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1. Introduction 

 
Coronary artery disease (CAD) is one of the leading causes of 

cardiovascular morbidity and mortality worldwide.1 Coronary ar-
tery bypass grafting (CABG) is an effective surgical method used in 
the treatment of advanced CAD and is often performed with cardio-
pulmonary bypass (CPB) support. During CPB, bodily functions are 
maintained through an external circulation system, and the thermal 
management strategy employed during this process can directly af-
fect the patient's metabolic and haemodynamic responses.2,3 

During cardiopulmonary bypass (CPB), two primary thermal 
management approaches are typically employed: normothermia 
(35–37 °C) and hypothermia (28–34 °C).4 The effects of normother-
mia and hypothermia during CPB play a significant role in surgical 
outcomes. Management of body temperature during CPB is critically 
important in terms of surgical outcomes and patient survival. Nor-
mothermia, i.e. maintaining body temperature above 35°C, is gener-
ally the preferred method in adult patients, and this approach has 
been shown to yield favourable outcomes such as improved tissue 
perfusion and shorter intensive care unit stays postoperatively.4 
Hypothermia is thought to protect organs from ischaemic damage 
by slowing metabolic rate, reducing the inflammatory response, and 
decreasing oxygen consumption.5 Some studies have reported that 

hypothermia increases short- and long-term survival rates.2 How-
ever, hypothermia also has adverse effects, such as post-operative 
renal failure and longer intensive care unit stays.5 In neonatal pa-
tients, persistent hypothermia has been reported to increase the 
risk of serious complications and may be a clinically useful indicator 
for assessing patient stability.6 

However, there are conflicting data in the literature regarding 
the effect of normothermic and hypothermic perfusion on clinical 
outcomes. While some studies highlight the organ-protective effects 
of hypothermia, others report that normothermia is at least as 
safe.7,8 In particular, how metabolic parameters such as inflamma-
tion markers (CRP), liver enzymes (AST, ALT), serum albumin lev-
els, electrolyte balance, and lactate respond to these two perfusion 
strategies is still being investigated. 

The aim of this study is to compare metabolic and haemody-
namic parameters in CABG patients undergoing hypothermic and 
normothermic CPB during the pre-bypass, post-bypass, and postop-
erative periods, to analyse changes over time, and to determine 
whether there are clinically significant differences between the two 
strategies. 

 

 
Aim: The aim of this study is to investigate the changes in metabolic and haemodynamic parameters over time in 

patients undergoing coronary artery bypass grafting with hypothermic and normothermic cardiopulmonary 

bypass. 

Methods: A total of 126 patients were included in the study: 64 patients who underwent normothermic (35–37 

°C) CPB and 62 patients who underwent hypothermic (28–34 °C) CPB. Statistical analyses were performed using 

SPSS 25.0 and Python software, with p<0.05 accepted as the level of significance. 

Results: During CPB, a decrease in albumin levels and an increase in AST, ALT, CRP, glucose, lactate, sodium, and 

total bilirubin levels were observed (p<0.05). However, no significant differences were found between the 

normothermic and hypothermic groups for most parameters (p>0.05). 

Conclusions: In this retrospective study, the incidence of PoAF did not differ significantly between hypothermic 

and normothermic CPB. Although higher intraoperative temperature and prolonged CPB duration showed a 

tendency toward increased PoAF, these trends were not statistically significant. The findings indicate that 

temperature management strategy alone is unlikely to be a decisive factor, and further prospective studies are 

required to clarify its role in PoAF prevention. 
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2. Materials and Methods

2.1. Patients and study design 
This study was conducted using a retrospective cross-sectional 

design, evaluating data from a total of 126 patients who underwent 
CABG surgery between 2010 and 2025. The patients included in the 
study were divided into two groups: normothermic (n=64) and 
hypothermic (n=62) CPB. The normothermic group was perfused at 
a body temperature range of 35–37 °C, while the hypothermic group 
was perfused at a range of 28–34 °C. The patients were similar in 
terms of age, gender, comorbidities, and type of surgery. Data for 
each patient were collected at three different time points: Pre-
bypass: Preoperative period (after induction, before bypass); Post-
bypass: Immediately after CPB (after disconnection); Postop: Early 
postoperative period (within the first 24 hours in intensive care). 

2.2. Data collection 
Metabolic (albumin, AST, ALT, CRP, glucose, lactate, electrolytes, 

etc.) and haemodynamic (systolic, diastolic blood pressure, pH, 
pCO₂, pO₂, etc.) parameters obtained during these time periods 
were analysed. Data were obtained retrospectively from the 
hospital information management system and perfusion-surgery-
anaesthesia records. 

2.5. Statistical analysis 
IBM SPSS Statistics 25.0 software and Python software were 

used for data analysis. The normality distribution of the data set was 
tested for each group and time period using the Shapiro-Wilk test. 
Parametric tests were used for data meeting the assumption of 
normal distribution, while non-parametric tests were used for data 
not meeting this assumption. Differences between normothermic 
and hypothermic groups in each time period (Prebypass, 
Postbypass, Postop) were assessed using the independent samples 
t-test or Mann-Whitney U test. The effect of time within the same 
group was analysed using Repeated Measures ANOVA or the 
Friedman test, depending on the distribution of the data. For 
parameters where time showed a significant effect, pairwise 
comparisons between the three time periods were performed using 
the Tukey HSD test, and pairs with significant differences were 
coded with letters in the table accordingly. In the tables, significant 
differences between time points within the same group are 
indicated by capital letters (A, B, C), while differences between 
groups within the same time period are indicated by lowercase
letters (a, b). All data are presented as mean ± standard deviation 
(SD); statistical significance was set at p < 0.05.

3. Results

The demographic characteristics of the 126 patients included 
in the study are presented in Table 1. 

The hypothermic group included in the study comprised 38 
men and 26 women, while the normothermic group comprised 34 

men and 28 women. The mean age, height, weight, and BSA were 
similar between the groups. The mean age in the hypothermic group 
was 60.76 ± 9.71 years, while in the normothermic group it was 
59.73 ± 11.29 years. Height and BSA values were similar in both 
groups, and no significant differences were found between the 
groups in terms of demographic characteristics. 

The clinical and biochemical data of the normothermic and 
hypothermic patients included in the study were evaluated at three 
time points (pre-bypass, post-bypass, and postoperative). The 
findings are presented to include the effect of time, differences 
between groups, and detailed comparisons of these differences. The 
mean ± SD values for the normothermic and hypothermic groups 
according to the Prebypass, Postbypass, and Postoperative time 
periods are given in Table 2. 

Table 1 above shows the mean±SD values for all clinical 
parameters in the normothermic and hypothermic groups across 
three time periods (Pre-bypass, Post-bypass, Postoperative) and the 
statistical results regarding the effect of time. 

According to the table, parameters showing significant changes 
over time in both groups include albumin, AST, CRP, calcium, 
glucose, sodium, lactate, and total bilirubin levels (p<0.05). 
Significant changes in some parameters were observed in only one 
group. For example, significant changes in ALT and pH levels were 
detected only in the hypothermic group, while changes in 
creatinine, potassium, and GGT levels were detected only in the 
normothermic group. In contrast, no significant change over time 
was observed in parameters such as systolic and diastolic blood 
pressure, HCT, PO₂, and direct bilirubin (p>0.05). 

In terms of the effect of time, a significant decrease in albumin 
levels (p<0.001) was observed in both groups, while significant 
increases in AST, ALT, and CRP levels (p<0.001) were detected in 
the postoperative period. Furthermore, sodium (Na) levels 
increased in both groups (p<0.001), while creatinine and lactate 
(LAC) levels rose significantly, particularly in the postoperative 
period (p<0.05). Time-dependent significant changes in PCO₂ and 
pH values were also observed in the hypothermic group (p<0.05).  

The pairwise comparisons of each parameter over time 
(Prebypass–Postbypass and Prebypass–Postoperative) in 
normothermic and hypothermic CPB patients are shown in Table 3. 

Table 3 shows the statistical significance levels for pairwise 
comparisons between the Pre-bypass-Post-bypass and Pre-bypass-
Postoperative periods for each parameter in patients undergoing 
normothermic and hypothermic cardiopulmonary bypass (CPB). 
Statistical analyses were supported by post hoc analyses following 
Repeated Measures ANOVA or Friedman tests. 

According to Table 3, there was a significant change effect 
between the preoperative and postoperative periods in each 
parameter within the Normothermic and Hypothermic groups. 
Significant changes were observed in the postoperative periods for 
both groups in parameters such as albumin, AST, CRP, glucose, and 
sodium (p<0.001).  

Demographic data of the study group 

Group Sex Age (Year) height (cm) weight (kg) BSA (m²) 

Hypothermic 
38 Male+ 

26 Female 
60.76 ± 9.71 164.33 ± 9.61 73.96 ± 13.71 1.83 ± 0.18 

Normothermic 
34 Male+ 

28 Female 
59.73 ± 11.29 164.8 ± 8.74 77.44 ± 15.92 1.87 ± 0.18 

BSA: body surface area 

Table 1 
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Mean ± SD values for the normothermic and hypothermic groups according to the pre-bypass, post-bypass and postoperative time periods. 

 

Parameter 
Normothermic Hypothermic Normothermic Hypothermic 

Pre-bypass Post-bypass Postoperative Pre-bypass Post-bypass Postoperative p p 

Systolic 63.45±7.24 63.15±5.83 64.57±7.45 62.19±7.94 63.25±6.28 63.56±6.83 p>0.05 p>0.05 
Diastolic 54.37±6.21 54.29±5.61 54.89±6.47 53.64±7.65 54.21±6.50 54.20±6.43 p>0.05 p>0.05 
Albumin 
(g/dl) 

38.74±7.46 29.51±5.89 32.63±4.33 37.18±6.43 30.19±5.90 32.45±4.33 *p<0.001 *p<0.001 

ALT (U/L) 25.92±23.92 25.83±19.95 39.28±51.76 26.12±32.88 26.05±17.26 38.46±47.77 p>0.05 *p=0.003 
AST (U/L) 35.08±34.58 42.21±18.21 85.85±142.10 43.75±94.62 48.67±40.51 81.96±115.10 *p<0.001 *p<0.001 
BE 0.32±2.70 0.48±2.43 0.07±2.26 0.46±2.55 0.28±2.36 -0.08±2.23 p>0.05 p>0.05 
CRP (mg/L) 22.68±44.64 32.10±61.70 104.98±64.92 33.03±53.54 38.68±57.61 120.35±88.37 *p<0.001 *p<0.001 
Ca (mg/dL) 8.98±0.68 8.26±0.63 8.01±0.55 9.58±5.98 8.93±5.76 10.97±24.25 *p<0.001 *p<0.001 
D.Bil. 
(mg/dL) 

0.54±2.87 0.28±0.48 0.50±0.64 0.56±2.87 0.26±0.25 0.56±0.71 p>0.05 *p<0.001 

GGT (U/L) 31.33±26.63 23.75±13.22 30.36±18.23 33.01±28.88 28.89±20.01 33.04±21.92 *p=0.033 p>0.05 
Glucose 
(mg/dL) 

151.73±45.53 169.27±47.90 189.09±44.79 145.47±36.41 170.15±39.30 190.33±39.62 *p=0.003 *p<0.001 

HCT (%) 23.04±3.63 23.49±3.27 22.97±3.08 21.85±3.09 22.32±2.68 22.24±2.81 p>0.05 p>0.05 
K (mEq/L) 4.39±0.44 4.58±0.48 4.33±0.50 4.54±0.52 4.55±0.64 4.46±0.67 *p=0.011 p>0.05 
Creatinine 
(mg/dL) 

0.91±0.27 0.99±0.37 1.52±2.83 1.35±1.64 1.19±1.08 1.40±1.19 *p=0.006 p>0.05 

Lactate 
(mmol/L) 

1.80±0.98 1.93±1.01 2.13±1.10 1.78±0.83 1.94±0.98 2.22±1.26 *p=0.013 *p=0.022 

Na 
(mmol/L) 

139.37±3.46 141.61±3.89 141.80±3.91 137.13±15.80 141.76±4.17 141.73±5.49 *p<0.001 *p<0.001 

PCO2 

(mmHg) 
37.99±5.10 38.17±4.29 37.52±4.04 35.85±4.13 36.87±2.69 37.99±3.26 p>0.05 *p<0.001 

PH 7.42±0.07 7.41±0.06 7.41±0.04 7.44±0.06 7.43±0.06 7.41±0.05 p>0.05 *p=0.005 
PO2 (mmHg) 301.93±71.51 286.63±59.40 303.19±67.84 302.71±62.95 283.73±38.78 301.99±61.23 p>0.05 p>0.05 
T.Bil. 
(mg/dL) 

0.63±0.37 0.91±0.79 1.16±1.29 0.64±0.56 0.86±0.60 1.16±1.07 *p=0.003 *p<0.001 

Üre (mg/dL) 37.55±11.07 41.91±16.22 46.09±19.20 47.76±27.68 46.44±23.57 48.05±23.94 *p=0.005 p>0.05 

ALT: alanine aminotransferase, AST: aspartate aminotransferase, BE: base excess. CRP: C-reactive protein, Ca: calcium, D.Bil.: direct bilirubin, GGT: gamma-

glutamyl transferase, HCT: Haematocrit, K: Potassium, Na: Sodium, PCO₂: Partial carbon dioxide pressure, pH: Power of Hydrogen, PO₂: Partial oxygen 

pressure, T.Bil.: Total bilirubin. 

 

  

Results of the Time Effect on Clinical Parameters 

 
 Normothermic Hypothermic 

Parameter Prebypass vs postbypass Prebypass vs 
postoperative 

Prebypass vs postbypass Prebypass vs postoperative 

Albumin (g/dl) * p < 0.001 * p < 0.001 * p < 0.001 * p < 0.001 

ALT (U/L) ✖ p = 0.7795 * p = 0.0039 ✖ p = 0.1064 * p = 0.0032 

AST (U/L) * p < 0.001 * p < 0.001 * p < 0.001 * p < 0.001 

CRP (mg/L) ✖ p = 0.9192 * p < 0.001 ✖ p = 0.3210 * p < 0.001 

Ca (mg/L) * p < 0.001 * p < 0.001 * p < 0.001 * p < 0.001 

D.Bilirubin (mg/L) ✖ p = 0.4143 * p < 0.001 ✖ p = 0.3253 * p < 0.001 

GGT (U/L) * p = 0.0328 ✖ p = 0.6572 ✖ p = 0.3708 ✖ p = 0.6410 

Glucose (mg/dL) * p = 0.0025 * p < 0.001 * p < 0.001 * p < 0.001 

K (mEq/L) * p = 0.0110 ✖ p = 0.2547 ✖ p = 0.9499 ✖ p = 0.1183 

Kreatinin (mg/L) ✖ p = 0.5741 * p = 0.0056 ✖ p = 0.7042 ✖ p = 0.2032 

Lactate (mmol/L) ✖ p = 0.2725 * p = 0.0128 ✖ p = 0.4227 * p = 0.0221 

Na (mmol/L) * p < 0.001 * p < 0.001 * p < 0.001 * p < 0.001 

PCO2 (mmHg) ✖ p = 0.8234 ✖ p = 0.5310 ✖ p = 0.0734 * p < 0.001 

PH ✖ p = 0.4065 ✖ p = 0.3512 ✖ p = 0.1603 * p = 0.0048 

T.Bilirubin (mg/L) * p = 0.0026 * p < 0.001 * p < 0.001 * p < 0.001 

Urea (mg/dL) ✖ p = 0.1796 * p = 0.0049 ✖ p = 0.7968 ✖ p = 0.6013 

ALT: alanine aminotransferase, AST: aspartate aminotransferase, CRP: C-reactive protein, Ca: calcium, D.Bil.: direct bilirubin, GGT: gamma-glutamyl 

transferase, K: Potassium, Na: Sodium, PCO₂: Partial carbon dioxide pressure, pH: Power of Hydrogen, T.Bil.: Total bilirubin. 

Table 2 

Table 3 
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Time-dependent changes in certain clinical and biochemical parameters in the normothermic and hypothermic groups 

However, a significant difference was only observed in 
parameters such as CRP and creatinine during the pre-bypass to 
post-operative transition. On the other hand, no significant change 
over time was detected in some parameters such as blood pressure, 
pO₂, BE, and HCT. Furthermore, some changes, such as pH and PCO₂, 
were only found to be significant in the hypothermic group. The 
time-dependent changes in some clinical and biochemical 
parameters in the normothermic and hypothermic groups are 
shown in Figure 1. 

Figure 1 shows how parameters exhibiting significant changes 
over time differ between the Normothermic and Hypothermic 
groups. In particular, a decrease in albumin and an increase in CRP 
and AST are noteworthy. Among the parameters that decreased 

over time, albumin and sodium (Na) 
levels stand out. In contrast, significant 
increases over time were observed in 
parameters such as AST, ALT, CRP, 
creatinine, lactate (LAC), and total 
bilirubin. 

The results of intergroup 
comparisons of clinical and 
biochemical parameters measured 
during the same time period (pre-
bypass, post-bypass, postoperative) in 
normothermic and hypothermic CPB 
are summarised in Table 4. 

No statistically significant 
difference was detected between the 
normothermic and hypothermic 
groups in most parameters (p>0.05). 
However, statistical significance was 
observed at certain time points for 
some parameters. Calcium (Ca) levels 
showed a significant difference 
between the two groups in the 
postoperative period (p=0.039). The 
haematocrit (HCT) level was found to 
be significantly different between the 
groups only in the post-bypass period 
(p=0.0452). The PCO₂ level showed 
significant differences between the 
groups in both the pre-bypass and 
post-bypass periods (p=0.0052 and 
p=0.035). No significant differences 
were found between the 
normothermic and hypothermic 
groups at any time point for all other 
parameters (e.g., albumin, AST, CRP, 
glucose, creatinine, lactate, PO₂, 
systolic and diastolic pressure). The 
results of multiple comparisons 

(Tukey HSD test) between the three time periods (Prebypass, 
Postbypass, Postop) for statistically significant parameters are 
shown in Table 5. 

Different capital letters within the same column (A–C) indicate 
a significant difference between time points within the group 
(Normothermic or Hypothermic); lowercase letters within the same 
row (a–b) indicate a difference between the two groups 
(Normothermic or Hypothermic) at the same time point (p < 0.05). 
Both the normothermic and hypothermic groups showed a 
significant postoperative decrease in albumin levels and increases 
in AST and ALT levels. CRP levels increased significantly over time 
in both groups. Parameters such as Na, Lactate, Creatinine, and T. 
Bilirubin also showed an increasing trend over time.

 
 

  

Time-Based Normothermic and Hypothermic Group Comparisons 

 

Parameter Pre-bypass Post-bypass Postoperative 

Ca (mg/dL) ✖ p = 0.2691 ✖ p = 0.6425 * p = 0.0390 

HCT (%) ✖ p = 0.0968 * p = 0.0452 ✖ p = 0.2165 

PCO2 (mm/hg) * p = 0.0052 * p = 0.0350 ✖ p = 0.7484 
Ca: calcium, HCT: Haematocrit, PCO2: Partial carbon dioxide. 

Figure 1 

Table 4 
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Post Hoc Analysis (Tukey HSD) for Parameters Showing Time Effect 

 

Parameter Time Normothermic Hypothermic 

Albumin (g/dl) 
Pre-bypass 38.74 ± 7.46C,a 37.18 ± 6.43C,a 
Post-bypass 29.51 ± 5.89A,a 30.19 ± 5.90A,a 
Postoperative 32.63 ± 4.33B,a 32.45 ± 4.33B,a 

ALT (U/L) 
Pre-bypass 25.92 ± 23.92B,a 26.12 ± 32.88B,a 
Post-bypass 25.83 ± 19.95A,a 26.05 ± 17.26A,a 
Postoperative 39.28 ± 51.76C,a 38.46 ± 47.77C,a 

AST (U/L) 
Pre-bypass 35.08 ± 34.58A,a 43.75 ± 94.62A,a 
Post-bypass 42.21 ± 18.21B,a 48.67 ± 40.51B,a 
Postoperative 85.85 ± 142.10C,a 81.96 ± 115.10C,a 

BE 
Pre-bypass 0.32 ± 2.70B,a 0.46 ± 2.55C,a 
Post-bypass 0.48 ± 2.43C,a 0.28 ± 2.36B,a 
Postoperative 0.07 ± 2.26A,a -0.08 ± 2.23A,a 

CRP (mg/L) 
Pre-bypass 22.68 ± 44.64A,a 33.03 ± 53.54A,a 
Post-bypass 32.10 ± 61.70B,a 38.68 ± 57.61B,a 
Postoperative 104.98 ± 64.92C,a 120.35 ± 88.37C,a 

Ca (mg/dL) 
Pre-bypass 8.98 ± 0.68C,a 9.58 ± 5.98B,a 
Post-bypass 8.26 ± 0.63B,a 8.93 ± 5.76A,a 
Postoperative 8.01 ± 0.55A,a 10.97 ± 24.25C,a 

D.Bilirubin (U/L) 
Pre-bypass 0.54 ± 2.87C,a 0.56 ± 2.87B,a 
Post-bypass 0.28 ± 0.48A,a 0.26 ± 0.25A,a 
Postoperative 0.50 ± 0.64B,a 0.56 ± 0.71C,a 

GGT (U/L) 
Pre-bypass 31.33 ± 26.63C,a 33.01 ± 28.88B,a 
Post-bypass 23.75 ± 13.22A,a 28.89 ± 20.01A,a 
Postoperative 30.36 ± 18.23B,a 33.04 ± 21.92C,a 

Glukose (mg/dL) 
Pre-bypass 151.73 ± 45.53A,a 145.47 ± 36.41A,a 
Post-bypass 169.27 ± 47.90B,a 170.15 ± 39.30B,a 
Postoperative 189.09 ± 44.79C,a 190.33 ± 39.62C,a 

K (mEq/L) 
Pre-bypass 4.39 ± 0.44B,a 4.54 ± 0.52B,a 
Post-bypass 4.58 ± 0.48C,a 4.55 ± 0.64C,a 
Postoperative 4.33 ± 0.50A,a 4.46 ± 0.67A,a 

Creatinine (mg/L) 
Prebypass 0.91 ± 0.27A,b 1.35 ± 1.64B,a 
Postbypass 0.99 ± 0.37B,a 1.19 ± 1.08A,a 
Postoperatif 1.52 ± 2.83C,a 1.40 ± 1.19C,a 

Lactate (mmol/L) 
Prebypass 1.80 ± 0.98A,a 1.78 ± 0.83A,a 
Postbypass 1.93 ± 1.01B,a 1.94 ± 0.98B,a 
Postoperatif 2.13 ± 1.10C,a 2.22 ± 1.26C,a 

Na (mmol/L) 
Prebypass 139.37 ± 3.46A,a 137.13 ± 15.80A,a 
Postbypass 141.61 ± 3.89B,a 141.76 ± 4.17C,a 
Postoperatif 141.80 ± 3.91C,a 141.73 ± 5.49B,a 

PCO2 (mmHg) 
Prebypass 37.99 ± 5.10B,a 35.85 ± 4.13A,b 
Postbypass 38.17 ± 4.29C,a 36.87 ± 2.69B,b 
Postoperatif 37.52 ± 4.04A,a 37.99 ± 3.26C,a 

PH 
Prebypass 7.42 ± 0.07C,a 7.44 ± 0.06C,a 
Postbypass 7.41 ± 0.06B,a 7.43 ± 0.06B,a 
Postoperatif 7.41 ± 0.04A,a 7.41 ± 0.05A,a 

PO2 (mmHg) 
Prebypass 301.93 ± 71.51B,a 302.71 ± 62.95C,a 
Postbypass 286.63 ± 59.40A,a 283.73 ± 38.78A,a 
Postoperatif 303.19 ± 67.84C,a 301.99 ± 61.23B,a 

T.Bilirubin (U/L) 
Prebypass 0.63 ± 0.37A,a 0.64 ± 0.56A,a 
Postbypass 0.91 ± 0.79B,a 0.86 ± 0.60B,a 
Postoperatif 1.16 ± 1.29C,a 1.16 ± 1.07C,a 

Urea (mg/dL) 
Prebypass 37.55 ± 11.07A,b 47.76 ± 27.68B,a 
Postbypass 41.91 ± 16.22B,a 46.44 ± 23.57A,a 
Postoperatif 46.09 ± 19.20C,a 48.05 ± 23.94C,a 

ALT: alanine aminotransferase, AST: aspartate aminotransferase, BE: base excess. CRP: C-reactive protein, Ca: calcium, D.Bil.: direct bilirubin, GGT: gamma-

glutamyl transferase, HCT: Haematocrit, K: Potassium, Na: Sodium, PCO₂: Partial carbon dioxide pressure, pH: Power of Hydrogen, PO₂: Partial oxygen 

pressure, T.Bil.: Total bilirubin. 

 
 

 
 

Table 5 
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BE fluctuated at different time points in both groups, but the 
values remained within normal limits. Statistically significant 
differences were found between the normothermic and 
hypothermic groups in creatinine and urea levels at certain time 
points. PCO₂ was lower in the hypothermic group during the post-
bypass period, while no significant difference was observed in the 
normothermic group. No significant differences were found 
between the two groups for most other parameters during the same 
time period. 

 
 

 

4. Discussion 

 
This study evaluated the effects of normothermic and 

hypothermic cardiopulmonary bypass (CPB) applications on key 
metabolic and haemodynamic parameters in patients undergoing 
coronary artery bypass grafting (CABG) surgery. The findings 
showed that both CPB applications caused statistically significant 
changes over time, particularly in albumin, ALT, AST, and CRP 
levels; however, no significant differences were detected between 
the groups at specific time points. These results suggest that 
normothermic and hypothermic perfusion strategies have similar 
effects on metabolic and inflammatory processes during the CPB 
process. 

A significant and consistent decrease in albumin levels was 
observed at all time points in both groups. This state of 
hypoalbuminaemia, frequently encountered during and after CPB, is 
thought to be related to increased capillary permeability, 
haemodilution, and systemic inflammatory response syndrome 
(SIRS) resulting from contact between blood and extracorporeal 
circuit surfaces. 9, 10, 11 Although hypoalbuminaemia can adversely 
affect oncotic pressure and tissue perfusion, the similar degree of 
decrease observed in both temperature groups indicates that 
perfusion temperature does not play a decisive role in this 
phenomenon. 

Significant increases in ALT and AST liver enzyme levels were 
also observed in the postoperative period, reflecting transient 
hepatic damage. This elevation in transaminases is thought to be 
associated with processes such as hepatic hypoperfusion, 
ischaemia-reperfusion injury, and haemolysis; these mechanisms 
are often exacerbated by the non-pulsatile flow applied during 
CPB.12 Although it has been suggested that hypothermia may 
alleviate ischaemic damage by reducing metabolic demands, our 
study found that it did not provide a significant advantage over 
normothermia in preventing increases in liver enzymes. This 
finding is consistent with previous studies reporting similar 
biochemical changes independent of thermal strategy.13, 14 Indeed, 
the similarity in the elevation of liver enzymes is consistent with 
findings in the literature that the thermal strategy during CPB does 
not significantly affect liver function tests.15 

Increases in lactate and creatinine levels are interpreted as 
indicators of hypoperfusion and renal dysfunction.16 In particular, a 
significant increase in lactate in the postoperative period may 
indicate that peripheral tissue perfusion was inadequate during the 
bypass procedure. At the same time, changes in electrolytes such as 
Na and K can be explained by both haemodilution and the effect of 
replacement fluids.17 

CRP, an acute phase reactant and marker of systemic 
inflammation, showed a marked increase in both groups after 
surgery. This finding is consistent with current knowledge 
regarding the activation of inflammatory cascades triggered by 
complement system activation, cytokine release, and leukocyte-
endothelial interactions during CPB.18 The absence of a significant 

difference between the normothermic and hypothermic groups 
supports the view that inflammation is primarily triggered by 
extracorporeal circulation itself rather than perfusion temperature. 
Similarly, it has previously been reported in neonatal and paediatric 
patient groups that normothermic and hypothermic CPB lead to 
largely similar effects in terms of inflammatory markers and clinical 
outcomes.19 Furthermore, it has been demonstrated that the release 
of systemic inflammatory mediators is unaffected by mild 
hypothermia (≈32°C) or normothermia (≈36°C) administered 
during CPB.20,21 

Hypothermia has traditionally been the preferred strategy due 
to its potential to preserve organ function by reducing cellular 
metabolism; however, increasing evidence in recent years has 
demonstrated that normothermic CPB is at least as safe and 
effective as hypothermia, particularly in adult cardiac surgery.4 The 
findings of our study are consistent with this literature, 
demonstrating that hypothermia does not provide a clinically 
significant advantage over normothermia in terms of inflammatory 
or metabolic outcomes. 

Although time-dependent changes were statistically significant, 
no significant differences were found between the normothermic 
and hypothermic groups in most parameters.7, 22 This indicates that 
the two different temperature strategies produced similar 
physiological responses in terms of metabolic and haemodynamic 
effects. However, the detection of limited but statistically significant 
differences between groups in certain parameters, such as PCO2 
and creatinine, may raise the possibility of individual patient 
variations or the influence of intraoperative factors. 

 
 

5. Conclusion 
 

In our study, although significant time-dependent changes 
were observed in the metabolic and haemodynamic parameters 
examined in cases undergoing hypothermic and normothermic CPB 
(e.g. decrease in albumin levels, increase in AST/ALT and CRP 
levels), these changes were found not to constitute a statistically 
significant difference between the two groups. The similar course of 
the measured parameters in both groups suggests that the effects of 
CPB, such as systemic inflammatory response and haemodilution, 
developed independently of the applied temperature management. 
In light of these findings, it is understood that the normothermic 
cardiopulmonary bypass method does not create a significant 
disadvantage compared to the hypothermic method in terms of 
metabolism and haemodynamics and can be applied as safely as the 
latter. In conclusion, our study demonstrated that hypothermic and 
normothermic CPB applications did not produce clinically 
significant differences in the metabolic and haemodynamic 
parameters evaluated. 
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