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Abstract

Aim: Postoperative atrial fibrillation (PoAF) is common after cardiac surgery and has been linked to adverse
outcomes. Temperature management during Cardiopulmonary bypass (CPB), particularly normothermia versus
hypothermia, remains controversial due to its potential impact on PoAF. This study aimed to compare the effects
of normothermic (35-37°C) and hypothermic (28-32°C) CPB on PoAF incidence in patients undergoing cardiac
surgery.

Methods: We retrospectively analyzed 50 consecutive adults undergoing CABG, valve surgery, or septal defect
repair with CPB. Patients were managed with either normothermic or hypothermic CPB. Continuous ECG
monitoring was performed for the first 48 h postoperatively, and PoAF was defined by absent P waves with
irregular ventricular rhythm, verified by specialists. Group comparisons used standard statistical tests, with
p<0.05 considered statistically significant.

Results: Overall POAF incidence was 36%. PoAF did not differ significantly between hypothermic and normothermic
CPB (p=0.267). Patients with PoAF had numerically higher mean intraoperative temperatures (34.63 'C vs. 33.38
°C; p=0.083) and longer CPB duration (114.33 vs. 98.30 min; p=0.090), although neither reached statistical
significance. POAF proportions were 41.66% after valve surgery, 35.71% after CABG, and 30.0% after septal defect
repair (p=0.922).

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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Postoperative atrial fibrillation (PoAF) is one of the most com-
mon complications after cardiac surgery, with an incidence ranging
between 15% and 60% depending on the procedure type. The high-
est rates are reported after valve surgery (37-60%), while PoAF oc-
curs in approximately 20-40% of patients undergoing coronary ar-
tery bypass grafting (CABG).12 PoAF is associated with adverse out-
comes such as prolonged hospitalization, thromboembolic events,
and increased morbidity and mortality.34

Cardiopulmonary bypass (CPB) plays a central role in modern
cardiac surgery, yet it induces systemic inflammation, ischemia-
reperfusion injury, and autonomic dysregulation, all of which con-
tribute to the development of PoAF.56 Multiple mechanisms—rang-
ing from inflammatory pathways to sympathetic activation and
electrolyte imbalance—are implicated in its pathogenesis.5

Temperature management during CPB has been widely debated.
Hypothermia (28-32 °C) is traditionally used to decrease oxygen
consumption and protect organs, but its effectiveness in preventing
PoAF remains uncertain.”-% Conversely, normothermia (35-37 °C)
has been increasingly adopted, with some studies suggesting bene-
fits in reducing inflammation and improving myocardial recov-
ery.1011 However, evidence remains conflicting, and the optimal
temperature strategy for minimizing PoAF is still controversial.

Therefore, this study aimed to compare the incidence of PoAF in
patients undergoing normothermic versus hypothermic CPB. By ad-
dressing this clinical question in a single-center retrospective co-
hort, we sought to contribute further evidence to the ongoing debate
regarding temperature management and its relationship with PoAF.
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This retrospective study included 50 consecutive adult patients
(=218 years) who underwent elective CABG, valve surgery, or septal
defect (ASD/VSD) repair with CPB at our institution. Patients were
divided into two groups according to intraoperative temperature
management: normothermic CPB (target 35-37 °C) and hypother-
mic CPB (target 28-32 °C). Eligible patients were identified from in-
stitutional surgical records. Demographic, operative, and postoper-
ative data were collected retrospectively from patient files and the
hospital electronic medical system. Ethics approval was obtained
from the Harran University Medical Faculty Ethics Committee (Doc-
ument Date and Number: 10.01.2023-196558, Approval Number:
HRU: 22.25.18). The requirement for individual informed consent
was waived because of the retrospective study design.

Patients were eligible if they were 218 years old, underwent
elective cardiac surgery requiring CPB (CABG, valve surgery, or sep-
tal defect repair), and had no documented history of preoperative
atrial fibrillation or other atrial arrhythmias.

Exclusion criteria were: preexisting atrial fibrillation or other
atrial arrhythmias, age <18 years, severe organ dysfunction (ad-
vanced renal or hepatic failure), presence of mechanical circulatory
support devices (extracorporeal membrane oxygenation, left ven-
tricular assist device, pacemaker, or implantable cardioverter defib-
rillator), emergency surgery, reoperation, and insufficient clinical
data.

All surgical procedures were performed by the same experi-
enced cardiac surgery team using standardized methods to ensure
consistency. After median sternotomy, systemic anticoagulation
was achieved with intravenous heparin at a dose of 300 IU/kg, and
activated clotting time (ACT) was maintained above 480 seconds
throughout CPB, in accordance with established guidelines.12.13 Aor-
tic and venous cannulation were performed, and cardiac arrest was
induced with antegrade cold blood cardioplegia (initial 10 mL/kg,
followed by 5 mL/kg every 20 minutes), consistent with current my-
ocardial protection protocols.1415

The CPB circuit included a hard-shell reservoir, a membrane ox-
ygenator, and an arterial line filter. Pump flow was maintained at
approximately 2.4 L/min/m?, ensuring adequate tissue perfusion as
recommended in contemporary perfusion practice.1617 Hematocrit
was kept above 25%, and mean arterial pressure between 50 and
70 mmHg.

In the normothermic group, core temperature was actively
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maintained at 35-37 °C using the integrated heater-cooler system
of the CPB machine, consistent with modern clinical practice?.19. In
the hypothermic group, target temperature was 28-32 °C, achieved
with controlled cooling through the same device, representing a
standard range for mild to moderate hypothermia.”18 Tempera-
tures were continuously monitored using the heat exchanger
probes of the heart-lung machine.

Other surgical techniques and perfusion parameters were iden-
tical between groups, with the only difference being the target tem-
perature strategy.

All patients were continuously monitored in the intensive care
unit (ICU) with ECG during the first 48 hours postoperatively, which
is the critical period for the development of PoAF. Daily 12-lead ECG
recordings were obtained throughout the postoperative hospital
stay. Additional 12-lead ECGs were performed if patients exhibited
symptoms such as palpitations, sweating, shortness of breath, or
chest pain. PoAF was defined as the absence of P waves before the
QRS complex and the presence of an irregular ventricular rhythm.5
All PoAF events were evaluated and verified by cardiovascular sur-
gery specialists and cardiologist.

All statistical analyses were performed using SPSS version 28.0
(IBM, USA). The Shapiro-Wilk test was used to evaluate the normal-
ity of continuous variables. Continuous variables were compared
between groups using the Student’s t-test, and categorical variables
were analyzed with the chi-square test. Results are presented as
mean * standard deviation (SD) or as frequencies and percentages,
as appropriate. A p-value <0.05 was considered statistically signifi-
cant. The sample size reflected the total number of eligible patients
during the study period; no a priori power analysis was performed
because of the retrospective design of the study.

Among the 50 patients who underwent cardiovascular surgery
with CPB, 28 (56%) had CABG, 12 (24%) had valve surgery, and 10
(20%) underwent septal defect (ASD/VSD) repair. The distribution
of continuous baseline and intraoperative variables by PoAF status
is summarized in Table I. Between-group comparisons using the
Student’s t-test showed no statistically significant differences for
age, height, weight, body surface area (BSA), intraoperative
temperature, pump flow, hematocrit (HCT), aortic cross-clamp
(ACLAMP) time, or total CPB duration (all p>0.05).

Comparison of continuous variables by category of the presence of PoAF

PoAF
With PoAF Without PoAF
Mean SD Mean SD t p-value
Age (year) 47.73 12.44 48.03 14.11 -70 0.472
Height (cm) 1.66 .07 1.68 .08 -532 0.299
Weight (kg) 71.43 12.11 73.58 14.53 -497 0.311
BSA (m?) 1.79 .19 1.81 .19 -.395 0.347
Temperature (°C) 34.63 2.25 33.38 3.08 1.411 0.083
Flow (mL) 4329.27 399.59 4373.13 457.29 -.318 0.376
HCT (%) 38.64 5.22 39.95 4.56 -821 0.209
ACLAMP (min) 73.13 30.44 68.70 28.35 491 0.313
Total CPB (min) 114.33 42.87 98.30 35.36 1.362 0.090

SD: standard deviation; t: Student’s t-test statistic.
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Relationship between PoAF and gender variables

Gender Total
Female Male X2 p-value
. n 7 9
DOAF With PoAF % 4375%  5625%  100.0%
Without PoAF n 13 21 0.224 0.435
% 38.24% 61.76% 100.0%
Total n 20 30
% 40% 60% 100.0%
x?: Chi-square test statistic
Relationship Between PoAF, CPB Temperature Management, and Type of Surgery
Hypothermic =~ Normothermic X2 p- CAD Valve Septal Defect X2 p-
CPB CPB value Disease (ASD-VSD) value
PoAF With n 6 10 10 5 3
PoAF % 37.5% 62.5% 3571%  41.66% 30%
Without n 18 16 0.873 0.267 18 7 7 0.487 0.922
PoAF % 52.95% 47.05% 64.29%  58.34% 70%
Total n 24 26 28 12 10
% 48.0% 52.0% 100.0%  100.0% 100.0%

% Chi-square test statistic

Patients who developed PoAF had numerically higher in-
traoperative temperature (34.63 + 2.25 °C vs. 33.38 + 3.08 °C;
p=0.083) and total CPB duration (114.33 * 42.87 vs. 98.30 * 35.36
minutes; p=0.090), and slightly longer ACLAMP time (73.13 + 30.44
vs. 68.70 * 28.35 minutes; p=0.313) compared with those without
PoAF. Conversely, age, height, weight, BSA, pump flow, and HCT
were marginally higher in patients without PoAF (all p>0.05). While
these differences did not reach statistical significance, the pattern
suggests a non-significant trend toward increased PoAF with higher
intraoperative temperature and longer CPB time.

As shown in Table II, PoAF occurred in 7 female (43.8%) and 9
male patients (56.3%). Although PoAF was numerically more fre-
quent in males, the difference between genders was not statistically
significant (x*=0.224, p=0.435).

The relationship between PoAF, CPB temperature manage-
ment, and surgery type is presented in Table IIIl. POAF was more
common in the normothermic group (62.5%) compared with the
hypothermic group (37.5%), but this difference did not reach statis-
tical significance (x*=0.873, p=0.267). When stratified by surgical
procedure, PoAF incidence was highest in valve surgery patients
(41.7%), followed by CABG (35.7%) and septal defect repair
(30.0%). These differences were also not statistically significant
(x*=0.487,p=0.922).

PoAF continues to be a major challenge after cardiac surgery be-
cause of its high incidence and association with adverse outcomes,
including prolonged hospitalization, thromboembolic events, and
increased morbidity and mortality.34 Despite extensive research,
the contribution of CPB to the pathogenesis of POAF remains incom-
pletely understood. CPB induces systemic inflammation, ischemia-

reperfusion injury, and autonomic imbalance, all of which may de-
stabilize atrial electrophysiology.121318 Temperature management
has been a particular focus of debate: hypothermia has traditionally
been employed to decrease metabolic demand and provide organ
protection, whereas normothermia has been associated with faster
recovery and reduced systemic inflammation. However, current ev-
idence remains inconsistent, and no clear consensus exists on
whether hypothermic or normothermic CPB offers an advantage in
reducing PoAF.7-11.18

In our study, the overall incidence of PoOAF was 36%, a frequency
consistent with previously reported ranges in patients undergoing
CABG, valve surgery, or septal defect repair.12 PoAF occurred more
frequently in the normothermic group (62.5%) than in the hypo-
thermic group (37.5%), although this difference was not statistically
significant (p=0.267). Patients who developed PoAF had numeri-
cally higher intraoperative temperatures (34.6 °C vs. 33.4 °C;
p=0.083), longer CPB times (114.3 vs. 98.3 minutes; p=0.090), and
slightly longer aortic cross-clamp durations, but again without sta-
tistical significance. PoAF incidence was also somewhat higher in
valve surgery compared with CABG and septal defect repair, and it
was slightly more common in men than in women, although neither
association reached statistical significance.

Advanced age is one of the most consistently reported risk fac-
tors for PoAF. Large cohort studies have shown that patients aged
over 70 have a markedly higher risk compared with those under
553. Todorov et al. further demonstrated that each decade increase
in age significantly raises PoAF risk (OR=1.448, p<0.0001).19 In our
cohort, patients who developed PoAF were on average younger than
those without, yet the difference did not reach statistical signifi-
cance (p=0.472). This discrepancy may reflect the relatively small
sample size and the younger overall age profile of our cohort, which
may have limited the ability to demonstrate an age-related effect.
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The role of gender in PoAF remains controversial. Filardo et al.
reported higher rates of PoAF in men (32.8%) compared with
women (27.4%) after CABG, but also noted that other studies, in-
cluding their own, did not confirm significant outcome differences.20
In our cohort, PoAF was observed more often in men (56.3%) than
in women (43.8%), but this difference was not statistically signifi-
cant (p=0.435). These results suggest a possible directional effect of
male sex on PoAF risk, though our dataset lacked sufficient statisti-
cal power to confirm significance.

The type of surgical procedure is widely recognized as a deter-
minant of PoAF risk. Valve surgeries, especially mitral valve inter-
ventions, are associated with higher incidence compared with CABG
or septal defect repair.21.22 Qur results showed a similar trend, with
PoAF being most frequent in valve surgery patients (41.7%), fol-
lowed by CABG (35.7%) and septal defect repair (30%). These vari-
ations did not achieve statistical significance (p=0.922), which is
likely attributable to the limited sample size.

Longer CPB and aortic cross-clamp times have been linked to
higher PoAF rates in several reports. Ming Ann Sim et al. found a
correlation between prolonged CPB and PoAF,23 and Dave et al. re-
ported that CPB durations exceeding 100 minutes were associated
with a 60% incidence of PoAF.24 Conversely, other studies did not
confirm this relationship.25 In our study, CPB and cross-clamp times
were longer in patients with PoAF, but these differences were not
statistically significant (CPB duration p=0.090). This finding reflects
the mixed evidence in the literature and suggests that while pro-
longed perfusion may contribute to arrhythmogenesis, its effect
may be modified by patient characteristics and perioperative condi-
tions.

Temperature management has been a central focus of PoAF re-
search, yet remains controversial. Some investigators have sug-
gested that hypothermia reduces PoAF incidence by protecting
against atrial ischemia,!® while others argue that normothermia
supports myocardial recovery and reduces systemic inflamma-
tion.10 Our findings showed fewer cases of PoAF in the hypothermic
group compared with the normothermic group, but this difference
was not statistically significant (p=0.267). These results are con-
sistent with prior studies: Ho etal. reported no significant difference
in PoAF between the two strategies,26 and Yuksel et al. found that
normothermia improved myocardial protection without signifi-
cantly affecting arrhythmia rates.11

The pathophysiology of PoAF during CPB is multifactorial. Sys-
temic inflammation, ischemia-reperfusion injury, and complement
activation triggered by blood exposure to nonendothelial surfaces
are key mechanisms.2? These processes likely contributed to the rel-
atively high PoAF incidence (36%) in our study. While temperature
strategy may influence these pathways, our results suggest that pa-
tient-specific factors and surgical complexity play a more decisive
role in the development of PoAF.

This study has several limitations. First, it was conducted as a
single-center retrospective analysis with a relatively small sample
size, which limits the statistical power and the generalizability of the
findings. Second, ECG monitoring was performed intensively during
the first 48 hours postoperatively and supplemented by daily re-
cordings, but late-onset PoAF episodes beyond the early postopera-
tive period may have been underdetected. Third, only basic demo-
graphic and intraoperative variables were evaluated; inflammatory
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biomarkers and other mechanistic parameters that could influence
PoAF risk were not assessed. Finally, intraoperative temperature
values were obtained from heart-lung machine sensors, which may
differ slightly from core body temperature. These factors should be
taken into account when interpreting the results.

In this retrospective study, PoAF occurred in 36% of patients
undergoing cardiac surgery with CPB. Although PoAF was more fre-
quent in the normothermic group compared with the hypothermic
group, the difference was not statistically significant. Patients who
developed PoAF also tended to have higher intraoperative temper-
atures and longer CPB and cross-clamp durations, yet these associ-
ations did not achieve statistical confirmation. Taken together, our
findings suggest that temperature management may influence PoAF
risk directionally but is unlikely to act as an independent determi-
nant. Patient-specific factors and procedural complexity probably
play a greater role, and larger prospective studies are warranted to
better define the contribution of temperature strategy to PoAF pre-
vention.
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