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Abstract
Objective Postoperative atrial fibrillation (POAF) compli-
cating coronary artery bypass grafting surgery (CABG)
increases morbidity and stroke risk. Total atrial conduction
time (PA-TDI duration) has been identified as an indepen-
dent predictor of new-onset atrial fibrillation (AF). We
aimed to assess whether PA-TDI duration is a predictor of
AF after CABG.
Methods In 128 patients who had undergone CABG, pre-
operative clinical and echocardiographic data were com-
pared between patients with and without POAF. The PA-
TDI duration was assessed by measuring the time interval
between the beginning of the P wave on the surface ECG

and point of the peak A wave on TDI from left atrium (LA)
lateral wall just over the mitral annulus.
Results Patients with POAF (38/128, 29.6 %) were older
(68.1±11.1 vs. 59.3±10.2 years; p<0.001), had higher LA
maximum volume, had prolonged PA-TDI duration, and had
lower ejection fraction compared with patients without
POAF. PA-TDI duration was found to be significantly in-
creased in POAF group (134.3±19.7 vs. 112.5±17.7 ms; p0
0.01). On multivariate analysis, age (95 % CI01.03–1.09;
p00.003), LA maximum volume (95 % CI01.01–1.06; p0
0.03), and prolonged PA-TDI duration (95 % CI, 1.02–1.05;
p00.001) were found to be the independent risk factors of
POAF.
Conclusions In this study, LA maximum volume and PA-
TDI duration were found to be the independent predictors of
the development of POAF after CABG. Echocardiographic
predictors of left atrial electromechanical dysfunction may
be useful in risk stratifying of patients in terms of POAF
development after CABG.

Keywords Coronary artery bypass grafting surgery . Total
atrial conduction time . Left atrial volume . Postoperative
atrial fibrillation

1 Introduction

Atrial fibrillation (AF) is a frequent complication following
coronary artery bypass grafting (CABG) with an occurrence
rate of from 10 to 40 % [1]. AF was firstly thought to be
harmless; however, it is now accepted as a hazardous post-
operative condition and it may lead to increased duration of
hospitalization, postoperative morbidity, and mortality
[2–4]. The risk factor assessment of postoperative AF
(POAF) development has generated incoherent results, with
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the exception of increased age [3–5]. Several studies have
been performed to determine the factors associated with the
development of AF after CABG. Also, clinical risk stratifi-
cation to define patients who are at high risk for AF after
CABG has been studied extensively [6–8].

Currently, the most commonly used method to estimate
the extent of atrial remodeling is the measurement of the left
atrial size. Left atrial size and volume are independent
predictors of new-onset AF in general population. Addition-
ally, a new noninvasive echocardiographic method has been
identified that predicts new-onset AF. This technique meas-
ures the total atrial conduction time (PA-TDI duration) using
tissue Doppler imaging of the atria and P wave on surface
electrocardiogram [9, 10]. The total atrial conduction time
provides more exact evaluation of the atrial remodeling than
conventional echocardiography parameters [9, 10]. Also,
total atrial conduction time has important value for the
prediction of new-onset AF or paroxysmal AF [9]. The
aim of the present study is to investigate the predictive value
of total atrial conduction time for the development of AF
after CABG.

2 Methods

2.1 Study population

The study population consisted of consecutive patients
whom CABG was recommended after coronary angiogra-
phy. These patients underwent coronary angiography be-
cause of typical or atypical angina pectoris and suspicion
of coronary artery disease. We have also evaluated the
standard preoperative 12-lead ECG recorded at a paper
speed of 25 mm/s obtained for each patient using the
MAC 5500 electrocardiograph (GE Healthcare, Milan,
Italy) before surgery. One hundred twenty-eight patients
with preoperative sinus rhythm who had undergone CABG
were included in the study population. Study patients had no
previous cardiac surgery and underwent standard CABG
requiring cardiopulmonary bypass without concurrent valvu-
lar surgery. Exclusion criteria were as follows: emergency
surgery patients, repeat CABG, acute coronary syndrome,
prior myocardial infarction, congestive heart failure, left ven-
tricular (LV) hypertrophy, significant valvular heart disease,
permanent pacemaker implantation, atrial flutter or fibrilla-
tion, frequent ventricular preexcitation and atrioventricular
conduction abnormalities, pulmonary or neurological disease,
pericarditis, congenital heart disease, alcohol abuse, and renal,
hepatic, or thyroid disease. Also, all patients with any kind of
past AF detected by scanning the hospital records such as
holter monitoring and prior ECGs were excluded. All patients
were evaluated clinically with electrocardiography, echocar-
diography, and routine biochemical tests. Written informed

consent was obtained from all participants, and the study
protocol was approved by the local ethics committee.

2.2 Standard echocardiography

All patients were assessed by transthoracic M mode, two-
dimensional (2-D), pulsed-wave, continuous wave, color
flow, and tissue Doppler imaging (TDI). All examinations
were performed with the GE-Vivid-3 system (GE Vingmed,
Horten, Norway) with a 2- to 4-MHz transducer at a depth
of 16 cm. During echocardiography, continuous three-lead
ECG recording was obtained. All patients were imaged in
the left lateral decubitus position. 2-D and conventional
Doppler examinations were obtained in the parasternal and
apical views according to the guidelines of the American
Society of Echocardiography [11]. LV diameters and wall
thickness were measured by M mode echocardiography. LV
ejection fraction was calculated using the apical two- and
four-chamber views by Simpson’s method, according to
American Society of Echocardiography guidelines [11].
The mitral valve inflow pattern (E wave, A wave, E wave
deceleration time, E/A ratio, and isovolumic relaxation time)
were measured using pulsed wave Doppler. Left atrium
(LA) volumes were obtained by apical four-chamber and
apical two-chamber views by disc’s method [11, 12]. LA
maximum volume (Vmax) at the end-systolic phase, LA
minimum volume (Vmin) at the end-diastolic phase, and
LA volume before atrial systole (Vp) were measured and
indexed to body surface area. The LA function parameters
were calculated as follows [13];

LA passive emptying volume ¼ Vmax � Vp;
LA passive emptying fraction ¼ Vmax � Vp

� �
Vmax=

� �� 100%;
LA active emptying volume ¼ Vp � Vmin;
LA active emptying fraction ¼ Vp � Vmin

� �
Vp

�� �� 100%
LA total emptying volume ¼ Vmax � Vmin:

2.3 Tissue Doppler echocardiography

TDI was performed by transducer frequencies of 3.5 to
4.0 MHz, adjusting the spectral pulsed Doppler signal filters
to acquire the Nyquist limit of 15 to 20 cm/s and using the
minimal optimal gain. Myocardial TDI velocities (peak
systolic (Sm), early diastolic (Em), and late diastolic veloci-
ties (Am)) were measured via spectral pulsed Doppler as of
the LV-free wall from the apical four chamber view. The
ultrasound beam was positioned as parallel as possible with
the myocardial segment to acquire the optimal angle of
imaging. A novel echocardiographic consideration based
on TDI has been introduced to assess the total atrial con-
duction time: PA-TDI duration [10]. The PA-TDI duration
was assessed by measuring the time interval between the
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beginning of the P wave on the surface ECG and point of the
peak A wave on TDI from LA lateral wall just over the
mitral annulus (Fig. 1) [10, 14]. All measurements were
repeated three times, and average values were received for
each of parameters. All measurements were performed by
two experienced investigators before CABG. Twenty-five
patients were randomly selected to test the intra- and inter-
observer variability for the PA-TDI duration measurements
by Bland–Altman analysis. The inter- and intraobserver
reproducibility of PA-TDI duration measurements showed
minimal biases and tight limits of agreement (2.0±12 and
1.9±10 ms, respectively).

2.4 Peroperative assessment

All surgeries were performed through standard proce-
dures: median sternotomy, aortic cannulation, single
right atrial cannula, with membrane oxygenator (Dideco
Avant 903), single cross clamp, initially anterograde via
the aorta than retrograde blood cardioplegia every
15 min via the coronary sinus, a roller pump, and mild
systemic hypothermia (32–34 °C). After CPB, heparin
sodium was antagonized at the rate of 1 mg heparin/
1 mg protamine sulphate. The preferred inotropic agents
were dopamine and adrenaline, and if necessary nor-
adrenalin and intra-aortic balloon pump were used.
The preferred vasodilator was nitroglycerin, and sodium
nitroprusside was the second choice.

All patients were monitored continuously by five-lead
telemetry during the intensive care unit (ICU) admission
and followed up hourly with monitoring of blood gas sam-
ples. If electrolyte imbalance was detected in any patient,
immediate treatment was initiated. To avoid withdrawal,

beta blockers were continued postoperatively in patients
who use them preoperatively. Presence of POAF lasting
more than 5 min during hospitalization was detected by
using continuous telemetry or 12-lead electrocardiogra-
phy. After ICU discharge, the patients were monitored
once daily by 12-lead electrocardiograms every morn-
ing. Additional electrocardiographic recordings were
obtained in necessary cases such as reporting of palpi-
tations by a patient or an abnormal rhythm is noticed by
a nurse.

2.5 Statistical analysis

All analysis of normality of the continuous variables was
performed with the Kolmogorov–Smirnov test. Continu-
ous variables were expressed as mean±SD and were
compared with the Student’s t test. Categorical variables
were expressed as number (percentage) and were com-
pared by Chi-square tests. Pearson’s correlation exponents
were used to assess the relation between continuous
variables. Univariate and multivariate regression analyses
were performed to relate clinical characteristics and echo-
cardiographic parameters to the development of postop-
erative AF. Variables with a p value of <0.05 in the
univariate analysis were included into the multivariate
analysis. Multivariate analysis was performed using a
backward stepwise conditional approach. Variables with
a p>0.05 were excluded from the model. The receiver
operator characteristics (ROC) curve was calculated to
assess the performance of the strongest independent pre-
dictors of postoperative AF. All analyses were performed
using the SPSS (SPSS for Windows 15.0) software
package.

Fig. 1 The PA-TDI duration
was assessed by measuring the
time interval between the be-
ginning of the P wave on the
surface ECG and point of the
peak A wave on TDI from LA
lateral wall just over the mitral
annulus
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3 Results

3.1 Patient characteristics

The present study population was prospectively included
before CABG. A total of 155 patients were included.
Twenty-seven patients were excluded because of previ-
ous AF. So, the final study population included 128
patients. Postoperative AF was observed in 38
(29.6 %) patients (mean age068.1±11.1); of these,
65.7 % (n025) were men, 57.8 % (n022) had hyper-
tension, 36.8 % (n014) had diabetes, 52.6 % (n020)
was smoking, and 34.2 % (n013) had a history of
myocardial infarction. Postoperative AF was not ob-
served in 90 patients (mean age, 59.3±10.2 years); of
these, 72.2 % (n065) were men, 55.5 % (n050) had
hypertension, 33.3 % (n030) had diabetes, 50.0 % (n0
45) was smoking, and 33.3 % (n030) had a history of
myocardial infarction. Patients’ demographic and labo-
ratory characteristics and surgical data were presented in
Table 1. The average age was significantly higher in
POAF patients and also, beta blocker usage was slightly
higher in patients without POAF but it did not reach
statistical significance.

Patients with POAF had significantly larger LA volumes
compared with patients who without POAF (LA maximum
volume030.6±11.8 vs. 26.1±10.1 ml/m2 (p00.011); LA
minimum volume012.6±4.8 vs. 10.1±4.1 ml/m2 (p0
0.021); LA volume before P wave019.9±6.1 vs. 16.9±
5.8 ml/m2 (p00.012)). The LV ejection fraction was signif-
icantly lower in patients with POAF than those without
POAF (51.1±12.1 vs. 57.4±10.2 (p00.009)). Also, the
Em/Am ratio was significantly lower in patients with POAF
(Table 2).

3.2 Total atrial conduction time

The mean PA-TDI duration was significantly longer in patients
with POAF than those without POAF (134.3±19.7 vs. 112.5±
17.7 ms (p0<0.001) (Fig. 2). There was a positive correlation
between age and PA-TDI duration (r00.250; p00.006), and
there was amildly negative correlation betweenEm/Am ratio and
PA-TDI duration (r0−0.180, p00.048). There was no relation
between the use of beta blocker and PA-TDI duration. Also, LA
Vmax and LAVmin were found to be correlated with PA-TDI (r0
0.564, p00.001 and r00,763, p<0.001, respectively).

3.3 Predictors of postoperative AF

Univariate and multivariate regression analyses were per-
formed to identify clinical and echocardiographic predictors
of POAF after CABG (Tables 3 and 4). Age (HR01.060, p0
0.003), LA maximum volume (HR01.030, p00.030), and
PA-TDI duration (HR01.03, p00.001) were identified as
independent predictors of POAF.

To study the discriminative performance of PA-TDI du-
ration to predict POAF after CABG, ROC curve analyses
were performed (Fig. 3). The area under the ROC curve
(index of discrimination) for PA-TDI duration was 0.863 (p
<0.001), indicating a high discriminative power. Also, PA-
TDI duration to be longer than 125.5 ms was found to be
predictive for POAF with 87.2 % sensitivity and 92.1 %
specificity in the ROC curve analyses.

4 Discussion

The present study investigated the value of pre-procedural
echocardiographic evaluation of the total atrial conduction

Table 1 Patients characteristics
of groups

POAF postoperative atrial fibril-
lation, HDL-C high-density li-
poprotein cholesterol, LDL-C
low-density lipoprotein choles-
terol, CCT cross-clemp time,
CPBT cardiopulmonary bypass
time

Variables No POAF (n090) POAF (n038) p value

Age (years) 59.3±10.2 68.1±11.1 0.003

Male (n (%)) 65 (72.2) 25 (65.7) 0.201

Body surface area (m2) 2.09±0.20 2.03±0.21 0.388

Hypertension (n (%)) 50 (55.5) 22 (57.8) 0.301

Diabetes mellitus (n (%)) 30 (33.3) 14 (36.8) 0.502

Smoking (n (%)) 45 (50.0) 20 (52.6) 0.654

History of MI (n (%)) 30 (33.3) 13 (34.2) 0.433

Beta-blocker usage (n (%)) 60 (66.6) 24 (63.1) 0.194

Heart rate (beats/min) 73.1±17 74.3±17 0.214

Total C (mg/dl) 183 ±53 181±48 0.899

HDL-C 35±12 36±11 0.812

LDL-C 118±33 121±43 0.441

CPBT (min) 96±31 95±37 0.651

CCT (min) 64±25 67±28 0.398
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time measured by TDI to predict POAF after CABG.
The main finding was that PA-TDI duration was an
independent predictor of POAF after CABG. Further-
more, PA-TDI duration was a stronger predictor of
POAF than LA maximum volume and established a
higher degree of discrimination to identify patients
who will have POAF after CABG.

In general, POAF after CABG which is occurring in
approximately 30 % of patients, increases the risk of stroke
and total cost of operation, and prolongs the duration of
hospitalization [4]. Also, in a previous study, it was reported
that in the USA only, $ 1 billion is spent each year for this
problem [15]. In order to identify patients who are at high
risk for developing POAF after CABG, practical, useful,
and easily evaluated new methods are required. Identifica-
tion of patients at high risk for developing POAF can
facilitate the detection of a population which is more likely

to benefit from anti-arrhythmic drugs or other preventive
modalities [16, 17].

A large number of parameters have been related to a high
risk of AF recurrence after CABG, such as age, LA size, LV
systolic and diastolic functions, and also LVejection fraction
[6, 18, 19]. Interestingly, these parameters all seem to either
cause or affect the occurrence and extent of atrial remodel-
ing. A high extent of atrial remodeling is thought to increase
POAF. In the present study, we demonstrated that age, Em/
Am ratio, LV ejection fraction and a large LA maximum
volume were associated with a higher risk for POAF after
CABG. In a study of 1,851 patients, Amar et al. [1] have
found that age appeared to be the single most important
predictor of POAF. Together with ageing, cardiac enlarge-
ment, myocardial atrophy, reduction of myocardial tissue
conduction, and fibrosis in atria occurs [20]. Additionally,
Nardi et al. [21] demonstrated that LA volume measure-
ments were independently correlated to the occurrence of

Table 2 Echocardiographic
baseline characteristics of
patients with and without post-
operative atrial fibrillation

POAF postoperative atrial fibril-
lation, LA left atrium, LV left
ventricle, PA-TDI duration total
atrial conduction time

Variables No POAF (n090) POAF (n038) p value

LA Vmax (ml/m2) 26.1±10.1 30.6±11.8 0.011

LA Vmin (ml/m2) 10.1±4.1 12.6±4.8 0.021

LA Vp (ml/m2) 16.9±5.8 19.9±6.1 0.012

LA passive emptying volume (ml/m2) 10.5±4.8 10.9±5.0 0.125

LA passive emptying fraction (%) 35.1±9.7 34.9±6.1 0.526

LA active emptying volume (ml/m2) 40.2±11.4 36.6±9.4 0.031

LA active emptying fraction (%) 6.8±2.4 7.3±2.6 0.099

LA total emptying volume (ml/m2) 16.1±7.8 17.9±8.2 0.044

LV end-systolic volume (ml) 45±21 55±23 0.069

LV end-diastolic volume (ml) 103±32 105±33 0.665

LV ejection fraction (%) 57.4±10.2 51.1±12.1 0.009

Em/Am ratio 1.11±0.33 0.93±0.22 0.002

PA-TDI duration (ms) 112.5±17.7 134.3±19.7 <0.001

Fig. 2 The PA-TDI durations (in milliseconds) of patients with and
without POAF

Table 3 Prediction of development of postoperative atrial fibrillation
by univariate analysis

Variable HR 95 % CI p value

Age (years) 1.06 1.03–1.09 0.001

LA Vmax (ml/m2) 1.05 1.02–1.08 0.001

LA Vmin (ml/m2) 1.09 1.03–1.13 0.030

LA Vp (ml/m2) 1.07 1.03–1.12 0.002

LA active emptying volume (ml/m2) 0.97 0.93–0.99 0.040

LA total emptying volume (ml/m2) 0.99 0.96–1.02 0.005

LV ejection fraction (%) 0.96 0.92–0.97 0.004

Em/Am ratio 1.05 1.02–1.10 0.003

PA-TDI duration (ms) 1.04 1.02–1.06 <0.001

LA V left atrial volume, LV Left ventricle, PA-TDI duration total atrial
conduction time, LA Vp left atrial volume before P wave
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POAF in patients with isolated CABG. Similarly, in our
study multivariate analysis demonstrated that age and LA
maximum volume were independent predictors of POAF
after CABG.

Although LA maximum volume index was independent-
ly associated with POAF after CABG, additional parameters
are needed to improve patient selection. Because, in addi-
tion to atrial dilatation, prolonged atrial conduction time
may be another consequence of atrial remodeling [22].
Atrial dilatation and prolonged atrial conduction time could
result in a larger number of re-entrant wavelets inside the
atria. So, these changes may increase the development of
POAF [23]. The total atrial conduction time is associated
with atrial size and conduction speed. In our study, LA
volumes were found to be correlated with the PA-TDI
duration. This make us to think a longer distance for acti-
vation to traverse rather than slower conduction velocity

have a role on the prolongation of the PA-TDI duration.
However, changes in the permeability of ion channels as
electrical atrial remodeling may also reduce the transmission
speed. Necessarily, compared with LA size, the assessment
of the total atrial conduction time can present a more com-
prehensive evaluation of atrial remodeling since this param-
eter integrates mechanical and electrical properties of the
LA wall [23, 24].

There are several ways to measure total atrial conduction
time; one of those is the gold standard technique, Signal
Averaged ECG, but it necessitates special hardware and it is
a long technique. Because of this, total atrial conduction
time measurement by signal-averaged ECG has not found
its way into clinical practice. PA-TDI was shown to be an
easy, fast, and reliable method to measure the total atrial
electrical activation time [10]. The PA-TDI duration is a
readily available echocardiographic tool to estimate the total
atrial conduction time and it can be measured easily by
every cardiologist. This novel echocardiographic tool has
been validated by the P wave duration on signal-averaged
electrocardiography [10]. Recently, Antoni et al. [14]
demonstrated that PA-TDI duration is a simple measure-
ment that provides important value for the prediction of
new-onset AF in patients after acute myocardial infarc-
tion. In our study, we demonstrated that PA-TDI dura-
tion was an independent predictor of POAF after
CABG. Additionally, PA-TDI duration was a stronger
predictor of POAF after CABG than LA size and dem-
onstrated a higher degree of discrimination (area under
the ROC curve of 0.863 (p<0.001)).

4.1 Limitations

The major limitation of this study is the relatively low
number of patients. Secondly, our results and conclu-
sions are limited to the new-onset, in-hospital AF and
do not address episodes of AF that occur after dis-
charge. Nevertheless, AF episodes after discharge may
have been missed. Additionally, there are many factors
related with occurrence of AF, we were able to include
only the probable parameters with a major effect in the
statistical evaluation of our study.

5 Conclusions

LA maximum volume and PA-TDI duration were indepen-
dent predictors of the development of POAF after CABG.
Also, the PA-TDI duration provided incremental value for
the prediction of POAF to known clinical and echocardio-
graphic risk factors. Echocardiographic evaluation of the
PA-TDI duration is a simple, fast, and reliable method to

Table 4 Prediction of development of postoperative atrial fibrillation
by multivariate analysis

Variable HR 95 % CI p value

Age (years) 1.06 1.03–1.09 0.003

LA maximum volume (ml/m2) 1.03 1.01–1.06 0.030

LA total emptying volume (ml/m2) 0.97 0.94–1.01 0.150

LV ejection fraction (%) 0.95 0.92–0.99 0.310

Em/Am ratio 1.04 1.02–1.10 0.230

PA-TDI duration (ms) 1.03 1.02–1.05 0.001

LA left atrium, LV left ventricle, PA-TDI duration total atrial conduc-
tion time

Fig. 3 ROC analysis of PA-TDI duration in diagnosis of POAF after
coronary artery bypass surgery (AUC00.863; 95 % CI00.772–0.974;
p<0.001)
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obtain total atrial activation time that can be used in risk
stratification for POAF after CABG.
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