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Summary
Aim of the study: Animal studies have demonstrated evidence of an anti-arrhythmic effect of
marine n-3 fatty acids (FAs). In humans the same mechanism may explain the observed reduction
in sudden cardiac death (SCD) associated with intake of fish. Whether high levels of n-3 FAs could
protect against ventricular fibrillation (VF) during the acute ischaemic phase of a myocardial
infarction (MI) is, however, not known.
Materials and methods: We measured red blood cell content of eicosapentaenoic acid
(EPA) + docosahexaenoic acid (DHA) expressed as a percentage of total FAs (the omega-3 index)
at admission in 460 patients hospitalised with an acute coronary syndrome. Out of 265 patients
suffering their first MI, 10 (cases) experienced an episode of VF during the initial 6 h of symp-
tom onset. The omega-3 index of these patients was compared to that of 185 first-MI patients
(controls) free of VF for at least 30 days post-admission.
Results: The median value of the omega-3 index in the VF cases was 4.88% as compared to 6.08%

in the controls (p = 0.013). After adjustment for age, sex, ejection fraction, high-sensitivity C-
reactive protein, use of beta-blocker, differences of infarct characteristics and previous angina
pectoris, a 1% increase of the omega-3 index was associated with a 48% reduction in risk of VF
(odds ratio (OR) 0.52, 95% confidence interval (CI) 0.28—0.96; p = 0.037).

� A Spanish translated version of the summary of this article appears as Appendix in the final online version at
oi:10.1016/j.resuscitation.2008.04.007.
∗ Corresponding author at: Department of Medicine, Stavanger University Hospital, PB 8100, N-4068 Stavanger, Norway.
el.: +47 51518000; fax: +47 51519905.

E-mail address: aahi@sus.no (H. Aarsetøy).

300-9572/$ — see front matter © 2008 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.resuscitation.2008.04.007

http://dx.doi.org/10.1016/j.resuscitation.2008.04.007
mailto:aahi@sus.no
dx.doi.org/10.1016/j.resuscitation.2008.04.007


Acute ischaemic phase of a myocardial infarction 259

Conclusion: Our study supports an anti-arrhythmic effect of n-3 FAs through their incorporation
nes,
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nine, glucose and serum lipids. A repeated measurement
of TnT was performed at least once, typically at 8 h after
into myocardial cell membra
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Introduction

Despite significant progress in the understanding and treat-
ment of heart diseases, sudden cardiac death (SCD) still
remains a major cause of death in industrialised countries.
Incidence rates ranging from 36 to 128 per 100,000 inhab-
itants per year have been reported,1 increasing with age
and being more frequent in men than in women.2 60—80% of
sudden deaths are cardiac in origin, primarily due to under-
lying coronary artery disease (CAD) with acute myocardial
ischaemia.2—4 With the possible exception of high-sensitivity
C-reactive protein (hsCRP)5 and a history of familial sudden
death,6 traditional clinical and biochemical risk factors for
atherosclerosis and myocardial infarction (MI) do not seem
to explain the risk of SCD. A recent meta-analysis on risk
factors for ventricular fibrillation (VF), the most prevalent
mechanism of SCD, could only demonstrate ST-elevation and
time from onset of symptoms as independent risk factors
for VF during the course of an acute MI.7 Previous studies
have also indicated a greater risk associated with occlusion
of the left coronary artery as compared to the right coro-
nary artery,8 and a protective effect of pre-infarction angina
pectoris9,10 and use of beta-blocker.11 Most of these identi-
fied risk factors are, however, un-modifiable characteristics
of the actual MI and not useful for risk stratification prior to
the event. The overall survival rate of SCD is only 6—23%,12

and in more than half of the cases, the first symptom of
CAD.3 Accordingly, better methods of identifying individuals
at risk, prior to their MI, are critically important for reducing
the incidence of this devastating event.

Epidemiological studies and interventional trials have
revealed a protective effect from fish on risk of fatal
CAD.13 Increasing fish intake,14 supplementation with fish-
oil capsules,15 and elevated blood levels of n-3 fatty acids
(FAs)16,17 have all been related to a reduced incidence of
cardiac death. The proportionately larger decrease in risk
of SCD as compared to total cardiac death and non-fatal
MI seen in the GISSI-Prevenzione study,15 has suggested that
fish oil might have anti-arrhythmic properties, protecting
against serious ventricular arrhythmias during the course of
a MI.

Supplementation with fish oil has been found to enrich
myocyte membranes with eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA).18—20 The favourable effects on
the electrophysiological properties of myocardial cells (e.g.
increased electrical stabilisation21—23) are thought to be a
result of this altered membrane composition of FAs. Accord-
ing to this hypothesis, the level of EPA and DHA in myocyte
membranes could provide information on the risk of SCD. As
opposed to other established risk factors, this could also be
modified. Direct measurement of FAs in myocardial biopsies
is clearly not an option. Both Harris et al.18 and Owen et al.19
have, however, shown that red blood cell (RBC) EPA + DHA
(expressed as weight percentage of total FAs; hereafter
termed the omega-3 index) can serve as a surrogate of car-
diac omega-3 FA content.
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reducing the risk of VF during ischaemia.
ghts reserved.

The aim of our study was to test the hypothesis that
atients experiencing VF during the acute ischaemic phase
f their MI, had a lower omega-3 index than MI patients free
f arrhythmia.

aterials and methods

tudy subjects

his study was performed at Stavanger University Hospi-
al, Norway, as part of the Risk factors in Acute Coronary
yndrome (RACS) study, designed to identify early risk mark-
rs for development of troponin-T (TnT)-positive coronary
vents following hospitalisation with chest pain or otherwise
uspected acute coronary syndrome (ACS). The only exclu-
ion criteria were previous inclusion in the same study and
nwillingness to participate.

Between November 2002 and October 2003, 871 patients
ver the age of 18 were included, out of which 265 presented
ith their first MI (defined by a maximal TnT ≥ 0.06 �g L−1).

en of these patients (cases), nine men and one woman,
xperienced an episode of VF within 6 h of symptom onset,
ve prior to hospital admission and five within the first
ouple of hours after admission. None had received any
evascularisation therapy with thrombolytic treatment or
rimary percutaneous coronary intervention (PCI) before or
t the time of their VF. From the remaining 255 patients
final number of 185 controls were identified, consisting

f subjects free of VF or sustained ventricular tachycar-
ia (VT) for at least 30 days of follow-up, and matched
o cases according to age. Arrhythmias occurring after 30
ays were not an issue in this study. At inclusion, a thorough
ase report form was filled out and ejection fractions (EF)
ere determined by echocardiography within 3—5 days of
dmission.

The study was approved by the Regional Board of
esearch Ethics and the Norwegian Health Authorities and
onducted in accordance with the Helsinki Declaration of
975, as revised in 1983. All patients gave written informed
onsent, and in a few situations when the patient died just
ollowing hospitalisation or stayed unconscious until death,
he family was asked for consent on the patient’s behalf.

aboratory methods

lood samples for measurement of the omega-3 index were
arvested at admission together with the hospital’s routine
amples including TnT, haematological parameters, creati-
dmission. In cases of MI or uncertain diagnosis, further
nT measurements were performed at less fixed inter-
als. As part of the RACS-study, blood samples were also
nalysed for brain natriuretic peptide (BNP) (Microparticle
nzyme Immunoassay (MEIA), Abbott AxSYM®) and hsCRP
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Tina-quant® C-reactive protein (latex) high sensitive assay,
oche Diagnostics).

RBCs for analysis of the omega-3 index were prepared
rom citrated blood after centrifugation. Plasma and buffy
oat were discarded and sedimented RBCs washed six times
ith phosphate buffered saline, followed each time by cen-

rifugation. Samples were stored at −70 ◦C until extraction
f FAs could be performed. At this temperature, the com-
osition of RBC FAs has been demonstrated to remain stable
or at least 4 years.24 After thawing, a 50 �L sample was
laced on a filter paper disc (Whatman grade 1, 3.0 cm
iameter) that had been treated with butylated hydroxy-
oluene (50 mg L−1) according to Marangoni et al.25 Samples
ere dried at room temperature, placed in sealed plas-

ic bags and shipped in cold packs to Kansas City where
hey were analysed in the laboratory of Harris. Measure-
ent of RBC FA composition from dried blood spots has been

ound to reflect the composition of a freshly thawed sample
8.2 ± 3.6% thawed versus 7.8 ± 3.3% dried; n = 20, p = 0.67).

The blood spot was cut out and placed in a test tube
ontaining 1 mL of boron trifluoride—methanol, and samples
ere heated for 10 min at 100 ◦C. After cooling, 2 mL each of
ater and hexane (Fisher Scientific) were added; the sam-
les were shaken by hand for 30 s, and then centrifuged for
min at 3000 rpm at room temperature. The hexane layer
as removed and evaporated under nitrogen at 45 ◦C. FA
ethyl esters thus generated were then reconstituted in

0 �L hexane and analysed by flame ionisation gas chro-
atography (GC9A, Shimadazu Corporation, Columbia, MD).

As identified by comparison with known standards, were
eported as weight percentages of total FAs. For each batch,
wo control RBC samples were included, one high in omega-

FA and the other low. An external standard containing
nown amounts of relevant FAs (GLC-673B, Nu-Chek Prep,
lysian, MN) was included in each run to correct for differ-
nces in FA response factors. The coefficient of variation for
he omega-3 index was 6%. Laboratory personnel performing
he analyses were blinded with respect to clinical events.

tatistical analyses

ifferences between groups at baseline were tested by the
ann—Whitney Rank-Sum test for quantitative data and by

he Fisher’s exact test for categorical variables. All measure-
ents are given as median values with the 25th and 75th
ercentiles (interquartile ranges). Non-parametric testing
as also used for the univariate analysis to test for poten-

ial differences of the omega-3 index between cases and
ontrols. To adjust for potential predictors of VF besides
he omega-3 index, a multivariate analysis using logistic
egression was performed. Differences in baseline charac-
eristics and previously identified risk factors for VF during
he course of a MI were included in the model: age, sex,
sCRP, use of beta-blocker, infarct location, ST-elevation
nfarction versus non-ST-elevation infarction, EF day 3—5
ost-MI and a history of angina pectoris. We chose not to

nclude maximal TnT and BNP due to the possibility of these
arameters being differentially affected by the mechanical
anipulation of the heart as well as coronary hypoperfu-

ion during resuscitation.26,27 The peak TnT values might also
e influenced by later reperfusion therapy, such as PCI or

9
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igure 1 Distribution of the omega-3 index in cases and con-
rols.

hrombolytic therapy.28 The odds ratio (OR) for VF is pre-
ented with 95% confidence intervals (CIs). The statistical
nalyses were performed with the statistical package SPSS
ersion 14.0, with p-values derived from the logistic regres-
ions using the Wald chi-square test. All tests were applied
wo-sided with a significance level of 5%.

esults

atient characteristics

nly 1 out of 10 case patients had any previous evidence
f angina pectoris; for the remaining cases this dramatic
vent of SCA appeared during their initial presentation of
AD. Except for one patient who died from a non-arrhythmic
ardiac cause 7 days after hospitalisation, all cases sur-
ived until discharge. One non-sudden cardiac death also
ppeared among controls during hospitalisation. The only
tatistically significant differences between the 10 cases
nd the 185 control patients were in ECG findings at pre-
entation (higher frequency of ST-elevation infarctions in
he cases than the controls) and in baseline values of BNP
nd hsCRP (both lower in cases). A complete list of patient
haracteristics is presented in Table 1.

mega-3 index

he median value of the omega-3 index in the VF group
as 4.88 (4.10—5.85)% as compared to 6.08 (4.98—7.46)%

n the control group (Figure 1). This difference was statis-
ically significant in the univariate analysis, p = 0.013. No
ifference of the omega-3 index could be demonstrated
etween the five cases suffering a pre-hospital VF (4.83
4.20—5.87)%) as compared to the five experiencing cardiac
rrest after admission (4.92 (3.31—6.35)%). In the logistic
egression model, a 1% increase of the omega-3 index was
ssociated with a 44% reduction in odds for VF (OR 0.56,

5% CI 0.34—0.91, p = 0.021). This inverse association was
ltered only slightly after adjustment for age, sex, EF, hsCRP,
se of beta-blocker, differences of infarct characteristics
nd previous angina pectoris (OR 0.52, 95% CI 0.28—0.96,
= 0.037).
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Table 1 Characteristics of cases and controls

Cases (n = 10) Controls (n = 185) p-Value

Men 9 (90.0%) 134 (72.4%) ns
Women 1 (10.0%) 51 (27.6%)
Age (median, years) 58.0 (50.1—65.5) 64.4 (53.0—72.6) ns
BMI (median)a 26.5 (24.5—27.4) 25.2 (23.3—28.6) ns

ECG finding at admissionb

STEMI 8 (80.0%) 85 (46.4%) 0.051
NSTEMI 2 (20.0%) 98 (53.6%)

ECG finding at dischargeb

Q-infarction 4 (40.0%) 60 (32.8%) ns
Non-Q-infarction 6 (60.0%) 123 (67.2%)

Infarct locationc

Anterior wall 6 (60.0%) 85 (46.2%) ns
Inferior wall 3 (30.0%) 64 (34.8%)
LBBB 1 (10.0%) 1 (0.5%)
Unidentifiable 0 34 (18.5%)
Ejection fraction (median, %)d 50 (40—60) 55 (50—60) ns

Known heart disease
Angina pectoris 1 (10.0%) 56 (30.3%) ns
Heart failure 0 12 (6.5%) ns
Previous CABG 0 6 (3.2%) ns
Previous PTCA 0 8 (4.3%) ns
Hypertension 3 (30.0%) 61 (33.0%) ns
Diabetes mellitus 0 21 (11.4%) ns
Hypercholestrolemia 4 (40.0%) 92 (49.7%) ns
Smoker 6 (60.0%) 84 (45.4%) ns
Family historye 6 (66.7%) 121 (69.1%) ns

Creatinine (median, Ref; 45—105 �mol/L) 84.5 (76.5—98.5) 89.0 (75.0—98.0) ns
Total-cholesterol (median, Ref; 2.9—7.8 mmol/L) 5.7 (4.9—6.2) 5.6 (5.0—6.2) ns
HDL-cholesterol (median, Ref; 0.8—2.7 mmol/L) 1.3 (1.2—1.4) 1.2 (1.0—1.5) ns
TG (median, Ref; 0.45—2.60 mmol/L) 1.9 (1.0—2.7) 1.4 (1.0—2.0) ns
Homocysteine (median, Ref; 5.5—15.0 �mol/L)f 10.3 (8.0—12.9) 12.0 (9.7—14.9) ns
BNP (median, pmol/L)g 12.0 (0.0—77.5) 57.5 (29.0—165.5) 0.036
hsCRP (median, mg/L)b 2.1 (0.8—4.5) 4.4 (2.0—13.5) 0.046

Medication prior to admission
Beta-blocker 1 (10.0%) 31 (16.8%) ns
ACE/AT II-inhibitor 1 (10.0%) 32 (17.3%) ns
ASA 0 32 (17.3%) ns
Statin 1 (10.0%) 36 (19.5%) ns

Median values given with 25th and 75th percentiles (interquartile ranges). ACE, angiotensin converting enzyme; ASA, acetylsalicylic
acid; AT II, angiotensin II receptor; BMI, body mass index; BNP, brain natriuretic peptide; CABG, coronary artery bypass grafting; HDL,
high density lipoprotein; hsCRP, high-sensitivity C-reactive protein; LBBB, left bundle branch block; NSTEMI, non-ST-elevation myocardial
infarction; PTCA, percutaneous transluminal coronary angioplasty; STEMI, ST-elevation myocardial infarction; TG, triglycerides; TnT,
troponin-T.

a One missing value for both cases and controls.
b Two missing values for controls.
c One missing value for controls.
d Seven missing values for controls.
e One missing value for cases and ten missing values for controls.

ls.
f Three missing values for controls.
g One missing value for cases and nine missing values for contro
Discussion

In our study we have demonstrated a lower level of the
omega-3 index in patients suffering a VF during the acute

i
w
o
o

schaemic phase of their MI as compared to MI-patients
ithout such an event. This supports previous observations
f a reduced risk of fatal CAD associated with high intake
f fish or fish-oil supplements.13 After adjustment for other
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otential predictors of risk, our analyses suggest a 48%
95% CI 4—72%) reduction in risk of VF associated with an
ncrease of 1% of the omega-3 index.

These findings are supported by a case control study
n primary cardiac arrest performed by Siscovick et al.16

emonstrating a 90% risk reduction (OR 0.1, 95% CI 0.1—0.4)
ssociated with RBC EPA + DHA in the upper quartile (mean
.5%) as compared to the lowest quartile (mean 3.3%). The
ame inverse relationship has been demonstrated for whole
lood long-chain n-3 FAs (EPA + DHA + docosapentaenoic acid
DPA)) and risk of SCD in the Physicians’ Health Study17 and
or plasma phospholipid DHA + EPA and risk of fatal ischaemic
eart disease in the Cardiovascular Health Study.29 In the
atter study, patients over the age of 65 had a 77% lower
isk of assumed arrhythmic death for each 1-standard devi-
tion increase in plasma phospholipid DHA + EPA. In all of
hese studies, case patients were free of clinical heart dis-
ase prior to their SCD. By mathematical transformation of
hole blood EPA + DPA + DHA (measured in the Physicians’
ealth Study) to the estimated omega-3 index, Harris and
on Schacky30 have suggested a 90% reduction of risk associ-
ted with an omega-3 index in the range of 6.1—10.1% (upper
uartile) as compared to an index of 2.4—4.5% (lowest quar-
ile). This corresponds well with the results from Siscovick
t al.16

None of these studies have, however, documented the
echanism of protection against SCD to be anti-arrhythmic,

s the electrical activity of the myocardium at the moment
f cardiac arrest was not systematically registered. The inci-
ence of VF as the first documented rhythm at the time of
esuscitation seems to be decreasing,4,31,32 and in some stud-
es has actually been found to be as low as 25—37%.4,33 The
bserved reduction in SCD by n-3 FAs can therefore only indi-
ate a possible anti-arrhythmic mechanism of protection.
ne of the strengths of our study is a well documented VF
s the eliciting cause of cardiac arrest prior to any reperfu-
ion therapy in patients experiencing their first MI, making
t possible to evaluate directly the association between the
mega-3 index and the risk of VF in humans.

The first evidence of an anti-arrhythmic potential of n-
FAs came from experimental studies on rats,34 dogs35 and
onkeys.36 In a recent review of outcomes in animal models,

he authors concluded that there was an apparent benefi-
ial effect of EPA and DHA on ischaemia induced VF and VT
cross all species.37 For ventricular arrhythmias induced by
eperfusion, the results were inconsistent, and none of the
nimal models have evaluated the anti-arrhythmic effect in
ettings not related to ischaemia or reperfusion.

In attempts to determine whether n-3 FAs could have
he same anti-arrhythmic effects in humans, several studies
ere conducted using patients with implantable car-
ioverter defibrillators (ICDs) at high risk of recurrent
entricular arrhythmias.38—42 Results from these studies
ave, however, been highly discrepant, with one study actu-
lly demonstrating a trend toward increased susceptibility
o ventricular arrhythmia after n-3 FA-supplementation.41

ne reason for these divergent results might be different

echanisms of arrhythmia in different patients. During an

cute ischaemic event, a gradient of depolarisation occurs
n the ischaemic myocardium, decreasing the threshold for
nduction of ventricular arrhythmias. The theoretical mech-
nism of action of n-3 FAs as anti-arrhythmic agents is based

m
e
p
s
p
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n indirect effects on sodium and calcium ion-channels
esulting in a membrane hyperpolarisation, increasing the
rrhythmic threshold in the ischaemic zone.21,22 Ventricu-
ar arrhythmias based on other mechanisms like myocardial
carring or heart failure, might not be reduced to the same
xtent by n-3 FA treatment.

In our study, patients suffering VF were all in the acute
schaemic phase of their first MI, more or less leaving out
he possibility of established myocardial scarring as the sub-
trate for re-entry arrhythmia. None of the patients had a
reviously established diagnosis of heart failure, supported
y a median EF of 50% day 3—5 post-MI. Moreover, their
pisode of VF appeared prior to revascularisation therapy,
trongly suggesting the presence of ischaemia as the cause of
rrhythmia. Therefore, our study supports the results of ani-
al studies demonstrating protection from n-3 FAs against

schaemia induced VF.
Five out of ten case patients included in our study had

uffered VF prior to hospital admission. Blood samples for
easurement of the omega-3 index were, however, first

aken after hospitalisation. One objection to our conclu-
ion might be the possibility of the n-3 FA measurements
eing affected by the resuscitation itself. Theoretically,
drenaline (epinephrine) injected during the resuscitation
s well as the increased stress-response in the body itself,
ould activate phospholipases in the cell membranes releas-
ng FAs from phospholipids, leading to falsely low levels
ost-resuscitation. This was, however, not shown to be the
ase in studies in rats injected with adrenaline.43 Siscovick
t al.16 cited evidence that the level of EPA + DHA in RBC
embranes changed by only 0.33% as a result of the cardiac

rrest itself. Even though there were few patients involved,
ur finding of comparable n-3 FA levels in pre-hospital and
n-hospital cases supports the hypothesis of low levels of n-3
As preceding the VF and not being a result of the event.

Moreover, the timing of blood sampling in our study
elates the n-3 FA level directly to the episode of arrhyth-
ia as opposed to most observational studies where the

A measurements are made years before the event, mak-
ng it difficult to adjust for intermediary dietary changes.
urthermore, the use of RBC levels instead of plasma and
erum measurement will reduce the influence from recent
ood intake as FAs in RBCs incorporate gradually, reflecting
he average exposure to omega-3 in the diet over several
eeks.44,45

The main limitation of our study is the low number
f cases, representing a highly selected population. Only
0—50% of patients with pre-hospital SCD survive until hos-
ital admission.4,12 Since our blood tests were taken at
dmission, we have not included patients in whom resuscita-
ion was ended during the pre-hospital phase. Whether this
opulation may differ in their n-3 FA level, as compared to
hose successfully resuscitated, is therefore unknown. It can
lso be argued that our low number of case patients could
imit the power of detecting differences of baseline char-
cteristics as well as the possibility of proper adjustments
n the logistic regression analysis. Therefore, our results

ust not be interpreted as final proof for an anti-arrhythmic

ffect of n-3 FAs, but may serve as a hypothesis generating
ilot study. To finally answer both these questions, a larger
tudy of VF-patients with blood samples harvested during
re-hospital resuscitation will be required.
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Conclusion

Our study supports a protective effect of n-3 FAs against
VF during the acute ischaemic phase of a MI. If our results
are verified in larger studies, recommendations of increased
intake of n-3 FAs could reduce the incidence of SCD, with a
number of lives being saved every year.
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