.002) emerged as independent predictors of AKI. Regarding long-

term survival, patients with AKI did not show differences in cumulative survival compared to 

patients without AKI (86% vs. 90%, Log-rank test p=0.094). AKI was not an independent 
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predictor of mortality in multivariate Cox regression (HR: 1.31, 95% CI: 0.70-2.48, p=0.400), but 

was associated with higher early mortality (4.5% vs. 0.6%, p=0.007). 

Conclusion: At our center AKI incidence after CABG surgery was 11%. Older age, male gender, 

recent AMI and higher pre-operative serum creatinine were settled as AKI independent predictors. 

This immediate post-CABG outcome did not show association with mid-term survival, but was 

related to worse early mortality. 

Keywords: acute kidney injury; coronary artery bypass grafting; creatinine; post-operative 

period. 
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RESUMO 

Introdução: A cirurgia cardíaca pode causar insuficiência renal aguda (IRA) e a necessidade de 

terapia de substituição renal, sendo a segunda causa mais comum de IRA na unidade de cuidados 

intensivos. 

Objetivo: Determinar a incidência de IRA após cirurgia de revascularização do miocárdio 

(CRM), os seus preditores e respetivo impacto na sobrevida a médio e longo-prazo. 

Métodos: Estudo retrospetivo unicêntrico, incluindo todas as CRM realizadas entre 2012 e 2013 

no Centro Hospitalar e Universitário São João, EPE. Foram excluídos os pacientes que se 

encontravam em hemodiálise pré-operatória e as conversões off- para on-pump. A IRA foi 

definida como um aumento na creatinina superior ou igual a 0,3 mg/dL nas primeiras 48 horas 

após a cirurgia, ou um aumento superior ou igual a 1,5 vezes do valor pré-operatório, dentro de 7 

dias após CRM. Foram utilizados testes qui-quadrado e testes t para amostras independentes para 

comparar variáveis categóricas e contínuas, respetivamente, em pacientes com e sem IRA.  Para 

a identificação dos fatores preditores de IRA foi utilizado um modelo de regressão logística 

multivariada. Para determinar o efeito da IRA na sobrevida a longo prazo foram utilizadas curvas 

Kaplan-Meier, teste Log Rank e regressão multivariada de Cox, (follow-up máximo: 6 anos). 

Resultados: Foram incluídos 804 pacientes, com uma média de idade de 64±10 anos, sendo 82% 

homens. A IRA ocorreu em 89 pacientes (11%). Estes pacientes eram mais velhos (67±10 vs. 

64±10 anos, p=0,003), mais frequentemente diabéticos (51% vs. 39%, p=0,028), apresentavam 

uma maior incidência de enfarte agudo do miocárdio (EAM) nos 90 dias prévios à cirurgia (52% 

vs. 39%, p=0,025), classe funcional NYHA III-IV (13% vs. 6%, p=0,034), disfunção ventricular 

esquerda moderada a severa (28% vs. 18%, p=0,023), valores de hemoglobina e hematócrito 

inferiores (13 g/dL vs. 14 g/dL, p=0,005 e 38% vs. 40%, p=0,005, respetivamente) e pior função 

renal pré-operatória, caracterizada por uma taxa de filtração glomerular (TFG) inferior (82 vs. 91 

ml/min/1.73m2, p<0,001) quando comparados com os indivíduos sem IRA. Na análise 

multivariada, a idade (OR: 1,03, 95% IC: 1,00-1,06, p=0,014), género masculino (OR: 2,03, 95% 

IC: 1,02-4,04, p=0,045), a ocorrência de EAM recente (OR: 1,61, 95% IC: 1,01-2,58, p=0,046) e 

a creatinina pré-operatória (OR: 2,43, 95% IC:1,40-4,23, p=0,002) emergiram como preditores 
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independentes de IRA. Relativamente à sobrevida a longo-prazo, os pacientes com IRA não 

apresentaram diferenças na sobrevida cumulativa comparativamente com os pacientes sem IRA 

(86% vs. 90%, teste Log-rank p=0,094). A IRA não se revelou um preditor independente de 

mortalidade na regressão multivariada de Cox (HR: 1,31, 95% IC: 0,70-2,48, p=0,400) mas 

associou-se a uma mortalidade hospitalar mais elevada (4,5% vs. 0,6%, p=0,007). 

Conclusão: No nosso centro, a incidência de IRA após CRM foi de 11%. A idade avançada, 

género masculino, EAM recente e creatinina sérica pré-operatória mais elevada foram preditores 

independentes de IRA. Este outcome imediato após CRM não demonstrou estar associado com a 

sobrevida a médio-prazo, mas associou-se a piores resultados imediatos. 

Palavras-chave: insuficiência renal aguda; cirurgia de revascularização do miocárdio; creatinina; 

período pós-operatório. 
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1. INTRODUCTION 

Acute kidney injury (AKI) is a frequent complication after cardiac surgery, occurring in up 

to 40% of  patients, and between 6% and 34% after coronary artery bypass grafting (CABG) (1-

11). This outcome is related to death rates of  2-4% and a high incidence of other postoperative 

complications such as stroke or need of  renal replacement therapy (RRT) (8, 9). The abrupt 

worsening of renal function is expressed by a decrease in glomerular filtration rate (GFR), (12) 

due to renal hypoperfusion and consequently, ischemia-reperfusion cycles, increase in oxidative 

stress and inflammatory response (2).  

In CABG surgery, the association between on- vs off-pump technique and AKI is still 

conflicting. According to some authors, off-pump technique prevents AKI as well as bleeding, 

need for blood products transfusion (3, 10, 13-16) and need for RRT (17). Other studies showed 

no difference in AKI incidence, stating that both are equally safe and effective in this setting (17-

20).  

In addition to surgical technique, other factors had been associated with AKI incidence, 

namely the presence and severity of pre-operative renal disease, advanced age, female gender, 

cardiovascular risk factors (hypertension, diabetes mellitus), peripheral vascular disease, low pre-

operative haemoglobin and haematocrit, left ventricular dysfunction or congestive heart failure, 

aortic cross-clamping time, emergent surgery and exposure to inotropes or diuretics 

postoperatively, blood and blood products transfusion (2, 4, 5, 12, 18, 21, 22).  

Identification of high risk patients and the use of adequate markers play a key role in this 

setting (2, 12). Apart from risk factors, renal function deterioration may be undetected in the first 

24-48 hours after surgery. Thus, its serial evaluation along hospital stay may be crucial to 

understand the evolution after cardiac surgery, avoiding the delayed treatment strategy 

implementation, and consequent acute tubular necrosis.  

The main purpose of this study consisted in determining AKI incidence and which are the 

main pre and peri-operative risk factors related to renal function worsening. We also aimed to 
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compare survival rates and the incidence of postoperative complications among patients with and 

without significant renal function worsening in the postoperative period. 
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2. METHODS 

Study design and sample 

This is a retrospective single-center cohort study including consecutive patients submitted 

to isolated first CABG between 2012 and 2013. Emergent off to on-pump conversion, patients in 

haemodialysis prior to surgery or with missing data on pre-operative renal function status were 

excluded. 

Data collection 

To run this study several databases from the Cardiothoracic Surgery department were 

consulted, namely SClínico, Registo de Saúde Eletrónico (RSE), Xcelera, and Registo Nacional 

de Utentes (RNU), and a specific database retrospectively filled through the access of patients’ 

clinical files. All-cause mortality was verified in 2017. 

Variables 

For sample characterisation, the following variables were analysed: demographic and 

anthropometric data, cardiovascular risk factors, clinical history, current clinical status and 

urgency of surgery through functional and angina classes, coronary disease severity, results from 

other medical exams and analytical markers. Peri-operative data consisted in off or on-pump 

surgical strategy, cardiopulmonary bypass (CPB) and aortic clamping times and number of grafts. 

To characterise pre-operative and postoperative renal function, serial evaluations were recorded 

since the pre-operative period and until 6 days after surgery, namely, serum creatinine, GFR 

(Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula (23)) and creatinine 

clearance (Cockcroft-Gault formula (24)). Chronic kidney disease was defined as a GFR of 60 

ml/min/1.73m2 or less pre-operatively, according to KDIGO 2012 Clinical Practice Guideline for 

the Evaluation and Management of Chronic Kidney Disease classification (KDIGO 2012) (25). 

AKI diagnosis was made according to the following criteria: increase in serum creatinine by ≥ 

0.3 mg/dl within 48 hours or ≥ 50% (1.5 times baseline) within 7 days after CABG (Clinical 

Practice Guideline for Acute Kidney Injury (KDIGO) and Acute Kidney Injury Network (AKIN) 

criteria (26, 27)). For this, the difference between maximal postoperative and pre-operative 
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creatinine was calculated in relation to its pre-operative value (Δcreatinine = ((max creat pos – 

creat pre) / creat pre). This variation also allowed sample stratification in two groups: the group 

that developed AKI (AKIg) and the group that did not develop (nAKI).  

Post-operative complications evaluated included prolonged mechanical ventilation time (> 

24h), low cardiac output syndrome requiring intra-aortic balloon pump (IABP) or at least two 

inotropic agents, re-exploration of thorax due to bleeding or sternal wound infection (SWI), length 

of in-hospital stay and early mortality (defined as in-hospital death or within 30 days after 

surgery). 

Statistical analysis 

Data analysis was performed with IBM® SPSS® Statistics (Statistical Package for the 

Social Sciences) Version 24 software. 

For sample characterisation descriptive statistics methods were used, namely: absolute 

frequencies and proportions for categorical variables, as well as central tendency and dispersion 

measures for continuous variables. 

To study associations between independent and dependent variables (AKI) inferential 

statistics methods were used. Univariate analysis was run using independent samples t tests or 

Mann-Whitney test, for continuous variables with normal or non-normal distribution, 

respectively. To compare categorical variables’ proportions within groups, chi-square test or 

Fisher’s exact test, if more than 20% of the cells had an expected value of less than 5, were used. 

Wilcoxon test was performed to compare pre-operative and at discharge creatinine values.  

For multivariate analysis logistic regression was used to determine AKI predictors. In these 

models, CPB, gender, age and other clinically relevant or statistically significant variables in the 

univariate analysis were considered as independent variables. Logistic models were evaluated 

concerning associations between covariates and dependent variable (omnibus test, G2, considered 

significant if p<0.05) and calibration (Hosmer-Lemeshow test) and models’ discriminative 

capacity (area under the receiver operating characteristic curve; (AUC ROC)). Linear regression 

assumptions were confirmed (normal distribution and constant variance of residues). Beta 

coefficients (β), odds ratio (OR) and respective 95% confidence intervals (95%CI) were obtained. 
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To study if AKI had any impact in patients’ cumulative survival, univariate analysis 

followed the same procedures described above, and Kaplan-Meier curves were obtained. To 

determine if AKI was an independent predictor of mortality, Cox regression was performed and 

hazard ratios (HR) and respective 95% confidence intervals were obtained. 

A significance level of 5% was considered. 

Ethics 

This study was approved by the Ethics Committee and Administration Council of Centro 

Hospitalar e Universitário de São João, (Appendixes). 

Confidentiality and anonymity of the patients’ identifiers were guaranteed, regarding 

Helsinki’s Declaration, (reviewed in Fortaleza in 2013).  

Patient informed consent was waived according to observational and retrospective nature 

of study, based on data routinely registered in the clinical records of each patient that underwent 

cardiac surgery.  
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3. RESULTS 

Study sample  

From the 819 patients enrolled, 10 were excluded because they were on renal replacement 

therapy, specifically haemodialysis, prior to surgery and 1 that corresponded to an off-on-pump 

conversion in the operating room, also meeting exclusion criteria. From the 808 patients left, 4 

had no recent information relative to their renal function and were also excluded (Figure 1).  

 

 

AKI – acute kidney injury, CABG – coronary artery bypass grafting. 

 

Figure 1: Study flowchart. 

 

AKI incidence and predictors 

Sample baseline characteristics are given in Table 1. 
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Table 1: Sample characterization and univariate analysis. 

Variable 

Total 

n=808 

AKI 

n=89 

nAKI 

n=715 

P-value 

Demographic and body features     

Age (years), mean ± SD 64.4 ± 10.1 67.4 ± 9.9 64.0 ± 10.1 0.003 

Male gender, n (%) 658 (81.8) 78 (87.6) 580 (81.1) 0.132 

BMI (kg/m2), mean ± SD 27.5 (3.9) 28.3 (3.6) 27.4 (3.9) 0.064 

Obesity (BMI>30 kg/m2), n (%) 192 (23.9) 26 (29.2) 166 (23.2) 0.214 

Comorbidities/preoperative status     

Systemic hypertension, n (%) 621 (77.2) 76 (85.4) 545 (76.2) 0.052 

Diabetes Mellitus, n (%) 320 (39.8) 45 (50.6) 275 (38.5) 0.028 

Dyslipidemia, n (%) 614 (76.4) 62 (69.7) 552 (77.2) 0.114 

Smoking, n (%) 377 (46.9) 39 (43.8) 338 (47.3) 0.538 

Cerebrovascular disease, n (%) 76 (9.5) 11 (12.4) 65 (9.1) 0.320 

PAD, n (%) 140 (17.4) 17 (19.1) 123 (17.2) 0.656 

Recent AMI, n (%) 327 (40.7) 46 (51.7) 281 (39.3) 0.025 

CCS IV, n (%) 544 (67.7) 63 (70.8) 481 (67.7) 0.562 

NYHA class III or IV, n (%) 56 (7.0) 11 (12.5) 45 (6.4) 0.034 

Moderate to severe LV dysfunction, n (%) 147 (18.3) 24 (27.6) 123 (17.5) 0.023 

Triple vessel disease, n (%) 597 (74.3) 66 (74.2) 531 (74.3) 0.982 

EuroSCORE II, median (min-max) 1.5 (0.5-44.4) 1.7 (0.5-40.2) 1.4 (0.50-44.4) 0.001 

CKD (GFR <60 ml/min/1.73m2), n (%) 339 (42.2) 52 (58.4) 287 (40.1) 0.001 

Blood sampling evaluation     

Haemoglobin (g/dL), mean ± SD 13.6 (1.70) 13.0 (1.92) 13.7 (1.66) 0.005 

Haematocrit (%), mean ± SD 39.9 (5.1) 38.4 (5.5) 40.1 (5.0) 0.005 

Creatinine (mg/dL), median (min-max) 0.8 (0.4-3.6) 1.0 (0.5-3.6) 0.9 (0.4-3.4) <0.001 

GFR (ml/min/1.73m2), median (min-max) 89.6 (12.2-130.3) 81.5 (16.0-114.0) 90.5 (12.2-130.3) <0.001 

Creatinine clearance (ml/s), mean ± SD 93.3 (33.4) 83.5 (34.0) 94.5 (33.2) 0.004 

Surgical features     

Off-pump surgery, n (%) 396 (49.3) 43 (48.3) 353 (49.4) 0.851 

CPB time (min), median (min-max) 95 (43-383) 97 (43-177) 94 (51-383) 0.770 

Aortic clamping time (min), median (min-max) 60 (29-203) 63 (29-123) 60 (30-203) 0.635 

BIMA use, n (%) 377 (46.9) 42 (47.2) 335 (46.9) 0.952 

AKI – group that developed acute kidney injury, nAKI – group that did not develop acute kidney injury, AMI – acute myocardial infarction, BIMA – 

bilateral internal mammary artery, BMI – body mass index, CCS – Canadian Cardiovascular Society, CKD – chronic kidney disease, CPB – 

cardiopulmonary bypass, GFR – glomerular filtration rate, LV – left ventricular, NYHA, New York Heart Association, PAD – peripheral artery disease, 

RBC – red blood cells, SD – standard deviation. 
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Eighty-nine patients (11.1%) developed AKI in the postoperative period. These patients 

were older, more frequently diabetic and had more frequently acute myocardial infarction 90 days 

prior to surgery, moderate to severe left ventricular dysfunction and New York Heart Association 

(NYHA) functional class III or IV. Regarding pre-operative renal function and blood analytic 

status, AKI group presented more pre-operative chronic kidney disease (CKD) (GFR < 60 

ml/min/1.73m2), lower haemoglobin and haematocrit values. Concerning surgical features there 

were no significant differences between groups.  

In multivariate analysis, older age, male gender, recent myocardial infarction and a higher 

pre-operative creatinine level emerged as independent risk factors of AKI. The use of CPB was 

not associated with AKI (Table 2). 

 

Table 2: AKI predictors according to the multivariate logistic regression model (G, p<0.001; HL, 

p=0.60; AUC: 0.7, 0.6-0.7).  

 Variable P-value OR (95% CI) 

Age at operation 0.014 1.031 (1.006 - 1.057) 

Male gender 0.045 2.026 (1.017 - 4.037) 

Diabetes 0.114 1.461 (0.914 – 2.336) 

Obesity (BMI ≥ 30kg/m2) 0.164 1.437 (0.862 – 2.396) 

Recent AMI 0.046 1.614 (1.009 – 2.582) 

NYHA class III or IV 0.839 1.086 (0.488 – 2.417) 

Preoperative creatinine (mg/dL) 0.002 2.434 (1.403 – 4.225) 

Off-pump surgery 0.627 0.893 (0.565 – 1.411) 

 

AMI – acute myocardial infarction, BMI – body mass index, CI – confidence interval, NYHA, New York Heart Association, OR – odds ratio. 

 

Postoperative renal function monitoring 

Renal function markers along the postoperative period were monitored in both groups 

(Table 3 and Figure 2). Two individuals from AKI group required renal replacement therapy. AKI 

group had a peak creatinine value in the first 24 hours after CABG, while the group that did not 

develop AKI remained stable until discharge. AKI patients had worse renal function even at 

discharge, although their renal function had partially recovered until postoperative day 3, they 
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presented a median of 1.29 mg/dL at discharge, significantly higher than the pre-operative median 

value 0.98 mg/dL (p=0.009).  

 

Table 3: Postoperative renal function characterisation. 

Variable [Median, (min-max)] 
Total 

n=808 

AKI 

n=89 

nAKI 

n=715 

P-value 

Maximum creatinine (mg/dL) 0.9 (0.4 - 5.7) 1.3 (0.8 – 5.7) 0.9 (0.4 – 4.7) 

<0.001 

Creatinine at discharge (mg/dL) 0.8 (0.3 – 4.6) 1.0 (0.6 – 4.6) 0.8 (0.3 – 3.9) 

GFR at discharge (mg/dL) 90.8 (10.4 – 132.1) 72.5 (11.8 – 114.6) 92.1 (10.4 – 132.1) 

Creatinine clearance at discharge (ml/s) 94.7 (14.5 – 328.5) 75.5 (19.1 – 206.3) 96.8 (14.5 – 328.5) 

AKI – group that developed acute kidney injury, nAKI – group that did not develop acute kidney injury, GFR – glomerular filtration rate 

 

 

 

Evolution of median serum creatinine values, (P25-P75), observed during hospital stay for groups AKI and nAKI. 

Figure 2: Creatinine follow-up during hospital stay. 

 

Survival analysis 

Median follow-up was 4.5 years (4.5 and 4.3 for AKI and nAKI patients, respectively). 

Overall mortality was 9.1% (n=73) at 6 years of follow-up. Kaplan-Meier curves (Figure 3) 

demonstrated a worse cumulative survival in AKI group (86%) compared to nAKI (90%) without 

reaching statistical significance (Log-rank test, p=0.094). After multivariate Cox regression 
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analysis, AKI was not found to be an independent predictor of mortality (HR: 1.31, 95% CI: 0.70 

- 2.48, p=0.400). Pre-operative data including age, smoking habits, NYHA III-IV and severe CKD 

(HR: 2.074, 95%CI: 1.003 – 4.291, p=0.049) were associated with worse survival (Table 4).  

 

 

Figure 3: Kaplan-Meier curves comparing cumulative survival between groups. 

 

Table 4: Cox regression model. 

Variable P-value HR (95% CI) 

Age at operation 0.004 1.046 (1.014 – 1.079) 

Male gender 0.537 0.805 (0.405 – 1.600) 

Diabetes 0.469 1.202 (0.731 – 1.974) 

Recent AMI 0.357 1.260 (0.771 – 2.060) 

Smoking habits or history 0.008 2.108 (1.210 – 3.672) 

NYHA class III or IV 0.009 2.388 (1.240 – 4.600) 

Creatinine clearance < 50 ml/s 0.049 2.074 (1.003 – 4.291) 

Creatinine clearance 50 - 85 ml/s 0.889 0.958 (0.522 – 1.756) 

Off-pump surgery 0.431 0.828 (0.518 – 1.325) 

AKI 0.400 1.314 (0.696 – 2.479) 

Three vessel disease 0.729 1.107 (0.623 – 1.968) 

 

AKI – acute kidney injury, AMI – acute myocardial infarction, CI – confidence interval, NYHA – New York Heart Association, OR – odds ratio. 
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Postoperative results 

The need for inotropic support or IABP after surgery was more frequent in AKI patients. 

Also, this group of patients had more frequently prolonged ventilation time; longer in-hospital 

stay and need of thorax re-exploration for bleeding or SWI (Table 5). 

Early mortality (during hospital stay or until 30 days) was 1% (n=8), being significantly 

higher in the AKI group (4.5% vs. 0.6%, p=0.007). 

 

Table 5: Postoperative characteristics and univariate analysis. 

Variable 

Total 

n=808 

AKI 

n=89 

nAKI 

n=715 
P-value 

Need for IABP, n (%) 17 (2.1) 9 (10.1) 8 (1.1) <0.001 

Inotropic support (≥ 2 amines), n (%) 92 (11.5) 29 (32.6) 63 (8.9) <0.001 

Invasive ventilation time >24 hours, n (%) 25 (3.1) 11 (12.4) 14 (2.0) <0.001 

Time to discharge (days), median (min-max) 7 (3-97) 7 (4-24) 6 (3-97) 0.001 

Re-operation on the same episode, n (%) 18 (2.2) 5 (5.6) 13 (1.8) 0.040 

Early mortality 8 (1.0) 4 (4.5) 4 (0.6) 0.007 

 

AKI – group that developed acute kidney injury, MAKE – major adverse kidney events, nAKI – group that did not develop acute kidney injury, IABP – 

intra-aortic balloon pump, RBC – red blood cells. 
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4. DISCUSSION 

Our retrospective observational single center study in patients undergoing CABG  found 

an 11% incidence of AKI, which fits within the range described in the literature, (1, 2, 4, 6, 28). 

A variety of variables and their association with AKI development and whether this complication 

after CABG influenced patients’ survival and immediate results were studied. Preoperative CKD 

was determined as an independent predictor of AKI and mid-term survival, while AKI didn’t 

influence mid-term survival but was associated with more post-operative complications, 

including early mortality. 

Concerning AKI predictors, most of our results were in line with the literature. We found 

a higher probability of AKI according to age of patients, since age is associated with reduced 

renal reserve, possible atherosclerotic processes in  renal arteries (29) and a decrease in the ability 

of responding adequately to surgical injuries (4, 5, 7, 14, 18, 28, 30). On the contrary, our gender 

results were not according to the literature. Typically, female gender is associated with a higher 

incidence of AKI after cardiac surgery supported by a similar mechanism of age, considering the 

smaller body size of women, (2, 12, 31) but in our cohort, male gender had double risk of AKI 

emerging as an independent predictor.  

Other common AKI risk factors are diabetes mellitus and lower pre-operative haemoglobin 

and haematocrit. In univariate analysis, AKI patients were more frequently diabetic than patients 

without AKI, but this risk factor did not have a significant impact in the multivariate analysis. 

The incipient diabetic nephropathy and microcirculatory changes may be the reason to explain 

the association between diabetes and postoperative AKI (14, 28) and different diabetes staging 

across different studies could explain the diverse results in the literature (4).   

Regarding pre-operative state, in our sample, the higher the pre-operative serum creatinine 

level, the higher the probability of AKI. In fact, CKD or, at least, some degree of renal impairment 

are well established risk factors for AKI, being also predictors of mortality (2, 4, 7, 18, 22, 28, 

32), nevertheless an increasing number of patients with some degree of renal dysfunction are 

being submitted to cardiac surgery (22). CABG cohorts have also a substantial number of patients 

with recent coronary acute syndromes. About 40% of our sample had an acute myocardial infarct 
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(AMI) within 90 days prior to surgery and this factor was independently associated with AKI 

incidence. This finding could be associated with the degree of haemodynamic instability at the 

time of the procedure, worst disease severity, (28) considering that AKI is also associated with 

infarct dimension and its microvascular consequences, (33) and the need for contrast agents in 

the setting of coronary angiography (34), which have nephrotoxic effects  (35). The development 

of heart failure after AMI, requires treatment that includes volume depletion through diuretics 

use, which are be administered for preload control due to myocardial stunning or even scaring, 

which  favours renal function worsening through its nephrotoxicity (36). This low-flow, or low-

cardiac output state contributes to reduced renal flow, compromising GFR (1).  

In respect to cardiac surgery, cardiac manipulation, hypotension and reduced cardiac output 

contribute to a higher inflammatory state that worsen the patient’s renal function (19). 

Specifically, in CABG, on-pump technique is related to a 5-9% incidence of major complications, 

including need for RRT (17) and off-pump CABG is associated with better outcomes, including 

less incidence of AKI (13, 16). The maintenance of this discrepancy is  lost 1 year after surgery 

in a post hoc analysis from the CORONARY trial (3). However, this topic remains controversial, 

since other reports didn’t associate off- versus on-pump technique with AKI (17-20). Similar to 

these, our study revealed no impact of this factor on post-operative renal function. 

We didn’t find, contradicting the literature (7),  AKI as an independent predictor of post-

discharge mortality, maybe because we didn’t consider the time of AKI recovering. In fact, 

patients with slower AKI reversion may have worse survival because it predisposes them to other 

organ injuries (37). On the other side, during hospital stay, our AKI patients presented worse 

outcomes concerning intensive care unit variables, such as prolonged mechanical ventilation time, 

low-cardiac output syndrome and even higher in-hospital death rates, in line with other reports 

(4, 32).  

 

Limitations  

This study was conducted in a single-center Portuguese tertiary hospital covering only 2 

years of CABG surgery with relatively small sample size and limiting the external generalisation 
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of the results. The retrospective nature of the data leads to some missing in important variables 

(~1% missing in multivariate analysis performed). 

Despite statistical adjustments, residual confounding factors could persist when we tried to 

estimate AKI predictors and its impact on survival, also due to the unavailability of some 

important variables such as pre-operative medication and at discharge, results of some blood tests, 

duration of surgery and blood transfusion. 

Different methodological issues across the literature, including AKI definitions and a 

relatively low percentage of patients with AKI in higher severity stage (n=13/89) contributing to 

the incidence rates or to different identification of risk factors. Also, it should be reinforced that 

some patients could present loss of renal function without a direct increase in serum creatinine 

levels, for instance elderly patients whose muscular mass loss may lead to a decline in serum 

creatinine levels.  

Regarding outcomes, cause of death was not available in all patients, so we restricted our 

observations to death from all-causes; cerebrovascular complications or myocardial infarction 

after discharge were not systematically available due to follow-up performed in other centers. 

Additionally, we did not assess renal function after discharge therefore not allowing to determine 

if AKI evolved to CKD according to the criteria preconized. In this setting, follow-up time was 

limited and therefore long-term assessment of the effects of renal function on survival were also 

not available. 

 

Conclusion 

In our cohort AKI after CABG surgery occurred in 11% of the patients. Some variables 

emerged as AKI predictors, namely: older age, male gender, recent AMI and higher pre-operative 

serum creatinine, even though long-term survival was not significantly influenced by this 

outcome. Although our findings provide some evidence that may be considered to improve 

clinical practice, helping to detect CABG patients at higher risk of AKI and fostering more 

aggressive preventive strategies in this subset of   patients, they must be confirmed with additional 

studies with larger sample sizes before solid conclusions are drawn.  
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