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GISSI-Prevenzione

Event-free survival n-3 PUFA
0.947
0.927

0.907

Probability

0.887]

0.867
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Event-free survival (days)
Pts atrisk 11324 10922 10694 10518 10360 10200 10014 8499
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Lancet, 1999.



Major findings of GISSI Prevenzione TRIAL
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Does fish oil reduce the
iIncidence of AF?

1) Epidemiologic studies
(uncontrolled, AF definition, AF incidence
assessment)

1) Effects of n-3 PUFA in pts with
paroxysmal or persistent atrial

fibrillation (limited data)
2) Effects of n-3 PUFA on atrial fibrillation

after cardia surgery
(good size data).



Fish Intake and Risk of Incident Atrial Fibrillation

Danush Mozaffanan, MD, MPH: Bruce M. Psaty, MD, PhD; Enc B. Rimm. ScD:
Rozenn N. Lemaatre, PhD, MPH. Gregory L. Burke, MD, MS: Mary F. Lyles, MD;

David Lefkowitz. MD: David S. Siscovick, MD. MPH

Cardiovascular Health Study; N°= 4815 subjects >65 yrs, 12 yrs follow-up

A
= 1.00-
g Tuna or Other Broiled or Baked Fish
g
8 0.90-
"
£
.g 0.80- 5+/wk
2 *p<0.0001 :';‘,’:"':,
. 0.70 (log-rank test for equality W
s &N of survvor functons)
= <1/mo
=3
173
0.80- d - 3 : 3 - .
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No. at Risk Years

<t/mo 313 454 4 342 274 210

1.3/meo 1128 1053 o961 842 719 583

4wk 2244 213 1957 1745 1547 1291

Feivh 220 079 19 760 clo &7o

Circulation 2004




Controversial results of fish intake

+ Fish Intake and Risk of Incident Atrial Fibrillation

- n—3 Fatty acids consumed from fish and risk of atrial fibrillation or
flutter: the Danish Diet, Cancer, and Health Study™™®

Intake of very long-chain n-3 fatty acids from fish and
incidence of atrial fibrillation. The Rotterdam Study



Omega-3 fatty acid supplementation reduces one-year risk
of atrial fibrillation in patients hospitalized
with myocardial infarction

3246 pts discharged with a primary diagnosis of acute myocardial
infarction were included.

Macchia et al, Eur J Clin Pharm 2008



N-3 Fatty Acids for the Prevention of Atrial

Fibrillation After Coronary Artery Bypass Surgery
A Randomized, Controlled Trial

160 pts were prospectively o D O L O DM

randomized to a control group S

or PUFA 2 g/day for at least 5 E i | LPUPAs Grovp |

days before elective CABG. 5 _

Valvular and patients with a % [Log-rank p=0.009]

history of AF were excluded. = _1_L_‘

PoAF developed in 27 pts of &

the control group (33%) and in g oo | [ Control Group | |

12 pts of the PUFA group £ | |

(15%; p= 0.013). B e L o e =
Days after Surgery

Calo et al, JACC 2005.
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“"Upstream” Therapies in AF

Therapies Possible target

ACE inh and HT, CHF
ARBs Antifibrotic, antiarrhythmic?

Aldosterone - HT, CHI Atrial remodelling

antagonists Antifibrotic, antiarrhythmic?

. CAD, systemic atherosclerosis

Sk CAntiinflammatory, antioxidant

Corticosteroid . Antimnflammatory

n-3 PUFA . Lipid lowering
(fish oil) Antiarrhythmic

HT, CHF, CAD, etc

Beta block : .
Antiarrhythmic effect

Salieva and Camm, Europace 2009



A U-shaped association between consumption
of marine n-3 fatty acids and development of atrial
fibrillation/atrial flutter—a Danish cohort study

Invited
160725

A

Accepted to
participate 57 053

v

Study population
55 996

.

v

-

Excluded:

Missing questionnaire: 42

AF or AFL before baseline: 456
Prior cancer

(late registration): 564

(5 both cancer and AF)

Incident AF
3345
(2137 men,
1208 women)

No AF
52 651

(24 445 men,
28 206 women)

Data complete for
multivariate analyses

I
689 in one or more

A

-» Excluded:
Missing information

v

variables

3284
(2102 men,
1182 women)

51962
(24 166 men,
27 796 women)
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1.4

I
|
|
|
|
|
|
|
|
|

Hazard ratio (95% Cl)
nN

—
-—hh g —— e —

N

I
5 1.5
Intake of marine n-3 PUFA g/day

o-n

Figure 2 Dietary consumption of total marine n-3 polyunsatur-
ated fatty acids (PUFAs) andrisk of incident AF. Median intake as ref-
erence (red verticalline). The 20, 40, 60,and 80 percentiles of intake
aremarked by dashed lines. Shaded green area shows the 95% Cl for
the hazard ratio for AF (black curve). Only the 2.5-97.5 percentile
of exposure is shown.

Rix et al, Europace 2014



Omega-3 Fatty Acid Supplementation Does Not Reduce Risk
of Atrial Fibrillation After Coronary Artery Bypass Surgery

A Randomized, Double-Blind, Placebo-Controlled Clinical Trial

Assessed for
eligibility: 343

Excluded: 235

— Not meeting inclusion
Enrolment criteria: 229
“* | Refused to
particpate: 6

Is it randomized?

Yes

1.04

0.8+

..... p=0.26; log-rank test

group
~I1 placebo

Allocated

Did not r¢

Lost to follow-up: 0

Discontinued intervention: 0

| Follow-Up |

Analyzed: 52
lExdudodﬁommm‘l:o

e |

In conclusion, n-3 PUFA given at a dose of 2 g/d increased
the n-3 PUFA content of atrial tissue but did not reduce the
« | incidence of AF in the 5 days after CABG. In addition, there
E‘ﬁ appeared to be a trend toward more AF in the n-3 PUFA
group. Larger randomized studies are needed to clarify this
issue.

TOSTIO TOOW-Up. U

Discontinued intervention: 0

Analyzed: 51
Excluded from analysis: 0
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Saravan et al, Circ Arr Electrophysiol 2010



The w-3 fatty acids for Prevention of Post-Operative
Atrial Fibrillation trial—rationale and design

Dariush Mozaffarian, MD, DePH.*"™" Roberto Marchioli, MD, "™ Tim Gardner, MD,“™ Paolo Ferrzzi, MD, "™
Patrick O'Gara, MD,“™ Roberto Latini, MD,"™ Peter Libby, MD,“™ Federico Lombardi, MD ™

Alejandro Macchia, MD, ™™ Richard Page, MD,"™ Massimo Santini, MD, "™ Luigi Tavazzi, MD,*™ and

Gianni Tognoni, MD"™ Boston, MA: Madison, WI: Newark, DE: Santa Maria Imbaro, Milano, Bergamo,
Cotignola, Rome, and Milan, Htaly: and Buenos Aires, Avgentina

Table I. OPERA indusion and exdlusion crikria

Inclusion criteria Exclusion criteria

Age =18y Regulor use (>3 d/wk) of fish od during the past 4 wk
Schodued for cardios surgery on the following day or loter” Known olergy o intolerance to fish oil or olive oil
Sinus rhythm on ECG of envoliment. Currently prognont

rned or exising cardioc fransplant or left ventricdor assist device
Unable or unwilling o provide informed writlen consent

* Cardioe swegery moy inchade surgical coromary anery byposs, surgical valve repoir ce replocement, o any other open cordias wegery ot ndludes opening of the pericardium,
indudeg any combination of the chove

Endpoint Definition

Atrial Sbrlloton” Any documented AF or AFL of at
(primary endpoint) least 30 s duration and dacumented
by rhythm strip or 12-lead ECG. I
only a shorer duration ECG is
avodable, then the diognosis of
AF/AFL is based on the arrhythmio
being present at onset or termination.

Am Heart J, 2011



Pre-Operative Treatment Post-Operative Treatment

10 g loadeg dose over 3.5 days (or § g over 2 pAd watsl hospital discharge o for 10
I days). inchedmg the morning of serpery. days, whiachever sooser.

z
-
-
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I CAS Dayl 2 3 4 5 6

A o _'
n Lt n f AS ABOVE
2 B % 28
f ] ft AS ABOVE
2 R 8
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4z 4z

Dosing of study drug in the OPERA trial.




Fish Oil and Post-Operative Atrial Fibrillation — Results of the
Omega-3 Fatty Acids for Prevention of Post-Operative Atrial
Fibrillation (OPERA) Trial

[ 3154 Patients were assessed for ehigibility ]

mh'u-wnddd \
1544 Did st meet Inclaskon cxclusion critoria

32 Schaduled for candax sergery oo that duy

663 Not i sines Rythem on cement LOG

47 Megelar we of finh ol withis the past 4 wocks

46 Known allorgy o mmolerance 1o fisk ol or olive ol

S0 Urable o provade mfonmed wrines consert

388 Unwilling 0 peovide nfonnod wrisen consent

A% Plasnad or poor LVAD S loart Tramplant
B4 D et eligibility criteria

4 Patent refual

26 Ovganizationad allenges or delns

Pataort d 0 anoth ch

\u‘n Other o missing oo /
[ 1516 Underwent randomization |

I

'

[ 758 Were assigned to receive Placebo | [ 758 Were assigned to receive n-3 PUFA |
2 Deanh 0 Death
2 Violatson recruitment crileria 1 Violation recruitment criseria
| Emergency sergery 0 Emergoscy surgery
15 Withdrew comsent 16 Wihdrew consent
11 Serpeon or patient decision & Surpove o patent o ision
Dot 30 proceed with surgery not 8o procead with surgery
L4
[ 727 Underwent Candeac surgery ] [ T35 Underwent cardiac surpery ]
9 Death 4 Dewth
10 Withdrew consent 9 Wathdrew consent
K
| 708 £nd of bospitalization | [ 722 End of hospitalization |
4 Death
& [
1 Y
| 704 30-day foliow-sp | | 717 30y foblow-sp |
x L3 : 'S 3 * : .

TSR Were included in the intension-to-treat analysiy 758 Were included in the intention-to-treal analysis

JAMA 2012
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] —— Fishoi
0.30 1
0.20
Log-rank test, p =0.63
HR (95% Cl)= 0.96 (0.80, 1.15)
0.10
0 m 1 1 1 1 ] |} ]
0 2 4 6 8 10
Days Following Cardiac Surgery
Number at risk
Placebo 758 684 532 354 153 74
Fisholl 758 688 543 378 162 91

Figure 2. Kaplan Meier Incidence of Post-Operative Atrial Fibrillation, According to Treatment
Group

JAMA 2012
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Primary and Secondary Study Outcomes in OPERA, According to Treatment Assignment

Table 2

— Rambs  S3PUTA e’ Poes?
(95%Cn
Amy first postop AF, primary endpoint »  233(30.7)  227(300) 096(077,120) 0%
e’
Postop AF, secondary endpoint
Sedamed symplomatic, or treased 2105 2M(296) 09607119 a0
post-cp AF, » (%) #
Po-op AF exchedmg futicr, acsf 20(X0) 207(286) 098(0.79, 123) 087
No.of post-op AF epsodes ni(*) | 156 (206) 157(207)
2 808 ¥(6s) na 07l
3¢ 15(24) 21(2%)
Total w-bospital devs with any post-op 2BRH 20 n'a 058
AF, mean (SD) ¥
Proportion of in-bospital dmys froc of any W0 887 n's 088
postop AF, percent
Other arviythmias n (%)
Other supraventrcular tachy cardia 6(08) 1nas 1.85(0.68 502) 033
Ventricular tachycardia or fiballation 9(12) 5107 0.55(0.1%, 1.66) 042
Other end polnts, n (*4)
MACE. in-hospitat ¥ 20(26) BT 062(031,125) 018
Myocardial nfarcton 1005 W3 099041, 239 100
Stroke s(Lh 41085 0450013, 1.5 018
Cardiovascular death 104 0(0.0) na Qo8
Areraal thromboembolsm, 50 days B3O son 037(0.15-103) one7
:uiltmmbubol—otm 30 27(36) B3N 043208 00l
w
Total martality, 30 days 1520 (1) 053(02B-126) 014
- Cardiac arrtythmic 0(00) Houn - 032
« Cardisc nonarrtythmac 2¢(0%) 0100 - ole
- Vascular 34 0om - 008

JAMA 2012



Plasma Phospholipid Omega-3 Fatty Acids and Incidence
of Postoperative Atrial Fibrillation in the OPERA Trial

A

“aof Plasma Phospholipid fatey acid

Change in total n-3 PUFA

(%% of plasma phospholipid fatty acid)

‘leﬂlﬂlﬂl.

*

"o

How

Cfish ol
Wplacebo

EPA-Pre EPAPost DPAPre DPAPout DHAPre DHAPost Tetalnd-Pre Total sl Post

n3 n-108 n=51 n=32

n=73

1 2 3 4
Number of fish oil loading days

Wu et al, J Am Heart Ass 2013



Enrollment n-3 PUFA concentrations

Envoliment n-3 PUFA concentrations

Country*
Ray (=179 1.0 peference) 2.25 (0.84 1 6.04) 0.96 (0.35 © 254) 232 (086 © 6.26 0.6 0.61
US (n-324) 1.0 peference) 246 (111 1o 548) 1.71 0.74 o 394) 182 083 w445 0.3

Age. y
<B4 (n+272) 1.0 peference) 1.93 (0.73 o 507) 27000 713 327 (115993 0.04 0.35
64 292 1.0 peference) 0.91 (045 10 1.87) 0.88 (0.42 © 182) 077 D350 165 0.50

Sex
Women (n-158) 1.0 peference) 25907410 914) 22800660 784) 117 (031 9434 068 0.65
Men (n-40€) 1.0 peference) 0.95 (0.48 10 1.89) 1.32 0.68 © 257) 131 06327 0.34

Statns
No (n~247) 1.0 peference) 2.14 (0.81 1o 566) 302(1.10 0 829) 297 (1.02 0 8.60 0.%0 0.06
Yes (n=317) 1.0 peference) 0.68 (0.32 10 1.47) 0.77 0.3 © 154) 051 022%1.17 0.15

f-blockers
No (n-263) 1.0 poference) 0.98 (D.40 10 239) 133057 0 314) 175069 044y 0.%6 0.13
Yes (n-301) 1.0 peference) 0.93 (0.42 0 209) 127 0.57 © 280) 069 0.29 © 1.65 04

Eecton fraction, %
<60 (n~270) 1.0 peference) 1.69 (0.70 to 4.08) 231 098 0 542) 191 0750 480 0.25 0.35
=60 p-2M) 1.0 peterence) 0.80 (0.36 10 1.78) 098 040 229) 083 (0.35 0 1.94) 0.75

LA dameter, mm
42 (n-i-w) 1.0 peference) 487 (1.23 10 19.3) 702(1.73 0 235) 330 (067 © 162 0.63 0.24
>482 p-218) 1.0 peference) 0.59 (0.23 0 153 1.26 0.50 © 3.15) 109 (041 © 2959 0.5

Wu et al, J Am Heart Ass 2013



Change in total n-3PUFA concentrations

Change in total n-3 PUFA concentrations

Country'
Raly h-167) 1.0 (reference) 13505 © 362 112 (042 10 297 1.13 043 10 299) 0.96 099
US (n~301) 1.0 (relerence) 0.72 (0.33 b 1.57) 052 (0.23 W 1.15 0.98 (0.47 1o 2.08) 0.81

Age. ¥
<B4 (n-256) 1.0 {reference) 1.45 (0.55 1o 3.56) 106 (043 0 263 1.51 (062 1o 369) 0.51 062
>64 (267 1.0 {reference) 0.81 (0.38 b 1.74) 1.17 [0.56 0 2.45 0.82 (0.39 10 1.75) 0.74

Sex
Women (n-144) 1.0 {relerence) 067 (0.20 1o 2.27) 103 (0.30 o 3.49 0.85 (0.26 1o 2.86) 099 098
Men (n-379) 1.0 {reference) 0.84 (0.43 10 1.65) 103 (0.54 1 1.98 0.9 (049 10 1.82) 097

Sttire
No (226 1.0 {eference) 144055 10 3.74) 113 (044 0 296 1.49 (059 1o 3.74) 053 064
Yes (n-297) 1.0 {reference) 0.58 (0.26 to 1.30) 052 043w 190 098 04610 211) 0.56

Ji-blockers

 No(242 | 10felwnce) | 0950B1022) | 1030420251 | 12805210295 | 055 | 0es

Yes (n-281) 1.0 (reference) 0.68 (0.30 1o 1.52) 074 (0.34 0 1.60) 0.89 (042 10 1.91) 0.94

Eection fracton, %
<B0 (v~ 246) 1.0 {reference) 0521021012 QI7T 0M 017§ 064 (028 10 1.48) 0.8 024
260 (277) 1.0 {reference) 1.39 (D60 10 3.21) 107 (046 0 252 158 (070 10 3.58) 0.35

LA mm
<42 (n151) 1.0 (reference) 0.74 D22 10 2.51) 085 (0.19 10 226 1.31 (040 10 4.27) 0.44 063
>42 (n-204) 1.0 {reference) 0.79 (0.32 10 1.97) 097 (038 v 246 0.95 (0.38 1o 2.36) 053

Wu et al, J Am Heart Ass 2013




Oxidative Stress Biomarkers and Incidence of Postoperative Atrial
Fibrillation in the Omega-3 Fatty Acids for Prevention of
Postoperative Atrial Fibrillation (OPERA) Trial

Jason H. Y. Wu, PhD; Roberto Marchioli, MD; Maria G. Silletta, MS; Serge Masson, PhD; Frank W. Sellke, MD; Peter Libby, MD;
Ginger L. Milne, PhD; Nancy J. Brown, MD; Federico Lombardi, MD, FESC; Ralph ). Damiano, Jr, MD; Joann Marsala, RN; Mauro Rinaldi, MD;
Alberto Domenech, MD; Caterina Simon, MD; Luigi Tavaza, MD; Dariush Mozaffarian, MD, DrPH
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Figure 1. Plasma oxidative stress biomarkers concentration
(pg/mL) at baseline (recruitment), end of surgery (at time of
closure), and postoperative day 2. Data shown are mean+SE. The
white and gray bars represent subjects without and with incident
postoperative atrial fibrillation (PoAF), respectively. *Mean plasma
level of Frisoprostanes were =20% higher in patients who
developed PoAF than in those who did not (P=0.05, adjusted for
end of surgery F,-isoprostane concentrations).
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Figure 2. Urine creatinine-adjusted concentration of oxidative
stress biomarkers (ng/mg) at baseline (recruitment), end of
surgery (at time of closure), and postoperative day 2. Data shown
are mean+SE. The white and gray bars represent subjects
without and with incident postoperative atrial fibrillation (PoAF),
respectively. *Mean urine F,-soprostane and isofuran levels were
~20% and ~50% higher in subjects who subsequently developed
PoAF (P<0.009, adjusted for baseline concentrations).

J Am Heart Ass, 2015



Multivariable-adjusted association of plasma (A) isofuran at the end of
surgery, (B) isofuran and (C)isoprostanes at post-operative day 2 with POAF

Odds ratie

. “ MO
A

-~ S R

Odds ratio

Logiplasma isofuran at past-op day 2, pp/ml.)

Odds ratie

5

) | l 4‘) 9
at post-op day 2, pg/ml.)

Logiplasma F ~isoprostane

J Am Heart Ass, 2015



n-3 polyunsaturated fatty acids and atrial
fibrillation in patients with chronic heart failure:

the GISSI-HF trial

6975 pts randomized to 1 g daily of
n-3 PUFA or placebo on top of best
medical therapy

16.3% had AF at baseline ecg.
Among 5835 pts without AF at
baseline, 444 randomized to n-3
PUFA and 408 to placebo developed
AF. HR 1.10, p=0.19

—p=0.012 —
2
w
<
€
<
-
3

& 103

-

o'

Plasma n-3 PUFA (mol%)

Figure | Prevalence of AF at study entry by orculating levels of
n-3 polyursturated fatty acids (PUFAs) in 1203 patierts of the
GISSLMHF tral. Pasma levels of n3 PUFAs were measured at
study entry and dvided 1o tertiles. LOgistic analyss were adpsted

23 descnbed in the Methods.

Aleksova et al, Eur J Heart Fail 2013



Despite an inverse relationship between plasma n-3 PUFA levels and prevalent AF, this study found no evidence that 1 g
daily n-3 PUFA supplementation in patients with chronic HF reduces incident AF.

03

Log-rank test p~0 1857

0.1 i

Probabdty of new onset atnal fbrllabon
5
z
:

00 = =
0 [ 2 "W 24 30 K'.) 42 49 54
Time since randomization (months)
Nurte o
NIMFA w7 2548 nn n® PITTY 2008 1954 1 o
PMecsts 29 P 26 M9 e 29%4 Fe) (%) e <

Figure 2 Kaplan-Meier curves for time to new onset of AF in the n-3 polyunstrated fatty acid (PUFA) and placebo groups.

Aleksova et al, Eur J Heart Fail 2013



N-3 Polyunsaturated Fatty Acids to Prevent Atrial Fibrillation:
Updated Systematic Review and Meta-Analysis of Randomized
Controlled Trials

Records identified through Additional records identified
database searching through reference list search
(n=122) (n=2)
=2

Records after duplicates removed

(n=104)
Records excluded
o . (n =83)
Records screened '”z’:;'“: :::‘:;::""
(n=104) -12 studies not Inzluding target
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Effects of n-3 PUFA on AF.
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Effects of n-3 PUFA on mortality.
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Meta-regression analyses
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In conclusion, the present meta-analysis provides confi-
dent evidence of the lack of usefulness of oral supplemen-
tation of n-3 PUFAs for the secondary prevention of AF and for
the incidence of new AF in patients undergoing cardiovascular

surgery.
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Omega-3 Fatty Acids for the Prevention
of Recurrent Symptomatic Atrial Fibrillation

Results of the FORWARD (Randomized Trial to
Assess Efficacy of PUFA for the Maintenance of
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Survival free of AF recurrence (%)

Time to first AF recurrence Sub-groups analysis

Subgroups HR's (95% CI's) p value
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vention of AF recurrence.

Macchia et al,
JACC 2013



The Current Role of Omega-3 Fatty Acids in the
Management of Atrial Fibrillation

3. Conclusions

n-3 PUFA supplementation has been reported to attenuate
structural atrial remodeling, exert beneficial electrophysiological
effects on the atria and reduce the incidence as well as the
duration of AF episodes in various settings, such as after cardiac
surgery or after cardioversion of AF. However, the results of the
relevant studies were, to some extent, conflicting regarding the
efficacy of n-3 PUFA to prevent AF. This discrepancy could be
attributed at least in part to important methodological limitations of
these studies. Therefore, further large-scale, well-designed
randomized controlled studies are needed, including subjects with
low dietary fish intake, adequate pretreatment with n-3 PUFA for at
least one month and using formulations with a high content of
DHA. At present, firm conclusions about the clinical utility of n-3
PUFA in the management of AF cannot be reached based on the
existing data. Christou et al Int J Mol Med 2015



