JAFIB”

Featured Review = = = .
Journal of Atrial Fibrillation

WWW. jafib.com

Omega-3 Polyunsaturated Fatty Acid
Supplementation: Mechanism and Current
Evidence in Atrial Fibrillation
Savina Nodari' MD, Marco Triggiani' MD, Umberto Campia® MD, Livio Dei Cas' MD.

Department of Experimental and Applied Medicine-Section of Cardiovascular Diseases, University of Brescia,
Brescia, Italy, 2Northwestern University Feinberg School of Medicine, Chicago (IL), US.

Abstract

Atrial fibrillation (AF) is the most prevalent arrhythmia and is associated with considerable morbidity
and mortality. Available pharmacologic antiarrhythmic therapies are often ineffective in preventing the
recurrence of AF, possibly because these drugs target a single pathophysiological mechanism. Given
their beneficial effects on ventricular arrhythmias, omega-3 polyunsaturated fatty acids (n-3 PUFAs) have
recently been investigated as possible candidates in the treatment of supraventricular arrhythmias. In
this review, we explore the current understanding of the antiarrhythmic effects attributed to n-3 PUFAs
including direct modulation of ionic channels, improvement of membrane fluidity, anti-inflammatory
and antifibrotic effects, and modulation of sympatho-vagal balance. We will then focus on the results
of epidemiologic studies exploring the associations between nutritional intake of n3 PUFAs and the
incidence of AF, and will review the findings of the clinical trials investigating the effects of n-3 PUFAs
supplementation in the prophylaxis of AF and in the prevention of its recurrences.

Introduction pertension, diabetes, left atrial enlargement, is-

chemic heart disease, and congestive heart failure
have been identified as risk factors for AF. On a
pathophysiological standpoint, inflammation and
oxidative stress have been recognized as pivotal

The prevalence of atrial Fibrillation (AF) is stead-
ily increasing and represents a growing burden
on the healthcare system. Over 6 million Euro-

peans suffer from this arrhythmia, and the num-
ber of patients with AF in the USA is expected to
reach between 5.6-15.9 million by 2050."* More-
over, AF occurs in approximately 25-30% of pa-
tients after isolated coronary artery bypass graft-
ing (CABG), and in about 50% of patients after
combined coronary artery and valvular surgery.’
Post-operative AF is associated with a 2-fold in-
crease in cardiovascular morbidity and mortali-
ty, largely due to stroke and circulatory failure.*

Numerous conditions such as advanced age, hy-

mechanisms involved in the development, recur-
rence and persistence of AF, particularly in some
specific forms such as post-operative AF .°> Atrial
fibrosis secondary to the inflammatory state rep-
resents the hallmark of arrhythmogenic structural
remodeling, which plays an essential role in the
initiation and in the perpetuation of AF.*” Addi-
tionally, the persistence of AF itself may lead to
changes in atrial myocyte metabolism and electri-
cal properties, and eventually cause irreversible
modifications of atrial structure and function.”
The potential role in the treatment of AF of a va-
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riety of agents traditionally not considered anti-
arrhythmic but with anti-inflammatory and an-
tioxidant properties has been explored in recent
years.®” In particular, omega-3 polyunsaturated
fatty acids (n-3 PUFAs) have been in the front
line, as they may target multiple pathogenetic
pathways of AF. However, although the poten-
tial antiarrhythmic effects of n-3 PUFAs have
been well demonstrated in experimental mod-
els of AF inducibility, the conflicting results ob-
tained in clinical trials have been disappointing
and have cast doubts and uncertainties regard-
ing the efficacy of these drugs in the prophylax-
is of AF and in the treatment of this arrhythmia.

Therefore, the aims of this paper are to review
the experimental evidence underlying the mech-
anisms of the antiarrhythmic effects of n-3 PU-
FAs in AF, as well as to discuss the results of ep-
idemiological studies exploring the association
between n-3 PUFAs and AF, and the findings of
clinical trials investigating the effects of n-3 PU-
FAs on the primary and secondary prevention
of this arrhythmia. We will focus in particular
on the potential explanations for the often con-
flicting results reported in the various trials.

Antiarrhythmic Effects of n-3 PUFAs: Mech-
anisms and Experimental Evidence

Studies conducted in cardiomyocytes in vitro,
in isolated organs, and in animal models have
helped to elucidate a number of mechanisms that
may account for the antiarrhythmic effect of n-3
PUFAs in AF. In particular, n-3 PUFAs have been
shown to: a) exert electrophysiologic effects; b)
possess anti-inflammatory and antifibrotic ac-
tions; and c) affect the sympatho-vagal balance.

Electrophysiologic Effects of n-3 PUFAs
1.Modulation of Ionic Channels

n-3 PUFAs are essential component of the sarco-
lemma, where they modulate the interaction of
the lipid bilayer with several membrane-associ-
ated structures. Additionally, n-3 PUFAs have
been shown to affect ionic channels function,
thereby increasing electrical stability. In par-
ticular, a decrease of L-type calcium (Ca++) cur-
rents and Na+/ Ca++ exchanger activity, and an

increase of slow delayed rectifier potassium K+
currents appear to be the primary mechanism by
which N-3PUFAs improve electrical stability."
Moreover, n-3 PUFAs inhibit the fast voltage-de-
pendent Na+ current, increasing the depolariz-
ing threshold potential for channel opening; as a
consequence, a more intense depolarizing stim-
ulus is required to elicit an action potential."

2.Effects of n-3 PUFAs in Experimental Models of
Atrial Fibrillation

Changes in the duration of the effective refractory
period (ERP) appear to be an important early re-
modeling event favoring the development and per-
petuation of AF."”? In a canine model of rapid atrial
stimulation, n-3 PUFAs administration significant-
ly reduced the shortening of atrial ERP induced by
rapid pacing, thus preventing acute electrophysi-
ological remodeling.”® Other experimental studies
have demonstrated that n-3 PUFAs administration
may influence the electrical membrane stability
in isolated pulmonary vein (PV) preparation.'*!®
The modulation of membrane’s ionic currents in
the PV leads to shortening of the action potential,
which may reduce spontaneous and triggered ac-
tivity by decreasing the occurrence of early after
depolarizations.’® Experiments on isolated-per-
fused hearts from rabbits fed with DHA and EPA-
rich diet have demonstrated that n-3 PUFAs may
also improve membrane fluidity and reduce the
stretch-induced drop in the refractory period."”

Anti-Inflammatory and Anti-Fibrotic Effects of
n-3 PUFAs

Inflammation and abnormal oxidative stress seem
to play a pathogenic role in the development, re-
currence, and persistence of AF.° In two popula-
tion-based studies, the presence of systemic in-
flammation, reflected by elevations in C-reactive
protein (CRP), not only was associated with the
presence of AF but also was able to identify pa-
tients at high risk for AF development ."*" This as-
sociation between AF and CRP was independent
of conventional risk factors such as hypertension,
structural heart disease, previous stroke, or em-
bolism. In a separate cohort, plasma levels of IL-6
were also found to be elevated in patients with
chronic AF.* In a study conducted by Halonen et
al. the administration of intravenous hydrocorti-
sone reduced the incidence of AF after cardiac sur-
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gery, suggesting that an increased inflammatory
response could contribute to the development of
postoperative AF.?' In agreement with this evi-
dence, the temporal course of AF occurring after
cardiac surgery closely follows the activation of
the complement system and the release of proin-
flammatory cytokines.”> One of the mechanisms
by which n-3 PUFAs modulate the inflammation
is by decreasing the production of leukotriene B4
and of other inflammatory eicosanoids.” In ad-
dition, experimental evidence suggests that n-3
PUFAs may exert anti-inflammatory effects by
activating the peroxisome proliferator-activated
receptor (PPAR)-y with consequent suppression
of the synthesis of nuclear transcription factor
(NF-kB) and NF-kB-regulated pro-inflammatory
cytokines.” Moreover, in some animal models, n-3
PUFAs supplementation increases plasma levels
of adiponectin,” an anti-inflammatory adipokine
that activates the AMP activated-protein-kinase
pathway and suppresses NF-kB signalling.*

Atrial fibrosis, the final result of the reactive re-
sponses to inflammation, stretch, oxidative stress,
ageing, and myocyte apoptosis, represents a major
feature of the structural and functional remode-
ling of the atrial myocardium and may interfere
with conduction by impairing electrical coupling
of the myocytes.” Electrical continuity between
myocytes is maintained by gap junction proteins
called Connexins (Cx). Abnormalities in the elec-
trical coupling are considered an important ar-
rhythmogenic factor, and an association between
AF, increased atrial expression of Cx40 and Cx43,
and remodeling of gap junctions has been docu-
mented.”?* The acute intravenous administration
of n-3 PUFAs in a dog model of AF significantly
reduced the vulnerability to induction of AF by
the extra stimulus technique, and this effect was
mostly related to reduced Cx40 expression.”’ Tis-
sue fibrosis is the result of increased fibrillar col-
lagen deposits, a process in which matrix metal-
loproteinases (MMP) play an important role.” In
dogs exposed to simultaneous atrioventricular
pacing to induce atrial remodeling, pretreatment
with n-3 PUFAs was associated with lower AF vul-
nerability, which appeared to be related to a small-
er increase in atrial MMP activity and collagen
type I and III gene expression.*® Additionally, in
a dog model of pacing-induced atrial remodeling,
n-3PUFAs supplementation started 7 days before
pacing was associated with significant down-reg-

ulation of genes involved in fibrosis, hypertrophy,
and inflammation, and with reduced susceptibil-
ity to AF.?! Using the same experimental model
of pacing-induced AF, these authors also found
that n-3 PUFAs treatment, started 7 days after
pacing, did not reduce the inducibility of AF and
did not attenuate atrial remodeling or fibrosis.*

Effects of n-3 PUFAs on Sympatho-Vagal Balance.

A number of investigations have shown that n-3
PUFAs may favorably affect heart rate variabili-
ty and baroreceptor reflex responses, suggesting
a modulation of the balance between the sympa-
thetic and vagal nerve control of the heart (sympa-
tho-vagal balance).”® We have previously reported
that treatment with 1g daily of n-3 PUFAs in pa-
tients with idiopathic cardiomyopathy can exert
positive modulatory effects on the sympathet-
ic-vagal balance and significantly reduce circulat-
ing catecholamines and plasma levels of the in-
flammatory cytokine TNF-a, IL-6, and IL-1, with a
reduction of heart rate and ventricular arrhythmi-
as.*It is reasonable to speculate that these mecha-
nisms might also play a favorable role in supraven-
tricular arrhythmias. However, the ability of n-3
PUFAs to increase parasympathetic tone may the-
oretically exert pro-arrhythmic effects in younger
individuals with normal heart, in whom a vagal
component may play a role in promoting AF.*

Epidemiological and Interventional Studies:
Conflicting Results and Possible Explana-
tions

N-3PUFAs in Epidemiological Studies

In a seminal paper, Mozaffarian and colleagues
investigated the associations between the con-
sumption of tuna and other broiled or baked fish
and the incidence of AF in the Cardiovascular
Health Study (CHS), a population-based cohort
study of 4,815 healthy subjects, aged 65 years and
older. The authors reported that, at 12-year fol-
low-up, higher fish intake was associated with a
statistically significant 31% reduction of AF risk.*
However, subsequent investigations did not con-
sistently confirm this association (Table 1). These
conflicting results may be explained, at least in
part, by various factors such as difference in the
age of the studied populations, lack of standard-
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ized criteria for the diagnosis of AF, socio-econom-
ic and lifestyle differences, dietary changes during
follow-up, and variable prevalence of underlying
heart disease. Also, substantial geographic vari-
ation may exist in total fish intake and in intake
of fatty fish, which may have affected the results
in a given cohort. Moreover, while fish is consid-
ered a significant source of n-3 PUFAs in the diet,
it is important to remember that there is a large
variability in n-3 PUFAs content between different
species of fish and that the mode of cooking may
impact the nutritional value of fish, since no sig-
nificant correlation exists between intake of fried
fish and plasma n-3 PUFAs levels.”” For instance,
in a prospective cohort of 47,949 participants in
the Danish Diet, Cancer and Health Study,* con-
sumption of n-3 PUFAs from fish (herring, mack-
erel, sardine, trout, and salmon) not only was not
associated with a reduction in the risk of AF, but
an increased risk of AF was observed in the high-
est quintiles of fish intake when compared to the
lowest quintile. The discrepancy with the results
of the CHS may be due to the age difference be-
tween the study populations and the lower prev-
alence of cardiovascular risk factors in the Danish
cohort. Furthermore, the latter study provides
no information on how fish was cooked. Also in
the Women’s Health Initiative, a large cohort of
healthy American women, no association between
dietary intake of non-fried fish and incident AF
was found during a 6-year follow up in the 44,720
participants not enrolled in the dietary modifi-
cation intervention arm and without AF at base-
line.*” An analysis of 17,679 men with no history
of cardiovascular disease enrolled in the US-based
Physician’s Health Study, showed that, at 15-
year follow up, participants in the highest quin-
tile of fish intake (=5 meals per week) were more
likely to develop AF compared with those in the
lowest quintile. However, to date these findings
have been published only in an abstract form.*

An important methodological note regarding all
the studies described above, is their use of food
frequency questionnaires to evaluate the dietary
intake of n-3 PUFAs. Although these question-
naires provide a convenient means of estimating
usual patterns of dietary intake, they are prone
to several errors. For example, the frequency re-
sponse options may not provide the most appro-
priate level of discrimination, the food list may be
inadequate and questions regarding usual por-

tion sizes may be ignored or estimated incorrect-
ly.** To overcome some of the above limitations,
in the Rotterdam Study* and in a recent analysis
of the Framingham Health Study* investigators
employed a more extensive, semi-quantitative
food-frequency questionnaires in order to meas-
ure the intake of specific fatty acids. In the study
by Brower and colleagues* the 5,184 participants
were specifically asked to indicate the frequency,
amount, and kind of fish eaten; intake of specific
fatty acids was based on a food composition data-
base derived from the TRANSFAIR study.* EPA
plus DHA intake was categorized in tertiles of
intake per day, and data analysis showed that an
higher omega 3 intake was not associated with low-
er incidence of new onset AF at 6 year follow-up.
Recently, Shen and colleagues using data from
the Framingham Heart Study conducted longitu-
dinal analysis to explore the association between
dietary factors and incidence of new onset AF.* A
total of 4526 selected participants were included
in the final analyses and dietary fish intake was
assessed by a validated 126-item semiquantitative
FFQ.* Salmon, swordfish, bluefish, mackerel, and
sardines were classified as dark fish, while canned
tuna consumption was reported separately. Also
in this study n-3 PUFAs intake from fish or fish-oil
supplements not only was not associated with a
lower incidence of AF, but the highest consump-
tion of dark fish (> 4 servings/week) compared
with the lowest consumption (< 1 serving/week),
was associated with an increased AF risk. In both
studies, however, despite using a more extensive
and complete questionnaire, the main limitation
of this fish intake assessment (i.e. the lack of di-
rect measurement of n-3 PUFAs levels) was still
present. Such dietary estimates also do not allow
separate assessment of EPA and DHA intake. The
impact of the use of biological measurements in-
stead of a questionnaire in association studies is
underscored by the data reported by Virtanen and
colleagues, who measured serum n-3 PUFAs lev-
el as a marker of dietary fish intake in 2,174 male
subjects enrolled in the Kuopio study.* This inves-
tigator found that higher concentration of DHA,
but not of EPA, was associated with reduced risk
of incident AF. More recently Wu and colleagues,
in their analysis that included 3326 participant of
the CHS* in which n-3 PUFAs plasma levels were
measured, expanded these observations to an old-
er population (mean age 74 years) that included a
high proportion (60%) of women.”” Results from
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this large prospective study showed that, after
adjustment for others risk factors and intervening
events during follow-up (i.e. heart failure or my-
ocardial infarction), higher total n-3 PUFAs and
DHA plasma levels were associated with lower
risk of incident AF. Additional analyses showed
that this inverse association between higher
N-3PUFAs plasma level and incident AF was
minimally affected by additional adjustment for
fish consumption, whereas the association be-

tween fish consumption and incident AF was at-
tenuated after adjustment for EPA and DHA levels.
These findings indicate that the direct measurement
of circulating levels of n-3 PUFAs may provide a
more objective method to evaluate the influence of
n-3 PUFAs intake on the risk of AF than the indirect
estimation based on the number of fish servings.
In addition, direct measurement of circulating or
membrane n-3 PUFAs levels appears to suggest pos-
sible different biological roles of EPA and DHA on

Risk of Atrial Fibrillation and Fish Consumption in Population-Based Studies

Table 1
Study
(First author Study Population Country Fol-
ref) (Age population) low-up
Cardiovascular .
Health Study ?;8615 subge)c ts USA 12 years
(Mozaffarian 36) years
Danish Study 47,949 subjects
(Frost 38) (mean age 56 years) (IEnELs SIS
éortotiiizﬂ;;udy 5,184 subjects Netherlands 6.4 years
Physician’s
Health Study 17,679 male subjects USA 15 years
(Aizer 40)
Women’s Health 46,704 female sub-

jects
Initiative Jee USA 3 years
(Berry JD 39) (50 to 79 years) Y
Framineham 9,640 subjects

amingha (4231 male; mean
Heart Study USA 6 years
(Shen | 43) age 62 years)

Kuopio study .

. 2,174 male subjects . 17.7
(Virtanen JK 46) (42 to 60 years) Finland ——
Cardiovascular 2 2ohjectsielie

women)
(P‘I/\e]{all’;lr;)s tudy Mean age: 74.1+5.2 USA 10 years

years

Estimation of n-3
PUFAs Dietary
Intake

Food Frequency
Questionnaire

Food Frequency
Questionnaire

Semi-quantitative
Food Frequency
Questionnaire

Food Frequency
Questionnaire

Food frequency
questionnaire

Semi-quantitative
Food Frequency
Questionnaire

Serum long-chain n-3
PUFAs

Serum long-chain n-3
PUFAs

Main Results

(Risk of AF in the highest
intake vs. the lowest intake
group)

Lower AF risk with broiled fish
RR 0.70 (95% CI; 0.53-0.91)
p=0.008

Increased AF risk
RR 1.34 (95% CI; 1.02-1.76)
p =0.001

No association
RR 1.18 (95% CI; 0.88-1.57)

No association
RR 1.46 (95% CI; 0.94-2.28)

No association
RR 1.01 (95% CI; 0.66-1.56)

No association
RR 1.18 (95% CI: 0.85, 1.64)
p=0.57

No association with EPA level
RR 0.96 (95% CI; 0.64-1.42)
p=0.70

Lower AF risk with DHA level
RR 0.62 (95% CI; 0.42-0.92)
p=0.02

Lower AF risk with total n-3
PUFAs level

RR 0.64 (95% CI; 0.52-0.79)
p <0.001

Lower AF risk with DHA level
RR 0.77 (95% CI; 0.62-0.96)
p=0.01

AF: atrial fibrillation; RR: relative risk; CI: confidential interval; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid
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AF. However, the role of the direct measurement
of n-3 PUFAs level in blood sample as marker of
risk of AF development appears to be disputed by
some studies that suggest a genetic predisposition
in the incorporation of fatty acids in erythrocytes
membranes.®* In particular Viviani Anselmi
and coworkers® evaluated the percentage of fat-
ty acids in erythrocytes membranes of 40 patients
with idiopathic AF and 53 age-matched healthy
subjects. Their results showed significantly low-
er levels of monounsaturated and saturated fatty
acids and significantly higher concentrations of
PUFAs in the erythrocyte membranes of AF pa-
tients compared with the control group, in spite
of similar dietary habits. The authors conclud-
ed that an imbalance between saturated, cis and
trans unsaturated fatty acids could indicate a sus-
ceptibility to oxidative stress and arrhythmias.

N-3 PUFAs and Post-Operative Atrial Fibril-
lation

In an open-label, randomized trial for the primary
prevention of post-operative AF, a significant re-
duction in the incidence of post-operative AF and
a significant shorter hospital stay were observed
in 160 patients treated with 2 g daily of n-3 PUFAs
for at least 5 days before elective CABG and until
the day of discharge from the hospital. N-3 PUFAs
administration during hospitalization reduced
the incidence of postoperative AF by 54.4% and
was associated with a shorter hospital stay.” In
agreement with these results, intravenous infu-
sion of n-3 PUFAs at 100 mg/kg/day, at least 12
h preoperatively and immediately following sur-
gery, was associated with a significantly lower
incidence of post-operative AF as well as shorter
hospitalization compared with placebo.”® At odds
with the results of the above trials, Saravanan
and colleagues reported that, in 108 patients un-
dergoing isolated CABG, no significant differ-
ence in the incidence of post-operative AF was
found between patients treated with n-3 PUFAs
and those on placebo, despite significantly high-
er serum and right atrial appendage levels of n-3
PUFAs measured in the treated group.” Simi-
larly, Heidarsdottir and colleagues reported no
evidence for a beneficial effect of treatment with
N-3PUFAs on the occurrence of postoperative AF
in patients undergoing open-heart surgery.”® A
recent meta-analysis including data from of all the

above randomized trials shows that in aggregate
n-3 PUFAs treatment is not associated with a re-
duction in the incidence of AF following cardiac
surgery.” Differences in patient profiles, type of
surgery, definition of arrhythmia and method of
arrhythmia surveillance may explain the conflict-
ing results of these studies (Table 2). For example,
Heidarsdottir and colleagues used a Holter moni-
tor worn from the immediate post-operative peri-
od throughout hospitalization to detect the occur-
rence of AF,% whereas in the other studies an ECG
was performed during the hospitalization only if
symptoms were present. This major methodologi-
cal difference is the likely explanation of the lower
incidence of AF in reported by these studies and
may have underestimated the therapeutic effects
of n-3 PUFAs treatment. Also the different period
of n-3 PUFAs administration may explain the dif-
ferent results observed in these studies. Only Calo
and coll*® and Heidt and coll’’ administrated fish
oil supplementation in the immediate post-opera-
tive period (through a nasogastric tube and intra-
venously respectively) improving delivery of n-3
PUFAs during this ‘critical’ period that may be
important for successful prevention of postopera-
tive AF. In fact, inflammation and oxidative stress,
which have been recognized as pivotal mecha-
nisms involved in the development of post-op-
erative AF, are particularly intense in the earliest
days after cardiac surgery.” The importance of
inflammation in the immediate post-operative
AF occurrence and the beneficial role of pre-op-
erative n-PUFAs supplementation is emphasized
in a study by Mariscalco and colleagues.” In this
prospective observational study including 530 pa-
tients who had consecutively undergone isolated
CABG, isolated valve procedure or combined pro-
cedures, the authors evaluated the influence of n-3
PUFAs therapy on early and late occurrence of AF.
Postoperative AF occurring in the surgical depart-
ment was defined as ‘early AF,” whereas that oc-
curring during cardiac rehabilitation program was
classified as ‘late AF’". The overall incidence of ear-
ly AF in the whole study sample was 44.7%, while
late AF occurred in 14.7% of the patients. On mul-
tivariable analysis, pre-operative n-3 PUFAs ther-
apy was associated with a significant reduction
(OR 0.54, 95% CI 0.31-0.92; p < 0.05) in early AF,
but the same effect was not demonstrated for the
occurrence of ‘late AF” (OR 1.3, 95% CI 0.52-3.29).

Since inflammation and oxidative stress contrib-

www jafib.com 54

Dec 2012-Jan 2013 | Vol 5 | Issue 4



Journal of Atrial Fibrillation

Featured Review

ute to the risk of postoperative AF, Cereceda and
colleagues tested the hypothesis that combined
therapy with n-3 PUFAs and an antioxidant agent,
such as vitamin C and E, may have synergistic ef-
fects on the risk of AF after cardiac surgery. In a
preliminary study, the authors reported that the
combined therapy reduced atrial tissue markers
of oxidative stress and inflammation in patients
undergoing on-pump cardiac surgery.”*® More im-
portantly, in a dedicated investigation, supple-
mentation with n-3 PUFAs plus vitamin C and E
reduced the incidence of atrial fibrillation by 73%.%

The results of the recent “Fish oil to inhibit su-
praventricular arrhythmias after cardiac surgery:
the FISH trial”, currently published only in abstract
form,* also appear to show no significant effects of
n-3 PUFAs treatment in the incidence of postopera-
tive AF. An important methodological feature may
account, at least in part, for the negative results of
this study. The majority of participants were taking
beta-blocker or statin therapy (80% and 74%, re-
spectively), which might have reduced the magni-
tude of the effects of n-3 PUFAs in this population.

Recently, Skuladottir and colleagues examined the
association between plasma n-3 and n-6 PUFAs
and the incidence of post-operative AF in 125 pa-
tients who took part in their previous study® and
in whom plasma levels of fatty acids had been
measured.” As there was no difference in the in-
cidence of post-operative AF between the n-3 PU-
FAs and placebo group, the treatment assignment
was ignored in this analysis. Results showed that
patient who did develop post-operative AF had
lower plasma levels of arachidonic acid (p < 0.05)
and higher levels of DHA (p < 0.05) compared
with patient who did not develop post-opera-
tive AF. Moreover for the post-operative total n-3
PUFAs levels the authors found a non significant
U-shaped association with post-operative AF,
suggesting that n-3 PUFAs supplementation after
cardiac surgery may be beneficial only in patient
with low pre-operative plasma fatty acids levels.

Farquharson and colleagues conducted a prospec-
tive, randomized, placebo controlled study to ex-
amine the effect of fish oil supplementation (started
3 weeks before the scheduled date for surgery) in
patients undergoing CABG and/or valve replace-
ment.” Plasma levels of n-3 PUFAs were deter-
mined at baseline and before cardiac surgery in

all patients. Despite a significant increase in EPA
and DHA plasma level in the treatment group at
the time of surgery, pre-operative fish oil supple-
mentation was not associated with a statistically
significant decrease in time to a first AF event
(HR=0.66;95% CI, 0.43-1.01; p =0.06). The results
of this study also showed a different incidence of
AF between CABG and valve surgery group. A
differential impact of the type of surgery on event
rate has also been reported in a previous large
multicenter study that enrolled patients under-
going different cardiac operations® suggesting
different causal conditions for post-operative AF.
In order to identify the impact of n-3 PUFAs ther-
apy on the incidence of post-operative AF accord-
ing to different CABG technique (‘off pump’ vs
‘on pump’), Sorice and colleagues randomized
201 patients to receive 2 g/day of n-3 PUFAs or
placebo from at least 5 days before surgery until
hospital discharge. Post-operative AF occurred
in 11.4% of the patients assigned to the treat-
ment group and in 22.8% of the patients ran-
domized to placebo (OR 0.43; 95% CI 0.2-0.95;
p = 0.033). A significant reduction of post-op-
erative AF incidence was observed only in pa-
tients treated with n-3 PUFAs undergoing “on
pump” CABG.% Since CABG induces a system-
ic inflammatory response by triggering the pro-
duction and release of inflammatory mediators,
this finding may further support the hypothesis
of the anti-inflammatory effects of n-3 PUFAs.

In summary, definitive evidence supporting the
efficacy of n-3 PUFA supplementation in the re-
duction of the AF risk in patients undergoing
cardiac surgery is still lacking. The results of
the multicenter, multicountry “Omega-3 Fatty
Acids for Prevention of Post- Operative Atrial
Fibrillation” (OPERA) trial (ClinicalTrials.gov
no. NCT00970489)% are expected to deliver a
more definitive answer regarding the therapeu-
tic role of n-3 PUFAs in the primary prevention
of post-operative AF. Additionally, OPERA will
help to elucidate the pathogenetic mechanisms of
postoperative AF and improve our understanding
of the antiarrhythmic effects of n3-PUFAs in AF.

N-3 PUFAs and Atrial Fibrillation after myo-
cardial infarction

Atrial fibrillation is frequently observed in the
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setting of acute myocardial infarction and the de-
velopment of this arrhythmia is associated with an
increased risk of death and stroke. Older age, left
ventricular dysfunction and clinical congestive
heart failure were found to be the most important

independent predictors for the development of
AF after myocardial infarction.***% Based on the
positive results obtained from the GISSI-Prevenzi-
one,*” the European Society of Cardiology in 2003
added to their guidelines n-3 PUFAs supplemen-

Effect of Omega-3 Polyunsaturated Fatty Acids Supplementation for the Primary Prevention of Postopera-

Table2 tive Atrial Fibrillation. Clinical Trials
First Main Results
. . o, 1
Author RuaRResizn Treatment Type of Surgery (% of pts with post-op AF)
Ref n-3 Control P value
PUFAs
Calo *® Open label, 160  Oral 2g/day CABG
no placebo at least 5 days 152%  33.3% 0.0013
before surgery
and until dis-
charge
Heidt > Placebo con- 102  Intravenous CABG
trolled 100 mg/kg/day 173%  30.6% <0.05
atleast12 h
before surgery
and until trans-
fer to the war
Cerceda ¥ Placebo con- 83  Oral 2 g/day CABG or valve AF incidence reduced by 73% in treatment
trolled plus surgery group (preliminary results)
vit Cand E
Sarava- Double blind 108  Oral 2g/day CABG 29%
nan placebo con- at least 5 days 22% 0.28
trolled before surgery
and until dis-
charge
Heidars-  Double blind 170 Oral 2g/day CABGor CABGand  54.2%
dottir placebo con- at least 5-7 valve 54.1% 0.99
trolled days before surgery
surgery until 2
weeks
after surgery
Sandesara Double blind 243  Oral 2g/day CABG or CABGand  30%
> placebo con- atleast 3 days  valve surgery 33% 0.67
trolled before surgery
and until dis-
charge
Farquhar- 194 Fishoil15ml/ CABG and/or valve 37%
son Double blind day 3 weeks surgery 48 % 0.11
before surgery
placebo con- d6d
trolled a ays
after or until
discharge
Sorice ¢ 201 Oral2g/ CABG (off pump and  11.4%
Double blind day five days ~ on pump technique 22.8% 0.033
placebo con- before surgery
trolled and until dis-

charge.

pts: patients; post-op AF: post-operative atrial fibrillation; n-3 PUFAs: omega-3 polyunsaturated fatty acids; CABG: coronary
artery bypass grafting
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tation at the dose of 1 g/day in patient with docu-
mented coronary artery disease.®® A record-linkage
analysis of a database of 3242 patients hospitalized
with myocardial infarction in Italy from January
2002 to December 2004 showed that prescription
of N-3 PUFAs supplements in 215 of them was as-
sociated with a reduction in relative risk of hospi-
talization (HR 0.19; 95% CI 0.05-0.46) for AF and
in all cause mortality (HR 0.15; 95% CI 0.05-0.46).

N-3 PUFAs and Secondary Prevention Studies

In a recent meta-analysis of five studies including
a total of 1,179 patients, no significant effects of n-3
PUFAs supplementation on the recurrence of AF
were observed (odds ratio 0.83, 95% confidence
interval 0.48 to 1.45; P=0.51).”° This meta-analysis
included the results of our recently published dou-
ble-blind, placebo controlled trial, which showed
that n-3 PUFAs supplementation, in addition to
a background therapy with amiodarone and an
ACE-i or an ARB is more effective in maintaining
sinus thythm after cardioversion in patients with
persistent AF than therapy with amiodarone and
an ACE-i or an ARB alone. In particular, we found
that the mean time to the first recurrence was sig-
nificantly higher in patients on n-3 PUFAs than in
placebo group (167.72+116.26 vs 139.21+112.63, re-
spectively; p<0.001), with a rate of AF recurrences
throughout 1-year follow-up significantly lower (at
12 months 39% vs 62.6%, respectively in the treat-
ment and control patients; p<0.002).”" Our results
are at odds with those of others secondary preven-
tion trials, but several methodological factors may
explain, at least in part, these discordant findings
(Table 3). In a study by Kowey and colleagues,
which enrolled 663 patients with confirmed symp-
tomatic paroxysmal (n=542) or persistent (n=121)
AF, among patients with paroxysmal AF there was
no difference between treatment groups (n-3 PU-
FAs or Placebo) for recurrence of symptomatic AF
(HR 1.15; 95% CI, 0.90-1.46; P = 0.26).”>”> Among
patients with persistent AF the rate of arrhythmia
recurrence, although not statistically significant,
was smaller in the treatment group. In contrast to
this study, we enrolled older patients, with persis-
tent AF and almost all with structural remodeling.
Also the recently published results of a prospective
non-randomized study in 50 patients with parox-
ysmal AF and without associated structural heart
disease showed that EPA supplementation did not

have an effect on the number of AF paroxysms
compared to the treatment with anti-arrhythmic
drugs alone. All patients enrolled were initially
treated with antiarrhythmic drugs (Propafenone
or Flecainide) for 6 month, and thereafter EPA
was added at a dose of 1800 mg/die. After 1 year
of follow-up, no differences on AF recurrences
were found between observational and interven-
tional period.”* The mechanism underlying the
pathogenesis of AF may differ between paroxys-
mal and persistent form and the beneficial effects
of n-3 PUFAs may become clinically evident only
in patients with persistent AF and in the presence
of atrial remodeling.”>”¢ Also a trial conducted by
Bianconi and colleagues failed to demonstrate a
difference between n-3 PUFAs- and placebo-treat-
ed groups in the prevention of AF recurrence after
electrical cardioversion.”” It is important to note
that, in the latter study, only 27.8% and 66.8%
of patients were taking amiodarone and ACE-I/
ARBs respectively, and that in Kowey’s study”
the use of amiodarone was not allowed and only
41% of patients were on ACE-I/ARBs therapy. In-
stead, in our study all participants were treated
with both amiodarone and ACE-I/ARBs therapy,
given the favorable results of the combined use
of these two drugs in reducing atrial remodeling
and AF recurrences.”” Thus it is reasonable to
speculate that the anti-arrhythmic effects of n-3
PUFAs could be complementary and synergis-
tic with both membrane-active antiarrhythmic
drugs, as well as with anti-remodeling agents. In
a recent randomized, placebo controlled study,
Kumar and colleagues found that fish oil sup-
plementation (6 g/day) significantly reduced the
AF recurrence after electrical cardioversion of
persistent AF, independently from the concomi-
tant antiarrhythmic therapy.® Another important
methodological difference between all the studies
described above is the duration of the n-3 PUFAs
pre-treatment before direct current cardioversion
(DDCV). Recently, Metcalf and colleagues exam-
ined the kinetics of incorporation of n-3 PUFAs
into human atrial cell membrane removed during
a standard surgical procedure. After supplemen-
tation with fish oil at different time before sur-
gical intervention these authors found that the
incorporation of n-3 PUFAs into phospholipid
bilayer membrane is curvilinear and continues
after achievement of stable plasma concentration,
reaching a maximum at approximately 30 days
of treatment.®’ Bianconi and colleagues” started
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Table 3 Polyunsaturated Fatty Acids for the Secondary Prevention of Atrial Fibrillation. Clinical Trials
First n Mean Cllr.ucal Mean EF  Treatment Follow Anti-Arrhythmic Main Results
Author ref age setting up Drugs
70+ 6 .
(n-3 ?r?—g 11)%_/0 2 o/day 4 100% Amiodar-  Early recurrences: 6%
PUFAs) Post g/day one vs. 12.1% (p < 0.01)
DCCV FAs) weeks before 12
Nodari 7! 199 . DCCV and o o
69+79  persis- . month  100% ACE-I/ Late recurrences 40%
(place-  tentAF 0510 - untiltheend ARBs vs. 63% (p=0.007)
e laceb f follow- Radel e
bo) (placebo)  of follow-up
3 g/day for 1 o .
Post week before CZ)Z{S o Amiodar- % of patients with AF
DCCV 577+ DCCV; 6 recurrences
Bianconi”7 204 62.9+79 persis- 11'3% 2 g/day until month  66.8% ACE-I/ 58.9 % vs. 51.1%
tent AF ’ the end of AI.{Bs (p=0.28)
follow-up
Parox- Paroxysmal group
ysmal 8 g/day load- Amiodarone o symptomatic AF
AF (n= ing dose for 7 not allowed at recurrences:
) . . 52% vs. 48% (p=0.26)
58.0% + 542) days; 6 inclusion
Kowey 7 663 T or Not stated 4 g/day until .
13.6 . month Persistent group
Persis- the end of % symptomatic AF re-
tent AF follow-up 40% ACE-I/ARBs " 5Y™P ao o
(n=121) currences: 50% vs. 33%
(p=0.09)
60+5.8 54+8 % A minimum
(n-3 (n-3 PU- of 665 mu/ Early recurrence: 27.1%
PUFAs) FAs) Pl vs. 44.1% (p< 0.0001)
" Post-ab- ay for 1 28+7
Patel 285 58 +11 lation 53+5 % :I;(l)er:tti}é:eafr?;e month Not stated Late recurrence: 23.2%
(control (control until the end vs. 31.7% (p< 0.003)
group) group) of follow-up
No significant differ-
Not stat-  Antiarrhyth- ence in the number of
ed* *All mic drugs for days of AF per month
Parox- patients 6 month 60% Propafenone before and after inter-
Watanabe 50 5449 smal didn’t and thereafter 1 vear vention
- XF have EPA at a dose y 40% Flecainide (2.6 £ 2.2 days/months
structur-  of 1.8 g/day vs. 2.5 +2.2 days/
al heart for 6 month months;
disease p =0.45)
33.3 % Amiodar-
?g ?n—?) ?g; (in_3 one AF recurrences was
PUFAS) PUF As) 6 g/day 4 significantly lower in
Persis- weeks before 12 44.8 % Sotalolo patents receiving ome-
Kumar # 178 DCCV and ga 3 than placebo
(630;1; A ?Zoitlrilz until theend ™M 5189 betablock- (HR 0.35; 95% CI 0.24 -
— - of follow-up ers, digoxin or 0.51; p<0.001)

Ca2+ antagonists

EF: ejection fraction; DCCV: Direct Current Cardioversion; AF: atrial fibrillation; ACE-I: angiotensin-converting enzyme inhibi-
tors; ARBs: angiotensin II receptor blockers
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n-3 PUFAs treatment at least 1 week before electri-
cal cardioversion and they found a high recurrence
rate in the first weeks after cardioversion (mean
time to first recurrence of AF was 83 + 8 days in
the PUFA treated group). In the study by Kowey
and colleagues™ in which participants received a
loading dose of 8 g/day for 7 days and then main-
tenance dose of 4 g/day through follow up, near-
ly half of AF recurrences occurred within the first
two weeks. In our study,” electrical cardioversion
was performed at least four weeks after the begin-
ning of n-3 PUFAs treatment and recurrence rates
were lower in the first weeks (mean time to a first
recurrence was 168 + 116 in the treatment group).
Also in the study by Kumar and colleagues, in
which treatment with omega 3 was commenced
> 1 month prior to electrical cardioversion, the
mean time to the first AF recurrence was 190 days
in the treatment group.® It is therefore reasonable
to assume that the higher percentage of early AF
relapses observed in these studies could be due to
an inadequate pretreatment time for the incorpora-
tion of fatty acids in cell membranes rather than a
lack of their efficacy. Another important difference
with the study by Kowey and colleagues” is that
they used a biweekly transtelephonic monitoring
during follow up, while in our study” all patients
with successful DCCV underwent weekly clinical
and ECG controls for the first 3 weeks. Subsequent-
ly, follow-up visits with clinical evaluation, ECG,
and a 24-hour Holter monitoring were scheduled
at 1, 3, 6, and 12 months after DCCV. Moreover,
other healthcare professionals operating in our an-
ticoagulation clinic provided to notify us in case of
incidental detection of AF relapses. The possibili-
ty to conduct a specialized follow up may allow a
greater accuracy to detect asymptomatic episodes
of AF relapses. A large on-going secondary pre-
vention Fish Oil Research with omega 3 for Atrial
Fibrillation Recurrences Delay (FORwARD) study
(ClinicalTrials.gov no NCT00597220) is expect-
ed to provide further information on the effects
of n-3 PUFAs supplementation for the secondary
prevention of paroxysmal and persistent AF.®

In recent years, radiofrequency catheter ablation
has emerged as a highly effective treatment strat-
egy in patients with paroxysmal and chronic AF.
However, AF may recur within days to weeks af-
ter a successful ablation procedure in up to 50% of
the patients, probably because of an inflammatory
response to the thermal injury caused by radiofre-

quency energy application.¥In this setting, Patel
and colleagues found that in a retrospective study
of 258 patients undergoing PV ablation, the use of
n-3 PUFAs supplementation was associated with
alower incidence of AF recurrence compared with
non-users (23.2 vs. 31.7%; P <0.003) and with a sig-
nificantly larger reduction in CRP level (14.3 +2.1
vs. 18 + 3.1 mg/L; p = 0.0001).** Despite the study
limitations, these findings seem to suggest a pos-
sible positive role of n-3 PUFAs for the prevention
of AF recurrences after pulmonary vein ablation.

Conclusions

The multiple antiarrhythmic properties of n-3
PUFAs have been well documented in several ex-
perimental studies. In particular, beyond their ef-
fects on ion membrane currents, n-3 PUFAs may
favorably impact other pathogenetic arrhythmic
substrates, such as structural and electrical re-
modeling, and the sympatho-vagal balance. In
aggregate, this evidence supports a potentially
beneficial role of n-3 PUFAs in the prevention and
treatment of AF. Epidemiological and clinical
studies for the primary and secondary prevention
of AF have shown conflicting results, which can be
accounted for, at least in part, by methodological
differences or study limitations, such as different
patient population, treatment dose, use of con-
comitant therapies, detection of AF, and timing
of the follow-up. To date, there is insufficient ev-
idence indicating that n-3 PUFAs treatment may
be useful for the prevention of AF in patients un-
dergoing cardiac surgery. There is also no robust
evidence to make any recommendation for the
use of n-3 PUFAs for the secondary prevention
of AF. The results of ongoing trials will shed light
on the current uncertainties. In addition, in our
opinion, focus studies should be conducted with
well-selected and homogeneous populations to
address important but still unanswered questions
regarding the most effective dose of n-3 PUFAs
(is higher better?) and formulation (should DHA
or EPA be used alone or in combination? What
is the most effective ratio of EPA to DHA?) and
to identify the patient population that may ben-
efit the most from n-3 PUFAs supplementation.
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