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Abstract 

Background: In this study, we wanted to identify the proportion of patients with high blood 

lactate levels during cardiopulmonary bypass (CPB) in coronary artery bypass grafting and its 

association with post-operative morbidity and mortality. We also wanted to determine the 

proportion of hyperlactatemia during CPB in patients undergoing CABG and assess the 

association between hyperlactatemia during CPB in patients undergoing CABG and post-

operative morbidity and mortality. 

Methods: This was a hospital based single centre retrospective record study conducted 

among 130 patients who underwent coronary artery bypass surgery in the Department of 

Cardiovascular Thoracic Surgery, Government Medical College, Thiruvananthapuram, from 

January 2018 to January 2020 after obtaining clearance from Institutional Ethics Committee 

and written informed consent from the study participants.  

Results: Preoperatively females had higher lactate levels as compared to males, and this was 

statistically significant. The correlation between CPB time and peak intra-operative lactate 

level and also correlation between aortic cross-clamp time and peak lactate level was also 

found to be statistically significant. In post-operative morbidity, the length of ICU stays (<5 

days - 32 [57.1%] vs. 57[76.5%]; ≥5 days - 24 [42.9%] vs. 17 [23.5%]; P = 0.013) were 

found to be significantly higher in the HL group. 

Conclusion: Hyperlactatemia during CPB in CABG points to perilous outcomes of cardiac 

surgery. It points to pathologies that need prompt correction to avert serious perioperative 

morbidity and mortality. It is an independent predictor of post-operative complications 

including all- cause mortality and severe morbidity after cardiac surgery in adult patients. 

Keywords: Hyperlactatemia, Cardiopulmonary Bypass, Postoperative, Outcomes, Coronary 

Artery Bypass. 

 

Introduction 
Cardiopulmonary bypass (CPB) is widely preferred for cardiac surgery to maintain systemic 

perfusion and oxygenation.
[1]

 It is well known that tissue hypoperfusion due to circulatory 

failure is associated with an increase in lactate levels secondary to anaerobic metabolism.
[2,3,4]

 

This situation is termed as Type A lactic acidosis, which results from an imbalance between 

tissue oxygen demand and supply.
[5,6,7,8]

 Therefore, increase in lactate levels as seen in Type 
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A lactic acidosis is closely associated with total oxygen deficit and tissue 

hypoperfusion.
[5,6,7,8,9] 

Hyperlactatemia (HL) in patients who undergo cardiac surgery with 

CPB can be due to tissue hypoxia, non-hypoxic causes such as drug therapy, cardioplegia 

solution, hypothermia, and CPB itself.
[10,11]

 In a recent study done by Demers et al., it was 

found that in adult patients undergoing cardiac surgery, HL is detected in 10–20% of 

patients
[11,12]

 and was associated with significant post-operative morbidity and mortality.
[11]

 

In a study done by Broder and Weil, more than 88% of patients who had blood a lactate level 

of > 4.0 mmol/L had a high risk of mortality due to circulatory shock.
[6]

 The same authors 

documented that the chances of survival from shock declines from 90 to 10% as blood lactate 

levels escalates from 2.0 to 8.0 mmol/L.
[7,13] 

The outcome after any cardiac surgery is determined by the pre-operative characteristics of 

the patient as well as intra-operative factors such as surgical technique, strategies of 

myocardial protection, hemodynamic management of the patient, and duration of CPB, which 

play a crucial role in determining the post-operative course of the patient.
[14-20]

 Monitoring of 

such factors during the perioperative period may help in early recognition and treatment, 

which may improve the overall outcome of the patient. Serum lactate levels have been used 

frequently in critical care settings as a guide for clinicians to begin and optimize early 

treatment in patients with shock and thereby help to decrease morbidity and mortality.
[11,13-

15,20,21]
 Patients undergoing cardiac surgery under CPB, despite having normal arterial blood 

gases (ABGs), may still experience lactic acidosis secondary to tissue hypoperfusion. 

Therefore, monitoring blood lactate levels in cardiac surgery patients might be more sensitive 

than ABG analysis alone and will thereby help in early detection of an imbalance between 

oxygen supply and demand. The hypothesis of this study is that patients with high blood 

lactate levels in the period of CPB are at a higher risk for post-operative morbidity and 

mortality. The goal of this study was to proportionate hyperlactatemia in patients undergoing 

coronary bypass surgery under CPB and its effect on post-operative outcomes. 

 

Aims and Objectives 

 To identify the proportion of patients with high blood lactate levels during CPB in 

coronary artery bypass grafting and its association with post-operative morbidity and 

mortality. 

 To determine the proportion of hyperlactatemia during CPB in patients undergoing 

CABG. 

 To assess the association between hyperlactatemia during CPB in patients undergoing 

CABG and post-operative morbidity and mortality. 

 

Materials &methods 

This was a hospital based single centre retrospective record study conducted among 130 

patients who underwent coronary artery bypass surgery in the Department of Cardiovascular 

Thoracic Surgery, Government Medical College, Thiruvananthapuram, from January 2018 to 

January 2020 after obtaining clearance from Institutional Ethics Committee and written 

informed consent from the study participants.  

 

Inclusion Criteria 

All patients who are admitted and will be undergoing coronary artery bypass surgery in 

Department of Cardiovascular and Thoracic Surgery, Government Medical College, 

Thiruvananthapuram during the course of the study 
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Exclusion Criteria 

Patients who undergo OPCAB or those with combined procedures that include CABG are 

excluded from the study. Those patients who had an abnormal plasma lactate level (>3.0 

mmol/l) before entering CPB were also excluded. 

 

Sampling Size 

 
Where, n= Sample size 

Z∞ = Z statistics for a level of confidence 

P = Estimated proportion of an attribute present in the population 

d = Level of precision 

Present study: - 

P = 0.427 (Proportion of hyperlactatemia during CPB) 

d = 20% of p = 0.0854 

Z∞ = 1.96 for ∞ = 0.05 

= 129 

Final sample size for the study is 129 

 

Statistical Methods 

Categorical and quantitative variables were expressed as frequency (percentage) and mean ± 

SD respectively. Incidence of hyperlactatemia (>4.0 mmol/l) during cardiopulmonary bypass 

will be expressed in percentage with 95 % CI. Association will be tested using chi-square 

test. p <0.05 will be considered as the threshold for statistical significance. Statistical 

analyses will be performed by using a statistical software package SPSS, version 20.0. 

 

Results 

Variable 
Lactate, n(%) 

P 
<4 ≥4 

Age:  <60 32(56.6) 25(43.4) 0.815 

 ≥60 42(57.8) 31(42.2)  

Sex: Male 52(62.1) 32(37.9) 0.011 

Female 22(48.5) 24(51.5)  

Diabetes mellitus 27 19 0.540 

Hypertension 32 21 0.310 

COPD 4 3 0.798 

Preoperative Risk Factors for Hyperlactatemia 

Table 1 

On comparing the 2 groups, age distribution was almost the same with no statistical 

significance (P = 0.815). Females had higher lactate levels as compared to males, and this 

was statistically significant (P = 0.011). The other co-morbidities such as diabetes, 

hypertension, ischemic heart disease and chronic obstructive pulmonary disease did not have 

any statistical significance in relation to the peak intra-operative blood lactate levels. 

 

Variable 
Lactate, n(%) 

P 
≥4(mmol/l) <4(mmol/l) 

CPB time (min) 92.4 ± 26.0 83.96 ± 28.18 0.003 

AOX time (min) 55.8 ± 18.2 48.4 ±19.8 0.007 



Journal of Cardiovascular Disease Research 

ISSN: 0975-3583,0976-2833 VOL.14, ISSUE 03, 2023 
 

1350 
 

Lowest Hb (mg/dl) on CPB 7.03 ± 1.20 7.04 ± 1.47 0.510 

Flow rate(L/min/m2) 3.5 ± 2.1 3.3 ± 1.9 0.540 

Comparison of Intraoperative Variables between the Two Groups 

Table 2 

Patients with HL had significantly longer CPB time (92.40 ± 26.0 vs. 83.96 ± 28.18 min; P = 

0.003) and aortic cross-clamp time (55.8 ± 18.2 vs. 48.4 ± 19.8 min; P = 0.007). There was 

no significant difference in the lowest haemoglobin on pump or flow rate between the two 

groups. 

 

Variable 
Lactate, n(%) 

P 
≥4 <4 

Arrhythmia 
+ 11(19.4) 4(5.3) 0.004 

– 45(80.6) 70(94.7)  

Inotropic support 
+ 19(34) 9(11.8) 0.001 

– 37(66) 65(88.2)  

Mech. ventilation 
+ 5(7.1) 3(3.9) 0.447 

– 51(92.6) 71(96.1)  

ICU stay 
<5 32(57.1) 57(76.5) 0.013 

≥5 24(42.9) 17(23.5)  

SSI 
+ 19(34) 3(3.9) 0.003 

– 37(66) 71(96.1)  

Renal dysfunction 
+ 5(7.5) 0() 0.029 

– 51(92.5) 74(100)  

CNS dysfunction + nil nil – 

Mortality  2 1  

Post-operative Morbidity 

Table 3 

The incidence of cardiac arrhythmia was found to be more common in the HL group (19.4% 

vs. 5.3%; P = 0.004). Patients in the HL group required more inotropic support (34% vs. 

11.8%; P = 0.001). However, on comparing mechanical ventilator support, renal dysfunction 

and post-operative infections, there was no statistically significant difference between the two 

groups.  

The length of ICU stays (<5 days - 32 [57.1%] vs. 57[76.5%]; ≥5 days - 24 [42.9%] vs. 17 

[23.5%]; P = 0.013) were found to be significantly higher in the HL group. There were no 

neurological complications. 

Patients in the HL group had 3.5 times the risk of developing arrhythmia in the post-operative 

period as compared to those with lower lactate levels. Similarly, the requirement for inotropic 

supports was 5.66 times more in the HL group. 

 

Discussion 

HL and lactic acidosis are known to be associated with increased morbidity and mortality. 

Published literature shows a correlation between the post-operative peak lactate concentration 

and post-operative morbidity without considering intra-operative variables.
[10,11,13,22,23]

 Early 

HL is defined as high lactate occurring during the first 4 h of surgery, and late HL is defined 

as increase. In lactate from 4 to 24 h post-surgery.
[10]

 The study observed intra-operative 

hyperlactatemia, which could be used as a predictor for post-operative morbidity and 

mortality. 

Normal lactate is defined as blood lactate level between 0.4 and 2.0 mmol/L. Lactate level 

between 2 mmol/L and 4.0 mmol/L is considered as mild to moderate HL and blood lactate 
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>4.0 mmol/L is classified as severe HL.
[11]

Mirmohammad-Sadeghi et al. had defined HL as a 

lactate level more than 3 mmol/L.
[24]

 This study used a lactate value of ≥4 mmol/L as HL. 

The percentage of severe HL was less in male patients compared to female patients. The 

results of the study support Demers et al. who identified female sex as a risk factor for post-

operative HL.
[11]

 

Patient co-morbidities such as hypertension, diabetes mellitus, or COPD did not have a 

statistically significant association with HL. Several investigators have identified 

hyperglycaemia as a risk factor for HL.
[10,17]

 Contrary to published literature, the study did 

not find an association between preoperative anaemia and preoperative creatinine with 

HL.
[10,12,13,16]

 This could be because of exclusion of patients with preoperative serum 

creatinine of more than 2 mg/dL. Furthermore, the mean preoperative haemoglobin of this 

study population was 12.68 ± 2.84. The number of severely anaemic patients was few to 

derive any statistical correlation. 

Mirmohammad-Sadeghi et al. reported a 76% incidence of HL in his study with a definition 

of HL having a value of more than 3 mmol/L.
[24]

 In this study with said criteria for HL 

(lactate value ≥4 mmol/L) when peak intra-operative lactate values were considered, there 

was an incidence of 42.7% (56 out of 130 patients). The reported incidence of HL is about 

10–20%.
[25]

 

Patients in the HL group had significantly longer CPB time (92.40 ± 26.0 vs. 83.96 ± 28.18 

min) and aortic cross-clamping time (55.8 ± 18.2 vs. 48.4 ± 19.8 min). The correlation 

between CPB time and peak blood lactate level was found to be statistically significant 

(Pearson correlation coefficient r = 0.22; P = 0.003). There was also a strong correlation 

between aortic cross-clamp time and peak blood lactate level which was also found to be 

statistically significant (r = 0.281; P= 0.007). These similar findings were seen in the study on 

lactate and post-operative morbidity and mortality by Demers et al.
[11]

 

Increased intra-operative peak blood lactate levels were both highly predictive of major 

cardiac morbidity such as arrhythmias and requirement for prolonged inotropic support. 

Serum lactate levels >4 mmol/L were associated with 3.5 times higher risk of developing 

arrhythmias and 5.66 times higher risk of prolonged inotropic support requirement compared 

to patients with serum lactate <4 mmol/L. 

The study also observed a statistically significant difference in the duration of ICU stay in 

patients with HL. Peak serum lactate ≥4 mmol/L was associated with a significantly longer 

ICU stay (P = 0.013) compared to patients with lactate <4 mmol/L. However, the study failed 

to see any difference in the duration of mechanical ventilation days between the two groups. 

This could be due to our ICU protocol of electively ventilating most patients overnight. 

Three patients died in the study population. One patient had graft thrombosis owing to poor 

coronary artery quality and the other two had sepsis. Observed lactate levels were not raised 

in two and thus did not predict mortality and a causal association could not be derived. 

 

Conclusion 
Hyperlactatemia during CPB in CABG points to perilous outcomes of cardiac surgery. It 

points to pathologies that need prompt correction to avert serious perioperative morbidity and 

mortality. It is an independent predictor of post-operative complications including all- cause 

mortality and severe morbidity after cardiac surgery in adult patients. Randomized controlled 

trails are needed to evaluate the potential benefit of a strategy aiming at normalizing lactate 

levels during cardiopulmonary bypass. 
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