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INTRODUCTION;
Cardiac arrhythmia is one of the most common complications after 
cardiac surgery, particularly atrial brillation & supra ventricular 
tachycardia[1]. The incidence of Post Operative Atrial Fibrillation 
(POAF) is about 15-40% after cardiac surgery[2].

POAF has a signicant impact on hemodynamic instability, ionotropic 
support, and recovery from ICU. It also causes thromboembolic 
complications[3] like transient ischemic stroke, which increases 
morbidity and mortality[4-5]. Structural and functional changes in the 
left atrium, caused by age, hypertension, volume overload, or pressure 
overload, lead to increased left atrial volume or brosis, signicantly 
raising the risk of developing postoperative atrial brillation (POAF). 
Structural and functional changes in the left atrium, caused by age, 
hypertension, volume overload, or pressure overload, lead to increased 
left atrial volume and subsequently atrial brosis, signicantly raising 
the risk of developing postoperative atrial brillation (POAF)[6-7]. 
The proposed inciting factor that precipitates POAF following cardiac 
surgery includes intraoperative ischemia, electrolyte imbalance, 
increased post-operative sympathetic activity, etc. 

Structural and functional changes which lead to signicant risk of 
POAF can be quantied by different parameters like LA diameter, LA 
volume index, doppler echocardiography, trans-mitral inow velocity, 
tissue Doppler imaging, left atrial function index (LAFI), LA strain 
analysis, etc.[8-9].

Two-dimensional speckle track echocardiography (2-D STE) has 
evolved as a Nobel tool for assessing LA function, which is angle 
independent, and free of myocardial tethering[10]. It evaluates 
myocardial function by analyzing speckles (echogenic spots on 
myocardium) on the 2-D grayscale ultrasound image of the 
myocardium. It produces reliable and reproducible results which 
correspond with Doppler parameters.

The Aim Of This Study 
Was to evaluate the relationship between PALS, measured by 2-D STE 

Analysis through trans-esophageal echocardiography (TEE) with 
POAF in patients with CAD undergoing OP-CABG surgery.

We here present a study of 50 patients with coronary artery disease 
(CAD), undergoing Off-pump coronary artery bypass graft (OP- 
CABG) surgery, whose LA is assessed peri-operatively by TEE, 
through LA strain analysis by speckle tracking echocardiography 
(STE). 

Which is considered as an independent predictor of POAF. These 
patients were monitored for the development of POAF after the 
surgery.

METHOD;
This prospective, observational, cohort study was done on patients 
with coronary artery disease (CAD), undergoing off-pump coronary 
artery bypass graft surgery (OP-CABG) in ABVIMS, Dr RML 
Hospital, New Delhi, India. 56 patients with CAD planned for 
OPCABG surgery, aged between 20-75 years were randomly enrolled 
in this study. Patients with ages <20 years and >75 years, previous 
history of arrhythmia, atrial brillation, current use of anti-arrhythmic 
drugs, concomitant valvular heart disease, low left ventricular ejection 
fraction < 40%, previous history of cardiac surgery, operation on 
ascending aorta, history of renal impairment, known hepatic disease, 
thyroid abnormality, allergy with the local anaesthetic agent were 
excluded from the study. 

Also, patients with unfeasible STE Analysis due to poor acoustic 
window, inadequate tracking of Left atrial border and oesophageal 
anomaly, prior history of oesophageal surgery, space-occupying lesion 
in Oro-pharyngeal or oesophageal area, and the patients with any 
known contraindication for transesophageal echocardiography (TEE) 
were excluded from this study. 6 patients were excluded from the study 
due to unfeasible STE analysis because of poor acoustic window.

All study procedures complied with the Declaration of Helsinki 
protocol for clinical studies.
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ABSTRACT
Introduction; Atrial brillation is a common arrhythmia seen after cardiac surgery particularly coronary artery bypass graft surgery. It has 
signicant implications on patient morbidity and mortality. Left atrial contractile dysfunction was one of the major inciting factors in the 
development of postoperative atrial brillation (POAF). Two-dimensional speckle track echocardiography (2-D STE) emerges as a Nobel tool to 
assess the LA function. To evaluate the relationship between Peak Atrial Longitudinal Strain (PALS), measured by 2-D STE Aim Of Study; 
Analysis through Trans-Esophageal Echocardiography (TEE) with POAF. Methods; In this study, 50 patients with coronary artery disease (CAD) 
undergoing off-pump coronary artery bypass graft (OP-CABG) surgery were randomly selected after matching baseline characteristics. Left atrial 
strain analyses by 2-D STE in Deep Transgastric 5-Chamber view by transesophageal echocardiography (TEE). Peak atrial longitudinal strain 
(PALS) was calculated. The patient was continuously monitored for 3 consecutive days postoperatively for the development of newly diagnosed 
atrial brillation. POAF occurs in 16 out of 50 patients (32%). Patients with POAF were older and had lower ejection fraction than those Results; 
patients who had sinus rhythm after OPCABG surgery. Patients with a decreased value of PALS <28% have a higher incidence of POAF, reduction 
in PALS reects impaired atrial function either due to brosis or remodelling, which are known contributors to POAF. The odds ratio of POAF with 
PALS < 28%, is 35.2 which shows a strong correlation between the two. Perioperative reduced PALS measured by 2D STE analysis is Conclusion; 
associated with POAF after OPCABG surgery.

KEYWORDS
Atrial Fibrillation, Postoperative Atrial Fibrillation, Speckle Track Echocardiography, Peak Atrial Longitudinal Strain, Peak Atrial 

Contraction Strain, Conduit Strain.
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Figure 1 Study Population

In the pre-anesthetic examination, a comprehensive clinical evaluation 
with all the signicant history, cardiovascular risk factors, 
comorbidities, and medications were documented. Lab Tests including 
Blood reports (total leucocyte count, differential counts, hemoglobin 
level, platelet count, electrolytes, glycosylated hemoglobin, blood 
urea, serum creatinine, TSH level, C-Reactive Protein) 12- lead ECG, 
chest X-ray, detail coronary angiography for type and extension of 
coronary artery disease, etc. were recorded. Informed consent was 
taken for a comprehensive transesophageal echocardiographic (TEE) 
evaluation.

Monitors as per the American Society of Anesthesiology protocol for 
CABG surgery were attached and baseline vitals were recorded. All 
patients were induced and endotracheal intubation was done as per 
institutional-based protocol. The transesophageal probe is inserted 
after endotracheal intubation under direct vision with the aid of a direct 
laryngoscope in a sterile condition. During surgery type of conduits 
used for grafting (arterial vs venous), the number of vessels that are 
grafted, and the duration of cardiac surgery was recorded. After 
completion of operation patients were followed up for the next 3 days 
in the Intensive Care Unit (ICU), where continuous ECG was 
recorded. Any new arrhythmia particularly atrial brillation (AF), 
which was dened as an irregularly irregular rhythm with a uctuating 
baseline and no discernible P waves (irregular RR interval). POAF 
episodes lasting >30 seconds during the postoperative hospital stay 
that required either pharmacologic or electrical intervention were 
considered signicant and were recorded. Serial ABGs were done for 
assessment of acid-base status and electrolyte assessment. Inotropic 
support, invasive blood pressure, and intravascular volume status by 
CVP monitoring were also recorded.

Trans-oesophageal Echocardiography (TEE)
Transesophageal echocardiography (TEE) was performed after 
endotracheal intubation, during the intraoperative period, according to 
the American Society of Echocardiography/ European Society of 
Cardiovascular Imaging recommendations, by an experienced 
anesthesiologist, using EPIQ Elite 7G PHILIPS (Bothell W A) with 
X7-2T probe. Speckle tracking analysis was done on deep trans-gastric 
5 chamber view, and deep trans-gastric 2 chamber view with ECG 
gating. 3 to 5 consecutive beats with proper delineation of the LA 
border with a frame rate of 40-60 frames/sec in 2-Dimensional 
echocardiography were recorded. STE analysis was performed with 
the same software that was installed for left ventricle strain analysis. 
The LA endocardial border was manually adjusted, so that reliable 
delineation of the region of interest of 6 segments in each view was 
achieved. Then on running the software using QRS as a starting point, 
we get peak atrial longitudinal strain (PALS) and peak atrial 
contraction strain (PACS). PALS is calculated at the end of the 
reservoir phase, while PACS corresponds to the second peak which is 
at the beginning of the contraction phase.

Figure 2 shows strain analysis in deep trans-gastric ve-chamber view 
in TEE

Statistical Analysis;
Statistical analyses were performed using the SPSS 20.0 statistical 
package for Windows (Chicago, IL, USA). The results were presented 
as mean / SD for continuous variables and frequency (percentage) for 
categorical variables. We compared demographic variables, medical-
related variables, and echocardiographic data between POAF and 
sinus rhythm groups using the Student t-test for continuous variables 
and the Fisher's exact test for categorical variables. P < 0.05 was 
considered statistically signicant. The odds ratio is used to evaluate 
the strength of association between the reduced PALS and POAF.

RESULTS;
56 patients with the same demographic criteria and baseline 
characteristics were selected for the study but due to difcult Deep 
Trans gastric 5-Chamber transesophageal echocardiographic image 
and so, unreliable speckle track imaging (STE), 6 patients were 
excluded from our study.

50 patients with CAD undergoing CABG surgery were nally 
included in this study, out of which 16 patients (32%) developed 
POAF. Demographic characteristics are summarised in Table 1, the 
mean age of the sample population is 63 ±8, And the prevalence of 
male gender of 85%

The conventional echocardiographic parameter and STE parameter 
are summarised in Table 2 on average there is a mild reduction in left 
ventricular ejection fraction of 55.2% and also reduced global PALS 
(36 ± 5%) all patients underwent isolated off-pump coronary artery 
bypass graft surgery. 16 Patients develop atrial brillation, at a mean of 
1.7 ± 1 days postoperatively. They were treated with anti-arrhythmic 
agents (amiodarone infusion). As compared with the sample patients 
who developed POAF were older and also had poor left ventricular 
ejection fraction. In comparison to STE analysis patients with POAF 
had reduced global PALS and PACS concerning patients who did not 
develop POAF. The optimal cutoff value of PALS for the prediction of 
POAF was < 28% based on a previous study, out of 50 patients, 13 
patients had PALS < 28% and 11 among them developed POAF, so the 
incidence of POAF among Patients with PALS< 28% is 84%. 5 
patients with PALS >28% also develops POAF. The odds ratio of 
POAF with PALS < 28%, is 35.2,  p-value of this odd ratio is <0.001 
which shows a strong correlation between the two.

Patients with impaired global PALS were older, low ejection fraction, 
increased left atrium volume, increased e/e' ratio, increased grade of 
diastolic dysfunction, and increased left ventricular mass. Patients 
with a decreased value of PALS <28% have a higher incidence of 
POAF, reduction in PALS reects impaired atrial function either due to 
brosis or remodelling, which are known contributors of POAF.

Figure 3 

Table 1 Demographic and Clinical characteristics of the study 
population
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Total case 
(n=50)

POAF 
(n=16)

No POAF 
(n=34)

P value

Age (years) 63 68 61 <0.005
Sex (male) 42 13 39 NA
Sex (female) 8 3 5 NA
Weight (kg) 63.6 ± 7.6 66± 6.2 62± 8.4 NA
Height (cm) 161.8 ± 8.7 166 ± 4.5 158 ± 9.2 NA
Heart rate (per minute) 68 ± 8 76 ± 6 62 ± 4 NA
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Table 2 Echocardiographic parameter of the study population

DISCUSSION; 
POAF being one of the most frequent arrhythmias seen after coronary 
artery bypass graft surgery, with an incidence of 15-40%[11-12], has a 
multifactorial origin including advanced age, female sex, history of 
hypertension, atrial myocardial ischemia as a result of atherosclerosis 
in a left circumex coronary artery, left ventricular dysfunction, 
electrolyte imbalance, and increased postoperative sympathetic 
activity. All these factors inuence structural and functional changes in 
the left atrium leading to increased LA volume and left atrial interstitial 
brosis predisposing the patients to increased risk of POAF[13-14].

POAF is associated with hemodynamic instability, needs high 
inotropic support, longer ICU stays, and thromboembolic 
complications[3], which increases morbidity and mortality[4-5]. 
Villarreal et al. reported an increased incidence of thromboembolic 
complications and cardiac death in patients developing post-operative 
AF[11]. Mariscalco et al also found a similar association in their 
study[15].

So early prediction of patients with a higher risk of POAF is important 
to start prophylactic management at the earliest to prevent its 
occurrence. However precise functional assessment of LA is difcult, 
due to various limitations. Invasive functional assessment of LA is not 
feasible in many patients. With the advent of advanced 
echocardiography, like Pulse Doppler, Tissue Doppler, and strain 
analysis it is feasible to assess LA function. LA function evaluation is a 
more reliable predictor of POAF after cardiac surgery than LA size and 
volume i.e. dimension evaluation[16-17].

Various methods to assess LA function, invasive methods like atrial 
biopsy for assessment of brosis, Non-invasive methods like Cardiac 
MRI, echocardiography for assessment of deformation by STE, 
annular motion by TDI, etc.[16]

Transmitral A velocity and its velocity time integral, LA ejection force 
(peak A velocity) is a measure of LA contractile function assessment. 
Tissue Doppler derived A' velocity is a less load dependent surrogate 
of LA function. The above methods mandate the presence of sinus 
rhythm. To overcome this LA function index (LAFI), volumetric 
measurements like LA ejection fraction and LA expansion index are 
used to assess LA function in the absence of sinus rhythm[18].

Tissue Doppler imaging is also a reliable method to assess mitral 
annular systolic motion, hence the LA function[19]. Mitral annular 
tissue Doppler velocity with a value < 9 cm/sec strongly predicts 
POAF. However, it has inherent limitations like angle dependency, 
noise interference, and myocardial tethering. 

2D STE by Transesophageal Echocardiography
Strain and strain rate analysis is an emerging concept to evaluate LA 
function. Various methods to calculate LA strain are tissue Doppler 
imaging (TDI), velocity vector imaging, and two-dimensional speckle 
tracking echocardiography (2D-STE). 2-D STE has an added 
advantage over TDI by its angle independence, decreased noise 
interference, and tethering effects. Even STE has its limitations like 
high inter-operator variability,  high dependence on the 
echocardiographic acoustic window, and requirement of high image 
resolution.[20-21]

Our study, used 2D STE to calculate LA strain, by the same software 
that was initially developed for LV strain analysis, with the adjustment 
of change in region of interest. 2D STE tracks speckle patterns 
(acoustic markers) within serial 2D -B mode sector scan thereby 
calculating strain and strain rate. 

LA has three functions, reservoir function in systole when blood lls 
the left atrium, as a conduit in early diastole which corresponds to 
passive lling of left ventricle, and as an active contraction which 
corresponds to lling of LV in late diastole.

In the reservoir phase, as the left atrium starts lling and volume starts 
increasing and positive atrial strain also increases which reaches its 
peak in systole before the opening of the mitral valve, maximum strain 
at this time (after the reservoir Phase) is peak atrial longitudinal strain 
(PALS) or Reservoir strain (Figure 4). It encompasses the time of left 
ventricular isovolumic contraction, ejection, and isovolumic 
relaxation and is calculated as the difference between the strain value at 
the strain curve peak and end-diastole.

In the conduit phase, the mitral valve opens and the volume of the left 
atrium decreases, which corresponds to early rapid lling of the left 
ventricle reaching a plateau just before LA contraction.  Conduit 
strain is calculated as the difference between the strain value at the 
onset of atrial contraction and the peak value of the curve (Figure 4).

The next deection in the strain curve is at the time of active atrial 
contraction, which pushes blood from LA to LV actively. Peak atrial 
contraction strain (PACS) is measured following the P wave of ECG, 
corresponding to active atrial contraction. Contraction strain starts 
from the onset of LA contraction until the end diastole in patients with 
sinus rhythm and is therefore calculated as the difference between the 
strain value at the end diastole (by denition zero) and the value at the 
onset of atrial contraction (Figure 4).

LA strain curve has two patterns based on the time in the cardiac cycle 
at which software processing starts. Atrial cycle or diastolic gating, 
strain processing starts at the P wave. Ventricular cycle or systolic 
gating when software processing starts at QRS wave. Reference zero is 
based on the gating.

Figure 4 shows reservoir strain, conduit strain, and contraction strain 
based on Systolic gating and diastolic gating respectively.

In a multicentre study involving 329 healthy subjects, Morris et al. 
reported LA systolic strain (i.e., PALS) to be 45.5%±11.4% and LA 
strain rate during late diastole (i.e., PACS) to be −2.11±0.61 s-1. The 
lowest expected values (using mean −2 SD) were 23.1 % for LA 
systolic strain and −0.91 s-1 for A sr in late diastole [22-23].

Patients having a preoperative reduction in PALS show an increased 
incidence of POAF. Kislitsina Olga N et al showed a positive 

28correlation between preoperative PALS and POAF[28] . While 
Pastore M C et al in their multicentric study postulated a pre-surgical 
global PALS < 28% to be associated with POAF. Our study showed an 
acceptable, reliable, and reproducible association between new onset 
POAF and a PALS value of < 28%[24-25] in patients with CAD 
undergoing off-pump CABG surgery. We also observed a strong 
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Systolic blood pressure 
(mm Hg) 

155 ± 10 162 ± 8 153 ± 10

Diastolic BP (mm Hg) 86 ± 6 90 ± 4 84 ± 6
H/O hypertension 40 16 34 NA
H/O DM 34 12 22 NA
H/O Dyslipidaemia 50 16 34 NA
H/O Smoking 28 13 15 NA
B Blocker 50 16 34 NA
CCB 10 3 7 NA
Ace Inhibitors 40 12 28 NA
Statins 50 16 34 NA
OHA 34 12 22 NA

Echocardiography assessment
Total case 
(n=50)

POAF 
(n=16)

No POAF 
(n=34)

Ejection fraction 55.2 52 60
Diastolic dysfunction grade 2 or 
more

8 8 0

Average E/E' > 15 10 10 0
Global PALS 36 ± 5% 18 ± 4% 38 ± 6%
Regional wall motion 
abnormality

10 8 2

No of vessels grafted
TVD/DVD 45/5 16/0 29/5
Lima 50 16 34
Saphenous vein 50 16 34
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correlation between decreased global longitudinal strain by 2D STE 
and POAF after OP-CABG surgery. Reduced strain is either due to 
atrial interstitial brosis or remodelling due to chronic pressure or 
volume overload. Which is a known contributor to POAF [26-29].

Limitations:
Limitations of this study include small sample size, Single institutional 
study, Follow-up for less duration (3 days), Type (Arterial vs Venous) 
and patency of graft after surgery, Ischemia during the perioperative 
period, Anti-arrhythmic therapy during the intraoperative period, 
multiple operating surgeons and their approach, and requirement of 
Sophisticated software and non-availability of software for LA Strain 
analysis.

CONCLUSION; 
LA dysfunction is assessed by global longitudinal strain, PALS, and 
strain rate through STE to provide accessible, feasible, and 
reproducible results[30]. Our study shows Global PALS <28% is a 
strong predictor of POAF in patients of CAD undergoing OPCABG 
surgery. So, more attention should be paid to preventive strategies in 
patients who have increased clinical risk factors and positive 
echocardiographic predictors of POAF. 

REFERENCES 
1. Mitchell LB; CCS Atrial Fibrillation Guidelines Committee. Canadian Cardiovascular 

Society atrial brillation guidelines 2010: prevention and treatment of atrial brillation 
following cardiac surgery. Can J Cardiol. 2011 Jan-Feb;27(1):91-7. doi: 10.1016/ j.cjca. 
2010.11.005. PMID: 21329866.

2. Jongnarangsin K, Oral H. Postoperative atrial brillation. Cardiol Clin. 2009 Feb;27(1) 
:69-78, viii. doi: 10.1016/j.ccl.2008.09.011. PMID: 19111765.

3. Shih JY, Tsai WC, Huang YY, Liu YW, Lin CC, Huang YS, Tsai LM, Lin LJ. Association 
of decreased left atrial strain and strain rate with stroke in chronic atrial brillation. J Am 
Soc Echocardiogr. 2011 May;24(5):513-9. doi: 10.1016/j.echo.2011.01.016. Epub 2011 
Feb 24. PMID: 21353469.

4. El-Chami MF, Kilgo P, Thourani V, Lattouf OM, Delurgio DB, Guyton RA, et al. New-
onset atrial brillation predicts long-term mortality after coronary artery bypass graft. J 
Am Coll Cardiol. 2010 Mar 30;55(13):1370-6. doi: 10.1016/j.jacc.2009.10.058. PMID: 
20338499.

5. Hindricks G, Potpara T, Dagres N, Arbelo E, Bax JJ, Blomström-Lundqvist C, et al; ESC 
Scientic Document Group. 2020 ESC Guidelines for the diagnosis and management of 
atrial brillation developed in collaboration with the European Association for Cardio-
Thoracic Surgery (EACTS). Eur Heart J. 2021;42:373–498. doi: 10.1093/eurheartj/ 
ehaa612

6. Maisel WH, Rawn JD, Stevenson WG. Atrial brillation after cardiac surgery. Ann 
Intern Med. 2001 Dec 18;135(12):1061-73. doi: 10.7326/0003-4819-135-12-2001121 
80-00010. PMID: 11747385.

7. Qureshi M, Ahmed A, Massie V, Marshall E, Harky A. Determinants of atrial brillation 
after cardiac surgery. Rev Cardiovasc Med. 2021;22:329–341. doi: 10.31083/j.rcm 
2202040. PMID: 34258901.

8. Leischik R, Littwitz H, Dworrak B, Garg P, Zhu M, Sahn DJ, et al. Echocardiographic 
Evaluation of Left Atrial Mechanics: Function, History, Novel Techniques, Advantages, 
and Pitfalls. Biomed Res Int. 2015;2015:765921. doi: 10.1155/2015/765921. Epub 
2015 Jul 7. PMID: 26236735; PMCID: PMC4508385.

9. Todaro MC, Choudhuri I, Belohlavek M, Jahangir A, Carerj S, Oreto L, et al. New 
echocardiographic techniques for evaluation of left atrial mechanics. Eur Heart J 
Cardiovasc Imaging. 2012 Dec;13(12):973-84. doi: 10.1093/ehjci/jes174. Epub 2012 
Aug 21. PMID: 22909795; PMCID: PMC3598416.

10. Cameli M, Mandoli GE, Loiacono F, Dini FL, Henein M, Mondillo S. Left atrial strain: a 
new parameter for assessment of left ventricular lling pressure. Heart Fail Rev. 2016 
Jan;21(1):65-76. doi: 10.1007/s10741-015-9520-9. PMID: 26687372.

11. Villareal RP, Hariharan R, Liu BC, Kar B, Lee VV, Elayda M, et al. Postoperative atrial 
brillation and mortality after coronary artery bypass surgery. J Am Coll Cardiol. 2004 
Mar 3;43(5):742-8. doi: 10.1016/j.jacc.2003.11.023. PMID: 14998610.

12. Steinberg BA, Zhao Y, He X, Hernandez AF, Fullerton DA, Thomas KL, et al. 
Management of postoperative atrial brillation and subsequent outcomes in 
contemporary patients undergoing cardiac surgery: insights from the Society of 
Thoracic Surgeons CAPS-Care Atrial Fibrillation Registry. Clin Cardiol. 2014 
Jan;37(1):7-13. doi: 10.1002/clc.22230. Epub 2013 Dec 18. PMID: 24353215; PMCID: 
PMC3975246.

13. Auer J, Weber T, Berent R, Ng CK, Lamm G, Eber B. Risk factors of postoperative atrial 
brillation after cardiac surgery. J Card Surg. 2005 Sep-Oct;20(5):425-31. doi: 
10.1111/j.1540-8191.2005.2004123.x. PMID: 16153272.

14. Haghjoo M, Basiri H, Salek M, Sadr-Ameli MA, Kargar F, Raissi K, et al. Predictors of 
postoperative atrial brillation after coronary artery bypass graft surgery. Indian Pacing 
Electrophysiol J. 2008 Apr 1;8(2):94-101. PMID: 18379654; PMCID: PMC2267893.

15. Mariscalco G, Klersy C, Zanobini M, Banach M, Ferrarese S, Borsani P, et al. Atrial 
brillation after isolated coronary surgery affects late survival. Circulation. 2008 Oct 
14;118(16):1612-8. doi: 10.1161/CIRCULATIONAHA.108.777789. Epub 2008 Sep 
29. PMID: 18824644.

16. Nakai T, Lee RJ, Schiller NB, Bellows WH, Dzankic S, Reeves J 3rd, et al. The relative 
importance of left atrial function versus dimension in predicting atrial brillation after 
coronary artery bypass graft surgery. Am Heart J. 2002 Jan;143(1):181-6. doi: 
10.1067/mhj.2002.120294. PMID: 11773931.

17. Leung JM, Bellows WH, Schiller NB. Impairment of left atrial function predicts post-
operative atrial brillation after coronary artery bypass graft surgery. Eur Heart J. 2004 
Oct;25(20):1836-44. doi: 10.1016/j.ehj.2004.07.014. PMID: 15474699.

18. Mohamed Sabry AS, El-Kader Mansour HA, Abo El-Azm TH, Sayed Akef ME, Mostafa 
SA. Clinical and Echocardiographic Predictors of Atrial Fibrillation after Coronary 
Artery Bypass Grafting. J Atr Fibrillation. 2020 Dec 31;13(4):2320. doi: 
10.4022/jab.2320. PMID: 34950315; PMCID: PMC8691302.

19. Benedetto, Umberto et al. “Clinical utility of tissue Doppler imaging in prediction of 
atrial brillation after coronary artery bypass grafting.” The Annals of thoracic surgery 
83 1 (2007): 83-8 .

20. Candan O, Ozdemir N, Aung SM, Dogan C, Karabay CY, Gecmen C, Omaygenç O, 
Güler A. Left atrial longitudinal strain parameters predict postoperative persistent atrial 
brillation following mitral valve surgery: a speckle tracking echocardiography study. 

Echocardiography. 2013 Oct;30(9):1061-8. doi: 10.1111/echo.12222. Epub 2013 Apr 
19. PMID: 23600893.

21. Verdejo HE, Becerra E, Zalaquet R, Del Campo A, Garcia L, Troncoso R, Chiong M, 
Marin A, Castro PF, Lavandero S, Gabrielli L, Corbalán R. Atrial Function Assessed by 
Speckle Tracking Echocardiography Is a Good Predictor of Postoperative Atrial 
Fibrillation in Elderly Patients. Echocardiography. 2016 Feb;33(2):242-8. doi: 
10.1111/echo.13059. Epub 2015 Sep 23. PMID: 26394799.

22. Morris DA, Takeuchi M, Krisper M, Köhncke C, Bekfani T, Carstensen T, et al. Normal 
values and clinical relevance of left atrial myocardial function analysed by speckle-
tracking echocardiography: multicentre study. Eur Heart J Cardiovasc Imaging. 2015 
Apr;16(4):364-72. doi: 10.1093/ehjci/jeu219. Epub 2014 Nov 3. PMID: 25368210.

23. Pathan F, D'Elia N, Nolan MT, Marwick TH, Negishi K. Normal Ranges of Left Atrial 
Strain by Speckle-Tracking Echocardiography: A Systematic Review and Meta-
Analysis. J Am Soc Echocardiogr. 2017 Jan;30(1):59-70.e8. doi: 10.1016/j.echo.2016. 
09.007. Epub 2016 Oct 27. PMID: 28341032.

24. Pastore MC, Degiovanni A, Grisa L, Renda G, Sozzani M, Giordano A, et al. Left Atrial 
Strain to Predict Postoperative Atrial Fibrillation in Patients Undergoing Coronary 
Artery Bypass Grafting. Circ Cardiovasc Imaging. 2024 Jan;17(1):e015969. doi: 
10.1161/CIRCIMAGING.123.015969. Epub 2024 Jan 16. PMID: 38227692.

25. Abdelrazek G, Mandour K, Osama M, Elkhashab K. Strain and strain rate 
echocardiographic imaging predict occurrence of atrial brillation in post-coronary 
artery bypass grafting patients. Egypt Heart J. 2021 Jul 3;73(1):62. doi: 10.1186/s43044-
021-00188-z. PMID: 34216305; PMCID: PMC8254834.

26. Kislitsina ON, Cox JL, Shah SJ, Malaisrie SC, Kruse J, Liu M, et al. Preoperative left 
atrial strain abnormalities are associated with the development of postoperative atrial 
brillation following isolated coronary artery bypass surgery. J Thorac Cardiovasc Surg. 
2022 Sep;164(3):917-924. doi: 10.1016/j.jtcvs.2020.09.130. Epub 2020 Oct 10. PMID: 
33220963.

27. Her AY, Kim JY, Kim YH, Choi EY, Min PK, Yoon YW, et al. Left atrial strain assessed 
by speckle tracking imaging is related to new-onset atrial brillation after coronary 
artery bypass grafting. Can J Cardiol. 2013 Mar;29(3):377-83. doi: 10.1016/j.cjca.2012. 
06.006. Epub 2012 Aug 15. PMID: 22902158.

28. Ozben B, Akaslan D, Sunbul M, Filinte D, Ak K, Sari İ, et al. Postoperative Atrial 
Fibrillation after Coronary Artery Bypass Grafting Surgery: A Two-dimensional 
Speckle Tracking Echocardiography Study. Heart Lung Circ. 2016 Oct;25(10):993-9. 
doi: 10.1016/j.hlc.2016.02.003. Epub 2016 Mar 5. PMID: 27011039.

29. Borde DP, Joshi S, Agrawal A, Bhavsar D, Joshi P, Apsingkar P. Left Atrial Strain to 
Predict Postoperative Atrial Fibrillation in Patients Undergoing Off-pump Coronary 
Artery Bypass Graft. J Cardiothorac Vasc Anesth. 2024 Nov;38(11):2582-2591. doi: 
10.1053/j.jvca.2024.07.047. Epub 2024 Aug 14. PMID: 39218763.

30. Pastore MC, De Carli G, Mandoli GE, D'Ascenzi F, Focardi M, Contorni F, et al. The 
prognostic role of speckle tracking echocardiography in clinical practice: evidence and 
reference values from the literature. Heart Fail Rev. 2021 Nov;26(6):1371-1381. doi: 
10.1007/s10741-020-09945-9. PMID: 32219615.

PRINT ISSN No. 2277 - 8179 | DOI : 10.36106/ijsrVolume - 14 | Issue - 03 | March - 2025

International Journal of Scientific Research 47


