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Background. Atrial systolic dysfunction in patients
ith coronary artery disease might influence the devel-

pment of atrial fibrillation after coronary artery bypass
rafting (CABG). Tissue Doppler imaging of the mitral
nnulus during atrial systole has proved to quantify,
ccurately, left atrial contractile function. Therefore, the
im of the present study was to investigate the correla-
ion between preoperative left atrial dysfunction as-
essed by tissue Doppler and postoperative atrial fibril-
ation after CABG.

Methods. We studied a total of 96 patients (mean age
7 � 6 years; range, 55 to 81) undergoing CABG who
ere preoperatively in sinus rhythm. All patients
nderwent a preoperative transthoracic echocardiogra-
hy with tissue Doppler evaluation. Until the day of
ischarge, all patients were monitored with continu-
us electrocardiographic telemetry.
Results. There were no hospital deaths. Postoperative

trial fibrillation was recorded in 24 of 96 patients (25%).

atients with postoperative atrial fibrillation were signif-
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cantly older (70 � 6 vs 65 � 8 years; p � 0.006), had a
reoperative larger left atrium diameter (38 � 5 vs 36 �
mm; p � 0.045), a larger left atrium area (13.2 � 3.4 vs

1.5 � 2.3 cm2; p � 0.007), and a lower peak atrial systolic
itral annular tissue Doppler velocity (10 � 3 vs 13 �
cm/second; p � 0.01). Stepwise logistic regression

nalysis showed that age 70 years or greater (p � 0.02;
dds ratio [OR] 2.0), preoperative medication with
-blockers (p � 0.04; OR 0.7), left atrium area 13 cm2 or
reater (p � 0.02; OR 2.5), and peak atrial systolic mitral
nnular tissue Doppler velocity 9 cm/second or less (p �
.03; OR 1.8) were independently related with the inci-
ence of postoperative atrial fibrillation.
Conclusions. Tissue Doppler is useful for assessing

reoperative atrial dysfunction and predicting atrial fi-
rillation after CABG. Further studies are needed to
onfirm this finding.

(Ann Thorac Surg 2007;83:83–8)

© 2007 by The Society of Thoracic Surgeons
ostoperative atrial fibrillation (AF) is one of the most
frequent complications after coronary artery bypass

rafting (CABG), and it is associated with a higher
ncidence of thromboembolic complications, length of
ntensive care unit and hospital stay, and significantly
ncreased costs [1]. Much attention has focused on post-
perative AF but its determinants are not completely
nderstood.
Atrial systolic dysfunction has been observed in pa-

ients with coronary artery disease [2, 3]. Atrial contrac-
ile dysfunction may predict the development of postop-
rative AF in patients undergoing CABG, therefore a
eliable measurement of preoperative atrial function may
e useful to identify patients with increased risk of AF
fter CABG.
Doppler echocardiographic measurements of left

trium systolic function such as transmitral atrial fill-
ng velocity and atrial filling fraction [4 – 6] or the

ccepted for publication Aug 22, 2006.

ddress correspondence to Dr Benedetto, Division of Cardiac Surgery,
easurement of left atrium area changes by planim-
try [4] failed to predict postoperative AF. However,
hese methods have some drawbacks that may partially
xplain these results. In fact, transmitral atrial velocity
s more dependent on the atrioventricular pressure
radient rather than atrial contractility per se [7] and it

s highly sensitive to changes in loading condition
hile far-field artifacts may affect the accuracy of atrial

rea calculation.
Tissue Doppler imaging (TDI) is a relatively new tech-

ology that allows direct noninvasive measurements of
yocardial velocities [3, 8]. Direct assessment of the
itral annulus velocity during atrial systole by TDI

nalysis has proved to be a sensitive and reproducible
ool for quantifying left atrial contractile function [8] and
t reflects atrial contractile function better than transmi-
ral atrial filling velocity (Fig 1), disregarding the severity
f diastolic dysfunction [3].
Therefore, the aim of the present study was to inves-

igate the correlation between left atrial dysfunction
ssessed preoperatively by TDI analysis and the inci-
ence of postoperative atrial fibrillation in patients un-

ergoing CABG.

0003-4975/07/$32.00
doi:10.1016/j.athoracsur.2006.08.038
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aterial and Methods

tudy Patients
he Ethics Committee of our institution approved this
etrospective study by Chairman’s action and waived
atient’s consent. During the study period (from May
005 to December 2005) a total of 236 surgical revascular-
zation procedures were performed in our institution.

For the present, investigation inclusion criteria were
solated elective CABG with cardiopulmonary bypass
nd preoperative sinus rhythm. We excluded patients
ith a preoperative history of AF, significant mitral or

ricuspid lesions, left ventricular ejection fraction less
han 0.35 and requirement for class I or III antiarrhythmic
rugs for at least one week before surgery. We finally
tudied a total of 96 patients (mean age 67 � 6 years;
ange, 55 to 81).

All patients underwent a preoperative transthoracic
chocardiography with TDI analysis during the week
efore surgery. Until the day of discharge, all patients
ere monitored with continuous electrocardiographic

ECG) telemetry. A standard 12-lead ECG was recorded
n the day of discharge for each patient.

chocardiographic Analysis
ransthoracic echocardiography Doppler echocardiogra-
hy was performed using an Accuson Sequoia with a
ultifrequency transducer (Mountain View, CA). All

ecordings were performed by a single investigator
G.M.C). Left ventricular dimensions and wall thickness

easurements were made in the parasternal long axis
iew with m-mode cursor positioned just beyond the

ig 1. Comparison of peak atrial
lling velocity (A) from transmi-

ral Doppler flow (TMDF) veloc-
ty spectra and peak atrial sys-
olic mitral annular velocity at
issue Doppler imaging (TDI)
nalysis (*) in two patients with
elayed early diastolic relax-
tion. The TDI peak atrial sys-
olic mitral annular velocity in
atient B shows an impaired
trial systolic function which is
ormal in patient A. However,

n patient B transmitral atrial
lling velocity appears to be
ormal or paradoxically in-
reased even in presence of atrial
ontractile dysfunction. This ex-
mple clearly shows that TMDF
elocity may fail to detect atrial
ontractile dysfunction in the
resence of delayed early
iastolic relaxation.
itral leaflet tips, perpendicular to the long axis of the c
entricle according to the recommendations of the Amer-
can Society of Echocardiography (ASE) [9]. If the m-

ode recordings were technically inadequate, two-
imensional measurements were used. Left ventricular
ass (LVM) was calculated with the corrected ASE

ormula [10]:

VM � 0.8 �1.04(IVSd � LVIDd � PWTd)3 � LVIDd)
� LVIDd

3� � 13.6

here IVSd is the end-diastolic interventricular septum
hickness, LVIDd is the LV end-diastolic internal diame-
er, and PWTd is the LV end-diastolic posterior wall
hickness. The LVM was indexed (LVMi) to the body
urface area. The left atrial anterior-to-posterior diameter
as measured in the parasternal view at end-systole

rom the m-mode trace at the level of the aortic root. The
eft atrial area was determined by tracing the endocar-
ium from the four-chamber view at maximal atrial
imension. Left ventricular ejection fraction by two-
imensional echocardiography was obtained by the
odified biplane Simpson method from apical four- and

wo-chamber views.
Mitral inflow was recorded as previously described

11]. From transmitral Doppler spectra of 3 to 5 consec-
tive cardiac cycles, average values were calculated for

he following parameters: peak early (E) and late (A)
lling velocities, deceleration time. Myocardial velocities
btained with tissue Doppler were recorded using a
tandard pulse-wave Doppler technique with the sample
olume placed at the junction of the left ventricle lateral
all with the mitral lateral annulus from the four-
hamber view. Peak velocities during systole (Sm), early
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iastole (Em), and atrial systole (Am) were measured. The
nal value represented the average of at least four
ardiac cycles.

perative Procedure
median sternotomy was performed in all patients.

ardiopulmonary bypass was established in a standard
ashion by ascending aortic cannulation and with a single
wo-stage venous cannulation of the right atrium. Myo-
ardial protection was achieved by antegrade intermit-
ent warm blood cardioplegia every 15 minutes. All
atients received a left internal mammary artery to the

eft anterior descending coronary artery and a saphenous
ein was used as conduit to complete surgical revascu-
arization. Proximal anastomoses of vein grafts were
erformed during a single aortic cross-clamp time.

linical Predictors
ccording to previous studies, we selected 12 clinical
ariables associated with AF after CABG [12, 13]. The
ovariates analyzed included patients demographic data
such as age, gender, body mass index, body surface area,
eart rate), coexisting medical condition (such as hyper-

ension, diabetes mellitus, and chronic obstructive pul-
onary disease), and preoperative medications such as

-blockers that were continued postoperatively to avoid
ithdrawal; surgical factors such as aortic cross-clamp

nd bypass times, and number of grafts performed.

tatistical Analysis
he statistical analysis was performed using SPSS soft-
are (version 12.1; SPSS, Inc, Chicago, IL). Continuous

ariables are expressed as mean � standard deviation.
he unpaired Student t test was used to compare contin-
ous variables, and categoric data were analyzed using

he �2 test or Fisher exact test as appropriate. To assess
he influence of other preoperative covariates on preop-

able 1. Demographic and Operative Characteristics

haracteristics
Yes AF
(n � 24)

No AF
(n � 72)

p
Value

ean age (years) 70 � 6 65 � 8 0.006
ale/Female 14/24 45/72 0.8

SA (m2) 1.8 � 0.4 1.7 � 0.4 0.5
MI 29 � 5 27 � 7 0.2
R (beats/min) 74 � 12 70 � 11 0.1
ypertension (n) 13/24 (54%) 45/72 (62%) 0.48
OPD (n) 13/24 (54%) 23/72 (32%) 0.08
iabetes (n) 12/24 (50%) 25/72 (34%) 0.15
-blockers (n) 7/24 (29%) 43/72 (60%) 0.01
o. of distal
anastomoses/patient

2.7 � 0.5 2.6 � 0.4 0.3

CC time (min) 90 � 31 85 � 23 0.4
PB time (min) 111 � 35 105 � 27 0.4

CC � aortic cross clamp; AF � atrial fibrillation; BMI � body
ass index; BSA � body surface area; COPD � chronic obstruc-
t
ive pulmonary disease; CPB � cardiopulmonary bypass; HR �
eart rate.
rative TDI peak atrial systolic mitral annular velocity
Am), linear regression analysis was used including other
reoperative echocardiographic parameters and vari-
bles found to be significantly related with Am at univar-
ate analysis were entered into a stepwise multiple re-
ression analysis to investigate the independent effect
n Am. Multivariable stepwise logistic regression analy-

ig 2. Regression plot of correlation between preoperative peak
trial systolic mitral annular velocity (Am) at tissue Doppler analy-
is and preoperative left atrial area (LAA) (p � 0.02, r � �0.25;
egression equation: y � 16.1�0.3*x). (Postoperative atrial fibrilla-

able 2. Preoperative Echocardiographic Parameters

arameters Yes AF (n � 24) No AF (n � 72)
p

Value

VIDd (mm) 56 � 4 54 � 05 0.07
VEF (%) 0.53 � 0.09 0.57 � 0.11 0.11
AD (mm) 0.38 � 0.05 36 � 4 0.04
AA (cm2) 13.2 � 3.4 11.5 � 2.3 0.007
VMi (g/m2) 135 � 11 132 � 12 0.28
wave (m/sec) 0.67 � 9 0.72 � 12 0.06
wave (m/sec) 0.52 � 13 0.49 � 12 0.30

T (msec) 201 � 29 195 � 31 0.4

m (cm/sec) 13 � 3 13 � 4 0.06

m (cm/sec) 16 � 3 17 � 2 0.06

m (cm/sec) 10 � 3 13 � 5 0.01

� peak atrial filling velocity from transmitral Doppler spectra; AF �
trial fibrillation; Am � peak atrial systolic mitral annular velocity; DT �
eceleration time from transmitral Doppler spectra; E � peak early
lling velocity from transmitral Doppler spectra; Em � peak early
iastolic mitral annular velocity; LAA � left atrium area; LAD �

eft atrium diameter; LVEF � left ventricular ejection fraction;
VIDd � left ventricular end-diastolic internal diameter; LVMi � left
entricular mass index; Sm � peak systolic mitral annular velocity.
ion: Œ � no; Œ � yes; — � fit line for total.)
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is was used to identify the independent predictors of
ostoperative AF. Only variables found to be signifi-
antly associated with postoperative AF were included
nto the model. A variable was entered into the model if
ts associated significance level was less than 0.05 and it
as removed from the model if its associated significance

evel was greater than 0.1. The fit of the model was
ssessed using the Hosmer-Lemeshow goodness-of-fit
est. A p value and odds ratio with 95% confidence
nterval are reported. Statistical significance was set at
he 0.05 level.

esults

ospital mortality (�30 days) was 0 of 96 (0%). During
he period of observation, postoperative AF was recorded
n 24 of 96 patients (25%) and none of them experienced
hromboembolic complications. Postoperative AF oc-
urred 3.2 � 2.0 days after surgery (range, 0 to 7). The
edian hospital stay for the group without postoperative
F was 7 days versus 8 days in those with postoperative
F (p � not significant [ns]). Sinus rhythm was restored

n all patients with antiarrhythmic medical therapy: 21
atients required class III and 3 patients class II antiar-
hythmic drugs. Demographic and operative characteris-
ics of the study patients are listed in Table 1. Patients
ith postoperative AF were significantly older (mean age

0 � 6 vs 65 � 8 years; p � 0.006) and less often had
reoperative medication with �-blockers (7 of 24 vs 43 of
2 patients; p � 0.01). Preoperative echocardiographic
arameters are listed in Table 2. Postoperative AF was
ssociated with a larger left atrium diameter

38 � 5 vs 36 � 4 mm, p � 0.045), a larger left atrium area
13.2 � 3.4 vs 11.5 � 2.3 cm2, p � 0.007), and a lower peak
trial systolic Am detected by TDI (10 � 3 vs
3 � 5 cm/second; p � 0.01). At linear regression analysis
reoperative Am was only modestly associated with pre-
perative left atrium area (p � 0.02, r � �0.25; Fig 2), left
trium diameter (p � 0.04, r � �0.15) and TDI peak Em

p � 0.02, r � 0.21). At stepwise multivariate analysis no
ovariate was found as an independent predictor preop-
rative Am.
To be included into multivariate model, continuous

ariables found to be significantly associated with post-
perative AF at univariate analysis were dichotomized by

able 3. Predictors of Postoperative AF at Stepwise Logistic
egression Analysisa,b

redictors OR 95% CI p Value

ge � 70 years 2.0 1.2–4.5 0.02
reoperative �-blockers 0.7 0.5–0.9 0.04
eft atrial area � 13 cm2 2.5 1.6–5.1 0.02
eak atrial systolic
mitral annular velocity
(Am) � 9 cm/sec

1.8 1.1–3.5 0.03

Nagelkerke adjusted R2: 0.49. b Hosmer-Lemeshow goodness-of-fit
est: p � 0.95; DF � 8; �2 � 2.7.
iI � confidence interval; DF � Doppler flow; OR � odds ratio.
eans of receiver operating characteristic curves (ROC)
nalysis. The ROC curves analyses showed the following:
hat age 70 years or greater predicted postoperative AF
ith a sensitivity of 63% and a specificity of 55%; left

trium diameter 38 mm or greater predicted postopera-
ive AF with a sensitivity of 41% and a specificity of 52%;
eft atrium area 13 cm2 or greater predicted postoperative
F with a sensitivity of 54% and a specificity of 61%;
nd finally, peak atrial systolic mitral annular velocity
cm/second or less predicted postoperative AF with a

ensitivity of 51% and a specificity of 58%.
As shown in Table 3, stepwise logistic regression anal-

sis showed that age 70 or greater, preoperative medication
ith �-blocker, left atrium area 13 cm2 or greater, and peak

trial systolic mitral annular velocity 9 cm/second or less
ere independently associated with postoperative AF.
he Nagelkerke-adjusted R-squared was 0.49. The Hos-
er-Lemeshow goodness-of-fit test was not significant

or lack of fit.

omment

his study showed that atrial systolic dysfunction in
atients with coronary artery disease undergoing CABG
epresents a risk factor for postoperative AF. Previous
nvestigations failed to show a correlation between pre-
perative atrial systolic function and AF after CABG but
hey used Doppler echocardiography [4–6] or left atrial
rea changes by planimetry [4] to assess atrial contractile
unction and none of them evaluated it by TDI analysis.

Quantitative assessment of atrial function remains lim-
ted because it requires invasive pressure-volume loops,
hus precluding its routine clinical use [14]. Doppler
chocardiography is routinely used to assess atrial func-
ion by estimating the hemodynamic difference between
he atrium and the ventricle. However, atrial systolic
unction is not assessed directly by this method, which

ay be consequently affected by changes in loading
ondition [14, 15]. In fact, in patients with delayed early
iastolic relaxation, an increased atrial preload in late
iastole may result in increased filling during late dia-
tolic phase even in the presence of atrial contractile
ysfunction [3]. Therefore, transmitral atrial velocity
ould appear to be normal or even paradoxically in-
reased (Fig 1), failing to detect atrial systolic dysfunc-
ion. On the other hand, the assessment of LA area
hanges by planimetry [4] is technically complex, time
onsuming, and it may be not accurate.

Tissue Doppler imaging is a recently developed tech-
ique for quantification of myocardial velocity using low
elocity pulsed wave Doppler interrogation of the myo-
ardium [16, 17]. The TDI of the mitral annulus during
trial systole has proved to be a highly sensitive and
eproducible tool for quantifying left atrial contractile
unction [8] and it has been shown to reflect atrial contrac-
ile function better than transmitral atrial velocity [3], even
n patients with diastolic dysfunction (Fig 1).

In the present study we were able to show that preop-
rative left atrial dysfunction assessed by A negatively
m

nfluenced the incidence of postoperative AF. We found
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lso that ageing and left atrial enlargement related with
ostoperative AF. In healthy subjects, ageing and left
trial enlargement have been proved to have a direct effect
n left atrial contractile function assessed by TDI [18]. On
he other hand, recent investigations [3, 8] have shown
hat in patients with coronary artery disease, ageing and
eft atrial dimension do not directly affect left atrial
ystolic function assessed by TDI. Our results confirmed
hese findings. In fact, we only found a weak correlation
etween Am and LA dimension but not with ageing, and
ultivariate analysis failed to show an independent

ffect of LA enlargement on Am. It is possible that in
atients with coronary artery disease, atrial systolic dys-

unction may directly be caused by atrial myocyte isch-
mia or infarction [3] even in the absence of LA
nlargement.
Only impaired left ventricular systolic function has

reviously been proved to independently influence Am [3]
n patients with coronary artery disease and, as a conse-
uence, we excluded patients with impaired left ventric-
lar ejection fraction from our analysis. The present
tudy was not intended to analyze the mechanism of
roducing postoperative AF with preexisting atrial dys-

unction in patients undergoing CABG. However, it is
ossible that left atrial dysfunction may lead to a higher
isk of postoperative AF through an increased atrial
lectrical vulnerability and neurohormonal activation. In
act, impaired atrial systolic function is associated with
ncreased atrial pressure at the end diastole that may
ead to electrical remodeling, with a shortening of the
trial effective refractory period or an increase in dispersion
f refractoriness, resulting in vulnerability to AF [19, 20]. In
ddition, an increased atrial pressure has proved to
timulate the release of atrial natriuretic factor [21, 22],
hich has been shown to be a predictor of paroxysmal

trial fibrillation [23].
In conclusion, our findings suggest that atrial dysfunc-

ion likely precedes the development of postoperative
trial fibrillation. The TDI analysis is a useful tool to
ssess atrial function accurately, it is highly reproducible,
nd these aspects favor the application of TDI technology
n the evaluation of atrial function in patients undergoing
ABG. In addition we found that an increased left atrial
rea was associated with postoperative AF. Given the
ink between left atrial size and function and atrial
brillation in the general population [24], these findings
upport the hypothesis that postoperative AF may be
artially explained by the same pathogenesis. A selective

herapeutic approach involving risk prediction should be
nvestigated as a possible strategy of prophylaxis in
atients undergoing CABG.
The multivariate model obtained in this study explains

nly 49% of the variance in the incidence of AF after
ABG and this suggests that other factors may be

mplicated.
In our analysis, we included clinical variables that were

eported in large studies [12, 13]. However, in patients
ndergoing CABG surgery, several intraoperative factors
ot easily detectable (such as adequacy of atrial protec-
ion during CPB) may influence the occurrence of post-
perative AF. Also, postoperative hypokalemia and hy-
omagnesemia could be related with the occurrence of
ostoperative AF not explained by our model.
In addition, the sample size of this study is a limitation

n light of the small differences for many of the operative
ata between patients with and without postoperative
F. Consequently, we cannot exclude a type II error for

ailing to distinguish these two groups with our preop-
rative assessments. Finally, our study only investigated
F that occurred during hospitalization. As a result, we
ight have underestimated the incidence of postopera-

ive AF that may have occurred postdischarge.
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