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Predictors of Postoperative Atrial Fibrillation

after On-Pump Coronary Artery Bypass
Grafting: Is Duration of Mechanical
Ventilation Time a Risk Factor?

Nevzat Erdil, MD,! Ender Gedik, MD,? Koksal Donmez, MD,!
Feray Erdil, MD,? Mustafa Aldemir, MD,3 Bektas Battaloglu, MD,!
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Purpose: This study aimed to establish the role of risk factors in the etiology of postoperative
atrial fibrillation (AF) after coronary artery bypass grafting (CABG).

Methods: Between September 2001 and March 2008, 1040 patients underwent isolated
CABG at our clinic. Nine hundred and eleven of these patients did not have any AF
(Non-AF Group) and the other one hundred and twenty-nine had AF (AF Group). A ret-
rospective study was performed for patient, disease and treatment related factors and
multivariate analysis was used to identify independent clinical predictors of postoperative
AF.

Results: Postoperative AF was identified in 129 (12.4%) of the patients, and those were
significantly older and had significantly higher additive EuroSCORE score as compared
with patients without AF. During the postoperative course, patients with postoperative AF
also had significantly higher and prolonged (=6 hours) mechanical ventilation time, lon-
ger and prolonged intensive care unit stay and longer hospital stay. Logistic regression
analysis revealed that postoperative AF development ratio was 1.690 times higher when
the ventilation time was over 6 hours (OR 1.690, 95% CI 1.092-2.615, p = 0.018); 1.240
times higher in the presence of elevated additive EuroSCORE score (OR 1.240, 95% CI
1.109-1.385, p = 0.0001); 1.052 times higher in the presence of advanced age (OR 1.052,
95% CI1.031-1.0741, p = 0.0001).

Conclusion: Analysis of our data reveals that, patient’s age, additive EuroSCORE score,
and prolonged ventilation are predictors of postoperative AF. Identification of risk factors
might lead to better prevention of this problem and its potential consequences. However,
to support our investigation and obtain more reliable evidence, prospective randomized
controlled trials are needed.
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Introduction

Atrial fibrillation (AF) is the most common compli-
cation which affects approximately 10% to 65% of the
patients undergoing coronary artery bypass graft sur-
gery (CABG).D The presence of AF following CABG is
associated with a two-fold increase in cardiovascular
morbidity and mortality.? There is a higher occurrence
of heart failure and stroke, both related to longer hospital
stay, and consequently, with very high surgery costs.?

The underlying mechanisms that lead to onset and
persistence of arrhythmia have been difficult to elucidate.
Recent studies suggest that a multifactorial mechanism
1s involved which includes oxidative stress, inflammation,
atrial fibrosis, excessive production of cathecolamines,
changes in autonomic tonus and in the expression of
connexins that lead to the formation of a pro-arrhythmic
substrate.®

Some risk factors are related to an increase in the
occurrence of postoperative AF, such as old age, gender,
obesity, systemic arterial hypertension, diabetes mellitus,
chronic obstructive pulmonary disease, history of
paroxistic AF, previous myocardial infarction, left ven-
tricular dysfunction, discontinuation of beta adrenergic
drugs prior to surgery, aortic cross-clamp time, use of
extracorporeal circulation, postoperative ischemia and
use of vasoactive amines.>®

A clinically useful prediction model for postoperative
AF in CABG patients is still lacking. The prediction
of AF may reduce postoperative complications and
hospitalization time. In this study, we aimed to identify
predictors of postoperative AF through preoperative and
surgical variables. We further wanted to evaluate the pre-
dictive quality of the final model by multivariate analysis.

Materials and Methods

Study design

A retrospective study was performed on 1040 consec-
utive patients who underwent isolated CABG surgery at
our institution between September 2001 and March 2008
in our clinic. Of these patients, 911 did not present AF
postoperatively (Non-AF Group), whereas 129 did (AF
Group). The exclusion criteria were previous atrial
arrhythmia, need for additional procedures, emergency
operation, left ventricle dysfunction, renal dysfunction,
chronic obstructive pulmonary disease, re-operation and
beating heart surgery.
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Outcome parameters

A retrospective study was performed for relevant pre-
operative, intraoperative and postoperative data of the
study group. The specific pre- and intraoperative data
obtained for each case were age and gender; history of
hypertension, diabetes, smoking, obesity, hyperlipid-
emia, body surface area and body mass index, family
history of coronary artery disease, previous cerebrovas-
cular accident or myocardial infarction (MI), presence of
unstable angina, prior percutaneous transluminal coro-
nary angioplasty, presence of carotid artery disease,
presence of peripheral artery disease, left ventricular
ejection fraction, presence of left main coronary artery
disease, additive EuroSCORE (European System for
Cardiac Operative Risk Evaluation) score and extent of
coronary disease. The postoperative data collected were
number of grafts per operation and graft types used (i.e.,
left internal mammary artery, radial artery or saphenous
vein grafts), cardiopulmonary bypass time and aortic
cross-clamp time, mechanical ventilation time, need for
inotropic or intraaortic balloon pump support, periopera-
tive MI (immediate postoperative period), infective,
pulmonary, neurologic, or gastrointestinal complications,
renal dysfunction, sternal dehiscence, re-exploration for
bleeding or cardiac tamponade, prolonged ventilation
time, length of stay in the intensive care unit (ICU), over-
all hospital stay, and hospital mortality (defined as death in
the first 30 days after CABG). As noted, we also applied
the additive EuroSCORE risk stratification model, which
is widely used in cardiac surgery.”

Surgical management and postoperative care

In each case, the patient was placed under general
anaesthesia and conventional median sternotomy was
performed. All patients underwent on-pump CABG, and
cardiopulmonary bypass was established by cannulating
the ascending aorta and right atrium. Anticoagulation
was achieved with heparin (3 mg/kg) such that activated
clotting time was maintained at longer than 450 seconds
and a roller pump and non-pulsatile flow (2.4 L/m?/min)
were used. The body was cooled to a core temperature of
32°C to 34°C when distal anastomosis was being per-
formed, and was warmed to 36°C before weaning from
cardiopulmonary bypass. Cold blood cardioplegia was
delivered via antegrade and retrograde routes intermit-
tently throughout the procedure. A final dose of
“hot-shot” cardioplegia was administered just before the
aorta was unclamped. An epicardial temporary pace-
maker lead (FLEXON 3-0 temporary cardiac pacing
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lead, Syneture, Covidien, Mansfield, Massachusetts,
USA) was placed on right ventricle. None of our patients
required pacing. All patients received B-blocker (metop-
rolol, nebivolol) pre and postoperatively until discharge.
Metoprolol 50 mg twice a day was administered preoper-
atively to all patients and dosage was adjusted according
to hemodynamic responses of patients. If radial artery
graft was chosen, postoperative calcium channel block-
ers (diltiazem or nifedipine) were the drugs of choice.
Nebivolol was preferred as an additional drug when nifed-
ipine was used. All patients received once-daily subcuta-
neous low-molecular-weight heparin postoperatively until
discharge. As a routine protocol, all postoperative patients
received atorvastatin, acetylsalisilic acid and nitrate. angio-
tension receptor blockers were chosen for hypertensive
patients if additional antihypertensive therapy is required.
Criteria for extubation included an alert and hemodynam-
ically stable patient with no excessive bleeding, ability
of the patient to breathe through a T-tube for at least
30 minutes with a fraction of inspired oxygen of less
than 0.40, a respiratory rate less than 25 breaths/min, an
arterial blood PO, greater than 70 mmHg, a PCO, less
than 40 mmHg, and a pH greater than 7.35, with no met-
abolic acidosis. Other criteria were a tidal volume of
6 mL/kg, a peak negative inspiratory pressure of less than
20 cmH,0O, and a mandatory chest radiograph before
extubation to rule out pneumothorax, pleural effusion,
and atelectasis. All postoperative patients are adminis-
tered to ICU unit. Continuous electrocardiogram (ECG)
monitoring is used for assessing cardiac rhythm and
ECG changes for at least 48 hours. After discharge from
the ICU, each individual was evaluated for radial pulse
rate at least 4 times daily and for symptoms that suggest
arrhythmia at each pulse check by residents and nurses,
and the data were recorded. A 12-lead ECG was obtained
immediately after each operation, on postoperative days
1, 2, and 4, and just before hospital discharge. A 12-lead
ECGtracewasalsorecordedimmediatelyifapatientshowed
clinical signs of arrhythmia. All postoperative AF epi-
sodes required appropriate anti-arrhythmic treatment for
their termination. To prevent stroke, any patient who
developed AF was treated with standard heparin via
intravenous injection instead of the low-molecular-weight
heparin.

Definitions

AF was diagnosed if 12-lead ECG showed rapid oscil-
lations or fibrillatory P waves that vary in size, shape, and
timing, associated with irregular QRS complexes. For
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this study, postoperative AF was defined as AF of any
duration in the postoperative period, with AF diagnosis
based on physician assessment and 12-lead ECG find-
ings. Patients who developed AF were treated with a
standard protocol of anticoagulation and amiodarone.
None of the 129 patients who developed AF required
electrical cardioversion. All of these individuals were
discharged home after conversion to sinus rhythm. A
patient was considered to have perioperative MI if new Q
waves appeared or there was significant loss of R-wave
amplitude (>25% loss) in at least 2 leads on ECG. As
noted, hospital mortality was defined as death in the first
30 days after CABG. Preoperative renal insufficiency
was defined as serum creatinine level 21.5 mg/dL prior
to CABG.

Statistical analysis

Data were analyzed using the Statistical Package for
Social Sciences 16.0 for Windows (SPSS Inc., Chicago,
Illinois, USA). Relationships between post-CABG AF
and preoperative, intraoperative, and postoperative fac-
tors were analyzed using different methods: the indepen-
dent samples t-test for normally distributed continuous
variables (expressed as mean * SD), and chi-square and
Fisher’s exact tests for categorical variables, as appropri-
ate. Each variable that yielded a result of p <0.2 in uni-
variate analysis was further analyzed in a multivariate
logistic regression equation. We also performed regres-
sion analysis on certain variables that univariate analysis
did not identify as independently associated with post-
CABG AF but that the literature had previously identi-
fied as predictors. The results were assessed within a
95% reliance and at a level of p <0.05 significance.

Results

This study was comprised of 911 patients (218 female,
693 males) without postoperative AF and 129 patients
(34 female, 95 males) with postoperative AF. Postopera-
tive AF incidence in this study was 12.4% (129/1040).
Operative mortality was similar in both groups (1.6% vs.
1.8%, respectively; p = 0.891).

Non-AF group and AF group were compared in terms
of patient, disease, and treatment related factors predis-
posing to postoperative AF after CABG surgery in
Table 1 and Table 2. Patients with postoperative AF
were significantly older than those without AF. The mean
age of the Non-AF group was 59.6 + 9.7 years, as
opposed to 64.1 + 9.4 years for the AF group. The differ-
ence between the two groups was statistically significant
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Table 1 Patient, and disease related factors predisposing to postoperative

AF after CABG surgery
Non-AF grou AF grou
(n= 9%’1) b (n =g1291)) p Value
Age (years) 59.6 £9.7 64.1£94 0.0001
Female gender 218 (23.9%) 34 (26.4%) 0.547
Diabetes mellitus 195 (21.4%) 17 (13.2%) 0.030
Hypertension 322 (35.5%) 54 (41.9) 0.157
Obesity 163 (17.9%) 20 (15.5%) 0.505
Body surface area (m?) 1.78 £0.21 1.75+0.17 0.468
Body mass index (kg/m?) 26.2+3.7 25.6+£3.9 0.086
History of smoking 545 (60%) 72 (55.8%) 0.362
Family history of CAD 294 (32.3%) 37 (28.7%) 0.408
Prior stroke 13 (1.6%) 2 (1.8%) 0.894
Hyperlipidemia 338 (37.9%) 49 (38.9%) 0.836
Unstable angina 148 (16.2%) 23 (17.8%) 0.650
Peripheral vascular disease 23 (2.5%) 3(2.3%) 1.000
Carotid artery disease 96 (10.6%) 21 (16.3%) 0.073
Prior myocardial infarction 554 (60.9%) 81 (62.8%) 0.677
Prior PTCA 61 (6.7%) 5(7.6%) 0.218
One-vessel disease 70 (7.7%) 9 (7%) 0.777
Two-vessel disease 316 (34.7%) 42 (32.6%) 0.634
Three-vessel disease 525 (57.6%) 78 (60.5%) 0.541
LMCA disease 25 (2.7%) 4 (3.1%) 0.820
LV ejection fraction (%) 51.3£9.6 50.6£9.2 0.676
EuroSCORE 32+2.1 42+£22 0.0001
RCA-vessel disease 637 (71.4%) 90 (70.9%) 0.899

Data expressed as mean £ SD or n(%). AF: atrial fibrillation; CABG: coronary
artery bypass grafting; CAD: coronary artery disease; PTCA: percutaneous
transluminal coronary angioplasty; LMCA: left main coronary artery; LV: left

ventricle; RCA: right coronary artery

(p =0.0001). A significant negative correlation between
diabetes mellitus and postoperative AF was detected.
Patients with postoperative AF had significantly lower
diagnosed diabetes mellitus than the Non-AF group
(13.2% vs. 21.4%, p = 0.03). Patients with postoperative
AF had significantly higher additive EuroSCORE score
(42 £ 22 vs. 32 £ 2.1, p = 0.0001). There was a
significant difference in mechanical ventilation dura-
tion and prolonged ventilation time between the groups
(7.9£5.2vs.10.6 £21.6, p=0.002 and 66.9% vs. 77.3%,
p = 0.017; respectively). In the AF group, ICU stay was
longer (3.1 £ 1.6 days versus 2.3 + 1.5 days, p=0.0001;
respectively). Length of hospital stay was also longer in
the AF group 7.3 £ 1.9 days versus 6.6 = 1.6 days, p =
0.0001; respectively). There were no statistical differ-
ences between patients with and without postoperative
AF with respect to sex, presence of hypertension, hyper-
lipidemia, obesity or peripheral vascular disease, body
surface area, body mass index, history of smoking,
stroke, myocardial infarction or history of percutaneous
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transluminal coronary angioplasty, family history of cor-
onary artery disease, included vessels, type of procedure,
operating time, cross-clamp time, need for inotropic
support, and postoperative complications.

When time frames of less than 6 hours, between 6 and
12 hours, between 12 and 24 hours and more than 25
hours are considered there was not any significant differ-
ence between AF and non-AF groups (Table 3).

After the significant risk factors were determined,
assessment of the relative importance of the independent
variables was established by using logistic regression
analysis on these risk factors yielded the following data:
postoperative AF development ratio was 1.690 times
higher when the ventilation time was over 6 hours
(OR 1.690,95% C1 1.092-2.615, p=0.018); 1.240 times
higher in the presence of elevated additive EuroSCORE
score (OR 1.240, 95% CI 1.109-1.385, p = 0.0001);
1.052 times higher in the presence of advanced age (OR
1.052, 95% CI 1.031-1.0741, p = 0.0001) (Table 4).
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Table 2 Treatment related factors predisposing to postoperative AF after CABG surgery

Non-AF group

AF group

(n=911) (n = 129) p Value
LIMA used 902 (99%) 128 (99,2%) 0.817
Radial artery used 365 (40.1%) 54 (41,9%) 0.697
No. of grafts per operation 3.01+0.89 3.12+0.99 0.199
Cross-clamp time (min) 699+ 184 73.1+£21.9 0.095
Cardiopulmonary bypass time (min) 88.9+244 92.8+25.6 0.078
Inotropic Support 51 (5.6%) 9 (1.7%) 0.530
Intraaortic balloon pump 13 (1.4%) 4 (1.3%) 0.161
Total arterial revascularization 297 (32.6%) 40 (31%) 0.870
Mechanical ventilation duration (hours) 7.9+5.2 10.6 £21.6 0.002
Prolonged ventilation time ( 26 h) 606 (66.9%) 99 (77.3%) 0.017
Length of ICU stay (days) 23+%15 3.1£1.6 0.0001
Prolonged ICU stay ( 26 days) 17 (10.9%) 6 (4,7%) 0.044
Length of hospital stay (days) 6.61£1.6 73%19 0.0001
Hospital mortality (first 30 days) 13 (1.6%) 2 (1.8%) 0.891
Re-exploration for bleeding or tamponade 18 (2.1%) 1(0.8%) 0.497
Significant pleural effusion 16 (1.8%) 3(2.3%) 0.655
Pneumonia 2 (0.2%) 1(0.8%) 1.000
Perioperative myocardial infarction 4 (0.4%) 1(0.8%) 1.000
Gastrointestinal system complications 3 (0.5%) - 0.675
Superficial wound infection 8 (0.9%) 2 (1.6%) 0.358
Deep wound infection 2 (0.2%) 1(0.8%) 0.328
Sternal dehiscence 3(0.5%) - 0.513
Renal dysfunction 1(0.2%) - 0.708

Data expressed as mean * SD or n(%). AF: atrial fibrillation; CABG: coronary artery bypass
grafting; LIMA: left internal mammarian artery; CPB: cardiopulmonary bypass; ICU: intensive

care unit; TIA: transient ischemic attack

Table 3 Relationship between AF and ventilation time (p = 0.80)

Ventilation Time (h) AF group (n,%) Non-AF group (n,%) Mean (hours)
0-6 29 (22.5%) 302 (33.1%) 5.16£0.91

6-12 86 (66.6%) 556 (61%) 842+ 141

12-24 11 (8.5%) 47 (5.2%) 1540 £2.46

>25 3(2.3%) 6 (0.6%) 27+2.74

AF: atrial fibrillation

Discussion

There are many defined clinical risk factors for AF
following cardiac surgery. This study aimed to establish
the role of risk factors in the etiology of postoperative
AF after CABG. A significant relationship was found
between postoperative AF development and presence of
advanced age, elevated additive EuroSCORE score, and
ventilation time over 6 hours.

Currently, the most robust risk factor for postoperative
AF is advanced age.®® In the general population, the fre-
quency of postoperative AF increases 24% for every
5-year increase in age and plateaus after the age of 80
years.'? The cause of this relationship is the degenerating
ultrastructural changes that occur in cardiac muscle during

Ann Thorac Cardiovasc Surg Vol. 20, No. 2 (2014)

aging. The atrial myocite loss and the increase of areas of
age related, fibrotic infiltrates may create multiple path-
ways for re-entry that induce atrial arrhythmias including
AF.'D Different events occurring during the surgical pro-
cedures have also been proposed as contributing to the
development of postoperative AF including ischemic
myocardial damage and oxidative stress due to hypoten-
sion, elevation of atrial pressure due to post anaesthesia
and postoperative left ventricular dysfunction, sympathetic
nervous system activation caused by volume loss or pain
or from use of adrenergic drugs, from increased vagal tone,
and electrolyte and metabolic imbalances. These may
explain significantly higher mean age at AF Group.
Additive EuroSCORE is a risk stratification system,
which is created to predict hospital mortality and assess
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Table 4 Results of multivariate analysis for prediction of independent risk

factors

p Value Odds Ratio (95% CI)
Age (years) 0.0001 1.052 (1.031-1.0741)
Hypertension 0.158 0.763 (0.524-1.111)
Body Mass index (kg/m?) 0.086 0.955 (0.906-1.007)
Carotid Artery Disease 0.058 0.609 (0.364-1.017)
EuroSCORE 0.0001 1.240 (1.109-1.385)
No. of grafts per operation 0.199 1.141 (0.933-1.395)
Cross-clamp time (min) 0.079 1.009 (0.999-1.019)
Cardiopulmonary bypass time (min) 0.102 1.006 (0.999-1.013)
Intraaortic balloon pump 0.171 0.452 (0.145-1.409)
Mechanical ventilation duration (hours) 0.072 1.022 (1.008-1.047)
Prolonged ventilation time ( 26 hours) 0.018 1.690 (1.092-2.615)

Data expressed as mean + SD or n(%). CI: confidence interval

the quality of care. It takes into account general patient
information, preoperative general and cardiac risk factors,
and operative information.'? Analysis of the data revealed
that AF Group had a significantly higher mean additive
EuroSCORE score than Non-AF Group. Applying this
risk-scoring model might make it possible to administer
appropriate pharmacologic and non-pharmacologic pro-
phylaxis before or after CABG, and thus reduce postop-
erative AF and its consequences.

AF usually begins postoperative 2—4 days. In our study
there was no difference at AF onset time.

Prolonged ventilation time was the strongest predictor
of postoperative AF in the present study. Mechanical
or spontaneous ventilation may cause changes in intrapleu-
ral or intrathoracic pressure and lung volume. These may
affect preload, afterload, heart rate and myocardial
contractility. Changes in intrathoracic pressure have
direct effect on the heart and pericardium, the great arter-
ies, and the veins. Spontaneous inspiration creates negative
pressure and decreases pressure in the right atrium. On
the contrary, intermittent positive pressure ventilation
increases intrathoracic pressure and right atrium pres-
sure. If positive end expiratory pressure is added,
pressure will remain higher than atmospheric pressure
all over the respiratory cycle.'¥ Because of the relation-
ship between atrial arrhythmia and increased right
atrium pressure, we believe that mechanical ventilation
increases AF. Increased sympathic activity is another
cause of increased arrhythmia incidence postoperatively.
Mechanical ventilation increases this sympathetic
activity. Prolonged ventilation may be an additive mech-
anism of new-onset AF via sympathic activity. Edgerton,
et al. found that immediate extubation reduces AF inde-
pendent from comorbidities.'? Straka, et al. found an
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incidence of 21% AF in early extubation group, but they
did not use a control group.'® Ascion, et al. could not
show any relationship between AF onset and mean
mechanical ventilation time, but they did not check for
early extubation in particular.!® Cheng, et al. could not
find any significant differences between 1-6 hour extu-
bation group and 6-24 hour extubation group; indeed,
AF incidence peaks on the second day, and we believe
that the authors must have missed many new-onset
AFs.'” Analysis of our data has shown that late extuba-
tion of patients after CABG surgery increases the inci-
dence of postoperative AF to 14% from 8.8% in patients
maintained on a mechanical ventilator. This comparison
shows us that late extubation is an independent risk
factor for new-onset postoperative AF.

In the present study, the mean hospital length of stay
and postoperative ICU length of stay were significantly
longer in AF Group than subjects in Non-AF Group.
Borzak, et al. noted that subjects with AF had a longer
length of stay in the ICU and on the ward.'® Almassi,
et al. reported a longer stay in the hospital: 3 days more
in the ICU for patients with AF versus 2 days for patients
without AF.'” Thus, the reported length of stay varies
widely between centers. This variance may be due to
time (more recent trend to rapid discharge), and variations
in ICU admission criteria. However, all reports agree
that patients with AF stay in the ICU and on the ward
longer, and our results subscribed to those of others.
Determining the reason for the lengthened stay is difficult.
To some degree, the difference might be explained by
more hospitalization time required to execute interventions
to convert to sinus rhythm, check out stabilization of the
therapy, or institute and monitor use of anticoagulants
for subjects who do not convert.

Ann Thorac Cardiovasc Surg Vol. 20, No. 2 (2014)



Although postoperative AF (POAF) is associated with
higher early mortality rates in a number of studies, rang-
ing from 2.4 to 7.4% after cardiac surgery, this was not
supported in the present study, as in-hospital mortality
was low in the postoperative AF group at 1.8%.292D

The present study has several limitations. A major lim-
itation was the retrospective nature of this work. Second,
the samples could not be considered representative of the
general patient population, because the subject popu-
lation was only obtained from one center, resulting in
possible sampling bias. Third, we established each
patient’s cardiac rhythm status based on preoperative
ECG findings and relied on the history in medical charts
to determine whether there had been any prior episodes of
atrial arrhythmia. As a result, we might have missed indi-
viduals with paroxysmal atrial arrhythmia who were
unaware of their conditions and showed normal sinus
rhythm on the preoperative ECG. A fourth limitation is
that continuous Holter ECG monitoring was not contin-
ued after ICU discharge. Further, 12-lead ECG was per-
formed on postoperative days 1, 2, and 4, just prior to
hospital discharge, and whenever a patient showed clini-
cal signs of arrhythmia. It is possible that short episodes
of asymptomatic AF might have been overlooked,
but radial pulses and symptoms were assessed at least 4
times daily, and it is unlikely that any sustained episodes
of AF were missed.

Conclusions

AF is the most common complication and a very pop-
ular subject in coronary artery surgery. Identification of
risk factors might lead to better prevention of this prob-
lem and its potential consequences. Analysis of our data
reveals that, patient’s age, additive EuroSCORE score,
and prolonged ventilation are predictors of postoperative
AF. Using anti-arrthythmic agents for patients with
advanced age and with high additive EuroSCORE score
before POAF occurs could decrease the risk of postoper-
ative complications. However, to support our investiga-
tion and obtain more reliable evidence, prospective
randomized controlled trials are needed.

Disclosure Statement
None.

References
1) Mitchell LB; CCS Atrial Fibrillation Guidelines
Committee. Canadian Cardiovascular Society atrial
fibrillation guidelines 2010: prevention and treatment

Ann Thorac Cardiovasc Surg Vol. 20, No. 2 (2014)

Relationship between Atrial Fibrillation and Ventilation Time

of atrial fibrillation following cardiac surgery. Can
J Cardiol 2011; 27: 91-7.

2) Wu ZK, livainen T, Pehkonen E, et al. Fibrillation in
patients subjected to coronary artery bypass grafting.
J Thorac Cardiovasc Surg 2003; 126: 1477-82.

3) Creswell LL, Damiano RJ. Postoperative atrial
fibrillation: an old problem crying for new solutions.
J Thorac Cardiovasc Surg 2001; 121: 638-41.

4) Gaudino M, Andreotti F, Zamperelli R, et al. The —174G/C
interleukin-6 polymorphism influences postoperative in-
terleukin-6 levels and postoperative atrial fibrillation.
Is atrial fibrillation an inflammatory complication?
Circulation 2003; 108: 11195-9.

5) Hakala T, Hedman A. Predicting the risk of atrial
fibrillation after coronary artery bypass surgery. Scand
Cardiovasc J 2003; 37: 309-15.

6) Murphy GJ, Ascione R, Caputo M, et al. Operative
factors that contribute to post-operative atrial fibril-
lation: insights from a prospective randomized trial.
Card Electrophysiol Rev 2003; 7: 136-9.

7) Hravnak M, Hoffman LA, Saul MI, et al. Predictors
and impact of atrial fibrillation after isolated coronary
artery bypass grafting. Crit Care Med 2002; 30: 330-7.

8) Shen J, Lall S, Zheng V, et al. The persistent problem
of new-onset postoperative atrial fibrillation: a single-
institution experience over two decades. J Thorac
Cardiovasc Surg 2011; 141: 559-70.

9) Amar D, Shi W, Hogue CW, et al. Clinical prediction
rule for atrial fibrillation after coronary artery bypass
grafting. J Am Coll Cardiol 2004; 44: 1248-53.

10) Wu TJ, Ong 1J, Chang CM, et al. Pulmonary veins
and ligament of Marshall as sources of rapid activa-
tions in a canine model of sustained atrial fibrillation.
Circulation 2001; 103: 1157-63.

11) Schauerte P, Scherlag BJ, Patterson E, et al. Focal
atrial fibrillation: experimental evidence for a patho-
physiologic role of the autonomic nervous system.
J Cardiovasc Electrophysiol 2001; 12: 592-9.

12) Nisanoglu V, Erdil N, Aldemir M, et al. Atrial fibril-
lation after coronary artery bypass grafting in elderly
patients: incidence and risk factor analysis. Thorac
Cardiovasc Surg 2007; 55: 32-8.

13) Shekerdemian L, Bohn D. Cardiovascular effects
of mechanical ventilation. Arch Dis Child 1999; 80:
475-80.

14) Edgerton JR, Herbert MA, Prince SL, et al. Reduced
atrial fibrillation in patients immediately extubated
after off-pump coronary artery bypass grafting. Ann
Thorac Surg 2006; 81: 2121-6; discussion 2126-7.

15) Straka Z, Brucek P, Vanek T, et al. Routine immediate
extubation for off-pump coronary artery bypass graft-
ing without thoracic epidural analgesia. Ann Thorac
Surg 2002; 74: 1544-7.

16) Ascione R, Caputo M, Calori G, et al. Predictors of
atrial fibrillation after conventional and beating heart
coronary surgery: a prospective, randomized study.
Circulation 2000; 102: 1530-5.

141



Erdil N, et al.

17) Cheng DC, Karski J, Peniston C, et al. Morbidity out-
come in early versus conventional tracheal extubation
after coronary artery bypass grafting: a prospective
randomized controlled trial. J Thorac Cardiovasc Surg
1996; 112: 755-64.

18) Borzak S, Tisdale JE, Amin NB, et al. Atrial fibrillation
after bypass surgery: does the arrhythmia or the char-
acteristics of the patients prolong hospital stay? Chest
1998; 113: 1489-91.

19) Almassi GH, Schowalter T, Nicolosi AC, et al.
Atrial fibrillation after cardiac surgery: a major

142

morbid event? Ann Surg 1997;226: 501-11; discussion
511-3.

20) Ahlsson A, Fengsrud E, Bodin L, et al. Postoperative
atrial fibrillation in patients undergoing aortocoronary
bypass surgery carries an eightfold risk of future atrial
fibrillation and a doubled cardiovascular mortality.
Eur J Cardiothorac Surg 2010; 37: 1353-9.

21) Villareal RP, Hariharan R, Liu BC, et al. Postoperative
atrial fibrillation and mortality after coronary artery
bypass surgery. ] Am Coll Cardiol 2004; 43: 742-8.

Ann Thorac Cardiovasc Surg Vol. 20, No. 2 (2014)



