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Abstract 
Background:  Postoperative atrial fibrillation (POAF) remains a common complication 
after coronary artery bypass grafting (CABG) and is associated with increased morbidity 
and prolonged hospitalization. Left atrial (LA) structural remodeling has been implicated 
in POAF development; however, the predictive value of LA strain remains incompletely 
defined. We aimed to evaluate whether preoperative LA strain predicts POAF in patients 
undergoing off-pump CABG. Methods: This prospective observational study included 126 
patients with coronary artery disease undergoing isolated off-pump CABG. 
Comprehensive transthoracic echocardiography with speckle-tracking analysis was 
performed within 24 hours before surgery. Global peak atrial longitudinal strain (PALS) 
and peak atrial contraction strain (PACS) were measured from apical 4- and 2-chamber 
views. Patients were monitored for POAF until hospital discharge. Clinical, 
echocardiographic, and postoperative variables were compared between patients with 
and without POAF. Results: POAF occurred in 27% of patients, typically within the first 
three postoperative days. Patients who developed POAF were older and had lower LVEF, 
higher LAVI, and elevated filling pressures. Global PALS was significantly reduced in the 
POAF group compared with those without POAF, while LV global longitudinal strain did 
not differ significantly. PACS showed a weaker association with POAF than PALS. Patients 
with POAF also had a longer duration of hospitalization. Conclusion: Reduced 
preoperative LA reservoir strain is significantly associated with early POAF after off-
pump CABG. Assessment of global PALS may improve preoperative risk stratification and 
help identify patients at increased risk of postoperative arrhythmia. 
 

Keywords: Left atrial strain, Peak atrial longitudinal strain, Speckle-tracking 
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INTRODUCTION 
Postoperative atrial fibrillation (POAF) is a frequent complication after cardiac surgery, occurring in approximately 20-

40% of patients undergoing isolated coronary artery bypass grafting (CABG) [1]. Its development is associated with 

adverse short- and long-term outcomes, including higher risks of stroke, cardiac arrest, and heart failure, along with 

prolonged intensive care unit and overall hospital stay, thereby increasing the burden on both patients and healthcare 

systems [2]. Reliable preoperative risk stratification is therefore essential to identify high-risk individuals and enable 

targeted preventive and therapeutic strategies while optimizing healthcare resources. 

 

Underlying left atrial (LA) remodeling- whether subtle or overt- can promote reentry circuits within the cardiac conduction 

system, facilitating the initiation and persistence of POAF [3]. Detecting subclinical LA structural abnormalities before 

surgery may help identify patients at elevated risk [4]. Speckle-tracking echocardiographic assessment of LA strain 

provides a rapid, sensitive, and objective measure of LA deformation across reservoir, conduit, and contraction phases, 

enabling comprehensive functional evaluation. LA strain has emerged as an important predictor of atrial fibrillation 

recurrence and persistence following medical or interventional treatment and is also considered a surrogate marker of LA 

fibrosis [5-9]. 
 

LA strain parameters have been explored across multiple clinical contexts. Peak atrial contraction strain (PACS) 

independently predicts atrial fibrillation in cryptogenic stroke, while both peak atrial longitudinal strain (PALS) and PACS 

correlate with POAF in patients undergoing surgery for aortic stenosis [10, 11]. Although recent studies suggest that 

impaired baseline LA strain may be associated with POAF in CABG populations, findings remain inconsistent and are 

largely derived from small cohorts [12-14]. To address this gap, the present prospective study evaluates the predictive value 
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of LA strain measured by speckle-tracking echocardiography for POAF in a large cohort of patients undergoing isolated 

CABG. 

 

MATERIALS AND METHODS 

Study Design 
This prospective observational cohort study was conducted across three tertiary care centers in India between January 2024 

and January 2026. The study was designed to evaluate the association between preoperative echocardiographic strain 
parameters and the development of postoperative atrial fibrillation (POAF) in patients undergoing isolated coronary artery 

bypass grafting (CABG). Patients were followed from the time of surgery until hospital discharge for detection of POAF. 

 

Study Population 
A total of 126 consecutive adult patients with acute or chronic coronary syndrome who underwent isolated CABG after 

coronary angiography-confirmed significant coronary artery disease were enrolled during the study period. All participants 

provided written informed consent prior to inclusion. 

Inclusion and Exclusion Criteria 

Patients aged 18 years or older undergoing isolated CABG for angiographically significant coronary artery disease were 

eligible for inclusion. 

 

Exclusion criteria included: 
• Age <18 years 

• Prior history of atrial fibrillation 

• Concomitant valvular or aortic surgery 

• Previous cardiac surgery 

• Thyroid dysfunction 
• Inadequate speckle-tracking echocardiography (STE) image quality 

 

Preoperative Assessment 
All patients underwent detailed preoperative evaluation, including comprehensive medical history, cardiovascular risk 

factor assessment, documentation of comorbidities and medications, laboratory investigations, resting 12-lead 

electrocardiography (ECG), and coronary angiography findings. 

Baseline transthoracic echocardiography was performed within 24 hours prior to surgery. Images were acquired using high-

quality ultrasound systems and stored for offline analysis. 

 

Echocardiographic and Strain Analysis 
Standard two-dimensional echocardiographic measurements were obtained for chamber quantification and valvular 

assessment. Speckle-tracking echocardiography (STE) analysis was performed from apical 2-, 3-, and 4-chamber views 

with stable ECG gating and optimal endocardial border delineation. Three consecutive cardiac cycles were averaged, with 

frame rates maintained between 50-80 frames per second. 

 

Offline strain analysis was conducted by experienced operators blinded to clinical outcomes using vendor-specific 

software. Reproducibility analysis was performed in a randomly selected subset of patients. Left ventricular global 

longitudinal strain (LV-GLS) was calculated by averaging strain values from the apical views. Left atrial (LA) strain 
assessment included peak atrial longitudinal strain (PALS) during the reservoir phase and peak atrial contraction strain 

(PACS) at the onset of atrial contraction. LA strain values were derived from apical 4- and 2-chamber views. Segments 

with inadequate tracking were excluded, and strain values were averaged from the remaining adequately tracked segments. 

 

Surgical Procedure and Perioperative Management 
CABG procedures were performed according to standard institutional protocols. Operative details recorded included on-

pump or off-pump technique, cardioplegia method, cardiopulmonary bypass time, aortic cross-clamp time, and graft types 

used. Postoperatively, patients were monitored in the intensive care unit followed by step-down ward care. Clinical course, 

postoperative complications, therapeutic interventions, laboratory trends, and duration of hospitalization were 

systematically documented, reflecting routine perioperative management practices in Indian tertiary cardiac centers.  

 

Outcome Definition and Monitoring 
The primary outcome was the occurrence of atrial fibrillation during the postoperative period until hospital discharge. 

POAF was defined as an ECG-documented irregular rhythm without discernible P waves lasting ≥30 seconds or requiring 

pharmacological or electrical cardioversion. Continuous ECG monitoring was maintained in the intensive care unit, 

followed by daily ECG recordings in the ward and additional recordings when clinically indicated. For patients 
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experiencing multiple AF episodes, the time to first occurrence was used for primary analysis. Episode frequency, duration, 

cardioversion success, and cumulative AF burden were also recorded. 

 

Statistical Analysis 
Statistical analysis was performed using appropriate statistical software. Continuous variables were expressed as mean ± 

standard deviation or median (interquartile range), depending on distribution, while categorical variables were presented 

as frequencies and percentages. Comparisons between patients with and without POAF were performed using the 
independent Student’s t-test. A two-tailed p value <0.05 was considered statistically significant. 

 

RESULTS 
The study population comprised 126 patients undergoing isolated off-pump CABG, with a mean age of 65.8 ± 9.2 years, 

and a predominance of males (81%). Cardiovascular risk factors were common, including hypertension (72%), diabetes 

mellitus (39%), and dyslipidemia (62%). Most patients had multivessel coronary artery disease (94%), with slightly more 

than half presenting with chronic coronary syndrome (56%) and the remainder with acute coronary syndrome (44%). 

Overall, the cohort reflected a high-risk population typical of patients undergoing surgical myocardial revascularization 

(Table 1). 

 

Table 1. Baseline Clinical Characteristics of the Study Population 

Variable Overall Population (n = 126) 

Age, years 65.8 ± 9.2 

Male sex, n (%) 102 (81) 

BMI, kg/m² 26.9 ± 4.1 

Hypertension, n (%) 91 (72) 

Diabetes mellitus, n (%) 49 (39) 

Dyslipidemia, n (%) 78 (62) 

Current smokers, n (%) 29 (23) 

Chronic coronary syndrome, n (%) 70 (56) 

Acute coronary syndrome, n (%) 56 (44) 

Multivessel coronary artery disease, n (%) 118 (94) 

  

 
Figure 1: Clinical characteristics of study population. 

 

Baseline conventional echocardiography demonstrated a mean left ventricular ejection fraction of 51 ± 10%, indicating 

overall preserved to mildly reduced systolic function. Left atrial structural parameters showed mild enlargement, with a 

mean left atrial area of 20 ± 4 cm² and left atrial volume index (LAVI) of 32 ± 9 mL/m². Diastolic indices revealed an 

average E/A ratio of 0.88 ± 0.3 and E/E′avg of 10.1 ± 3.8, suggestive of impaired relaxation with mildly elevated filling 
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pressures in a subset of patients. Right ventricular systolic function, assessed by TAPSE, was preserved (21 ± 3 mm) (Table 

2). 

Table 2. Baseline Echocardiographic Parameters 

Parameter Overall Population (n = 126) 

LVEF (%) 51 ± 10 

LV end-diastolic volume (mL) 110 ± 34 

LV end-systolic volume (mL) 58 ± 29 

Left atrial diameter (mm) 39 ± 5 

Left atrial area (cm²) 20 ± 4 

LAVI (mL/m²) 32 ± 9 

E/A ratio 0.88 ± 0.3 

E/E′avg 10.1 ± 3.8 

TAPSE (mm) 21 ± 3 

 

All patients underwent off-pump CABG, with a mean of 3.1 ± 0.8 grafts performed. Postoperative atrial fibrillation 

occurred in 27% of patients, typically within the first 2.3 ± 1.1 days after surgery. The mean length of hospital stay was 

8.7 ± 3.9 days. Postoperative anemia (hemoglobin <9 g/dL) was observed in 54% of patients, and peak C-reactive protein 

levels reached 31 ± 48 mg/dL, reflecting the expected postoperative inflammatory response. These findings highlight a 

substantial incidence of POAF in this cohort undergoing off-pump CABG (Table 3). 

 

Table 3. Surgical and Postoperative Outcomes 

Parameter Overall Population (n = 126) 

Off-pump CABG (%) 126 (100) 

Number of grafts 3.1 ± 0.8 

Postoperative AF (POAF), n (%) 34 (27) 

Time to POAF onset (days) 2.3 ± 1.1 

Length of hospital stay (days) 8.7 ± 3.9 

Postoperative anemia (Hb <9 g/dL), n (%) 68 (54) 

Peak C-reactive protein (mg/dL) 31 ± 48 

 

Patients who developed POAF were significantly older than those who remained in sinus rhythm (70.1 ± 7.5 vs 63.9 ± 8.8 

years, p < 0.001). There were no significant differences in sex distribution, BMI, hypertension, or diabetes between the 

groups. However, the POAF group demonstrated worse renal function (lower eGFR, p = 0.03) and significantly reduced 

left ventricular systolic function, with lower LVEF (46 ± 11% vs 53 ± 9%, p = 0.002). Markers of left atrial remodeling 

and diastolic dysfunction were also more pronounced in the POAF group, including higher LAVI (36 ± 10 vs 30 ± 8 mL/m², 

p = 0.001) and elevated E/E′avg (p = 0.01). TAPSE was modestly lower in patients who developed POAF (p = 0.04). These 

findings suggest that advanced age, impaired ventricular function, and structural-functional atrial remodeling were 

associated with postoperative AF (Table 5). 

 

Table 4. Baseline Clinical and Conventional Echocardiographic Characteristics across the two cohorts: 

Variable POAF (n = 34) No POAF (n = 92) P value 

Age, years 70.1 ± 7.5 63.9 ± 8.8 <0.001* 

Male sex, n (%) 28 (82) 74 (80) 0.81 

BMI, kg/m² 26.7 ± 4.0 27.0 ± 4.2 0.68 

Hypertension, n (%) 28 (82) 63 (68) 0.11 

Diabetes mellitus, n (%) 15 (44) 34 (37) 0.47 

eGFR (mL/min/1.73 m²) 72 ± 24 83 ± 26 0.03* 

LVEF (%) 46 ± 11 53 ± 9 0.002* 

LAVI (mL/m²) 36 ± 10 30 ± 8 0.001* 

E/E′avg 11.4 ± 4.1 9.5 ± 3.5 0.01* 

TAPSE (mm) 20 ± 3 22 ± 3 0.04* 
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Figure 2: Echocardiographic Characteristics between the two cohorts 

 

Speckle-tracking analysis revealed significantly impaired left atrial function in patients who developed POAF. Global 

PALS was markedly reduced in the POAF group compared with the no-POAF group (20.9 ± 6.8% vs 27.8 ± 8.1%, p < 

0.001), and global PACS was also lower (12.4 ± 4.9% vs 14.6 ± 5.9%, p = 0.02). In contrast, LV GLS did not differ 

significantly between groups (p = 0.12). Surgical variables, including number of grafts, were comparable. Clinically, 

patients with POAF had a longer hospital stay (10.2 ± 4.8 vs 8.1 ± 3.4 days, p = 0.01), while postoperative anemia and 
inflammatory markers were similar between groups. These results underscore the strong association between impaired left 

atrial strain- particularly reduced PALS- and the occurrence of POAF following off-pump CABG (Table 6). 

 

Table 5. Speckle-Tracking, Surgical, and Postoperative Parameters According to POAF 

Variable POAF (n = 34) No POAF (n = 92) P value 

LV GLS (%) −12.8 ± 6.8 −14.8 ± 5.4 0.12 

Global PALS (%) 20.9 ± 6.8 27.8 ± 8.1 <0.001* 

Global PACS (%) 12.4 ± 4.9 14.6 ± 5.9 0.02* 

Number of grafts 3.0 ± 0.7 3.2 ± 0.8 0.28 

Time to AF onset (days) 2.2 ± 1.0 — — 

Length of hospital stay (days) 10.2 ± 4.8 8.1 ± 3.4 0.01* 

Postoperative anemia (Hb <9 g/dL), n (%) 19 (56) 49 (53) 0.78 

Peak CRP (mg/dL) 34 ± 55 29 ± 42 0.59 

 

 

DISCUSSION 
Our prospective observational study of 126 patients undergoing isolated off-pump CABG demonstrates a significant 

association between impaired preoperative left atrial (LA) strain and the early development of postoperative atrial 

fibrillation (POAF). In our cohort, POAF occurred in 27% of patients, typically within the first 2-3 postoperative days. 

Patients who developed POAF were significantly older and had lower LVEF, higher LAVI, and elevated E/E′avg compared 

with those who remained in sinus rhythm. Most importantly, global peak atrial longitudinal strain (PALS) was markedly 

reduced in the POAF group, whereas conventional structural parameters alone showed weaker discriminatory ability. These 

findings support the hypothesis that functional impairment of the left atrium, rather than simple chamber enlargement, 

represents a key substrate predisposing to POAF in patients undergoing surgical myocardial revascularization. 

 

Current literature examining the relationship between LA speckle-tracking echocardiography (STE) parameters and POAF 

after CABG remains heterogeneous and largely derived from small, predominantly retrospective studies including ≤100 

patients [14-18]. Several investigations were limited by monocentric design, case-control methodology [2], or non-

standardized definitions of POAF (eg, episodes >15 minutes), potentially underestimating its incidence [17,18]. Moreover, 

some authors assessed LA strain using only the 4-chamber view [15, 16], whereas contemporary expert consensus 
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recommends global PALS derived from both 4- and 2-chamber views. In contrast, our study used a standardized definition 

of POAF (≥30 seconds) and comprehensive LA strain assessment. Importantly, global PALS was significantly lower in 

patients who developed POAF, while LV GLS did not differ between groups, reinforcing the concept that atrial- rather 

than ventricular- mechanics drive arrhythmogenesis. Unlike previous reports where the association between PALS and 

POAF lost significance in multivariate analysis [12, 13], our findings indicate that LA functional impairment remains 

strongly linked to postoperative arrhythmic risk. 

 
The pathophysiological explanation for the observed association likely lies in preexisting atrial remodeling. Reduced global 

PALS reflects atrial fibrosis and ultrastructural wall changes that precede overt LA dilation and diastolic dysfunction [19, 

20]. Fibrosis promotes conduction heterogeneity and reentry circuits, which may be triggered by perioperative 

inflammatory stress, oxidative injury, and atrial manipulation during surgery. In our study, patients with POAF were older 

and had a higher prevalence of renal dysfunction and impaired ventricular function, conditions associated with oxidative 

stress and systemic inflammation. Aging itself is strongly linked to atrial fibrosis and conduction abnormalities [21], 

consistent with our finding that advanced age was significantly associated with POAF. Over this preexisting substrate, 

perioperative factors such as transient inflammation and volume shifts likely act as triggers, whereas extra-atrial variables- 

including postoperative anemia or inflammatory markers- were not significantly different between groups, supporting the 

primacy of atrial myocardial dysfunction in POAF genesis. 

 

Notably, conventional echocardiographic indices such as LAVI and diastolic parameters were associated with POAF, but 

their discriminatory value appeared inferior to that of PALS, consistent with prior studies [5, 11, 22]. Global PACS showed 

a weaker association than PALS, supporting the concept that PALS (reservoir function) reflects earlier fibrotic remodeling, 

whereas PACS (contractile function) may deteriorate later in the disease process. STE measures of ventricular strain were 

not significantly associated with POAF, further underscoring the central role of left atrial mechanics. Clinically, 

incorporation of advanced echocardiographic assessment- particularly global PALS- into preoperative evaluation may 
allow improved risk stratification and targeted monitoring strategies. STE is reproducible and increasingly accessible, with 

strong prognostic value across multiple cardiovascular settings [23]. Nevertheless, certain limitations must be 

acknowledged, including the relatively modest sample size, potential residual confounding, absence of prolonged rhythm 

monitoring after ICU discharge, and lack of long-term follow-up. Despite these limitations, our findings reinforce the 

concept that impaired LA reservoir function is a key mechanistic substrate and clinically relevant predictor of POAF in 

patients undergoing off-pump CABG. 

 

CONCLUSION 
In this prospective observational study of patients undergoing isolated off-pump CABG, impaired preoperative left atrial 

reservoir function, as assessed by global peak atrial longitudinal strain (PALS), was significantly associated with the 

development of early postoperative atrial fibrillation. Reduced PALS values were observed in patients who developed 

POAF, independent of conventional echocardiographic parameters, whereas ventricular strain indices were not 

significantly associated with arrhythmic events. These findings highlight left atrial functional remodeling as a key 

mechanistic substrate for POAF and support the incorporation of LA strain assessment into routine preoperative risk 

stratification in CABG patients. 
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