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Sentences for the visual abstract

Key question

Do statins impact on the occurrence of atrial fibrillation after cardiac surgery?

Key findings

Early postoperative statin administration did not decrease atrial arrhythmias in this randomized study.

Take-home message

Statin use immediately after cardiac surgery does not appear to be beneficial in preventing atrial fibrillation.
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Abstract

Objectives: Postoperative atrial fibrillation is the most frequent complication after cardiac surgery, and the
use of statins in preventing them is being extensively studied. The aim of this study was to investigate
whether a pause in the administration of statins affects the occurrence of atrial fibrillation after cardiac

surgery in a prospective randomized and controlled setting.

Methods: A total of 301 patients without chronic atrial fibrillation with prior statin medication scheduled for
elective or urgent cardiac surgery involving the coronary arteries and/or heart valves were prospectively
recruited and randomized for statin re-initiation on either the first (immediate statin group) or the fifth (late
statin group) postoperative day, using the original medication and dosage. The immediate statin group
comprised 146 and the late statin group 155 patients. Except for a somewhat higher rate of males (85% vs.
73%, p=0.016) in the immediate statin group, the baseline characteristics and the distribution of procedures
performed within the groups were comparable. The occurrence of postoperative atrial fibrillation and the

clinical course of the patients were compared between the groups.

Results: The incidence of atrial fibrillation was 46% and the median delay after surgery before the onset of
atrial fibrillation three days in both groups (p=NS). There were no differences observable in the frequency of
the arrhythmia in any subgroup analyses or in other major complications or clinical parameters. No adverse

effects related to early statin administration were detected.

Conclusions: Early re-initiation of statins does not appear to affect the occurrence of postoperative atrial

fibrillation.

Key words: Atrial fibrillation; Cardiac surgery; Statins

Clinical trial registration: European Union Drug Regulating Authorities Clinical Trials Database

(EudraCT) - 2016-001655-44
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Introduction

Postoperative atrial fibrillation is the most frequent complication after cardiac surgery, with an occurrence of
approximately 20%—-50% [1-3]. The causes and mechanisms of atrial fibrillation remain incompletely
understood but are thought to include surgical trauma, inflammation, adrenergic activation, and oxidative
stress [4—7]. Statins are believed to have anti-inflammatory and anti-oxidative properties, and in recent years
a plethora of literature has emerged investigating the possible effect of statins on the development of
postoperative atrial fibrillation, with initially promising but subsequently contradictory and inconclusive

evidence [8—18].

The authors hypothesize that statin withdrawal after cardiac surgery might increase the risk for postoperative
atrial fibrillation. The aim of the present study was to investigate whether, in patients with prior statin
medication, a pause in the administration of statins impacts the occurrence of atrial fibrillation following

cardiac surgery in a randomized and controlled setting.
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Materials and Methods

Ethical statement

The approval of the local Ethics Committee was obtained (approval date 13 June 2016), the Finnish
Medicines Agency was consulted, and the study was registered in the European Union Drug Regulating
Authorities Clinical Trials Database (EudraCT, 2016-001655-44) before initiation and patient enrollment.
The ethical principles laid out in the 1975 Helsinki Declaration were followed. The enrolled patients gave an

informed consent and did not partake in other interventional trials.

Study design and patients

The study was performed in the Heart Hospital, Tampere University Hospital, Tampere, Finland, a tertiary
referral center, between August 2016 and September 2019. Patients with prior statin medication undergoing
elective or urgent coronary and/or valve surgery were prospectively recruited. The patients with chronic
atrial fibrillation, endocarditis, pacemakers, and/or chronic renal insufficiency requiring dialysis were
excluded, as were those undergoing emergency or complication-related surgery and/or redo-procedures.
Patients on statins that had been initiated during the same hospitalization at least five days before surgery
were included. All recruited patients were randomized into two groups with a 1:1 ratio using a computer-
based random number generator. The recruitment of patients as well as their randomization were performed
by the investigators. In the immediate statin group, the statin medication was re-initiated on the first
postoperative day and in the late statin group on the fifth postoperative day. In both groups, the statin that
had been prescribed prior to surgery was used with the original dosage. The study was not blinded. Patients
who were unable to comply with the planned study protocols — for example, because of pharmacological

interactions restricting statin use — were excluded from the trial.

Peri- and postoperative treatment
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The operations and postoperative care of the patients were otherwise performed according to the clinic
standards. Following surgery, all patients were on continuous and recording electrocardiogram monitoring
throughout the hospitalization. The nursing staff was well-trained in the prompt detection of atrial
fibrillation, and an experienced cardiologist was available on a daily basis for rhythm-related consultations.
Echocardiography was performed at least once on all patients, usually on the third postoperative day. Other
medications, including diuretics, B-blockers, painkillers, antithrombotic agents, and anticoagulants, were at
the attending clinician’s discretion, as were postoperative imaging studies and laboratory examinations. The
clinic’s routine for treating postoperative atrial fibrillation entailed the intravenous administration of
metoprolol (2.5-5 mg), followed by an infusion of amiodarone (300 mg during the first hour and then 900
mg over the next 23 hours), after which electric cardioversion was performed if the arrhythmia persisted. The
routine prophylaxis for thromboembolic complications at the clinic consisted of subcutaneous injections of
enoxaparin 40 mg daily. If atrial fibrillation persisted for more than 24 hours and no severe bleeding issues
were present, the dosage of enoxaparin was increased, and oral anticoagulants, if not already in use, were

considered by the attending surgeon and/or cardiologist.

Study outcomes and definitions

The primary study outcome was the occurrence of postoperative atrial fibrillation during the in-hospital
period until referral for secondary care or hospital discharge. The patient demographics and medical history,
the type and indication of surgery, as well as clinical parameters, such as perioperative details, the results of
important laboratory parameters, the occurrence of complications, and the length of the hospitalization prior
to hospital discharge or referral for secondary care, were recorded for each patient. The criterion for
postoperative atrial fibrillation was a duration of at least five minutes in the continuous rhythm monitoring.
Perioperative myocardial infarction was defined as the presence of two out of three of the following criteria:
electrocardiographic evidence of myocardial damage, a significant elevation of serum cardiac biomarkers,
and/or the detection of new regional cardiac wall motion abnormalities or loss of viable myocardium in the
echocardiography within 48 hours after surgery. Until and including the 16" of May 2018, the institutional

criterion for a significant rise in cardiac biomarkers was the elevation of creatine kinase isoenzyme MB
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activity to over 75 U/L (=3 times the upper limit of the reference range), and, thereafter, the elevation of
creatine kinase isoenzyme MB mass to over 50 pg/L (=10 times the upper limit of the reference range).
Stroke was documented when suggestive neurological symptoms were observed and a corresponding new
lesion in computed tomography was discovered. If a patient required an extended stay in or was readmitted
to the intensive care unit due to severe agitation, confusion, and/or hallucinations, the patient was classified
as having postoperative delirium. The occurrence of postoperative infections, including surgical site

infections, pneumonias, and cannula- and catheter-related infections, was recorded.

Statistical analyses

The occurrence of postoperative atrial fibrillation was compared between patients in the immediate-statin
and late-statin groups using statistical methods with IBM SPSS version 24 statistical software. The Chi
square and Fisher’s exact test were used to compare categorical data, the Student’s t-test was employed to
compare the means of normally distributed variables, and the Mann-Whitney U-test was applied to compare

the medians of nonparametric scale variables. Statistical significance was set at p<0.05.

Power analysis

To observe a decrease from 45% to 35% in the occurrence of postoperative atrial fibrillation with a=0.05 and
80% power would require 312 patients in both groups according to the power calculation [19]. An interim
analysis was planned when 300 patients had been recruited to consider the continuation of the study and
further patient recruitment at that time. In the interim analysis with 150 patients in both groups and otherwise
corresponding parameters, the study would have 50% power to detect a similar decrease in the rate of

postoperative atrial fibrillation.
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Results

The present results represent those of the interim analysis based on which the recruitment of more patients
was discontinued. A total of 303 patients were recruited, two of whom were excluded from the analysis, one
due to accidental recruitment into two interventional studies and the other because of medical interactions
limiting the planned statin use. The demographic information and medical history of the final study
population are shown in Table 1. The groups were otherwise comparable, but there was a somewhat higher
proportion of males in the immediate statin group. The statin medications prescribed for the patients are
summarized in Table 2. For a total of 22% of the patients, the medication was initiated during the
hospitalization when the surgery was performed, with no statistically significant differences between the
study groups. The types of surgery performed as well as the perioperative details and major outcomes of the

study patients are depicted in Table 3.

A total of 46% (95% CI 40-52%) of the patients had a postoperative episode of atrial fibrillation and 28%
(95% CI 23%—33%) more than one episode. Figure 1 illustrates the main results of the study, showing no
significant differences in the main study outcome — the occurrence of postoperative atrial fibrillation —
between the groups. Most of the procedures were performed for coronary disease, followed by single-valve
surgeries, which were mostly for aortic valves, and combination procedures. There were no statistically
significant differences in the occurrence or the recurrence rate of postoperative atrial fibrillation between the
study groups, nor was there an observable trend towards a lower incidence in the immediate statin group.
Moreover, no significant differences were seen between different statins. Of the patients previously
diagnosed with paroxysmal atrial fibrillation, 73% also had an episode postoperatively, in comparison to the
corresponding 43% among other patients, p=0.005, but there were no statistically significant differences in
the said proportions between the study groups. In patients for whom statins had been initiated during the
same hospitalization, the rates of postoperative atrial fibrillation and recurring atrial fibrillation were 48%

and 29%, respectively, with no statistically significant differences between the study groups. The median
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delay between surgery and the development of postoperative atrial fibrillation was three days in both groups,
p=0.26. The occurrence of other major adverse outcomes was also similar between the groups. The mean
peak C-reactive protein concentration was slightly lower in the immediate statin group when compared to the
late statin group. The prevalence of sinus rhythm at referral for secondary care or hospital discharge was

97%., with no differences between the groups.
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Discussion

Postoperative atrial fibrillation remains a challenge in the care of cardiac surgical patients, and its
significance may even be increasing as contemporary surgical programs face older, more morbid patients,
with higher rates of extensive as well as urgent and emergency procedures performed. Though frequently
considered a minor complication, atrial fibrillation is also associated with an inferior prognosis and an
increased risk of stroke in long-term follow-up, even if its prevention may not mitigate these risks as clearly
[20-22]. Statins have demonstrated clear beneficial effects in several patient subgroups with cardiovascular
diseases and are also currently being studied in the prevention of atrial arrhythmias following cardiac
surgery. The postulated mechanisms of action are the pleiotropic effects of statins, which are still
incompletely understood [23]. The present study was initiated to ascertain whether statin withdrawal affects
the occurrence of atrial fibrillation after cardiac surgery but based on the results of the interim analysis in
which no apparent effect or trend was observable, the study was discontinued. Furthermore, no adverse
effects related to early statin reinstitution, nor changes in the creatine kinase levels, were detected in this

study.

The rationale for the present study was the relatively high occurrence of postoperative atrial fibrillation at the
study center, which was also observable in the present study [1]. Earlier, the institutional protocol for
patients on prescribed statins prior to surgery was to reinstitute them on the fifth postoperative day, and the
discourse regarding the impact that statins might have on the development of atrial arrhythmias after major
procedures such as surgery led to the present hypothesis. Other possible explanations for the high incidence
include changes in the patient material that is being referred for surgery — and in the respective prevalence of
consequential comorbidities — and/or a better detection rate with the adoption of continuous rhythm
monitoring, when compared to preceding studies performed in the 1990s and 2000s. Despite the high
occurrence of atrial fibrillation episodes in the present material, virtually all patients were in sinus rhythm at

the end of the treatment period, implying efficient measures in treating the episodes.
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While the prevention of postoperative atrial fibrillation is relevant for virtually all patients undergoing
cardiac surgery as well as other major procedures, the authors recognize that some preventive methods might
apply to some but not all patient subgroups. For example, the study included patients both with and without
paroxysmal atrial fibrillation. Previous atrial fibrillation is an established risk factor for postoperative atrial
arrhythmia episodes, and these patients may represent a cohort in which preventive measures have a different
magnitude of effect. In the subgroup analyses performed, however, there was no observable trend for a
benefit in any patient subgroup. The only statistically significant difference between the groups was seen in
the C-reactive protein concentration, but in the absence of an association with clinical events, its significance
remains unclear and the result may have been coincidental. The authors speculate that, even if statins would
be theoretically beneficial in the early postoperative phase, their absorption from the gastrointestinal tract
might be significantly impaired at this stage, thus diminishing their possible effect. A similar finding has
been reported regarding -blockers, for example [24]. Furthermore, while the plasma half-life of statins
ranges from a few hours to approximately one day, the duration of their pleiotropic effects is not known [25].
Should they last for several days, they could diminish the effects of a short statin pause and contribute to the
negative results of the present study. As to whether statins might prevent postoperative atrial fibrillation

remains uncertain, and caution is warranted in postulating possible mechanisms of action.

Though procedures involving the atrioventricular valves or the thoracic aorta as well as combination
procedures are associated with a clear risk of atrial fibrillation, the study did not include many such patients,
for two reasons. Firstly, these procedures, with the exception of those concerning the mitral valve, are not as
frequent as others, such as coronary bypass surgery. Secondly, it became apparent that many of these patients
were either young and otherwise healthy and therefore not receiving statins, or they had already developed
chronic atrial fibrillation, thus excluding them from the study. It would have also been interesting to compare
the rates of postoperative atrial fibrillation to an otherwise similar group of patients with no concurrent statin

treatment. However, virtually every patient who was referred for surgery with an indication for statins was
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already on prescribed statins, making it impossible to recruit such patients in sufficient numbers. All in all,

these results are more representative of patients in need of coronary or aortic valve procedures.

The decision to recontinue the statins that were already in use with the original dose may be criticized
because it allowed for heterogeneity in the study intervention, and it would have been clearer if a single class
and dosage of statins had been adopted. However, it is the opinion of the authors that, as most patients are
already on statins when referred for surgery, it may not be prudent to overlook the decisions of the primary
care physicians and the experiences of the patients, since it is not uncommon for patients to tolerate some but
not all statins [26]. The approach used here would have been well-suited for implementation in most
programs in the developed countries, but others might be more feasible in scenarios in which statin-naive

patients are treated.

Study limitations

The main weaknesses of the present study include its single-center setting and the heterogeneity of the study
material and intervention. The decision to include patients with paroxysmal atrial fibrillation may be faulted,
but the authors argue that these patients are increasingly numerous and also represent those who are at a high
risk of postoperative arrhythmias and in whom the benefits of prophylaxis, i.e. decreased morbidity and
reduced need for therapeutic measures, may be relevant. The institutional criteria for perioperative
myocardial infarction differed from what has been suggested in clinical guidelines, and the rates may thus
not be directly compared to other studies. The study may not have sufficient statistical power to completely
refute the study hypothesis, but should there be an effect, it would appear extremely unlikely, minimal, and
not demonstrable even if the present study would have been completed. It is important to remember, that
while this study does not disprove a possible preventive role of statins in postoperative atrial fibrillation, it
would appear that whether or not they are administered postoperatively does not clearly affect the occurrence

of the arrhythmia. It is also possible that the effect of statins is more pronounced initially, as the reduction in
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postoperative atrial fibrillation has been mostly observed in statin-naive patients with a short duration of

statin therapy prior to surgery.
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Conclusion

The authors report that, in patients receiving statins prior to cardiac surgery, whether or not statins were
given immediately after surgery had no apparent effect on the occurrence of postoperative atrial fibrillation

in this randomized controlled study.
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Figure legends

Figure 1. The occurrence and recurrence of postoperative atrial fibrillation in patients treated with

15

immediate and late statin protocols. There were no statistically significant differences between the groups or

within subgroups according to the statin treatment protocol
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Table 1. The baseline characteristics of included patients.

16

Immediate statin ~ Late statin P

Number of patients 146 155

Male (%) 85% 73% 0.016
Mean age (years) 69 (8.5) 67 (7.9) 0.08
Mean body mass index (kg/m?) 28 (4.4) 29 (4.7) 0.24
Diabetes 36% 28% 0.17
Coronary disease 79% 86% 0.13
Hypertension 75% 74% 0.90
Active smoking 8.9% 12% 0.46
Former smoking 27% 27% 0.90
Chronic pulmonary disease 10% 9.7% 0.86
Peripheral artery disease 11% 5.8% 0.14
Paroxysmal atrial fibrillation 9.6% 10% 0.60
Family history of heart diseases 40% 37% 0.54
Preoperative glomerular filtration rate (ml/min) 82 (20) 84 (23) 0.46
Preoperative hemoglobin (g/L) 139 (14) 139 (16) 0.99
Urgent surgery 29% 25% 0.52
NYHA 34 (%) 51% 52% 0.82
Mean Euroscore-II 2.2% 1.9% 0.62
Mean preoperative LVEF 60% 56% 0.21
Mean left atrial size (mm) 40 (7.5) 40 (6.2) 0.68

Results are presented as means and standard deviations for numeric variables and percentages for categorical

variables.



270  Table 2. The distribution of the classes of statins as well as the proportions of applied dosages within each
271  class that were in use among the recruited patients. There were no statistically significant differences

272 between the groups.

Statin class and dosage Immediate statin Late statin
(n=1406) (n=155)
Atorvastatin 47% 52%
10 mg 19% 6.2%
20 mg 29% 38%
40 mg 48% 50%
80 mg 4.3% 6.2%
Simvastatin 32% 26%
10 mg 6.5% 7.5%
20 mg 22% 35%
40 mg 67% 58%
60 mg 0% 2.2%
80 mg 0% 2.2%
Rosuvastatin 17% 16%
5mg 20% 13%
10 mg 44% 50%
20 mg 32% 33%
40 mg 4.0% 4.2%
Pravastatin 2.1% 3.9%
20 mg 100% 50%
40 mg 0% 50%
Fluvastatin 2.1% 2.6%
20 mg 33% 25%

80 mg 67% 75%
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274  Table 3. The types of procedures performed, perioperative details, and the major outcomes in study patients.

Immediate statin ~ Late statin P
(n=146) (n=155)
Coronary surgery 70% 65% 0.33
Single-valve or aortic root surgery’ 21% 21% 0.99
Coronary surgery with valve or aortic procedures? 8.9% 14% 0.21
Mean X-clamp time (min) 107 (41) 104 (41) 0.52
Mean on-pump time (min) 132 (49) 129 (52) 0.60
Mean weight gain® (kg) 6.4 (3.0) 6.4 (2.9) 0.90
Median peak creatine kinase (U/L)? 511 (382) 484 (415) 0.44
Mean peak C-reactive protein concentration (mg/L) 3 160 (60) 175 (77) 0.049
Mean maximal hemoglobin decrease (g/L)? 41 (19) 41 (15) 0.79
Perioperative myocardial infarction* 4.3% 4.1% 0.99
Reoperation for bleeding 6.2% 3.9% 0.43
Postoperative infections 4.1% 3.2% 0.77
Stroke 2.7% 0.6% 0.20
Delirium’ 6.2% 3.2% 0.28
Median length of hospital stay (days) 5(12) 503) 0.11
In-hospital mortality 0% 1.4% 0.23

275  Results are presented as means and standard deviations or medians and interquartile ranges for numeric

276  variables and as percentages for categorical variables.

277  'Includes 52 procedures involving the aortic valve, eight involving the aortic valve and root, one involving

278  the aortic valve and ascending aorta, two involving the mitral valve, and one involving the tricuspid valve.

279  ZIncludes 26 procedures involving the aortic valve, five involving the aortic valve and root, one involving the
280  mitral valve, one involving the tricuspid valve, and two involving the ascending aorta in addition to coronary

281  bypasses.
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3Within seven days after surgery.

“Diagnostic criteria include two out of three of the following: electrocardiographic changes indicative of
ischemia, a significant elevation in cardiac biomarkers (creatine kinase MB activity exceeding 75 U/L [>3x
the upper limit of the reference range] until and including the 16™ of May 2018, or creatine kinase isoenzyme
MB mass over 50 pg/L [>10x the upper limit of the reference range] thereafter), and/or the presence of

cardiac wall motion abnormalities or loss of viable myocardium in echocardiography within 48 hours after

surgery.

SRequiring extended stay in or readmittance to the intensive care unit.



290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

21

References

[2]

[3]

[5]

[6]

Khan J, Khan N, Loisa E, Sutinen J, Laurikka J. Increasing Occurrence of Postoperative Atrial
Fibrillation in Contemporary Cardiac Surgery. J Cardiothorac Vasc Anesth 2016;30:1302-7.

do0i:10.1053/j.jvca.2016.02.013.

LaPar D, Speir A, Crosby I, Fonner E, Brown M, Rich JB ef al. Postoperative Atrial Fibrillation
Significantly Increases Mortality, Hospital Readmission, and Hospital Costs. Ann Thorac Surg 2014;

98:527-33. doi:10.1016/j.athoracsur.2014.03.039.

Almassi G, Schowalter T, Nicolosi A, Aggarwal A, Mortz T, Henderson W et al. Atrial fibrillation
after cardiac surgery: a major morbid event? Ann Surg 1997:226:501-11. doi:10.1097/00000658-

199710000-00011.

Kalman J, Munawar M, Howes L, Louis W, Buxton B, Gutteridge G et al. Atrial fibrillation after
coronary artery bypass grafting is associated with sympathetic activation. Ann Thorac Surg

1995;60:1709-15. doi:10.1016/0003-4975[95]00718-0.

Bruins P, te Velthuis H, Yazdanbakhsh A, Jansen P, van Hardevelt FW, de Beaumont E et al.
Activation of the complement system during and after cardiopulmonary bypass surgery: postsurgery

activation involves C-reactive protein and is associated with postoperative arrhythmia. Circulation

1997;96:3542-8. doi:10.1161/01.cir.96.10.3542.

Gaudino M, Andreotti F, Zamparelli R, Di Castelnuovo A, Nasso G, Burzotta F et al. The -174G/C
interleukin-6 polymorphism influences postoperative interleukin-6 levels and postoperative atrial

fibrillation. Is atrial fibrillation an inflammatory complication? Circulation 2003;108 S1:195-9.

doi:10.1161/01.¢ir.0000087441.48566.0d.

Maesen B, Nijs J, Maessen J, Allessie M, Schotten U. Post-operative atrial fibrillation: a maze of

mechanisms. Europace 2012;14:159-174. doi:10.1093/europace/eur208.

Serensen A, Hasselbalch H, Nielsen C, Poulsen H, Ellervik C. Statin treatment, oxidative stress and



315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

[9]

[11]

[12]

[13]

[14]

[15]

[16]

22

inflammation in a Danish population. Redox Biol 2019;21:101088. doi:10.1016/j.redox.2018.101088.

Lunder M, Jani¢ M, Savi¢ V, Janez A, Kanc K, Sabovi¢ M. Very low-dose fluvastatin-valsartan
combination decreases parameters of inflammation and oxidative stress in patients with type 1

diabetes mellitus. Diabetes Res Clin Pract 2017;127:181-6. doi:10.1016/j.diabres.2017.03.019.

Liang D, Zhang Q, Yang H, Zhang R, Yan W, Gao H et al. Anti-Oxidative Stress Effect of Loading-
Dose Rosuvastatin Prior to Percutaneous Coronary Intervention in Patients with Acute Coronary
Syndrome: A Prospective Randomized Controlled Clinical Trial. Clin Drug Investig 2014;34:773-81.

doi:10.1007/s40261-014-0231-0.

Farah R, Jubran F, Khamisy-Farah R. Effects of statins on oxidative stress and primed
polymorphonuclear leukocytes in hyperlipidemic patients. Biotech Histochem 2012;87:519-25.

doi:10.3109/10520295.2012.719243.

Kuhn E, Slottosch I, Wahlers T, Liakopoulos O. Preoperative statin therapy for patients undergoing
cardiac surgery. Cochrane Database Syst Rev 2015;CD008493.

doi:10.1002/14651858.CD008493.pub3.

Elgendy I, Mahmoud A, Huo T, Beaver T, Bavry A. Meta-analysis of 12 trials evaluating the effects
of statins on decreasing atrial fibrillation after coronary artery bypass grafting. Am J Cardiol

2015;115:1523-8. doi:10.1016/j.amjcard.2015.02.053.

Patti G, Bennett R, Seshasai S, Cannon CP, Cavallari I, Chello M et al. Statin pretreatment and risk of
in-hospital atrial fibrillation among patients undergoing cardiac surgery: a collaborative meta-analysis

of 11 randomized controlled trials. Europace 2015;17:855-63. doi:10.1093/europace/euv001.

Tyerman Z, Hawkins R, Mehaffey J, Quader M, Speir A, Yarboro LT et al. Preoperative Statin Use
Not Associated With Improved Outcomes After Ascending Aortic Repair. Semin Thorac Cardiovasc

Surg 2018;30:421-6. doi:10.1053/j.semtcvs.2018.07.019.

Putzu A, Capelli B, Belletti A, Cassina T, Ferrari E, Gallo M ef al. Perioperative statin therapy in

cardiac surgery: a meta-analysis of randomized controlled trials. Crit Care 2016;20:395.



340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

[17]

[18]

[20]

[22]

[23]

[24]

[25]

23

doi:10.1186/s13054-016-1560-6.

Zheng Z, Jayaram R, Jiang L, Emberson J, Zhao Y, Li Q et al. Perioperative Rosuvastatin in Cardiac

Surgery. N Engl J Med 2016;374:1744-53. doi:10.1056/NEJMoal507750.

Yuan X, Du J, Liu Q, Zhang L. Defining the role of perioperative statin treatment in patients after
cardiac surgery: A meta-analysis and systematic review of 20 randomized controlled trials. Int J

Cardiol 2017;228:958-966. doi:10.1016/j.ijcard.2016.11.116.

Lenth R, Java Applets for Power and Sample Size [Computer software]. Accessed 2016.

http://www.stat.uiowa.edu/~rlenth/Power

Phan K, Ha H, Phan S, Medi C, Thomas S, Yan T. New-onset atrial fibrillation following coronary
bypass surgery predicts long-term mortality: a systematic review and meta-analysis. Eur J Cardio-

Thoracic Surg 2015;48:817-24. doi:10.1093/ejcts/ezu551.

Arsenault K, Yusuf A, Crystal E, Healey JS, Morillo CA, Nair G et al. Interventions for preventing
post-operative atrial fibrillation in patients undergoing heart surgery. Cochrane Database Syst Rev

2013;CD003611. doi:10.1002/14651858.CD003611.pub3.

Gialdini G, Nearing K, Bhave P, Bonuccelli U, ladecola C, Healey JS et al. Perioperative Atrial
Fibrillation and the Long-term Risk of Ischemic Stroke. JAMA 2014;312:616.

doi:10.1001/jama.2014.9143.

Oesterle A, Liao J, The Pleiotropic Effects of Statins - From Coronary Artery Disease and Stroke to
Atrial Fibrillation and Ventricular Tachyarrhythmia. Curr Vasc Pharmacol 2019;17:222-32.

doi:10.2174/1570161116666180817155058.

Valtola A, Kokki H, Gergov M, Ojanperi I, Ranta V, Hakala T. Does coronary artery bypass surgery
affect metoprolol bioavailability? Eur J Clin Pharmacol 2007;63:471-8. doi:10.1007/s00228-007-

0276-6.

Schachter M. Chemical, pharmacokinetic and phramacodynamic properties of statins: an update.

Fundam. Clin Pharmacol 2005:19:117-25.



365

366

[26]

Thompson P, Panza G, Zaleski A, Taylor B. Statin-Associated Side Effects. ] Am Coll Cardiol

2016;67:2395-410. doi:10.1016/j.jacc.2016.02.071.

24



