
P
os

te
d

on
A

u
th

or
ea

10
N

ov
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
63

65
50

13
.3

22
85

02
8/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Statin and Post-Cardiac Surgery Atrial Fibrillation Prevention:

Systematic Review and Meta-analysis

Federico Oliveri1, Andrea Bongiorno1, Sara Compagnoni1, Alessandro Fasolino1, Francesca
Gentile1, Antonella Pepe1, and Lorenzo Tua1

1Universita degli Studi di Pavia

November 10, 2021

Abstract

Introduction: Postoperative atrial fibrillation (POAF) is a frequently reported complication of cardiac surgery, leading to

increased in-hospital and long-term mortality rates. Many studies have suggested using statins to protect against POAF.

Thus, we aim to investigate if statin pre-treatment may effectively lower the incidence of POAF. Method: We performed

a systematic literature search of PubMed for potential studies between January 2006 and August 2021. Principal inclusion

criteria were: randomized clinical trials study design; statin-naive patients; total study participants [?] 50 units. We used the

fixed-effects model to obtain the odds ratio (OR) and 95% confidence interval (CI) for each analyzed intervention. Results:

Overall, statin pre-treatment reduced the incidence of POAF compared to placebo (OR 0.71; 95% CI: 0.60-0.85, p-value <

0.00001). Analyzing subclasses, atorvastatin was associated with lower incidence of POAF (OR 0.54; 95% CI: 0.41-0.70, p-value

= 0.002), but rosuvastatin was not (OR 0.90; 95% CI: 0.71-1.14, p-value = 0.38). Selecting studies with [?] 199 patients,

results were divergent. There was not statistically significant difference between statin pre-treatment and placebo (OR 0.89;

95% CI: 0.74-1.09, p-value = 0.26), as well as for atorvastatin (OR 0.74; 95% CI: 0.54-1.03, p-value = 0.08) and rosuvastatin

(OR 0.87; 95% CI: 0.68-1.12, p-value = 0,29). Conclusion: Statin pre-treatment before cardiac surgery is not associated with

a significant reduction in POAF occurrence. Thus, based upon our results and considering possible renal complications, we

discourage statin pre-treatment in preventing POAF.

INTRODUCTION

Postoperative complications frequently occur after cardiac surgery, leading to significant increases in mor-
tality, morbidity, and costs1 . Notably, approximately 15 to 40 percent of patients who underwent coronary
artery bypass graft surgery (CABG)2-5 , as well as 38 to 50 percent after valve surgery 2,6,7 , experience
postoperative atrial fibrillation (POAF) in the early postoperative period. Several studies showed that POAF
is associated with increased in-hospital and long-term mortality rates 3-5, 8-10 and prolonged hospitalization
6,10-12 .

Pathophysiologically, POAF is believed to be related to inflammatory processes, leading to oxidative stress
13 . In particular, a strict connection exists between the peak of the systemic inflammatory response after
cardiac surgery and the POAF occurrence13 .

Interestingly, among the pleiotropic effects of statins are their anti-inflammatory and antioxidant
properties14-16 . Thus, some clinical and experimental studies have suggested using statins to protect against
atrial fibrillation 17 . In keeping with these findings, some meta-analyses made from randomized clinical
trials showed that preoperative statin therapy, generally introduced in the week before cardiac surgery, had
been associated with a lower incidence of POAF 18,19 . However, these studies pointed out significant
limitations of the evidence.
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. Indeed, considering the high burden of bias and the new valuable trials conducted, we performed our study
to update the current knowledge regarding statins’ potential role in preventing POAF.

3. METHOD

3.1 Search strategy

A systematic literature review and subsequent meta-analysis were performed according to preferred reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) Guidelines 20 . We systematically searched in
PubMed, EMBASE, and Medline for inherent studies published starting from August 2021. In our meta-
analysis, we included randomized clinical trials only. Keywords used to find the desired articles were the
following: (1) statin; (2) postoperative atrial fibrillation; (3) statin and atrial fibrillation; (4) statin and
postoperative atrial fibrillation. The search only included original studies on human subjects published
in the English language. To include pertinent papers, two authors independently searched for additional
citations from the reference list of included relevant articles.

3.2 Study selection

Two reviewers (F.O. - A.B.) independently performed the initial screening process to recognize all citations
of potential acceptability. The inclusion criteria in our study consisted of:

randomized clinical trials (RCTs) study design;

statin-naive patients;

Rosuvastatin or Atorvastatin started no more than 21 days before cardiac surgery;

total study participants [?] 50;

studies published starting from January 2006;

Original untranslated studies that are written in English language only;

Age [?] 18 years old;

For definitive eligibility, full-text papers of recognized abstracts that were pertinent to our inclusion criteria
were evaluated. The excluded papers were non-randomized clinical trials, cohort studies, case reports, letters,
conference abstracts, and editorials. The Kappa statistic was utilized to evaluate the inter-rater reliability
of the two reviewers 21 .

3.3 Data extraction and quality assessment

2
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. Two reviewers (F.O. - A.F.) extracted data independently using a standardized recording tool to document
the study design and setting, number of study participants, year of publication, country of origin, baseline
patient characteristics, participant clinical characteristics, and study outcomes.

The quality of the included studies was assessed according to the Cochrane Collaboration’s tool for assessing
the risk of bias22 . F.G. and A.P. assessed the risk of bias of all considered studies (including selection, per-
formance, detection, attribution, reporting, and other biases). All discrepancies were resolved by consulting
with the other authors and referring to the original articles (Figure 1 e 2) .

3.4 Data analysis and synthesis

We used the Review Manager software (RevMan-5) to conduct our statistical analyses. The overall odds ratio
(OR), and the 95% CI for each analyzed parameter were pooled using a fixed-effects model. Furthermore,
we have drawn forest plots to evaluate the results of pooling visually. OR value >1 indicates an increased
risk of complex POAF, OR value 1 indicates no observed association, and OR <1 indicates decreased risk of
POAF. A two-sided P-value < 0.05 was considered statistically significant. Furthermore, the heterogeneity
of the studies results was calculated using the Higgins I2 , which measures the percentage of the total
variation across the included studies23 . The values of I2 lie between 0 and 100%. A value of 0% indicates
no heterogeneity. We classified heterogeneity in mild (I2 < 25%), moderate (25[?] I2 <50%), severe (50[?]
I2 <75%), and very severe (I2 [?]75%) 24 .

4. RESULTS

4.1 Literature search

4
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The flow diagram of studies identification and subsequent inclusion is shown in Figure 3 . 1029 citations were
found by the search. The final study included a total of 78 papers, of which 22 (consisting of randomized
clinical trials) were used for data extraction and synthesis for our systematic review. Fourteen articles were
finally included in our meta-analysis.

4.2 Characteristic of the included studies

The study characteristics of the included fourteen studies25-38 are shown in Table 1 . All were randomized
clinical trials and published from 2006 to 2021. The total number of individuals included in our meta-
analysis was 2883, about half of whom were pretreated with statin before cardiac surgery. The trials were
conducted in 9 different countries and four continents. We evaluated the potential role of statin pretreatment
in preventing POAF.

TABLE 1: CHARACTERISTICS OF THE INCLUDED STUDIES

STUDY PATIENTS COUNTRY JOURNAL TYPE OF
SURGERY

TREATMENT
ARMS

TREATMENT
START
BEFORE
SURGERY

FOLLOW-
UP

Allah et al.
25 (2019)

61 Egypt Journal of
Cardiotho-
racic and
Vascular
Anesthesia

Valve
Surgery

Atorvastatin
(80 mg)
versus
Placebo

12 hours 5 days

5
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. Baran et
al. 26

(2011)

60 Turkey Stem Cell
Reviews and
Reports

CABG Atorvastatin
(40 mg)
versus
Placebo

- 30 days

Billings et
al. 27

(2016)

199 USA JAMA Multiple Atorvastatin
(variable)
versus
Placebo

variable until
hospital
discharge

Dehghani
et al. 28

(2015)

58 Iran Journal of
Cardiovascu-
lar
Pharmacol-
ogy and
Therapeutics

Valve
Surgery

Atorvastatin
(40 mg)
versus
Placebo

3 days 5 days

JI et al. 29

(2009)
140 China Circulation

Journal
CABG Atorvastatin

(20 mg)
versus
Placebo

7 days 13 days

Mannacio
et al. 30

(2008)

200 Italy The Journal
of Thoracic
and Cardio-
vascular
Surgery

CABG Rosuvastatin
(20 mg)
versus
Placebo

7 days 25 days

Osmanovic
et al. 31

(2019)

160 Bosnia Medical
Archives

CABG Rosouvastatin
20 mg versus
Placebo

7-10 days until
hospital
discharge

Park et al.
32 (2016)

200 Korea Intensive
Care
Medicine

Multiple Atorvastatin
(variable)
versus
Placebo

12-24 h until
hospital
discharge

Patti et al.
33 (2006)

200 Italy Circulation Multiple Atorvastatin
(40 mg)
versus
Placebo

7 days 30 days

Song et al.
34 (2008)

124 Korea American
Heart
Journal

CABG Atorvastatin
(20 mg)
versus
Placebo

3 days 30 days

Spadaccio
et al. 35

(2010)

50 Italy Journal of
Cardiovascu-
lar
Pharmacology

CABG Atorvastatin
(20 mg)
versus
Placebo

21 days 7 days

Sun et al.
36 (2011)

100 China International
Heart
Journal

CABG Atorvastatin
(20 mg)
versus
Placebo

7 days 14 days

Vukovic et
al. 37

(2011)

52 Serbia Perfusion CABG Atorvastatin
(20 mg)
versus
Placebo

21 days -

6
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. Zheng et
al. 38

(2016)

1269 China NEJM CABG and
Aortic Valve
Replacement

Rosuvastatin
(20 mg)
versus
Placebo

8 days 5 days

4.3 Statin versus Placebo

Fourteen studies comprising 2883 patients reported the POAF prevalence in patients pretreated with a statin
or placebo25-38 . Statin was correlated to a reduced prevalence of POAF (312/1456 [21.4%] versus 393/1427
[27.5%]). We encountered a statistically significant difference between the two considered groups (OR 0.71;
95% CI: 0.60 to 0.85, p-value = 0.0001). There was severe heterogeneity observed between the 14 studies
(I2= 69%) (Figure 4 ). However, If we only consider studies with [?] 199 patients, the results are divergent
(OR 0.89; 95% CI: 0.74 to 1.09, p-value = 0.26 ; I2= 74%) (Figure 5 ).

7
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4.4 Rosuvastatin versus Placebo

Three studies including 1629 patients reported the POAF in patients pretreated with rosuvastatin or
placebo30,31,38 . Rosuvastatin was correlated to a reduced prevalence of POAF (179/819 [21.9%] versus
192/810 [23.7%]). However, there was no statistically significant difference between the two groups (OR
0.90; 95% CI: 0.71 to 1.14, p-value = 0.38). There was severe heterogeneity observed between the three
inherent studies (I2= 70%) (Figure 7 ). If we only consider studies with [?] 199 patients, the results are
similar (OR 0.87; 95% CI: 0.68 to 1.12, p-value = 0.29; I2= 84%)(Figure 8 ).

8
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4.5 Atorvastatin versus Placebo

Eleven studies comprising a total of 1244 patients reported the POAF in patients pretreated with atorvastatin
or placebo25-29,32-37 . Atorvastatin was correlated to a reduced prevalence of POAF (133/627 [21.2%] versus
201/617 [32.6%]). There was a statistically significant difference between the considered groups (OR 0.54;
95% CI: 0.41 to 0.70, p-value < 0,00001). There was severe heterogeneity observed between the 11 studies
(I2= 65%) (Figure 9 ). However, If we only consider studies with [?] 199 patients, the results are different
(OR 0.74; 95% CI: 0.54 to 1.03, p-value = 0.08; I2= 83%) (Figure 10 ).

5. DISCUSSION

9
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. POAF is a frequent early complication of cardiac surgery2-7 . Nevertheless, it leads to increased in-hospital
and long-term mortality rates3-5,8-10 and longed hospitalization6,10-12 . However, It should also be noted
that atrial fibrillation is usually self-limited among patients suffering POAF without previous atrial arrhyth-
mias episodes. About 15 to 30 percent convert within two hours and up to 80 percent the first 24 hours
2,39,40 . Indeed, the challenge is to design cost-effective preventive therapy with impact in lowering POAF
incidence.

Our review provides additional information regarding the potential association between statin and POAF
reduction rate. Considering all fourteen studies, statin pre-treatment reduced the incidence of POAF com-
pared to placebo (OR 0.71; 95% CI: 0.60 to 0.85, p-value < 0.00001). Analyzing specific statin subclasses,
atorvastatin was associated with lower incidence of POAF (OR 0.54; 95% CI: 0.41 to 0.70, p-value = 0.002;
I2= 65%), but rosuvastatin did not (OR 0.90; 95% CI: 0.71 to 1.14, p-value = 0.38). At first analysis, it
is conceivable that there is a real difference between the two subclasses of statin. However, we retain that
the discrepancy in findings is due to the small number of participants and other important limitations of
many trials present in the literature. Indeed, we decided to select only RCTs with [?] 199 participants.
Interestingly, the results were completely conflicting. Indeed, using the above “restrictions”, we found no
statistically significant difference between statin pre-treatment and placebo (OR 0.89; 95% CI: 0.74 to 1.09,
p-value = 0.26; I2= 74%). The same can be said for atorvastatin (OR 0.74; 95% CI: 0.54 to 1.03, p-value =
0.08; I2= 83%) and rosuvastatin versus placebo (OR 0.87; 95% CI: 0.68 to 1.12, p-value = 0,29; I2= 84%).

We retain that the severe heterogeneity present in our results reflects the wide distribution of POAF incidence
in different studies. In fact, as previously reported, a variable number between 15 to 50 percent of patients
who had valve surgery or CABG experienced POAF in the early postoperative period 2-7 .

Overall, the STICS trial was the study with the fewest biases38 . Considering statin-naive patients, the
authors enrolled 1269 individuals (more than one-third of the total number present in our meta-analysis).
They evaluated the outcomes systematically in a blinded manner and compared outcomes between the trial
arms on an intention-to-treat basis. In this study, the initiation of rosuvastatin therapy (20mg/day) before
cardiac surgery did not prevent the risk for POAF 38 . In addition, a significantly higher rate of postoperative
acute kidney injury was noted (24.7 versus 19.3 percent; p = 0.005) 38 .

Thus, since our results match the STICS trial ones, we are confident to state that there are no differences
between statin and placebo in reducing POAF. However, since high heterogeneity between studies, more
randomized clinical trials with more participants are mandatory for final confirmation. The START-CABG
trial is an ongoing study that will probably contribute to dispelling many doubts41 . Indeed, in this study,
2630 were randomized to receive high-dose of wide subclasses of statin or placebo given shortly before CABG.
One of the valuable secondary end-points includes POAF. Thus, this trial will help to confirm or reject the
current evidence.

Until then, based upon our results (different from the previous meta-analysis) 18,42 and possible kidney
issues, we suggest avoiding statin pre-treatment in preventing POAF for statin-naive patients undergoing
cardiac surgery.

6. STUDY LIMITATIONS

Limitations of our meta-analysis are:

heterogeneity in statin dosage;

different starting time before surgery;

different follow-up between trials;

relevant outcome heterogeneity.

7. CONCLUSION

10
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. Our meta-analysis suggests that statin pre-treatment before cardiac surgery is not associated with a signif-
icant reduction of POAF occurrence. Severe heterogeneity between the considered study does exist. Until
the results of the START-CABG trial are available and considering the potential acute kidney injury, we
discourage statin pre-treatment in preventing POAF.
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