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ABSTRACT 

Background: Surgical revascularization is becoming more and more 

necessary for high-risk and elderly individuals with complicated coronary 

artery disease. After coronary artery bypass grafting (CABG), there is a 

substantial risk of both morbidity and death from cerebrovascular damage. 

The surgical approach used for CABG, and in particular the degree of aortic 

manipulation, has frequently been associated with the etiology of 

postoperative neurological problems, despite the possibility of several 

contributing factors. When revascularization (CABG) is necessary for 

coronary artery disease, the aortic clamping technique (SCT\DCT) is used. 

This approach affects the blood lactate level, which can lead to many 

postoperative problems. Elevated blood lactate level after cardiac surgery is 

an indicator of systemic hypoperfusion and tissue hypoxia. Aim of the 

review: to evaluate the relationship between postoperative blood lactate 

levels and outcome in patients undergoing open heart surgery and to verify 

the clinical impact of hyperlactatemia (HL) and low lactemia (LL) after 

coronary artery bypass grafting (CABG) in terms of postoperative morbidity 

and mortality rate. 
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INTRODUCTION 

onitoring lactate levels during CABG 

surgery can provide important information 

about tissue oxygenation and can help guide the 

management of the patient. Research has 

demonstrated that higher lactate levels following 

CABG surgery are linked to a higher likelihood of 

postoperative complications and mortality. 

Therefore, lactate levels are often monitored during 

CABG surgery to help ensure that tissue 

oxygenation is maintained at a sufficient level. This 

can be done by periodically measuring lactate levels 

in arterial blood samples. If lactate levels are found 

to be elevated, steps can be taken to improve tissue 

oxygenation, such as increasing oxygen delivery or 

improving cardiac output [1],[ 2]. Lactate is 

produced by the body as a byproduct of anaerobic 

metabolism, which occurs when there is insufficient 

oxygen available to meet the energy demands of the 

cells. The pathway of lactate production is called 

anaerobic glycolysis, and it takes place in the 

cytoplasm of the cells [3]. The process of anaerobic 

glycolysis can be summarized in the following 

steps: Glucose is transported into the cell and 

converted to hexokinase, an enzyme that produces 

glucose-6-phosphate. Phosphohexose isomerase is 

the enzyme that changes glucose-6-phosphate into 

fructose-6-phosphate. The conversion of fructose-

6-phosphate is to 2 molecules of pyruvate through 

a series of enzymatic reactions that involve 

enzymes such as aldolase and enolase. Pyruvate is 

then converted to lactate by the enzyme lactate 

dehydrogenase (LDH). This reaction also involves 

the transfer of hydrogen ions from NADH to 

pyruvate, forming NAD+. In the first stage of the 

Cori cycle, lactate dehydrogenase converts 

pyruvate to lactate as a substitute mechanism for 

regenerating NAD+, which is needed for further 

glycolysis. After glycolysis, lactate is created from 

pyruvate in a 10:1 ratio, which is subsequently 

transformed in the liver (the second half of the Cori 

cycle) to regenerate glucose under baseline 

physiological conditions with a normal oxygen 

tension [4]. Lactate production will rise under 

conditions that promote glycolysis, but the lactate–

pyruvate ratio will not change. When oxygen 
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supply cannot keep up with tissue demands, 

pyruvate builds up and oxidative phosphorylation, 

or the electronic transport chain, which supports 

aerobic metabolism, fails, greatly increasing the 

rate at which lactate is produced. Skeletal muscles 

will produce lactate to support glycolysis during 

times of high metabolic demand, such as exercise. 

The muscles will then oxidize the lactate during the 

recovery phase. Pyruvate, the byproduct of 

glycolysis, is the only source of lactate. Lactate can 

be oxidized into glucose by gluconeogenesis, which 

can then turn it back into pyruvate [4]. 

Gluconeogenesis (part of the Cori cycle) mostly 

takes place in hepatocytes, whereas oxidation 

happens in the skeletal muscles and renal cortex. 

Thirty percent of lactate is metabolized by the 

kidney, compared to sixty percent by the liver. The 

balance of production, conversion, and clearance is 

reflected in the serum lactate level. Lactate can 

build up through aerobic metabolism with increased 

glycolysis, anaerobic metabolism during tissue 

hypoxia, and impaired lactate conversion due to 

pyruvate dehydrogenase inhibition or relative 

deficiency [2]. The production of lactate during 

anaerobic glycolysis is an important mechanism for 

the body to generate energy when the oxygen 

supply is limited. It allows the cells to continue to 

produce ATP, which is the energy currency of the 

body, even when there is not enough oxygen 

available to support aerobic metabolism. However, 

if lactate production continues for an extended 

period, it can lead to tissue acidosis and cellular 

damage [2]. Cardiomyocytes can use lactate when 

it is abundant, but they mostly employ glucose and 

fatty acids for energy production. The heart uses 

lactate as fuel, but lactate consumption falls during 

and after surgery, even as lactate production rises. 

For this reason, hyperlactatemia might be an 

adaptive rather than detrimental response. Research 

indicates that during shock conditions, the heart 

uses lactate as its main energy source. In an animal 

model, inhibiting the heart's ability to use lactate 

resulted in cardiac decompensation and death [4]. 

TYPES OF HYPERLACTATEMIA 

 Type A hyperlactatemia: Results from insufficient 

perfusion, while type B hyperlactatemia is caused 

by adequate perfusion. 

 Type A Lactic Acidosis: Because of its link to 

metabolic acidosis, elevated lactate in the presence 

of insufficient perfusion has historically been 

referred to as type A lactic acidosis. The typical 

environment for type A lactic acidosis is anaerobic 

metabolism. Insufficient perfusion may manifest as 

regional, global, or microcirculatory. Low cardiac 

output syndrome and uncompensated shock state 

are two instances of systemic insufficient perfusion. 

Limb ischemia is one instance of regional or local 

malperfusion. Because pyruvate dehydrogenase is 

inhibited and pyruvate is diverted to lactate 

generation in the situation of hypoxia, type A lactic 

acidosis will increase the lactate–pyruvate ratio. 

type A lactic acidosis appears to originate from the 

bypass itself [5]. In the myocardium and peripheral 

tissues, cardiopulmonary bypass itself raises lactate 

and lactate-pyruvate levels. This is linked to 

varying inflammatory, microcirculatory, and 

mitochondrial responses during hypothermia and 

cardiopulmonary bypass, and it is secondary to 

insufficient delivery despite calculated perfusion 

needs. It is unknown which tissue beds—the heart, 

lungs, intestines, and skeletal muscles—contribute 

considerably to serum lactate production during 

bypass. Furthermore, cardiopulmonary bypass 

induces a strong inflammatory response throughout 

the body, resulting in the production of free radicals 

and reactive oxidative species [5]. These alterations 

lead to mitochondrial dysfunction by reducing their 

ability for oxidative phosphorylation, which shunts 

pyruvate to lactate and causes type B 

hyperlactatemia when combined with any 

ischemia/reperfusion event. Moreover, endogenous 

catecholamine release triggered by the stress 

response of cardiac surgery raises glycolysis and 

gluconeogenesis, which in turn increases the 

generation of glucose and lactate [2], [5].  

 Type B hyperlactatemia (Figure 1): 
 Elevated lactate in the setting of adequate perfusion 

[6], no metabolic acidosis coexists so type b 

hyperlactatemia is better than type B lactic acidosis 

as an expression. Stress conditions that promote 

glycolysis will produce more lactate but keep the 

lactate–pyruvate ratio at 10:1 because pyruvate will 

be balanced but converted into lactate by the Krebs 

cycle. When type B hyperlactatemia is present, the 

patient is usually less acidemic than anticipated (a 

normal pH may even be present, depending on the 

severity of hyperchloremia or bicarbonate 

deficiency), warm and well perfused upon 

examination, end-organ function (urine output, 

mentation) is adequate, and the arteriovenous 

oxygen (A-VO2) difference is normal or narrow 

[5], [7].   Hyperglycemia is related to 

hyperlactatemia. In addition to exogenous 

hormones, the stress response triggers 

gluconeogenesis and catabolism. Serum glucose 

functions as a stand-alone biomarker of the stressed 

state. Despite enhanced tissue perfusion and greater 

cardiac output, exogenous adrenaline raised lactate 
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levels and was linked to hyperglycemia in sepsis 

patients. Since insulin stimulates pyruvate 

dehydrogenase, hyperlactatemia is a contributing 

factor to insulin resistance. It is hypothesized that 

insulin resistance following surgery raises serum 

lactate levels even more [8]. Diabetes mellitus 

significantly reduces the glucose-lactate 

connection. Given that individuals with diabetes are 

more likely to experience hyperglycemia and that 

diabetes should thus apparently have a favorable 

influence on lactate levels, this may appear 

counterintuitive. However, the lactate level was 

suppressed by DM. Greco and colleagues examined 

the relationship between hyperlactatemia, glucose, 

and diabetes in 4098 patients following heart 

surgery and discovered that patients with DM had a 

strong attenuation of the stress-induced increase in 

lactate levels, which is why postoperative lactate 

levels are significantly attenuated by diabetes 

mellitus. Furthermore, in multiple studies where the 

correlation between hyperglycemia and 

unfavorable outcomes is significantly repressed in 

DM patients, the suppressive impact of DM on 

stress hyperlactatemia has also been found with 

stress hyperglycemia [9], [10].   

                                                                                                     

 
Figure (1): Contributing factors to hyperlactatemia and hyperglycemia in type B lactic acidosis. CPB 

indicates cardiopulmonary bypass; PDH, pyruvate dehydrogenase; ROS/FFA, reactive oxygen species/free 

fatty acids [9], [10]. 

 Another classification of hyperlactatemia: 

Elevated postoperative lactate has been described 

based on the timing of onset (early or late). Early 

onset refers to the period from bypass to admission 

to the intensive care unit (ICU), and late-onset is the 

period from 6 to 12 hours following ICU admission. 

Elevations in lactate that occur early in life have 

been linked to higher death rates. Maillet et. al 

(2003) found that in two studies involving adult 

cardiac surgery patients, patients with a lactate level 

>3 mmol/L at the time of ICU admission had a 

14.9% mortality rate, compared to 1.5% in those 

with a lactate level of 3 mmol/L during 

cardiopulmonary bypass. This finding was linked to 

higher intra-aortic balloon pump usage, longer 

postoperative mechanical ventilation, and longer 

ICU stays [2].                                                                                                

 Blood lactate levels between 0.4 and 2.0 mmol/L 

are considered normal. Blood lactate levels 

exceeding 4.0 mmol/L are categorized as severe 

HL, while levels between 2 and 4.0 mmol/L are 

regarded as mild to moderate HL. Hyperlactatemia 

that manifested early, but not later, was linked to 

higher rates of morbidity and death. Research has 

also shown that the intricacy of the treatment, the 

duration of cardiopulmonary bypass, and the blood 

glucose level are significant indicators of elevated 

risk of endocarditis. Crucially, following heart 

surgery, late hyperlactatemia (LHL) was quite 

prevalent, benign, and self-limiting [9], [10], [11]. 

FACTORS CONTRIBUTING TO 

HYPERLACTATEMIA 

Rather than being merely perceived as a measure of 

tissue hypoxia, hyperlactatemia is best viewed as a 
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biomarker of the multifactorial stress response. 

Even in settings with adequate cardiac output and 

tissue perfusion, a number of additional factors, 

including systemic inflammation, fever, and tissue 

damage that drive cortisol and adrenergic signaling, 

contribute to the stress response in addition to tissue 

hypoxia [12]. The cause of post-cardiac surgery 

hyperlactatemia is complex. Hyperlactatemia may 

manifest even in the absence of hypoperfusion of 

the tissues. The cellular metabolism may be 

negatively impacted by the anesthetics and low 

temperatures during CPB, which can result in a 

decreased liver clearance of lactate  [12]. 

Furthermore, because catecholamines affect 

oxidative glucose metabolism, their use during 

heart surgery may raise lactate levels [13]. Stress 

conditions change both glycolysis and the 

mitochondrial flow of pyruvate independent of 

tissue hypoxia by raising endogenous 

catecholamines and cortisol. Pretreatment with α-

and β adrenergic blockers reduced lactate buildup 

in an animal model of hemorrhagic shock. Further 

research bolsters the idea that β2 adrenergic 

receptor stimulation could be the cause of 

hyperlactatemia [14]. Using epinephrine infusion to 

stimulate adrenergic pathways and adrenergic 

blockade, then to stop them, a role for the 

adrenergic system has been confirmed in shock 

states. Even in situations with enough oxygen, 

stress causes the release of endogenous 

catecholamines (such as adrenaline), which 

stimulate the action of Na+/K-ATPase and raise 

lactate generation. In adults suffering from septic 

shock, Levy et al.'s study showed that suppression 

of Na+/K- ATPase prevented increases in lactate 

and pyruvate. These findings provide evidence that 

adrenergic signaling, which is activated under 

stressful situations (heart surgery, for example), 

promotes glycolysis and indirectly lactate 

formation [4], [15]. Hyperglycemia and 

postoperative epinephrine injection were separate 

risk factors for LHL [16]. Raper et al. found that 

following heart surgery, hyperglycemia and 

adrenaline were usually linked to a lactate 

concentration of 5 mmol/L. It is commonly 

recognized that β2-agonists can cause severe lactic 

acidosis in individuals suffering from acute asthma, 

and adrenaline possesses a potent β2 mimetic effect 

that leads to heightened gluconeogenesis, lipolysis, 

and glycogenolysis [16], [17]. Elevated levels of 

free fatty acids inside cells prevent pyruvate from 

being converted to acetyl-coenzyme A, which 

increases the generation of lactic acid. Additionally, 

activation of β-adrenergic receptors increases the 

concentration of plasma glucose, which in turn 

increases the substrate available for glycolysis [16]. 

Postoperative hyperglycemia highlights the 

possible function of adrenaline in initiating the 

onset of hyperlactatemia and was a potent 

independent risk factor linked to LHL. 

Hyperglycemia can cause hyperlactatemia and is 

often linked to normothermic CPB. Patients 

undergoing heart surgery who exhibit normal 

hemodynamics have been found to have elevated 

endogenous glucose levels, which have been linked 

to the endogenous release of stress hormones and 

cytokines that cause insulin resistance. Chioléro et 

al [9], [18]. In individuals experiencing cardiogenic 

shock following heart surgery, hyperglycemia, and 

elevated nonoxidative glucose availability may play 

a major role in hyperlactatemia. Even yet, for ICU 

patients, the lactate concentration is a reliable 

indicator of the severity of the illness. Its predictive 

significance following myocardial infarction has 

not been satisfactorily established. Generally 

speaking, mild hyperlactatemia is regarded as 

benign [9]. Extended periods of CPB were also 

linked to IHL (immediate hyperlactatemia upon 

ICU admission). Additionally linked to 

postoperative hyperlactatemia, non pulsatile CPB 

has been implicated in regional hypoperfusion. An 

intraoperative oxygen debt may have resulted from 

the patient's inability to wean off of CPB, as 

intraoperative vasopressor use was also found to be 

an independent risk factor for IHL and to represent 

intraoperative hemodynamic instability [19]. 

Preoperative Risk Factors: Demers et al. (2000) 
postulated that the hyperlactatemia observed during 

CPB is caused by a variety of preoperative variables 

and co-morbidities. They found that risk variables 

for hyperlactatemia were age, congestive heart 

failure, poor left ventricular ejection fraction, 

hypertension, diabetes mellitus, reexamination, and 

emergency procedures [11]. Cardiopulmonary 

bypass (CPB) tissue hypoxia may result from 

hemodialysis, inefficient peripheral oxygen 

delivery, and hemodynamic instability, all of which 

are associated with increased postoperative 

morbidity and death. After CPB, hyperlactatemia 

usually happens more frequently in operations that 

call for longer CPB durations. A peak postoperative 

lactate of ≥3.0 mmol/L was predicted by two 

parameters, which were identified. Preoperative 

IABP implantation and severe renal damage 

following surgery [14]. 

Complications of Hyperlactatemia: Following 

cardiac surgery, several anesthetic, surgical, and 

postoperative parameters, as well as the patient's 

preoperative status, are directly linked to morbidity 

and death [20]. Patients undergoing cardiac surgery 
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with CPB may experience hyperlactatemia (HL) for 

a variety of reasons, including tissue hypoxia, CPB 

itself, nonhypoxic factors such as medication 

therapy, cardioplegia solution, and hypothermia. 

According to a recent study by Demers et al., HL is 

identified in 10–20% of adult patients undergoing 

cardiac surgery and is linked to a considerable 

increase in postoperative morbidity and death. 

More than 88% of patients in research by Broder 

and Weil who had blood lactate levels more than 4.0 

mmol/L were at high risk of dying from vascular 

shock. The same scientists found that as blood 

lactate levels rise from 2.0 to 8.0 mmol/L, the 

likelihood of surviving shock drops from 90% to 

10% [10], [11]. There is established evidence 

linking HL and lactic acidosis to higher rates of 

morbidity and death. A negative prognostic factor 

is a blood lactate concentration greater than 3.5 

mmol/l at the time of transfer to the intensive care 

unit. Elevated blood lactate levels in the intensive 

care unit following heart surgery are often viewed 

as a metabolic illness. Serial lactate measurements 

may help identify patients who are at high risk of 

developing mortality and morbidity and enable 

appropriate preventive interventions to be 

implemented. It's still unclear if a high 

intraoperative blood lactate concentration during 

perfusion is a sign of a bad result. Prior research has 

not linked HL during perfusion to long-term 

mortality, whereas peak blood lactate levels during 

CPB≾2.0mmol/L are linked to worse surgical 

outcomes. Elevated blood lactate levels during the 

first hour of surgery (early HL) and six hours after 

surgery (late HL) were found to be highly indicative 

of significant cardiac complications, including 

atrial fibrillation and the need for extended 

inotropic support. -Compared to individuals with 

serum lactate levels <4 mmol/L, those with levels 

>4 mmol/L had a 5.66 times higher risk of requiring 

extended inotropic support and a 3.5 times higher 

risk of developing AF. A number of factors, 

including intraoperative factors such as surgical 

procedures, myocardial protection, and metabolic 

disruption under continuous positive pressure heart 

rate, influence the outcome of heart surgery. 

Keeping an eye on these variables during surgery 

could result in timely therapeutic intervention that 

could enhance surgical outcomes [6]. IABP may be 

required more frequently during surgery, 

particularly in patients with EF<40%. Complex 

surgeries, including aortic root replacement, 

intracardiac repairs, and revision procedures, have 

been linked to elevated serum lactate levels. length 

of hospital and intensive care unit stays for HL 

patients. When compared to patients with lactate <4 

mmol/L, patients with peak serum lactate ≥4 

mmol/L had a significantly longer stay in the 

intensive care unit and hospital. Raised lactate 

levels have the potential to indicate tissue hypoxia 

and are linked to a higher risk of organ failure, 

extended mechanical breathing, and even death 

following surgery. As a result, keeping an eye on 

lactate levels during CPB can assist inform 

treatment decisions and reveal important details 

regarding tissue oxygenation [21]. 

Observed Complications as Recorded by Some 

Studies: A greater EuroSCORE, a lower left 

ventricular ejection fraction, a lower preoperative 

hemoglobin level, a higher incidence of renal 

illness, and a history of blood transfusions are 

among the predisposing factors associated with 

patients who experience problems [22]. To have an 

additional intervention for bleeding or re-

exploration, pericardial effusion, perforated 

intestine, intestinal ischemia/obstruction, peripheral 

ischemia, and left ventricular assist device, return to 

the operating room (OR) [23]. The individuals with 

hyperlactatemia were more likely to utilize IABP. 

There was also a noticeably increased risk of 

sequelae such as acute renal damage, heart 

bleeding, and cardiogenic shock. When serum 

creatinine levels were compared, it was discovered 

that patients presenting with lactate >3.0 mM had 

higher peak postoperative creatinine values, further 

characterizing renal impairment [23]. Measured in 

terms of length of ICU stay, duration of mechanical 

ventilation, and hospital mortality, patients with 

hyperlactatemic conditions fared worse, spending 

more time in the ICU, more time on mechanical 

ventilation, and experiencing higher hospital 

mortality [24]. Higher rates of postoperative 

surgical procedures, IABP, and sequelae such as 

cardiogenic shock, cardiac bleeding, and renal 

failure were linked to mortality [25]. Patients with 

pre-existing heart failure, hypertension, chronic 

obstructive pulmonary disease (COPD), and renal 

failure were more likely to not make it out alive. 

Non-survivors also showed a marked rise in the 

need for postoperative IABP, extended 

cardiopulmonary bypass (CPB) times, and 

emergent surgery. Higher peak lactate levels and 

later times to peak lactate levels were linked to 

death. Thirty hours was the 90th percentile for the 

time to peak lactate. The 90th percentile was 

exceeded by a noticeably higher percentage of non-

survivors: lactate peak was achieved at >30 h in 

64.7% of mortalities. According to certain research, 

survivors reached their maximal lactate in 7.5 

hours, while non-survivors took an average of 37.6 

hours. It was observed that these variations affected 
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renal function. In non-survivors, acute renal injury 

was more common. Additionally higher were the 

peak creatinine and the % increase in postoperative 

creatinine. Mortality was linked to prior renal 

failure, severe peripheral vascular disease, age, 

congestive heart failure, and reoperation (26). 

Preventive Measures: Several tactics can be used 

to reduce the possibility of tissue hypoxia and 

lactate generation during CPB. For instance, 

keeping the patient's temperature within a specific 

range can aid in lowering the tissues' oxygen 

requirement and metabolic rate. Tissue hypoxia and 

lactate generation can also be lessened by making 

sure there is sufficient tissue perfusion and limiting 

the length of CPB. Increased morbidity and 

mortality in the adult cardiac surgery population 

have been linked to HL during CPB. According to 

earlier research, a strategy of hemodynamic 

optimization that targets a serum lactate level under 

3 mmol/L in the first 6 hours and under 2 mmol/L 

in the first 12 hours of ICU admission in patients 

with early hyperlactatemia may lower the incidence 

of major complications. This strategy also takes into 

account other parameters like cardiac index, 

calculated oxygen delivery, and central venous 

oxygen saturation. Adjusting the way heart surgery 

is managed. For non-elective surgery in particular, 

hemodynamic stabilization before CPB may reduce 

or eliminate IHL. For high-risk patients, this may 

include using an intra-aortic balloon pump support 

more frequently [27]. Restricting pump 

hypotension could help prevent possible visceral 

oxygen debt during surgery. Enhancing myocardial 

protection might help avoid or lessen postoperative 

poor cardiac output and make it easier to wean off 

of CPB. Even for non-diabetic patients, a rigorous 

surveillance strategy for postoperative 

hyperglycemia and treatment with continuous IV 

insulin therapy should enhance prognosis [28]. 

Furthermore, norepinephrine and dobutamine may 

be given to hypotensive patients who have retained 

left ventricular function but are not responding to 

fluid management, and first-line epinephrine 

medication should be reevaluated [29]. 
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