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Statin Therapy May
Influence the Incidence
of Postoperative

Atrial Fibrillation

\What Is the Evidence?

Atrial fibrillation is the most common postoperative arrhythmia in patients who undergo
cardiac surgery. We sought to determine whether the administration of statins reduces
the incidence of postoperative atrial fibrillation in cardiac surgery patients. We performed a
meta-analysis on all studies published between 2004 and 2008 that reported comparisons
between statin treatment or nontreatment in these patients. Our primary focus was the in-
cidence of postoperative atrial fibrillation. Random-effects modeling and sensitivity analy-
sis were used to evaluate the consistency of the calculated treatment effect. Ten qualifying
studies generated a total of 4,459 patients. The incidence of postoperative atrial fibrillation
was 22.6% (622/2,758) in the statin-treated group and 29.8% (507/1,701) in the untreated
group. Using the random-effects model, we calculated an odds ratio (OR) of 0.60 (95%
confidence interval [Cl], 0.48-0.76). When we considered only the 4 randomized stud-
ies (919 patients) in order to reduce the effects of heterogeneity, this significant reduc-
tion in the incidence of postoperative atrial fibrillation in the statin group was maintained
(OR, 0.55; 95% CI, 0.41-0.73) with no heterogeneity (y? of heterogeneity, 2.96; P=0.4).
In studies wherein only coronary artery bypass grafting was performed, statin treatment
decreased postoperative atrial fibrillation (OR, 0.64; 95% Cl, 0.43-0.95). We conclude
that statin administration results in a reduction in the incidence of atrial fibrillation in pa-
tients who undergo cardiac surgery. Further research into the underlying mechanism can
elucidate possible relationships between the dosage and type of statin used. (Tex Heart
Inst J 2009;36(6):521-9)

trial fibrillation (AF) is an important and common complication after car-

diac surgery. Long-term AF (>5 yr) is associated with a 3- to 4-fold increase

in stroke risk and a mortality rate double that of the general population.'
Similarly, postoperative AF is associated with increased death and morbidity, often as
a result of perioperative stroke.> Furthermore, in this group, hospital length of stay is
prolonged to the stage of excessive consumption of hospital resources and therefore in-
creased costs.*” Patient morbidity, including anxiety,** is increased because of an aug-
mentation in the incidence of AF-associated complications. These include transient
ischemic attacks, renal dysfunction, stroke, congestive heart failure, and neurocogni-
tive impairment.”* Morbidity may also result from adverse effects of additional phar-
macotherapy that is required to treat the dysthythmia.

Atrial fibrillation most commonly occurs on the 2nd or 3rd postoperative day, and
70% of arrhythmias are diagnosed within the first 4 days.” Of the patients who ex-
perience postoperative AF, those in whom pharmacologic or electrical cardioversion
fails face the prospect of oral anticoagulation and its associated risks, which may be
substantial."®

The cause of AF is complex and multifactorial. Nonsurgical AF has been associat-
ed with established risk factors''? and, more recently, with genetic factors and inflam-
mation.” Several theories relate to the pathophysiology of AF. It is understood that AF
leads to electrical, contractile, or structural remodeling of the atria."'* Multiple wave-
lets of excitation propagate around the atrium,” and both single-focus and multiple-
source causes have been described.”® Once the rhythm is established, changes in the
atrial substrate facilitate perpetuation of the dysrhythmia.” Multiple influences have
been connected with the cause and pathophysiology of the condition, including ge-
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netic factors (perhaps as a consequence of a channelop-
athy"” and metabolic changes)."

Statins (3-hydroxy-3-methylglutaryl-coenzyme A
[HMG-CoA] reductase inhibitors) have been shown to
suppress cholesterol biosynthesis and to reduce cardio-
vascular pathology significantly in patients who are at
risk of developing atherosclerotic disease. Recent clinical
and experimental data suggest that the benefit of statins
extends beyond this ability to lower lipid levels. Mech-
anisms besides remodeling that are mediated by statins
are oxidative stress, inflammation, endothelial pathol-
ogy, and neurohormonal influence (Fig. 1).*

We sought to evaluate whether statin treatment re-
duces the incidence of postoperative AF. To date, stud-
ies in human beings have analyzed the impact of statins
in new-onset or recurrent AF, postcardioversion AF,
and postoperative AF. We studied the postoperative-
AF group only. We searched the world medical liter-
ature for relevant comparative studies of patients who
had or had not been treated with statins, with our focus
on randomized clinical trials (RCTs) and the best avail-
able high-quality studies.

We chose to perform a meta-analysis, which provides
meaningful data when it would otherwise be difficult
to construct an adequately powered, large-scale, high-
quality RCT. It is crucial to evaluate the best evidence
in the available literature,® because a meta-analysis can
be judged only on the basis of the studies that it includes
and the factors that it takes into account. According-
ly, the accuracy of estimates of treatment effects can be
quantitatively evaluated.

Materials and Methods

Literature Search

A literature search was performed on the EMBASE,
MEDLINE®, Cochrane Library, and Google™ Scholar
databases for comparative studies through 2008 that
investigated a clinical significance of statin treatment on

Improvement of endothelial function
Reduced oxygen free radicals,
increased NO bioavailability

Anti-inflammatory properties
Decreased inflammatory
cytokines, expression of
adhesion molecules and
inhibition of inflammatory cells

A

RA LA

RV, Lv

Reduction of neurohormonal activation
Decreased AT1-receptor signaling,
isoprenylation of GAA and cellular

content of Ga

Antioxidant effects
Inhibition of NADPH-oxidase

Fig. 1 Molecular effects of statins on the left atrium (adapted
from Adam and colleagues,? with permission).

AT-1 = angiotensin-1;, Ga = G protein, a subunit; GyA = G protein,
y subunit; LA = left atrium;, LV = left ventricle; NADPH = reduced
form of nicotinamide-adenine dinucleotide phosphate;

NO = nitrous oxide; RA = right atrium; RV = right ventricle
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139 publications identified by
computer search: last search
done 1¢ November 2008

127 excluded by title and
abstract review
v
12 articles screened in complete

form on the basis of titles and
abstracts

v
10 comparaW « 1 excluded (Virani) [21]: non-
extractable data

« 1 excluded (Powell) [22]: other
v lipid-lowering agents used

10 studies included in final apart from statin

systematic review

* 4 randomized controlled trials
« 4 retrospective studies

« 2 prospective studies

Fig. 2 Search approach and selection of the studies for the
meta-analysis.

the incidence of postoperative AF. The following MeSH
search headings were used: cardiac surgery, atrial fibril-
lation, and statins. Searches were also performed under
the headings of coronary artery bypass graft, cardio-
thoracic surgery, and HMG-CoA reductase inhibitors.
The “related articles” function was used to broaden the
search, and all identified citations were reviewed. No
studies comparing AF incidence and statin treatment
were found from before 2004; therefore, all relevant pa-
pers were published from 2004 through 2008. Studies
that compared statin-treated and untreated groups of
patients were identified, and data were extracted regard-
ing the outcome of interest (postoperative AF). Figure
2 shows the search approach and the qualified studies.

Data Extraction

Two reviewers (SS and CR) independently extracted
from each study the lead author, year of publication,
study design, types of statins used, number of statin-
treated and untreated patients who were operated upon,
type of cardiac surgery, and incidence of AF in each
study group.

Variables that generally predispose surgical patients
to AF"*—advanced age, male sex, hypertension, dia-
betes mellitus, low left ventricular ejection fraction,
chronic obstructive pulmonary disease, and advanced
3-vessel and left-main-stem coronary artery disease—
were focused upon in order to compare the 2 groups.
Table I shows the distribution of these variables between
groups.?*

Inclusion and Exclusion Criteria

We included all comparative studies of statin treatment
and nontreatment when the incidence of AF was report-
ed as an outcome in patient groups that underwent car-
diac surgery. When 2 studies by the same institution
reported the same outcomes, we included either the
better-quality or the more informative publication in
the analysis. We excluded studies in which the prima-
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TABLE I. Distribution of Risk Factors for Atrial Fibrillation between Statin-Treated and Untreated Groups

Diabetes Advanced
Mean Age (yr) Male Sex Hypertension Mellitus LVEF COPD CAD
Statin Group, Statin Group, Statin Group, Statin Group, Statin Group, Statin Group, Statin Group,
Untreated Untreated Untreated Untreated Untreated Untreated Untreated
Study Group (%) Group (%) Group (%) Group (%) Group (%) Group (%) Group (%)
Chello M, etal.?  65.7+77, 80, 75 50, 40 NS NS NS NS
63.7+71
Auer J, etal. 65+ 11, NS NS NS NS NS NS
NA
Kourliouros A, 67 +9, 79, 69 59, 38 23,12 15, 112 NS 27,10°
etal.® 65+13 72, 28¢
Lertsburapa K, 66.7 +8.4, 77.3,76.8 76.4,69.6 36.3,28.6 0.50+0.12,¢ 13,14.7 NS
etal.? 69.4+8.7 0.49+0.13¢
Marin F, et al.Z 65+9, 74 62 41 18¢ NS 390
NA
Mariscalco G, 65.5+£9.1, 83.4,79 70.5,73 31.5,28.1 0.54+0.11° 8.8, 8.1 29.8,32.3°
etal.? 65.5+9.7 0.54 +0.12¢
Ozaydin M, 60+ 10, 78.7,85.3 49.4,45.3 28.5,16.8 0.563+0.08, NS NS
etal.? 62+9 0.53+0.09¢
Pan W, et al.®® 62 +10, 76,75 83,75 10,8 32,33¢ 19, 24 21,23°
64+ 11 54, 55¢
Patti G, et al.® 65.5+8.8, 79, 68 90, 83 32,42 0.52+0.09,¢ 28, 36 97, 98¢
67.3+8.1 0.52+0.10¢
Song YB, 61.7+9.9, 63, 68 57, 60 47,52 0.568+0.12,¢ NS NS
etal.”? 64+9.2 0.57+0.11¢

CAD = coronary artery disease; COPD = chronic obstructive pulmonary disease; LVEF = left ventricular ejection fraction; NA =

not available; NS = not specified

2LVEF <0.50; *left main stem disease; °3-vessel disease; ‘mean LVEF; ¢LVEF <0.45

ry interventional approach could not be defined, lipid-
lowering agents other than statins were administered,
and outcomes of interest were not reported, and in
which it was impossible to calculate AF incidence from
the published results.

The outcome of interest was identified in the select-
ed studies wherever the term atrial arrhythmia or atrial
fibrillation was used. Ventricular and other arrhyth-
mias were excluded from our analysis. The selected
studies reported new-onset postoperative AF and, by
definition, excluded patients with existing AF. It was
not our interest to consider intermittent or persistent
AF, protocols for prophylaxis, or methods of monitor-
ing patients.

Statistical Analysis

Meta-analysis was performed in accordance with rec-
ommendations from The Cochrane Collaboration and
the Quality of Reporting of Meta-Analyses (QUOROM)
guidelines.”** For categorical variables, we used the
odds ratio (OR) as the summary statistic. This ratio
represented the odds of an adverse event’s occurrence in
the statin-treated group compared with the untreated
group. An OR of less than 1 favored the statin group.

Texas Heart Institute Journal

The point estimate of the OR was considered statisti-
cally significant at <0.05 if the 95% confidence inter-
val (CI) did not include the value 1. To translate these
results into a quantitatively beneficial clinical outcome,
we calculated the risk difference and number needed
to treat (NNT). Risk difference (or absolute risk re-
duction) was the difference in the incidence of post-
operative complications between treated and untreated
groups. The NNT was the number of patients in the
treatment group who needed to be treated in order to
prevent 1 complication event (NNT=1/risk difference).

Aggregation of the overall rates of the outcome of in-
terest was performed with use of the Mantel-Haenszel
method. The Yates correction was used for those studies
that contained a zero in 1 cell for the number of events
of interest in 1 of the 2 groups.”* Because “zero cells”
create problems in the computation of ratio measure
and its standard error of the treatment effect, we added
the value 0.5 in each cell of the 2 x 2 table for the study
in question. When there were no events for the statin-
treated and untreated groups, the study was discarded
from the meta-analysis.

We used both fixed-effects and random-effects mod-
els. In a fixed-effects model, it is assumed that the
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treatment effect in each study is the same—whereas in
a random-effects model, variation is assumed between
studies, and the calculated OR consequently has a more
conservative value.”* For surgical research, meta-analy-
sis using the random-effects model was preferable,
particularly because patients who have undergone oper-
ations in different centers have varying risk profiles and
are selected by differing criteria for each surgical proce-
dure. In order to evaluate the highest-quality evidence
that was available, we focused on RCTs in our subgroup
analysis.

We used 3 approaches in order to evaluate heteroge-
neity quantitatively:

1) Statistical tests—reanalyzing data via 2 different
statistical approaches, using random- and fixed-
effects models.

2) Graphic exploration—using funnel plots to evalu-
ate publication bias.**

3) Sensitivity analysis by subgroup analysis. Five sub-
groups were selected: RCTs, studies of patients
who underwent only coronary artery bypass graft-
ing (CABG), studies in which atorvastatin was
the only lipid-lowering agent used, studies with
>300 patients in each group (sample-size effect),
and studies that had >6 matching criteria (evalu-
ation of study quality).

Analysis was conducted by using Review Manager
version 4.2 (The Cochrane Collaboration, Software Up-
date, Oxford, U.K.) and Sample Power 2.0 (SPSS Inc.;
Chicago, Ill) for power-analysis calculations. All data
conformed to each test that was used to analyze them.

Results

Selected Studies
We initially identified 139 studies, 12 of which*** were
selected for the meta-analysis. One study® was then ex-
cluded, because the incidence of postoperative AF could
not be calculated from the published results. Another
study* was excluded because lipid-lowering agents other
than statins had been administered. Of the remaining
studies, 4 were RCTs, 4 were retrospective, and 2 were
prospective (Fig. 2). We included these 10 studies in
our final analysis, which comprised 4,459 patients. Of
these, 2,758 had undergone statin treatment and 1,701
had not (Table II).>

There was 100% agreement between the 2 reviewers
regarding the data extraction. All the studies contained
groups that were comparable in age. However, 2 stud-
ies**?” gave a mean age of the entire patient group with-
out distinguishing between the treated and untreated
groups. One study* provided no values for any of the
other risk factors for postoperative AF. The incidenc-
es of preoperative chronic obstructive pulmonary dis-
ease?***3 and advanced coronary artery disease were
comparable in both cases in 4 studies.”*****' Compa-
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rable data for all 7 risk factors were available in 3 stud-

ies‘28,30,31

Meta-Analysis

Eight studies****"% showed a statistically significant dif-
ference between the 2 groups in the incidence of post-
operative AF. Taking all 10 studies into account, the
incidence was 22.6% in the statin-treated cohort (622
of 2,758) and 29.8% in the untreated cohort (507 of
1,701). In order to rule out a 7% relative risk reduction
with a 5% significance level and 80% power, we calcu-
lated that a traditional RCT would require 636 patients
in each arm and 842 patients for 90% power.

Using the random-effects model (Fig. 3A), we calcu-
lated an OR of 0.60 (95% CI, 0.48—0.76) and a %> of
heterogeneity of 17.25 (P=0.04). With use of a fixed-
effects model, the OR was 0.68 (95% CI, 0.59-0.79)
with an identical 95% CI when compared with the
random-effects model, and with statistically significant
heterogeneity.

When we focused only on the 4 RCTs%2%32 (919 pa-
tients) in order to calculate more precise estimates for
the treatment effect, meta-analysis using the random-
effects model revealed an OR of 0.55 (95% CI, 0.41—
0.73), and y?* of heterogeneity of 2.96 (P=0.4) (Fig. 3B).
With use of a fixed-effects model for all of the RCTs,
the OR was the same value as that of the random-effects
model with identical heterogeneity.

Subgroup Analysis
Graphic exploration was used to investigate heterogene-
ity further. Significant differences in the OR and hetero-
geneity for the chief outcome of interest were identified.
Figure 4A is a scatter plot of the treatment effects esti-
mated from all the individual studies included in this
meta-analysis on the horizontal axis (OR), against a
measure of study size on the vertical axis (SE[log OR]).
This plot resembles a symmetric, inverted funnel (the
95% CI), within which lie most of the studies that were
included in our analysis. The name “funnel plot” aris-
es from the fact that precision in the estimation of the
underlying treatment effect will increase as the sam-
ple size of the component studies increases. Figure 4A
shows asymmetry, with 1 study® outside the 95% CI.
When the analysis was repeated after exclusion of that
study, the OR for the incidence of AF was 0.56 (95%
CI, 0.47-0.67), with a nonsignificant heterogeneity of
3.77 (P=0.88). This was identical with use of random-
and fixed-effects models. Figure 4B is a funnel plot of
the meta-analysis with the outlying study excluded.
The RCTs were already analyzed as described above;
neither the random- nor the fixed-effects models showed
significant heterogeneity. Further random-effects sub-
analysis showed that including only large studies (=300
patients)******* resulted in a calculated OR of 0.69 (95%
CI, 0.52-0.91), with a nonsignificant heterogeneity of
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TABLE Il. Studies Comparing the Incidence of Postoperative Atrial Fibrillation between Statin-Treated (n=2,758)
and Untreated (n=1,701) Groups in a Generalized Population

Mean Mean
Cross-Clamp Total Bypass
No. Patients  AF Incidence Time, min Time, min
Study Dosage, (Statin, (Statin, (Statin, (Statin,
Study Design Statin(s) Duration Untreated) Untreated), % Surgery(n) Untreated) Untreated)
Auer J, etal.*  Pro A C F L, NS 253 (130, 123) 32.8,45.9 CABG (127), NS NS
(2004) PR, S VR (113),
both (13)
PanW, etal.*® Retro A, C,FL, NS 1,663 (943,720) 18.7,18.8  CABG (1,663) 38+ 20, 66 + 29,
(2004) P, S 37+18 65+ 30
Chello M, RCT A 20 mg/d, 40 (20, 20) 10, 25 CABG (40) 48.6+8.9, 97 +5.5,
etal.? (2006) 3wk 52.4+12.4 94.3+8.6
Marin F, Pro A FLPS NS, 31d 234 (144, 90) 22.9,36.7 CABG (234) NS NS
et al.? (2006) (median)
Patti G, etal.®* RCT A 40 mg/d, 7d 200 (101, 99) 35, 57 CABG (158), 73+27, 105 + 30,
(2006) VR + CABG 76 +34 113+37
(41), AAR (1)
Ozaydin M, Retro A, FPS 27 +15mg/d, 362 (267, 95) 8.2,16.8 CABG (356), 48+ 17, 81+27,
etal.* (2007) 2.7+55mo CABG + VR (6) 52+20 84+18
(mean)
Mariscalco G, Retro A, F L, P, NS 405 (218, 187) 29.5,40.9 CABG (405) 53.1+£21.7, 84.7+37.8,
et al.®(2007) R, S 53.5+18.8 88.6+299
Lertsburapa K, RCT A (converted) NS 555 (331, 224) 27.8,36.6 CABG (2,676), NS 290.8+104.5,
etal.”® (2008) VR (988), 289.4+87
both (380)
Kourliouros A, Retro A,P,R,S NS 623 (542, 81) 27,38 CABG (485), NS 103 +337,
etal.* (2008) AVR (78), 98+29.5
both (60)
Song YB, RCT A 20mg/d, 3d 124 (62, 62) 12.9,27.4 CABG (124) NS 277 £ 61,
etal.* (2008) 273 +54

A = atorvastatin; AAR = aortic aneurysm repair; AF = atrial fibrillation; AVR = aortic valve replacement; C = cerivastatin;
CABG = coronary artery bypass grafting; F = fluvastatin; L = lovastatin; NS = not specified; P = pravastatin; Pro = prospective;
R = rosuvastatin; RCT = randomized clinical trial; Retro = retrospective; S = simvastatin; VR = valve replacement

9.37 (P=0.05). Six studies****™*" used multiple types
of statins. Upon exclusion of these studies from the
analysis, the OR in the studies wherein atorvastatin was
the only drug administered**"* was 0.55 (95% CI,
0.41-0.73) with a nonsignificant heterogeneity of 2.96
(P=0.4). Different types of cardiac surgery were used
in 5 studies.****" Excluding these studies enabled us
to analyze the data from 5 studies in which CABG was
the only surgery performed®#?*%%; the OR was 0.64
(95% CI, 0.43—0.95), with significant heterogeneity
of 10.07 (P=0.04). Finally, 5 studies***** underwent
analysis of at least 6 out of 7 matching criteria. The OR
was 0.58 (95% CI, 0.47-0.71) with a heterogeneity of
2.28 (P=0.69).

Discussion

On the basis of this study, we can conclude that statin
treatment likely reduces the incidence of postopera-
tive AF in a generalized population (mean age, <70 yr)
when compared with an untreated group. The data from
the RCTs revealed a significant reduction in AF inci-
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dence: OR=0.55 (95% CI, 0.41-0.73) without signif-
icant heterogeneity (2.96; P=0.4) in the random- and
fixed-effects models. The meta-analysis also showed a
similarly significant reduction in postoperative-AF in-
cidence in studies wherein CABG was the sole cardiac
surgical procedure performed and atorvastatin was the
specific statin administered.

In practice, it is common that clinicians select the
treatment for a particular patient on the basis of indi-
vidual characteristics (such as age, severity of disease, or
type of anatomy). It follows that the type of treatment
that patients receive can be influenced by many fac-
tors in a nonrandomized observational study. We have
specifically analyzed RCTs, because these represent the
highest level of evidence for comparing a treatment with
a control. A key factor is that RCTs contain a random
mechanism that controls treatment assignment, which
limits bias in patient selection.”

One aim of a well-conducted meta-analysis is to iden-
tify causes of heterogeneity. We found that outlying val-
ues, size of the study, study design, and different statin
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A Review:
Comparison:

Use of statins to prevent postoperative AF
01 Comparison of incidence of postoperative AF between statin and non-statin groups

Outcome: 01 Comparison of incidence of postoperative AF between statin and non-statin groups
Statin Control OR (fixed) Weight OR (fixed)
Study n/N n/N 95% Cl % 95% Cl Year
Auer, et al.?* 43/130 56/123 —.i_ 8.75 0.59 [0.36-0.98] 2004
Pan, et al.®® 176/943 135/720 28.30 0.99[0.78-1.28] 2004
Chello, et al.® 2/20 5/20 R 1.02 0.33[0.06-1.97] 2006
Marin, et al.?” 33/144 33/90 —a 712 0.51[0.29-0.92] 2006
Patti, et al.' 35/101 56/99 —a 8.40 0.41[0.23-0.72] 2006
Mariscalco, et al.2 64/218 76/187 —a— 13.14 0.61[0.40-0.92] 2007
Ozaydin, et al.?® 22/267 16/95 —_—a— 4.92 0.44 [0.22-0.89] 2007
Kourliouros, et al.2 147/542 31/81 —a—] 8.93 0.60 [0.37-0.98] 2008
Lertsburapa, et al.?® 92/331 82/224 —a—| 16.05 0.67 [0.46-0.96] 2008
Song, et al.* 8/62 17/62 3.37 0.39[0.15-0.99] 2008
Total (95% Cl) 2758 1701 <& 100.00 0.68 [0.59-0.79]
Total events: 622 (statin), 507 (control)
Test for heterogeneity: Chi? = 17.25, df =9 (P = 0.04), I> = 47.8%
Test for overall effect: Z=5.18 (P <0.00001)
01 02 05 1 2 5 10
Favors treatment  Favors control

B Review: Use of statins to prevent postoperative At

Comparison: 02 Sub-Group Analysis 1: randomized controlled trials

Outcome: 01 AF incidence in statin and non-statin groups: randomized controlled trials

Statin Control OR (fixed) Weight OR (fixed)

Study n/N n/N 95% Cl % 95% Cl Year
Chello, et al.® 2/20 5/20 _ 3.55 0.33[0.06-1.97] 2006
Patti, et al.>' 35/101 56/99 —a— 2913 0.41[0.23-0.72] 2006
Lertsburapa, et al.? 92/331 82/224 —B— 55.66 0.67 [0.46-0.96] 2008
Song, et al.* 8/62 17162 —a—] 11.67 0.39[0.15-0.99] 2008
Total (95% Cl) 514 405 <o 100.00 0.55[0.41-0.73]
Total events: 137 (statin), 160 (control)
Test for heterogeneity: Chi? =2.96,df =3 (P=0.4),12=0
Test for overall effect: Z = 4.14 (P <0.0001)

01 0.2

05 1 2 5 10

Favors treatment  Favors control

Fig. 3 Meta-analysis of the A) studies and B) randomized controlled trials that compared the incidence of postoperative atrial fibrilla-
tion in statin-treated patients versus patients who received no statin treatment. Squares indicate point estimates of treatment effect
(odds ratio), the size of the squares represents the weight attributed to each study, and horizontal bars indicate the 95% confidence

interval (Cl). The diamond represents the summary OR from the pooled studies with 95% CI.

P <0.05 was considered statsitically significant.

AF = atrial fibrillation; OR = odds ratio

A

Review: Use of statins to prevent postoperative AF
01C of incidence of ive AF between statin and non-statin groups
Outcome: 01 Comparison of incidence of postoperative AF between statin and non-statin groups
0.0+ SE(log OR) "
V4 Ne
02+ /e N
/ o N
/o e AN
P AN
04+ / h
Y, ° AN
06+ / AN
0.8+ / N
/ °
+ + + + 1
0.1 0.2 0.5 1 2

B

Review: Use of statins to prevent postoperative AF
Comparison: 01 Comparison of incidence of postoperative AF between statin and non-statin groups
Outcome: 01 Comparison of incidence of postoperative AF between statin and non-statin groups
00T SE(log OR) A~
02+ °®

4

V4 ] L]
/ o \
041
Ve ° N\

06+
08+ /

] AN

0.1 02 05 2

10
OR (fixed)

10
OR (fixed)

Fig. 4 Funnel plot A) that identifies sources of heterogeneity, and B) after exclusion of an outlying study, resulting in heterogeneity.

AF = atrial fibrillation; OR = odds ratio; SE = standard error

protocols are important factors to consider. The effect
that the study by Pan and colleagues® caused on our
meta-analysis is illustrated by the asymmetry of the fun-
nel plot in Figure 4A. Of note, exclusion of that study
from the analysis resulted in a much more symmetric

526 Statin Treatment and Postoperative Atrial Fibrillation

funnel plot with a nonsignificant heterogeneity. The
significant heterogeneity between all 10 studies is like-
ly to be a result of the underlying clinical heterogene-
ity or, less likely, due to chance. Despite the degree of
heterogeneity, it would be wrong to consider the con-
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clusions to be automatically misleading. Even were our
meta-analysis without significant heterogeneity, it can
never be interpreted as direct evidence in favor of statin
use, because tests that look for heterogeneity have low
power in detecting even a moderate degree of genuine
heterogeneity that is statistically significant.”

The most important contributing effects of statins
are their anti-inflammarory properties and their role in
the promotion of improved endothelial function. Sever-
al investigators have examined anti-inflammatory treat-
ment in AF. Favorable effects have been achieved by use
of angiotensin-converting enzyme inhibitors, 3-block-
ing agents, oral glucocorticoids, and nonsteroidal anti-
inflammarory medications.®

With respect to statin treatment, data emerging from
animal and human studies apply to the protective ef-
fects of statins against AF risk. Studies have correlated
C-reactive protein (CRP) with AF. C-Reactive protein is
an acute-phase reactant that reflects low-grade systemic
inflammation and acts as a clinical marker. Kumagai
and colleagues® reported a canine sterile-pericarditis
model, and Shiroshita-Takeshita and associates*** re-
ported atrial rapid-pacing and ventricular tachycardic
canine models that showed a reduced inducibility and
sustainability of the arrthythmia and reduced CRP lev-
els when compared with the control group (which expe-
rienced shortened intra-atrial conduction time and AF
duration). Furthermore, large trials®#* have shown
that statins effectively and rapidly lower CRP levels in
hyper- and normocholesterolemic patients alike, and
reduce the production of pro-inflammatory cytokines
such as tumor necrosis factor, interleukin-1, and inter-
leukin-6.2 This indicates that statins are effective in
decreasing systemic inflammation.

Impaired endothelium-dependent vasodilation and
ischemia—reperfusion injury are associated with AF***
and lead to impaired left ventricular function.®” Be-
cause statin treatment has improved endothelial func-
tion in experimental models of heart failure, it follows
that this effect may influence the incidence of AF.*7#

A dosage-dependent effect of statins has been sug-
gested. Lertsburapa and co-authors™ achieved the great-
est effect on postoperative AF with the administration
of 40 mg of atorvastatin (30 min—14 hr) when com-
pared with no statin treatment. Atorvastatin dosages
of 20 to 40 mg and 20-mg equivalents also conferred
a statistically nonsignificant reduction. According to
Kourliouros and colleagues,” statins exhibit pleiotro-
pic properties, whereas the division of statin dosages to
high, intermediate, and low” in clinical practice is on
the basis of their lipid-lowering efficacy. This random
division may have influenced the accuracy of some re-
sults.”® Statins have a dosage-related effect on postoper-
ative AF.” However, by propensity-score analysis, it was
shown that the antifibrillatory effect of statins did not
match their lipid-lowering capacity.”® For example, sim-
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vastatin 20 mg (which is equivalent to atorvastatin 10
mg in lipid-lowering efficacy), had a statistically signif-
icant effect on postoperative AF (30 min—3 hr) when
compared with no statins, whereas atorvastatin 10 mg
had no impact on AF.*** Unfortunately, when we con-
sidered all 10 of our selected studies, the different statins
and dosages ensured heterogeneous results, and no de-
finitive conclusions could be reached.

Study Limitations

The chief limitation of our meta-analysis is that clinical
and statistical heterogeneity are introduced because of
AF’s pathophysiologic complexity. To overcome this de-
gree of heterogeneity, it would be necessary to devise a
blocked RCT design, which would be expensive, time-
consuming, and impractical. Instead, in order to mini-
mize heterogeneity, we conducted subgroup analyses of
the 4 RCTs and of the studies that contained 6 or more
matched criteria. Furthermore, in using the 7 specified
AF risk factors to evaluate the incidence of postoperative
AF, we believe that we effectively reduced the statistical
heterogeneity of our comparative analysis.

Different statins and dosages were used in the studies.
The meta-analysis included only 4 RCTs from which to
draw the main conclusions. We were unable to deter-
mine the influence of the duration and dosage of pre-
operative statin therapy and its postoperative effects on
the incidence of AF. The incidence of new postopera-
tive AF depended upon the type and duration of post-
operative AF-monitoring techniques, which may have
varied between studies. Definitions of postoperative AF
were inconsistent from study to study. Operations were
performed by different surgeons who used a variety of
equipment, conduits, and surgical and anesthetic tech-
niques, which increased clinical heterogeneity in the
groups of patients. Finally, we did not evaluate postop-
erative pulmonary complications, bleeding, and pericar-
dial tamponade, all of which can cause hypoxemia and
an increased inotropic requirement, and therefore an in-
crease in AF incidence.

Conclusions

Considerable evidence, including our meta-analysis,
points to an effect of statins in decreasing the incidence
of postoperative AF. This effect is independent of their
main lipid-lowering function, and we have outlined cer-
tain mechanisms that could explain this. The results
of our analysis suggest the desirability of a large-scale,
multicenter, prospective RCT of statin treatment ver-
sus nontreatment, with the development of postopera-
tive AF the primary endpoint. Secondary aims should
include identifying the type and dosage of statin and
duration of use that will reduce postoperative AF most
effectively. This would be necessary before definitive
conclusions could be drawn regarding whether specif-
ic statins and dosages reduce the incidence of postop-
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erative AF in patients who undergo cardiac surgery and
any implementation of these results in surgical practice.
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