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Abstract
Background

Atrial fibrillation (AF) is one of the frequent complications following coronary artery bypass surgery.
Postoperative atrial fibrillation (POAF) can lead to thromboembolic events and prolong hospital stays. We
aimed to determine the prevalence of POAF following off-pump coronary artery bypass surgery (OPCAB) in
the elderly population.

Materials and Methods

This cross-sectional study was carried out between May 2018 to April 2020. Elderly patients (age >65 years)
admitted for isolated elective OPCAB were eligible for the study. A total of 60 elderly patients were evaluated
based on the preoperative and intraoperative risk factors and postoperative outcomes during the hospital
stay.

Results

The mean age was 67.83+4.06 years, and the prevalence of POAF in elderly adults was 48.3%. The mean
number of grafts was 3.20%0.73, and ICU stays at 3.43%1.61 days. The mean duration of the hospital stays
was 10.03+2.12 days. Although stroke developed in 1.7% of post-CABG patients, no mortality was observed
postoperatively.

Conclusion

POAF is one of the commonly encountered complications following OPCAB. Though OPCAB is a superior
revascularization procedure, preoperative planning and attention are especially needed in the elderly to
reduce the prevalence of POAF.

Categories: Cardiac/Thoracic/Vascular Surgery
Keywords: duration of the hospital stays, icu stays, off-pump coronary artery bypass graft surgery, elderly,
postoperative atrial fibrillation

Introduction

Atrial fibrillation (AF) presents a difficult clinical challenge and accounts for about one-third of diagnosed
arrhythmia. About 6% of people over 65 years have a history of AF [1]. The annual incidence of AF in Asian
countries is 5.38/1,000 people [2]. The pathophysiology of postoperative atrial fibrillation (POAF) focuses on
identifying risk factors for initiating the arrhythmia. Re-entry involving one or more circuits and enhanced
automaticity in one or several rapidly depolarizing foci are the theories concerning the mechanism of AF [3].
Coronary artery bypass grafting (CABG) is indicated in severe coronary artery disease (CAD) and can be
revascularized by conventional on-pump CABG or off-pump CABG (OPCAB). OPCAB is associated with
lower perioperative complications and hospital mortality with respect to conventional CABG [4].

Rhythm disturbances in the postoperative period depend on electrolyte shifts related to revascularization,
temporary ischemia, perioperative trauma, epicardial inflammatory reaction, and transient increase of
sympathetic activity [5]. POAF occurs in 20% to 40% of patients after CABG [1]. In patients undergoing
OPCAB, the incidence of POAF is 19.4% [6]. POAF usually occurs within the first three days after CABG,
although it may develop later. More than 90% of patients have no prior history of atrial arrhythmia and are
in normal sinus rhythm within 6 to 8 weeks after. The cause of POAF includes age and its accompanying
degenerative changes in the atrial myocardium [1]. The left atrial (LA) enlargement and left ventricular
diastolic dysfunction resulting from aging increase the susceptibility of the elderly to AF [7]. The
advancement of age is an independent predictor of POAF patients undergoing CABG [8]. Increased
preoperative plasma BNP level independently predicts POAF [9]. In women, the incidence of AF following
CABG is lower [10].
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Systemic arterial hypertension, decreased left ventricular function, chronic obstructive pulmonary disease
(COPD), chronic renal failure, diabetes, and withdrawal of B-blockers are also responsible for POAF [1].
Smoking, LDL, statins, LA diameter, and left ventricular ejection fraction (LVEF) are significant risk factors
for POAF preoperatively [11]. Preoperative HbA1lc independently predicts the occurrence of AF after isolated
OPCAB [12]. AF is associated with hyperthyroidism and alcohol consumption [13]. Predictors of POAF
include the number of vessels bypassed, location of coronary anastomosis (diagonal or posterior descending
artery), and net fluid balance on an operative day [14].

Operative trauma from surgical dissection and manipulation, local inflammation with or without
pericarditis, and elevations in atrial pressure from postoperative ventricular stunning are responsible for the
prevalence of POAF. Chemical stimulation with catecholamines and other inotropic agents plays a role in
developing POAF. Reflex sympathetic activation from volume loss, parasympathetic activation, anemia or
pain, fever from atelectasis or infection, and hypoglycemia incurred during the operation also predispose to
developing POAF [15]. Transient regional ischemia of the myocardium due to surgical methods applied in
OPCAB shows the influence of the technique on the incidence of POAF [5].

This study focused on evaluating the occurrence and consequences of POAF following off-pump coronary
artery bypass surgery (OPCAB) in the elderly population in Bangladesh.

Materials And Methods

This cross-sectional study was performed in the Department of Cardiac Surgery, Bangabandhu Sheikh Mujib
Medical University, Shahbagh, Dhaka, Bangladesh, from May 2018 to April 2020. The patients aged 65 years
and above were considered elderly as per the definition of ‘elderly’ by Geriatrics and Gerontology
International [16]. The purposive sampling method was applied as the sampling technique. The study
population was 60.

During this study period, every patient admitted for CABG was approached, and data were collected by face-
to-face interview and a semi-structured questionnaire. Inclusion criteria were patients admitted for isolated
elective OPCAB. Exclusion criteria were pre-existing AF and other arrhythmias, taking antiarrhythmic drugs
except for beta blockers, pre-existing thyroid disorders, congestive cardiac failure, concomitant other
cardiac procedure, acute coronary syndrome within two months, emergency OPCAB, hepatic impairment,
chronic kidney disease stage 3b-5, previous stroke, significant carotid artery disease and intraoperative
conversion to on-pump CABG. We used both primary and secondary data sources for this study. The primary
sources were collected via face-to-face interviews and semi-structured questionnaires, and the secondary
sources were obtained through clinical observations and laboratory workup.

Potential preoperative risk factors analyzed in this study were age, sex, BMI, smoking, alcohol consumption,
shortness of breath, chest pain, hypertension, diabetes mellitus, dyslipidemia, COPD, and history of old MI.
In addition, LA diameter, LVEF, number of diseased vessels, double vessel disease (DVD), triple vessel
disease (TVD), left main stem involvement, right coronary artery (RCA) total/near total occlusion, in-stent
restenosis, and laboratory workup were analyzed. Intraoperative characteristics included duration of
surgery, number of grafts, and coronary endarterectomy. Postoperative characteristics were laboratory
workup, POAF, POAF episodes duration, restoration of sinus rhythm from POAF, duration of ICU stays,
duration of hospital stays, stroke, and mortality. The patient who fulfilled the inclusion criteria, other than
the exclusion criteria, and was willing to enroll in this study after giving the proper consent underwent
elective isolated OPCAB.

Surgical technique and POAF monitoring

Anesthetic induction and maintenance were done following standard protocol. All patients were operated
through a median sternotomy approach. Left internal mammary artery (LIMA) and great saphenous vein
(GSV) were harvested. Activated clotting time (ACT) was kept at>350 seconds just before completing the
LIMA harvest. Proximal anastomoses were performed using a side-biting clamp following the parachute
technique. The heel of the proximal anastomosis was at a 3 or 4 o'clock position for the left side and a 6
o'clock position for the right side. Distal grafting was done LIMA to LAD first for left main stem involvement.
Then depending on the severity of the lesion, we performed distal grafting in either circumflex or RCA
territory. Target coronary arteries were stabilized using the tissue stabilizing system, and appropriate-sized
intracoronary shunts were used in all cases to maintain distal perfusion and to achieve a bloodless operative
field. After completion of the surgery, all patients were shifted to the intensive care unit (ICU), and
mechanical ventilation was continued until the patient met the standard extubation criteria. In ICU, all
patients were monitored for heart rate and rhythm with continuous ECG monitoring. ECG monitoring was
continued throughout the postoperative period during the hospital stay. In addition, a 12 lead ECG was
performed whenever POAF was suspected by continuous monitoring.

Data analysis

Statistical analyses were done by using IBM Corp. Released 2017. IBM SPSS Statistics for Windows, Version
25.0. Armonk, NY: IBM Corp. For continuous variables, data were expressed as Mean#SD, and for categorical
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variables, as frequency and percentages.

Ethical considerations

Ethical clearance was taken from the concerned departmental, academic, and technical committees and the
Institutional Review Board (IRB), Bangabandhu Sheikh Mujib Medical University, Shahbagh, Dhaka,
Bangladesh. From all the respondents of this study, informed written consent was taken. The validity of the
observations and findings was confirmed by the quality assurance system. The reliability of the data was
ensured to validate that it was derived correctly from the raw data. Quality control measures were taken in
every stage of data handling to ensure consistency and appropriate processing of data.

Results

About 60 elderly adult patients underwent isolated elective OPCAB. The mean age was 67.83+4.06 years, and
86.6% were male. The mean BMI was 25.59+3.01 Kg/m2. The most common risk factors associated with CAD
were HTN (81.7%), diabetes (46.7%), and smoking (45%). About 91.7% of the study population has a history
of old MI. A higher cardiothoracic ratio (CTR) was present in 30% of the subjects (Table I).

Variables n =60 f (%) MeaniSD
Age (years) 67.83+4.06
Sex
Male 52 (86.6%)
Female 08(13.3%)
BMI(Kg/m?) 25.59+3.01
Smoking 27(45%)
Alcohol consumption 03(5%)
Shortness of breath 11(18.3%)
Chest pain 55(91.7%)
Hypertension 49(81.7%)
Diabetes Mellitus 28(46.7%)
Dyslipidemia 46(76.6%)
COPD 05(8.3%)
History of old Ml 55(91.7%)
Higher cardiothoracic ratio (CTR) 18(30%)
Serum creatinine (mg/dl) 1.29+0.23
Plasma BNP (pg/ml) 150.24+81.34

TABLE 1: Demographic, anthropometric, and clinical characteristics

BMI: Body Mass index; COPD: Chronic obstructive pulmonary disease; MI: Myocardial infarction: BNP: B-type natriuretic peptide.

The mean LA diameter was 43.61+6.48 mm, and the mean LVEF was 41.42+7.29 %. The mean number of
diseased vessels was 2.77£0.42. DVD and TVD were found in 23.30% and 76.70% of patients, respectively.
This study also observed the presence of left main stem involvement and RCA total/near total occlusion in
the elderly was 45% and 43.33%, respectively. In-stent restenosis was observed in 16.7% of patients (Table
2.
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Variables MeantSD n = 60 f (%)
LA diameter (mm) 43.61+6.48

LVEF (%) 41.42+7.29

Number of diseased vessel 2.77+0.42

DVD 14(23.30%)
TVD 46(76.70%)
Left main stem involvement 27(45%)
RCA total/near total occlusion 26(43.33%)
In-stent restenosis 10(16.7%)

TABLE 2: Preoperative echocardiographic and angiographic characteristics

LA: Left atrial; LVEF: Left ventricular ejection fraction; DVD: Double vessel disease; TVD: Triple vessel disease: RCA: Right coronary artery.

The mean duration of surgery was 4.79+0.65 hours, and 3.20+0.73 grafts were performed per patient.
Endarterectomy was done in 33.3% population. About 45% of endarterectomy was done in the left anterior
descending artery (LAD) territory (Table 53).

Variables MeantSD n =60 f (%) n =20 f (%)
Duration of surgery (hours) 4.79+0.65

Number of grafts 3.20+0.73

Coronary endarterectomy 20(33.3%)

Territory of coronary endarterectomy

Left anterior descending artery (LAD) 09(45%)
Obtuse marginal artery (OM) 01(5%)

Diagonal artery 05(25%)
Right coronary artery (RCA) 03(15%)
Posterior descending artery (PDA) 02(10%)
in double vessel 02(10%)

TABLE 3: Intraoperative characteristics

Note: Territory of coronary endarterectomy (n=20)

Postoperative serum electrolyte levels are shown in Table 4.
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Postoperative serum electrolytes (mmol/L) MeantSD

Serum Sodium (Na*) level (mmol/L)

POD 0 138.02+3.63
POD 1 136.80+3.23
POD 2 136.26+3.42
POD 3 136.06+2.98

Serum Potassium (K* ) level (mmol/L)

POD 0 4.05£0.38
POD 1 4.06+0.42
POD 2 4.04+0.36
POD 3 4.03£0.20

Serum Calcium (Ca**) level (mmol/L)

POD 0 1.160.03
POD 1 1.14£0.04
POD 2 1.150.06
POD 3 1.17+0.04

TABLE 4: Postoperative serum electrolytes level (n=60)

POD: Postoperative day.

POAF developed in 48.3% of the study population, out of which 79.31% of subjects returned to sinus rhythm.
The mean duration of ICU stays was 3.43*1.61 days, and the mean duration of hospital stay was 10.03+2.12
days (Table 5).
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Variables n =60 f (%) n =29 f (%) MeantSD
Hemaoglobin (gm/dl) in POD 1 12.03+1.33
Plasma BNP (pmol/L) in POD 1 198.31+97.64
POAF 29 (48.3%)

POAF episodes duration (<24 hours) 21(72.41%)

POAF episodes duration (24-48 hours) 01(3.44%)

POAF episodes duration (2-7 days) 01(3.44%)

POAF episodes duration (>7 days) 06(20.68%)

Restoration of sinus rhythm from POAF (<7 POD) 23(79.31%)

Duration of ICU stay (days) 3.43+1.61
Duration of Hospital stay (days) 10.03+2.12
Stroke 01(1.7%)

Mortality 0(0%)

TABLE 5: Postoperative outcome variables

Note: POAF episodes duration (n=29)

POAF: Postoperative atrial fibrillation; POD: Postoperative day; ICU: Intensive care unit.

Discussion

Postoperative atrial fibrillation (POAF) contributes significantly to postoperative morbidity following
coronary artery bypass graft surgery. AF is a disorder of cardiac rhythm characterized by rapid, irregular,
disorganized atrial impulses and ineffective atrial contractions [1]. Advanced age is an independent
predictor of POAF patients undergoing CABG [8,17]. The mean age of the elderly was 67.83+4.06

years. Among the study population, male was predominant, which reflects the male predominance for CAD
[18,19]. BMI is not associated with POAF [20]. Hypertension is related to the development of POAF [21]. We
found that most of our patients are hypertensive, which indicates a possible association with POAF. Our
study observed a higher prevalence of old MI in the elderly. The observations of our study are similar to
previous studies [1,22].

Tavakol and colleagues found plasma BNP values were insignificantly higher preoperatively and
postoperatively in patients with AF [23]. We observed higher mean plasma BNP levels in the preoperative
period, which might be associated with POAF, although other conditions may cause an elevation of plasma
BNP. Xu and colleagues reported that increased LA size is related to POAF [11]. We found increased mean LA
size among our study populations, and these findings have also been confirmed [7]. RCA occlusion has no
significant relationship with POAF [24]. But our study observed RCA occlusion in more than one-third of
subjects which might correlate with the prevalence of POAF. We found left main stem involvement in 45% of
the study population, which includes both significant (>50% luminal stenosis) and non-significant (<50%
luminal stenosis) left main disease. This relatively high prevalence of left main stem involvement most
likely indicates the influence of the aging process on coronary circulation. The frequency of in-stent
restenosis is 3%-20% of the study population [25]. Our observations match previous studies.

Coronary endarterectomy is associated with POAF [26]. One-third of the study population underwent
coronary endarterectomy, which might influence the prevalence of POAF. We didn't find any obvious
imbalance in mean serum electrolytes (Na+, K+, and Ca++) level up to the third postoperative day and
assumed that electrolyte imbalance might not be associated with POAF. Athanasiou and colleagues reported
the incidence of POAF is 22% in elderly people undergoing OPCAB [27]. Advanced age independently
predicts the prevalence of POAF in patients undergoing CABG [8]. In our study, new onset POAF has been
seen in 48.3% elderly. The higher frequency of POAF in this study was similar to the observed frequency
(20%-40%) by Kouchoukos and colleagues [1]. This study's higher prevalence of POAF strongly predicts the
influence of advanced age-related association with POAF. The episodes duration of the majority of POAF
was within the first 24 hours following OPCAB. Most of the observed POAFs were paroxysmal AF. We used
amiodarone as a rhythm control strategy for managing POAF. With conservative management using
amiodarone, 79.31% of the POAF reverted spontaneously to normal sinus rhythm. The mean ICU stays and
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duration of hospital stays were 3.43+1.61 and 10.03+2.12 days, respectively, comparable to the study
conducted by Mathew and colleagues [28]. In this study, only one patient developed a stroke postoperatively
as a consequence of POAF. No mortality was observed in this study.

This present study has a few limitations, such as this is an observational study conducted in a single center
for two years with a small sample size, which may not represent the elderly population of Bangladesh and
across the world. Furthermore, the patients were operated on by different surgeons with different techniques
and preferences, which were completely the choice and judgment of the individual surgeon. These might
lead to a selection bias that cannot be excluded from the variables analyzed. Besides, the use of epiaortic
ultrasound to identify sites for proximal anastomosis and the flow probes to check graft patency following
distal anastomosis couldn't be performed due to the unavailability of resources in Bangladesh. In addition,
this study observed the postoperative outcomes during the hospital stay period only. Although, our cross-
sectional analysis has shown a high prevalence of POAF following OPCAB in the elderly. We believe that a
prospective randomized control trial with a large elderly population in Bangladesh would strengthen the
findings of this current study.

Conclusions

Elderly patients with multiple comorbidities should promptly raise concerns regarding a POAF following off-
pump coronary artery bypass graft surgery, and preoperative managing those factors will be important in
reducing the risk of POAF.
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