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ABSTRACT 
Objectives: Coronary artery bypass graft (CABG) surgery operations accompanied by cardiopulmonary bypass 
(CPB) are the most prominent treatment options. One of the basic application principles of the CPB system is 
the protection of vital organs by reducing metabolic rate and oxygen consumption with hypothermia. In this 
study, we aimed to investigate the effects of normothermia and hypothermia applications on clinical outcomes 
in CABG operations performed with CPB. 
Methods: This single-center study was planned retrospectively. Patients who underwent isolated CABG op-
eration with CPB at Şanlıurfa Mehmet Akif İnan Training and Research Hospital between January 01, 2020, 
and January 01, 2022, were included. A total of 120 patients, 60 of whom underwent hypothermic and 60 nor-
mothermic cardiac bypass, were included in the study after applying the exclusion criteria.  
Results: There was no difference between the groups in terms of age, gender, diabetes mellitus, hypertension, 
left ventricular ejection fraction, and body surface area characteristics (P>0.05). In the normothermia group, 
urea, creatinine, direct bilirubin, and lactate levels were significantly higher in the first postoperative day blood 
values (P=0.003, P=0.04, P=0.028, P=0.005, and P<0.001, respectively). Positive inotropic agent requirement 
and defibrillation requirement after cross-clamping were significantly higher in the hypothermia group (P=0.006 
and P=0.027, respectively). 
Conclusions: In CABB operations performed with CPB, normothermia and hypothermia applications may 
have beneficial effects on different clinical situations. 
Keywords: Cardiopulmonary bypass, coronary artery bypass grafting, normothermia, hypothermia, postop-
erative term 
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 Coronary artery disease (CAD) is the most com-

mon form of cardiovascular disease associated 
with high mortality and morbidity worldwide. 

Coronary artery bypass graft (CABG) surgery opera-
tions accompanied by cardiopulmonary bypass (CPB) 

are the most prominent treatment options [1]. Cardiac 
surgery performed with CPB aims to have a bloodless 
and immobile surgical field. For this purpose, the 
functions of the heart and lungs are disabled, and the 
CPB system takes over these tasks. One of the basic 
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application principles of this system is the protection 
of vital organs by reducing metabolic rate and oxygen 
consumption with hypothermia [2-4].  
      The principle of protection of other organs, espe-
cially the brain, by hypothermia is based on the Arrhe-
nius equation. According to this equation, the reaction 
rate of chemicals is related to heat. The mechanism is 
the protection of cellular pH and adenosine triphos-
phate, delaying the pathological process following is-
chemia. [3-5] Thus, the metabolic needs of the body, 
especially critical organs such as the brain, kidney and 
heart, will be reduced. In addition, the risk of organ 
damage will decrease in cases where mean arterial 
pressure and perfusion are low [6-8].  
      Another method that can be applied in addition to 
hypothermia-based application is normothermic CPB. 
The main element of this method is that the patient's 
body temperature is kept within the normal tempera-
ture range during cardiac surgery and no intervention 
is made. It is stated that normothermic CPB reduces 
blood loss and decreases systemic vascular resistance, 
but causes cerebral venous oxygen desaturation in the 
first moments of perfusion [3, 8-10].  
      In this study, we aimed to investigate the effects of 
normothermia and hypothermia applications on clinical 
outcomes in CABG operations performed with CPB. 
 
 
METHODS 
 
This study was approved with the protocol dated 
31/10/2022 and numbered HRÜ/22.21.05 of the Har-
ran University Clinical Research Ethics Committee. 
In this study, which was planned retrospectively as a 
single center, patients between the ages of 20-85 who 
underwent isolated CABG operation with CPB at Şan-
lıurfa Mehmet Akif İnan Training and Research Hos-
pital between January 01, 2020, and January 01, 2022, 
were included in the study. The patients who had un-
dergone redo cardiac operations, emergency cases, 
those with a known history of lung disease, those with 
chronic renal failure, and those with a history of pneu-
monia were excluded from the study.  A total of 120 
patients, 60 of whom underwent hypothermic and 60 
normothermic cardiac bypass, were included in the 
study after applying the exclusion criteria. Of the pa-
tients included in the study, those who underwent nor-
mothermic (36-37 oC) CPB were determined as Group 

1, and those who underwent hypothermic (32 oC) 
CPB were determined as Group 2. Preoperative, intra-
operative and postoperative data of the patients were 
obtained retrospectively from hospital records and pa-
tient files. Normothermic CPB is applied less fre-
quently in our clinic. Therefore, when determining the 
sample size, when 60 patients were reached in the nor-
mothermic group, 60 patients were randomly selected 
from the hypothermia group within the same period 
using a computer program.  
 
Collection of Research Data  
      Demographic data, identity information, age, gen-
der, and smoking were determined and recorded. Their 
medical histories were analyzed in detail. The presence 
of hypertension, diabetes, and chronic obstructive pul-
monary disease were recorded. In the study, the indi-
vidual characteristics of the participants were height, 
weight, body surface area (BSA = Body surface area; 
surgical characteristics were perfusion flow rate (flow) 
(L/m2/min), aortic cross-clamp time, total perfusion 
time and coronary graft number; preoperatively and 
postoperatively on the 1st day. Among the biochemical 
data examined are glucose, urea, creatine, albumin, ala-
nine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), total bilirubin, direct bilirubin, C-reactive 
protein (CRP); from electrolytes; sodium, potassium, 
calcium values and blood gas values. Lactate data and 
postoperative intra-aortic balloon pump (IABP) re-
quirement, intraoperative+postoperative erythrocyte 
suspension (ES) transfusion, post-cross clamp defibril-
lation requirement, postoperative drainage amount, 
postoperative positive inotrope requirement, extubation 
duration, intensive care unit (ICU) length of stay data 
regarding duration of hospital stay were recorded. 
 
Cardiopulmonary Bypass Method 
      The blood flow rates (Flow) of the patients in-
cluded in this study during CPB were determined ac-
cording to their body surface area (2.4 L/m2/min). The 
tubing set venous line diameter was used as 1/2-inch, 
and arterial line diameter was used as 3/8-inch. Arte-
rial line pressures were kept between 150-180 mmHg 
on average during CPB. Active clotting time (ACT) 
was kept at 480 seconds and above by providing anti-
coagulation. 1200 mL balanced solution (Isolayte), 
150 ml 20% mannitol, 5000 units heparin, and 2 g ce-
fazolin were used as the primary solution. Normoth-
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ermic blood cardioplegia solution was used in Group 
1 and hypothermic blood cardioplegia solution was 
used in Group 2. Group 1 received normothermic (36-
37 oC) CPB, and Group 2 received hypothermic (32 
oC) CPB. 
 
Statistical Analysis  
      Statistical evaluation was performed using the 
SPSS® 16.0 computer program. Means and standard 
deviations were calculated for continuous and ordinal 
data. Kolmogorov Smirnov test and Shapiro-Wilk test 
were used to evaluate normality distribution. Student 

t-test and Mann-Whitney U tests were used to evaluate 
normal and non-normally distributed numerical data, 
respectively. Frequency and percentage analyses were 
performed for nominal data and the Chi-square test 
was used for comparison. P values less than 0.05 were 
considered statistically significant. 
 
 
RESULTS 
 
Demographic characteristics and preoperative blood 
values of the patients included in the study are given 
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in Table 1. There was no difference between the 
groups in terms of age, gender, diabetes mellitus, hy-
pertension, LVEF, and body surface area characteris-
tics. In addition, the preoperative blood values of the 
study groups were similar (P>0.05).  
      Operative data such as flow, cross-clamp time, 
total perfusion time, and number of coronary bypasses 
were similar between the groups. In the normothermia 
group, urea, creatinine, ALT, direct bilirubin and lactate 
levels were significantly higher in the first postopera-
tive day blood values (P=0.003, P=0.04, P=0.028, 
P=0.005, and P<0.001, respectively) (Table 2). 
      Perioperative clinical characteristics of the patient 
groups are given in Table 3. There was no statistically 
significant difference between the groups in terms of 
IABP requirement rates, red blood cell suspension re-
quirement, postoperative drainage, extubation time, 

ICU stay, and total hospital stay. Positive inotropic 
agent requirement and defibrillation requirement after 
cross-clamping were significantly higher in the hy-
pothermia group (P=0.006 and P=0.027, respectively). 
 
 
DISCUSSION 
 
In CABG operations performed with cardiopulmonary 
bypass (CPB), intraoperative hypothermia is an inte-
gral part of CPB. Among the findings of this study, we 
found that intraoperative hypothermia has some ad-
vantages on postoperative clinical outcomes compared 
to intraoperative normothermia. We found that urea, 
creatinine, direct bilirubin and lactate levels were sig-
nificantly lower in the hypothermia group. Also we 
showed that inotropic requirement and defibrillation 

292      The European Research Journal   Volume 11   Issue 2   March 2025

"#$%&!U(!I+*.#-03+4!+8!+.&-#206&!6#-0#$%&3!#45!.+32+.&-#206&!80-32V5#A!$%++5!6#%7&3!+8!2/&!.#20&423!
!"#$"%&'() *+#,+-.'#,$")

/01234)
567+-.'#,$")
/01234)

8)9"&:')

;&:<+(')/,=>?@4) !"#$%&'()$*#+ !(&$%!'("$*,+ *$%((+

A#'")/,=>?@4) ))$,,'!-$%-+ %)$)%'"$(%+ 3B33C)
D#'"-$0$0')/,=>?@4) !$#,'!$)&+ *$"*'*$)!+ 3B3E3)
F&%:,$0)/=>@4) %%$"!',$*)+ %($-"'($-!+ *$(*,+

F@G)/HA>@4) #)$%-'!%$!,+ #%$!"'!&$(&+ 3B3IJ)
FKG)/HA>@4) (!$-#'%&$#!+ %"$-*')&$!%+ *$&-%+

G+-"&)L$&$#:%$0)/,=>?@4) !$!('!$*,+ *$")'*$&,+ *$*,,+

M$#'N-)L$&$#:%$0)/,=>?@4) *$(,'*$,!+ *$%*'*$(!+ 3B33O)
K+?$:,)/,PQ>@4) !)*$**'%$)!+ !%"$%&'#$""+ *$#*-+

8+-"(($:,)/,PQ>@4) )$%-'*$)(+ )$)"'*$%&+ *$%!-+

D"&<$:,)/,=>?@4) &$%!'*$&!+ &$%-'*$-%+ *$(#-+

DR8)/,=>@4) ,"$!-',($))+ ))$")'),$#*+ *$%,#+

@"<-"-')/,,+&>@4) !$&,'!$)*+ !$%"'*$(!+ S3B33T)
U&+V)/@>,$04) )$(('*$%"+ )$)-'*$)!+ *$&&!)
WXD&",7)-$,')/,$0:-'(4) &)$%,'%!$--+ &($*!'%#$)!+ *$&(#)
G+-"&)7'#Y:($+0)-$,')/,$0:-'(4) !!!$(%'%%$"%+ !*"$"&'%($)!+ *$,#!)
DFL;Z)0)/[4) K$0=H') #+.%$%/+ !+.!$-/+ *$#)"+

) M+:%&') !"+.%!$-/+ !-+.#&$%/+ +

) G#$7&') #*+.%%$%/+ #(+.)!$-/+ +

) \:"-#:7&') !"+.%!$-/+ !-+.#&$%/+ +

!"#"$ "%&$ '()*$ "'$ +&",!'#",-"%-$ -&./"#/),$ )%$ ,$ 0123$E?F7"<",/,&$ "+/,)#%",'C&%"'&>$EGF7"';"%#"#&$ "+/,)#%",'C&%"'&>$
4H674$%&"8#/.&$;%)#&/,>$4EIJ78)%),"%=$"%#&%=$9=;"''$K%"C#$



Eur Res J. 2025;11(2):289-295 Amaç et al

rate were lower after cross-clamping in the normoth-
ermia group.  
      Among the advantages of intraoperative normoth-
ermia is the significantly lower need for defibrillation. 
However, when evaluated with a holistic approach, we 
think that this advantage of normothermia compared 
to hypothermia should be evaluated in a different cat-
egory. For this reason, the reversibility principle of 
cardioplegia solutions used for myocardial protection 
and arrest in cardiac surgery and the selection of ap-
propriate cardioplegia solutions can be considered as 
a solution at this point. In a study conducted by Cakir 
et al. [11] on this subject, it was stated that in patients 
who underwent isolated CABG with CPB, myocardial 
damage was less in normothermic (above 34oC) car-
dioplegia than in deep hypothermic (18-28oC) cardio-
plegia. In other words, it may be more useful to prefer 
mild hypothermic or normothermic cardioplegia solu-
tions for myocardial protection, regardless of CPB 
temperature, or to evaluate myocardial protection tem-
perature separately.  
      Kaplan et al. [12] investigated patients who un-
derwent surgery under normothermia and hypothermia 
(intraoperative body temperature <34°C- ≥28°C) in 
terms of postoperative differences. In their study, they 
found that aortic cross-clamping time, CPB time, 
awakening and extubation times, ICU and hospital 
stay, drainage, mean serum lactate levels, arrhythmia 
rates, infection status, renal failure, neurological com-
plications, myocardial infarction, inotrope, transfusion 
requirements, and mortality rates were similar be-

tween groups and stated that cardiac surgery could be 
performed safely at the patient's temperature without 
active cooling [12]. Ziyaeifard et al. [13] compared 
the effects of hypothermia and normothermia on cog-
nitive functions after CABG surgery in their study. As 
a result of the study, it was found that cognitive im-
pairment was lower in patients who underwent nor-
mothermic CPB during hospitalization after CABG 
surgery compared to those who underwent hypothermic 
CPB [13]. In cases of atrioventricular (AV) septal defect 
repair, Amer et al. [14] compared normothermic and 
mild hypothermic (32°C- 35°C) CPB. In their study, 
they reported higher liver enzymes, more inotropic sup-
port, and longer intubation time in the mild hypothermic 
group in the postoperative period. As a result, they con-
cluded that normothermia during CPB provides better 
global tissue perfusion than hypothermia in elective sur-
geries for the repair of AV defects [14]. 
      Bianco et al. [15] compared normothermia versus 
mild hypothermia (32°C-35°C) in patients undergoing 
cardiac surgery. They reported that postoperative renal 
failure and ICU stay were higher in patients who re-
ceived mild hypothermia during CPB, but there was 
no difference in long-term survival between the two 
groups [15]. Boodhwani et al. [16] reported that re-
warming had negative effects on renal function in pa-
tients who received mild hypothermia after CABG and 
that this should be avoided. In contrast, our study 
showed that there were negative results in renal pa-
rameters in the normothermic group compared to hy-
pothermia. We believe that these differences may be 
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due to rapid rewarming or the time interval during re-
warming and the sudden increase in temperature.  
      In the study by Yuksel et al. [17], normothermic 
and mild hypothermic CPB were compared in myocar-
dial revascularization in patients with left ventricular 
dysfunction. In their study, they evaluated patients 
who underwent surgery under mild hypothermia 
(32ºC) and normothermia (≥35ºC) in terms of defib-
rillation rates, other morbidity problems and mortality. 
As a result of their study, they stated that normother-
mia provided less defibrillation requirement after aor-
tic cross-clamping in patients with left ventricular 
dysfunction, which could be interpreted as better my-
ocardial protection. However, they also showed that 
normothermia did not have an advantageous effect on 
postoperative stroke, postoperative atrial fibrillation, 
renal failure, and mortality [17]. In parallel with this 
study, the need for defibrillation was less in the nor-
mothermia group in our study.  
      In a study, it was determined that cardiac index, 
systemic oxygen delivery, and consumption, duration 
of respiratory support, ICU, and hospital stay were 
similar in the postoperative period after normothermic 
and hypothermic CPB in patients undergoing com-
bined valve surgery [18]. It has also been stated that 
hypothermic and normothermic CPB show similar 
clinical results in congenital and pediatric patients 
other than adult cardiac surgery [19]. In our study, the 
duration of respiratory support, ICU, and hospital stay 
were similar.  
      Regarding the stages of hypothermia, it is stated 
that mild hypothermia is more advantageous during 
CPB. It is stated that mild hypothermic CPB temper-
ature provides better clinical results in terms of less 
inotropic support, less blood loss, less blood transfu-
sion, better platelet count, shorter hospital stay, and 
less ventilation support compared to other hypother-
mic temperatures [2]. It is stated that moderate hy-
pothermia (24°C) provides better protection of the 
intestinal barrier compared to deep hypothermia 
(18°C) during total circulatory arrest [20]. When the 
studies in the literature are examined, it is seen that 
normothermic and hypothermic CPB applications 
have different advantages over each other. In our 
study, we also concluded that the two methods have 
different advantages.  

Limitations 
      The limitations of this study include the small num-
ber of cases undergoing normothermic cardiac bypass 
in the center where the study was conducted. In addi-
tion, the fact that only postoperative day 1 biochemical 
and blood gas parameters were taken into account in the 
evaluation is among the other limitations of the study. 
We believe that conducting similar studies in multicen-
ters, with more patients and patient groups that have un-
dergone different cardiac surgical operations will yield 
more comprehensive and general results. 
 
 
CONCLUSION 
 
In CABG surgery performed with CPB, the advan-
tages of intraoperative hypothermia compared to in-
traoperative normothermia on the outcome are 
significantly lower levels of urea, creatinine, direct 
bilirubin, and lactate. The advantages of intraoperative 
normothermia are less defibrillation and inotropic re-
quirements. 
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