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Abstract

Objective: Diastolic dysfunction has been associated with the development of atrial fibrillation (AF) in
the community and recently in the postoperative setting. We hypothesized that abnormal left ventricular
filling predicts AF after cardiac surgery, a common marker of poor outcomes.

Methods: Cohort study of 233 consecutive patients, who underwent coronary artery bypass grafting
(CABG) and/or valve surgery. Early and late mitral inflow velocity (E, A) and deceleration time (DT) and
early mitral annular velocity (e’) were obtained from echo within 6 months prior to cardiac surgery. As-
sociations with postoperative AF were studied with multivariable logistic regression.

Results: Postoperative AF occurred in 65 (28%) of patients, who were on average older, more likely to
have had prior episodes of AF, had larger inferior vena cava diameter and shorter DT (189 * 62ms vs.
214 + 63ms, p=0.007). Multivariable adjusted analyses demonstrated only DT (odds ratio [OR] 0.65 (95%
confidence interval [CI] 0.40-0.97), older age (OR 2.62 (95% CI 1.68 - 4.10) and prior episodes of atrial
fibrillation (OR 7.20, CI 1.41-36.8) to be independent predictors of postoperative AF. Patients with a DT
< 200ms (n=117) had a significantly longer length of hospital stay compared with those who had DT >
200ms (n=116) (median 7 days (interquartile range [IQR] 5-10) vs. 6 days (IQR 5-7, p=0.0002).

Conclusion: In patients who undergo cardiac surgery, a shorter DT of early mitral inflow identified
greater risk for postoperative AF and a longer hospital stay. These results provide useful information for
preoperative risk assessment and mechanistic understanding of postoperative AF.

Introduction nity*>*® and recently diastolic dysfunction on echo

has been associated with postoperative AF after
Atrial fibrillation (AF) after cardiac surgery is a cardiac surgery” and lung resection.” We hypoth-
common marker of increased complication rate, esized that greater E/e” and shorter DT, both vali-
mortality and costs." 2 Diastolic dysfunction (DD) dated measures of left ventricular filling pressure
is strongly associated with AF in the commu- and wall stiffness, are associated with occurrence
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of postoperative AF after cardiac surgery.
Methods

Patients

Three hundred and twelve consecutive pa-

tients underwent coronary artery bypass grafting
(CABG), valve surgery or both between January
2008 and September 2010 at MetroHealth Medi-
cal Center, a large urban academic safety net hos-
pital in Cleveland, Ohio. We excluded patients
who underwent MAZE procedure (n=3), vascular
surgery or traumatic cardiac repair (n=2), patients

Table 1 Patient Characteristics

Variable No POAF (n=168) POAF (n=65) P-value
Demographic Mean/N  +SD/(%) Mean/N +SD/(%)

Age, years 56 +11 65 +11 <.0001
BMI, kg/m? 31 +5.9 30 +6.1 0.1
Male 102 (61) 41 (69) 0.7
Race Caucasian 109 (66) 45 (64) 0.3
Black 46 (27) 14 (22) 0.4
Hispanic 13 (7.7) 6 9.2) 0.7
Clinical Data

Prior atrial arrhythmia 2 1.2) 12 (18) <.0001
COPD 23 (14) 9 (14) 0.9
Diabetes Mellitus 71 (42) 26 (40) 0.9
Hypertension 147 (88) 52 (80) 0.2
Left Ventricular End Diastolic Pressure, mmHg 16 +5.2 16 +5.6 0.7
Echocardiographic data

Left ventricular Ejection fraction by Echo, % 54 2113 52 +14 0.2
Left atrial volume, ml 36 +29 37 +27 0.7
Left atrial diameter, cm 3.8 +0.7 3.9 +0.7 0.1
E-wave, cm/s 83 +34 90 +29 0.1
A-wave, cm/s 77 +25 74 +24 0.4
E/A ratio 1.16 +0.55 1.34 +0.67 0.05
E'-wave, cm/s 6.3 +3.1 6.7 +3 0.3
E/E' 14 +7.9 14.8 +6 0.6
Deceleration Time, ms 214 +63 189 +62 0.007
Inferior Vena Cava size, cm 1.7 +0.2 1.9 +0.2 0.01
Lab data

Creatinine, mg/dl 1.1 +0.9 1.1 +0.9 1
Hematocrit, g/dl 39 +4.9 39 +6.2 0.5
Medication use

ACE inhibitor 109 (65) 35 (54) 0.2
Angiotensin receptor blocker 19 (11) 5 8) 0.4
Beta blocker 147 (88) 53 (82) 0.3
Calcium channel blockers 31 (18) 18 17) 0.9
Statin 141 (84) 48 (74) 0.1
Surgical

CABG 141 (84) 52 (80) 0.6
Aortic valve replacement 24 (14) 13 (20) 0.4
Mitral valve replacement (3.6) 7 (11) 0.07
Mitral valve repair (1.2) 2 (3.1) 0.7
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who were on anti-arrhythmic medications before
surgery (n=2), who had greater than mild mitral
stenosis (n=12) or no available echocardiogram
within 180 days of surgery or with incomplete as-
sessment of Doppler and/or tissue Doppler (n=60).
Thus 233 patients were available for our analyses.
Differences between included and excluded pa-
tients are shown in online supplemental materials
(E-Table 1).

Patient Data

Demographic, cardiac and non-cardiac co-morbid-
ity data and procedural data were obtained from
electronic medical records. Echocardiographic
data were obtained from the last echocardiogram
before surgery within 6 months. Early mitral in-
flow velocity (E) and its deceleration time (DT),
late mitral inflow velocity (A) and their ratio (E/A)
as well as early septal and lateral mitral annular
velocity (e”) were measured from apical windows
with pulsed wave Doppler and tissue Doppler,
respectively and derived from averaging up to 3
measurements where available. The average be-
tween septal and lateral e’ (averaged) measure-
ments were used for analyses.” Subsequently the
ratio of E/e” was calculated.” Left ventricular ejec-
tion fraction (LVEF) and left atrial volume were
obtained by area length method.! Left ventricu-
lar hypertrophy was diagnosed if left ventricular
mass index was greater than 110 g/m2 in women
or 120 g/m?2 in men."

Left ventricular end-diastolic pressure (LVEDP)
was obtained from last left heart catheterization
before cardiac surgery (missing in 36 patients;
missing data was slightly higher in patients with
AF vs. no AF [23% vs. 13%]).

Our Institutional Review Board approved this
study without the requirement for individual writ-
ten patient consent.

Definition of Postoperative AF

According to the Society of Thoracic Surgeons
national cardiac database, postoperative AF was
defined as any episode of AF requiring treatment
with rate controlling or anti-arrhythmic medica-
tions or electrical cardioversion after surgery and
before hospital discharge.! All patients were con-

tinuously telemetry-monitored until discharge
from the hospital.

Statistical Methods

Continuous variables are summarized using mean
+ standard deviation and are compared using a
two-tailed student’s t-test or Whitney-Mann-U-test
if skewed. Categorical variables are summarized
by frequencies and percentages and are compared
using x? statistics. Odds ratios [OR] with 95% con-
fidence intervals [CI] are reported for multivari-
able-adjusted variables and compare the 25th with
75th percentile of values for continuous variables
(i.e. age). Because there was a skewed distribution,
length of intensive care unit and hospital stay are
reported as median and interquartile range (IQR)
and compared with Wilcoxon rank sum test.

To adjust for confounding patient variables, we
adjusted E/e’ and DT with known risk factors for
postoperative AF in our logistic regression model
(age, body mass index, gender, race, history of hy-
pertension, atrial fibrillation, diabetes, hyperlipid-
emia, renal disease, chronic obstructive pulmonary
disease, preoperative beta blocker, ACE inhibitor,
Angiotensin receptor blocker (ARB), statin use,
LVEEF, left atrial size, presence of left ventricular
hypertrophy on echo, surgery type, LVEDP). Non-
linear relationships between continuous patient
variables and postoperative AF were evaluated
by introducing restricted cubic splines into the
model, however we did not find evidence of non-
linearity of measured variables. We also created a
parsimonious prediction model with nested vari-
able selection at an adjusted alpha level of 0.05. We
evaluated this prediction model with C-statistic,
Hosmer-Lemeshow goodness-of-fit test and boot-
strap-derived model calibration (predicted vs. ob-
served probabilities) and created a nomogram to
estimate multivariable-adjusted risk for AF given
these model predictors. To identify predictors of
DT as a continuous variable and group member-
ship of DT<200ms we created a parsimonious lin-
ear and logistic regression model, respectively.

Length of hospital stay was compared between
patients with DT < 200ms and patients with DT >
200ms and patients with vs. without postoperative
AF with Wilcoxon rank sum test with continuity
correction.
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We repeated analyses in subgroups: (1) Patients
with echo data obtained within 7 days of sur-
gery (n=123), (2) patients who underwent isolated
CABG (n=179), (3) patients who underwent isolat-
ed valve surgery (n=40).

Study data were collected and managed using
REDCap electronic data capture tools.”” R ver-
sion 2.12.1 (©2010 The R Foundation for Statisti-
cal Computing, www.r-project.org) was used for
statistical analyses.

Results

Postoperative AF occurred in 65 (28%) of 233 in-
cluded patients. As shown in Table 1, patients,
who developed postoperative AF were older (65 +
11 years vs. 56 + 11, p<.0001), more likely to have
had prior AF (18% vs. 1.2%, p<.0001), had a shorter
DT (189 + 62ms vs. 214 + 63ms, 0.007) and a greater
E/A ratio (1.16 + 0.55 vs. 1.34 + 0.67, p=0.046) and a
larger inferior vena cava size (1.9 + 0.2cm vs 1.7 +
0.2cm, p=0.01). After multivariable adjustment, DT
(odds ratio (OR) for 25th vs.75th percentile 0.63,
95% confidence interval (CI) 0.4-0.97), age (OR
2.62, CI 1.68-4.1), and prior episodes of AF (OR
7.2, CI 1.41-36.8) were independent predictors of
postoperative AF. Other indices of left ventricular
filling (E, e/, E/e’) were not associated with post-

Figure 1: Multivariable adjusted probability of developing
postoperative AF with varying early mitral inflow decelera-
tion time (DT) amongst decades of patient age. In older pa-
tients the risk for AF is relatively higher with short DT com-
pared to younger patients. A 50-year-old patient is at relatively
low risk for postoperative AF irrespective of DT
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operative AF. The parsimonious prediction model
with these 3 variables had a C-statistic of 0.77, in-
dicating good model discrimination, passed the
goodness-of-fit test (p=0.39) and had acceptable
bootstrap-derived calibration with a mean abso-
lute prediction error of 0.02 compared to a mean
absolute prediction error of 0.016 of the prediction
model with all variables included.

Figure 1 demonstrates that the effect of DT on
the risk of postoperative AF varies with patient
age: The slope appears slightly steeper in older
patients indicating that older patients with short
DT are at relatively higher risk for AF compared
to younger patients with a short DT. Patient char-
acteristics that were associated with shorter DT in
multivariable linear regression were lower LVEF
(correlation coefficient r=0.31, p<0.001, OR 0.38, CI
0.23-0.62), no preoperative use of ARBs (OR 1.91,
CI'1.18-3.08 )and larger inferior vena cava size (OR
0.31, C10.11-0.92).

In subgroup analyses of patients whose echo data
were obtained within 7 days before surgery, pa-
tients undergoing isolated CABG, and isolated
valve surgery the relationship between DT and
postoperative AF remained significant (E-Table 2).

Patients with a DT<200ms had both a longer inten-
sive care unit stay (3 days (IQR 2-4 days) vs. 2 days
(IQR 1-3 days), p=0.0023), and hospital stay (7 days
(IQR 5-10 days) vs. 6 days (IQR 5-7), p=0.00026).
We also observed longer ICU stay (2 days [IQR 2-3]
vs. 2 days [IQR 1-2], p=0.0007) and hospital stay (7
days [IQR 5-9] vs. 5 days [IQR 4-7, p=0.0021]), in
patients with E/e’ > 10.

Finally, Figure 2 shows a nomogram, which can
be used in clinical practice to predict occurrence
of postoperative AF given patients’ age, prior epi-
sodes of AF and DT. For example, a 70-year-old
patient (70 points) with no prior episodes of AF (0
points) and a DT of 350 ms (40 points, total of 110
points) has predicted risk to develop AF after sur-
gery of approximately 17%, while the same patient
with a DT of 150 ms (75 points, total of 145 points)
of almost 50%.

Discussion

Our study of patients undergoing cardiac surgery
at a single safety-net county hospital demonstrates
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Figure 2: Nomogram for risk prediction of postoperative AF
Extrapolate patient’s age, presence/absence of prior episodes
of AF and echo-derived mitral inflow velocity deceleration
time (DT) to the first line and add points for total point score
(fifth line) which can then be extrapolated to an estimate of
the probability (%) of for AF after surgery from the last line
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early mitral inflow deceleration time, a measure
of left ventricular filling pressure and wall stiff-
ness, to be a strong predictor of postoperative
atrial fibrillation, and abnormal DT and E/e’ to
predict prolonged ICU and hospital stay. These
findings provide useful information for risk pre-
diction in daily practice, mechanistic insights and
potential new therapeutic targets to improve sur-
gical outcomes.

The association between diastolic dysfunction
and AF in the community, especially in the elderly
and those with congestive heart failure**has been
well established. Recently, left ventricular diastol-
ic dysfunction has been shown to be a predictor of
postoperative AF after cardiac surgery.” Although
these findings support our study results, grading
of diastolic dysfunction has been shown to be dif-
ficult in clinical practice with an interobserver
correlation of about 50%.13 E/e’, an established
surrogate of LVEDP, has been shown to be pre-
dictive for AF after lung transplant.® This finding
suggests that elevated LVEDP may be mechanis-
tically related to the development of postopera-
tive AF in lung transplant. With progression from
mild to severe diastolic dysfunction, LVEDP in-
creases.® Combining these observations, elevated
LVEDP secondary to diastolic dysfunction may
be correlated with the development of postopera-
tive AF. However, there is little evidence for such
hypothesis currently. Aronson and colleagues
showed recently, that a restrictive left ventricular

filling pattern (defined as E/A [i.e. early/late mitral
inflow velocity] >1.5 and DT <130ms) is associated
with new onset AF after myocardial infarction.'
DT as a continuous variable showed a non-linear
relationship, with a marked increase in risk for AF
below a 200ms cut-off in their study, confirming
our results in a different patient population. Con-
trary to our hypothesis, we found no significant
association between E/e” and postoperative AF. In-
terestingly, we also did not find an association be-
tween invasively measured LVEDP and postoper-
ative AF, confirming that preoperatively elevated
left ventricular pressure, whether measured inva-
sively or non-invasively, alone may not be related
to postoperative AF. De Waal and colleagues15
reported in a small series of 20 patients undergo-
ing on-pump CABG that DT shortens after surgery
as ventricular stiffness increases, while E/e’ and
calculated pulmonary capillary wedge pressure
did not change. Although left ventricular stiffness
also increased in 12 patients undergoing off-pump
CABG, their DT did not change significantly. Giv-
en these results, we hypothesize that a stiffer left
ventricle (with a shorter DT) is more sensitive to
volume and pressure changes in the perioperative
period, causing fluctuations of left atrial pressure
and wall stretch, which increases ectopic atrial ac-
tivation from pulmonary veins and induces AF.'
It is unclear whether De Waal and colleagues’
findings also correlate with the fact that off-pump
CABG is associated with decreased occurrence of
postoperative AF."” In our study, all but 2 surgeries
were done with cardiopulmonary bypass support.

When we investigated predictors of shorter DT,
only lower LVEF, larger inferior vena cava size and
absence of preoperative ARB use was statistically
significantly related (Table 2). These associations
were of modest magnitude and only explained
15% of the variance of DT, which make conclusive
statements about mechanisms impossible.

Beta blockers have been shown to increase DT in
patients with heart failure.’ This could in part ex-
plain the efficacy of beta blockers in the prevention
of postoperative AF."” We have shown that preop-
erative therapy with angiotensin receptor block-
ers is not associated with postoperative AF.20
Although it has been previously described that
lowering blood pressure improves left ventricular
diastolic relaxation, these effects are not specific to
ARBs." There are preliminary data that suggest
that statins, which have shown to reduce post-
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Table 2 |
Echo obtained within 7 days (n=123)
Predictors Estimate P-value
DT -0.013 0.0057
E 0.023 0.47
E/A 0.72 0.39
e' 0.19 0.56
E/e’' -0.15 0.41
Age 0.11 0.0001
Prior episodes of AF -1.29 0.47

operative AF in small randomized experiments,-
* also improve myocardial stiffness and fibrosis.”
Our results show that patients with higher filling
pressures have prolonged ICU and hospital stay.
Whether reduction of filling pressures before and
immediately after surgery with diuretics or after-
load reduction can improve outcomes remains to
be studied.

Limitations

Inherent limitations of observational studies, such
as confounding and selection bias have to be con-
sidered, however our approach of including con-
secutive patients undergoing cardiac surgery at
an academic county hospital represents a more
“real world” experience when compared to stud-
ies from tertiary referral centers.” Indices of left
ventricular filling may change over time and may
not have been representative of those at time of car-
diac surgery. However, we analyzed the subgroup
of patients whose echo data were obtained within
7 days of surgery and confirmed the results found
in the overall cohort. We did not measure diastolic
dysfunction as a categorical variable on purpose,
because of its high interobserver variability of up
to 50%." Also, in older patients, mild diastolic dys-
function (abnormal relaxation type) may represent
the norm rather than pathology and can therefore
not be used for risk assessment in this high risk age
group. Our approach of assessing left ventricular
filling with E/e’ and DT as continuous variables
seems therefore more appropriate and clinically
relevant.

Conclusions

Shorter deceleration time of early mitral inflow is
associated with an increased risk of postoperative

Comparison of Multivariable-adjusted Predictors of Postoperative AF in Pre-specified Subgroups

Isolated CABG (n=179)  Isolated valve surgery (n=40)

Estimate P-value Estimate P-value
-0.01 0.028 -0.016 0.088
0.016 0.31 0.19 0.16
0.56 0.29 0.91 0.18
-0.14 0.35 -0.32 0.71
-0.12 0.11 -0.65 0.21
0.09 <.0001 0.13 0.037
1.61 0.081 8.86 0.83

AF and may therefore not only be useful for pre-
operative risk assessment and guidance of pro-
phylactic medication use, but also provides new
insights of underlying mechanisms and potential
new therapeutic targets. Whether perioperative
hemodynamic optimization of left ventricular fill-
ing decreases occurrence of postoperative AF re-
mains to be studied.

Disclosures

No disclosures relevant to this article were made
by the authors.

References

1. Mathew JP, Fontes ML, Tudor IC, Ramsay J, Duke P, Mazer
CD, et al. A multicenter risk index for atrial fibrillation after car-
diac surgery. JAMA 2004; Apr 14;291(14):1720-9.

2. Aranki SF, Shaw DP, Adams DH, Rizzo R], Couper GS,
VanderVliet M, et al. Predictors of atrial fibrillation after coro-
nary artery surgery. Current trends and impact on hospital re-
sources. Circulation 1996; Aug 1;94(3):390-7.

3. Tsang TS, Gersh BJ, Appleton CP, Tajik AJ, Barnes ME, Bailey
KR, et al. Left ventricular diastolic dysfunction as a predictor of
the first diagnosed nonvalvular atrial fibrillation in 840 elderly
men and women. ] Am Coll Cardiol 2002; Nov 6;40(9):1636-44.
4. Tsang TS, Gersh BJ, Appleton CP, Tajik AJ, Barnes ME, Bailey
KR, et al. Left ventricular diastolic dysfunction as a predictor of
the first diagnosed nonvalvular atrial fibrillation in 840 elderly
men and women. ] Am Coll Cardiol 2002; Nov 6;40(9):1636-44.
5. Chen HH, Lainchbury JG, Senni M, Bailey KR, Redfield MM.
Diastolic heart failure in the community: clinical profile, natural
history, therapy, and impact of proposed diagnostic criteria. ]
Card Fail 2002; Oct;8(5):279-87.

6. Middlekauff HR, Stevenson WG, Stevenson LW. Prognostic
significance of atrial fibrillation in advanced heart failure. A
study of 390 patients. Circulation 1991; Jul;84(1):40-8.

7. Melduni RM, Suri RM, Seward ]B, Bailey KR, Ammash NM,
Oh JK, et al. Diastolic dysfunction in patients undergoing car-
diac surgery a pathophysiological mechanism underlying the

www jafib.com 25

Oct-Nov, 2012 | Vol 5 | Issue 3



Journal of Atrial Fibrillation

Original Research

initiation of new-onset post-operative atrial fibrillation. ] Am Coll
Cardiol 2011; Aug 23;58(9):953-61.

8. Nojiri T, Maeda H, Takeuchi Y, Funakoshi Y, Maekura R, Ya-
mamoto K, et al. Predictive value of preoperative tissue Doppler
echocardiographic analysis for postoperative atrial fibrillation
after pulmonary resection for lung cancer. ] Thorac Cardiovasc
Surg 2010; Oct;140(4):764-8.

9. Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK,
Smiseth OA, et al. Recommendations for the evaluation of left
ventricular diastolic function by echocardiography. ] Am Soc
Echocardiogr 2009; Feb;22(2):107-33.

10. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E,
Pellikka PA, et al. Recommendations for chamber quantification:
areport from the American Society of Echocardiography’s Guide-
lines and Standards Committee and the Chamber Quantification
Writing Group, developed in conjunction with the European As-
sociation of Echocardiography, a branch of the European Society
of Cardiology. ] Am Soc Echocardiogr 2005; Dec;18(12):1440-63.
11. www.ctsnet.org/file/rptDataSpecifications252_1_ForVendor-
sPGS.pdf see page 126 of 144

12. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde
JG. Research electronic data capture (REDCap)--a metadata-
driven methodology and workflow process for providing trans-
lational research informatics support. ] Biomed Inform 2009;
Apr;42(2):377-81.

13. Unzek S, Popovic ZB, Marwick TH, Diastolic Guidelines Con-
cordance Investigators. Effect of recommendations on interob-
server consistency of diastolic function evaluation. JACC Cardio-
vasc Imaging 2011; May;4(5):460-7.

14. Aronson D, Mutlak D, Bahouth F, Bishara R, Hammerman H,
Lessick ], et al. Restrictive left ventricular filling pattern and risk
of new-onset atrial fibrillation after acute myocardial infarction.
Am J Cardiol 2011; Jun 15;107(12):1738-43.

15. de Waal EE, De Boeck BW, Kruitwagen CL, Cramer MJ, Buhre
WE. Effects of on-pump and off-pump coronary artery bypass
grafting on left ventricular relaxation and compliance: a compre-
hensive perioperative echocardiography study. Eur ] Echocar-

diogr 2010; Oct;11(9):732-7.

16. Kalifa J, Jalife J, Zaitsev AV, Bagwe S, Warren M, Moreno J, et
al. Intra-atrial pressure increases rate and organization of waves
emanating from the superior pulmonary veins during atrial fi-
brillation. Circulation 2003; Aug 12;108(6):668-71.

17. Ascione R, Caputo M, Calori G, Lloyd CT, Underwood M]J,
Angelini GD. Predictors of atrial fibrillation after conventional
and beating heart coronary surgery: A prospective, randomized
study. Circulation 2000; Sep 26;102(13):1530-5.

18. Tamaki S, Sakata Y, Mano T, Ohtani T, Takeda Y, Kamimura D,
et al. Long-term beta-blocker therapy improves diastolic function
even without the therapeutic effect on systolic function in patients
with reduced ejection fraction. ] Cardiol 2010; Sep;56(2):176-82.
19. Connolly SJ, Cybulsky I, Lamy A, Roberts RS, O’brien B, Car-
roll S, et al. Double-blind, placebo-controlled, randomized trial
of prophylactic metoprolol for reduction of hospital length of
stay after heart surgery: the beta-Blocker Length Of Stay (BLOS)
study. Am Heart ] 2003; Feb;145(2):226-32.

20. Rader F, Van Wagoner DR, Gillinov AM, Blackstone EH. Pre-
operative angiotensin-blocking drug therapy is not associated
with atrial fibrillation after cardiac surgery. Am Heart ] 2010;
Aug;160(2):329,336.el.

21. Patti G, Chello M, Candura D, Pasceri V, D’Ambrosio A, Co-
vino E, et al. Randomized trial of atorvastatin for reduction of
postoperative atrial fibrillation in patients undergoing cardiac
surgery: results of the ARMYDA-3 (Atorvastatin for Reduction of
MYocardial Dysrhythmia After cardiac surgery) study. Circula-
tion 2006; Oct 3;114(14):1455-61.

22. Song YB, On YK, Kim JH, Shin DH, Kim JS, Sung J, et al. The
effects of atorvastatin on the occurrence of postoperative atrial fi-
brillation after off-pump coronary artery bypass grafting surgery.
Am Heart ] 2008; Aug;156(2):373.9,373.16.

23. Chang SA, Kim Y], Lee HW, Kim DH, Kim HK, Chang HJ,
et al. Effect of rosuvastatin on cardiac remodeling, function, and
progression to heart failure in hypertensive heart with established
left ventricular hypertrophy. Hypertension 2009; Sep;54(3):591-7.

www jafib.com 26

Oct-Nov, 2012 | Vol 5 | Issue 3



