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ÁGRIP 

Gáttatif er algengasta hjartsláttatruflunin eftir hjartaskurðaðgerð en 

orsakir þess eru ekki að fullu kunnar.  Fyrri rannsóknir hafa bent til 

gagnsemi ómega-3 fjölómettaðra fitusýra (FÓFS), helstu fitusýrur 

sjávarafurða, til að fyrirbyggja gáttatif eftir hjartaaðgerð.  Markmið 

þessarar rannsóknar var að kanna hvort skammtímameðferð með ómega-3 

FÓFS hylkjum hafi áhrif á tíðni gáttatifs hjá sjúklingum eftir opna hjarta-

skurðaðgerð.  Auk þess að kanna tengsl á hlut ómega-3 FÓFS í blóði við 

tilkomu gáttatifs, var tengsl þess við bólguþáttinn C-reaktív prótín (CRP) 

kannað. 

Rannsóknin var framsýn, slembiröðuð, tvíblind, lyfleysustýrð 

klínísk rannsókn.  n-3 FÓFS meðferð var hafin 5-7 dögum fyrir opna 

hjartaskurðaðgerð.  Blóðsýni voru tekin úr hverjum sjúklingi við upphaf 

meðferðar (grunngildi), rétt fyrir aðgerð og á þriðja degi eftir aðgerð.  

Heildarfituefni voru einangruð úr lípópróteinum, fosfólípíðin aðgreind frá 

öðrum fituefnum á þunnlagsskilju og fitusýrusamsetning fosfólípíða 

ákvörðuð í gasgreini.  Styrkur CRP var mældur í upphafi meðferðar, rétt 

fyrir aðgerð og eftir aðgerðina.  Endapunktur var tilfelli gáttatifs sem 

stóðu lengur en fimm mínútur samkvæmt hjartasírita.  

Við meðferðina hækkaði hlutur ómega-3 FÓFS í plasma 

fosfólípíðum sjúklinga sem fengu virka meðferð en lækkaði hjá þeim sem 

fengu lyfleysu.  Enginn munur var á tilfellum gáttatifs þegar bornir voru 

saman sjúklingarnir sem fengu ómega-3 FÓFS og þeirra sem fengu 

lyfleysu (54.2% á móti 54.1%).  Sjúklingarnir sem fengu gáttatif voru 

eldri (69 (45-82) ár á móti 65 (43-79) árum, P=0.001) og með lægri 

líkamsþyngdarstuðul (BMI)  (26.7 (17.2-38.1) kg/m2 á móti 28.3 (20.9-
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41.3) kg/m2, P<0.05) borið saman við þá sem ekki fengu gáttatif.  Enginn 

munur var á hlut eikósapentaen sýru (EPA, 20:5n-3), dókósapentaen sýru 

(DPA, 22:5n-3), og dókósahexaen sýru (DHA, 22:6n-3) í plasma 

fosfólípíðum milli hópanna tveggja á öllum tímapunktum, en þó var 

heildar hlutur ómega-3 FÓFS hærri á þriðja degi eftir aðgerð hjá þeim sem 

fengu gáttatif borið saman við þá sem ekki fengu gáttatif (P<0.05).  Þeir 

sjúklingar sem fengu gáttatif voru með hærri styrk  CRP eftir aðgerð borið 

saman við þá sem fengu ekki gáttatif (219.0 (36.0-471.0) mg/L á móti 

195.0 (34.9-370.0) mg/L, P<0.05).  Fjölþátta lógistísk aðhvarfsgreining 

sýndi að hækkandi aldur (OR (95% CI)=1.073 (1.033-1.114), hæsti 

styrkur CRP eftir aðgerð (OR (95% CI)=1.006 (1.002-1.010) og aðgerð 

önnur en einföld CABG aðgerð (OR (95% CI)=2.590 (1.133-5.921) spáðu 

fyrir um tilkomu gáttatifs eftir aðgerð.  Hærri BMI (OR (95% CI)=0.896 

(0.815-0.985) og reykingar (OR (95% CI)=0.405 (0.169-0.994) sýndu 

hins vegar marktæk tengsl við lægri áhættu á gáttatifi eftir aðgerð.   

Niðurstöður rannsóknarinnar benda til þess að skammtímameðferð 

með ómega-3 FÓFS fyrir og eftir opna hjartaaðgerð hafi ekki áhrif á tíðni 

gáttatifs hjá sjúklingum sem gangast undir opna hjartaskurðaðgerð.  n-3 

FÓFS meðferð hafið ekki lækkandi áhrif á styrk CRP eftir aðgerð hjá 

sjúklingum með gáttatif.  Aftur á móti styðja niðurstöðurnar fyrri 

rannsóknir að bólga gæti átt þátt í meinmyndun gáttatifs eftir opna 

hjartaskurðaðgerð. 
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ABSTRACT 

Postoperative atrial fibrillation (POAF) is the most common cardiac 

arrhythmia following an open heart surgery but its pathophysiology is 

complex and not fully understood.  Studies have shown that marine n-3 

polyunsaturated fatty acids (PUFA) might have a beneficial effect on the 

risk of POAF.  The aims of this study were to examine the effect of short-

term n-3 PUFA treatment on the incidence of POAF in patients following 

open heart surgery.  Furthermore, to investigate the association between 

n-3 PUFA levels in blood, the inflammatory marker C-reactive protein 

(CRP) and POAF.   

This was a randomized, double-masked, placebo-controlled, 

clinical trial.  n-3 PUFA treatment was initiated 5-7 days prior to surgery.  

Blood samples were obtained from each patient at baseline, immediately 

before surgery (preoperatively) and on the third postoperative day.  Total 

lipids were extracted from lipoproteins, phospholipids (PL) separated 

from other lipid components on a thin-layer chromatography plate, and 

the fatty acid composition determined by using a gas chromatograph.  

CRP was measured at baseline, pre-and postoperatively.  The study 

endpoint, POAF, was defined as an episode lasting more than five 

minutes by continuous electrocardiographic monitoring.  

The short-term n-3 PUFA treatment increased the n-3 PUFA 

levels in plasma PL of the patients the active treatment group (n-3 PUFA 

group) but the levels decreased in the placebo group.  No difference in the 

incidence of POAF was observed between the n-3 PUFA and placebo 

groups (54.2% versus 54.1%, respectively).  The patients who developed 

POAF (POAF group) were older (69 (45-82) years versus 65 (43-79) 
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years, P=0.001) and their body mass index (BMI) was lower (26.7 (17.2-

38.1) kg/m2 versus 28.3 (20.9-41.3) kg/m2, P<0.05) compared to those 

who did not develop POAF (no POAF group).  At all the three time 

points, no differences were found in the proportions of eicosapentaenoic 

acid (EPA, 20:5n-3), docosapentaenoic acid (DPA, 22:5n-3), and 

docosahexaenoic acid (DHA, 22:6n-3) in plasma PL between the two 

groups, except for the total n-3 PUFA proportion at the third 

postoperative day which was higher in the POAF group compared to the 

no POAF group (P<0.05).  The peak postoperative CRP concentration 

was higher in the POAF group compared to the no POAF group (219.0 

(36.0-471.0) mg/L versus 195.0 (34.9-370.0) mg/L, respectively, P<0.05).  

Multivariable logistic regression analysis showed that advanced age (OR 

(95% CI)=1.073 (1.033-1.114), peak postoperative CRP concentration 

(OR (95% CI)=1.006 (1.002-1.010) and operative procedure, other than a 

simple CABG (OR (95% CI)=2.590 (1.133-5.921), were predictors of 

POAF.  Higher BMI (OR (95% CI)=0.896 (0.815-0.985) and smoking 

(OR (95% CI)=0.405 (0.169-0.994) were however, associated with a 

lower risk of developing POAF. 

In conclusion, this study indicates that short-term use of n-3 PUFA 

supplements prior and post an open heart surgery does not reduce the risk 

of POAF.  n-3 PUFA treatment was not found to have beneficial effects 

on lowering peak postoperative CRP levels in patients with POAF.  

However, this study supports the notion that inflammation may play a 

role in the pathogenesis of POAF.   
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INTRODUCTION 

The structure and function of the normal heart 

The heart consists of four chambers, the two upper chambers are the right 

and left atria and the two lower chambers are the right and left ventricles.  

Although blood flow in the left and right heart is separated by the atrial 

and ventricular septa, the atria and ventricles must contract in a 

coordinated fashion so the blood can be pumped to the body via the aorta 

and to the lungs via the pulmonary arteries (Figure 1). 

 

 

Figure 1:  Anatomy of the normal heart. 
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The electrophysiology and conductive system of the heart 

To accomplish coordinated pumping action of the heart the cardiac 

myocytes need to be activated.  This is done by an electrical wavefront 

which precedes contraction, and is essential for the normal cardiac 

functions.  A group of cells termed pacemakers cells which form the 

sinoatrial (SA) node, located at the top of right atrium (Figure 2), drive 

the normal cardiac rhythm.  It is referred as sinus rhythm which is about 

70 beats per minute at rest.  The SA node is the main pacemaker of the 

heart because its myocytes have an unstable resting membrane potential, 

depolarizing fast towards threshold level and initiating action potentials at 

shortest time interval of all cardiac myocytes.  The cardiac action 

potential reflects the summation of ionic currents, such as Na+ influx and 

K+ efflux, precisely controlled by openings and closings of the ion 

channels in the membrane of the cardiac myocytes.  The depolarization 

wave also opens L-type Ca2+ channels which are the major Ca2+ channel 

responseble for bringing Ca2+ ions into the cell. An increase in 

cytoplasmic free Ca2+ concentration is critical for excitation – contraction 

coupling of the heart.   

When the SA node fires an action potential, electrical impulses 

spread between cardiac myocytes trough gap junctions and along the 

specific electrical conductive system of the heart (Figure 2).  From the SA 

node the electrical impulses spread along internodal pathways in the 

atrium to the atrioventricular (AV) node.  This is followed by an atrial 

contraction and blood is forced into the ventricles.  Meanwhile the 

electrical impulses travel with a delay through the AV node, situated at 

the bottom of the right atrium, and down the ventricular septum by the 

bundle of His.  The conduction system then divides into left and right 



17 

 

bundle branches, conducting electrical impulses downward to the apex of 

the heart, where they divide into many Purkinje fibers.  The Purkinje 

fibers distribute the impulses rapidly to the ventricular myocardium and 

subsequently ventricular depolarization occurs followed by contraction 

ejecting blood into the pulmonary artery and the aorta (Figure 2).  

 

 

Figure 2: Conductive system of the heart. The conductive system of the 
heart consist of the sinoatrial (SA) node, internodal pathways, 
atrioventricular (AV) node, bundle of His, bundle branches and Purkinje 
fibers (1). 
 

An electrocardiogram (ECG) is a body surface recording of the 

sum of the action potentials from the heart.  Each time the heart beats an 

ECG tracing shows the sum of electrical potentials generated by the cells 

of the heart.  The ECG therefore provides information on heart rate and 

rhythm, conduction velocity, and condition in tissues of the heart.  As 
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summarized in Figure 3 an ECG is characterized by electrical events or 

waves.  The first wave seen on a normal ECG is the P wave representing 

the depolarization, followed by the contraction of the atria (Figure 3a).  

The next trio of waves, the QRS complex, represents the progressive 

wave of ventricular depolarization, followed by their contraction (Figure 

3b-d).  The final wave, the T wave represents the repolarization, followed 

by relaxion of the ventricles (Figure 3e-f).  Atrial repolarization is not 

represented by a special wave as it is hidden by the large QRS deflection.   

 

 

Figure 3: Correlation between the conductive system and an 
electrocardiograph (ECG) in the heart.  The depolarized regions in the 
heart are shown in purple and the repolarized regions are shown in peach, 
along with the corresponding section of the ECG.  a) The first wave is the 
P wave representing the depolarization of the atria.  b-d) The QRS 
complex represents the ventricular depolarization.  e-f) The T wave 
corresponds to repolarization of the ventricles (1).  
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Atrial fibrillation 

In cases where the atrial myocytes cease to depolarize and contract in an 

organized manner, a condition known as atrial fibrillation (AF) occurs.  

AF is characterized by an irregular and often rapid heart rate which 

originates in the atria of the heart, a subgroup of disorders termed 

supraventricular tachycardia (2).  AF is the most common sustained 

cardiac arrhythmia and a major public health problem worldwide.  In the 

general population it affects approximately 1% to 3% of individuals aged 

60 through 69 years to 7% to 9% of people over the age of 80 (3, 4).  

Advanced age is therefore one of the main risk factor for AF, and taking 

into account the ageing of the population, it is predicted that the incidence 

will rise steeply in the next decades (4).  Several other factors may 

predispose to AF, including coronary artery disease, congestive heart 

failure, diabetes, hypertension and increased body mass index (BMI) (5-

10).  The association between AF and BMI is thought to correlate with 

left atrial enlargement in obese patients (11), however, some studies have 

not found any association (10).  This relationship between AF and BMI 

therefore remains speculative.  Many of the risk factors are believed to 

increase the risk of AF by increasing atrial pressure and/or by causing 

atrial dilatation, but the precise mechanistic links are incompletely 

understood (8).   

AF generally causes symptoms including palpitations, shortness of 

breath, fatigue, dizziness and chest pain, but it can also be asymptomatic 

in some patients.  If AF is not treated it can be followed by serious 

consequences associated with decreased quality of life and increased 

morbidity and mortality.  This may be in large part because AF increases 

the risk of heart failure and stroke (12-15).  
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According to the duration of the arrhythmia AF is usually 

classified into subtypes (Figure 4).  When AF affects those with 

structurally normal heart and an age less than 60 it is termed lone AF.  

When a normal heart rhythm appears in between bursts of AF, it is 

classified as paroxysmal AF, but when AF persists beyond 7 days, it is 

sometimes termed persistent AF.  If AF is present for more than 6 months 

it is classified as chronic (3).  AF can also arise following an open heart 

surgery.  Postoperative AF (POAF) is the most frequent cardiac 

arrhythmia complication following an open heart surgery and will be 

discussed in more detail later in this thesis. 

 

 

Figure 4: Classification of atrial fibrillation (AF).  Lone AF applies to 
patients less than 60 with structurally normal heart.  Paroxysmal AF is 
when a normal sinus rhythm appears in between bursts of AF.  Chronic 
AF is when AF has been present for more than 6 months.  Postoperative 
AF (POAF) is when patients develop AF after an open heart surgery. 
 

Pathophysiology of atrial fibrillation  

The pathophysiology of AF is highly complex.  As the etiology of AF is 

not well understood it`s prevention and management is suboptimal and 

difficult.  However, it is recognized that the development of AF occurs in 

a setting of electrical and structural changes within the atria that can 



21 

 

initiate and perpetuate the arrhythmia, a process known as remodeling 

(16).  AF is thought to rise from a disorganization of electrical impulses 

as the action potential formation arises from many different areas within 

the atria other than only the SA node.  The action potential then move 

randomly around the atria depolarizing the nearby tissue and the atrial 

effective refractory period is shortened.  This is largely responsible for the 

increased susceptibility of myocytes to reactivation from an electrical 

impulse, leading to multiple reentrant activity and AF (17-19). 

AF can lead to electrophysiological changes within the atrial 

myocytes.  This concept termed electrical remodeling of the heart has 

been supported by studies which aimed to identify the changes in function 

and structure of the ionic current which are thought to predispose to the 

shortening of the atrial effective refractory period.  As the action potential 

abnormalities may be arrhythmogenic and associated with the 

pathogenesis of AF.  The force of contraction can be graded according to 

how much Ca2+ ions enters the cytosol, through L-type Ca2+ channels, 

during the action potential.  That in turn contributes to the shortening of 

the atrial effective refractory period and the promotion and maintenance 

of multiple wavelet re-entry circuits, which tend to favor the onset and 

perpetuation of AF (8, 16, 20).  Rapid and irregular atrial activity 

therefore occurs and instead of contracting, the atria only quiver.  This is 

followed by an irregular ventricular activity, loss of atrial mechanical 

function, and increased risk of blood clot formation in the atria.  

Thromboembolism can develop as a consequence of AF when blood is 

not pumped completely out from the atria, so it pools and can clot.  If 

blood clot leaves the heart and gets into the blood stream it can become 

lodged for example in a cerebral artery leading to stroke.  Rapid and 



22 

 

irregular heart rate results from AF since the atrial myocytes fire at rates 

of 400-600 times per minute.  If each atrial impulse is being conducted to 

the ventricles the extremely rapid ventricular rate would lead to 

ineffective cardiac contraction and rapid death.  Fortunately, this is 

prevented by the limited atrial impulse-carrying capacity of the AV node 

resulting in ventricular rate (the effective heart rate) which is much slower 

than atrial rate, but nevertheless frequently in the range of 100-150 beats 

per minute.  The ventricular rate during AF is thus no longer under 

physiological control of the sinus node, but instead is determined by 

interaction between the atrial rate and the filtering function of the AV 

node (8, 17).   

The comparison of normal electrical pathway and ECG with sinus 

rhythm and the abnormal electrical pathway of AF, along with their ECG 

is shown in Figure 5.  The abnormal ECG with AF is characterized by no 

visible P waves, only small fibrillation waves representing the chaotic 

potential in the atria myocytes.  The rapid irregular heart rate is 

represented by irregular R-R intervals (Figure 5b and 5d)  
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Figure 5: Comparison of the normal electrical pathways and 
abnormal electrical pathways of atrial fibrillation (AF) in the heart. 
a) Normal electrical pathways along with b) normal electrocardiograph 
(ECG) with regular P waves and RR intervals.  c) Abnormal electrical 
pathways in AF along with d) abnormal ECG with no visible P waves and 
rapid irregular waves (21).  
 

In parallel with the changes of electrical remodeling, structural 

remodeling of the atria also occurs as a consequence and an important 

contributor to the sustainability of AF.  These changes include left atrial 

dilatation and atrial fibrosis.  The risk of AF increases with larger left 

atrial size possibly due to a larger area available to the simultaneous 

wavelets.  The excess risk of AF associated with BMI and obesity appears 

to be mediated by subsequent left atrial dilatation.  It is also possible that 

underlying cardiac substrate may gradually create an environment that 

leads to the arrhythmia which can be influenced by electrical remodeling 
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or inflammation (11, 16, 22-24).  However, it is not clear whether these 

structural changes in the atria precede or follow development of the AF. 

 

Inflammation and atrial fibrillation 

The immune system is critical for elimination of invading pathogens, 

toxins and in the repair of damaged tissues following exposure, infection, 

surgery and/or injury, by activation of a host of immune cells.  These 

responses include an inflammatory reaction.  In recent years evidence has 

been emerging that inflammation might be a contributing factor to the 

initiation or maintenance of AF.  Frustaci and his colleagues (23) were the 

first to suggest a role of inflammation in the pathogenesis of AF.  They 

demonstrated that histological changes consistent with fibrosis in atrial 

tissue of patients with lone AF compared to control patients.  Since then, 

many studies have tried to further explore the relationship between 

inflammation and AF.   

The inflammatory marker that has evolved as the most strongest 

and reproducible marker of inflammation is the C-reactive protein (CRP).  

CRP is a circulating acute-phase reactant named initially for its capacity 

to bind to the c-polysaccharide of streptococcus pneumonia.  

Furthermore, it has been determined as the prototypic downstream marker 

of inflammation, as CRP measurements can provide a window into the 

current inflammatory status of an individual.  CRP is synthesized 

primarily by the liver, in response to the inflammatory cytokines 

interleukin (IL)-6 and IL-1.  The CRP level may rise from a normal level 

of <5 mg/L to 500 mg/L during response to infectious and other acute 

inflammatory events.  Moreover, highly-sensitive assays for CRP (hs-

CRP) are available that quantify low-levels of CRP at the concentration of 
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0.1-4.0 mg/L, which detect low-grade inflammation.  Among the 

inflammatory markers the hs-CRP is therefore the most reliable and 

reproducible inflammatory marker (25, 26).  Although the biological 

function of CRP is not fully understood evidence suggest that elevated hs-

CRP levels represent one of the strongest and most independent predictive 

risk factor for cardiovascular diseases (CVD) like atherosclerosis (27-30).   

The first study to document the relationship between CRP and AF 

was by Chung and colleagues (31).  They showed that patients with AF 

had higher levels of hs-CRP compared to subjects in sinus rhythm.  

Further studies have confirmed this relationship between CRP and AF, 

along with data on increased levels of other pro-inflammatory markers 

and cytokines, such as IL-6 (32-38).  CRP is not only associated with the 

presence of AF but may also predict patients at increased risk for future 

development of AF (33).  

The hypothesis that CRP may not be a reflection of the arrhythmia 

itself but a result of confounding underlying cardiac pathology led Ellinor 

and her colleagues (39) to examine plasma hs-CRP levels in patients with 

lone AF compared to controls.  No significant difference was 

demonstrated between the two groups, but lone AF patients along with 

hypertension had higher levels of CRP, compared to both patients with 

lone AF and controls.  In this setting, CRP may reflect multitude of 

underlying risk factors, such as smoking, BMI and hypertension (40).  In 

light of this an association between inflammation and AF seems likely, 

but the association does not equate causation.  Further studies are clearly 

needed to better understand the possibly complex interaction between 

inflammation and AF. 
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Postoperative atrial fibrillation 

Postoperative atrial fibrillation (POAF) is the most common encountered 

arrhythmia associated with coronary artery bypass graft (CABG) surgery 

and higher incidence has been reported after more complex cardiac 

surgery like valvular surgery and combined valvular/CABG surgeries.  As 

with the incidence of AF in the general population, the incidence of 

POAF is increasing but it has been reported in wide range, commonly 

ranging from 5% to 70% after CABG or/and combined surgeries.  (41-

44).  Most episodes of POAF occur within the first postoperative week, 

with a peak incidence between the second and third postoperative day 

(45), but it can occur at any point ever in the recovery period (46). 

The prevalence of CVD and the increased age of patients 

undergoing open heart surgery likely play an important role in the 

increasing prevalence of POAF.  This wide variation between studies of 

the incidence of POAF is due to a number of issues like population 

profile, type of heart surgery, arrhythmia definition, POAF detection 

methods, and the design of the studies (44).  As discussed by Pepe and his 

colleagues  (47) surgeons are today called upon to operate on older and 

generally sicker patients making advanced age the strongest risk factor for 

development of POAF, as well as for AF in the general population,  (43, 

48).  Observational studies have yielded somewhat conflicting results on 

other risk factors associated with the development of POAF.  For 

example, male gender, hypertension, previous history of AF, heart failure 

and the complexity of the surgical procedure are thought to increase the 

risk of development of POAF.  Several other factors have also been 

demonstrated to predispose to POAF, such as prolonged aortic cross-

clamp time, cardiopulmonary bypass (CPB) time, and recently BMI has 
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been suggested as an independent risk factor for POAF (44, 49-51).  

Meta-analysis did however, not show significant effect of BMI on the risk 

of POAF (6).  Of the available data on predisposing factors, advanced age 

has shown consistent evidence as a risk factor for development of POAF.  

A number of complications may be associated with POAF, some of which 

are life-threatening like increased early and late mortality, congestive 

heart failure and stroke among other factors.  The economic impact of 

POAF is highlighted by the requirement of specific therapy, and the 

increase in length of hospital stay along with increasing health care costs 

(44, 46, 52, 53). 

The pathophysiology and etiology of POAF has not yet been fully 

determined but is likely due to multiple and complex factors.  The 

multiple reentrant wavelets circulating throughout the atria are in part 

thought to be due to an atrial myopathy which gives rise to abnormalities 

in atrial conduction, in refractoriness and in the triggering of ectopic atrial 

beats (52).  Additional factors such as preexisting structural changes of 

the atria related to hypertension, mechanical damage, volume overload, 

intraoperative atrial ischemia, electrolyte imbalance, and pericardial 

lesions from the surgery may all play a role in the pathogenesis of POAF 

(46).  Mechanisms involved in the genesis of POAF in the postoperative 

period may therefore be somewhat different from those causing AF in the 

general population, involving a number of factors related to the open 

surgery.   

In recent years studies have increasingly confirmed the hypothesis 

that inflammation and other surgical factors cause changes of the 

pericardium occurring in the surgery and this could be important in the 

pathophysiology of POA (54-56).  Inflammation plays an important role 
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in initiating POAF, as the complement system is activated, systemic 

inflammatory responses are induced and a catecholamine surge associated 

with the surgery (56).  One of the first studies to suggest the association 

between complement activation after cardiopulmanory bypass and POAF 

was made by Bruins and colleagues (57).  They demonstrated that the 

complement system is activated and systemic inflammatory responses are 

induced during open heart surgery.  This is related to preoperative CRP 

levels and the peak CRP levels on postoperative day 2 and the incidence 

of POAF follows a similar pattern and peaks between postoperative day 2 

or 3 (46, 57).   

Further, animal (in vivo and in vitro) and human studies have 

confirmed that atrial inflammation is a contributing factor in the 

development of POAF (58-61).  The level of the inflammatory CRP 

levels has further been examined as a potential predicting factor for 

POAF.  Although Lo and colleagues (62) showed that baseline plasma hs-

CRP levels were associated with a higher risk of developing POAF other 

studies have not quite confirmed this relationship (63, 64).  CABG 

surgery without CPB is believed to produce a lesser systematic surge of 

inflammatory mediators than on-pump interventions (65).  However, 

reduction in the incidence of POAF accompanying decreased systemic 

inflammatory response has not been conclusively demonstrated (60, 62, 

66).   

The beneficial effects of drugs with anti-inflammatory properties 

such as steroids and statins further implicate inflammation as an important 

denominator for POAF (67, 68).  Many of these drugs however, require 

close therapeutic monitoring due to their side-effect and drug interaction 

profiles.  In light of that, researchers have focused on n-3 polyunsaturated 
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fatty acids (PUFA) in finding alternative, safer, preventive and 

therapeutic strategy due to their possible beneficial effect on 

inflammation and cardiac arrhythmias.      

 

Polyunsaturated fatty acids 

The general structure of fatty acids (FA) is a hydrocarbon chain with a 

carboxyl group (-COOH) at one end and a methyl group (-CH3) at the 

other end.  The hydrocarbon chains vary in length and can be long (>14 

carbon atoms), medium (8-14 carbon atoms) or short (<8 carbon atoms).  

FA differs not only in the length of their chains (number of carbon atoms 

(C)) and in their degree of saturation, but also in their number and 

location of their double bounds.  Double bounds in FA are counted from 

the methyl (omega or n) end.  FA are classified into saturated FA (SFA), 

monounsaturated (MUFA) and polyunsaturated FA (PUFA), depending 

on the number of double bonds in their hydrocarbons chain.  SFA are FA 

that carry the maximum possible number of hydrogen atoms, but FA that 

have at least one double bond between carbon atoms in the acyl chain are 

referred to as unsaturated FA.  FA containing one double bond are 

referred as MUFA, and PUFA have two or more double bonds.  The 

PUFA include the n-3 PUFA, n-6 PUFA and n-9 PUFA.  Counted from 

the methyl end the n-3 PUFA have the first double bond at carbon atom 

number three and the n-6 PUFA have the first double bond at carbon atom 

number six (Figure 6).  Most lipids in the body are therefore composed of 

one of these FA and this degree of unsaturation is of most importance to 

their physiological function and effect on human health and diseases. 
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Metabolism of the polyunsaturated fatty acids 

All mammals can synthesize SFA and MUFA de novo.  The n-3 PUFA 

alpha-linolenic acid (ALA, 18:3n-3) and n-6 PUFA linoleic acid (LA, 

18:2n-6) have both 18 carbon atoms in their acyl chain with three or two 

double bonds, respectively.  Humans and other mammals cannot 

synthesize ALA or LA in the body because they lack the desaturase 

enzyme necessary to synthesize them.  ALA and LA must be consumed 

through diet and therefore they are termed essential FA. 

Although mammalian cells cannot synthesize ALA and LA, they 

can metabolize these FA by the introduction of further double bonds 

(desaturation) and by lengthening the acyl chain (elongation) to make the 

more highly unsaturated PUFA derivaties with 20 carbon atoms or more.  

Thus ALA is converted into the n-3 PUFA derivatives, eicosapentaenoic 

acid (EPA, 20:5n-3), with 20 carbon atoms and five double bonds.  EPA 

is then converted to docosapentaenoic acid (DPA, 22:5n-3), with 22 

carbon atoms and five double bonds, and DPA is further converted into 

docosahexaenoic acid (DHA, 22:6n-3) with 22 carbon atoms and six 

double bonds.  Using the same series of enzymes as those used to 

metabolize the n-3 PUFA derivates, LA can be converted into the n-6 

PUFA, arachidonic acid (AA, 20:4n-6), with 20 carbon atoms  and 4 

double bounds.  In mammals, the pathway of desaturation and elongation 

occurs mainly in the liver which is the primary site for essential FA 

metabolism by the enzymes delta-5 desaturase and delta-6 desaturase 

(Figure 6).  
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Figure 6: Structures and metabolisms of the n-3 polyunsaturated 
fatty acids (PUFA) and n-6 PUFA (69).  
 

The metabolism of the n-3 PUFA and n-6 PUFA families are of 

particular interest because of the fact that ALA and LA compete for the 

same enzyme systems to be converted to their PUFA derivatives.  The 

metabolic products of each pathway are structurally and functionally 

distinct, and each of these FA has a different metabolic role (70).  Balance 

between intakes of these PUFA is important for the n-3 PUFA to n-6 

PUFA ratio in the body since the same enzymes are involved in both the 

conversions of ALA to EPA and DHA, and LA to AA.  
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Sources of the polyunsaturated fatty acids 

Many studies indicate that the conversion of ALA to DHA is limited in 

the human body, and it is debated whether dietary ALA can fulfill the 

needs of the human body or whether intake of preformed DHA is 

necessary (71).  ALA is found in leafy green vegetables, walnuts, 

soybeans, flaxseed and vegetable oils, such as linseed oil, canola oil and 

soybean oil.  Algae are the primary producers of the major n-3 PUFA, 

EPA and DHA in the ecosystem.  These n-3 PUFA ascend the food chain 

in zooplanktons, pelagic fish (i.e. herring, capelin and tuna), and benthic 

fish (such as halibut and cod).  Fatty (oily) fish from marine fish (i.e. 

salmon, herring, tuna or mackerel) or fresh cold water fish (i.e. trout, 

Artic charr and eel) have relatively high content of the n-3 PUFA.  Fish 

oil, such as cod liver oil, which is used as dietary supplementation by 

humans, is also rich in EPA and DHA.   

LA, mostly found in vegetable oils, such as safflower oil, 

sunflower oil, corn oil and soybean oil is converted to AA, which mostly 

originates from meat, eggs and human milk.  LA deficiency does not 

occur in the human body and the amount of AA available almost always 

exceeds the level needed, since LA and AA are the main PUFA in 

Western diet (72, 73).   

It is accepted that ancient foods were richer in n-3 PUFA and that 

the n-3 PUFA to n-6 PUFA ratio was around 1:1.  In the last decades 

Western human diet has undergone dramatic changes during evolution 

and civilization of human beings due to greater use of vegetable oils and 

diets rich in AA.  As a consequence, it has been observed that modern 

Western diet has an n-3 PUFA to n-6 PUFA ratio around 1:10–1:16 (74, 

75).  There is however, still much debate on the optimal dietary n-3 
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PUFA to n-6 PUFA ratio for normal development and health of the 

human beings.  

 

Fatty acids in plasma phospholipids  

In plasma, dietary FA are esterified into the lipid classes phospholipids 

(PL), triacylglycerols (TAG) and cholesterol esters, components of the 

lipoproteins.  The FA composition of plasma TAG and cholesterol esters 

are not an appropriate markers of usual dietary fat intake as they are 

influenced by the type and amount of FA consumed during recent meals.  

The FA composition of plasma PL is most widely analyzed for the 

assessment of overall FA status in an individual.  Since plasma PL are 

merely transporters of FA that have not been incorporated into cellular 

membranes it is considered to reflect the short-term dietary FA (76, 77).  

For examples, studies have reported relationship between habitual dietary 

intake of EPA and DHA intake and their contents of plasma PL (78, 79).  

Furthermore, it has been shown that proportion of FA in plasma PL is 

reflected in RBC membranes (80), which is thought to be a good indicator 

of the composition of other cell membranes, including the membranes of 

the heart myocytes (81).  The structure of the PL phosphadidylcholine is 

shown in Figure 7.  It is composed of a glycerol backbone with two of its 

three attachment sites occupied by SFA, MUFA, n-3 PUFA or n-6 PUFA.  

Phosphate group with a nitrogen-containing compound, like choline for 

example, it attached at the third site. 
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Figure 7: Structure of the phospholipid phosphadidylcholine. It is 
composed of a glycerol backbone with two of its three attachment sites 
occupied by FA acyl chains.  Phosphate group with a nitrogen-containing 
compound, like choline for example, it attached at the third site. 
 

Lipoproteins, which are classified into chylomicrons (CM), very 

low density lipoprotein (VLDL), low density lipoprotein (LDL) and, 

high-density lipoprotein (HDL) serve as transport vehicles for the plasma 

PL as well as other plasma lipids in the lymph and blood system.  PL is 

one of the components in the lipoproteins, and the percentage of PL in 

CM, VLDL, LDL and HDL are ~7%, ~20%, ~22%, and ~22%, 

respectively (82).  The composition of FA in plasma lipids is the result of 

processes, such as dietary intake and metabolism.  In this present study it 

was decided to investigate the FA composition of plasma PL as a 

biomarker of short-term FA dietary intake (76). 
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Anti-inflammatory and anti-arrhythmic effects of n-3 PUFA 

Both n-3 PUFA and n-6 PUFA play an important role in maintaining 

normal development of the body and many studies indicate that dietary 

intake of the n-3 PUFA may significantly decrease the risk of CVD.  

Bang and colleagues (83, 84) were the first to report that the CVD 

mortality and incidence of atherosclerosis was low among Greenland 

Inuits compared to the Danes, despite all having the same total fat intake.  

Later, it was observed that the habitual marine dietary FA of the 

Greenland Inuits were reflected in their plasma lipids, and it was 

postulated that the beneficial effect of the n-3 PUFA resulted in low 

incidence of coronary heart disease, lower platelet reactivity, and a longer 

bleeding time (85, 86).  Since then many clinical and epidemiological 

studies have shown association between dietary n-3 PUFA intake, 

especially EPA and DHA, and reduced risk of morbidity and mortality 

from CVD (87).  The exact mechanism through which the n-3 PUFA 

influence CVD is still not well established, but some risk factors 

associated with CVD are thought to be affected in a beneficial way by the 

n-3 PUFA.  That includes blood pressure (88), platelet aggregations and 

thrombosis, atherosclerosis, plasma triacylglycerol concentrations, blood 

pressure, synthesis of pro-inflammatory mediators, and cardiac 

arrhythmias (72, 89).  

 

n-3 PUFA and n-6 PUFA eicosanoid productions 

The n-3 PUFA EPA and DHA, and the n-6 PUFA AA have various 

physiological roles.  One of them is being the precursor for families of 

anti-or pro-inflammatory mediators referred as eicosanoids, which are 

liberated from the endothelial and inflammatory cell membrane PL 
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(Figure 8).  Eicosanoids are the prostaglandins (PG), thromboxanes (TX) 

and leukotrienes (LT) all associated with inflammatory processes, and it 

has been shown that one of the AA derivatives PGE2 possesses both pro-

and anti-inflammatory actions.  EPA derived eicosanoids are referred as 

anti-inflammatory eicosanoids, since they do not induce the same level of 

inflammation as those derived from AA (Figure 8) (69, 90).   

Increased intake of marine food rich in EPA and DHA results in 

increased proportions of those FA in cell membrane PL, partly at the 

expense of AA.  That leads to changes in the balance between AA and 

EPA derived eicosanoids, from the more biologically active (pro-

inflammatory) eicosanoids to less biologically active (anti-inflammatory) 

eicosanoids (PGE3).  In addition DHA derived protectins and resolvins 

have also been identified as anti-inflammatory mediators (91).  Diet can 

therefore influence the eicosanoid synthesis as excessive intake of LA 

relative to ALA increases production of AA compared to that of EPA and 

DHA production.  It is clear that PUFA are precursors to both pro- and 

anti-inflammatory eicosanoids and the balance between these mutually 

antagonistic compounds could determine the final outcome of the process 

of many inflammatory diseases (90).   
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Figure 8: Schematic representation of pro-and anti-inflammatory 
eicosanoids.  The eicosanids are derived from arachidonic acid (AA), 
docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA). PUFA, 
polyunsaturated fatty acids; LA, linoleic acid; PG, prostaglandins; TX, 
thromboxanes; LT, leukotrienes. 

 

Anti-arrhythmic effects of n-3 PUFA 

The anti-arrhythmic action of n-3 PUFA may result in membrane 

stabilizing effects of the cardiac myocytes (92).  The excitability of the 

cardiac myocytes and the force of the cardiac muscle contraction involve 

movement of the Na+, K+ and Ca2+ currents across cell membrane.  

Electrophysiological data indicate that n-3 PUFA can reduce membrane 

electrical excitability by their inhibition effect on those ion channels (93).  

This involves inhibition of voltage-gated Na+ channels resulting in a 

longer relative refractory period and an increased voltage required for 

membrane depolarization, which decreases the excitation of cardiac 



38 

 

myocytes (94-97).  K+ current is essential for maintaining different resting 

membrane potential in cardiac myocytes.  In cardiac myocytes the 

intracellular K+ leaks out from the membrane due to membrane damage, 

which can cause depolarization and arrhythmias.  n-3 PUFA may 

decrease the outflow of the K+ ions and thereby prevent arrhythmias but 

by lesser effect (98).  Intracellular Ca2+ overload can cause cardiac 

arrhythmias and studies have shown that n-3 PUFA have inhibitory 

effects on the L-type Ca2+ channels, thus preventing cytosolic Ca2+ 

overload (99-103). 

Anti-arrhythmic effects of n-3 PUFA in atrial electrical and 

structural remodeling has been studied in various animal and 

experimental models and may contribute in part to their protective effect 

against AF (89, 93).  Contractile activity of myocytes has been shown to 

be more stable if induced to n-3 PUFA (104), and evidence from studies 

on isolated rodent atrial myocytes cultured with n-3 PUFA, indicated that 

n-3 PUFA reduces the membrane excitability (105).  Another study has 

shown that n-3 PUFA treatment in dogs reduced the shortening of atrial 

effective refractory period after acute atrial tachypacing, compared to 

controls (106), which suggests that n-3 PUFA may prevent acute 

electrophysiological remodeling during high rate activity.  In a rabbit 

model, incorporation of dietary n-3 PUFA into atrial tissue reduced 

stretch-induced susceptibility to AF (107)  Recently, a study has 

demonstrated for the first time that DHA and EPA (at higher 

concentration) inhibit K+ and Na+ currents in human atrial myocytes 

(108).   

Among humans the strongest evidence for the beneficial effect of 

n-3 PUFA on cardiac arrhythmias is through a reduction in sudden 
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cardiac death, most likely by reducing the risk of ventricular tachycardia.  

(87, 109, 110).  However, systematic reviews and meta-analysis have 

shown that the results are somewhat contradictory and clear evidence is 

lacking for this relationship (111).  Epidemiological studies investigating 

the relationship between n-3 PUFA intake and incidence of AF have 

yielded inconsistent results, some with beneficial effect while others have 

failed to show such association (112-114).  Human studies have also 

demonstrated an inverse relationship between dietary intake or plasma 

levels of n-3 PUFA and plasma levels of CRP (115-118).  Indicating that 

the n-3 PUFA may be beneficial in patients both affected by diseases, like 

coronary artery diseases or metabolic syndrome, characterized by active 

inflammation and to healthy subjects.  Since studies and interventional 

studies are inconclusive (119-121) further investigation is needed to find 

out the mechanisms responsible for the anti-arrhythmic effects of the n-3 

PUFA 

 

 Beneficial effects of n-3 PUFA on postoperative atrial fibrillation 

n-3 PUFA have been proposed as a potential therapeutic option for the 

prevention of POAF due to their potential anti-inflammatory and anti-

arrhythmic effects.  Anti-arrhythmic drug therapy is the preventive 

approach for most patients with POAF, but currently available agents are 

limited by limited efficacy, tolerance and/or safety and cost (122). 

There are two studies that have evaluated the effectiveness of n-3 

PUFA as relatively safe intervention to prevent or decrease the burden of 

POAF (123, 124).  The study by Calo and colleagues (123) has demon-

strated that pre-and postoperative oral administration of n-3 PUFA 

significantly reduced the incidence of POAF after CABG and shortened 
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hospital stay.  The study, however, was neither double-blinded nor 

placebo-controlled.  Another study by Heidt and colleagues (124), 

compared intravenous fish oil to soy oil administration for a limited time 

preoperatively and postoperatively in the intensive care unit.  In this study 

the rate of POAF was decreased by half by fish oil compared to soy oil.  

In both studies continuous cardiac rhythm monitoring was not performed, 

and n-3 PUFA levels in the blood not measured, which reflects the 

efficacy of the n-3 PUFA supplementation.  Taken together, despite these 

potential beneficial effects of n-3 PUFA on prevention of POAF, more 

studies are needed to conclusively demonstrate their efficacy before one 

can routinely recommend treatment with n-3 PUFA for POAF and other 

arrhythmias. 
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AIMS OF THE STUDY 

Atrial fibrillation is the most frequent arrhythmia following open heart 

surgery.  It has been speculated that inflammation may be important 

factor in the development of POAF, since peak postoperative levels of the 

inflammatory marker CRP coincide with POAF.  Experimental studies 

have shown that n-3 PUFA, particularly EPA and DHA, are potentially 

useful anti-inflammatory agents and n-3 PUFA have emerged as a 

therapeutic option for the treatment of POAF.  Furthermore, results from 

studies in animals as well as epidemiological studies in humans indicate a 

protective effect of n-3 PUFA for various cardiac arrhythmias.  As far as 

we know, only two prospective randomized human studies have 

demonstrated that n-3 PUFA treatment decreased the incidence of POAF.  

In neither study was continuous electrocardiographic monitoring for 

whole duration of hospital stay performed, nor was blood n-3 PUFA level 

measured.  More studies are clearly needed to investigate blood levels of 

n-3 PUFA and inflammatory marker CRP in relation to incidence of 

POAF among patients following open heart surgery. 

It is thought that the risk of POAF increases with the complexity 

of the surgical intervention, possibly related to inflammatory changes in 

the pericardium.  In light of that we also wanted to examine the 

relationship between plasma levels of n-3 PUFA and the inflammatory 

marker CRP in relation to incidence of POAF both in all patients and in 

patients undergoing only CABG surgery in an attempt to decrease 

variability related to the complexity and extent of the surgical procedure. 
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The overall aim of this study was to examine the effect of n-3 PUFA 

treatment on POAF incidence in patients undergoing open heart surgery.   

 

The secondary aims of this study were: 

 

1. To investigate the relationship between n-3 PUFA levels in plasma 

PL and the risk of POAF following open heart surgery. 

 

2. To investigate the relationship between n-3 PUFA levels in plasma 

PL and CRP levels at baseline, pre-and postoperative. 
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MATERIALS AND METHODS 

Study design  

The study was a prospective, randomized, double-blinded, placebo-

controlled clinical trial on the use of n-3 PUFA in the prevention of 

POAF, for which patients were recruited between August 2007 and May 

2009 at the Landspitali University Hospital in Reykjavik, Iceland.  All 

consecutive patients scheduled for elective or semi-emergent open heart 

surgery during the study period were evaluated for participation, and a 

total of 170 patients were enrolled.  Exclusion criteria included age 

younger than 40 years, a history of any form of supraventricular 

arrhythmias, the use of amiodarone and/or sotalol, and patients 

undergoing an emergent operation.  Once a decision to perform open 

heart surgery had been made and a scheduled date of the operation was 

available, the aims and protocol of the study were explained to eligible 

patients. Those who consented to participation were asked to discontinue 

intake of cod liver oil and n-3 PUFA capsules if they were taking such 

supplements but were otherwise advised to remain on their usual diet.  

The patients were then randomly assigned to one of two study groups.  

Active treatment (n-3 PUFA group) consisted of a total of 1240 mg of 

EPA and 1000 mg of DHA as ethyl esters daily and placebo consisted of 

2000 mg olive oil in identical capsules.  The n-3 PUFA capsules are 

commercially available in Iceland (Omega Forte, Lysi Inc, Reykjavík, 

Iceland). 

Of the total of 170 patients enrolled in the study, 84 were 

randomized to the n-3 PUFA group and 86 to the placebo group.  The 
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surgery was cancelled after randomization in two patients, one from each 

group, leaving 168 patients for further analysis.  Randomization was 

stratified based on age above and below 65 years, and type of surgical 

procedure, i.e. CABG only versus surgery involving valve replacement or 

repair.  Prior to surgery, all participants answered a questionnaire on their 

consumption of fish or cod liver oil, n-3 PUFA intake, smoking habits, 

alcohol consumption, height, body weight and medication use.  All 

patients provided written informed consent. The study was approved by 

the Bioethics Committee of Landspitali University Hospital and the 

Icelandic Data Protection Authority.  The patients gave written informed 

consent for their participation in the study (Appendix I).  

 

Treatment protocol and study endpoints 

The study drug treatment was initiated 5-7 days before the scheduled date 

of surgery.  The patients received the last pre-operative dose in the 

evening prior to surgery and the first post-operative dose as soon as they 

could take medication by mouth.  

Following the operative procedure, the patients were admitted to 

the intensive care unit and were subsequently transferred to the thoracic 

surgery ward when their condition was stable.  All participants received 

standard care following the operative procedure and all had continuous 

electrocardiographic monitoring while hospitalized.  The treatment was 

continued until the day of discharge from the hospital or for a maximum 

duration of two weeks following the surgery in patients who experienced 

a prolonged hospital stay.  The study endpoint, POAF, was defined as an 

episode lasting more than five minutes.  Upon discharge from the hospital 
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or two weeks after the surgery, the patients discontinued the study 

medication and exited the study. 

 

Data collection 

Prior to surgery, all participants answered a questionnaire on their 

consumption of fish, cod liver oil, n-3 PUFA capsules, smoking habits, 

alcohol consumption, height, body weight and medication use.  Since n-3 

PUFA may prolong bleeding time, information on possible side effects 

during the study was meticulously recorded, including operative and 

postoperative blood loss, major bleeding and number of blood 

transfusions administered.  The need for re-operations in the early 

postoperative period, death and cerebrovascular accidents were also 

recorded along with other intra-and postoperative parameters.  At the end 

of the study, each patient answered a questionnaire regarding their 

participation, including self-reported side effects of the study medication 

and whether they thought they were assigned to active treatment group or 

not (Appendix II).   

 

Blood sampling and analysis 

Venous blood samples for fatty acid analysis were obtained from the 

patients at three time points during the study; 1) immediately before the 

investigative treatment was initiated (baseline), 2) immediately before the 

operation (preoperatively), and 3) at the third postoperative day.  Plasma 

was separated from whole blood by immediate centrifugation at 3000 



46 

 

rounds per minute for 10 min, and the plasma samples were frozen at -

76°C and stored until the analysis was performed.   

 

Lipid extraction and fatty acid analysis 

Total plasma lipids were extracted by method of Folch et al. (125). 

Briefly, 0.5 mL plasma sample were transferred with a pipette to a 8 mL 

pyrex tube and combined with 1.25 mL methanol (Merck, Darmstadt, 

Germany) containing butylated hydroxytoluene (BHT, 5 mg/100 mL) as 

antioxidant.  The extraction medium was then vortexed carefully, 0.5 mL 

of 0.9% NaCl added and the mixture vortexed again.  Finally 2.5 mL 

chloroform (Merck, Darmstadt, Germany) with BHT (5mg/100mL) was 

added (methanol/chloroform, 1:2, by vol) and the mixture was agitated for 

60 min at 20°C.  After centrifuging at 3000 rpm for 15 min at 20°C, the 

supernatant containing lipids and solvents (monophasic) was separated 

from the protein and transferred with a pasteur pipette to a new 8 mL 

pyrex tube.   A mixture of 1.25 mL methanol with BHT (5mg/100mL) 

(methanol/chloroform,1:1, by vol) and 1mL of 0.9% NaCl  was added to 

the mixture, vortexed and centrifuged at 1700 rpm for 15 min at 20°C, as 

the solution became diphasic.  The upper phase (NaCl-methanol layer 

containing non-lipid substances) was removed and discarded.  The lower 

phase, chloroform and the total lipids, was transferred with a pasteur 

pipette to a new 8 mL pyrex tube and oxygen eliminated from the 

extraction medium by evaporation under a stream of nitrogen at 20°C.  

The total lipids were dissolved in chloroform and stored at -20°C until the 

PL were separated.  Phosphatidylcholine diheptadecanoyl (PC 17:0) 

(Sigma Chemical Co., St. Louis, MO) was added to the plasma samples at 
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the beginning of the lipid extraction and used as an internal standard to 

monitor recovery.    

The PL were separated on a thin-layer chromatography plate 

(Adsorbosil H, Alltech, Deerfield, IL, USA) using a mobile phase of 

petroleum ether/diethyleter/acetic acid (80:20:1, by vol).  The PL FA 

were methylated for 45 min at 110°C, using 2 mL of 14% boron 

trifluoride/methanol (Sigma Chemical Co., St. Louis, MO, USA).  

External standard, heneicosanoic acid (C 21:0) methyl ester (Sigma 

Chemical Co., St. Louis, MO, USA), was added before methylation and 

oxygen eliminated by evaporation under a stream of nitrogen at 20°C.  FA 

methyl esters (FAME) were extracted with a mixture of 1.5 mL H2O and 

1.5 mL hexane, and the mixture vortexed and centrifuged at 1700 rpm for 

10 min at 20°C.  The upper phase (hexane containing FAME) was 

transferred with a pasteur pipette to a new 8 mL pyrex tube.  Another two 

hexane (2mL) extractions of the lower phase and centrifugation at 1700 

rpm for 5 min at 20°C were performed.  The two hexane extracts were 

combined with the first hexane extracts, and oxygen eliminated by 

evaporation under a stream of nitrogen at 20°C.  The FAME were 

dissolved in isooctane, transferred to gas chromatography (GC) vials, 

sealed and stored at –20°C until FAME analysis was performed.  

The analysis of FAME was done by 5890A gas chromatograph 

(HP/Agilent, Palo Alto, CA, USA) equipped with a flame ionization 

detector and a Chrompack CP-WAX 52CB capillary column (25 m x 0.32 

mm i.d. x 0.2 µm film thickness) CP 7743.  The injector and detector 

temperatures were maintained at 235°C and 250°C, respectively.  The 

oven was programmed to provide an initial temperature of 90°C for 2 

min, then was increased to 165°C by 30°C/min and to 225°C by 3°C/min, 
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and finally held isothermal for 6 min.  Hydrogen was used as the carrier 

gas at 40 kPa.  The software HP 3365 Chemstation version A.02.12 

(Agilent, Palo Alto, CA, USA) was used for instrumental control and data 

acquisition and processing.  The FAME peaks were identified and 

calibrated against commercial standards (Sigma Chemical Co., St Louis, 

MO, USA; Nu-Check-Prep, Elysian, MN, USA). The results are 

expressed as proportion (%) of total FA in plasma PL. 

 

CRP analysis  

Plasma levels of postoperative CRP levels were measured by routine 

measurements from the Landspitali hospital, by enzymatic sandwich 

immunoassay (Vitros 5.1 FS Chemistry System, Ortho-Clinical 

Diagnostics, Raritan, NJ, USA) following surgery.  The plasma levels of 

hs-CRP were measured on a Kone 30 analyzer using a commercially 

available latex-enhanced immunoturbidimetric assay from Roche 

Diagnostic Systems (Mannheim, Germany).  The lower detection limit of 

the assay is 0.1 mg/L.  The between-day coefficient of variation was 1.1% 

at a concentration of 3.73 mg/L and 1.9 % at a concentration of 0.68 

mg/L.   

 

Statistical considerations 

A treatment effect similar to the effect of anti-arrhythmic medications 

used for prevention of POAF was considered clinically significant. As the 

incidence of POAF in Iceland was unknown, we used an estimated 

incidence of 40% for sample size calculations based on reports in the 



49 

 

literature (41, 43, 44), proposing a reduction to 20% by active treatment.  

Sample size calculations demonstrated that 80 subjects in each group 

would give over 80% power to detect such a difference at a significance 

level of 0.05 (Stplan 4.1, The University of Texas, M.D. Anderson Cancer 

Centre Department of Biomathematics, Houston, TX, USA).   

The statistical analysis was performed on an intention to treat 

basis.  We used Wilcoxon-Mann-Whitney test (for continuous variables) 

and chi-square test (for dichotomous variables) to compare the groups.  

An independent samples t-test was used to compare the difference in FA 

composition of plasma PL between groups, and paired samples t-test to 

compare the difference between time points within each group.  To assess 

the association between FA and CRP levels we used Spearman´s 

correlation coefficient.  A univariable and stepwise multivariable logistic 

regression was used to examine factors associated with POAF.  Data are 

presented as median (range), percentages or mean ± standard error of 

mean (SEM) unless otherwise noted.  Two-sided P value less than 0.05 

was considered statistically significant. All statistical analyses were 

carried out using SPSS software (version 17.5). 
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RESULTS 

Patients undergoing CABG and/or valvular surgeries 

The n-3 PUFA and placebo groups  

The baseline and operative characteristics of the n-3 PUFA and placebo 

groups are shown in Paper I, Table 1.  The two groups were similar, 

except from the duration of extracorporeal circulation (ECC).  The ECC 

time was shorter in the n-3 PUFA group with a median of 83 (range, 0-

254) minutes compared to 100.5 (0-261) minutes in the placebo group 

(P<0.05).  No difference was observed between the two groups neither 

according to off-pump and on-pump CABG procedure nor to 

postoperative outcomes (Paper I, Table 1 and Paper 1, Table 3).  Table 4 

in Paper I shows that self reported abdominal discomfort was more 

common in the n-3 PUFA group compared to the placebo group (13.2% 

versus 3.5%, respectively, P<0.05) causing two patients in the n-3 PUFA 

group to discontinue the n-3 PUFA treatment prior to surgery. 

The overall incidence of POAF in the whole study sample was 

54.2%.  No difference in the incidence of POAF was observed between 

the n-3 PUFA and placebo groups (54.2% versus 54.1%, respectively) 

(Figure 9 and Paper I, Figure 1), nor in the median time to development of 

POAF (49 (26-163) hours versus 45 (7-291) hours, respectively) (Paper I, 

data not shown).   
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Figure 9: Incidence (%) of postoperative atrial fibrillation (POAF) in 
the n-3 polyunsaturated fatty acid (PUFA) and placebo groups.  
 
  

The FA compositions of plasma PL in the n-3 PUFA and placebo 

groups at the three time points, baseline, immediately before operation 

(preoperatively), and third postoperative day, is shown in Appendix III, 

Table 1.  Within the n-3 PUFA group total n-3 PUFA proportion 

increased from baseline to preoperatively (9.85±0.30% to 12.70±0.25%) 

(P<0.001), while in the placebo group it decreased from baseline to 

preoperatively (9.95±0.33% to 9.42±0.24%) (P<0.05).  The total n-3 

PUFA proportion decreased from preoperatively to the third postoperative 

day (12.70±0.25% to 11.140.24) in the n-3 PUFA group (P<0.001).  At 

baseline there were no differences in the proportions of n-6 PUFA and n-3 

PUFA between the two groups.  As expected, the n-3 PUFA group was 

higher (P<0.05) both preoperatively and on the third postoperative day in 

proportions of total n-3 PUFA, EPA, DPA and DHA, and lower 

(P<0.001) in AA to EPA ratio compared to the placebo group.  
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Preoperatively and on the third postoperative day the proportion of total 

n-6 PUFA was lower among the n-3 PUFA group compared to the 

placebo group (P<0.001).  However, at all the three time points the AA 

proportion did not differ between the two groups (Figure 10 and 

Appendix III, Table 1).   

 

 

 

Figure 10: Plasma phospholipid proportions (% of total FA, TFA) of 
a) EPA (20:5n-3), b) DHA (22:6n-3), c) AA (20:4n-6) and d) AA to 
EPA ratio, in the n-3 PUFA and placebo groups, at baseline, 
immediately before operation (preop.), and on the third postoperative 
day.  Values are mean ± SEM.  **P<0.05, *P< 0.001, compared to 
placebo group.  Independent-samples t-test.      
 
 

No difference was observed in preoperative hs-CRP concentration 

between the PUFA and placebo groups (2.0 (0.5-144.9) mg/L versus (2.6 

(0.1-28.9) mg/L, respectively).  According to postoperative outcomes, a 

similar rise in peak postoperative CRP concentration was observed in the 
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n-3 PUFA and placebo groups (208.0 (38.0-471.0) mg/L versus (202.0 

(34.0-360.0) mg/L, respectively (Paper I, Table 3). 

 

The POAF and no POAF groups 

The baseline and operative characteristics of the patients who developed 

POAF (POAF group) and those who did not (no POAF) are shown in 

Paper I, Table 5.  The POAF group was older (69 (45-82) years versus 65 

(43-79) years, P=0.001) and their BMI lower (26.7 (17.2-38.1) kg/m2 

versus 28.3 (20.9-41.3) kg/m2, P<0.05) compared to the no POAF group.  

The POAF group was less likely to have only undergone CABG surgery 

than the no POAF group (68.1% versus 81.8%, respectively, P<0.05), and 

their hospital stay was longer (9 (6-29) days versus 7 (5-30) days, 

P<0.001) compared to the no POAF group. 

The FA composition of plasma PL in the POAF and no POAF 

groups at the three time points, baseline, preoperatively, and third 

postoperative day, is shown in Appendix III, Table 2.  At all the three 

time points no differences were found in the proportions of EPA, DPA 

and DHA between the two groups, except for the higher total n-3 PUFA 

proportion on the third postoperative day in the POAF group compared to 

the no POAF group (P<0.05).  The proportion of AA was lower in the 

POAF group compared to the no POAF group at all the three time points 

(P<0.05).  At baseline and third postoperative day the POAF group had 

lower AA to EPA ratio compared to the no POAF group (P<0.05).   

No difference was observed in preoperative hs-CRP 

concentrations between the POAF and no POAF groups (2.2 (0.5-144.9) 

mg/L versus 2.4 (0.1-16.2) mg/L, respectively). However, the peak 

postoperative CRP concentration was higher in the POAF group 
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compared to the no POAF group (219.0 (36.0-471.0) mg/L versus 195.0 

(34.9-370.0) mg/L, respectively, P<0.05) (Paper I, Table 5). 

As expected, multivariable logistic regression analysis showed 

that advanced age (OR (95% CI)=1.073 (1.033-1.114), peak postoperative 

CRP concentration (OR (95% CI)=1.006 (1.002-1.010) and operative 

procedure, other than a simple CABG (OR (95% CI)=2.590 (1.133-

5.921), were predictors of POAF.  However, higher BMI (OR (95% 

CI)=0.896 (0.815-0.985) and smoking (OR (95% CI)=0.405 (0.169-

0.994) were associated with a lower risk of developing POAF (Paper I, 

Table 6).  

 

Patients undergoing only CABG surgery 

The POAF and no POAF groups 

The incidence of POAF was higher among patients undergoing operations 

other than simple CABG.  Due to the variability in the complexity of 

these procedures, ranging from simple valve repair to combined CABG 

and multiple valvular repair or replacement, it was decided to examine 

separately those who only underwent CABG surgery. 

The incidence of POAF in patients undergoing only CABG 

surgery was 49.6%.  The baseline and operative characteristics of the 

POAF and no POAF groups are shown in Paper II, Table 1.  The POAF 

group was older (69 (45-82) years versus 66 (45-79) years, P<0.05), and 

their BMI lower (27.0 (19.1-35.0) kg/m2 versus 28.4 (20.9-41.3) kg/m2, 

P<0.05) compared to the no POAF group.  The POAF group reported 

eating fish meal more frequently (82.3% versus 62.3% more than once 
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per week, respectively, P<0.05).  The intake of cod liver oil and/or n-3 

PUFA supplements was frequent and similar in both groups, and there 

was not a significant difference in the proportion of off-pump CABG 

surgical procedures.  The POAF group had longer hospital stay (9 (6-28) 

days versus 7 (5-30) days, P<0.001) compared to the no POAF group. 

The FA composition of plasma PL in the POAF and no POAF 

groups undergoing only CABG surgery at the three time points, baseline, 

preoperatively, and third postoperative day, is shown in Appendix III, 

Table 3.  At baseline the POAF group had higher proportion of DHA and 

lower proportion of AA compared to the no POAF group (P<0.05).  

Preoperatively the POAF group had higher proportions of both DPA and 

DHA and lower proportion of total n-6 PUFA and AA compared to the no 

POAF group (P<0.05) (Paper II, Table 2).  On the third postoperative day 

the POAF group had higher proportions of total n-3 PUFA, EPA, and 

DHA and lower proportions of total n-6 PUFA, AA and, AA to EPA ratio 

compared to the no POAF group (P<0.05) (Paper II, Table 3).  The 

proportions of EPA, DHA, AA and AA to EPA ratio in plasma PL of the 

POAF and no POAF groups at the three time points are shown in Figure 

11. 
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Figure 11: Plasma phospholipid proportions (% of total FA, TFA) of 
a) EPA (20:5n-3), b) DHA (22:6n-3), c) AA (20:4n-6) and d) AA to 
EPA ratio, in the POAF and no POAF groups undergoing only 
CABG, at baseline, immediately before operation (preop.), and on the 
third postoperative day.  Values are mean ± SEM.  **P<0.05, compared 
to no POAF group.  Independent-samples t-test.      
 
 

As shown in Paper II, Table 1 there was no difference observed in 

preoperative hs-CRP concentrateon between the POAF and no POAF 

groups (2.2 (0.6-144.9) mg/L versus 2.7 (0.5-16.2) mg/L, respectively).  

However, the peak postoperative CRP concentration was higher in the 

POAF group compared to the no POAF group (216.5 (36.0-416.0) mg/L 

versus 197.0 (34.0-370.0) mg/L, respectively, P<0.05). 

In the whole CABG cohort the preoperative plasma PL 

proportions of total n-3 PUFA (r=-0.265, P=0.004), EPA (r=-0.270, 

P=0.003) and DPA (r=-0.316, P=0.001), and the third postoperative day 

proportions of EPA (r=-0.224, P=0.013) and DPA (r=-0.192, P=0.034) 

correlated negatively to the concentrations of hs-CRP.  Figure 12 and 13 
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show the relationships between the preoperatively and third postoperative 

day proportions of EPA, DPA and DHA in plasma PL and the hs-CRP 

concentrations, when the CABG patients were divided into younger (40-

65 years old) and older (over 65 years old) groups  (Paper II, Figures 1 

and 2).  The preoperatively proportions of EPA (r=-0.371, P=0.002), DPA 

(r=-0.474, P<0.001), and DHA (r=-0.240, P=0.049) were negatively 

correlated to the hs-CRP concentrations only in the older group (Figure 

12 d-f).  Total n-3 PUFA (r=-0.370, P=0.002) was also negatively 

correlated to the hs-CRP concentration in the older group.  No 

relationship was found between the proportions of EPA, DPA and DHA 

and the hs-CRP concentrations in the younger group (Figure 12 a-c), nor 

between the total n-3 PUFA and hs-CRP concentration.   
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Figure 12: Relationship between the preoperative plasma 
phospholipid proportions (% of total FA, TFA) of EPA (20:5n-3), 
DPA (22:5n-3), DHA (22:6n-3) and hs-CRP concentrations (mg/L), in 
younger (a-c) and older (d-f) patients undergoing only CABG.  
P<0.05, NS, non significant.  Spearman´s correlation coefficient.  

 

 

On the third postoperative day in the older group, where the 

highest peak hs-CRP concentration was 463 mg/L, the proportion of EPA 

(r=-0.337, P=0.004) was negatively correlated to the hs-CRP 

concentration (Figure 13 d-f).  Total n-3 PUFA (r=-0.298, P=0.012) was 

also negatively correlated to the hs-CRP concentration in the older group.  

In the younger group, where the highest peak hs-CRP concentration was 

285 mg/L, no relationship was found between the proportions of the EPA, 
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DPA and DHA and the hs-CRP concentrations (Figure 13 a-c), nor 

between the total n-3 PUFA and hs-CRP concentration.   

 

 

 

 
Figure 13: Relationship between the plasma phospholipid 
proportions (% of total FA, TFA) of EPA, (20:5n-3), DPA (22:5n-3), 
DHA (22:6n-3) and hs-CRP concentrations (mg/L) at third 
postoperative day, in younger (a-c) and older (d-f) patients 
undergoing only CABG.  P<0.05, NS, non significant.  Spearman´s 
correlation coefficient.  
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Among patients undergoing only CABG surgery, univariate 

analysis identified age, BMI and peak postoperative CRP levels as 

significant predictors of POAF.  In addition, smoking showed borderline 

significant association.  These variables therefore were included in the 

basic logistic regression model, yielding an R2 of 0.241.  All four 

variables were significant in the model with the risk of POAF increasing 

with advancing age (OR (95% CI)=1.064 (1.013-1.118)) and higher peak 

CRP concentration (OR=1.008 (1.002-1.014)) but decreasing with higher 

BMI (OR=0.855 (0.753-0.971)) and smoking (OR=0.339 (0.122-0.944)).  

Upon univariate analysis the various FA, measured at all the three time 

points, showed variable association with POAF.  When separately adding 

each one of the FA or the ratio of n-6 PUFA to n-3 PUFA to the basic 

model, addition of the third postoperative day proportion of total n-3 

PUFA increased the R2 to the largest degree, yielding a total R2 of 0.325 

(Appendix III, Table 4).  Table 4 in Paper 2 shows the results of the final 

stepwise multivariable logistic regression model including the proportion 

of total n-3 PUFA on the third postoperative day and other significant 

variables.   In this final model the risk of POAF increased with advanced 

age (OR (95% CI)=1.074 (1.026-1.125)), peak postoperative CRP (OR 

(95% CI)=1.006 (1.001-1.012)), and third day postoperative total n-3 

PUFA proportion (OR (95% CI)=1.288 (1.064-1.561)) but decreased with 

smoking (OR (95% CI)=0.271 (0.094-0.781)) and higher BMI (OR (95% 

CI)=0.862 (0.753-0.987)). 
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DISCUSSION 

The results of this randomized, double-blinded, placebo-controlled study 

in patients undergoing CABG and/or valvular surgery show that short-

term oral n-3 PUFA treatment increased the n-3 PUFA levels in plasma 

PL but did not affect the incidence of POAF.  Furthermore, advanced age, 

higher peak postoperative CRP concentration and higher proportion of n-

3 PUFA in plasma PL were associated with increased risk of POAF.  On 

the other hand, smoking and higher BMI were associated with decreased 

risk of POAF.  

 

n-3 PUFA and anti-arrhythmic effect 

There is growing evidence from a number of epidemiological, clinical, 

animal and in vitro studies suggesting that n-3 PUFA may have a 

beneficial effect on the occurrence of ventricular arrhythmias (87, 89, 93, 

102, 109, 110, 126, 127).  However, a carful systematic review and meta-

analysis of these antiarrhytmic properties in humans demonstrated that 

studies have yield variable and contradictory results (111).  A follow-up 

study over twelve years in non-surgical patients showed that consumption 

of certain fish products was associated with a decrease in the incidence of 

AF (112).  Only two studies have published results on the use of n-3 

PUFA for the prevention of POAF (123, 124).  In the first one by Calo 

and colleagues (123), examine oral treatment, the incidence of POAF in 

the n-3 PUFA treated group was found to be 15.2% compared to 33.3% in 

the control group (123).  Similar result was observed in a more recent 

study by Heidt and colleagues (124), who administrated n-3 PUFA 
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intravenously 12 hours preoperatively and during the patient´s stay in the 

intensive care unit.  These results contradict those from this study, where 

no beneficial effect of n-3 PUFA on the incidence of POAF was 

observed.  

The study by Calo and colleagues (123) was an open-label, 

prospective, randomized trial consisting of 160 patients.  The present 

study was designed in a similar manner, but in addition it was double-

blinded and placebo-controlled.  The overall incidence of POAF depends 

to some extent on the arrhythmia surveillance method with the best 

diagnostic value using continuous ECG monitoring techniques (44).  

Continuous electrocardiographic monitoring was carried out for the 

duration of the hospital stay, while the Italian investigators and Heidt and 

colleagues (124) only monitored their patients for the initial four to five 

days after surgery.  This may in part explain the higher incidence of 

POAF observed in the present study compared to the study by Calo and 

colleagues (54.2% versus 24.4%, respectively).  The total daily dose of n-

3 PUFA was similar (2 g/day) in both the Italian and the present study but 

differed in the ratio of EPA and DHA.  In the Italian study the n-3 PUFA 

capsules contained EPA and DHA in the ratio of 1:2, while in the present 

study the ratio was 1.2:1. 

The electrophysiological basis of the anti-arrhythmic effect of n-3 

PUFA in atrial myocytes has been studied in rat and human myocytes 

(105, 108).  These studies indicate that the n-3 PUFA have found to be 

related to inhibitory effects on Na+, L-type Ca2+ and K+ channels resulting 

in making the partially depolarized myocytes less excitable, thus 

preventing potential arrhythmias and thereby be protecting against the 

occurrence of AF.  It is unclear how exactly n-3 PUFA exert their anti-
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arrhythmic effects on the atrial myocytes, and whether such effects are 

related to EPA, DHA or both.  DHA however may, at lower concentration 

than EPA, have important inhibitory effects on ion channels, some of 

which are present only in atrial cells (97, 108). This raises the possibility 

that DHA at lower concentration could be providing more beneficial 

effect against AF than EPA.   

It is very common in Iceland to use cod liver oil (rich in EPA and 

DHA) and/or n-3 PUFA capsules as a dietary supplement, particularly 

among the elderly.  In our study cod liver oil intake was substantial 

(~50%) in all groups.  This was reflected in the relatively high baseline 

levels of plasma PL n-3 PUFA in all the subjects of our study, which is 

consistent with the general population in Iceland (128).  For example, 

baseline and postoperative proportions of DHA in plasma PL were 

relatively high both in the n-3 PUFA and also in the placebo groups 

(6.17±0.16% (mean±SEM) versus 6.06±0.16%, and 6.95±0.13% versus 

6.34±0.13%, respectively).  This demonstrates that relatively high plasma 

PL levels of n-3 PUFA do not appear to have protective effect on 

developing POAF.  As shown in Paper I, Table 2, analysis based on 

tertiles of n-3 PUFA levels at baseline or preoperatively did not indicate 

any trend towards differential effects of treatment on the risk of POAF 

based on n-3 PUFA status of the patient.  This analysis is though limited 

by the relatively few subjects in each tertile. 

The composition of n-3 PUFA in plasma PL were not examined in 

the study by Calo and colleagues (123). However, a recent prospective 

population-based study of elderly persons (mean age 68.8 ±15.7 years) in 

Italy, originally designed by the Laboratory of Clinical Epidemiology of 

the Italian National Research Council of Aging (129), showed that the 
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proportion of n-3 PUFA in plasma PL was 3.35±0.98% or about one third 

of what was observed at baseline in the entire cohort of this current study 

(9.8 ±2.80%).  It has been suggested that the capacity for incorporation of 

EPA and DHA into plasma PL is less efficient in high doses (> 3g per 

day) (130).  A threshold for the incorporation of dietary n-3 PUFA into 

membrane PL has been demonstrated, and that the effects of those FA 

occur at a relatively low n-3 PUFA concentration (131).  This could 

conceivably explain why the subjects of the study by Calo and colleagues 

(123), might had benefited from additional n-3 PUFA intake against the 

risk of POAF, but not the cohort in the present study with high baseline n-

3 PUFA levels.   

The administration of oral medications in the first 1-2 days 

following surgery can sometimes by challenging, which is important as 

this is the time when patients may be at the highest risk for POAF.  In the 

study by Calo and colleagues (123) n-3 PUFA was administered through 

a nasogastric tube if oral intake was not feasible. Intravenous 

administration of n-3 PUFA, at least 12 hours preoperatively and in the 

immediate postoperative phase in the intensive care unit also circumvents 

this problem. Improved bioavailability may in fact be the reason for the 

success of this approach as demonstrated by Heidt and colleagues (124).  

As in the study by Calo and colleagues (123), Heidt and colleagues (124) 

did not examine the composition of n-3 PUFA in plasma PL, which 

reflects the efficacy of the n-3 PUFA intervention.  However, it would be 

expected that their baseline n-3 PUFA levels of plasma PL were also 

relatively low in their subjects compared to ours. 
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Incorporation of n3 PUFA into plasma phospholipids 

A linear relationship between intake of fish oil supplements and plasma 

PL levels of EPA and DHA has justified the use of n-3 PUFA levels in 

plasma PL as a biologic marker for n-3 PUFA intake (79, 130).  In the 

present study the n-3 PUFA group had an increase, from baseline to 

preoperatively, of the incorporation of total n-3 PUFA, EPA, DPA and 

DHA into plasma PL at the expense of total n-6 PUFA, mainly LA and 

20:3n-6, which is consistent with prior results (130).   

 

n-3 PUFA and inflammation 

Although the pathogenesis of POAF is multifactorial and involves a 

multitude of clinical and operative factors, evidence has been collected 

that inflammation is a causative element of POAF (56).  The surgical 

trauma initiates an inflammatory response, both locally in the atria and 

systemically, that is reflected by an increase in inflammatory markers like 

CRP (60).  Avoidance of cardiopulmonary bypass and performing CABG 

surgery on a beating heart (off-pump) is thought to elicit lesser systematic 

surge of inflammatory mediators in the atrium than on-pump 

interventions. However, similar incidence of POAF between patients with 

and without CPB has been reported (60, 132, 133) although this remains 

controversial (134). 

It is plausible that local inflammation in the atria may alter atrial 

conduction and create conditions that favour re-entry and arrhythmias.  

The anti-inflammatory effects of n-3 PUFA have been extensively studied 

and an inverse relationship has been demonstrated between both dietary 

intake or plasma levels of n-3 PUFA and serum hs-CRP concentration 
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among healthy subjects as well as in patients with coronary artery disease 

(115-117).  The present study confirms this association within the older 

patients who underwent CABG surgery, indicating that n-3 PUFA may 

have an anti-inflammatory effect.   

Even though n-3 PUFA treatment was not found to prevent POAF 

in this study, the results nevertheless support the notion that inflammation 

may be associated with pathogenesis of POAF as the peak postoperative 

levels of CRP were higher in the patients who developed POAF compared 

to those that did not.  This association seems to be independent of n-3 

PUFA levels because despite an increase in the n-3 PUFA plasma levels 

in the n-3 PUFA group, no significant difference was seen in peak CRP 

levels between the n-3 PUFA and the placebo groups.  Elevated 

preoperative CRP level has been associated with the development of 

POAF and also with AF in non-surgical patients (33, 62).  We did not 

find such association between preoperative hs-CRP levels and POAF, 

which is in concordance with other controlled studies (63, 64), 

questioning the idea that preoperative CRP levels may correlate with the 

risk of POAF, as there is no evidence that this is more than a simple 

association (66).  Nevertheless, Anselmi and colleagues (66) concluded 

that the modulation of inflammation would probably represent a major 

therapeutic goal in the short-term and a promising pathway in the 

prevention of POAF.  In the setting of marked inflammatory changes 

postoperatively, the anti-inflammatory effects of n-3 PUFA, however, 

may not be sufficiently strong to affect the risk of POAF. 
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Predictors of postoperative atrial fibrillation 

Many studies have been published regarding predictors of POAF (43, 44, 

46, 48).  Among these, an advanced age has been most consistently 

shown to be an independent predictor of POAF (46, 48) as the finding of 

the present study further confirms.  This may not be surprising as the 

prevalence of AF in general increases dramatically with age and it is 

likely that degenerative changes in the heart play an important role.  

Moreover, the peak postoperative CRP level was a strong predictor of 

POAF in our study suggesting the notion that inflammation associated 

with postoperative changes or course may be important in the 

pathogenesis of POAF (60, 61).  Previous studies have also shown that 

patients undergoing valvular procedures or more complex types of cardiac 

surgery are more likely to develop POAF (43).  In the present study, the 

third day postoperatively total n-3 PUFA proportion in plasma PL was 

unexpectedly found to be a significant predictor of POAF.  This is the 

first study we are aware of that reveals this relationship.  More studies in 

individuals with low baseline n-3 PUFA levels in blood are necessary to 

investigate the relationship between n-3 PUFA levels in blood and POAF 

incidence.  It was expected that higher BMI would predict POAF (6, 49), 

as the association between AF and BMI is thought to correlate with left 

atrial enlargement in obese patients (11).   In contrast, the present study 

identified the independent role of a higher BMI as a predictor of lower 

risk of POAF.  Recently it has been demonstrated that smokers were 

protected against the risk of POAF due to their higher adrenergic 

tolerance.  Therefore, it is assumed that hyper-adrenergic state is the key 

factor behind POAF development (135).  Although our findings confirm 

this relationship, with smoking being one of the predictors of lower risk 
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of POAF, certainly the overall negative effects of smoking outweigh the 

potential POAF protective mechanism.  However, the curious effects of 

smoking may help to better understand the pathophysiology of POAF.  

Further studies are required to elucidate the interactions between 

smoking, BMI and POAF.   

 

Limitations 

This study was carefully designed and performed in a double-blinded 

fashion, but it has some limitations, including a relatively low number of 

participants.  It is also worth noting that late arrhythmia occurrences may 

have been missed, since the patients were not examined following 

discharge from the hospital.  It has been well established that the 

incidence of POAF peaks in the first 2-4 days after surgery and this was 

also the case in the present study, in which the average time from surgery 

to AF was approximately 2 days.  Thus, it is unlikely that arrhythmia 

monitoring beyond discharge would have affected the results.  Even 

though, the high baseline levels of n-3 PUFA in plasma PL in our subjects 

may indicate relatively high proportions of these FA already in their PL 

cell membranes, the success of perioperative intravenous infusion of fish 

oil for preventing POAF suggests that membrane composition may not be 

of importance (124).  The relative significance of plasma or cell 

membrane FA composition needs further investigation.  Finally, the 

examination of association between the various factors and the risk of 

POAF cannot prove a cause-effect relationship but serve as a hypothesis 

generating exercise on which future studies may be founded.     
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Conclusion and future perspectives 

The results of this prospective, randomized, double-blinded, placebo-

controlled clinical trial conclude that the use of n-3 PUFA supplements 5-

7 days prior to an open heart surgery does not reduce the incidence of 

POAF among subjects with relatively high baseline n-3 PUFA levels.  

Moreover, higher n-3 PUFA levels may be associated with increased risk 

of POAF.    n-3 PUFA treatment was not found to have beneficial effects 

on lowering peak postoperative CRP levels in patients with POAF.  

However, this study supports the notion that inflammation may play a 

role in the pathogenesis of POAF.   

Clearly more studies are needed before one can determine and 

recommend treatment with n-3 PUFA in the prevention of POAF and 

other arrhythmia management.  Some studies, as mentioned above 

suggest that fish oil may be attractive alternative to other anti-arrhythmic 

agents for POAF.  However, contradictory results may be related to 

factors such as diverse population studied, differences in their background 

dietary habits, the use of different n-3 PUFA products between studies 

and different routes of administration.   

The fact that fish oils are heterogeneous products the optimal 

formulations for EPA and DHA remain unclear as different formulations 

of n-3 PUFA are being used in interventional studies.  There is also often 

a difference in the consumption of fish versus fish oil supplements and 

different comparative oils used for control.  It is also possible that there 

were other beneficial ingredients, in addition to n-3 PUFA, when 

consuming fish instead of just consuming fish oil supplements.  The ideal 

level of fish and fish oil consumption has been the subject of research and 

there is likely a dose-ranging or dose threshold effect.  There is an 
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ongoing debate on the difference between the effects of EPA and DHA, 

and it may be an over-simplification to generalize the effects of n-3 PUFA 

on cell function as the multiple and complex mechanisms through which 

DHA and EPA exert their action therefore appear to be distinct but likely 

also complementary.  Furthermore, whether it is the amount of n-3 PUFA 

intake or the level of n-6 PUFA versus n-3 PUFA presented in the system 

that are actually contributing to the observed effect remains to be 

determined.  In future, regarding interventional studies, baseline status of 

n-3 PUFA should be established in eligible study participants and entered 

in the inclusion criteria to include only participants who are likely to 

benefit from the intervention.   

Investigations are lacking quantifying the protective effect of n-3 

PUFA against arrhythmias like POAF and defining their exact 

mechanisms of action.  This study also underscores the need for further 

research into the mechanisms that influence and maintain the 

development of POAF. 
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Written informed consistent                  

Kynningarbréf fyrir þátttöku í vísindarannsókninni: 
Ómega-3 fjölómettaðar fitusýrur við gáttatifi eftir opna hjartaaðgerð 
Ábyrgðarmaður: Ólafur Skúli Indriðason, sérfræðingur, Lyflækningasvið LSH, 
Hringbraut, 101 Reykjavík, sími 543-1000, olasi@landspitali.is. 

 
Aðrir rannsóknaraðilar: Bjarni Torfason, yfirlæknir Skurðlækningasvið LSH, 
Gizur Gottskálksson, yfirlæknir, Davíð Otto Arnar, yfirlæknir og Runólfur 
Pálsson, yfirlæknir, Lyflækningasvið LSH, Viðar Örn Eðvarðsson, sérfræðingur 
Barnasvið LSH og Guðrún Valgerður Skúladóttir, vísindamaður, Læknadeild HÍ.  
Lýsi hf mun gefa ómega-3 og lyfleysu.    

 
Inntak rannsóknarinnar og markmið í hnotskurn:  Gáttatif er einn algengasti 
fylgikvilli við opnar hjartaaðgerðir, svo sem kransæða- og lokuaðgerðir. Oftast 
er um tímabundið vandamál að ræða og orsakir þess eru ekki með öllu kunnar en 
afbrigðileg rafvirkni í gáttum hjartans leiðir til óreglulegs hjartsláttar. Eðlileg 
starfsemi hjartans truflast því og einstaklingar sem fá gáttaflökt eftir aðgerðir 
þessar eru í meiri hættu á að fá lágan blóðþrýsting og blóðtappa í heila.  
Dýratilraunir hafa sýnt að ómega-3 fjölómettaðar fitusýrur hafa áhrif á rafertingu 
í hjartavöðvafrumum og ein lítil rannsókn bendir til að þessar fitusýrur geti 
dregið úr tímabundnu gáttaflökti meðal manna.  Í okkar rannsókn munum við 
skipta sjúklingum í tvo hópa og meðhöndla annan með ómega-3 fjölómettuðum 
fitusýrum en hinn með lyfleysu (alveg eins belgjum sem innihalda ólívuolíu).  
Síðan verður athugað hvort einstaklingar í ómega-3 fitusýruhópnum fái sjaldnar 
gáttaflökt.  Hópaskiptingin verður tilviljunarkennd þannig að hlutkesti mun ráða 
í hvorum hópnum einstaklingar lenda og hvorki einstaklingarnir sem þátt taka né 
læknarnir sem umsjón hafa með rannsókninni munu vita hver fær hvaða lyf. 

Einstaklingum sem eiga að gangast undir opna hjartaðgerð verður boðin 
þátttaka.  Þeir sem ákveða að taka þátt svara stuttum spurningalista um fyrri 
sjúkdóma, lyf og mataræði, fara í blóðprufu og hjartalínurit.  Þeir verða einnig 
beðnir að hætta neyslu lýsis og ómega-3 heilsubótarefna.  Eftir það verður 
einstaklingum skipað í annan af tveimur hópum með slembidreifingu og 
meðhöndlaðir frá og með viku fyrir aðgerð og að útskrift eftir hana.  Öll meðferð 
fyrir og í kringum aðgerðina verður að öðru leyti hefðbundin nema að 
aukablóðprufur (um 20 ml blóðs) verða teknar til að mæla ómega-3 
fjölómettaðar fitusýrur og bólgusvörun fyrir aðgerðina og ef gáttaflökt á sér stað. 
Blóðsýnum verður fargað eftir rannsóknina. 

Rannnsóknin hefur verið samþykkt af  Lyfjastofnun, Persónuvernd, 
Vísindasiðanefnd og Siðanefnd LSH.  Einstaklingum er frjálst að hafna þátttöku 
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eða hætta í rannsókninni á hvaða stigi sem er, án útskýringa og án afleiðinga 
fyrir aðra meðferð sem þeir kunna að vera á. 

Ómega-3 fjölómettaðar fitusýrur eru fitusýrur sem í flestum tilfellum eru 
unnar úr fiski, og er meðal annars mikið af þeim í lýsi. Gjöf þeirra hefur sýnt sig 
að vera mjög fylgikvillalítil en þó kvarta sumir um ropa og uppþembu, einnig 
getur blæðingartími lengst og því mun sértaklega verða fylgst með blæðingu í 
kringum aðgerðina.  Önnur lyf sem áhrif hafa á blóðflögur og blæðingartíma svo 
sem magnýl og plavix eru reyndar gefin sem staðalmeðferð við aðgerðir sem 
þessar til að minnka líkur á að æðagræðlingar stíflist. Áhætta eða möguleg 
óþægindi af þátttöku eru því lítil.  Ekki verða sérstakar greiðslur fyrir þátttöku í 
þessari rannsókn  

 
       
Undirskrift ábyrgðarmanns. 
 

Ef þú hefur spurningar um rétt þinn sem þátttakandi í vísindarannsókn eða vilt 
hætta þátttöku í rannsókninni getur þú snúið þér til Siðanefndar Landspítala – 
háskólasjúkrahúss, Fossvogi, 108 Reykjavík.. Sími: 543 7465, fax: 543 2339, 
tölvupóstur: sidanefnd@landspitali.is. 
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Upplýst samþykki  fyrir þátttöku í vísindarannsókninni:  

Ómega-3 fjölómettaðar fitusýrur við gáttatifi eftir opna 
hjartaaðgerð 

Með undirskrift minni hef ég samþykkt að taka þátt í rannsókninni Ómega-3 
fjölómettaðar fitusýrur til að fyrirbyggja gáttatif eftir opna hjartaaðgerð. 
Ég hef fengið skriflegar upplýsingar um rannsóknina, hef lesið upplýsinga og 
kynningarbréfið og haft tækifæri til að spyrja um hana og framkvæmd hennar.  
Ég samþykki einnig að eftirlitsstofnanir, þar með talin Lyfjastofnun og 
Vísindasiðanefnd, fái aðgang að þeim rannsóknargögnum sem þurfa þykir, 
vegna framkvæmdar og eftirlits með rannsókninni.  

 
Mér er ljóst að ég get neitað þátttöku og að ég get hætt þátttöku hvenær sem er 
án þess að það hafi áhrif á meðferð mína að öðru leyti.    
 
Dagsetning: _________________ 
 
 
      
Undirskrift þátttakanda 
 
      
Undirskrift þess sem leggur yfirlýsinguna fyrir. 
 
Kynningarbréf og upplýst samþykki eru í tvíriti og fær þátttakandi eitt eintak af 
hvoru en  ábyrgðarmenn rannsóknarinnar hitt eintakið. 



91 

 

 

 

 

 

 

 

APPENDIX II 



92 

 

Questionnaires and progress records 

 

Spurningalisti við upphaf rannsóknar 

 

Rannsóknarnúmer:                   

Nafn sjúklings:_______________________ 

Kennitala:_____________        __________ 

Dagsetning (dd-mm-yy):    

 

Kyn: M / K  

Aldur:   

Hæð:  cm Þyngd:  kg  

 

Reykir þú?   Já / Nei 

Neytir þú áfengis? 

 Aldrei  

            Einu sinni í viku eða sjaldnar 

            Oftar en einu sinni í viku 

 

Tekur þú lýsi?    Já / Nei 

Tekur þú ómega-3 hylki?    Já / Nei 

Borðar þú fisk? 

 Aldrei  

            Einu sinni í viku eða sjaldnar 

            Oftar en einu sinni í viku 

 

Lyf:       
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Spurningalisti við lok rannsóknar 

 

Rannsóknarnúmer:    

Dagsetning (dd-mm-yy):    

 

Hefur þú fundið fyrir einhverjum óþægindum sem þú telur að rekja megi 

til rannsóknarlyfsins?  Já / Nei 

 

Ef já, hverjum?          

 

Hefur þú haft eftirfandi einkenni: 

Óeðlilega mikinn ropa  Já /Nei 

Lýsisbragð í munni   Já /Nei 

Uppþemba    Já /Nei 

Ógleði     Já /Nei 

Uppköst    Já /Nei 

Niðurgangur    Já /Nei 

Hægðatregða    Já /Nei 

Útbrot     Já /Nei 

Óeðlilega miklar blæðingar  Já /Nei 

Annað     Já /Nei   

Hvað?        

 

Hvort telur þú að þú sért í þeim hópi sem fékk ómega-3 fjölómettaðar 

fitusýrur eða lyfleysu? 

  

             Ómega-3                    Lyfleysa 
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Framvinduskrá þátttakanda – fyrir aðgerð. 

 

Rannsóknarnúmer:     

 

 

Við slembiröðun: 

Dagsetning (dd-mm-yy):    

 

Undirliggjandi hjartasjúkdómur:       

     

 

Útfallsbrot hjarta:   % 

 

Euroscore: _______________ 

Aðrir sjúkdómar: 

 Háþrýstingur:  já/nei 

 Sykursýki:  já/nei 

 Heilablóðfall:  já/nei 

 Útæðasjúkdómur:  já/nei 

 

  Aðrir sjúkdómar:      

          

         

    

Rannsóknir: 

 

CRP:    mg/l. 
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Framvinduskrá þátttakanda – Við innlögn 

 

Rannsóknarnúmer:     

 

 

Dagsetning (dd-mm-yy):    

 

Rannsóknir: 

Hemóglóbín:   g/l. 

Kreatínín:   mól/l.  

Kalíum:   mmol/l. 

CRP:    mg/l. 

Cholesteról ______ 

HDL  ______ 

Þríglíseríðar ______ 

 

Hjartarafrit:       

 

Blóðþrýstingur:__________ 

Þyngd:  _________kg           

Hæð:  __________cm 
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Framvinduskrá þátttakanda – í aðgerð. 

 

Rannsóknarnúmer:     

Dagsetning (dd-mm-yy):    

 

Tegund aðgerðar:     

 

Lengd aðgerðar:     

 

Tími á hjarta-lungnavél:    

 

 

Blóðtap:   ml 

Fjöldi blóðeininga:    

Fjöldi blóðflögueininga   

Fjöldi plasmaeininga:    

 

 

Gáttatif: já/nei 

 

Aðrar hjartsláttartruflanir:  já/nei   

Hverjar:        

     

 

 

Fylgikvillar í aðgerð: 
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Framvinduskrá þátttakanda – á gjörgæslu. 

Rannsóknarnúmer:     

Dagsetning (dd-mm-yy):    

 

Gáttatif: já/nei 
 

Aðrar hjartsláttartruflanir:   já/nei   
Hverjar:      

 

Blóð í dren fyrsta sólarhring:   ml 

Blóð í dren samtals:    ml 

Hemóglóbín gildi:   

1.  2.  3.  4.  5.  

Fjöldi blóðeininga:_________ 

Tími á öndurnavél:  klst 

Lægsti blóðþrýstingur: 

 

Serum kreatínín hækkar um meira en 50% miðað við gildi fyrir aðgerð:
 já/nei 

 
Serum kreatínín hækkar um meira en 100% miðað við gildi fyrir aðgerð:
 já/nei 

 

Skilunarmeðferð:  já/nei 

Sýkingar 
Í húð:    já/nei 
Tengt dreni:  já/nei 
Tengt æðaleggjum já/nei 
Sepsis   já/nei 
 

Tími á gjörgæslu:   klst 

Aðrir fylgikvillar:         
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Framvinduskrá þátttakanda – á legudeild/lok rannsóknar. 

Rannsóknarnúmer:    
Dagsetning (dd-mm-yy):    

 
Gáttatif > 5 mín: já/nei 

Tímasetning gáttatifs: _____ klst e. aðgerð 

Meðferð gáttatifs:   Eingin 
   Lyf 
   Rafvending 

Aðrar hjartsláttartruflanir:  já/nei   

Hverjar:          

Lægsti blóðþrýstingur: 

Fyrsta þyngd á deild: _____ kg 

Serum kreatínín hækkar um meira en 50% miðað við gildi fyrir aðgerð:

 já/nei 

Serum kreatínín hækkar um meira en 100% miðað við gildi fyrir aðgerð:

 já/nei 

Skilunarmeðferð:  já/nei 

Sýkingar 
Í húð:    já/nei 
Tengt dreni:  já/nei 
Tengt æðaleggjum já/nei 
Sepsis   já/nei 
 

Heilablóðfall:   já/nei    

ef já, tappi eða blæðing? 

 

Tími á legudeild:   dagar 

Aðrir fylgikvillar:        

 

Dagsetning útskriftar/rannsóknarloka (dd-mm-yy):     
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Table 1: Fatty acid composition (% of total FA) of plasma phospholipids in the placebo and 3-PUFA groups, at baseline,  preoperatively and third postoperative daya  (See results, Figure 10).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aValues are mean ± SEM.  
PUFA, polyunsaturated fatty acids; SFA, saturated FA; MUFA, monounsaturated FA; AA, arachidonic acid; EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic 
acid.  **P<0.05, *P<0.001, compared to placebo group.  Independent samples t-test.    

 Baseline  Preoperative            Third postoperative day 
 

Fatty acids 
Placebo 
(n=80) 

n-3 PUFA 
(n=79) 

 Placebo 
(n=82) 

n-3 PUFA 
( n=80) 

 Placebo 
(n=83) 

n-3 PUFA 
(n=80) 

∑SFA 44.01 ± 0.48 45.06 ± 0.22**  44.27 ± 0.40  45.40 ± 0.20**  45.41 ± 0.09 45.52 ± 0.10 
14:0 0.27 ± 0.02 0.26 ± 0.02  0.24 ± 0.02    0.20 ± 0.02  0.08 ± 0.01 0.08 ± 0.01 
16:0 28.01 ± 0.19 28.26 ± 0.17  27.67 ± 0.15  28.52 ± 0.17*  29.67 ± 0.14  30.34 ± 0.13** 
18:0 12.37 ± 0.44 13.26 ± 0.22  12.97 ± 0.38 13.40 ± 0.21  13.50 ± 0.13  12.95 ± 0.18** 
20:0 0.63 ± 0.01 0.58 ± 0.02  0.62 ± 0.02 0.60 ± 0.03  0.37 ± 0.02 0.39 ± 0.02 
22:0 1.51 ± 0.03 1.49 ± 0.05  1.54 ± 0.03 1.49 ± 0.04  1.00 ± 0.02 0.95 ± 0.03 
24:0 1.22 ± 0.02 1.21 ± 0.04  1.22 ± 0.02 1.18 ± 0.03  0.78 ± 0.02  0.72 ± 0.03** 
         
∑MUFA 14.74 ± 0.42 14.16 ± 0.25  15.05 ± 0.36  13.69 ± 0.24**  15.01 ± 0.19 15.02 ± 0.21 
16:1n-7 0.61 ±  0.03 0.62 ± 0.03  0.57 ± 0.03   0.58 ± 0.03  0.59 ± 0.03 0.61 ± 0.03 
18:1n-9 9.05 ± 0.24 8.90 ± 0.17  9.50 ± 0.19  8.46 ± 0.18*  10.44 ± 0.19 10.40 ± 0.19 
18:1n-7 2.20 ± 0.22 1.74 ± 0.11  2.04 ± 0.18 1.75 ± 0.08  1.89 ± 0.03 1.97 ± 0.02** 
20:1n-9 0.08 ± 0.02 0.14 ± 0.03  0.09 ± 0.02  0.04 ± 0.01**  0.00 ± 0.00 0.02 ± 0.02 
24:1n-9 2.80 ± 0.06 2.75 ± 0.07  2.84 ± 0.06 2.87 ± 0.08  2.07 ± 0.05 2.03 ± 0.06 
        
∑PUFA 39.82 ± 0.19 39.53 ± 0.20  39.65 ± 0.22 40.01 ± 0.19  39.31 ± 0.18 38.99 ± 0.19 
∑n-6 PUFA 29.87 ± 0.34 29.59 ± 0.33  30.24 ± 0.29 27.29 ± 0.29*  30.00 ± 0.25 27.91 ± 0.26* 
18:2-n6 17.36 ± 0.30 17.48 ± 0.29  17.34 ± 0.30 15.15 ± 0.26*  18.28 ± 0.25 16.78 ± 0.30* 
20:2n-6 0.22 ± 0.02 0.27 ± 0.03  0.23 ± 0.03   0.14 ± 0.02**  0.14 ± 0.02 0.12 ± 0.02 
20:3n-6 2.81 ± 0.08 2.74 ± 0.08  2.99 ± 0.07 2.50 ± 0.08*  2.73 ± 0.07   2.37 ± 0.07* 
20:4n-6 (AA) 8.85 ± 0.26 8.60 ± 0.25  9.07 ± 0.24 8.93 ± 0.24  8.56 ± 0.23 8.14 ± 0.23 
22:4n-6 0.63 ± 0.02 0.60 ± 0.02  0.62 ± 0.02 0.54 ± 0.03  0.29 ± 0.02 0.26 ± 0.02 
         
∑n-3 PUFA 9.95 ± 0.33 9.85 ± 0.30  9.42 ± 0.24 12.70 ± 0.25*  9.31 ± 0.22 11.14 ± 0.24* 
18:3n-3 0.05 ± 0.01 0.05 ± 0.01  0.03 ± 0.01 0.03 ± 0.01  0.06 ± 0.01 0.04 ± 0.01 
20:5n-3 (EPA) 2.75 ± 0.20 2.54 ± 0.15  2.34 ± 0.12 4.43 ± 0.16*  1.93 ± 0.10 3.09 ± 0.14* 
22:5n-3 (DPA) 1.09 ± 0.03 1.09 ± 0.02  1.07 ± 0.02 1.26 ± 0.02*  0.98 ± 0.02  1.07 ± 0.02** 
22:6n-3 (DHA) 6.06 ± 0.16 6.17 ± 0.16  5.98 ± 0.14 6.98 ± 0.13*  6.34 ± 0.13 6.95 ± 0.13** 
        
AA/EPA 4.34 ± 0.28 4.32 ± 0.28  4.70 ± 0.26 2.36 ± 0.15*  5.30 ± 0.29  3.27 ± 0.24* 
n-6/n-3 PUFA 3.31 ± 0.13 3.28 ± 0.12  3.41 ± 0.11 2.26 ± 0.07*  3.39 ± 0.09 2.63 ± 0.08* 
Total fatty acids in phospholipids 1.11 ± 0.03 1.10 ± 0.03  1.00 ± 0.02 0.95 ± 0.02  0.98 ± 0.02  0.94 ± 0.02 
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Table 2: Fatty acid composition (% of total FA) of plasma phospholipids in the no POAF and POAF groups, at baseline, preoperatively and third postoperative daya. 
           Baseline Preoperative             Third postoperative day 

 
Fatty acids 

No POAF 
(n=72) 

POAF 
(n=87) 

 No POAF 
( n=75) 

POAF 
(n=87) 

 No POAF 
(n=74) 

POAF 
(n=89) 

         
∑SFA 45.00 ± 0.33 44.15 ± 0.40  45.12 ± 0.30 44.58 ± 0.34  45.50 ± 0.08 45.44 ± 0.10 
14:0 0.23 ± 0.03 0.30 ± 0.02**  0.19 ± 0.03 0.25 ± 0.02  0.06 ± 0.01 0.09 ± 0.01 
16:0 28.28 ± 0.19 28.02 ± 0.17  28.25 ± 0.17 27.96 ± 0.16  29.93 ± 0.14 30.05 ± 0.14 
18:0 13.13 ± 0.29 12.57 ± 0.38  13.39 ± 0.28 13.00 ± 0.33  13.46 ± 0.12 13.04 ± 0.18 
20:0 0.61 ± 0.02 0.60 ± 0.02  0.59 ± 0.03 0.63 ± 0.02  0.38 ± 0.02 0.39 ± 0.02 
22:0 1.52 ± 0.05 1.48 ± 0.03  1.50 ± 0.03 1.52 ± 0.03  0.98 ± 0.02 0.98 ± 0.02 
24:0 1.24 ± 0.04 1.19 ± 0.02  1.19 ± 0.03 1.22 ± 0.03  0.74 ± 0.02 0.76 ± 0.02 
         
∑MUFA 14.22 ± 0.34 14.64 ± 0.35  14.24 ± 0.28 14.49 ± 0.34  14.71 ± 0.21 15.28 ± 0.18** 
16:1n-7 0.64 ± 0.03 0.60 ± 0.02  0.58 ± 0.04 0.57 ± 0.03  0.55 ± 0.04 0.63 ± 0.02 
18:1n-9 8.78 ± 0.20 9.13 ± 0.21  8.92 ± 0.19 9.03 ± 0.20  10.18 ± 0.20 10.62 ± 0.18 
18:1n-7 1.89 ± 0.16 2.04 ± 0.18  1.82 ± 0.11 1.96 ± 0.16  1.92 ± 0.03 1.94 ± 0.02 
20:1n-9 0.13 ± 0.04 0.09 ± 0.02  0.06 ± 0.02 0.07 ± 0.01  0.00 ± 0.00 0.02 ± 0.02 
24:1n-9 2.78 ± 0.07 2.78 ± 0.06  2.85 ± 0.08 2.86 ± 0.06  2.05 ± 0.06 2.05 ± 0.05 
∑PUFA 39.67 ± 0.23 39.68 ± 0.17  39.96 ± 0.23 39.71 ± 0.19  39.40 ± 0.20 38.95 ± 0.17 
∑n-6 PUFA 30.07 ± 0.37 29.45 ± 0.31  29.23 ± 0.34 28.40 ± 0.32  29.64 ± 0.29 28.42 ± 0.26** 
18:2-n6 17.17 ± 0.30 17.62 ± 0.29  16.19 ± 0.33 16.30 ± 0.29  17.38 ± 0.35 17.68 ± 0.24 
20:2n-6 0.24 ± 0.03 0.25 ± 0.02  0.19 ± 0.03 0.18 ± 0.02  0.11 ± 0.02 0.14 ± 0.02 
20:3n-6 2.93 ± 0.09 2.65 ± 0.08**  2.84 ± 0.07 2.66 ± 0.08  2.72 ± 0.07 2.42 ± 0.07** 
20:4n-6 (AA) 9.17 ± 0.25 8.36 ± 0.25**  9.46 ± 0.24 8.60 ± 0.23**  8.90 ± 0.25 7.90 ± 0.20** 
22:4n-6 0.61 ± 0.02 0.61 ± 0.02  0.54 ± 0.03 0.61 ± 0.02  0.25 ± 0.02 0.30 ± 0.02 
         
∑n-3 PUFA 9.56 ± 0.31 10.18 ± 0.31  10.73 ± 0.30 11.30 ± 0.30  9.82 ± 0.25 10.53 ± 0.24** 
18:3n-3 0.03 ± 0.01 0.07 ± 0.01  0.02 ± 0.01 0.03 ± 0.01  0.03 ± 0.01 0.06 ± 0.01 
20:5n-3 (EPA) 2.51 ± 0.18 2.76 ± 0.17  3.26 ± 0.18 3.46 ± 0.18  2.33 ± 0.14 2.64 ± 0.13 
22:5n-3 (DPA) 1.08 ± 0.02 1.10 ± 0.02  1.13 ± 0.03 1.20 ± 0.02  0.99 ± 0.02 1.05 ± 0.02 
22:6n-3 (DHA) 5.95 ± 0.16 6.26 ± 0.16  6.31 ± 0.14 6.61 ± 0.15  6.46 ± 0.13 6.79 ± 0.13 
         
AA/EPA 4.78 ± 0.32 3.95 ± 0.24**  3.81 ± 0.27 3.31 ± 0.24  4.85 ± 0.32 3.85 ± 0.26** 
n-6 /n-3 PUFA 3.44 ± 0.14 3.17 ± 0.11  2.94 ± 0.12 2.75 ± 0.11  3.19 ± 0.10 2.87 ± 0.09** 
Total fatty acids in phospholipids 1.08 ± 0.03 1.12 ± 0.03  0.94 ± 0.02 1.01 ± 0.02**  0.94 ± 0.02 0.98 ± 0.02 

 

aValues are mean ± SEM.                                            
PUFA, polyunsaturated fatty acids; SFA, saturated FA; MUFA, monounsaturated FA; AA, arachidonic acid; EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic 
acid.  **P<0.05, *P<0.001, compared to no POAF group.  Independent samples t-test.  
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Table 3: Fatty acid composition (% of  total FA) of plasma phospholipids in the no POAF and POAF groups undergoing only CABG, at baseline, preoperatively and third postoperative daya  
(See results, Figure 11). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Values are mean ± SEM.                                       
PUFA, polyunsaturated fatty acids; SFA, saturated FA; MUFA, monounsaturated FA; AA, arachidonic acid; EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic 
acid.  **P<0.05, *P<0.001, compared to no POAF group.  Independent samples t-test.  

        Baseline Preoperative            Third postoperative day 
 
Fatty acids 

No POAF 
(n=59) 

POAF 
(n=59) 

 No POAF 
( n=62) 

POAF 
(n=59 ) 

 No POAF 
(n=62) 

POAF 
(n=61) 

         
∑SFA 45.05 ± 0.39 44.26 ± 0.47  45.11 ± 0.35 44.40 ± 0.41  45.45 ± 0.09 45.31 ± 0.12 
14:0 0.19 ± 0.03 0.26 ± 0.03  0.17 ± 0.03 0.21 ± 0.03  0.06 ± 0.01 0.09 ± 0.02 
16:0 28.43 ± 0.21 28.01 ± 0.21  28.34 ± 0.20 27.75 ± 0.20**  29.90 ± 0.16 29.91 ± 0.17 
18:0 13.05 ± 0.35 12.73 ± 0.46  13.32 ± 0.33 13.05 ± 0.42  13.49 ± 0.13 13.08 ± 0.23 
20:0 0.62 ± 0.02 0.60 ± 0.02  0.59 ± 0.03 0.64 ± 0.03  0.38 ± 0.03 0.28 ± 0.03 
22:0 1.54 ± 0.06 1.48 ± 0.03  1.50 ± 0.035 1.53 ± 0.03  0.95 ± 0.03 0.95 ± 0.03 
24:0 1.25 ± 0.05 1.19 ± 0.03  1.18 ± 0.03 1.22 ± 0.02  0.71 ± 0.03 0.73 ± 0.03 
         
∑MUFA 14.38 ± 0.40 14.82 ± 0.38  14.44 ± 0.32 14.69 ± 0.43  14.88 ± 0.22 15.44 ± 0.24 
16:1n-7 0.65 ± 0.03 0.60 ± 0.03  0.58 ± 0.04 0.55 ± 0.03  0.59 ± 0.04 0.63 ± 0.03 
18:1n-9 8.82 ± 0.24 9.24 ± 0.25  9.00 ± 0.22 9.05 ± 0.24  10.29 ± 0.21 10.74 ± 0.23 
18:1n-7 1.97 ± 0.19 2.06 ± 0.21  1.90 ± 0.13 2.04 ± 0.21  1.95 ± 0.03 1.96 ± 0.03 
20:1n-9 0.13 ± 0.04 0.08 ± 0.02  0.06 ± 0.02 0.06 ± 0.02  0.00 ± 0.00 0.03 ± 0.03 
24:1n-9 2.80 ± 0.08 2.85 ± 0.07  2.91 ± 0.08 2.97 ± 0.06  2.04 ± 0.07 2.08 ± 0.06 
∑PUFA 39.49 ± 0.26 39.41 ± 0.19  39.85 ± 0.25 39.72 ± 0.24  39.28 ± 0.22 38.88 ± 0.22 
∑n-6 PUFA 29.97 ± 0.39 28.98 ± 0.35  29.07 ± 0.37 28.02 ± 0.36**  29.60 ± 0.30 28.12 ± 0.31** 
18:2-n6 16.98 ± 0.31 17.10 ± 0.32  15.88 ± 0.34 15.90 ± 0.34  17.21 ± 0.38 17.39 ± 0.29 

20:2n-6 0.23 ± 0.03 0.25 ± 0.03  0.18 ± 0.03 0.19 ± 0.03  0.11 ± 0.02 0.12 ± 0.03 
20:3n-6 2.92 ± 0.09 2.66 ± 0.08**  2.81 ± 0.08 2.66 ± 0.08  2.71 ± 0.08 2.40 ± 0.07** 
20:4n-6 (AA) 9.28 ± 0.27 8.43 ± 0.31**  9.67 ± 0.27 8.68 ± 0.28**  8.99 ± 0.28 7.94 ± 0.24** 
22:4n-6 0.61 ± 0.02 0.60 ± 0.03  0.52 ± 0.04 0.61 ± 0.03  0.25 ± 0.02 0.27 ± 0.02 
         
∑n-3 PUFA 9.47 ± 0.33 10.37 ± 0.37  10.78 ± 0.32 11.69 ± 0.37  9.74 ± 0.25 10.77 ± 0.30** 
18:3n-3 0.02 ± 0.01 0.05 ± 0.01  0.02 ± 0.01 0.02 ± 0.01  0.04 ± 0.01 0.05 ± 0.02 
20:5n-3 (EPA) 2.41 ± 0.19 2.71 ± 0.21  3.29 ± 0.20 3.55 ± 0.23  2.33 ± 0.14 2.77 ± 0.17** 
22:5n-3 (DPA) 1.08 ± 0.03 1.12 ± 0.03  1.12 ± 0.03 1.20 ± 0.03**  0.98 ± 0.02 1.04 ± 0.02 
22:6n-3 (DHA) 5.97 ± 0.18 6.50 ± 0.18**  6.35 ± 0.16 6.91 ± 0.16**  6.40 ± 0.14 6.93 ± 0.15** 
         
AA/EPA 4.94 ± 0.35 4.06 ± 0.30  3.79 ± 0.29 3.28 ± 0.28  4.75 ± 0.33 3.81 ± 0.32** 
n-6 /n-3 PUFA 3.45 ± 0.15 3.04 ± 0.12**  2.89 ± 0.12 2.60 ± 0.12  3.19 ± 0.10 2.79 ± 0.11** 
Total fatty acids in phospholipids 1.05 ± 0.03 1.08 ± 0.03  0.90 ± 0.02 0.96 ± 0.03  0.93 ± 0.02 0.92 ± 0.03 
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Table 4: Univariate logistic regression analysis* of predictors of postoperative atrial 
fibrillation. 

 
Fatty acid proportions (%) of plasma phospholipids (PL) at baseline, preoperative and 
third postoperative day.  *Variables of the basic model entered: age, smoking, peak 
postoperative C-reactive protein (CRP) and body mass index (BMI).  P values and odds 
of ratios for addition of each fatty acid added to the basic model.   R2: Nagelkerke’s R-
squared of the full model of each fatty acid.  P<0.05. 

Fatty acids (%) P value Odds ratio 95% confidence 
interval 

R2 

Baseline:     
20:4n-6 (AA) 0.030 0.805 0.663-0.979 0.263 
∑n-3 PUFA 0.082 1.116 0.982-1.370 0.246 
20:5n-3 (EPA) 0.162 1.223 0.923-1.621 0.235 
22:5n-3 (DPA) 0.212 3.263 0.508-20.940 0.231 
22:6n-3 (DHA) 0.153 1.259 0.918-1.728 0.236 
AA/EPA  0.133 0.876 0.738-1.041 0.238 
n-6/n-3 PUFA  0.085 0.676 0.433-1.056 0.246 
     
Preoperative:     
20:4n-6 (AA) 0.032 0.799 0.651-0.981 0.296 
∑n-3 PUFA 0.067 1.162 0.990-1.365 0.284 
20:5n-3 (EPA) 0.218 1.176 0.909-1.522 0.266 
22:5n-3 (DPA) 0.039 6.955 1.104-43.800 0.292 
22:6n-3 (DHA) 0.050 1.415 1.000-2.001 0.288 
AA/EPA  0.180 0.873 0.716-1.065 0.269 
n-6/n-3 PUFA  0.116 0.679 0.419-1.100 0.275 
     
Third postoperative day:     
20:4n-6 (AA) 0.014 0.759 0.608-0.946 0.309 
∑n-3 PUFA 0.005 1.362 1.096-1.694 0.325 
20:5n-3 (EPA) 0.022 1.548 1.065-2.251 0.300 
22:5n-3 (DPA) 0.029 17.690 1.349-231.928 0.296 
22:6n-3 (DHA) 0.014 1.611 1.101-2.358 0.307 
AA/EPA  0.056 0.843 0.707-1.004 0.285 
n-6/n-3 PUFA  0.010 0.465 0.260-0.831 0.315 
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Does treatment with n-3 polyunsaturated fatty
acids prevent atrial fibrillation after open heart
surgery?
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Aims To examine the effect of n-3 polyunsaturated fatty acid (PUFA) treatment on the incidence of post-operative atrial
fibrillation (POAF).

Methods and
results

A prospective, randomized, double-blinded, placebo-controlled trial was conducted in patients admitted for coronary
artery bypass grafting and/or valvular repair surgery. The patients received either n-3 PUFA capsules, containing a
daily dose of 1240 mg eicosapentaenoic acid and 1000 mg docosahexaenoic acid, or olive oil capsules for 5–7
days prior to surgery and post-operatively until hospital discharge. The endpoint was POAF, defined as an
episode detected by continuous electrocardiographic monitoring, lasting .5 min. A total of 170 patients were
enrolled in the study, and 168 patients underwent surgery. Their median age was 67 (range 43–82) years, and
79.2% were males. There was no difference in baseline characteristics between the n-3 PUFA group (n ¼ 83) and
the placebo group (n ¼ 85), and the incidence of POAF was 54.2 and 54.1% (P ¼ 0.99), respectively. Factors associ-
ated with POAF included advanced age, peak post-operative C-reactive protein level, valvular surgery, lower body
mass index, and non-smoking, but n-3 PUFA concentration in plasma lipids was not associated with POAF.

Conclusion There is no evidence for a beneficial effect of treatment with n-3 PUFA on the occurrence of POAF in patients under-
going open heart surgery.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Keywords Atrial fibrillation † Post-operative † Open heart surgery † n-3 Polyunsaturated fatty acids † Randomized

controlled trial

Introduction
Atrial fibrillation (AF) is the most frequently encountered arrhythmia
following cardiac surgery although its incidence varies widely in
reported studies, commonly ranging from 20 to 70%.1–3 The risk
of post-operative AF (POAF) increases with advancing age and the
complexity of the surgical procedure.2,4,5 Although POAF is usually
a well-tolerated problem, it does, in many cases, require specific
therapy, add to the length of hospital stay, increase health care
costs, and may even be associated with increased mortality.5–7

The pathophysiology of POAF is complex and its aetiology mul-
tifactorial. Recent studies have implicated inflammation as a poten-
tial contributing factor in the development of POAF, and elevated
levels of C-reactive protein and pro-inflammatory cytokines have
been associated with its occurrence.8– 10

n-3 Polyunsaturated fatty acids (n-3 PUFA) have emerged as an
interesting therapeutic option for POAF, due to their proposed
anti-inflammatory properties and anti-arrhythmic action.11,12

However, there is paucity of data supporting the effectiveness of
this treatment. One prospective, randomized study in patients
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undergoing coronary artery bypass grafting (CABG) surgery has
demonstrated that pre- and post-operative oral administration of
n-3 PUFA significantly reduced the incidence of POAF.13

However, the study was neither double-blinded nor placebo-
controlled, and cardiac rhythm monitoring was not performed
continuously in all patients. Furthermore, no measurements of
n-3 PUFA levels in the blood, reflecting the efficacy of the n-3
PUFA supplementation, were performed. Another study in
CABG patients compared intravenous fish oil administration with
soy oil administration for a limited time peri-operatively. In this
study, the rate of POAF was decreased by half by fish oil compared
with soy oil.14 Given the requirement for additional clinical
resources and increasing costs of care associated with POAF, a
preventive approach using n-3 PUFA therapy clearly merits
further evaluation.

Therefore, a study to investigate the effect of n-3 PUFA sup-
plementation on the incidence of POAF following open heart
surgery was undertaken.

Methods

Study design
The study was a prospective, randomized, double-blinded,
placebo-controlled clinical trial for which patients were recruited
between August 2007 and May 2009 at the Landspitali University
Hospital in Reykjavik, Iceland. All consecutive patients scheduled
for elective or urgent open heart surgery during the study
period were evaluated for participation. Patients ,40 years of
age, those with a history of any form of supraventricular arrhyth-
mias or taking the anti-arrhythmic medications amiodarone
and/or sotalol, and patients undergoing an emergent operation
were excluded. Once a decision to perform open heart surgery
had been made and a scheduled date of the operation was avail-
able, the aims and protocol of the study were explained to eligible
patients. Those who consented to participation were asked to dis-
continue intake of cod liver oil and n-3 PUFA capsules if they were
taking such supplements but were otherwise advised to remain on
their usual diet. The patients were then randomly assigned to one
of the two study groups. The placebo group received 2 g of olive
oil (Lysi Inc., Reykjavı́k, Iceland) daily, administered in two soft cap-
sules twice per day. The treatment group received n-3 PUFA in
two soft capsules twice daily, providing a total of 1240 mg of eico-
sapentaenoic acid (EPA) and 1000 mg of docosahexaenoic acid
(DHA) as ethyl esters. The n-3 PUFA capsules are commercially
available in Iceland (Omega Forte, Lysi Inc, Reykjavı́k, Iceland).

Randomization was stratified on the basis of age above and below
65 years and the type of surgical procedure, i.e. CABG only vs. surgery
involving valve replacement or repair. The n-3 PUFA and placebo cap-
sules were supplied free of charge by Lysi Inc., but otherwise there
was no initiative or sponsorship by the pharmaceutical industry.
The study was approved by the Bioethics Committee of Landspitali
University Hospital and the Icelandic Data Protection Authority.

Treatment protocol and study endpoints
The study drug treatment was initiated 5–7 days before the sched-
uled date of surgery. The patients received the last pre-operative

dose in the evening prior to surgery and the first post-operative
dose as soon as they could take medication by mouth. Following
the operative procedure, the patients were admitted to the inten-
sive care unit and were subsequently transferred to the thoracic
surgery ward when their condition was stable. The treatment
was continued until the day of discharge from the hospital or for
a maximum duration of 2 weeks following the surgery in patients
who experienced a prolonged hospital stay. Post-operatively, all
patients underwent continuous electrocardiographic monitoring
while hospitalized and the study endpoint, POAF, was defined as
an episode lasting .5 min. Upon discharge from the hospital or
2 weeks after the surgery, the patients discontinued the study
medication and exited the study.

Data collection
Prior to surgery, all participants answered a questionnaire on their
consumption of fish or cod liver oil, n-3 PUFA intake, smoking
habits, alcohol consumption, height, body weight, and medication
use. Since n-3 PUFA may prolong bleeding time, information on
possible side effects during the study was meticulously recorded,
including operative and post-operative blood loss, major bleeding,
and number of blood transfusions administered. The need for
re-operations in the early post-operative period, death, and cer-
ebrovascular accidents (CVAs) were also recorded. At the end
of the study, each patient answered a questionnaire regarding
their participation, including self-reported side effects of the
study medication and whether they thought they were assigned
to the active treatment group or not.

Blood sampling and analysis
Venous blood samples for fatty acid analysis were obtained from
the patients three times during the study: immediately before the
investigative treatment was initiated, on the day of surgery, and
on the third post-operative day. Plasma was separated from
whole blood by immediate centrifugation at 3000 rounds per
minute for 10 min, and the samples were frozen at 2768C and
stored until the analysis of the fatty acids content in the phospho-
lipid fraction was performed. Plasma levels of C-reactive protein
were measured by an enzymatic sandwich immunoassay (Vitros
5.1 FS Chemistry System, Ortho-Clinical Diagnostics, Raritan, NJ,
USA) prior to surgery and daily following surgery until the levels
had peaked.

Total lipids were extracted from plasma with chloroform:metha-
nol (2:1, v/v), using the method of Folch et al.15 The antioxidant
butylated hydroxytoluene (5 mg/100 mL) was added to the extrac-
tion medium. The phospholipids were separated by thin-layer
chromatography (Adsorbosil H, Alltech, Deerfield, IL, USA)
employing the solvent system petroleum ether–diethyl ether–
acetic acid (80:20:1, v/v/v). The phospholipid fatty acids were
methylated by treatment with 14% boron trifluoride-methanol
(Sigma Chemical Co., St Louis, MO, USA) for 45 min at 1108C.
Quantitative analysis of fatty acid methyl esters was done by gas
chromatography using an HP Series II 5890 A Gas Chromatograph
(Hewlett Packard Co., Palo Alto, CA, USA) equipped with a flame
ionization detector and a Chrompack CP-WAX 52CB capillary
column (25 m � 0.32 mm i.d. � 0.2 mm film thickness). The oven
was programmed to provide an initial temperature of 908C for
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2 min, then a rising temperature by 308C per minute to 1658C, fol-
lowed by 38C per minute to 2258C, after which the temperature
was held isothermal for 6 min. The injector and detector tempera-
tures were maintained at 235 and 2508C, respectively. Hydrogen
was used as the carrier gas. The fatty acid methyl esters were ident-
ified and calibrated against commercial standards (Sigma Chemical
Co.; Nu-Check Prep, Elysian, MN, USA). The software HP 3365
Chemstation, Version A.02.12 (Hewlett Packard Co.), was used
for instrumental control and data acquisition and processing.

Statistical considerations
A treatment effect similar to the effect of anti-arrhythmic medi-
cations used for the prevention of POAF was considered clinically
significant. As the incidence of POAF in Iceland was unknown, we
used an estimated incidence of 40% for sample size calculations on
the basis of reports in the literature,1 –3 proposing a reduction to
20% by active treatment. Sample size calculations demonstrated
that 80 subjects in each group would give .80% power to
detect such a difference at a significance level of 0.05 (Stplan 4.1,
Department of Biomathematics, M.D. Anderson Cancer Centre,
The University of Texas, Houston, TX, USA).

Statistical analysis was performed on an intention-to-treat basis.
We used Wilcoxon–Mann–Whitney and x2 or Fisher’s exact test
to compare the groups. A stepwise multivariable logistic regression
was used to examine factors associated with POAF. Data are pre-
sented as median (range) or percentages unless otherwise noted.
All analyses were carried out using SPSS software (version 11.5).

Results
Of the total of 170 patients enrolled in the study, 84 patients
were randomized to the n-3 PUFA group and 86 to the
placebo group. Two patients, one from each group, had their
surgery cancelled after randomization leaving 168 patients for
further analysis. The baseline and surgical characteristics of
patients in the two groups were similar apart from the duration
of extracorporeal circulation (ECC) (Table 1). The ECC time
was longer in the placebo group with a median of 100.5 (range
0–261) min compared with 83 (0–254) min in the n-3 PUFA
group (P ¼ 0.047). The duration of pre-operative treatment
with the study medication varied from 2 to 28 days. A total of
12 patients took the medication for ,5 days, of whom three
patients in the n-3 PUFA group discontinued the medication
because of adverse effects, and additional two patients in the
n-3 PUFA group and seven in the placebo group underwent
surgery earlier than was originally planned. Sixteen patients
took the medication for .10 days due to a delay of the oper-
ation, nine of whom were assigned to the placebo group.

No difference in the incidence of POAF was observed between the
n-3 PUFA and placebo groups (54.2 vs. 54.1%, respectively; P ¼ 0.99)
as shown in Figure 1, nor in the median time to the development of
POAF, 49 (25.5–163) vs. 45 (7–291.5) h, respectively (P ¼ 0.42).

The total concentration of n-3 PUFA in plasma phospholipids in
the n-3 PUFA group increased from a baseline of 102.5 (49.3–
237.5) to 115.4 (70.9–256.1) mg/mL on the day of surgery (P ¼
0.002), whereas in the placebo group it decreased from 102.3
(51.0–224.7) to 88.5 (47.3–193.7) mg/mL (P , 0.001) (Figure 2).

The total concentration of the plasma n-3 PUFA in the n-3
PUFA group decreased from 115.4 (70.9–256.1) mg/mL on the
day of operation to 101.4 (45.8–187.4) mg/mL on the third post-
operative day (P , 0.001). The concentration of plasma n-3
PUFA was higher on the day of surgery as well as on the third post-
operative day in the n-3 PUFA group compared with the placebo
group (P � 0.001) (Figure 2).

No differences in the incidence of POAF were found between
the n-3 PUFA and placebo groups when the study cohort was
divided into tertiles of n-3 PUFA blood levels at baseline and at
the day of surgery, and of peak post-operative C-reactive protein
levels (Table 2).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Baseline and operative characteristics of
patients in the n-3 PUFA and placebo groups

n-3 PUFA group
(n 5 83)

Placebo group
(n 5 85)

Age (years) 67 (45–82) 67(43–82)

BMI (kg/m2) 27.5 (17.2–38.8) 27.3 (21.2–41.3)

Ejection fraction (%) 60 (15–70) 60 (15–77.5)

Length of treatment (days) 6 (2–18) 6 (3–28)

Gender (% men) 81.9 76.9

Smoking (%) 21.7 16.5

Cod liver oil intake (%) 57.8 51.8

n-3 PUFA intake (%) 27.7 25.9

Hypertension (%) 61.4 64.7

Diabetes (%) 15.7 15.3

Use of b-blockers (%) 78.3 74.1

CABG only (%) 73.8 74.1

Off-pump surgery (%) 14.5 9.4

Aortic cross-clamp time (min) 45 (0–208) 50.5 (0–183)

ECC time (min) 83 (0–254) 100.5 (0–261)*

Data are presented as median (range) or percentage. PUFA, polyunsaturated fatty
acids; BMI, body mass index; CABG, coronary artery bypass grafting; ECC,
extracorporeal circulation.
*P ¼ 0.047 compared with the n-3 PUFA group, Wilcoxon–Mann–Whitney test.

Figure 1 Incidence (%) of post-operative atrial fibrillation
(POAF) in the n-3 polyunsaturated fatty acid (PUFA) and
placebo groups.
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Post-operative outcomes such as blood loss, red blood cell trans-
fusions, and frequency of re-operation or major bleeding did not
differ between the two groups. Two patients in the n-3 PUFA
group died. One of them suffered a massive myocardial infarction
and heart failure on the third post-operative day and the other
died from rupture of the ascending aorta on the second post-
operative day. Neither of them had developed POAF. One patient
in the n-3 PUFA group suffered a CVA compared with three in
the placebo group, one of whom died after a protracted hospital
course. A similar rise in peak C-reactive protein levels following
the operation was observed in both groups (Table 3). Self-reported
gastrointestinal discomfort was more common in the n-3 PUFA

group compared with the placebo group (13.2 vs. 3.5%, respectively;
P ¼ 0.02), causing two patients to discontinue the intake of n-3
PUFA capsules prior to surgery. Overall, the n-3 PUFA treatment
was well tolerated without serious adverse effects compared with
placebo (Tables 3 and 4).

Table 5 shows the baseline and operative characteristics of
patients who developed POAF compared with those who did
not. The age of patients who developed POAF was higher, 69
(45–82) vs. 65 (43–79) years (P ¼ 0.001), and their body mass
index (BMI) lower, 26.7 (17.2–38.1) vs. 28.3 (20.9–41.3) kg/m2

(P ¼ 0.012) compared with those who did not develop POAF.
They were also less likely to have undergone isolated CABG vs.

Figure 2 Total concentration (mg/mL) of plasma n-3 polyunsaturated fatty acids (PUFA) of patients in the n-3 PUFA and placebo groups at
baseline, operation day, and the third post-operative day. Data are presented as median (25th, 75th percentiles for interquartile range). The n-3
PUFA levels were higher in the n-3 PUFA group compared with the placebo group at operation day and at the third post-operative day. Within
the n-3 PUFA group, the n-3 PUFA levels were lower at baseline and at third post-operative day compared with operation day. Within the
placebo group, the n-3 PUFA levels were higher at baseline than at operation and third post-operative days. Wilcoxon–Mann–Whitney
test for analysis between groups and Wilcoxon signed ranks test for analysis within groups.
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Table 2 Incidence of post-operative atrial fibrillation in the n-3 PUFA and placebo study groups based on tertiles of n-3
PUFA blood levels at baseline and at operation day, and of peak post-operative C-reactive protein levels

First tertile Second tertile Third tertile

n-3 PUFA
(n 5 27)

Placebo
(n 5 28)

n-3 PUFA
(n 5 27)

Placebo
(n 5 28)

n-3 PUFA
(n 5 28)

Placebo
(n 5 29)

n-3 PUFA level

At baseline 43.5 46.7 60.0 54.2 57.7 65.4

At operation day 35.7 40.0 48.3 69.2 63.2 68.8

Peak post-operative C-reactive
protein level

40.7 50.0 51.9 53.6 71.4 58.6

Data are presented as percentage. POAF, post-operative atrial fibrillation; PUFA, polyunsaturated fatty acids. No significant differences were found between the two groups within
each tertile, P . 0.05, x2 test.
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more complex surgery, 68.1 vs. 81.8% (P ¼ 0.04), than those
without POAF. The peak post-operative C-reactive protein levels
were higher among the patients with POAF compared with
those without POAF, 219 (36–471) vs. 195 (34–370) mg/L,
respectively (P ¼ 0.012). The hospital stay was longer among

patients who developed POAF compared with those who did
not, 9 (6–29) days compared with 7 (5–30) days, respectively
(P , 0.001). Finally, the concentration of total plasma n-3 PUFA
on the day of surgery was higher in patients with POAF than
those without POAF, 111.2 (47.3–256.1) vs. 92.8 (47.5–
177.9) mg/mL, respectively (P ¼ 0.006).

Multivariable logistic regression analysis showed that advanced
age, peak post-operative C-reactive protein level, lower BMI, an
operative procedure other than a simple CABG, and non-smoking
were associated with a higher risk of developing POAF (Table 6).
There was no association between POAF and assignment to n-3
PUFA treatment, plasma levels of n-3 PUFA, use of b-blockers,
or other variables tested.

Apart from the patients who received the study medication for
,5 days, there were five protocol deviations. One person in the
placebo group had a history of AF unknown to the research
team, experienced AF in the operating room, and had a concomi-
tant MAZE operation performed. This patient developed POAF.
Post-operatively, four patients received short-term treatment
with amiodarone for other arrhythmias than AF, of whom three
were in the n-3 PUFA group and one in the placebo group.
None of them developed POAF.

Discussion
The results of this randomized, double-blinded, placebo-controlled
study show no benefit of treatment with n-3 PUFA on the inci-
dence of POAF. Moreover, there was no evidence for a beneficial
effect of a higher concentration of plasma n-3 PUFA on the inci-
dence of POAF.

Although the pathophysiology of POAF likely involves complex
interplay of pre-disposing intra-operative and post-operative
factors, there is accumulation of data suggesting that inflammation
may play an important role.16 The trauma caused by the surgery
initiates an inflammatory response, both locally in the atria and sys-
temically, that is reflected by an increase in C-reactive protein
levels.10,16 However, although ECC alone can cause a systemic
inflammatory response, the incidence of POAF is similar in those
patients who have undergone surgery with or without cardiopul-
monary bypass.17,18 It is plausible that local inflammation in the
atria may alter atrial conduction and create conditions that
favour re-entry and arrhythmias. In the light of both the anti-
inflammatory effect of n-3 PUFA, mediated by lowering the
levels of pro-inflammatory eicosanoids derived from arachidonic
acid and by decreasing the production of pro-inflammatory cyto-
kines,19– 25 and their potential anti-arrhythmic effect,12,26 – 28 it
has been speculated that n-3 PUFA might be useful in the preven-
tion of POAF.

Consumption of fish products with a high n-3 PUFA content has
been associated with a decrease in the incidence of AF, not associ-
ated with cardiac surgery, over a follow-up period of 12 years.29

We are aware of only two published studies on the use of n-3
PUFA for the prevention of POAF.13,14 The study carried out by
Calo et al.13 in Italy was an open-label, prospective, randomized
trial consisting of 160 CABG patients. The incidence of POAF in
the n-3 PUFA-treated group was 15.2% compared with 33.3% in
the control group, portraying n-3 PUFA as a promising therapy

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Post-operative outcomes of the n-3 PUFA and
placebo groups

n-3 PUFA
group (n 5 83)

Placebo group
(n 5 85)

Estimated operative blood loss
(mL)

900 (0–4300) 1000 (0–6200)

Blood volume in drains (mL) 760 (110–3070) 770 (175–4980)

Transfusion of RBC (units) 1 (0–20) 1 (0–20)

Transfusion of plasma (units) 0 (0–24) 0 (0–24)

Peak post-operative troponin
T level (mg/L)

0.46 (0.07–14.15) 0.67 (0.17–7.79)

Peak post-operative C-reactive
protein level (mg/L)

208 (38–471) 202 (34–360)

Re-operation or major
bleeding (%)

14.3 16.3

CVA (%) 1.2 3.5

Length of hospital stay (days) 8 (5–29) 8 (6–30)

Death (%)

Early 2 0

Late 0 1

Data are presented as median (range) or percentage. PUFA, polyunsaturated fatty
acids; RBC, red blood cells; CVA, cerebrovascular accident. No significant
difference was found between the groups for any variable, P . 0.05, Wilcoxon–
Mann–Whitney or Fisher’s exact tests.
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Table 4 Adverse effects in the n-3 PUFA and placebo
groups

n-3 PUFA group
(n 5 83)

Placebo group
(n 5 85)

Adverse effects leading to termination of study treatment

Gastrointestinal symptoms 2* 0

Increased tremor in
Parkinson disease

1 0

Adverse effects not leading to termination of study treatment

Cod liver oil aftertaste 5* 1

Gastrointestinal symptoms 4* 2

Post-operative infections 5 7

Acute kidney injury 3 2

Pancreatitis, gallstones,
jaundice

2 1

Arrhythmias other than
POAF

50 47

Heart failure symptoms 4 4

Data are presented as absolute numbers. PUFA, polyunsaturated fatty acids.
*Combined cod liver oil aftertaste and gastrointestinal symptoms, P ¼ 0.02
compared with the placebo group, Fisher’s exact test.
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for the prevention of POAF. The magnitude of the preventive
effect of n-3 PUFA was in a range similar to that of the effects of
amiodarone and b-blockers, including sotalol.3

The present study was designed in a manner similar to the Italian
study,13 but in addition the present study was double-blinded and
placebo-controlled. Continuous electrocardiographic monitoring
was carried out for the duration of hospital stay, whereas the
Italian investigators monitored their patients only for the initial

4–5 days after surgery. In addition, patients undergoing valvular
heart surgery were included in the present study. Valve replace-
ment surgery and repair have been associated with an increased
risk of POAF,4 which may in part explain the higher incidence of
POAF observed in the present study compared with the study
by Calo et al. (54.2 vs. 24.4%, respectively).

The total daily dose of n-3 PUFA was similar (2 g/day) in both
the Italian and the present study but differed in the ratio of EPA
and DHA. In the Italian study, the n-3 PUFA capsules contained
EPA and DHA in the ratio of 1:2, whereas in the present study
the ratio was 1.2:1. Docosahexaenoic acid may, at lower concen-
tration than EPA, have important inhibitory effects on ion channels,
some of which are present only in atrial cells, including IKur.

30,31 A
lower dose of DHA in our study could in part explain the observed
difference between the studies.

Cod liver oil, which is a rich source of n-3 PUFA, is a commonly
used dietary supplement in Iceland, particularly among the elderly,
and is reflected in relatively high baseline levels of plasma n-3 PUFA
in the Icelandic population,32 including the subjects of our study.
Plasma n-3 PUFA levels were not measured in the study by Calo
et al.13 However, a recent, prospective, population-based study
of elderly persons (mean age 68.8+15.7 years) in Italy, originally
designed by the Laboratory of Clinical Epidemiology of the Italian
National Research Council of Aging,33 showed that the percentage
of n-3 PUFA in plasma phospholipids was 3.35+0.98% or about
one-third of what was observed in the entire cohort of the
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Table 5 Baseline and operative characteristics of patients who did or did not develop post-operative atrial fibrillation

POAF (n 5 91) No POAF (n 5 77)

Age (years) 69(45–82)* 65 (43–79)

BMI (kg/m2) 26.7 (17.2–38.1)** 28.3 (20.9–41.3)

Ejection fraction (%) 60 (15–77.5) 60 (15–75)

Length of treatment (days) 6 (2–28) 6 (3–12)

Gender (% men) 79.1 79.2

Smoking (%) 14.3 24.7

Cod liver oil intake (%) 56.0 53.2

n-3 PUFA intake (%) 29.4 23.4

Use of b-blocker (%) 71.4 81.8

Hypertension (%) 62.6 63.6

Diabetes (%) 13.3 18.2

CABG only (%) 68.1*** 81.8

Off-pump surgery (%) 8.8 15.6

ECC time (min) 102.5 (0–261) 92 (0–194)

Aortic cross-clamp time (min) 49 (0–208) 48 (0–142)

Estimated operative blood loss (mL) 1000 (0–6200) 900 (0—4300)

Blood volume in drains (mL) 800 (175–4980) 705 (110–3070)

Transfusion of RBC (units) 1 (0–20) 1 (0–18)

Peak post-operative C-reactive protein level (mg/L) 219 (36–471)** 195 (34–370)

Length of stay (days) 9 (6–29)**** 7 (5–30)

Re-operation or major bleeding (%) 15.4 15.6

CVA (%) 2.2 2.6

Data are presented as median (range) or percentage. POAF, post-operative atrial fibrillation; BMI, body mass index; PUFA, polyunsaturated fatty acids; CABG, coronary artery
bypass grafting; ECC extracorporeal circulation RBC, red blood cells; CVA, cerebrovascular accident.
*P ¼ 0.001, **P ¼ 0.012, ***P ¼ 0.04, **** P , 0.001, compared with the no-POAF group, Wilcoxon–Mann–Whitney or x2 tests.
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Table 6 Multivariable logistic regression analysisa of
predictors of post-operative atrial fibrillation

R2 P-value OR (95% CI)

Age 0.112 ,0.001 1.073 (1.033–1.114)

Peak post-operative
C-reactive protein
level (mg/L)

0.169 0.007 1.006 (1.002–1.010)

BMI 0.207 0.023 0.896 (0.815–0.985)

Valvular surgery or
complex procedure

0.243 0.024 2.590 (1.133–5.921)

Smoking 0.269 0.049 0.405 (0.169–0.994)

R2, Nagelkerke’s R2. Incremental R2 for each step of the regression analysis. BMI,
body mass index.
aStepwise forward selection of significant variables.
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present study (9.8+2.80%). A threshold for the incorporation of
dietary n-3 PUFA into membrane phospholipids has been demon-
strated, and that the effects of those fatty acids occur at a relatively
low n-3 PUFA concentration.34 This could conceivably explain the
beneficial effects of n-3 PUFA on incidence of POAF found by Calo
et al.,13 whereas this treatment may not be beneficial in a cohort
with high baseline n-3 PUFA levels such as ours. However, in
our study, analysis based on tertiles of n-3 PUFA levels at baseline
or at operation day did not indicate any trend towards a differential
effect of treatment based on n-3 PUFA status of the individual.

The administration of oral medications in the first 1–2 days fol-
lowing surgery can sometimes be challenging, which may be impor-
tant, as this is the time when patients may be at the highest risk of
POAF. In the study by Calo et al.,13 n-3 PUFA was administered
through a nasogastric tube if oral intake was not feasible. Intrave-
nous administration of n-3 PUFA peri-operatively also circumvents
this problem. Improved bioavailablity may in fact be the reason for
the success of this approach as demonstrated by Heidt et al.14

Even though n-3 PUFA treatment was not found to prevent
POAF in this study, the results nevertheless support the notion
that inflammation may be involved in the pathogenesis of POAF,
as the peak post-operative level of C-reactive protein was higher
in the patients who developed POAF. Moreover, the peak post-
operative C-reactive protein level was, apart from age, the most
significant independent predictor of POAF, suggesting a role for
inflammation in this setting, which is consistent with previous
studies.10,35 This association seems to be independent of n-3
PUFA levels because despite an increase in n-3 PUFA plasma
levels in the n-3 PUFA group, no significant difference was seen
in peak C-reactive protein levels between the n-3 PUFA and the
placebo groups. Although previous studies have also shown that
patients undergoing valvular procedures or more complex types
of cardiac surgery are more likely to develop POAF, an association
with non-smoking and BMI has been less well established and
needs to be examined in future studies.36,37

Studies evaluating n-3 PUFA in the prevention of arrhythmias
other than AF in humans, including ventricular tachycardia and ven-
tricular fibrillation, have been somewhat conflicting. Data from
experimental and animal studies indicate that n-3 PUFA may be
effective in preventing severe cardiac arrhythmias and sudden
death.38,39 This is supported by results from the GISSI-Prevenzione
trial, where n-3 PUFA treatment (1 g/day; EPA and DHA in the
ratio of 1:2) was beneficial in decreasing the risk of sudden
cardiac death.40 In contrast, studies in patients with implanted
cardiac defibrillator have not shown a beneficial effect on the fre-
quency of ventricular arrhythmias.41

Although our study was carefully designed and performed in a
double-blinded fashion, it has some limitations, including a rela-
tively low number of participants. However, given the almost iden-
tical results in both arms of the study, it is unlikely that a larger
study would have yielded different results. It is also worth noting
that late arrhythmia occurrences may have been missed, since
the patients were not examined following discharge from the hos-
pital. It has been well established that the incidence of POAF peaks
in the first 2–4 days after surgery, and this was also the case in the
present study, in which the average time from surgery to AF was
�2 days. Thus, it is unlikely that arrhythmia monitoring beyond

discharge would have affected the results. Finally, short-term n-3
PUFA treatment may be insufficient for the incorporation of n-3
PUFA into cell membranes.42 However, the high baseline levels
of n-3 PUFA in plasma phospholipids in our subjects may indicate
abundance of these fatty acids in their cell membranes. Further-
more, the success of peri-operative intravenous infusion of fish
oil for preventing POAF14 suggests that membrane composition
may not be of importance. The relative significance of plasma or
cell membrane fatty acid composition needs further investigation.

Conclusion
The results of this study contradict previous findings and suggest
that the use of n-3 PUFA supplements 5–7 days prior to open
heart surgery and in the immediate post-operative period does
not reduce the incidence of POAF among subjects with relatively
high baseline n-3 PUFA levels.
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Abstract  

Objective:  To examine the relationship between the plasma levels of n-3 

polyunsaturated fatty acids (PUFA) and high-sensitive C reactive protein 

(hs-CRP), and the occurrence of postoperative atrial fibrillation (POAF) 

in patients undergoing coronary artery bypass grafting (CABG) surgery.  

Methods:  A total of 125 patients undergoing CABG surgery were 

enrolled in the study.  Pre-and postoperative plasma phospholipid (PL) 

levels of fatty acids and CRP concentrations were measured and the 

endpoint was POAF lasting more than 5 minutes.  Results:  The 

incidence of POAF was 49.6%.  The POAF group (n=62) was older 

(P<0.05) and their body mass index (BMI) lower (P<0.05) compared to 

the no POAF group (n=63).  The preoperative plasma PL levels of 

docosapentaenoic acid (DPA, 22:5n-3) and docosahexaenoic acid (DHA, 

22:6n-3) were higher in the POAF group than in the no POAF group.  The 

preoperative plasma PL levels of total n-3 PUFA (r=-0.265, P=0.004), 

eicosapentaenoic acid (EPA) (r=-0.270, P=0.003) and DPA (r=-0.316, 

P=0.001), and the third postoperative day plasma PL levels of EPA (r=-

0.224, P=0.013) and DPA (r=-0.192, P=0.034) correlated negatively to 

the concentrations of hs-CRP.  Factors associated with POAF included 

advanced age, peak-postoperative CRP level, postoperative plasma PL of 

total n-3 PUFA, non-smoking and lower body mass index.   

Conclusion: There is no evidence for that relatively high preoperative n-3 

PUFA level in blood lipids has beneficial effect on the incidence of 

POAF following CABG surgery.  

 

Keywords: Atrial fibrillation • Postoperative • CABG • n-3 

Polyunsaturated fatty acids  • C-reactive protein  
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Introduction 

Atrial fibrillation (AF), the most common arrhythmia following coronary 

artery bypass grafting (CABG) surgery, was first recognized as a major 

cause of morbidity soon after the introduction of CABG surgery for the 

treatment of atherosclerotic coronary artery disease (1, 2).  The incidence 

of postoperative AF (POAF) varies widely in reported studies, ranging 

from 5% to 70% (3, 4).  The strongest risk factor for POAF is advanced 

age, but the complexity of the surgical procedure is also a risk factor (2, 

5).  Studies have yielded conflicting results on the independent predictive 

value of other factors, for example, previous history of AF, male gender, 

smoking and body mass index (BMI) (6-8).   

Animal studies (in vivo and in vitro) have demonstrated a possible 

role for inflammation in the genesis of POAF (9).  It has been shown that 

elevated levels of the inflammatory marker C-reactive protein (CRP) is 

associated with both POAF and AF in nonsurgical patients (10-12).  

Some studies have demonstrated that patients with high preoperative CRP 

levels have an increased risk of developing POAF (13), whereas other 

studies have not found this association (14, 15).  In this setting, CRP may 

reflect multitude of underlying risk factors, such as smoking, BMI and 

hypertension (16). 

Human studies have demonstrated an inverse relationship between 

dietary intake or plasma levels of n-3 polyunsaturated fatty acids (PUFA) 

and plasma levels of CRP (17-19).  The anti-inflammatory effects of the 

n-3 PUFA, particularly eicosapentaenoic acid (EPA, 20:5n-3), mediated 

by lowering the levels of pro-inflammatory eicosanoids derived from the 

n-6 PUFA arachidonic acid (AA, 20:4n-6) (20), and their potential anti-

arrhythmic effect (21), have introduced  n-3 PUFA as a potential 

therapeutic option for the prevention of POAF.  However, there is paucity 
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of data supporting the effectiveness of n-3 PUFA to prevent development 

of POAF, and studies on pre-and/or postoperative administration of n-3 

PUFA have yielded variable results (22-24).  In our placebo controlled 

double blinded trial of n-3 PUFA treatment prior to and following surgery 

we did not demonstrate any difference in POAF between active treatment 

and placebo (24). 

In the present study, we examined the relationship between blood 

levels of individual n-3 PUFA and n-6 PUFA, CRP, and the occurrence of 

POAF in patients undergoing CABG surgery. 

 

Materials and methods 

Patients 

This study was a part of a larger prospective, randomized, double-blinded, 

placebo-controlled clinical trial on the use of n-3 PUFA in the prevention 

of POAF, for which patients were recruited between August 2007 and 

May 2009 at the Landspitali University Hospital in Reykjavik, Iceland. 

Details of the study have been presented previously (24).  In short, all 

consecutive patients scheduled for elective or semi-emergent open heart 

surgery during the study period were evaluated for participation, and a 

total of 170 patients were enrolled.  Active treatment consisted of 2240 

mg n-3 PUFA daily and placebo consisted of 2000 mg olive oil daily in 

identical capsules.  Exclusion criteria included age younger than 40 years, 

a history of any form of supraventricular arrhythmias or the use of 

amiodarone and/or sotalol.  For the current study we also excluded 

subjects undergoing complex procedures involving valvular surgery.  

Thus, 125 patients undergoing CABG surgery were included and divided 

into two age groups, 40 to 65 years (younger group) and >65 years (older 

group).  Prior to surgery, all participants answered a questionnaire on 
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their consumption of fish or cod liver oil, n-3 PUFA intake, smoking 

habits, alcohol consumption, height, body weight and medication use.  All 

patients provided written informed consent. The study was approved by 

the Bioethics Committee of Landspitali University Hospital and the 

Icelandic Data Protection Authority.  

 

Study endpoints 

All participants received standard care following the operative procedure 

and all had continuous electrocardiographic monitoring while 

hospitalized.  The study endpoint, POAF, was defined as an episode 

lasting more than five minutes.  Upon discharge from the hospital or two 

weeks after the surgery, the patients exited the study. 

 

Blood sampling and measurements 

Venous blood samples were obtained from the fasting patients 

immediately before operation (preoperative) and at the third postoperative 

day.  Plasma was separated from whole blood by immediate centri-

fugation at 3000 rounds per minute for 10 minutes, and the samples were 

frozen at -76°C and stored until analyzed.  

Total plasma lipids were extracted by method of Folch et al. (25).  

The antioxidant butylated hydroxytolunene (BHT, 5mg/100mL) was 

added to the extraction medium. The phospholipids (PL) were separated 

on a thin-layer chromatography plate (Adsorbosil H, Alltech, Deerfield, 

IL, USA) using a mobile phase of petroleum ether/diethyleter/acetic acid 

(80:20:1, by vol.).  The PL fatty acids (FA) were methylated for 45 

minutes at 110°C using 14% boron trifluoride/methanol (Sigma Chemical 

Co., St. Louis, MO, USA).  The analysis of FA methyl esters were 

analyzed using a gas chromatograph (5890A Series II HP/Agilent, Palo 
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Alto, CA, USA) equipped with a flame ionization detector and a 

Chrompack CP-WAX 52CB capillary column (25 m x 0.32 mm i.d. x 0.2 

µm film thickness).  The oven was programmed to provide an initial 

temperature of 90°C for 2 min, then rising by 30°C per minute to 165°C, 

and at 3°C per minute to 225°C, and held isothermal for 6 min.  The 

injector and detector temperatures were maintained at 235°C and 250°C, 

respectively.  Hydrogen was used as the carrier gas. The FA methyl esters 

were identified and calibrated against commercial standards (Sigma 

Chemical Co.; Nu-Check-Prep, Elysian, MN, USA).  The software HP 

3365 Chemstation, Version A.02.12 (Agilent, Palo Alto, CA, USA), was 

used for instrumental control and data acquisition and processing. The 

results are expressed as proportion (%) of total FA in plasma PL. 

Postoperative plasma levels of CRP were measured by routine 

measurements from the Landspitali University Hospital, by enzymatic 

sandwich immunoassay (Vitros 5.1 FS Chemistry System, Ortho-Clinical 

Diagnostics, Raritan, NJ, USA).  The plasma levels of hs-CRP 

preoperative and at the third postoperative day were measured on a Kone 

30 analyzer using a commercially available latex-enhanced immunotur-

bidimetric assay (Roche Diagnostic Systems, Mannheim, Germany).  The 

lower detection limit of the assay is 0.1 mg/L.  The between-day 

coefficient of variation was 1.1% at a concentration of 3.73 mg/L and 1.9 

% at a concentration of 0.68 mg/L. 

 

Statistical considerations 

As there was no difference in POAF between the n-3 PUFA and placebo 

groups (54.2% versus 54.1%, respectively) we ignored treatment 

assignment in this analysis.  Differences in baseline and operative 

characteristics between the patients with POAF and those without POAF 
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were compared with Wilcoxon-Mann-Whitney test for continuous 

variables and the chi-square test for dichotomous variables.  An 

independent-samples t-test was used to compare the difference in FA 

composition of plasma PL between patients with POAF and those without 

POAF.  We used Spearman´s correlation coefficient to assess the 

association between the plasma levels of FA and CRP.  The logistic 

regression analysis was used to assess the association between POAF and 

other factors. First a univariate analysis was performed with independent 

variables including each FA.  We subsequently constructed a basic model 

that incorporated baseline factors known or found to be associated with 

POAF.  To assess the independent association of the FA with POAF we 

finally added each one of them separately to the basic model.  The FA 

that yielded the highest Nagelkerke´s R2 when added to the basic model 

was then used in a stepwise multivariable logistic regression.  Data are 

presented as median (range), percentages or mean ± standard error of 

mean (SEM) unless otherwise noted.  Two-sided P value less than 0.05 

was considered statistically significant. All statistical analyses were 

carried out using SPSS software (version 17.5). 

 

Results 

The overall incidence of POAF among the patients undergoing CABG 

surgery (n=125) was 49.6%.  The baseline and surgical characteristics of 

the patients who developed POAF (POAF group) compared to those who 

did not develop POAF (no POAF group) is shown in Table 1.  The POAF 

group was older (P<0.05) and their BMI lower (P<0.05) compared to the 

no POAF group.  The POAF group reported eating fish meal more 

frequently (P<0.05) than the no POAF group.  The intake of cod liver oil 

and/or n-3 PUFA supplements was frequent and similar in both groups, 
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and there was no difference in the proportion of off-pump CABG surgical 

procedures. The POAF group had longer hospital stay than the no POAF 

group (P<0.001). 

The preoperative plasma PL proportions of FA in the POAF group 

and no POAF group are shown in Table 2.  Preoperatively the POAF 

group had higher proportions of both DPA and DHA and lower 

proportions of total n-6 PUFA and AA compared to the no POAF group 

(P<0.05).  On the third postoperative day the POAF group had higher 

proportions of total n-3 PUFA, EPA, and DHA and lower proportions of 

total n-6 PUFA, AA and, AA to EPA ratio compared to the no POAF 

group (P<0.05) (Table 3).  

As shown in Table 1 there was no difference observed in 

preoperative hs-CRP concentration between the POAF and no POAF 

groups (2.2 (0.6-144.9) mg/L versus 2.7 (0.5-16.2) mg/L, respectively).  

However, the peak postoperative CRP concentration was higher in the 

POAF group compared to the no POAF group (216.5 (36.0-416.0) mg/L 

versus 197.0 (34.0-370.0) mg/L, respectively, P<0.05).  In the whole 

CABG cohort the preoperative plasma PL proportions of total n-3 PUFA 

(r=-0.265, P=0.004), EPA (r=-0.270, P=0.003) and DPA (r=-0.316, 

P=0.001), and the third postoperative day proportions of EPA (r=-0.224, 

P=0.013) and DPA (r=-0.192, P=0.034) correlated negatively to the 

concentrations of hs-CRP.  Figures 1 and 2 show the relationships 

between the preoperatively and third postoperative day proportions of 

EPA, DPA and DHA in plasma PL and the hs-CRP concentrations, when 

the CABG patients were divided into younger and older groups.  The 

preoperative proportions of EPA (r=-0.371, P=0.002), DPA (r=-0.474, 

P<0.001), and DHA (r=-0.240, P=0.049) were negatively correlated to the 

hs-CRP concentrations in the older group (Figure 1d-f).  Total n-3 PUFA 
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(r=-0.370, P=0.002) was also negatively correlated to the hs-CRP 

concentration in the older group (data not shown).  No relationship was 

found between the proportions of EPA, DPA and DHA and the hs-CRP 

concentrations in the younger group (Figure 1a-c), or between the total n-

3 PUFA and hs-CRP concentration (data not shown).  In the older group 

at the third postoperative day, where the highest peak hs-CRP 

concentration was 463 mg/L, the proportions of EPA (r=-0.337, P=0.004; 

Figure 2d) and total n-3 PUFA (r=-0.298, P=0.012) were negatively 

correlated to the hs-CRP concentration.  In the younger group, where the 

highest peak hs-CRP concentration was 285 mg/L, no relationship was 

found between the proportions of the EPA, DPA and DHA and the hs-

CRP concentrations (Figure 2a-c), or between the total n-3 PUFA and hs-

CRP concentration. 

Among the patients undergoing only CABG surgery, univariate 

analysis identified age, BMI and peak postoperative CRP levels as 

significant predictors of POAF.  In addition, smoking showed borderline 

significant association.  These variables therefore were included in the 

basic logistic regression model, yielding an R2 of 0.241.  All four 

variables were significant in the model with the risk of POAF increasing 

with advancing age (OR (95% CI)=1.064 (1.013-1.118)) and higher peak 

CRP concentration (OR=1.008 (1.002-1.014)) but decreasing with higher 

BMI (OR=0.855 (0.753-0.971)) and smoking (OR=0.339 (0.122-0.944)).  

Upon univariate analysis the various FA, measured at all the three time 

points, showed variable association with POAF.  When separately adding 

each one of the FA or the ratio of n-6 PUFA to n-3 PUFA to the basic 

model, addition of the third postoperative day proportion of total n-3 

PUFA increased the R2 to the largest degree, yielding a total R2 of 0.325 

(Table 4).  Table 4 shows the results of the final stepwise multivariable 
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logistic regression model including the proportion of total n-3 PUFA on 

the third postoperative day and other significant variables.   In this final 

model the risk of POAF increased with advanced age (OR (95% 

CI)=1.074 (1.026-1.125)), peak postoperative CRP (OR (95% CI)=1.006 

(1.001-1.012)), and third day postoperative total n-3 PUFA proportion 

(OR (95% CI)=1.288 (1.064-1.561)) but decreased with smoking (OR 

(95% CI)=0.271 (0.094-0.781)) and higher BMI (OR (95% CI)=0.862 

(0.753-0.987)). 

 

Discussion  

The results of this study in patients undergoing CABG show that 

relatively high n-3 PUFA level in plasma PL did not affect the incidence 

of POAF.  Moreover, advanced age, higher peak postoperative CRP 

concentration, higher proportion of n-3 PUFA in plasma PL was 

associated with increased risk of POAF.  However, smoking and higher 

BMI were associated with lower risk of POAF. 

The pathophysiology and etiology of POAF has not yet been fully 

characterized but likely involves multiple and complex pre-,intra-, and 

postoperative factors.  Role of inflammation has been suggested by 

Bruins and colleagues (11), who demonstrated activation of the 

complement system and systemic inflammatory responses induced by an 

open heart surgery.  CRP levels increase with a peak on postoperative day 

2 and the incidence of POAF follows a similar pattern peaking on 

postoperative day 2 or 3 (11, 26).  A role for inflammation in the genesis 

of AF and POAF has been further supported by several clinical studies 

(10, 12, 13, 27).  In the present study, as well as in some other studies (14, 

15), no association was found between POAF and preoperative hs-CRP 

concentration.  On the other hand, the peak postoperative CRP 
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concentration was higher among patients who developed POAF compared 

to those who did not.  Moreover, the peak postoperative CRP level was a 

strong predictor of POAF.  These results support the notion that 

inflammation associated with postoperative changes or course may be 

important in the pathogenesis of POAF (15). 

The anti-inflammatory effects of n-3 PUFA have been extensively 

studied and an inverse relationship has been demonstrated between both 

dietary intake or plasma levels of n-3 PUFA and hs-CRP concentration 

among healthy subjects as well as in patients with coronary artery disease 

(17-19).  The present study confirms this association in the patients who 

underwent CABG surgery, indicating that n-3 PUFA may have an anti-

inflammatory effect.  Experimental and clinical studies have shown that 

n-3 PUFA, particularly EPA, and DHA, may have protective effect 

against POAF due to their proposed anti-inflammatory properties and 

anti-arrhythmic action (20, 21).  It is unclear exactly how n-3 PUFA exert 

their anti-arrhythmic effects, and whether such effects are related to EPA, 

DHA or both. 

It is very common in Iceland to use cod liver oil (rich in EPA and 

DHA) and/or n-3 PUFA as a dietary supplement.  In our study cod liver 

oil intake was substantial, both among the patients who developed POAF 

and those who did not (54.0% versus 56.5%).  This was reflected in the 

relatively high proportions of EPA and DHA in their plasma PL.  Our 

study therefore suggests that relatively high plasma levels of n-3 PUFA 

have no protective effect on developing POAF.  On the contrary, high 

proportion of n-3 PUFA in PL was associated with an increased risk of 

developing POAF even after controlling for confounding variables such 

as age and inflammation. 
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Few studies have examined the effect of n-3 PUFA treatment and 

incidence of POAF.  A study by Calo and colleagues (22) demonstrated 

that n-3 PUFA treatment decreased the incidence of POAF after CABG 

and shortened hospital stay.  Heidt and colleagues (23) also recently 

reported reduction in the incidence of POAF by intravenous infusion of n-

3 PUFA, at least 12 hours preoperative and in the immediate 

postoperative phase in the intensive care unit.  Neither of the studies were 

performed in a blinded fashion and contradicting the results are the 

findings from our randomized placebo controlled double blinded study 

indicating no such beneficial effect of n-3 PUFA.  In the studies of Calo 

(22), Heidt (23) and colleagues composition of plasma PL was not 

examined, which further limit comparison with our results.   

Many risk factors have been suggested to influence the occurrence 

of POAF (2, 5-7, 28).  Among these, advanced age has been shown to be 

the most consistent predictor for POAF (2, 28).  Our study confirms these 

prior findings. This may not be surprising as the prevalence of AF in 

general increases dramatically with age and it is likely that degenerative 

changes in the heart play an important role.  Moreover, the peak 

postoperative CRP level was, a strong predictor of POAF in our study 

suggesting the notion that inflammation associated with postoperative 

changes or course may be important in the pathogenesis of POAF (15, 

29).  In the present study, the third day postoperatively total n-3 PUFA 

proportion in plasma PL was unexpectedly found to be a significant 

predictor of POAF.  This is the first study we are aware of that reveals 

this relationship.  More studies in individuals with low baseline n-3 

PUFA levels in blood are necessary to investigate the relationship 

between n-3 PUFA levels in blood and POAF incidence.  It was expected 

that higher BMI would predict POAF (7, 30), as the association between 
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AF and BMI is thought to correlate with left atrial enlargement in obese 

patients (31).  In contrast, the present study identified the independent 

role of a higher BMI as a predictor of lower risk of POAF.  Recently it 

has been demonstrated that smokers were protected against the risk of 

POAF due to their higher adrenergic tolerance.  Therefore, it is assumed 

that hyper-adrenergic state is the key factor behind POAF development 

(8).  Although our findings confirm this relationship, with smoking being 

one of the predictors of lower risk of POAF, certainly the overall negative 

effects of smoking outweigh the potential POAF protective mechanism.  

However, the curious effects of smoking may help to better understand 

the pathophysiology of POAF.  Further studies are required to elucidate 

the interactions between smoking, BMI and POAF. 

 

Conclusions 

Our prospective study concludes that relatively high proportion of n-3 

PUFA levels in blood lipids prior to CABG surgery does not prevent 

POAF and might actually increase the risk of POAF.  On the other hand, 

our results support the notion that inflammation may play a role in the 

pathogenesis of POAF, since inverse relationship was found between 

blood levels of n-3 PUFA and CRP.  Clearly more studies are needed to 

conclusively demonstrate this association before one can routinely 

recommend treatment with n-3 PUFA against POAF and other arrhythmia 

management.  
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Figure legends 

 

Figure 1:  Relationship between the preoperative plasma phospholipid 

proportions (% of total fatty acids, TFA) of EPA (20:5n-3), DPA (22:5n-

3) and DHA (22:6n-3) and hs-CRP concentrations (mg/L) in younger (a-

c) and older groups (d-f). NS, non significant. P<0.05, Spearman´s 

correlation coefficient. 

 

Figure 2:  Relationship between the third day postoperative plasma 

phospholipid proportions (% of total fatty acids, TFA) of EPA (20:5n-3), 

DPA (22:5n-3) and DHA (22:6n-3) and hs-CRP concentrations (mg/L) in 

younger (a-c) and older groups (d-f). NS, non significant. P<0.05, 

Spearman´s correlation coefficient. 
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Table 1   

Baseline and operative characteristics of patients with or without 

postoperative atrial fibrillation (POAF).  

 
No POAF group 

(n=63) 
POAF group 

(n=62) 
P value 

Age (years) 66 (45-79) 69 (45-82)* 0.003 

BMI (kg/m2) 28.4 (20.9-41.3) 
27.0 (19.1-

35.0)* 
0.026 

Gender (% men) 84.1 79.0 0.462 

Smoking (%) 27.0 14.5 0.086 

Fish intake (%, > 1x a week) 62.3 82.3* 0.013 

Cod liver oil intake (%) 54.0 56.5 0.367 

n-3 PUFA intake (%) 25.4 27.4 0.364 

Use of β blockers (%) 84.1 77.4 0.341 

Hypertension (%) 65.1 64.5 0.947 

Diabetes (%) 19.0 12.9 0.349 

Estimated operative blood 
loss (mL) 

900 (0-2860) 800 (0-6200) 0.799 

Blood volume in drains 
(mL) 

700 (110-3070) 775 (96-4980) 0.664 

Preoperative hs-CRP (mg/L) 2.7 (0.5-16.2) 2.2 (0.6-144.9) 0.591 

Peak postoperative CRP 
(mg/L) 

197.0 (34.0-370.0)
216.5 (36.0-

416.0)* 
0.042 

Length of hospital stay 
(days) 

7 (5-30) 9 (6-28)* <0.001 

ECC time (min) 84.5 (0-180) 80 (0-183) 0.696 

Off pump (%) 19 12.9 0.349 

Aortic cross-clamp time 
(minutes) 

45 (0-87) 42 (0-120) 0.765 

 

Data are expressed as median (range) or percentage.  BMI, body mass 

index;  hs-CRP, high sensitivity C-reactive protein. *P< 0.05, compared 

to no POAF group. Wilcoxon-Mann-Whitney or chi-squared tests. 
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Table 2   

The preoperative plasma phospholipid proportions of fatty acids in 

patients who did or did not develop postoperative atrial fibrillation 

(POAF). 

 

Fatty acids (%) 
No POAF group 

(n=62) 
POAF group 

(n=59) 

   

∑n-6 PUFA 29.07 ± 0.37 28.02 ± 0.36* 

18:2n-6 15.88 ± 0.34 15.90 ± 0.34 

20:3n-6 2.81 ± 0.08 2.66 ± 0.08 

20:4n-6 (AA) 9.67 ± 0.27 8.68 ± 0.28* 

   

∑n-3 PUFA 10.78 ± 0.32 11.69 ± 0.37 

20:5n-3 (EPA) 3.29 ± 0.20 3.55 ± 0.23 

22:5n-3 (DPA) 1.12 ± 0.03 1.20 ± 0.03* 

22:6n-3 (DHA) 6.35 ± 0.16 6.91 ± 0.16* 

   

AA/EPA 3.79 ± 0.29 3.28 ± 0.28 

n-6/n-3 PUFA 2.89 ± 0.12 2.60 ± 0.12 

 

Data are expressed as % of total fatty acids (mean ± SEM). PUFA, 

polyunsaturated fatty acids; AA, arachidonic acid; EPA, eicosapentaenoic 

acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic acid. 

*P<0.05, compared to no POAF group. Independent-samples t-test.      
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Table 3  

The third postoperative plasma phospholipid proportions of fatty acids in 

patients who did or did not develop postoperative atrial fibrillation 

(POAF). 

 

Fatty acids (%) 
No POAF group 

(n=62) 
POAF group 

(n=61) 

   

∑n-6 PUFA 29.60 ± 0.30 28.12 ± 0.31* 

18:2n-6 17.21 ± 0.38 17.39 ± 0.29 

20:3n-6 2.71 ± 0.08 2.40 ± 0.07* 

20:4n-6 (AA) 8.99 ± 0.28 7.94 ± 0.24* 

   

∑n-3 PUFA 9.74 ± 0.25 10.77 ± 0.30* 

20:5n-3 (EPA) 2.33 ± 0.14 2.77 ± 0.17* 

22:5n-3 (DPA) 0.97 ± 0.02 1.04 ± 0.02 

22:6n-3 (DHA) 6.40 ± 0.14 6.93 ± 0.15* 

   

AA/EPA 4.75 ± 0.33 3.81 ± 0.32* 

n-6/n-3 PUFA 3.19 ± 0.10 2.79 ± 0.11* 

 

Data are expressed as % of  total fatty acids (mean ± SEM). PUFA, 

polyunsaturated fatty acids; AA, arachidonic acid; EPA, eicosapentaenoic 

acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic acid. 

*P<0.05, compared to no POAF group.  Independent samples t-test.   
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Table 4   

Multivariable logistic regression analysis* of predictors of postoperative 

atrial fibrillation.  

 R2 P-value OR (95% CI) 

Age (years) 0.108 0.002 1.074 (1.026-1.125) 

Peak postoperative CRP 
(mg/L) 

0.160 0.027 1.006 (1.001-1.012) 

Third postoperative total n-3 
PUFA (%) 

0.227 0.010 1.288 (1.064-1.561) 

Smoking 0.283 0.016 0.271 (0.094-0.781) 

BMI (kg/m2) 0.325 0.032 0.862 (0.753-0.987) 

 

*Stepwise forward selection of significant variables.  R2: Nagelkerke’s R-

squared. Incremental R2 for each step of the regression analysis.  CRP, C-

reactive protein, BMI, body mass index. P< 0.05. 
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Figure 2 
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