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Omega-3 polyunsaturated fatty acids in the prevention of postoperative atrial
fibrillation in open heart surgery: a systematic review and meta-analysis

Rubanenko O.A., Rubanenko A.O., Davydkin I. L.

Aim. To evaluate the literature data on the efficacy of
omega-3 polyunsaturated fatty acids (PUFASs) in the preven-
tion of postoperative atrial fibrillation (POAF) in elective
cardiac surgery, including on- or off-pump coronary artery
bypass grafting and/or valve replacement and/or repair.
Material and methods. The search for studies was carried
out using the PubMed database and Google Scholar from
2005 to January 31, 2022. From the initially identified search
results, 19 articles were analyzed. The design of articles
corresponded to randomized clinical trials. Omega-3 PUFAs
was selected as an interventional effect. The studies were to
include, as an end point, the assessment of new POAF cases
in the early period after open heart surgery.

Results. The meta-analysis included 15 studies with 3980
patients, of which 1992 (50,0%) patients took omega-3
PUFAs. POAF occurred in 587 (29,5%) patients receiving
omega-3 PUFAs and 679 (34,2%) patients on standard
therapy (hazard ratio, 0,8, 0,68-0,93, p=0,004). There is
a variation in effect size for POAF patients in the presented
randomized clinical trials relative to the axis of the central
trend and heterogeneity of studies with a significant number
of patients included (1>=51%, p=0,01).

Conclusion. Our systematic review and meta-analysis sho-
wed the effectiveness of omega-3 PUFAs in the prevention
of POAF during open heart surgery.

Keywords: omega-3 polyunsaturated fatty acids, atrial fib-
rillation, cardiac surgery.
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Omega-3 polyunsaturated fatty acids (PUFAs),
primarily eicosapentaenoic (EPA) and docosahexae-
noic acids (DHA), decrease the risk of cardiovascular
events by reducing the incidence of supraventricular
and ventricular arrhythmias [1]. Analysis of the cel-
lular and molecular mechanisms of omega-3 PUFA
action is relevant for the prevention of arrhythmias.

The use of omega-3 PUFASs to prevent new epi-
sodes of atrial fibrillation (AF) in the early postope-
rative period of open-heart surgery is controversial.
The first studies demonstrated the effectiveness of
prescribing omega-3 PUFAs in the short-term peri-
operative period of coronary artery bypass grafting
(CABG) [2, 3]. More recent studies have shown

opposite results, showing that omega-3 PUFAs do
not lead to an additional reduction in the risk of
postoperative AF (POAF) [4, 5]. Thus, conflicting
data on the antiarrhythmic effect of omega-3 PUFAs
in patients undergoing cardiac surgery in terms of
the prevention of POAF raises questions. Systematic
review and meta-analysis will determine the effec-
tiveness of omega-3 PUFAs in the short term to
prevent new cases of AF in cardiac surgery.

The aim of this review was to evaluate literature
data on the efficacy of omega-3 PUFAs in the
prevention of POAF during elective cardiac surgery,
including on- or off-pump CABG and/or heart
valve repair/replacement.
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Material and methods

Search for publications and selection of stu-
dies. The search for information was carried out in
accordance with the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA)
[8] in the PubMed and Google Scholar database
and included research search using search queries,
keywords (including MeSH) and logical operators.
Poster presentations, dissertations, symposiums, case
reports, books, meta-analyses, systematic reviews,
review articles, letters to readers, recommendations,
animal studies were not used according to the search
goal. English and Russian were established as the
main language of literature.

Keywords in the PubMed database: (omega-3
polyunsaturated fatty acids) AND (postoperative
atrial fibrillation) AND (coronary artery bypass
graft) AND (cardiac surgery). To search the Google
Scholar database, we used the query: omega-3 poly-
unsaturated fatty acids AND postoperative atrial
fibrillation AND coronary artery bypass graft AND
cardiac surgery.

The PICO (population, intervention, compara-
tor, outcome) model was used to search for studies.
The last search was carried out on January 31,
2022. The systematic review included randomized
controlled trials (RCTs) where the initial data were
adequately presented — study design, clinical cha-
racteristics of patients, type of intervention, control
and comparison group. Cardiac surgical interven-
tions such as on- and off-pump CABG, and/or heart
valve repair/replacement were taken into account.
Omega-3 PUFAs, prescribed in the perioperative
period for the prevention of POAF, was chosen as an
interventional effect. The studies were to include as
an endpoint an assessment of POAF risk by electro-
cardiographic monitoring or recording.

Risk of bias. The risk of bias for individual studies
included in the systematic review was assessed using
The Cochrane Collaboration’s tool for assessing
risk of bias. The overall risk of bias was assessed in
6 domains: random sequence generation; allocation
concealment; blinding of patients and personnel;
blinding of outcome assessment; incomplete out-
come data and selective reporting [12, 13].

Statistical analysis. Statistical processing was
performed using Review Manager (RevMan), ver-
sion 5.4.1 (The Cochrane Collaboration, 2020).
The meta-analysis was carried out according to the
random effects model, using the inverse dispersion
method. The results of meta-analysis were presented
as a forest plot. Statistical heterogeneity was assessed
using Pearson’s chi-square test and heterogeneity
index (I>>40%, p<0,10). Meta-analysis of the abso-
lute values in the study and control groups was
performed according to the data on absolute values,

taking into account the number of subjects in the
compared groups. We assessed the efficacy of
omega-3 PUFAs in addition to standard therapy
compared with standard therapy using odds ratios
(OR) with 95% confidence intervals (CI).

Results

Data extraction and synthesis. Primary screening
using the search queries described above yielded
23 PubMed publications and 924 results using the
Google Scholar database. Of the 947 results found,
44 posts were duplicated, so only non-duplicate
search results were left.

The study did not include symposiums, case
reports and case series, books, meta-analyzes, sys-
tematic reviews, reviews, letters to readers, guide-
lines, animal studies. After analyzing the titles and
their abstracts, 122 publications contained full-text
articles. Evaluation of full-text copies resulted in the
exclusion of 102 publications due to lack of specified
data or submission of sub-analysis. Thus, the initially
identified search results, the summary quantitative
data of 19 articles (2,0%) were processed using sta-
tistical analysis (Figure 1). Subsequently, a detailed
analysis of each article was carried out with an
assessment of the study design, which allowed the
selection of RCTs. English and Russian have been
set as the language limit.

The analysis of each presented study took into
account information on the number of patients
in each group, type of cardiac surgery, blinding,
incidence of POAF, placebo, duration of omega-3
PUFA therapy, methods for verifying POAF, and
follow-up duration.

Characteristics of the included RCTs. The main
characteristics of RCTs meeting the inclusion crite-
ria are presented in Table 1.

Assessement of bias risks. The risks of bias in
the included RCTs were assessed in accordance
with the Cochrane Collaboration questionnaire
(Tables 2, 3). It should be noted that most RCTs
were open-label. This could affect performance and
detection bias. Ten studies did not note the results
of randomization sequence generation, while con-
cealment of the randomization sequence was not
specified in 11 studies, and was absent in 3 studies
(selection bias). Two studies did not specify, and
1 study did not specify outcome biases (attrition
bias). Sixteen studies were not specified and 2
studies lacked information on the presentation of
study results (selective reporting).

An evaluation of the included RCTs showed that
4 studies, due to the high risk of bias, could not be
used for meta-analysis, as a result of which they were
excluded [18-21]. For the remaining studies, design,
methodology, and patient characteristics were con-
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Assessment of the risks of bias in the included RCTs.

for all included RCTs are presented

Random sequence generation

Allocation concealment

Blinding of patients and personnel

Blinding of outcome assessment

Incomplete outcome data

Selective reporting

O — low risk

[[]— uncertain risk

Summary assessment of the bias risk. An overview of the authors’

Selection bias
Selection bias
Performance bias
Detection bias
Attrition bias
Reporting bias

[ — high risk

The authors’ judgments about each element of the risk of bias in percent

Table 2

Table 3

judgments about each element of the bias risk for each included RCT is presented

Calo, 2005
Heidt, 2009
Saravanan, 2010
Heidarsdottir, 2010
Sorice, 2011
Farquharson, 2011
Sandesara, 2012
Mozaffarian, 2012
Veljovi¢, 2013
Stanger, 2014
Wilbring, 2014
Lomivorotoy, 2014
Feguri, 2017
Joss, 2017
Farahani, 2017
Panov, 2008
Belan, 2014
Kolesnikov, 2015
Rubanenko, 2017
] — low risk

sistent with the aim of this study. The results of the
meta-analysis are presented in Figure 2.

Assessment of the risk of publication bias. Figure 3
shows a funnel plot. Noteworthy is the scatter in the

Random
sequence
generation

OJONOION X I ¥ HOF JON JOX NOXON JON J

[[]— uncertain risk

Allocation
concealment

ON X X X N JOX NOXOHOK O HOROJORONO)

Blinding

of patients and

personnel

XN N NORONORORORCHONCRCRONONONORON

[ — high risk

Blinding

of outcome
assessment

LN AN HORON JONOXONOIOK X HORON JNONO)

Incomplete
outcome data

CXCNCRONORONON NORCNONCRCRONCNONORONC)

Selective
reporting

OYOAOIOAORORON HOX HOIOIOION NONORORO)

size of effects for patients with POAF in the pre-

sented RCTs relative to central tendency axis. Some

asymmetry of the funnel plot is noted with a consi-
derable number of studies included in the analysis.
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Ultimately, the meta-analysis included 15 studies
with 3980 patients, of which 1992 (50,0%) patients
were taking omega-3 PUFAs. POAF occurred in
587 patients on omega-3 PUFAs and 679 patients
on standard therapy (hazard ratio, 0,8, 0,68-0,93,
p=0,004; I’=51%, p=0,01).

Discussion

Data from our systematic review and meta-ana-
lysis demonstrated a favorable effect of omega-3
PUFASs in the prevention of POAF during open heart
surgery. Our results are consistent with previous
information from the literature [22]. An important
difference of our systematic review is the inclusion of
Russian papers [18-21]. On the other hand, domestic
publications on the study of omega-3 PUFA effect
on the prevention of POAF showed a high risk of
bias, which was the reason for not including these
sources in the meta-analysis.

The effectiveness of the use of omega-3 PUFAs
is due to the anti-inflammatory, antioxidant effect,
which determines the incidence of this arrhythmia
[20, 21]. It was shown that patients with POAF
during surgery had higher malondialdehyde levels
in the atrial tissues compared with patients without
arrhythmia (4,47 umol/mg vs 3,85 umol/mg pro-
tein, p<0,01). There was a strong direct correlation
both in the placebo and treatment group between the
level of malondialdehyde in atrial tissues and in the
blood. Among patients receiving omega-3 PUFAs,
the concentration of C-reactive protein was 35,4%
less, while leukocytosis was 32,5% higher compared
with the control group. This study demonstrated
that a strategy of prescribing omega-3 PUFAs with
vitamins C and E not only reduced the occurrence
of arrhythmia, but also reduced the oxidative stress.
This short-term, safe treatment has improved the
outcomes of patients undergoing on-pump cardiac
surgery [23].

Wang H, et al. (2018), Wilbring M, et al. (2014)
on the effectiveness of omega-3 PUFAs in the pre-
vention of POAF is inconsistent with the data of
Gu J, et al. (2016), Stanger O, et al. (2014) [12,
13, 22, 24]. For example, elevated serum and atrial
concentrations of omega-3 PUFAs, EPA, or DHA
have not been associated with a reduction in AF [25]
or inflammation [26] in some studies.

Domestic publications also demonstrate the
favorable effect of omega-3 PUFAs in reducing
the risk of POAF, which, according to our results,
leads to a decrease in the severity of hemodynamic
disorders and the length of stay in the hospital
[18-21]. In addition, a study by Rubanenko OA,
et al. (2017) showed that patients taking omega-3
PUFAs have a lower concentration of interleukin-6
in the postoperative period, as an inflammation
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S PubMed (n=23)
=
= and Google
2 Scholar (n=924)
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Utz r}umber Duplicate
of publications (n=44)
(n=947)
Search goal
0 Combined inconsistency (q:781):
é search results SRR (8)’.
o =903) dissertation (2), symposium (2),
g (n case reports and case series (2),
n books (56), meta-analyses (26),
l systematic reviews (7),
reviews (644), letters to readers (1),
guidelines (21), animal studies (12)
Full-text articles
available for analysis
(n=122) Full-text articles
excluded for the following
l reasons (n=102):
Sub-analyzes (10)
Articles not considering
§ Final analysis omega-3 PUFAs
= of full-text articles or POAFs (92)
é’ (n=19) Cohort study (1)

Figure 1. Publication selection algorithm.
Abbreviations: PUFAs — polyunsaturated fatty acids, POAF —
postoperative atrial fibrillation.

factor, myeloperoxidase and superoxide dismutase,
as markers of oxidative stress, which confirms the
additional effects of the drug [21].

Omega-3 index test can characterize the indi-
vidual response to the drug and contribute to a better
understanding of the pharmacokinetics and phar-
macodynamics of PUFAs. Considering the results
of the Garg PK, et al. (2021), showing a U-shaped
relationship between the concentration of PUFAs
and AF, the prevention of arrhythmia will depend
on personal targeted incorporation of omega-3 acids
into cell membranes [27].

In 2018, a meta-analysis was conducted, where
out of 269 identified articles, 14 studies were included
involving 3570 patients [28]. PUFAs reduced the
incidence of POAF (OR, 0,84 (95% CI 0,73-0,98),
p=0,03). Subgroup sensitivity analysis found that
omega-3 PUFAs were effective in preventing POAF
for an EPA/DHA ratio <1 (OR, 0,51 (95% CI 0,36-
0,73), p=0,0003), but not in an EPA/DHA ratio >1
or an unknown ratio. In addition, efficacy in reduc-
ing POAF was evident when placebo was standard
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Experimental Control Risk Ratio Risk Ratio

Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Feguri 2017 2 14 8 14 1.2% 0.25 [0.06, 0.97] e
Calo 2005 12 79 27 7 48% 0.40[0.22, 0.73] _—
Veljovic 2013 4 20 8 20 20% 0.50[0.18, 1.40] e
Sorice 2011 11 96 24 105  42% 0.50 [0.26, 0.97) —
Farahani 2017 17 201 29 199  52% 0.58[0.33, 1.02) I
Heidt 2009 17 52 27 50  6.7% 0.61[0.38, 0.97] -
Wilbring 2014 N 99 47 99  89% 0.66 [0.46, 0.94] -]
Stanger 2014 4 19 6 20 18% 0.70[0.23, 2.10] -1
Farguharson 2011 36 a7 47 97 98% 0.77 [0.55, 1.07] -
Sandesara 2012 36 120 40 123 86% 0.92 [0.63, 1.34] -1
Mozaffarian 2012 227 758 233 758 147% 0.97 [0.84, 1.13] T
Joss 2017 118 284 115 275 13.4% 0.99[0.82, 1.21] T
Heidarsdottir, 2010 45 a3 45 a5 11.0% 1.00 [0.76, 1.32] -
Saravanan 2010 22 52 18 51 6.3% 1.20[0.74, 1.95] T
Lomivorotov 2014 5 18 4 21 1.6% 1.46 [0.46, 4.63) B
Total (95% CI) 1992 1988 100.0% 0.80 [0.68, 0.93] ¢
Total events 587 679 ) . . ,

e 2 — - iz = = - -2 =
Heterogeneity: Tau® = 0.04; Chi* = 28.35,df =14 (P =0.01); P =51% .01 01 10 100

Test for overall effect: Z = 2.89 (P = 0.004)

Favours [experimental] Favours [control]

Figure 2. Random effects model comparing omega-3 PUFAs and standard therapy.
Note: the squares show the weighted effect size for each specific study (the square size corresponds to the weight of the studies); the
bars show 95% Cl; the diamond shows the weighted average of the POAF relative risk. Below in the experimental group is interpreted as

a favorable sign.

Abbreviations: Cl — confidence interval, POAF — postoperative atrial fibrillation.
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Figure 3. Risk of publication bias (funnel plot) of POAF prevention
assessment with standard therapy and omega-3 PUFAs.

Note: vertical line represents the weighted average of the POAF
risk ratio. This line reflects how much the experimental group is
better (or worse) than the control group.

The funnel is formed because the accuracy of the effect estimate
increases as the sample size increases. Therefore, smaller studies
will form a wide bottom of the funnel (large variation in effect
estimates cause small studies to be far from the weighted mean
RR) and large studies will form a narrow top (greater accuracy in
effect estimates, so that the results of such studies will not diverge
far from weighted mean RR).

Abbreviations: POAF — postoperative atrial fibrillation, SE — stan-
dard error, RR — relative risk.

therapy versus placebo with fish oil inclusion (OR,
0,59 (95% CI 0,44-0,80), p=0,0005). Noteworthy
that PUFAs reduced POAF after CABG (OR, 0,68
(95% CI 0,47-0,97), p=0,03), but not after other
cardiac surgeries.

Thus, the results of our meta-analysis demonstrate
the effectiveness of omega-3 PUFAs in reducing the
risk of POAF during open heart surgery, including
CABG and valvular replacement/repair. However,
the analysis of Russian publications demonstrates
the shortcomings in the collection and presentation
of information on the subject of a systematic review,
which may increase the risk of bias. Further prospects
for omega-3 PUFA use dictate the need to determine
the contingent of patients with coronary artery disease
who are prescribed this drug in the perioperative
period, mainly undergoing CABG, with an assess-
ment of the omega-3 index as an indicator reflecting
the content of omega-3 acids in the membrane of
myocardial cells, factors of inflammation, oxidative
stress, myocardial damage and dysfunction. This will
make it possible to single out the group with the
highest efficiency in prescribing omega-3 PUFAs.

Study limitations. This study has a number of
limitations, many of which are related to design,
in particular, the inclusion of patients undergoing
off- or on-pump CABG and/or heart valve repair/
replacement, the exclusion of cohort studies, and the
presented heterogeneity of data from RCTs.

Conclusion
Our systematic review and meta-analysis showed
the effectiveness of omega-3 PUFASs in patients with
coronary artery disease in the prevention of POAF
during off- or on-pump CABG and/or heart valve
repair/replacement.

Relationships and Activities: none.
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