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Cardiopulmonary bypass (CPB) allows surgery on a non-beating heart and is therefore a 

frequently used technique in cardiothoracic surgery. However, CPB is associated with 

operative renal injury, which correlates with long-term mortality after surgery. 

Therefore, the aim of this study was to identify factors that are associated with the 

occurrence of acute kidney injury and mortality after coronary artery bypass grafting 

(CABG) and valve surgery. We retrospectively collected data from 7750 patients who 

underwent surgery in our center. Multivariate regression modeling revealed different 

pre- and perioperative factors to be associated with perioperative renal function decline 

and mortality during follow-up (up to 15 years). Our results suggest that oxidative stress 

plays a role in the etiology of renal injury, as increased age, low blood bicarbonate 

content and higher partial arterial oxygen pressure are negatively associated with the 

post-operative renal function. Further, in CABG mild hypothermia (>30°C) during CPB 

has a beneficial effect on the preservation of renal function and on survival, while no 

protective effects were seen with lower body temperatures during CPB. In contrast, mild 

hypothermia did not protect from renal injury or mortality after valve surgery or 

combined CABG and valve surgery, while moderate and deep hypothermia (<30°C) had 

detrimental effects. Concluding, pre- and perioperative factors differentially affect the 

renal function and survival following CABG, valve surgery or combined surgery. Mild 

hypothermia seems protective in CABG, while moderate and deep hypothermia are 

detrimental in valve surgery with or without CABG. The factors identified in this 

manuscript may direct treatment strategies to optimize the outcome following CPB. 
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Introduction 

Cardiopulmonary bypass (CPB) allows the induction of cardiac arrest, enabling surgery on 

the non-beating heart. Although CPB is currently the method of choice to assist several types 

of cardiac surgery, including coronary artery bypass grafting (CABG), it is associated with the 

occurrence of renal injury post-operatively. The incidence of (transient) post-operative renal 

injury might be as high as 8-24% (Conlon et al., 1999; Loef et al., 2005; Del et al., 2007; 

Argalious et al., 2010) and is associated with an almost doubled risk for both in-hospital and 

long term mortality (Loef et al., 2005). Presumably, the kidney is relatively susceptible for 

injury induced by CPB, thus representing a sensitive and important parameter for general 

health status post-operatively. The pathogenesis of renal injury following cardiac surgery is 

complex and not yet completely unraveled. Several risk factors suggested to be associated 

with renal injury following CPB are patients factors, such as, a diminished pre-operative 

renal function, age, body mass index (BMI), reduced cardiac ejection fraction, hemolysis, 

diabetes and ischemic or congestive heart disease. Others represent surgical factors such as 

hemodilution, non-pulsatile flow, duration of perfusion, aortic cross-clamp time and type of 

surgery (i.e. valve, emergency and high risk surgeries carry an increased risk for AKI) 

(Conlon et al., 1999; Fischer et al., 2002; Grayson et al., 2003; Habib et al., 2003; Habib et al., 

2005; Lombardi and Ferreiro, 2008; Sirvinskas et al., 2008; Abelha et al., 2009; Presta et al., 

2009; Haase et al., 2010; Vermeulen Windsant et al., 2010; Kumar et al., 2012).  

The effect of hypothermia on post-operative organ injury is controversial, as therapeutic 

hypothermia has been endeavored to prevent organ injury (Kourliouros et al., 2010), but it is 

also suggested that hypothermia plays a role in the pathogenesis of post-operative renal 

injury (Fischer et al., 2002; Sirvinskas et al., 2008; Kourliouros et al., 2010). Other attempts 

to improve outcome following cardiac surgery with CPB include the use of off-pump beating 

heart surgery (Tasdemir et al., 1998; Massoudy et al., 2008), and the administration of 

statins (Argalious et al., 2010; Bolesta et al., 2011), endothelin-1A receptor antagonists 

(Ikonomidis et al., 2007; Patel et al., 2011), ACE-inhibitors (Benedetto et al., 2008), mannitol 

(Smith et al., 2008), nifedipine (Witczak et al., 2008), furosemide (Lassnigg et al., 2000; 

Mahesh et al., 2008), dopamine (Lassnigg et al., 2000), sodium nitroprusside (Kaya et al., 

2007), N-acetylcysteine (Fischer et al., 2005) and dexamethasone (Loef et al., 2004). 

Although some of these strategies revealed promising results in animal models of CPB, only 

off-pump cardiac surgery (Tasdemir et al., 1998; Massoudy et al., 2008), pre-operative 

administration of ACE-inhibitors (Benedetto et al., 2008) and perioperative administration of 

sodium nitroprusside (Kaya et al., 2007) or the oxygen radical scavenger N-acetylcysteine 

(Fischer et al., 2005) were found successful in reducing renal injury in patients undergoing 

cardiac surgery.  

Previous studies have identified perioperative factors that relate to immediate post-CPB 

renal injury, while other studies demonstrated renal injury to associated with a reduced 

survival. However, so far it is unknown whether the factors that seem to be involved in the 

etiology of renal injury also influence survival. Identification of risk factors for the 

development of renal injury and specific biomarkers to carefully monitor renal function 

might allow the prevention or attenuate CPB related renal function loss and improve the 

outcome following cardiac surgery. Furthermore, although valve surgery is a known risk 

factor for post-operative renal dysfunction, it is not known whether similar factors are 
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involved in its etiology when compared to coronary artery bypass grafting (CABG). 

Therefore, the aim of our study was to identify both pre-operative and perioperative factors 

that are involved in the etiology of renal injury and mortality in an integrative approach that 

allowed comparison of different types of cardiothoracic surgery, being either CABG, valve 

surgery or the combination of both. To allow identification of novel and confirmation of 

known risk factors, we included a large cohort of adult patients who underwent 

cardiothoracic surgery assisted by CPB during the last 15 years in our center. A multivariate 

regression model was used to study the correlation between pre- and perioperative factors 

on the renal function and also their relation with mortality during long-term follow-up. The 

identification of potentially modifiable perioperative factors involved in the etiology of renal 

injury or that are associated with mortality during long-term follow up might lead to the 

development of novel strategies to improve outcome following CPB. 

Methods 

Patient selection 
Adult patients who underwent CABG and/or valve surgery using CPB during the last 15 

years in our center were retrospectively included in the study (n = 8852). A computer script 

was written to search for eligible patients and their data in the hospital administration and 

cardiac surgery database CAROLA. Patients without data regarding perfusion time, body 

temperature during perfusion or pre-operative renal function were excluded (n = 1097), as 

were patients with a minimum body temperature < 15°C during perfusion (n = 5). In this 

way, demographic, perioperative data from 7 days before until 7 days after surgery and 

survival data from 7750 adult patients undergoing first-time cardiac surgery aided by CPB 

were collected.  

Comparison of demographic, baseline and surgery characteristics 
Patients were allocated to one of three groups based on the type of surgery performed, being 

either solitary CABG (n = 4560), valve surgery (n = 2216) or CABG combined with valve 

surgery (n = 974). Measurements used as baseline variables were taken during 7 days 

preceding surgery; if multiple samples were taken, the measurement closest to the start of 

surgery was used. The estimated creatinine clearance rate (eCCr) was calculated from each 

serum creatinine measurement using the Cockroft-Gault formula: ((140 – age) x weight) / 

(0.815 x serum creatinin) x constant, where the constant is 0.85 for females and 1 for males 

(Cockcroft and Gault, 1976). Differences in demographic, baseline and surgery 

characteristics and the incidence of post-operative renal injury were calculated using a z-test 

for proportions in the case of categorical variables or a One-Way ANOVA followed by a post-

hoc test for least-significant differences (LSD) in the case continuous variables, where p < 

0.05 was considered significantly different. The mortality risk was calculated using a Mantel-

Cox log rank test and a Cox proportional hazard analysis for each type of surgery. Next, 

separate mortality risks were estimated per stage of acute kidney injury after stratification 

of patients into four groups based on the occurrence of renal injury as previously defined by 

the Acute Kidney Injury Network (Mehta et al., 2007). AKI stage 0 comprised patients having 

no signs of kidney injury; AKI stage 1 comprised patients having a perioperative serum 

creatinine increase to 150-200% of baseline or an absolute increase > 26.4 µmol/l; AKI stage 

2 comprised patients having a perioperative serum creatinine increase to 200-300% of 

baseline; AKI stage 3 comprised patients having a perioperative serum creatinine increase to 



Chapter 2 

 

 

 

24 

> 300% of baseline or an absolute value > 352 µmol/l (> 4 mg/dl) with an acute rise of 44 

µmol/l (> 0.5 mg/dl).  

Multivariate regression model 
First, a univariate linear regression analysis was performed to determine which factors 

associated with a decrease in post-operative eCCr during the first post-operative week. Pre-

operative and demographic factors included in the analysis were age, sex, body mass index 

(BMI), pre-operative eCCr, hemoglobin (Hb), thrombocyte count and leukocyte count. 

Surgery characteristics that were included in the analysis were type of anesthesia, duration 

of perfusion, duration of aortic cross-clamp, minimum body temperature during perfusion, 

arterial blood gas measurements at start of surgery, during perfusion and at end of perfusion 

(i.e. blood pH, bicarbonate (HCO3
-), partial arterial oxygen pressure (PaO2) and partial 

arterial carbon dioxide pressure (PaCO2)) and the systolic and diastolic blood pressure at the 

start of surgery, during perfusion and at the end of perfusion. Univariate regression analysis 

was performed separately for pre-operative and perioperative factors, where p < 0.10 was 

used as cut-off for further analysis. Variables were then entered in a stepwise multivariate 

linear regression model (F-entry = 0.05, F-removal = 0.10) to identify which factors are 

associated with the etiology of post-operative renal dysfunction. As pre- and perioperative 

factors affect the post-operative renal function to a different extent, we analyzed both groups 

separately as this method allows identification of more specific risk factors as well as 

estimation of the contribution of pre- and perioperative factors to the occurrence of acute 

kidney injury. Finally, the effect of hypothermia during perfusion on the post-operative 

minimum eCCr was calculated using a logistic regression model, in which the minimum body 

temperature during perfusion was entered as a categorical variable. 

Survival analysis 
Kaplan Meier survival curves were made to identify differences in post-operative survival 

from day 0 to end of follow-up. To estimate the role of post-operative renal injury on 

mortality following surgery, survival curves were plotted for the four different levels of AKI. 

Differences between curves were calculated using a Mantel-Cox log rank test. Additionally, a 

Cox proportional hazard analysis was used to calculate the hazard ratio (HR) for each of the 

stages of acute kidney injury. Next, the pre- and post-operative factors that were associated 

with the occurrence of post-operative AKI were entered in a Cox proportional hazard 

analysis as well, to determine whether these factors also correlated directly with long-term 

mortality. Finally, we calculated the HR to estimate the effect of hypothermia during 

perfusion on mortality during long-term follow up, in which the minimum body temperature 

during perfusion was entered as a categorical variable. 

Software and data presentation 
The database was imported from a raw tab-separated text format into SPSS 20.0 for 

Windows workstations, which was used to manage the data and compute statistics. 

Sigmaplot 11.0 was used to produce the Figures shown in this manuscript. Values shown in 

the manuscript are absolute numbers with the percentage in parentheses, mean ± standard 

deviation or mean (95% confidence interval; CI), unless stated otherwise.  
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Results 

Table 2.1: Demographic and baseline characteristics 

Pre-operative factor CABG  

(n = 4560) 

Valve surgery 

(n = 2216) 

CABG with valve surgery 

(n = 974) 

Age (years) 66.2 ± 9.7 VA;CV 62.6 ± 14.6 CA;CV 71.1 ± 8.6 CA;VA 

Female sex (%) 23.4% VA;CV 42.9% CA;CV 35.7% CA;VA 

BMI (kg/cm2) 27.3 ± 4.0 VA 26.4 ± 4.4 CA;CV 27.0 ± 4.0 VA 

Hb (mg/l) 8.1 ± 1.4 8.1 ± 1.4 8.1 ± 1.3 

Leukocytes (x 106/ml) 8.2 ± 3.1 VA;CV 7.7 ± 3.2 CA 7.9 ± 2.9 CA 

Thrombocytes (x 1012/ml) 238.7 ± 80.9 VA;CV 221.3 ± 72.7 CA;CV 230.0 ± 76.2 CA;VA 

eCCr (ml/min) 77.4 ± 26.7 CV 77.5 ± 31.3 CV 67.0 ± 24.7 CA;VA 

Table shows differences between patients that underwent CABG, valve surgery and combined surgery at baseline. 

CABG: coronary artery bypass grafting; BMI: body mass index; Hb: hemoglobin; eCCr: estimated creatinine clearance 

rate. Significant differences are calculated using a z-test for proportions in the case of categorical variables or a One-

Way ANOVA followed by a post-hoc test for least-significant differences (LSD) in the case continuous variables. 

Significant differences (p < 0.05) between groups are indicated by the printed superscripts (CA = CABG, VA = valve 

surgery, CV = CABG with valve surgery); where no letters are printed behind the values, no significant differences 

were found between groups. 

 

Table 2.2: Characteristics of surgery 

Type of surgery performed CABG  

(n = 4560) 

Valve surgery 

(n = 2216) 

CABG with valve surgery  

(n = 974) 

Lima 3.3% CV - 24.7% CA 

Rima 0.1% CV - 1.3% CA 

Radial 0.2% CV - 1.5% CA 

Vein 5.3% CV - 23.5% CA 

Lima,Vein 59.4% CV - 40.1% CA 

Rima,Lima 7.8% CV - 1.3% CA 

Radial,Lima 10.8% CV - 4.9% CA 

Rima,Lima,Vein 1.7% CV - 0.3% CA 

Radial,Lima,Vein 1.7% CV - 0.2% CA 

Radial,Rima,Lima 4% CV - 0.7% CA 

Other type of CABG 5.7% - 1.5% 

AVR - 60.1% CV 64.8% VA 

PVR - 2.4% 0% 

MVR/MVP - 24.2% CV 27% VA 

TVP - 2% CV 0.8% VA 

AVR, MVR/MVP - 4.2% 4.9% 

TVP, MVR/MVP - 3.2% CV 0.9% VA 

Other type of valve surgery - 3.9% 1.6% 

Table demonstrates the different characteristics of CABG, valve surgery and combined surgery. CABG: coronary 

artery bypass grafting; AVR: aortic valve replacement; PVR: pulmonary valve replacement; MVR: mitral valve 

replacement; MVP: mitral valve plasty; TVP: tricuspid valve plasty. Significant differences are calculated using a z-

test for proportions. Significant differences (p < 0.05) between groups are indicated by the printed superscripts (CA 

= CABG, VA = valve surgery, CV = CABG with valve surgery); where no letters are printed behind the values, no 

significant differences were found between groups. 
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Demographic and baseline characteristics  
In total 4560 patients who underwent solitary first-time CABG, 2216 patients who 

underwent first-time valve surgery and 974 patients who underwent first-time CABG with 

valve surgery assisted by CPB are included retrospectively in our study database (Table 2.1). 

At baseline, several significant differences exist between these three groups. Patients who 

underwent CABG are on average older than patients who underwent solitary valve surgery 

(p < 0.05; Table 2.1). In addition, the proportion of males is larger in patients who underwent 

CABG and their BMI is significantly higher (p < 0.05; Table 2.1). The pre-operative leukocyte 

count is higher in CABG patients (p < 0.05; Table 2.1), while the thrombocyte count is higher 

in patients who underwent valve surgery (p < 0.05; Table 2.1) and no difference is found in 

the pre-operative Hb level between the three groups. Finally, the lowest pre-operative eCCr 

is measured in patients who received CABG combined with valve surgery (p < 0.05; Table 

2.1). Thus, several differences exist at baseline in demographic variables and systemic 

biomarkers for organ injury between patients who underwent different types of cardiac 

surgery.  

Table 2.3: Perioperative values 

Perioperative factor CABG  

(n = 4560) 

Valve surgery 

(n = 2216) 

CABG with valve surgery 

(n = 974) 

Midazolam 38.6% VA;CV 43.5% CA 57.9% CA 

Propofol 43.2% VA;CV 59.3% CA;CV 62.1% CA;VA 

Perfusion duration (min) 100.3 ± 39.8 VA;CV 141.1 ± 64.1 CA;CV 185.6 ± 66.9 CA;VA 

Cross-clamp time (min) 58.8 ± 24.6 VA;CV 89.5 ± 44.8 CA;CV 119.9 ± 41.0 CA;VA 

Minimum Tb during perfusion (°C) 32.6 ± 1.3 VA;CV 32 ± 1.9 CA 31.9 ± 1.5 CA 

Tb at end of perfusion(°C) 35.6 ± 0.8 VA;CV 35.6 ± 1.0 CA 35.7 ± 0.9 CA 

SBP at start of surgery (mmHg) 113 ± 34 VA;CV 107 ± 33 CA 108 ± 33 CA 

SBP during perfusion (mmHg) 62 ± 21 VA;CV 64 ± 22 CA 64 ± 21 CA 

SBP at end of perfusion(mmHg) 64 ± 23 VA;CV 66 ± 24 CA 66 ± 23 CA 

DBP at start of surgery (mmHg) 65 ± 32 VA;CV 62 ± 30 CA 60 ± 30 CA 

DBP during perfusion (mmHg) 56 ± 18 VA;CV 58 ± 18 CA 59 ± 18 CA 

DBP at end of perfusion(mmHg) 56 ± 18 VA;CV 58 ± 19 CA 59 ± 18 CA 

PaO2 at start of surgery (kPa) 21.5 ± 15.1 CV 22.2 ± 15.2 CV 19.8 ± 13.0 CA;VA 

PaO2 during perfusion (kPa) 26.7 ± 11.1 VA;CV 25.7 ± 10.4 CA 25.8 ± 9.6 CA 

PaO2 at end of perfusion(kPa) 17.7 ± 11.7 VA;CV 22.5 ± 13.5 CA;CV 21 ± 12.7 CA;VA 

PaCO2 at start of surgery (kPa) 5.0 ± 0.6 5.0 ± 0.7 5.0 ± 0.6 

PaCO2 during perfusion (kPa) 5.0 ± 0.5 VA;CV 5.1 ± 0.6 CA 5.1 ± 0.5 CA 

PaCO2 at end of perfusion(kPa) 4.8 ± 0.6 VA;CV 4.9 ± 0.7 CA 4.9 ± 0.7 CA 

pH at start of surgery 7.43 ± 0.05 VA;CV 7.43 ± 0.06 CA 7.44 ± 0.05 CA 

pH during perfusion 7.39 ± 0.05 VA;CV 7.4 ± 0.05 CA 7.41 ± 0.05 CA 

pH at end of surgery 7.40 ± 0.05 VA 7.41 ± 0.06 CA;CV 7.40 ± 0.06 VA 

HCO3- at start of surgery (mmol/l) 24.1 ± 2.0 VA;CV 24.6 ± 2.5 CA 24.5 ± 2.1 CA 

HCO3- during perfusion (mmol/l) 22.6 ± 1.9 VA;CV 23.5 ± 2.2 CA 23.5 ± 2.0 CA 

HCO3- at end of perfusion(mmol/l) 21.7 ± 1.9 VA;CV 22.5 ± 2.3 CA;CV 22.2 ± 2.2 CA;VA 

Table shows differences in perioperative values between CABG, valve surgery and combined surgery. CABG: 

coronary artery bypass grafting; Tb: body temperature; SBP: systolic blood pressure; DBP: diastolic blood pressure; 

PaO2: partial arterial oxygen pressure; PaCO2: partial arterial carbon dioxide pressure; HCO3
- : bicarbonate. 

Significant differences are calculated using a z-test for proportions in the case of categorical variables or a One-Way 

ANOVA followed by a post-hoc test for least-significant differences (LSD) in the case continuous variables. Different 

letters (in superscript) printed behind values in the table represent significant differences (p < 0.05) between 

groups; where no letters are printed behind the values, no significant differences were found between groups. 

 



 

 

Table 2.4: Multivariate analysis of pre-operative factors 

Pre-operative  

factor 

CABG  

(n = 4560) 

Valve surgery 

(n = 2216) 

CABG + valve surgery  

(n = 974) 

Post-operative eCCr 

(R2 = 0.80, p < 0.01) 

Mortality 

(X2 = 172.3, df = 7, p < 0.01) 

Post-operative eCCr 

(R2= 0.83, p < 0.01) 

Mortality 

(X2 = 175.5, df = 6, p < 0.01) 

Post-operative eCCr 

(R2 = 0.76, p < 0.01) 

Mortality 
(X2 = 24.3, df = 4, p < 0.01) 

B ± SE B β HR (95%CI) B ± SE B β HR (95%CI) B ± SE B β HR (95%CI) 

(Constant) 16.10 ± 2.52   13.18 ± 3.06   11.91 ± 5.34   

Age (years) -0.28 ± 0.03 -0.10*** 1.03  

(1.02-1.05)*** 

-0.32 ± 0.03 -0.13*** 1.02  

(1.00-1.03)** 

-0.29 ± 0.06 -0.10*** 1.02  

(1.00-1.04) 

BMI (kg/cm2) 0.11 ± 0.05 0.02* 1.03  

(1.00-1.06)* 

- - - - - - 

Hb (mg/l) 1.27 ± 0.14 0.06*** 0.99  

(0.93-1.05) 

1.88 ± 0.23 0.08*** 0.80  

(0.74-0.87)*** 

1.45 ± 0.35 0.07*** 0.93  

(0.83-1.03) 

Leukocytes  

(x 106/ml) 

-0.24 ± 0.06 -0.03*** 1.03  

(1.01-1.05)** 

-0.30 ± 0.10 -0.03** 1.06  

(1.03-1.09)*** 

- - - 

eCCr (ml/min) 0.83 ± 0.01 0.80*** 0.99  

(0.98-0.99)*** 

0.87 ± 0.01 0.80*** 0.99  

(0.99-1.00)** 

0.86 ± 0.02 0.80*** 0.99  

(0.98-1.00)* 

Multivariate linear regression modeling of pre-operative factors showed a significant univariate association with the minimum post-operative eCCr (cut off p < 0.10). Table 

only shows factors that significantly correlated with the minimum post-operative eCCr. Factors that were included in the model, but did not reach signifance are: sex and 

thrombocyte count. CABG: coronary artery bypass grafting; BMI: body mass index; Hb: hemoglobin; eCCr: estimated creatinine clearance rate; B: regression coefficient B; SE: 

standard error; */**/*** indicates significant difference at p < 0.05/0.01/0.001.  
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Characteristics of surgery and perioperative values  
After comparing differences in demographic and baseline variables, characteristics of 

surgery were compared between the groups. As expected, the type of surgery performed is 

significantly different between groups (p < 0.05; Table 2.2). The anesthetics used also differ 

significantly between the three types of interventions: midazolam and propofol were used 

less frequently during solitary CABG (p < 0.05; Table 2.3) and propofol is used more often 

during combined surgery as compared to valve surgery (p < 0.05; Table 2.3). The duration of 

perfusion and the cross-clamp time increase from CABG to valve surgery and is longer for 

combined surgery (p < 0.05; Table 2.3). The minimum body temperature during perfusion 

was slightly lower during solitary CABG (p < 0.05; Table 2.3). In addition, both systolic and 

diastolic blood pressures were different throughout the procedure in patients who 

underwent solitary CABG compared with the other groups (p < 0.05; Table 2.3). Finally, 

differences between groups exist in PaO2, PaCO2, blood pH and HCO3- at the start of surgery, 

during perfusion and at the end of perfusion (p < 0.05; Table 2.3). Thus, the differences in the 

extent of the intervention leads to differences in perfusion and cross-clamp times, requests 

different anesthetics to be used and alters blood gas profiles. 

Figure 2.1: Post-operative kidney injury is associated with mortality following CABG, valve surgery and 

combined surgery. CABG, valve surgery and the combination of both differentially affects survival follow surgery 

(A); the occurrence of acute kidney injury is strongly associated with a reduced survival during long-term follow-up 

following CABG (B); the incidence of acute kidney injury is higher following valve surgery as compared to CABG (X2 

(3) = 22.86, p < 0.001) and is a risk factor for mortality during follow-up (C); the incidence of acute kidney injury is 

even higher after CABG with valve surgery as compared to either CABG (X2 (3) = 111.79, p < 0.001) or valve surgery 

(X2 (3) = 34.74, p < 0.001) and is associated with reduced survival during follow-up (D). CABG; coronary artery 

bypass grafting; AKI; acute kidney injury (AKI 0: no increase in serum creatinine; AKI 1: serum creatinine increase 

to 150-200% of baseline or an absolute increase > 26.4 µmol/l; AKI 2: serum creatinine increase to 200-300% of 
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baseline; AKI 3: serum creatinine increase to > 300% of baseline or an absolute value > 352 µmol/l with an acute 

rise of 44 µmol/l). Shown in the figures are absolute numbers; shown in parentheses are 95% confidence intervals. 

Occurrence of renal injury and mortality during follow-up  
The follow-up duration of patients who underwent CABG was 2739 ± 812 days (maximum 

5240 days), 2111 ± 1570 days (maximum 5238 days) for patients who underwent valve 

surgery and 1873 ± 1440 days (maximum 5138 days) for patients who underwent CABG 

with valve surgery. In total 526 patients (11.5%) died following CABG, while 343 patients 

(15.5%) who underwent valve surgery died and 209 patients (21.5%) died following CABG 

with valve surgery during follow-up (Figure 2.1A). As compared to solitary CABG, the hazard 

ratio (HR) for mortality following valve surgery is 1.6 (95%CI: 1.4 – 1.9, p < 0.001) and 2.4 

(95%CI: 2.1 – 2.8, p < 0.001) in the case of CABG with valve surgery (Figure 2.1A). To 

determine whether the occurrence of renal dysfunction might be associated with mortality 

following either type of surgery, we plotted Kaplan Meier survival curves and calculated the 

HR per acute kidney injury (AKI) stage for each of the groups (Figures 2.1B-D). Perioperative 

acute kidney injury, represented by AKI stage 1 or higher, occurs in 12% of patients 

following solitary CABG (Figure 2.3B). Patients with valve surgery experience a significant 

higher incidence of acute kidney injury (16%; X2 (3) = 22.86, p < 0.001; Figure 2.1D), while 

an even higher number of patients has renal injury following CABG combined with valve 

surgery (23%; X2 (3) = 34.74, p < 0.001; Figure 2.1D). In all three groups, the extent of renal 

injury is strongly associated with mortality during long-term follow-up (Figure 2.1B-D). 

Taken together, renal dysfunction occurs more frequently following valve surgery and even 

more often after CABG with valve surgery and is strongly associated with long-term 

mortality.  

Pre-operative factors involved in the etiology of renal injury  
To determine which factors influence the occurrence of renal injury, multivariate linear 

regression analysis was performed on the baseline characteristics shown in table 2.1. Pre-

operative factors that are univariately associated (cut-off p < 0.10) with the minimum eCCr 

measured during the first post-operative week are included in the multivariate model. Our 

model reveals a correlation strength of 80%, 83% and 76% between pre-operative 

characteristics and the eCCr following CABG, valve or combined surgery, respectively (Table 

2.4). Pre-operative factors, as measured in the 7 days preceding the surgical intervention, 

that significantly and negatively affect the post-operative eCCr following CABG are lower Hb, 

lower eCCr, higher age, increased leukocyte count, lower BMI. Following valve surgery on the 

other hand, the same factors affect the post-operative eCCr, but in contrast to CABG, BMI did 

not correlate with post-operative eCCr. After CABG combined with valve surgery, neither 

BMI, nor the per-operative leukocyte count are significantly associated with post-operative 

renal function, but Hb, eCCr and increased age are (Table 2.4). Concluding from this, pre-

operative characteristics differentially affect the renal function following CABG, valve 

surgery or a combination of both types of surgery.  



 

 

 

Table 2.5: Multivariate analysis of perioperative factors 

Perioperative  

factor 

CABG Valve surgery CABG + valve surgery 

Post-operative eCCr 
(R2 = 0.13, p < 0.01) 

Mortality 
(X2 = 219.9, df = 11, p < 0.01) 

Post-operative eCCr 
(R2= 0.12, p < 0.01) 

Mortality 
(X2 = 40.5, df = 7, p < 0.01) 

Post-operative eCCr 
(R2 = 0.10, p < 0.01) 

Mortality 
(X2 = 58.7, df = 6, p < 0.01) 

B ± SE B β HR (95%CI) B ± SE B β HR (95%CI) B ± SE B β HR (95%CI) 

(Constant) 495.87 ± 93.27   17.58 ± 16.96   31.88 ± 10.53   

Propofol (Y/N) 6.67 ± 1.11 0.12*** 1.63  

(1.30-2.07)*** 

10.80 ± 1.61 0.16*** 1.20 (0.91-1.57) 9.71 ± 1.83 0.18*** 1.05  

(0.74-1.49) 

Perfusion  

duration (min) 

-0.08 ± 0.02 -0.11*** 1.01  

(1.01-1.02)*** 

- - - -0.05 ± 0.01 -0.12** 1.01  

(1.01-1.01)*** 

Cross-clamp  

time (min) 

0.13 ± 0.03 0.12*** 0.99  

(0.98-0.99)*** 

-0.11 ± 0.02 -0.14*** 1.01  

(1.00-1.01)*** 

- - - 

Tb during  

perfusion (°C) 

1.79 ± 0.41 0.09*** 1.04  

(0.98-1.12) 

1.09 ± 0.44 0.06** 0.98  

(0.91-1.04) 

- - - 

DBP at start of 

surgery (mmHg) 

0.05 ± 0.02 0.06** 0.99  

(1.00-1.00) 

0.08 ± 0.03 0.07** 0.99  

(0.99-1.00)* 

0.07 ± 0.03 0.08* 1.00  

(0.99-1.01) 

PaO2 at start of 

surgery (kPa) 

-0.12 ± 0.03 -0.07*** 1.00  

(1.00-1.01) 

- - - - - - 

PaO2 during  

perfusion (kPa) 

-0.32 ± 0.05 -0.13*** 1.01  

(1.00-1.02)* 

-0.48 ± 0.08 -0.15*** 1.02  

(1.01-1.03)*** 

-0.42 ± 0.09 -0.15*** 0.98  

(0.97-1.00) 

PaCO2 during 

perfusion (kPa) 

- - - 6.46 ± 1.31 0.11*** 1.00  

(0.81-1.22) 

- - - 

PaCO2 at end of 

perfusion(kPa) 

2.90 ± 1.01 0.06** 1.33  

(1.10-1.61)** 

- - - 3.69 ± 1.46 0.09* 0.89  

(0.69-1.15) 

pH during  

perfusion 

-74.83 ± 12.83 -0.13*** 1.68  

(0.14-19.52) 

- - - - - - 

HCO3
- at start of 

surgery (mmol/l) 

1.44 ± 0.31 0.10*** 0.93  

(0.87-0.99)* 

- - - - - - 

HCO3
- at end of 

perfusion (mmol/l) 

1.34 ± 0.37 0.09*** 1.00  

(0.92-1.07) 

- - - 0.92 ± 0.43 0.08* 1.00  

(0.93-1.08) 

Multivariate linear regression modeling of perioperative factors that showed a significant univariate association with the minimum post-operative eCCr (cut off p < 0.10). 

Table only shows factors that significantly correlated with the minimum post-operative eCCr. Factors that were included in the model, but did not reach signifance are: use of 

midazolam, body temperature at end of perfusion, systolic pressure at start of surgery, during perfusion and at end of perfusion, diastolic pressure during perfusion and at 

end of perfusion, PaO2
 at end of perfusion, PaCO2 at start of surgery, pH at start of surgery and at end of surgery and HCO3- during perfusion. CABG: coronary artery bypass 

grafting; Tb: body temperature; DBP: diastolic blood pressure; PaO2: partial arterial oxygen pressure; PaCO2: partial arterial carbon dioxide pressure; HCO3
- : bicarbonate; 

eCCr: estimated creatinine clearance rate; B: regression coefficient B; SE: standard error; */**/*** indicates significant difference at p < 0.05/0.01/0.001. 

  



 

 

 

Table 2.6: Effect of body temperature during perfusion on the incidence of renal injury following surgery 

Hypothermia CABG  

(n = 4560) 

Valve surgery 

(n = 2216) 

CABG + valve surgery  

(n = 974) 

AKI  
(R2 = 0.01, p = 0.03) 

Mortality 
(X2 = 17.3, df = 5, p < 0.01) 

AKI 
(R2 = 0.01, p < 0.01) 

Mortality 
(X2 = 10.1, df = 5, p = 0.07) 

AKI 
(R2 = 0.04, p = 0.79) 

Mortality 
(X2 = 10.6, df = 5, p = 0.06) 

n  

(%) 

OR  

(95%CI) 

n  

(%) 

HR  

(95%CI) 

n  

(%) 

OR  

(95%CI) 

n  

(%) 

HR  

(95%CI) 

n  

(%) 

OR  

(95%CI) 

n  

(%) 

HR  

(95%CI) 

Shallow 

(34-37°C) 

62  

(15%) 

 53  

(12%) 

 27  

(12%) 

 22 

(10%) 

 13  

(22%) 

 6  

(10%) 

 

Mild  

(32-34°C) 

310  

(10 %) 

0.66 

(0.49-0.89)** 

325  

(11%) 

0.61  

(0.45-0.81)** 

148  

(14%) 

1.20 

(0.78-1.86) 

144  

(13%) 

1.06 

(0.67-1.66) 

114  

(22%) 

1.02 

(0.53-1.95) 

101  

(20%) 

1.33 

(0.58-3.04) 

Mild/mod.  

(30-32°C) 

109  

(12%) 

0.79 

(0.56-1.10) 

128  

(14%) 

0.67 

(0.48-0.92)* 

103  

(16%) 

1.42 

(0.90-2.23) 

115  

(18%) 

1.11 

(0.70-1.75) 

73  

(23%) 

1.05 

(0.54-2.06) 

70  

(22%) 

1.14 

(0.49-2.64) 

Moderate 

(25-30°C) 

15  

(14%) 

0.97 

(0.53-1.77) 

21  

(20%) 

0.95  

(0.59-1.63) 

43  

(19%) 

1.72 

(1.02-2.89)* 

56  

(24%) 

1.52 

(0.93-2.51) 

27  

(28%) 

1.36 

(0.63-2.90) 

31  

(32%) 

1.57 

(0.65-3.79) 

Mod./deep 

(22-25°C) 

- - 2  

(22%) 

1.68  

(0.41-6.88) 

5  

(29%) 

3.15 

(1.03-9.63)* 

5  

(29%) 

2.72 

(1.03-7.18)* 

1  

(25%) 

1.15 

(0.11-12.05) 

1  

(25%) 

1.66 

(0.20-13.82) 

Deep 

(15-22°C) 

1  

(33%) 

2.96 

(0.26-33.13) 

- - 4  

(67%) 

15.11 

(2.64-86.46)** 

1  

(17%) 

0.97 

(0.13-7.23) 

0  

(0%) 

- 1  

(50%) 

12.46 

(1.50-103.83)* 

Logistic regression modeling with different categories of hypothermia revealed beneficial effects of mild hypothermia on the renal function and survival following CABG and 

detrimental effects of moderate to deep hypothermia on renal function following valve surgery. CABG: coronary artery bypass grafting; AKI: acute kidney injury; n (%): 

number (percentage) of patients that developed acute kidney injury in the corresponding temperature group; OR: odds ratio; HR: hazard ratio; */**/*** indicates significant 

difference at p < 0.05/0.01/0.001 
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Effect of pre- and perioperative factors on renal dysfunction and mortality  
Since post-operative renal dysfunction is a known predictor of post-operative mortality, we 

calculated the HR for mortality for each of the pre-operative factors that we identified to be 

associated with the minimum post-operative eCCr. As might be expected, increased age is 

associated with increased mortality following CABG and valve surgery, but not after 

combined surgery (Table 2.4). Following each type of surgery, pre-operative eCCr is 

associated with better survival, as it is with preservation of renal function. Further, the pre-

operative leukocyte count is associated with a perioperative renal function decline and is 

also a risk factor for long-term mortality following solitary CABG and valve surgery. Although 

a higher BMI was associated with less pronounced perioperative renal function decline, it is 

associated with a higher risk for mortality following CABG. Finally, the pre-operative Hb 

concentration was positively associated with the post-operative eCCr following all three 

types of surgery, but was only related to better survival following solitary valve surgery. 

Thus, some of the pre-operative factors that are associated with the post-operative eCCr are 

also independently associated with mortality during long-term follow-up.  

Next, regression modeling was repeated to estimate the influence of surgical factors shown 

in table 2.3 on the minimum eCCr in the first post-operative week. The strength of 

correlation between perioperative factors and post-operative eCCr in our model is 13%, 12% 

and 10% following CABG, valve and combined surgery, respectively (Table 2.5). Factors that 

are associated with preservation of renal function following CABG are longer cross-clamp-

time, shorter perfusion duration, lower body temperature, higher diastolic pressure at start 

of surgery, increased arterial carbon dioxide pressure (PaCO2) at end of perfusion, higher 

bicarbonate blood content (HCO3
-) at start of surgery and at end of perfusion, lower arterial 

oxygen pressure (PaO2) at start of surgery and during perfusion and lower arterial blood pH 

during perfusion. In contrast to CABG, the duration of perfusion, the PaO2 at start of surgery, 

the PaCO2 at the end of perfusion, the arterial blood pH and blood HCO3- content were not 

associated with renal injury following valve surgery. Further, longer cross-clamp time is 

associated with renal injury after valve surgery. The systolic pressure at the start of surgery 

is associated with post-operative renal dysfunction, while the PaCO2 during perfusion is 

positively associated with the eCCr following valve surgery. The eCCr following CABG 

combined with valve surgery is, in contrast to the other types of surgery, not associated with 

the cross-clamp time or body temperature during perfusion. The duration of perfusion and 

PaO2 during perfusion are associated with post-operative renal dysfunction, while in line 

with CABG, the diastolic pressure at the start of surgery, PaCO2 and blood HCO3
- content at 

the end of perfusion are associated with better preserved renal function following surgery. 

Further, the use of propofol was associated with better preservation of renal function 

following each type of intervention. Thus, this approach allowed us to calculate the influence 

of several perioperative factors on the renal function following different types of cardiac 

surgery. 

The perioperative and hence, potentially modifiable factors that are associated with the post-

operative renal function were entered in a Cox regression model to estimate their effect on 

mortality during long-term follow-up (Table 2.5). The duration of perfusion is associated 

with mortality following CABG and combined surgery, while cross-clamp time was 

associated with mortality following valve surgery. Although the PaCO2 at the end of 

perfusion is associated with better perioperative preservation of renal function, it carries an 
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increased risk for mortality after CABG. Also, the PaO2 during perfusion that was negatively 

associated with the eCCr following solitary CABG and valve surgery is associated with 

increased mortality. On the other hand, predictors of survival after CABG, are blood HCO3
- at 

start of surgery and cross-clamp time, while the diastolic pressure at the start of surgery is 

associated with better survival following solitary valve surgery. Hence, by this approach we 

identified several modifiable factors that may be involved in the etiology of renal injury 

following different types of surgery. Moreover, some of these factors might be even more 

important as they are not only associated with the post-operative renal function, but are also 

directly associated with poor survival.  

The association between hypothermia and post-operative renal function  
As described, the association between hypothermia and post-operative kidney injury is 

controversial. In our analysis, we demonstrate that lower body temperatures are associated 

with a lower post-operative eCCr following solitary CABG and valve surgery, but not after 

combined surgery. To obtain more information about the effect of body temperature on post-

operative renal function and mortality, we performed a logistic regression analysis (Table 

2.6) and plotted the relative incidence of AKI against hypothermia and perfusion time 

(Figure 2.2). In CABG, the use of mild hypothermia (30-34°C) is positively associated with 

the eCCr and survival. In contrast these beneficial effects are not seen in CABG with more 

extensive cooling. Furthermore, beneficial effects of mild hypothermia are not present after 

valve surgery, either solitary or combined with CABG, while in these groups cooling below 

30°C is associated with renal dysfunction and cooling below 25°C with increased mortality. 

Despite the limited number of patients who underwent deep hypothermic combined surgery, 

cooling below 22°C carries a significantly increased risk for mortality after combined 

surgery. Taken together, although mild hypothermia might have beneficial effects following 

CABG, only harmful effects of moderate and deep hypothermia are seen following valve 

surgery or combined surgery.  
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Figure 2.2: Relation between hypothermia, perfusion duration and the cumulative incidence of AKI. The 

relative incidence of AKI following CABG increases towards lower body temperatures and longer perfusion 

durations and the highest incidence of AKI occurred in patients that were perfused for 240-300 minutes with deep 

hypothermia, while relatively less AKI was observed in patients that underwernt mild hypothermia with a perfusion 

time up to 240 minutes (A); following valve surgery on the other hand, more AKI occurred at lower body 

temperatures and longer perfusion durations and most AKI occurred in patients that were perfused for > 300 

minutes with either shallow or deep hypothermia (B); after combined surgery, the incidence of AKI increases with 

longer perfusion durations, irrespective of the body temperature and most AKI occurred in patients that underwent 

either moderate-deep hypothermic perfusion for 240-300 minutes or shallow perfusion for > 300 minutes (C). 

CABG: coronary artery bypass grafting; AKI: acute kidney injury, here defined as AKI stage 1 or higher. Bars 

represent the relative incidence of AKI (%) per combination of hypothermia and perfusion duration. 
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Discussion 

Post-operative renal dysfunction is associated with mortality 
In this study, we demonstrate that renal injury is an important risk factor for mortality 

following CABG, valve surgery and CABG combined with valve surgery. More advanced 

kidney injury is associated with a higher mortality risk. Since post-operative renal 

dysfunction is an important predictor of mortality following different type of surgeries, we 

analyzed which factors might be involved in the etiology of acute kidney injury for each type 

of intervention. Using this approach, we reveal that pre-operative factors determine 76-83% 

of the eCCr following cardiac surgery with CPB. The influence of perioperative factors on the 

post-operative eCCr is much smaller, as 10-13% was predicted by the factors in our model. 

Importantly, we identified several pre- and perioperative factors that are not only associated 

with a perioperative renal function decline, but are also directly associated with post-

operative survival. Our approach also allows for the comparison of the impact of different 

factors on post-operative outcome following CABG, valve surgery and the combination of 

both. Concerning the effects of hypothermia, we found beneficial effects of mild hypothermia 

on post-operative renal function and survival after CABG, but potentially harmful effects of 

deeper cooling in patients undergoing valve surgery or combined surgery. Taken together, 

lowering of post-operative eCCr is mainly related to pre-operative factors and to a minor 

extent, but of major relevance as these are potentially modifiable, also due to perioperative 

factors. Some of these factors were also associated with improved survival during long-term 

follow-up. 

Factors involved in the etiology of renal injury  
Perioperative factors that were associated with poor kidney function following either type of 

intervention studied here are a low diastolic pressure at the start of surgery and a high PaO2 

during perfusion. Likely, increased oxygen pressure further increases the level of oxidative 

stress during surgery (Ahotupa et al., 1992; Walson et al., 2011), which was associated with 

the occurrence of renal injury. Generation of reactive oxygen species might, at least in part, 

be induced by free labile iron released by means of hemolysis (Haase et al., 2010). As 

oxidative stress seem to play a major role in the etiology of renal injury, therapeutic 

approaches that limit oxidative stress either by preventing formation or scavenging free 

radicals, might reduce the incidence of renal injury following CPB. In line with this, it has 

been suggested that administration of sodium bicarbonate might limit renal injury by 

scavenging hydroxyl radicals, peroxynitrite and other reactive oxygen species (Haase et al., 

2010). In agreement, we found higher HCO3
- blood content either at the start or at the end of 

CABG to relate positively to the post-operative eCCr. Furthermore, administration of the 

radical oxygen scavenger N-acetylcysteine reduces the occurrence of post-operative renal 

injury (Fischer et al., 2005; Zhu et al., 2007). 

Our analysis supports that perfusion by CPB is involved in the pathogenesis of renal injury, 

at least following CABG, as longer perfusion time is associated with a reduced post-operative 

eCCr following solitary and combined CABG (Kumar et al., 2012). Further, lowered body 

temperature is associated with a reduced post-operative eCCr following solitary CABG and 

valve surgery, in line with previous observations (Fischer et al., 2002; Sirvinskas et al., 2008; 

Kourliouros et al., 2010). However, when we compared the effects of different grades of 

hypothermia on the post-operative renal function, we found that mild hypothermia (32-

34°C) during CABG is associated with preservation of renal function and survival, but 
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moderate to deep hypothermia (<30°C) is associated with kidney injury and mortality 

following valve surgery. Despite the protective effects of mild hypothermia on post-operative 

eCCr and survival following CABG, no beneficial effects of low body temperature are seen 

following valve surgery of combined surgery. Detrimental effects of hypothermia might be 

due to poor tissue oxygenation secondary to regional ischemia, followed by reperfusion upon 

rewarming (Mand'ak et al., 2004). Rewarming-reperfusion following (cold) ischemia is 

associated with the development of cellular injury induced by oxidative stress. It has been 

shown in rats that higher rewarming rates are associated with impaired histological brain 

damage (Gordan et al., 2010) and that limited postoperative hypothermia reduces post-

operative cognitive dysfunction (Lange de et al., 2008). For that reason, we retrieved the 

body temperature at the end of perfusion from the database to include in our multivariate 

regression model. However, in contrast to effects demonstrated by others on cerebral injury, 

we did not find an association the body temperature after rewarming (at the end of 

perfusion) and renal injury. 

CPB induces an inflammatory response that is associated with organ injury 
Although ischemia/reperfusion might induce cellular injury through the generation of free 

oxygen radicals as described above, it can also trigger the induction of an inflammatory 

response. Further, contact of leukocytes with the foreign-body material of the machine, 

endotoxin released from inflamed intestine, low body temperature and surgical trauma are 

thought to be involved in the pathogenesis of renal injury through the induction of a systemic 

inflammatory response (Asimakopoulos, 2001; Caputo et al., 2002; Holmes et al., 2002; 

Kourliouros et al., 2010). Following CPB in pigs, platelets and neutrophils are found to be 

infiltrating cardiac, pulmonary and renal tissue (Brix-Christensen et al., 2002). Furthermore, 

the use of leukocyte depleting filters reduces the induction of an inflammatory response and 

protects against post-operative myocardial and lung injury (Gu et al., 1996; Fabbri et al., 

2001; Zhang et al., 2010). However, although administration of corticosteriods reduces the 

severity of the systemic inflammatory response to CPB (Morariu et al., 2005), they do not 

reduce myocardial, lung and kidney injury or mortality (Loef et al., 2004; Morariu et al., 

2005; Dieleman et al., 2011). Potential beneficial anti-inflammatory effects of corticosteroids 

might be overruled by the induction of acute hyperglycemia, which has been shown to be 

associated with organ injury as demonstrated by mitochondrial function and production of 

reactive oxygen species by hepatocytes of critically ill patients (Vanhorebeek et al., 2005). 

Further, CPB itself is associated with increased post-operative glucose levels and poor 

glucose control is associated with early morbidity and mortality following cardiac surgery 

(Knapik et al., 2009; Kawahito et al., 2010). Thus, inflammation might play a main role in the 

etiology of renal injury by augmenting renal injury following CPB. Unfortunately, current 

strategies to limit inflammation by systemic leukocyte depletion or administration of 

corticosteroids did not show significant renoprotective effects.  

Renoprotection induced by propofol 
In our study, we revealed renoprotective effects of propofol in patients who underwent CPB-

assisted cardiothoracic surgery. The protective effects of propofol might be due to its anti-

oxidative and anti-inflammatory effects. In children undergoing cardiac surgery, the use of 

propofol is associated with lower post-operative plasma interleukin-6 (IL-6), interleukin-8 

(IL-8) and malondialdehyde (MDA) and increased superoxide dysmutase (SOD) levels as 

compared to midazolam anesthesia (Xia et al., 2011). In vitro experiments demonstrated that 
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propofol reduces the production of inducible nitric oxide synthase (iNOS) and nitric oxide 

(NO) and precludes the activation of nuclear factor kappa B (NF-kB) induced by 

lipopolysaccharide (LPS), leading to a reduced production of tumor necrosis factor-alpha 

(TNFα), IL-6 and interleukin-10 (IL-10) by macrophages (Hsing et al., 2011). In a pig model 

of aortic cross-clamping, propofol reduced the plasma level of TNF-α and interleukin-1 beta 

(IL-1β), as well as the activity of myeloperoxidase (MPO) and the amount of SOD, superoxide 

anion, iNOS and NFkB in the kidney. Moreover, the post-operative increase in plasma 

creatinine was attenuated by propofol (Sanchez-Conde et al., 2008). In a rat model of sepsis, 

propofol reduced the ratio of blood urea nitrogen (BUN) and the serum levels of creatinine, 

alanine aminotransferase (ALT) and aspartate aminotransferase (AST), thus demonstrating 

protective effects of propofol against the induction of liver and kidney injury (Bao and Li, 

2011). Concluding, anti-oxidative, and potentially also anti-inflammatory, properties of 

propofol might explain for its renoprotective effects during cardiac surgery.  

Conclusion 
In the current study we show that renal injury is associated with mortality following cardiac 

surgery. Also, we demonstrate that post-operative renal function is much more dependent 

on preoperative than perioperative factors. Nevertheless, the latter is of higher relevance, as 

these perioperative factors represent potential modifiable factors. Oxidative stress seems to 

play a major role in the induction of renal injury, which is supported by the fact that 

increased age, low blood bicarbonate content and increased partial arterial oxygen pressure 

during perfusion are found to negatively influence the post-operative renal function. The 

design of our study allowed us to carefully assess the effects hypothermia to address some of 

the controversies that currently exist about the influence of hypothermia on post-operative 

morbidity and mortality. We reveal that mild hypothermia has beneficial effects on post-

operative kidney function and survival following CABG, while these effects were not 

observed following valve surgery or combined surgery. Furthermore, moderate to deep 

hypothermia is associated with renal dysfunction following valve surgery. Although acute 

post-operative kidney injury is an important risk factor for mortality following either CABG, 

valve surgery or CABG combined with valve surgery, different pre- and perioperative factors 

are unraveled to play a role in the pathogenesis of renal dysfunction following these types of 

cardiac surgery. Some of the factors associated with perioperative renal function decline 

were found to be associated with poor survival following surgery. The specific risk factors 

presented in this manuscript might not only allow identification of patients at risk for the 

development of renal injury, but can also contribute to alter treatment strategies to optimize 

outcome following surgery. 
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