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Abstract

Atrial fibrillation (AF) is the most common sustained atrial arrhythmia conferring a higher morbidity
and mortality. Despite the increasing incidence of AF; available therapies are far from perfect. Dietary
fish oils, containing omega 3 fatty acids, also called polyunsaturated fatty acid [PUFA] have demon-
strated beneficial electrophysiological, autonomic and anti-inflammatory effects on both atrial and ven-
tricular tissue. Multiple clinical trials, focusing on various subsets of patients with AF, have studied the
role of PUFA and their potential role in reducing the incidence of this common arrhythmia. While PUFA
appears to have a beneficial effect in the primary prevention of AF in the elderly with structural heart
disease, this benefit has not been universally observed. In the secondary prevention of AF, PUFA seems
to have a greater impact in the reducing AF in patients with paroxysmal or persistent AF, stages of AF
associated with less atrial fibrosis and negative structural remodeling. However, AF suppression has
not been consistently demonstrated in clinical trials. In patients undergoing heart surgery, increasing
PUFA intake has yielded mixed results in terms of AF prevention post-operatively; however, increased
PUFA has been associated with a reduction in hospital stay. Therefore recommending the use of PUFA
for the purpose of AF reduction remains controversial. This is in part attributable to the complexity of
AF. Other conflicting variables include: heterogeneous patient populations studied; variable dosing;
duration of follow-up; comorbidities; and, concomitant pharmacotherapy. This review article reviews
in detail available basic and clinical research studies of fish oil in the treatment of AF, and its role in the
treatment of this common disorder.

Abbreviations : AF=Atrial fibrillation, CHS=Cardiovascular Health Study,CABG=Coronary artery by-
pass surgery, d=Day, DHA=Docosahexaenoic acid, EPA=Eicosapentaenoic acid, ERP= Effective refrac-
tory period, g=Gram, PAF= Paroxysmal atrial fibrillation, PeAF= Persistent atrial fibrillation

PUFA= Polyunsaturated fatty acid.

Key words : Omega 3 fatty acid, PUFA, Atrial fibrillation.

Introduction tained atrial arrhythmia conferring a higher
morbidity and mortality.!* As a result of an ag-
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Figure 1: The Figure shows the major mechanisms by which
PUFA reduces susceptibility of AF. 1. A=change, Decreases
Increases
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both obesity and diabetes, the number of pro-
jected cases of AF is expected to increase.’ It
is estimated that by the year 2050, twelve mil-
lion Americans will be diagnosed with AF.2
The exact mechanism of AF is not fully under-
stood and therefore, a unifying pathogenic-
mechanism is lacking. Similarly, the treatment
of rate or rhythm control in AF remains imper-
fect. Antiarrhythmic drugs often have side effects
and show limited efficacy (approximately 5%-
40%) in providing freedom from AF. Recently
radiofrequency ablation, focusing on isolation
of the pulmonary veins has emerged as a prom-
ising treatment of AF, especially in younger
symptomatic patients with early stages of AF.
Fish oil and omega-3 fatty acids, have been found
to exert a beneficial effect by reducing triglyc-
erides and increasing high-density lipoproteins
in patients with marked hypertriglyceridemia.
Both bench research and clinical trials have
shown anti-arrhythmic benefit associated with
omega-3 fatty acid intake. In addition, omega-3
fatty acids have been shown to have a benefi-
cial effect on various aspects of the cardiovascu-
lar system including heart rate, blood pressure,
and autonomic tone. Recent studies have shown
that a diet rich in omega 3 fatty acids reduces
the incidence of both fatal coronary heart dis-
ease (CHD) and sudden cardiac death.*” Due
to a large burden of AF, lack of effective phar-
macological agents and the relative safety of
omega 3 fatty acid, there is a widespread inter-
est in omega-3 fatty acid in the prevention of AF.

Omega 3 Fatty Acids

Omega 3 fatty acids are long chain hydrocar-
bons (ranging from 18-22 carbon atoms) contain-
ing multiple double bonds, referred to as poly-
unsaturated fatty acids (PUFA). Omega 3 fatty
acids have the first double bond located on the
3rd carbon from the —CH3 terminus (w carbon).
Omega 3 fatty acids (n-3 PUFA), include: alfa-lin-
oleic acid (ALA; 18:3n-3) commonly found in flax-
seed, canola, walnuts, soybeans;eicosapentaenoic
acid (EPA) (20:5n-3) and docosahexaenoic acid
(DHA) (22:6n-3) commonly found in fish prod-
ucts. Humans synthesize relatively little EPA
and even less DHA, therefore seafood consump-
tion provides the major source of PUFA.* Doc-
osapentaenoic acid (DPA) (22:5n-3), metabolite
of EPA, can be found in smaller amounts in fish.

Effects of Omega 3 Fatty Acid on Atrial Fi-
brillation

One of the most intriguing effects of omega-3
fatty acid appears to be its antiarrhythmic effect.
To date, research findings have been mixed, with
some trials demonstrating a lower risk of arrhyth-
mias and others showing no significant effect®'®
While, in vitro studies, animal experiments, and
some human studies suggest an anti-arrhythmic
effect of n-3 PUFA in AF, clinical data has remained
elusive. It is also unclear whether such benefits, if
present, are due to direct effects on myocyte elec-
trophysiology or more indirect influences such as
improvements in myocardial efficiency, autonom-
ic tone, local inflammatory responses, and the like.
In order to fully understand the potential role of
omega-3 fatty acids in the prevention of AF one has
to understand the pathogenesis. This may prove
challenging due to the complex mechanisms of AF.

Subtypes of Atrial Fibrillation

AF is classified as paroxysmal (PAF), persistent
(PeAF), chronic, and permanent. PAF is atrial fi-
brillation which exhibits salvos of AF lasting less
than 7 days. PeAF are episodes lasting longer than
7 days, while chronic AF persists for greater than
one year. Permanent AF is chronic when it has per-
sisted for longer than one year and is resistant to
any form of cardioversion. Clinically, the chronic
and permanent subtypes of AF respond poorly
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to both pharmacologic and ablative therapy.
Omega-3 fatty acids appear to have a differen-
tial effect on the various subtypes of AF, show-
ing more of an effect in the suppression of PAF
as compared to the more persistent subtypes.
The 3 clinical subtypes seem to possess different
pathophysiological mechanisms. PAF, by defini-
tion self-terminating, results predominantly from
focal mechanisms, most probably in combination
with local reentrant circuits originating from spe-
cific regions such as the pulmonary veins. PeAF
requires a substrate capable of accomodating mul-
tiple micro-reentrant circuits. In the long term, as
AF and underlying cardiac conditions progress;
structural remodeling leads to a complex, fixed
substrate that is very resistant to therapy, ren-
dering AF permanent. Atrial remodeling favors
the transition towards more-advanced clinical
forms of AF, with distinct types of remodeling
promoting structural over functional substrates.!”
The following section would describe major
mechanisms and the role of omega 3 polyun-
saturated fatty acid (referred to as simply PUFA
hereafter) as an antifibrillatory agent.” The ef-
fect of PUFA on various physiological variables,
are summarized in Table 1 and the mechanism

Table 1
mechanism of AF

Site of Action

Ton channels

which PUFA reduces AF is given in [Figure 1].
Pathogenesisof AFandRoleof Omega3PUFA

Factors which increase an individual’s propensi-
ty to develop AF include: increase in atrial mass;
decrease in conduction velocity; decrease in atrial
refractoriness and increase in the atrial disper-
sion of refractoriness. In addition, tissue inflam-
mation and autonomic tone serve to facilitate the
initiation and propagation of AF. [Figure 2] AF
is commonly associated with structural heart dis-
ease, but in the absence of structural heart disease
(lone AF), genetic factors resulting in abnormal
channel function have been implicated. Non-car-
diac disorders (e.g. hyperthyroidism or pulmo-
nary disease) can result in either atrial pressure
or volume overload resulting in atrial distension
with fibrotic changes and eventual remodeling.
Interstitial fibrosis disrupts the atrial architec-
ture, affecting the intercellular connexin density,
reducing conduction velocity, decreasing atrial
refractoriness while increasing the dispersion of
refractoriness. These structural changes are the
contributing factors which modify atrial tissue

The table shows the putative mode of action of PUFA at various biological levels as they relate to

Putative Antifibrillatory Action

¢ Inhibition of the sodium current®!

¢ Inhibition of calcium current®
¢ Enhancement of potassium currents (Ito and delayed rectifier current)®

Cell membrane

¢ Hyperpolarization of RMP®

¢ Increases strength of the current necessary to ilicit AP*®

¢ Reduces APD (APD at 75% repolarization)

® Increases sarcolemmal membrane fluidity®

e Preservation of plasmalemma and mitochondrial membrane integrity®

Myocyte

Electrical properties

® Restoration of synchronous contraction of myocyte by PUFA*

e Prolongation of mean AF cycle length?

¢ Lengthening of ERPs in RA, LA and PVs®
* Lower incidence of AF initiated from PVs during ERP tesing®
* Reduced vulnerability of normal or ischemic myocardium to arrhythmias®

Neurohormonal axis

® Reduction of resting heart rate® and association with heart rate variability prabably

related to increased vagal activity®
e Attenuation of vascular response to angiotensin®
® Decreases inflammation and oxidative stress®-!

RMP=resting membrane potential, AP=action potential, Ito=transient outward potassium current, RP=refractory period,
APD=action potential duration, PUFA=polyunsaturated fatty acid, AF=atrial fibrillation, RA=right atrium, LA=left atrium,

PV=pulmonary vein, ERP=effective refractory period
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resulting in a substrate which can predispose to AF.

AtrialFibrosis

Recently Kitamura et al has shown in a rabbit
model that PUFA (EPA) can attenuate atrial fi-
brosis and AF induced by rapid ventricular pac-
ing. The attenuation of AF is associated with
changes in anti-inflammatory markers, suggest-
ing that PUFA attenuates fibrosis by its anti-in-
flammatory action.”” However, a direct effect on
mitigating fibrosis in humans has not been shown.

Atrial Stretch

One of the mechanisms of AF is a sudden increase
in pressure in the atria leading to AF (i.e. acute
myocardial infarction or acute mitral regurgita-
tion). Ninio et al.*® has demonstrated the benefi-
cial role of PUFA on stretch induced AF in rabbits.
This study evaluated the effects of a standard diet
versus tuna fish oil (contains PUFA) or sunflower
oil (n-6 fatty acid) in rabbits. In perfused hearts,
intraatrial pressures were increased in a stepwise
manner and rapid burst pacing was applied to
induce AF. Increased atrial pressure resulted in a
reduction in the atrial refractory period and a pro-
pensity for induction of sustained AF. Higher pres-
sures were required to induce and sustain AF in

Figure 2: Schematic representation of mechanism causing per-
sistent or recurrence of Atrial fibrillation. Trigger in terms of
focal activity or automaticity and Substrate in terms of reen-
try are essential for AF. Both of these factors are influenced
by modulating factors. Fibrosis and inflammation either from
structural heart disease or AF itself can create a setting for per-
sistence or recurrence of AF.
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the fish oil group compared to the other groups.
The stretch induced drop in the atrial refractory
period was also attenuated in the fish oil group.?

Genetic Factors

Studies have shown that human AF may be asso-
ciated with genes encoding for the gap junctional
protein connexin-40.*" Sarrazin et al** has shown
that a daily intake of fish oil decreases the inci-
dence of AF in dogs and is associated with lower
connexin-40 levels. Ramadeen et al® reported
that dogs receiving PUFA had reduction in genet-
ic markers associated with fibrosis, hypertrophy
and inflammation. The authors suggested that
PUFA-mediated prevention of AF may be due to
attenuation of adverse remodeling at the genetic
level in response to mechanical stress. At this time
the role of PUFA in modulation of genetic factors
responsible for AF in humans remains unknown.

Pulmonary Vein Ectopy

Pulmonary vein (PV) ectopy is critical in the ini-
tiation, and propagation of PAF.** In the land-
mark study by Haissaguerre et al,** 95% of pa-
tients with recurrent AF had ectopic foci in PVs.
The depolarization of these foci preceded atrial
ectopic beats. AF was initiated by a sudden burst
of rapid depolarizations. A local depolarization
could be recognized during sinus rhythm and
abolished by radiofreqency ablation. In addi-
tion, the PVs of patients with PAF exhibit distinct
electrophysiological properties (shorter effective
and functional refractory period, decremental
conduction, and anisotropic cellular orientation)
that may form the “substrate” for re-entry.*
In patients without structural heart disease or
clinical AF, chronic fish oil supplementation
prolongs both right atrial and coronary sinus
refractoriness and decreases vulnerability to de-
velopment of AF.” Recently it has been shown
that the ingestion of high dose fish oil (>6 g/d
for 21 month) in humans (with PAF) resulted
in a prolongation of PV and LA effective refrac-
tory periods (ERPs) compared to controls. There
was less dispersion of refractoriness in the PVs
of patients receiving fish oil. This study revealed
lower ERPs in the control group resulted in a
higher incidence of PV-initiated AF in controls
compared to patients on fish oil (71% vs. 33%, p
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0.02). The cycle length of first induced AF in PVs
was significantly longer as well in patients using
fish oil compared to controls (209 ms vs. 133 ms,
p 0.002). The authors suggested that, as a direct
consequence of higher PV refractoriness, patients
on fish oil had decreased susceptibility to PV-
initiated AF and longer cycle length AF in PVs.?®

Autonomic Tone

The role of the autonomic nervous system in the
initiation of AF has been extensively studied. PAF
can be initiated in the context of both, enhanced
vagal or sympathetic tone. Approximately 25%
of patients with paroxysmal AF have “vagotonic
AF”, in which AF is initiated in the setting of high
vagal tone, typically in the evening when the pa-
tient is relaxing or during sleep. In theory, drugs
that have a vagotonic effect (such as digitalis) may
aggravate vagally mediated AF. “Adrenergic AF”
occurs in approximately 10%-15% of patients with
paroxysmal AF in the setting of high sympathetic
tone, for example, during strenuous exertion. Most
patients have a mixed or random form of parox-
ysmal AF, with no consistent pattern of onset.”’
Vagal stimulation shortens refractoriness and
sympathetic stimulation increases calcium load-
ing and automaticity. In combination the auto-
nomic nervous system may cause pause-induced
triggered activity in both PV and atrial tissue.
Foci of triggered activity may be explained by
the combination of very short action potential
duration and increased calcium release during
atrial systole. Fish oils have demonstrable effects
on calcium current® and cytosolic calcium® and
electrical automaticity and this may explain its
antiarrhythmic effect.> Sarrazin et al concluded
that oral treatment with fish oil can reduce vul-
nerability to vagally induced AF in dog models.”

Structural and Electrical Remodeling

Both structural and electrical remodeling of the
atria alters the substrate, creating the appropriate
milieu for the maintenance of AF. On a microscop-
ic level, AF causes atrial fibrosis, while the myo-
cytes experience de-differentiation (regressing to
a fetal morphology). De-differentiation includes
an increase in cell size, accumulation of glyco-
gen, myolysis, alterations in connexin expression,

changes in mitochondrial shape, and fragmen-
tation of the sarcoplasmic reticulum.*® How-
ever, such changes are not uniformly observed
throughout the atria contributing substantially
to the electrical instability. Electrical remodeling
parallels the structural abnormalities and the de-
gree of fibrosis observed in AF. In addition, pro-
gressive shortening and dispersion of atrial re-
fractory periods are the major changes occurring
during AF.** Acute PUFA treatment (in dogs) has
been shown to reduce the degree of shortening
of atrial ERPs especially at high atrial rate, which
may minimize paroxysms of AF.* Lau and asso-
ciates® have shown that in sheep, PUFA prevents
the development of heart failure related left atri-
al enlargement and is associated with reduction
in atrial interstitial fibrosis. Kumar et al."* have
shown that chronic PUFA therapy improves LA
appendageal function, by improving the empty-
ing velocity, emptying fraction, reducing the inci-
dence of spontaneous echocardiographic contrast
and atrial mechanical stunning, in patients un-
dergoing cardioversion of PeAF or atrial flutter.

Inflammation

Clinical studies provide evidence for a role of
inflammation as a contributing factor in patho-
physiology of AF, particularly in patients with
persistent AF.*” PUFA supplementation has
been associated with lower levels of eicosanoids
(leuotriene E4), Interleukin 1-beta, tumor ne-
crosis factor-alfa and oxidative stress (as mea-
sured by F2-isoprostane).**! In contrast, Mad-
sen et al, showed that dietary supplementation
of PUFA (2-7 g/d for 12 weeks) had no effect on
the serum concentration of C-reactive protein (a
marker of low grade inflammation), in humans.*
Yusof et al® investigated the effect of moderate
doses of EPA (1.8 g/d) and DHA (0.3 g/d) admin-
istered for 8 weeks to healthy males. The change
in plasma soluble intercellular adhesion mole-
cule (an inflammatory marker) was inversely re-
lated to change in DHA levels but less to change
in EPA. At these doses PUFA demonstrated no
marked effect on plasma lipids or inflammatory
markers. There was a stronger association with
reduction of inflammatory molecules with DHA
compared to EPA suggesting that DHA may
have more potent anti-inflammatory properties.*
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Primary Prevention of AF

Various studies have reported on the primary pre-
vention of AF with PUFA, Table 2. Most of the data
was derived from epidemiological studies and
these have produced inconsistent results. The first
study by Mozaffarian et al* reported on (Cardio-
vascular Health Study group [CHS]), a prospec-
tive cohort study that enrolled 4,815 adults (men
and women) of >65 years (mean 73 years) age.
Food frequency questionnaires were administered
at baseline to assess fish intake (tuna fish, other
broiled or baked fish and fried fish or fish sand-
wich). Approximately 12% were smokers; 20% had
coronary heart disease; 25% had diabetes and 45%
had hypertension. AF was assessed during annual
follow-up and from hospital discharge records.
During a 12 year follow up, 20% developed AF.
Consumption of tuna and other broiled or baked
fish were inversely associated with AF, with a 35%
lower risk associated with fish intake of >5 times
per week as compared to <1 time per month. How-
ever, similar analyses from other population-based
studies have not corroborated the findings.**
The Danish diet, cancer and health study,® a
prospective cohort of 47,949 participants (age
50-60 years) also looked at the effect of dietary
fish intake on AF. Dietary intake was obtained
from a detailed semi-quantitative questionnaire
and AF was assessed from the national regis-
try of hospital discharges. Approximately 36%
of enrollees were smokers and 11% were hyper-
tensive with no prior history of cardiovascular
disease. Consumption of fatty fish was not as-
sociated with a reduction in risk of AF or flut-
ter, when comparing patients with high and low
fatty fish consumption at 5.7 years of follow-up.

These inconsistencies are attributed to compari-
son of studies, recruiting patients with unmatched
demographic profile, wide range of recruitment
ages, underestimation of AF (i.e. AF estimation
by annual check or hospital records), socio-eco-
nomic and lifestyle differences (i.e. frequency of
smoking and alcohol use), dietary changes during
follow-up, and incidental differences in underly-
ing heart disease. Studies that showed no benefit
from high PUFA intake on AF included younger
and healthier individuals with a lower preva-
lence of hypertension and diabetes and no sig-
nificant cardiovascular disease, whereas the CHS

enrolled an older population of 265 years with a
greater prevalence of cardiovascular disease and
a greater incidence of subsequent AF (20%) com-
pared with a significantly lower incidence of AF
in the Rotterdam Study (6%; mean age 67 years)
or the Danish Study (1.1%; mean age 56 years).
It is possible that anti-fibrotic and anti-inflam-
matory effects of PUFAs have a greater protec-
tive effect in older patients with structural heart
disease, whereas the ability of PUFAs to increase
parasympathetic tone may be proarrhythmic
in younger individuals with normal hearts who
are more likely to have vagally mediated AF.*
Post-operative AF in Patients Undergoing
Coronary Artery Bypass Surgery

AF is a common complication of coronary artery
bypass surgery (CABG). In a prospective '* ran-
domized clinical trial, 160 patients undergoing
CABG (mean age 66 years, males 136), were ran-
domized to either control (n 81, usual care) or in-
tervention group (n 79, usual care + PUFA, 2g/d
for at least 5 days prior to CABG and continued
until the day of discharge). All patients were in si-
nus rhythm upon enrollment and randomization.
The PUFA group exhibited a 65% reduction in
post-operative AF. ', suggesting an anti-inflam-
matory action of PUFA in the prevention of AF.
Smaller trials have evaluated the role of peri-
operative PUFA supplementation and its effect
on post-operative AF, following cardiac sur-
gery.'"!"131> One trial found benefit', one had
mixed results’ and the other two'*® showed no
effect, however, the trials incorporated a smaller
sample size (n 102 to 200) with differing study
design limiting any unifying conclusion. Re-
cently, Sandesara et al.* conducted a multicenter
study randomizing 260 patients to PUFA (EPA
and DHA) versus placebo (corn oil) administered
at least 24 hours prior to surgery (CABG with or
without valve surgery). The patients were contin-
ued on the therapy for 14 days post-operatively.
The patients were followed up to 30 days post-
surgery, and there was no significant difference
in the incidence of AF between the two groups.”
Recently, Armaganijan et al.”” published a meta-
analysis evaluating 538 patients from 4 studies.
The patients were predominantly male with an
average age of 62 years with normal LA size and
left ventricular ejection fraction. The association
of PUFA with a reduction of post-operative atrial
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Table 2
Study (Year) Design (N) Active
Group
tuna and
. Prospective, cohort,  broiled/
44 7 7
Mozaffarian* (2004) (4,815) baked fish
1-4 times/wk
The Danish Diet, P i hort
Cancer, and Health ( 4r;) ;zg; ey L Rk quintile 2-5
Study* (2005) !
Physician Health E;OEE i)cftlc‘;e(,i cohort, Ate fish>5
Study70 (2006) (17,679) meals/wk
The Rotterdam Prospective, cohort, tertile 3
Study*® (2006) (5,148)
. Population study.
71 7
Macchia” (2008) (2,239,205) PUEFA use
Kuopio Ischemic .
Heart Disease Risk gcl’;z')e““’e' cohort,  artile 4
Factor Study® (2009) !
The Women's Health .
Tnitiative? (2010) Cohort, (44,720) quartile 4

Summary of studies in primary prevention of AF

Refer- Age F/U Outcome Favors
ence Yr) (Yr) PUFA
Group
1 time/ 28% lower risk with intake
73 12 1-4 times/wk, 31% with Yes
month
>5x/wk
Consumption of fish was
quintile 1 56 5.7 not a/w reduction of risk No
of AF/flutter
Ate <1 7.1% developed AF during
time/m 15 f/u, Fish consumption a/w  No
S risk of AF
No association of EPA,
tertile 1 67 6.4 DHA or fish to AF, >20 g/d No
fish no effect vs. no fish
PUFA reduced both all
no PUFA cause mortality and inci-
use 65 ! dence of AF in pt hospital- Yes
ized with MI
Increased PUFA lev-
els protect against AF,
quartile1 42-60 17.7 relationship strongerifno  Yes
CHF/MI, only DHA a/w
risk of AF
No evidence of association
quartile1 63 6 with fish or PUFA and No
incident AF

N=number of patients, Yr=year, F/U=follow up, a/w=associated with, hx=history, cvd=cardiovascular disease, AF=atrial fibril-

lation

fibrillation did not reach statistical significance.™
Despite the lack of effect on the incidence of AF,
the use of PUFA in the peri-operative setting has
been associated with a shorter hospital stay,'
shorter stay in the intensive care unit" and a re-
duction in post-operative complications.”” In a
study published by Heidersdottir et al'®, which
included patients who underwent valve repair,
the use of PUFA did not significantly reduce the
incidence of post-operative AF. In this study the
authors noted that elevated levels of C-reactive
protein correlated with a higher incidence of post-
operative AF.” Although these studies suggest
that tissue inflammation increases the incidence
of AF, despite bench research suggesting an anti-
inflammatory effect with PUFA, PUFA does not
significantly affect the incidence of post-operative
AF. Therefore, the routine use of PUFA to pre-
vent post-operative AF is not universally sup-
ported by the evidence at this time. Currently, we
await the results of the OPERA (Omega-3 Fatty

Acids for the Prevention of Post-operative Atrial
Fibrillation) trial.>® This randomized, placebo
controlled clinical trial will enroll 1,516 patients
scheduled for CABG comparing high dose PUFA
consumption (10 g 3-5 days before surgery then
followed by 2 g/d for 10 days post-operatively)
versus placebo. The primary end-point will look
at the incidence of AF up to 10 days post surgery.

Secondary Prevention of AF

Several studies have evaluated the use of PUFA on
the recurrence of AF. In these studies most of the
patients had PAF and some had PeAF. The reason
that permanent AF is under-represented is that
PUFA may have a minimal impact on atria that
have undergone irreversible remodeling. These
studies are summarized in Table 3. Kumar et al®®
studied 36 patients without structural heart dis-
ease. The patients underwent electrophysiologi-
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Table 3 Summary of clinical trials in secondary prevention of AF
Study Design (N) Clinical Setting PUFA/Dose  Follow up Outcome Favors
(Year) PUFA
Biscione® observation, = PAF with dual 1g/d 4 months Powerful effect of PUFA in reduc- Yes
2005 rospective, chamber pcm onrx; 4 tion of atach-fib, reduction in AF

prosp p

Cross over months burden

(40) off rx
Erdogan> Persistent afib, PUFA vs. 1 year No significant difference in AF No
(2007) RCT, tb, pc post cvn, placebo 4 wk relapse

(108) before and 1 yr

after cvn
Patel® paroxysmal 70%, <655 mg of fish 8 wks lower early and late recurrence of  Yes
2009 retrospective, non paroxysmal oil AF in PUFA
p RO &p
case con- 30% in PUFA gp
trolled (258)  both gp; PV abla-
tion
Kowey* RCT. db. pe Paroxysmal AF 8 g/d for7d 24 wks No significant difference in recur- No
(2010) © 63), P (542) and Persis-  then 4 g/d x24 rent symptomatic AF/F1
tent AF (121) wk

Nodari* RCT. db, pe persistent AF, at 2 g/d 1 year Higher probability of mainte- Yes
(2011) Gl least 1 relapse nance of SR in PUFA gp

(199) post cvn
Bianconi™ RCT. db, pe chronic persistent 3 g/m till cvn 24 wks No significant difference in recur- No
(2011) (20 4)’ /P AF, post cvn and 2 g/d for rence of AF or mean time to AF

24 wk recurrence in PUFA gp

Ozaydin® Post cvn, com- PUFA & 1 year No significant difference in AF No
(2011) RCT (47) parison with amiodarone vs. relapse

amiodarone

amiodarone

pcm=pacemaker, atach-fib=atrial tachycardia or fibrillation, N=number of patients, PUFA=polyunsaturated fatty acid,
rx=treatment, RCT=randomized controlled trial, db=double blind, tb=triple blind, pc=placebo controlled, cvn= cardioversion,

gp=group, a/w=associated with, afib=atrial fibrillation

cal testing after therapy with PUFA (2 g/d for >
1 month). The investigators showed that patients
treated with PUFA were more resistant to induc-
ible AF possibly attributable to prolongation in
ERP, reduction in ERP dispersion and a prolonged
mean AF cycle length. Additional studies by
Biscione et al*? and Patel et al* also showed the val-
ue of PUFA in the treatment of AF. While the for-
mer studies showed benefit, most other random-
ized trials have not supported these findings.>>*

Kowey et al® performed a randomized, double
blind, multicenter study, in which they evaluated
the impact of PUFA (8 g/d for first 7 days then 4 g/d
for 24 weeks) on time to first recurrence of AF in
663 relatively young patients (mean age, 60 years).
Inclusion criteria included patients with PAF or
PeAF.However, thebreakdown analysis of patients
enrolled, at the end of the study, showed that the
vast majority of patients (82%) had PAF. In the fi-

nal analysis, symptomatic AF recurrence occurred
in 48% of the placebo group compared to 53% of
PUFA treated participants (p 0.26). In patients with
PeAF, the arrhythmia recurred in 33% of placebo
compared to 50% of the PUFA group (p 0.09). Thus,
neither PeAF nor PAF responded to PUFA therapy.
This was a well-designed double blind, placebo-
controlled trial enrolling patients with comparable
demographic characteristics. In addition, plasma
omega-3 fatty-acid concentrations were mea-
sured to document effective supplementation; and
intention-to-treat analysis was used. However,
the limitations of the study were a: lack of infor-
mation on dietary sources of PUFA; only symp-
tomatic AF was assessed, and possibility of type
II error due to overestimation of AF recurrence.
Additional studies from Ergodan et al**, Nodari
et al** and Bianconi et al”” have failed to show a
significant difference in AF relapse from PUFA use
in patients with PeAF. However, in a retrospective
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study, Patel et al*® studied AF recurrence after PV
ablation; PUFA supplementation was associated
with alower AF recurrence at 8 weeks of follow up.
Therefore, current clinical data is inconsistent
regarding the role of PUFA in the secondary
prevention of AF. We wait with anticipation for
the completion of the several ongoing studies
(NCT00597220, NCT01235130, NCT00552084,
NCT00791089, NCT00841451 listed in http://
clinicaltrials.gov) especially, FORwARD (Fish
Oil Research with w-3 for Atrial Fibrillation Re-
currence Delay) study®, which is expected to
enroll 1,400 patients with PAF or PeAF. This
study will determine if supplementation of 1 g
of PUFA can reduce the recurrence of AF in pa-
tients who have recovered normal sinus rhythm.

Recommendation

Despite, beneficial effect of PUFA in experimen-
tal studies, there is neither consistent nor robust
evidence that PUFA reduces either the incidence
or recurrence of AF. However, in a clinical set-
ting of older patient with cardiovascular disease,
without advanced atrial structural remodeling,
on an optimum loading and maintenance dose,
with close objective monitoring over a sufficient
duration, PUFA may prove to be a useful agent
in prevention of AF. We wait with anticipation
the results of several large prospective random-
ized ongoing clinical trials.

Conclusions

AF is a very common arrhythmia and its thera-
py remains a challenge. Extensive experimental
evidence points to potentially beneficial effects of
PUFA on AF. Since PUFAs are a natural dietary
constituent and have very few adverse effects,
any efficacy of PUFAs against AF would have im-
portant clinical consequences. However, our ex-
tensive literature review does not demonstrate a
significant and consistent clinical benefit of PUFA
supplementation on AF prevention. The reasons
for the discrepancies appear to be multi-factorial.
The anti-arrhythmic potential of PUFA may be
attributed to its action at the substrate level (e.g.
anti-fibrotic and anti-inflammatory) and a direct
electrophysiological effect on the ion channels,
the potency of which is likely to depend on the
clinical situation and AF milieu. Like the renin-

angiotensin-aldosterone system inhibitors and
statins, PUFAs may produce a differential effect
in the remodeled and un-remodeled atria. Despite
compelling evidence from experimental models,
there has been no study demonstrating reverse
remodeling with PUFA.*® The doses used in clini-
cal trials have been generally lower than those
applied in animal experiments, and the duration
of treatment might have not been long enough for
the antiarrhythmic effect to fully develop. There
is suggestion that individual component of PU-
FAs may be more important than the total PUFA
concentration because of the differences in the ef-
fects produced by DHA and EPA.'** At this time
the optimum dose of fatty acid per day or the
relative composition of EPA versus DHA or the
specific formulation of PUFA remains to be estab-
lished. Study® has shown that it takes weeks, of
oral intake of PUFA, to reach a steady state level
in tissues. Therefore, study subjects must be load-
ed with a sufficient dose and of sufficient dura-
tion to achieve a good tissue concentration. The
presence of subclinical coronary heart disease,
concurrent therapy with beta blockers and re-
nin-angiotensin-aldosterone inhibitor may have
limited the perceptible magnitude of benefit. Fi-
nally, there are limited large randomized trials to
allow for definite recommendation at this time.
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