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Background: Atrial fibrillation (AF) was recognized as a major cause of morbidity and mortality after coronary artery bypass graft 
surgery (CABGS). Finding an accurate method to identify patients with increased risk may prevent or lower the occurrence of the related 
complications.
Objectives: This study aimed to evaluate the association between interval of P-wave initiation in surface electrocardiogram, a-wave 
initiation in doppler study of mitral valve, MV annular velocity by TDI and compare them with conventional echocardiographic findings 
to investigate the associated factors related to the occurrence of AF in the first 72 hours after the CABGS.
Patients and Methods: Four hundred and four patients with sinus rhythm, who were candidate for CABGS between June 2010 and July 
2012 were examined before the surgery by conventional echocardiography and Tissue Velocity Imaging Methods and were monitored for 
72 hours after surgery. Data collection and analysis were done by SPSS statistical software.
Results: The mean age of patients was 60 ± 9.9 years. Statistically significant relationship between the occurrence of AF with Mitral valve 
annulus, LA Volume Index (LAVI) , Right ventricle function, and type of surgery (off  pump or on pump) were detected in our study (P 
< 0.05) . There was no statistically significant relationship between the occurrence of AF and time interval of P wave to A wave onset in 
conventional Doppler echocardiographic study (P-A), P-A′ onset and P-A’ peak in TDI examination (P > 0.05).
Conclusions: Based on our findings, MV annulus, LAVI, RV function and on pump CABGS were independent factors related to the 
occurrence of AF post CABGS. Echocardiographic study associated with clinical data could be helpful for risk stratification of occurrence 
of post-operative AF.
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Implication for health policy/practice/research/medical education:
The findings of present study demonstrated that advanced age, LAVI, MV annulus, RV systolic function, type of surgery (On Pump), History of HTN, and 
urgent surgery were the independent predictors of AF after CABGs. These findings could apparently detect high risk patients before the operation and be 
an important step to cut in costs, shorten hospital stay, and improve their outcomes.
Copyright © 2013, Iran University of Medical Sciences. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

1. Background
Atrial fibrillation was recognized as a major cause of 

morbidity and mortality after CABGS (1-3). The incidence 
of AF depends on several factors like clinical factors (du-
ration of arrhythmia and co morbid diseases), type of 
postoperative monitoring (intermittent or continuous) 
and changing profile of patients undergoing CABGS (4-6). 
The post-operation AF will increase the incidence of Cere-
brovascular accidents (CVA), patients’ disability, hospital 
stay, drug consumption, and treatment expenditure. Also 
post-operative AF increases patients’ mortality up to 29% 
(7, 8). Maintenance of sinus rhythm could be effective in 
improving the quality of life and heart performance in 
patients with congestive heart failure (CHF), and also, 
could decrease the risk of thromboembolism and the 
side effects of long term anti coagulation therapy (9, 10). 
By continuous electrocardiographic monitoring, the in-
cidence of postoperative AF was 25%-40% after CABGS and 
62% in combined surgeries of CABGS and valvular proce-

dures. Therefore, more attention has been focused to de-
fine the predictors of post-operative AF and find high risk 
patients. Procedures like electrophysiological study (EPS) 
(11, 12) and Signal Average study of P waves (13, 14) were 
used to predict the incidence of post-operative AF, but 
their use were limited because of their invasiveness and 
cost. Patients with post-operative AF usually are older, 
have larger LA dimension, and electromechanical delay 
in atria. Also they have lower LV ejection fraction (LVEF) 
and longer P-wave duration. They have smaller A-wave in 
Doppler Echocardiography. It has been shown that the 
atrial electromechanical delay is the best independent 
factor for predicting the incidence of post-operative AF 
(15).

2. Objectives
This study aimed to evaluate the association between 

the Time Interval of P-Wave initiation in the surface elec-
trocardiogram and A-Wave Initiation in Doppler Study 
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of mitral valve flow and MV annular velocity by TDI and 
compare those findings with conventional echocardio-
graphic findings to predict the incidence of atrial fibrilla-
tion during 72 hours after the CABG surgery.

3. Patients and Methods
Between August 2010 and August 2012, a prospective 

observational study was done to find the new predictors 
of AF after CABGS, 404 patients who underwent CABGs 
included in the study in Madani heart center of Tabriz. 
Study was approved by ethical committee of Tabriz Uni-
versity of medical sciences. Data were collected from 
hospital records and patient information remained 
confidential. Echocardiographic study before surgery 
and control of rhythm after surgery were included in 
the usual care of patients who were candidate for sur-
gery so there were no additional cost for all patients. 
All patients who were candidate for doing CABGS and 
had sinus rhythm were examined before surgery with 
echocardiography by conventional and tissue Doppler 
methods and they were monitored for 72 hours after the 
surgery for incidence of AF rhythm. Patients with pre-
vious history of AF, use of antiarrhythmic drugs except 
for B-Blocker, presence of PPM and associated signifi-
cant valvular problems tended to mix operation were 
excluded. Patients who died during or within 72 hours 
after the surgery were excluded from this study (with or 
without occurring AF). Study variables were: Rhythm of 
AF, P-wave duration, interval between onset of P-wave in 
surface ECG and A-wave onset in Doppler profile of MV 
flow (P-A onset) has been shown in Figure 1. Interval be-
tween P-wave onset in surface ECG and septal corner of 
MV A′ onset in TVI (P-A′ Onset) has been shown in Figure 
2. Interval between P-wave initiation in surface ECG and 
septal corner A’ peak (P-A′ Peak), left atrial volume index 
(LA volume/BSA, based on prolate formula (A1

xA2
x 0.85/ 

L /BSA .A1 = Max .planimetered LA area in A4C view, A2 = 
Max. Planimeterd LA area in A2C view, L = Length mea-
sured from back wall of LA to line across mitral valve 
hinge point), right atrial area, right ventricular func-
tion (based on Tricuspid annular plane systolic excur-
sion, TAPSE), Mitral annulus measured in parasternal 
long axis and apical four-chamber view at zoom mode, 
and type of surgery (on or off-pump). Measurements 
are expressed as mean (SD), frequency (percentage). T-
test, Fisher's Exact Test, Pearson Chi-Square were used 
in order to compare study data. The obtained data were 
analyzed using SPSS 16 for Windows (SPSS Inc., Chicago, 
Illinois). Mean (SD) of continuous variables and fre-
quency of qualitative variables were reported. Student 
T-test was used for comparing continuous variables. The 
P value less than or equal to 0.05 was reported as signifi-
cant difference. 

4. Results
A total of 404 patients enrolled. Included patients were 

228 male (56.4%) and 176 female (43.6%). The overall inci-
dence of AF occurred in 16.1% of patients, post-operatively. 
The basic data relating to characteristics are summa-
rized in Table 1, Mean age of patients was 60.8±9.9 (35-80 
years) years, and 51.3% of patients were hypertensive (AF 
developed in 39 patients with history of hypertension). 
The surgery was emergent in 22.8% of patients. In 74.5% 
of patients, the surgery was done with On-pump method. 
The frequency of patients with three, two and one ves-
sel involvement was 61.6%, 26.7% and 6.9%, respectively. 
Moreover, the Left main involvement was found in 16.1% 
of patients (obstruction more than 50%). Based on pre-op-
erative echocardiographic study, the mean EF was 48.6% 
(10% to 65%, Table 1). Significant relationship was detected 
between Mitral annulus, LAVI, Right ventricle function, 
urgency and type of surgery (off or on pump) with occur-
rence of AF after surgery (P < 0.05, Table 2). There were 
no statistically significant relationship between occur-
ring of AF and P-A onset in conventional Doppler study, 
P-A′ onset in TDI examination, P- A′ peak in TDI , P-wave 
duration in surface ECG, and Right atrial area in echocar-
diographic examination (P < 0.05, Table 2). 

Table 1. The Information About Cardiac Status

No. mean (SD) Max - Min

Age, y 60 (9.9) 80-35

EFa 399 48 (8.4) 65-10

P-A Onset duration, ms 402 73 (14.5) 134-27

P -A′ Onset, ms 404 132 (23) 216-11

P -A′ Peak ,ms 404 79 (20) 140-20

La volume index, cc/m2 404 26 (7.4) 74-11

Mitral valve ring, mm 296 29 (4.2) 40-19

RA area, cm2 296 13 (2.2) 19-5.8

P wave duration 370 0.07 (0.02) 0.12-0.04
a Abbreviations: EF, Ejection Fraction; RA, Right Atrium

5. Discussion
Our study examined the prognostic impact of several 

clinical, Echocardiographic, and Electromechanical 
variables for occurrence of post-operative AF after CABG 
surgery. Advanced age was strongly associated with post 
op AF, Mean age was 72 and 49 years in patients with and 
without AF after surgery, respectively. In this study, there 
was significant association between Mitral annulus, LAVI, 
Right ventricle function, urgency and type of surgery (off 
pump or on pump) and occurrence of AF after CABGS. 
There was no significant association between time inter-
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val of P-A onset in conventional Doppler, P-A′ onset in TDI 
examination, P-A′ peak in TDI, P-wave duration in surface 
ECG”, and right atrial area in echocardiography exami-
nation and occurrence of AF after CABGS. The value of LV 

electromechanical delay in patients with postoperative 
AF was examined in one study (16), it was concluded that 
Left-ventricular electromechanical delay is prolonged in 
patients with postoperative AF.

Table 2. Association Between Different Factors in Two Groups With and Without AF

With AFa (n=65) Without AF (n=339) P value

P-A Onset, m/sec (conventional Doppler) 0.63

mean (SD) 73.97 (12.85) 73.01 (14.90)

P-A′ Onset, m/sec (TDI time interval) 0.223

mean (SD) 82.42 (17.85) 79.02 (20.99)

P-A Peak, m/se (TDI time interval) 0.37

mean (SD) 134.49 (24.8) 131.62 (23.4)

Mitral annulus, ml < 0.001

mean (SD) 32 (3.6) 28.52 (4.1)

Relation of P-wave duration in surface ECG second 0.47

mean (SD) 0.072 (0.022) 0.074 (0.019)

LAVI < 0.001

mean (SD) 32.09 (7.98) 24.99 (6.71)

Right atrial surface area (RAA, cm2) 0.29

mean (SD) 13.4 (2.54) 12.9 (3.08)

Right ventricle systolic function (TAPSE < 17 mm), No. (%) 0.017

Normal 45 (11) 236 (58)

Reduced 6 (1.4) 9 (2.2)

Urgency of surgery, No. (%) 0.002

Elective 38 (9) 262 (64)

Emergent 24 (5) 68 (16)

Type of surgery, No. (%) 0.04

on pump 55 246

off pump 10 93
a Abbreviations: AF, atrial fibrilation; ECG, electrocardiogram; LAVI, left atrial volume index; RAA, right atrial area; TAPSE, tricuspid annular plane 
systolic excursion; TDI, tissue doppler imaging

In the study of Predictors of recurrence of AF after AF-
ablation with cryoballoon, it was concluded that the inci-
dence of AF increased by intra-left atrial electromechani-
cal delay, PA-lateral, and higher age which confirmed the 
importance of substrate material in the mechanism of 
developing AF. Early recurrence was the strongest pre-
dictor of late recurrence of AF (17); such findings did not 
meet in our study by time interval. Chao T-F et al. in their 
study about the relationships between the atrial electro-
mechanical interval, atrial remodeling, and outcome of 
catheter ablation in paroxysmal AF, concluded that the 
atrial electromechanical interval can reflect the process 
of left atrial remodeling, such as a left atrial enlarge-
ment, prolonged activation time and decreased voltage 
of P-wave. It was a convenient parameter for predicting 
the recurrence after catheter ablation of paroxysmal AF 
(18); although, our findings were similar in aspect of LAVI, 
they did not find such an association between electrome-

chanical aspects. Cui QQ concluded that the atrial elec-
tromechanical coupling was significantly longer and the 
dispersion of P-A at left lateral mitral annulus was greater 
in PAF patients (19); also, this is different from the results 
of our study, though it is similar in the aspect of LAVI. Ad-
ditionally in another investigation by Park S-M, it was con-
cluded that LA electromechanical conduction time (EMT) 
was significantly prolonged in patients with recurring 
AF, indicating significantly depressed atrial conduction 
in enlarged LA. In a study by Efremidis M and colleagues, 
it was found that the LA diameter and A-wave velocity 
were independent predictors of AF recurrence (15, 20); in 
this regard, our findings were in conformity with their re-
sults. Moreover, in conformity with our study, Beaulieu Y 
et al. reported that in patients undergoing cardiac valvu-
lar surgery, a method of using intravenous amiodarone 
for 48 hours was not efficacious in reducing the risk of 
AF during cardiac valvular surgery (21). The high sample 
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Figure 1. Interval Between Onset of P-Wave in Surface ECG and A-Wave On-
set in Doppler Profile of MV Flow (P-A onset)

Figure 2. Interval Between P-Wave Onset in Surface ECG and Septal Corner 
of MV A′ Onset in TVI (P-A′ Onset)

volume of patients in our study is a robust point for our 
results. Also in this study, the relationship between new 
variables such as RV function, mitral annulus, LAVI with 
occurrence of AF rhythm has been clarified. The main 
limitation of our study was the method used to record 
arrhythmia, rhythm monitored continuously by nurses 
and using the history of bed side monitoring system, 
and some episodes of AF could be overlooked. The find-
ings of present study demonstrated that higher age, 
LAVI, MV annulus, RV systolic function, type of surgery 
(On Pump), History of HTN, and urgent surgery were the 
predictors of occurrence of AF after CABGS. These find-
ings could be used apparently to detect high risk pa-
tients before the operation and could be an important 
step to cut in costs, shorten hospital stay, and improve 
their outcomes.

Acknowledgements
We are grateful to thank Ms. Khadije Shafaee for her 

assistance to monitor patients, Mr. Behzad Naqavi and 

Mohamad Amin Rezazade for their assistance in writing 
of manuscript and also all Echocardiography lab staff to 
prepare patients for echo examination.

Authors’ Contributions
Contribution was in order of their name presented in 

the authors’ list.

Financial Disclosure
There is no financial disclosure.

Funding/Support
Cardiovascular Research Center, Tabriz University of 

Medical Sciences supported the grant of present research.

References
1.       Camm AJ, Kirchhof P, Lip GY, Schotten U, Savelieva I, Ernst S, et 

al. Guidelines for the management of atrial fibrillation: the Task 
Force for the Management of Atrial Fibrillation of the European 
Society of Cardiology (ESC). Eur Heart J. 2010;31(19):2369–429.

2.       El-Chami MF, Kilgo P, Thourani V, Lattouf OM, Delurgio DB, Guy-
ton RA, et al. New-onset atrial fibrillation predicts long-term 
mortality after coronary artery bypass graft. J Am Coll Cardiol. 
2010;55(13):1370–6.

3.       Mirhosseini SJ, Ali-Hassan-Sayegh S, Forouzannia SK. What is the 
exact predictive role of preoperative white blood cell count for 
new-onset atrial fibrillation following open heart surgery? Saudi 
J Anaesth. 2013;7(1):40–2.

4.       Chamchad D, Horrow JC, Samuels LE, Nakhamchik L. Heart 
rate variability measures poorly predict atrial fibrillation af-
ter off-pump coronary artery bypass grafting. J Clin Anesth. 
2011;23(6):451–5.

5.       Erdil N, Gedik E, Donmez K, Erdil F, Aldemir M, Battaloglu B, et 
al. Predictors of Postoperative Atrial Fibrillation after On-Pump 
Coronary Artery Bypass Grafting: Is Duration of Mechanical Ven-
tilation Time a Risk Factor? Ann Thorac Cardiovasc Surg. 2013.

6.       Gabrielli L, Corbalan R, Cordova S, Enriquez A, Mc Nab P, Verdejo 
HE, et al. Left atrial dysfunction is a predictor of postcoronary 
artery bypass atrial fibrillation: association of left atrial strain 
and strain rate assessed by speckle tracking. Echocardiography. 
2011;28(10):1104–8.

7.       Rosengren A, Hauptman PJ, Lappas G, Olsson L, Wilhelmsen L, 
Swedberg K. Big men and atrial fibrillation: effects of body size 
and weight gain on risk of atrial fibrillation in men. Eur Heart J. 
2009;30(9):1113–20.

8.       Sorensen SV, Kansal AR, Connolly S, Peng S, Linnehan J, Bradley-
Kennedy C, et al. Cost-effectiveness of dabigatran etexilate 
for the prevention of stroke and systemic embolism in atrial 
fibrillation: a Canadian payer perspective. Thromb Haemost. 
2011;105(5):908–19.

9.       Hohnloser SH, Crijns HJ, van Eickels M, Gaudin C, Page RL, Torp-
Pedersen C, et al. Effect of dronedarone on cardiovascular events 
in atrial fibrillation. N Engl J Med. 2009;360(7):668–78.

10.       Van Gelder IC, Groenveld HF, Crijns HJ, Tuininga YS, Tijssen JG, 
Alings AM, et al. Lenient versus strict rate control in patients 
with atrial fibrillation. N Engl J Med. 2010;362(15):1363–73.

11.       Albage A, Lindblom D, Insulander P, Kenneback G. Electrophysi-
ological evaluation of the sinus node and the cardiac conduc-
tion system following the maze procedure for atrial fibrillation. 
Pacing Clin Electrophysiol. 2004;27(2):194–203.

12.       Healey JS, Israel CW, Connolly SJ, Hohnloser SH, Nair GM, Diva-
karamenon S, et al. Relevance of electrical remodeling in human 
atrial fibrillation: results of the Asymptomatic Atrial Fibrilla-
tion and Stroke Evaluation in Pacemaker Patients and the Atrial 



Toufan M et al.

Arch Cardiovasc Image. 2013;1(2)62

Fibrillation Reduction Atrial Pacing Trial mechanisms of atrial 
fibrillation study. Circ Arrhythm Electrophysiol. 2012;5(4):626–31.

13.       Giudici M, Winston S, Kappler J, Shinn T, Singer I, Scheiner A, et al. 
Mapping the coronary sinus and great cardiac vein. Pacing Clin 
Electrophysiol. 2002;25(4 Pt 1):414–9.

14.       Kutarski A, Glowniak A, Szczesniak D, Rucinski P. Electrophysi-
ological effects of biatrial pacing evaluated by means of signal-
averaged P wave time-domain parameters. The significance of 
persistent atrial late potentials in right atrium during biatrial 
pacing. Cardiol J. 2008;15(1):26–38.

15.       Park SM, Kim YH, Choi JI, Pak HN, Shim WJ. Left atrial electrome-
chanical conduction time can predict six-month maintenance 
of sinus rhythm after electrical cardioversion in persistent atrial 
fibrillation by Doppler tissue echocardiography. J Am Soc Echo-
cardiogr. 2010;23(3):309–14.

16.       Shingu Y, Kubota S, Wakasa S, Ebuoka N, Mori D, Ooka T, et al. Left-
ventricular electromechanical delay is prolonged in patients 
with postoperative atrial fibrillation. Eur J Cardiothorac Surg. 
2011;39(5):684–8.

17.       Evranos B, Aytemir K, Oto A, Okutucu S, Karakulak U, Sahiner L, 
et al. Predictors of atrial fibrillation recurrence after atrial fibril-
lation ablation with cryoballoon. Cardiol J. 2013;20(3):294–303.

18.       Chao TF, Sung SH, Wang KL, Lin YJ, Chang SL, Lo LW, et al. Asso-
ciations between the atrial electromechanical interval, atrial 
remodelling and outcome of catheter ablation in paroxysmal 
atrial fibrillation. Heart. 2011;97(3):225–30.

19.       Cui QQ, Zhang W, Wang H, Sun X, Wang R, Yang HY, et al. Assess-
ment of atrial electromechanical coupling and influential fac-
tors in nonrheumatic paroxysmal atrial fibrillation. Clin Cardiol. 
2008;31(2):74–8.

20.       Efremidis M, Alexanian IP, Oikonomou D, Manolatos D, Letsas 
KP, Pappas LK, et al. Predictors of atrial fibrillation recurrence 
in patients with long-lasting atrial fibrillation. Can J Cardiol. 
2009;25(4):e119–24.

21.       Beaulieu Y, Denault AY, Couture P, Roy D, Talajic M, O'Meara E, et 
al. Perioperative intravenous amiodarone does not reduce the 
burden of atrial fibrillation in patients undergoing cardiac val-
vular surgery. Anesthesiology. 2010;112(1):128–37.


