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INFLUENCE OF OMEGA-3 PUFA ON NON-INVASIVE FACTORS DETERMINING
THE RISK OF ARRHYTHMIAS EXCESS AND SUDDEN CARDIAC DEATH
IN PATIENTS WITH HFPEF WITH ISCHEMIC ETIOLOGY (ONYX)

Aim Patients with heart failure with reduced left ventricular (LV) ejection fraction (HFrEF) who have had
acute myocardial infarction have an unfavorable prognosis, largely due to ventricular arrhythmias (VA)
and risk of sudden cardiac death (SCD). The optimal treatment (triple neurohormonal blockade plus
implantable cardioverter defibrillator and cardiac resynchronization therapy) reduced the risk of SCD
primarily due to reverse cardiac remodeling, but has not solved this problem completely. Efficacy of
purified w-3 polyunsaturated fatty acid esters (PUFA) in low doses (1 g/day) in reducing VA and risk
of SCD in HFrEF patients was demonstrated in two large randomized clinical trials. The PUFA effects
was suggested to be related also with increased heart rhythm variability (HRV) and chronotropic action,
which might depend on the drug dose. The present open, prospective, randomized, comparative study
in parallel groups evaluated the effect of Omacor in different doses on noninvasive markers of SCD risk
in patients with ischemic HFrEF receiving the optimal drug therapy.

Methods Patients (n=40) were randomized at a 1:1:2 ratio to the control group (n=10), the Omacor 1 g/day
treatment group (n=10), and the Omacor 2 g/day treatment group (n=20) and were followed up for
12 months. Clinical evaluation included changes in the CHF functional class (FC) and Clinical Condition
Scale (CCS) score; concentration of N-terminal pro-hormone brain natriuretic peptide (NT-proBNP);
and peak oxygen consumption during exercise (peak VO,). The LV function was evaluated by LVEF.
Holter ECG monitoring was used for evaluation of HRV (SDNN), average 24-h heart rate (HR), number
of ventricular extrasystoles (VE) per hour and severity of VA, and presence of paired VE and VT runs.

Results Improvement of CHF FC became significant only with the high-dose Omacor treatment (2 g/day).
The CCS score showed a tendency towards decrease also with a lower dose (1 g/day) whereas the level
of NT-proBNP significantly decreased with both Omacor doses. The increase in LV EF was significant
only with the use of Omacor 2 g/day (+3%, p=0.002). A negative chronotropic effect of w-3 PUFA
was observed. Average 24-h HR decreased by 8 bpm (p=0.05) and 11 bpm (p<0.001) with Omacor
1 g/day and 2 g/ day, respectively. Either dose of w-3 PUFA significantly improved VO,, which directly
correlated with LV EF and inversely correlated with HR. The decrease in number of VE was associated
not only with improved HRV (SDNN) but also with the decrease in 24-h HR, and thus Omacor 2 g/ day
significantly decreased the number of VE (by 16 per hour) and dangerous VA (paired VE and VT runs
ceased to be detected in 40% of patients).

Conclusion Since HR, HRV, and VA are closely interrelated, the effect of w-3 PUFA specifically on these noninvasive
markers apparently determines its ability to decrease the risk of SCD in patients with ischemic HFrEF.
The antiarrhythmic effect of Omacor was greater with higher doses of this drug.
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Introduction treatment of diseases leading to decompensation and

XChronic heart failure with reduced left ventricular  increased life expectancy [1]. The mortality rate and the
ejection fraction (HFrEF) remains one of the most risk of repeated hospitalization remain high, although
adverse cardiovascular diseases (CVDs). It is con- they decrease as new drugs and devices are introduced
tinuously increasing in prevalence, mostly due to better  to treat CHF [2]. HFrEF is most common in patients
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with coronary artery disease (CAD) and a history
of acute myocardial infarction (AMI) [3]. Cardiac
remodeling in patients with a history of AMI results
in an increased risk of death associated, not only with
cardiac decompensation but also with life-threatening
ventricular heart rhythm disorders (HRDs) [4, S]. Thus,
the problem of arrhythmic or sudden cardiac death
(SCD) in patients with HFrEF who have a history of
AMI requires particular attention and special research
[6]. Eventually, the use of triple neurohormonal
blockade in the treatment of CHF, specifically the
strategy including valsartan+sakubitril, and the use
of implantable cardioverter defibrillators (ICDs) and
cardiac resynchronization therapy (CRT) in patients
with left bundle branch block has reduced the risk of
SCD [7, 8]. These effects are associated with reverse
LV remodeling [9, 10]. Unfortunately, the possibilities
of anti-arrhythmic therapy are not convincing, and
they are also associated with many serious adverse
events [11, 12]. The results of epidemiological and
cohort observational trials suggest that the levels of w-3
polyunsaturated fatty acids (PUFAs), eicosapentaenoic
(EPA) and docosapentaenoic (DPA) in the cell mem-
brane and their concentration in the blood plasma are
correlated with the risk of SCD in different categories of
patients [13, 14].

In this respect, the efficacy of purified PUFA esters
in reducing HRDs and the risk of SCD in highest risk
patients with HFrEF with a history of AMI [14-16] has
been studied in the past 25 years. Experimental and small
clinical trials have shown that the combination of EPA
and DPA esters (Omacor) have antiarrhythmogenic
potential [17]. The central hypothesis is that, due to
the stabilization of membrane ion channels, PUFAs
acts on the so-called final common pathway of
arrhythmogenesis. Notwithstanding the initial stimulus,
PUFAs exhibit a protective effect which influences
the final trigger mechanism of fatal tachyarrhythmias
[18]. Moreover, the effect of PUFAs on heart rthythm
variability (HRV) is associated with the activity of
the sympathoadrenal system (SAS) [19, 20], as well
as their anti-cytokine effects and the effect on platelet
aggregation [21,22] cannot be ruled out.

Two large randomized clinical trials (RCTs) and one
observational protocol, including more than 20,000
patients with CHF, most with a history of AMI, have
shown a reduction in the risk of death [16, 15, 23].
However, the trial designs, accuracy and intensity of
the concomitant therapy, and the correctness of the
drug dose are questioned [24]. An increase in the PUFA
concentration is known to be individual [25] when the
PUFA esters (e.g.,, Omacor) are used and depends on
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the administered dose. Doses up to 4 g/day are used to
treat hypertriglyceridemia [26], and anti-arrhythmic
effects were evaluated in RCTs in patients who received
Omacoronly1g[16,15].

Objective

The objective of this open-label, prospective, rando-
mized, parallel comparative trial is to evaluate the
efficacy of different doses of Omacor for non-invasive
risk markers of SCD in ischemic origin CHF and OSSN
functional class (FC) II-IV, with LVEF <40% who
receive the best possible drug therapy [27].

Inclusion and exclusion criteria

Inclusion criteria: symptomatic CHF of ischemic
origin with LVEF <40% (2-D echocardiography,
Simpson’s method); sinus rhythm; clinically and hemo-
dynamically stable CHF within at least past two weeks;
best possible drug therapy of CHF in the screening
period.

Exclusion criteria: w 3 PUFA intolerance; CHF
of nonischemic origin; acute forms of IBS (AMI, un-
stable angina) within the past six months; high-
degree sinoatrial and atrioventricular blocks (in the
absence of continuous pacing); a history of persistent
ventricular tachycardia (VT); malignant neoplasms;
consequences of acute cerebrovascular accident limiting
a patient’s ability to perform physical activity (walking,
spirometry); pregnancy; possible pregnancy in the
absence of adequate contraception.

Material and methods
Patients were randomized to the control group and

the Omacor 1 g/day and 2 g/day groups (1:1:2).
During the maintenance treatment, patients received

the best possible concomitant drug therapy of CHEF.

During the study, HMG-CoA reductase inhibitors

(statins) were not recommended to the patients in the

follow-up period (after randomization).

After randomization, patients were followed up for 12
months with regular visits to the study site (if necessary
or in the case of clinical deterioration). The main
procedures at the time of inclusion and after completion
of the study:

« Clinical assessment, changes of CHF FC (OSSN),
and the Symptomatic Hospital and Outpatient
Clinical Score (Mareev’s modification).

- Holter ECG monitoring was performed in two
leads, V1 and V§, in a Rozinn Holter monitor
(USA). The 1996 Astrocard software (JSC
Meditek, Russia) was used. 24-hour heart rate
(HR), and the main non-invasive marker of HRYV,
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standard deviation of the R-R mean duration
(SDNN), were determined. The mean number of
ventricular premature beats (VPBs) per hour and the
percentage of patients with Lown-Wolf HRD grades
of IV and higher were also calculated.

 Standard 2D echocardiography in a HDI 5000
SonoCT scanner (Netherlands) with a 3.0 MHz
sensor and semi-automatic LVEF detection based
on Simpson’s rule.

« Spiroergometry was conducted on an Ergometrics
900 ergometer (Elema, Germany). Non-invasive
gas exchange analysis was performed at rest and
throughout exercise using an Oxycon Pro gas
analyzer (Jaeger, Germany). The ergometer exercise
was performed following the Naughton protocol
modified for patients with CHF. Peak oxygen
consumption (VO,) was the value obtained in the
last 30 seconds of the exercise.

«  NT-proBNP levels were determined by
chemiluminescent immunoenzymatic method
(IMMULITE 1000, Euro/DPA, USA).

Statistical analysis

The data distribution was assessed by means of the
Shapiro-Wilk test.

The quantitative data are described as the median
and the interquartile range (Me [25%; 75%]) in the
case of the non-parametric distribution and as the mean
(M) and the standard deviation (SD) if the distribution
is normal. Qualitative data is presented as absolute
and relative values. The significance of intergroup dif-
ferences in terms of qualitative characteristics was as-
sessed using the x> test and two-way Fischer’s exact
test. The quantitative characteristics were compared
between the three groups using the Kraskela—Willis
test for parameters with non-parametric distribution
and analysis of variance (ANOVA) for parameters with
the normal distribution. If differences between the
three groups were statistically significant, a pairwise
comparison was made using the Mann—-Whitney test
for non-parametric distribution and Student’s t-test
for independent samples with the normal distribution.
The

comparisons was used for the pairwise comparisons.

Benjamini-Hochberg correction for multiple

Changes to the qualitative parameters within each
group were compared with the Wilcoxon signed-rank
test in the non-parametric distribution and Student’s
t-test for dependent samples in normal distribution.

The correlation was estimated using Spearman’s cor-
relation coefficient. The critical significance level was
p=0.0S. Statistical analysis was performed using the R
programming language in the R Studio software.
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Results

The study included 40 patients with HFrEF-SR
of ischemic origin: 10 patients in the control group;
10 patients in the Omacor 1 g/ day groupand 20 patients
in the Omacor 2 g/ day group. General characteristics of
patients are given in Table 1.

As shown in this table, the patients were severely ill
and relatively young, with slightly more male patients.
Two-thirds had a history of AMI, mean LVEF<30%,
high NT-proBNP (>1000 pg/mL), CHF FC III and
corresponding VO, under stress and SHOCS score.
High-grade HRDs (paired VPBs and short runs of
ventricular tachycardia (VT)) were identified in the pa-
tients: 9 (90%) in the control group, 10 (100%) in the
Omacor 1 g/day group, and 18 (90%) in the Omacor
2 g/ day group. Holter monitoring showed monotonous
tachycardia with a 24-hour heart rate of more than 80
bpm and HRV borderline values (SDNN about 100
ms). Standard therapy was used: all patients received
renin-angiotensin-aldosterone system (RAAS) blockers,
diuretics and the overwhelming majority of patients
received beta-blockers (BBs) and mineralocorticoid
receptor antagonists (MCRAs). The three groups were
well balanced and did not differ in any of the parameters
studied. Changes in the main study indicators are
provided in Table 2. As shown in the table, there were
no significant changes in any of the parameters studied
in the control group. This indicates, to a certain extent,
the adequate treatment of ischemic HFrEF. The number
of patients with paired VPBs and/or VT did not change
and was 9 (90%) in the control group. During the
follow-up period, 1 patient died (Month 7 of follow-
up), and 6 patients were hospitalized, i.e, 7/10 (70%)
patients had a deterioration.

The clinical state only tended to improve during
the use Omacor 1 g/day in patients after AMI and
with HFrEF. At the same time, NT-proBNP, which
reflects myocardial stress to a certain extent, decreased
statistically significantly. As the mean 24-hour heart
rate declined, the peak oxygen consumption at the
maximum load significantly improved. The anti-
arrhythmic effect in the Omacor 1 g/day group was
moderate, and 8 (80%) patients did not experience life-
threatening HRDs after the treatment. However, despite
the improved peak oxygen consumption, 4/10 (40%)
patients in this group were hospitalized within the
12-month follow-up due to acute decompensation.

In the Omacor 2 g/day group, all the parameters
studied, both clinical (FC, SHOCS, and peak VO,) and
biochemical (NT-proBNP), and HRV (SDNN, mean
24-hour heartrate), improved to a statistically significant
degree. Anti-arrhythmic effects (VPBs) appeared. In the
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Table 1. Baseline characteristics per subgroups

Parameter Czrzltlr(())l, Omacrcl)i 1log/ day, Omacr(‘): 220g/ day,
Age, years 62.6 (2.7) 61.7 (4.3) 62.4(3.9) 0.801
Male, n (%) 7 (70) 6 (60) 11 (55) 0.731
History of AMI, n (%) 7(70) 7(70) 13 (65) 0.945
LVEF, % 23.5[21.5; 35.0] 28.0 [22.8; 32.5] 27.5[24.0; 31.0] 0.899
Peak VO,, mL/min/m? 11.9 (0.98) 12.4 (1.29) 12.1 (1.27) 0.651
SDNN, ms 102 (16.7) 96.0 (14.1) 101 (13.7) 0.599
VPBs per hour 75.0 [55.2; 94.0] 78.5[54.8; 106] 84.5[62.2;95.0] 0.937
NT-pro-BNP, pg/mL 1117 (323) 1095 (268) 1173 (281) 0.758
CHF FC, median [25%; 75%] 3.00 [2.00; 3.00] 3.00 [2.00; 3.75] 3.00 [2.00; 3.00] 0.960
CHF FC, mean (SD) 2.8(0.79) 2.9(0.88) 2.8 (0.62) 0.730
HR 24-hour, bpm 83.5[79.0;91.0] 84.5[76.2;91.2] 86.0 [78.0; 91.0] 0.979
SHOCS, median [25%; 75%] 4.50[3.25; 6.00] 4.00 [4.00; 6.50] 5.00 [4.00; 6.00] 0.808
SHOCS, mean (SD) 5.0(1.94) 5.1(2.13) 5.1(1.45) 0.988
ACE inhibitors/ARB, n (%) 10 (100) 10 (100) 20 (100 %) 0.999
Beta-blockers, % 10 (100) 9 (90) 19 (95 %) 0.743
MCRA, n (%) 8 (80) 8 (80) 17 (85 %) 0.999
Diuretics, n (%) 10 (100) 10 (100) 19 (95 %) 0.999

The data is expressed as the mean and the standard deviation (M [SD]) in parametric distribution and as the median
and the 25" and 75" percentile (Me [25th; 75th percentiles]) in non-parametric distribution. For the CHF FC SHOCS score, both the medians
and the means are specified for more convenience. AMI, acute myocardial infarction; SDNN, standard deviation of the R-R mean duration;
LVEF, left ventricular ejection fraction; VPB, ventricular premature beat, NT-pro BNP, N-terminal pro-brain natriuretic peptide;
FC, NYHA functional class; SHOCS, Symptomatic Hospital and Outpatient Clinical Score for patients with CHF (Mareev’s modification);
ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BB, beta-blocker; MCRA, mineralocorticoid receptor antagonist.

Table 2. Changes of the parameters studied in the three treatment groups

Parameter Control, Control, Omacor 1g, Omacorlg, Omacor2 g, Omacor2g,
arameters baseline 12 months P baseline 12 months P baseline 12 months P

LVEF, %, median 23.5 25.0 28.0 29.0 27.5 30.5
[25%; 75%] [215;35.0] [23.531.8] %99 [228;325] [262;320] 3% [240;31.0] [288;332] %002
VO,, mL/min/m? 11.1 12.6 13.4 12.0 13.9
mean (SD) [11.2;12.8) [10.5;12.2] Lalte [11.9;13.3] [13.2;13.9] 0.019 [11.4;12.6] [13.5;14.1] >0.001
SDNN, ms,
mean (SD) 102 (16.7) 98.0(11.1) 0.510 96.0 (14.1) 109 (9.6) 0.005 101 (13.7) 125(9.71) = >0.001
Xi gisafl er hour, 75.0 74.5 0.541 78.5 70.0 0202 84.5 60.5 0.002
[25%; 75%] [55.2;94.0] [50.5;101] [54.8;106] [48.8;85.5] [62.2;95.0] [41.8;74.5]
NT-pro BNP, pg/ 1084 862 1075 673 1176 611
mL, median (SD)  [898;1293] [716;1185] 0.160 [929; 1293]  [534; 699] 0.002 [976; 1300] [486; 704] AL
CHF FC, median 3.00 3.00 3.00 2.00 3.00 2.00
[25%; 75%] [2.00;3.00] [2.00;3.00] BT [2.00;3.75] [2.00;3.00] 0.168 [2.00;3.00] [2.00;2.00] 0.002
CHF EC,
mean (SD) 2.8(0.79) 2.7(0.67) 0.730 2.9(0.88)  2.4(0.52) 0.140 2.8(0.62) 2.0(0.46) 0.0001
i?dfi;hour’ 83.5 80.5 0.877 84.5 76.5 0.050 86.0 75.0 ~0.001
[2:5%; 75%] [79.0; 91.0] [79.2;92.5] [76.2;91.2] [75.2;78.0] [78.0;91.0] [73.5;77.5]
SHOCS, median 4.50 4.50 4.00 3.50 5.00 3.00
[25%; 75%] [325;6.00] [4.00;5.00] 3% [400;6.50] [3.00;4.00] %%37  [4.00;6.00] [3.00;4.00] %001
SHOCS,
mean (SD) 5.0(1.94) 4.5(1.08) 0.470 5.1(2.13)  3.7(0.82) 0.039 5.1(1.45) 3.3(0.80)  0.0001

For the CHF FC SHOCS score, both the medians and the means are specified for more convenience. AMI, acute myocardial infarction;

SDNN, standard deviation of the R-R mean duration; LVEF, left ventricular ejection fraction; VPB, ventricular premature beat, NT-pro BNP,
N-terminal pro-brain natriuretic peptide; FC, NYHA functional class; SHOCS, Symptomatic Hospital and Outpatient Clinical Score for patients
with CHF (Mareev’s modification); ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BB, beta-blocker;
MCRA, mineralocorticoid receptor antagonist.
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third group, 11/20 (55%) patients still experienced
life-threatening HRDs after treatment, ie., 8/20
(40%) patients experienced severe anti-arrhythmic
effect during the use of w-3 PUFAs at the dose of
2 g/day. Within 12 months of follow-up, 1 patient died
(Month 4), and 3 patients were hospitalized, i.e., 4/20
(20%) had a total score of the disease deterioration.

Table 3 demonstrates paired comparisons of chan-
ges (deltas) of the parameters studied during the
treatment. As shown in Table 3, w-3 PUFAs 1 g/day
significantly increased VO, at maximum loads and
statistically significantly increased HRV (SDNN) in
comparison with the control. Differences in the changes
in the number of VPBs and 24-hour heart rate were not
statistically significant.

In the Omacor 2 g/day group, most of the para-
meters changed to a statistically significant degree
in comparison to the control group. The clinical
parameters of CHF severity (FC and NT-proBNP) only
tended to change, except for SHOCS scores measured
by mean values. The individual changes of NT-proBNP
in all patients are shown in Figure 1 by groups. They
indicate a clear trend towards a significant decrease in
this parameter associated with the increasing dose of
Omacor.

The left part of Figure 2 shows individual changes
of the most common hemodynamic indicator, LVEF.
This to a large extent reflects cardiac remodeling in
patients with CHF during the treatment. The effect
of both doses of Omacor on LVEF versus standard
treatment was negligible and statistically insignificant
when groups were compared pairwise, and all the three
groups were compared together. The right side of the
figure shows individual changes of the most adequate
parameter of exercise tolerance, VO, at the submaximal
physical load. Unlike LVEF, there was highly significant
positive change during the use of Omacor in both doses,
reaching the maximum with w-3 PUFAs 2 g/day. This
suggests that other factors (other than LV function) are
contributing to better oxygen supply at physical load in
patients with severe CHF.

The main objective of the study was to evaluate non-
invasive markers of SCD in patients with ischemic
HFrEF during the use of different doses of w-3 PUFAs
compared to the standard treatment of CHF. SDNN,
the number of VPBs per hour and the mean 24-hour HR
improved to a statistically significant degree, especially
when Omacor 2 g/day was administered, compared to
the control (Figure 3). SDNN significantly increased
with Omacor 1 g/day compared to the control group,

Table 3. Pairwise and general comparison of changes in the main parameters during the treatment in the subgroups

Parameters Control, Omacor 1 P Omacor 2 P P P
n=10 g/day,n=10 controlvslg g/day,n=20 2gvslg  2gvscontrol general

LVEE, %,
median [25%; 759%] -0.40 (425) 1.10(3.51) - 3.00(3.32) - - 0.056
VO,, mL/min/m?,
mean (SD) -0.70(1.23) 1.20(1.38) 0.007 1.70 (1.33) 0.355 >0.001 <0.001
SDNN, ms, mean (SD) -4.00(12.3)  13.0(11.0) 0.007 24.0 (12.8) 0.024 >0.001 <0.001
AVPBs per hour, 15.5 -7.50 -25.00
median [25%; 75%] [-4.50;20.8] [21.75;6.5] 0.180 [-43.5; 6.50] s 0.009 0.010
NT-proBNP,
pg/mL, mean (SD) ~213.70 (365) —421.50 (282) 0242  -556.16 (292) 0.242 0.064 0.026
CHFEC, 0.00 0.00 B -1.00 B B 0.188
median [25%; 75%] [-0.75;0.00] [1.00;0.00] [-1.00; 0.00] .
FC, mean (SD) ~0.1(1.04) -0.5(0.92) 0.12 -0.85(0.72) 0.33 0.06
HR 24-hour, -2.00 -4.00 -8.00
median [25%; 75%] [-2.75;2.00] [11.75;0.25] 2R [-14.0; 4.00] 2 0.006 D
SHOCS, -0.50 -1.00 -2.00 B B 0.145
median [25%; 75%] [-1.75;0.75] [-1.75;-0.25] [-2.25; 1.00] ‘
SHOCS, mean (SD) -0.5(1.5) ~1.4(1.7) 0.26 ~1.8(1.4) 0.55 0.04 -

p general, when the three groups are compared. The pairwise comparison was made only if p was statistically significant for the three groups.
AM]I, acute myocardial infarction; SDNN, standard deviation of the R-R mean duration; LVEF, left ventricular ejection fraction;

VPB, ventricular premature beat, NT-pro BNP, N-terminal pro-brain natriuretic peptide; FC, NYHA functional class;

SHOCS, Symptomatic Hospital and Outpatient Clinical Score for patients with CHF (Mareev’s modification);

ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BB, beta-blocker;

MCRA, mineralocorticoid receptor antagonist.
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and even more with the dose of 2 g/day. In other words,
HRV commonly improves with the use of any doses
of w-3 PUFAs, at least in the treatment of CHF with low
baseline SDNN.

Changes in SDNN (the left part of Figure 3) are more
evident than changes in the number of VPBs per hour
(the right part of Figure 3). However, both parameters
improved to a statistically significant degree in the
Omacor 2 g/day group.

Table 4 shows the correlations between all the
indicators studied. Highly significant correlations
(p<0.001) exceeding 0.5 (Spearman’s coefficient) are
indicated in red. The closest correlation was observed
between CHF FC and SHOCS scores (r=0.87 at
baseline and r=0.83 overtime, p<0.001). This confirms
the highly informative value of SHOCS in determining
the clinical status of patients with CHF. Being a critical
parameter of the heart performance, LVEF was closely
correlated both at baseline and over time with most of
the indicators, which were lowest for HRDs and NT-
pro BNP and closest for VO,, as seen in Figure 2 and
Table 4. On the other hand, NT-pro-BNP concentration
was least correlated with other parameters, again
characterizing it as dependent on many additional
factors, not only the severity of CHF, but also the degree
of decompensation and congestion, as well as body
weight and age. In carefully treated patients (100%
regular use of diuretics), changes of this indicator in the
w-3 PUFAs subgroups were evident, as seen in Figure 1,
but with less correlated with clinical and hemodynamic
indicators and parameters characterizing the risk of
HRDs.

Figures 2. Changes of LVEF and peak VO, in the control group

Figures 1. Individual changes of NT-pro-BNP
during treatment of CHF, including different
doses of w-3 PUFAs compared to the control

[ Control (n=10) ] [ Omacor 1 g/day (n=10) ] [ Omacor 2 g/day (n=20) ]

p general (statistical significance for three groups) = 0,026
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Peak oxygen consumption at maximum load
increased to a statistically significant degree for both
doses of w-3 PUFAs, and these changes were reversely
highly correlated with both increased LVEF, i.e,
hemodynamic parameters (r=0.51; p<0.001 at baseline
and r= -0.79; p<0.001 during the treatment) and
mean 24-hour HR (r= -0.56; p<0.001 at baseline and
r=-0.58, p<0.001 over time, see Table 4, Figure 4). The
simultaneous contribution of both hemodynamic and
chronotropic factors to the improvement of oxygen
supply at load in patients with ischemic HFrEF treated
with Omacor in both doses is of great interest. In the
control group, only a significant correlation between
peak VO, and hemodynamic parameters remains evi-

and the w-3 PUFA (1 g/day or 2 g/day) groups of patients with HFrEF of ischemic origin

( Control (n=10) ]
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Table 4. Correlations between the parameters studied, using Spearman’s coefficient. Total data (n=40)

e Vo somwme e vty cnrre e
LVEF _ 0.79%** 0.58"** _0.43% 0.44** ~0.68"** 0.56*** ~0.60%**
0.5 _ 0.61 —0.47* ~0.38* 0.5 -0.58"* ~0.43*
0.70%** 0.31 - ~0.70%* 037 —0.46* ~0.73% -0.40%
0.4 021 ~0.63%* _ 0.36 0.35* 0.29 0.33*
0.04 0.04 -0.08 0.13 _ 0.35* 0.29 0.33*
~0.65*** -0.18 —0.46* 0.16 0.08 _ 0.38* 0.83***
“ ~0.55%* ~0.56*** -0.69%** 0.38* 0.11 0.38* _ 0.43**
~0.57%* -0.26 -0.30 0.06 0.08 0.87%* 0.20 _

p-value: ***>0.001; ** > 0.01; * > 0.0S. A gray area between the baseline measurements and a yellow area between changes during

the treatment. AMI, acute myocardial infarction; SDNN, standard deviation of the R-R mean duration , LVEF, left ventricular ejection fraction;
VPB, ventricular premature beat, NT-pro BNP, N-terminal pro-brain natriuretic peptide; FC, NYHA functional class;

SHOCS, Symptomatic Hospital and Outpatient Clinical Score for patients with CHF (Mareev’s modification);

ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BB, beta-blocker; MCRA, mineralocorticoid receptor antagonist.

dent, and the correlation with mean 24-hour HR was
lost.

The main objective of our study was to evaluate
changes in non-invasive markers of SCD in patients with
HFrEF of ischemic origin. These parameters were used
to measure HRV (SDNN and, to some extent, mean
24-hour HR) and their association with the rate of VPBs
per hour.

As can be seen in Table 4, there is a statistically
significant close reverse correlation between SDNN
and mean 24-hour HR (r= -0.69; p<0.001 at baseline
and r=-0.73; p<0.001 during the treatment). Thus, the
higher HR is, the lower is SDNN (i.e., HRV), and the
higher are the levels of HRD, as a non-invasive marker of
SCD, and vice versa.

Figures 3. Changes of HRV (SDNN) and HRDs (VPBs per hour)

Figure 5 and Table 4 demonstrate the correlations
between the HRV (SDNN and mean 24-hour HR) and
the number of HRDs (VPBs per hour).

On the left, a significant inverse correlation between
SDNN and the number of HRDs is shown (r= —0.66;
p<0.001 at baseline and r= -0.70; p<0.001 during the
follow-up and treatment). This means that the lower
HRYV and SDNN are, the higher is the risk of HRDs and
SCD. A significant correlation between mean 24-hour
HR and the number of VPBs per hour is shown on the
right. In this case, the correlation is inverse and less close
at baseline (r=-0.38; p<0.0S) than during the treatment
(r=-0.66; p<0.001). Interestingly, the correlation in this
case between the chronotropic mechanism and the risk
of VPB was not found in the control group and appeared

in the control group and the w-3 PUFA (1 g/day or 2 g/day) groups of patients with HFrEF of ischemic origin

[ Control (n=10) ]
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Figures 4. Correlation between changes of LVEF and mean 24-hour HR on the one hand and changes of peak VO,
at the maximum of physical load on the other hand, in the standard treatment of CHF and in combination with Omacor

PUFAs 2 g/day
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Figures 5. Correlation between changes of HRV (SDNN) and mean 24-hour HR on the one hand and changes
of the number of VPBs per hour on the other hand in the standard treatment of CHF and in combination with Omacor
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when both doses of w-3 PUFAs are used to treat HFrEF
of ischemic origin. Combination of the two charts
shown in Figure S show that patients with CHF and
monotonic tachycardia (low HRV) are at the greatest
risk of SCD.

Discussion

The feasibility and efficacy of w-3 PUFAs in treating
CVDs have remained a relevant issue in the past 30 years
and are very controversial. Systematic meta-analysis,
performed by the most authoritative and independent
Cochrane Laboratory in 2018, showed that PUFAs
moderately reduce the risk of CAD and cardiovascular

94
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morbidity and mortality without an evident reduction
in the risk of all-cause death. These effects may be largely
attributable to a decrease in the triglyceride levels [28].
However, the main drawback of such analyzes is that
they include trials with a wide variety of interventions.
They include a fish diet and margarine enriched with
PUFAs, fish fat, and formulations with different
composition and doses of PUFAs [29]. Thus, to make
the correct conclusions, reference needs to be made
to the current guidelines on the treatment of CVDs,
which recommend using ready-made formulations of
w-3 PUFA esters [30, 31]. All further discussion will
concern drugs that contain either a combination of EPA

ISSN 0022-9040. Kardiologiia. 2020;60(10). DOI: 10.18087/cardio.2020.10.n1327



§ ORIGINAL ARTICLES

and DHA (Omacor) or only EPA. After completion of
the large REDUCE-IT RCT with icosapent ethyl (EPA
4 g/day), which demonstrated a significant decrease
in main cardiovascular complications (cardiovascular
death+AMI+stroke) by 26% in addition to the best
possible therapy, there has been a resurgence in this
area of research [26]. One particular challenge, however,
is determining what plays a major role in the efficacy
of PUFAs, whether it is the composition or dose of
the drugs used. In the most recent analysis, after the
successful completion of the EPA trial, it was concluded
that a 1g increase in the doses of any w-3 PUFA ethers
is accompanied by a further 17% decrease in major
cardiovascular complications [32].

This is directly related to the main thesis of our
trial, in which we studied the potential effect of the
combination of EPA and DHA (Omacor) on the risk of
SCD in patients with CAD, with 2/3 cases of AMI and
LVEF<40% receiving the best possible treatment [27].
HRDs are known to cause SCD in a significant percentage
of patients with LV systolic dysfunction [33]. Moreover,
the risk of HRDs is directly associated with the degree of
cardiac remodeling and the reduction of EF, especially
less than 30% [4]. Thus, the anti-arrthythmic effect of
neurohormonal modulators and CRT is associated
with the reverse development of cardiac remodeling
[9, 10]. This association was especially evident for val-
sartan+sacubitril, which reduced the risk of SCD by 40%,
and this reduction was directly correlated to a decrease
of NT-pro-BNP as a marker of cardiac remodeling [8].
On the other hand, the use of anti-arrhythmic drugs
(potent inhibitors of the cell membrane ion channels)
was ineffective and even unfavorable. It was even more
dangerous with more severe structural changes of the
heart and higher CHF FC [34-36]. Unfortunately, the use
of ICD without considering the cost of the treatment and
the risk of serious adverse events also is not the ultimate
solution to the problem of CHF, especially in severe CHF
and critical cardiac remodeling [7, 37].

Thus, a third option, — the use of w-3 PUFAs to reduce
the risk of SCD after AMI and in CHF, has been studied
for more than 20 years. After the completion in 1999 of
the GISSI-prevenzione RCT (more than 11,000 patients
with a history of AMI), which demonstrated a 45%
reduction in the risk of SCD during the administration
of Omacor 1 g/day, the future of w-3 PUFAs remains
an issue of some contention [17, 24]. A decrease in the
SCD rate contributed to the improved prognosis after

I [38]. Still full of enthusiasm, many experimental
trials have proven the membrane-stabilizing effect of w-3
PUFAs [39] and the ability to reduce HRV and HRDs
[18]. Although experimental data sometimes seems to
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justify any, even opposite, treatment effects of the same
drugs. However, the first clinical trial showed that the
combination of EPA and DHA (Omacor) 4 g/dayin§/7
patients with ICD prevented the initial induction of VT
[40]. In this connection, three small RCTs of w-3 PUFAs
administered from 0.9 to 2.6 g/day were conducted in
the United States and Europe. The Meta-analysis of the
work did not show a decrease in the composite endpoint,
including death or confirmed VT /VEF, with a downward
trend in patients with CAD (OR 0.79; 95% CI 0.60-1.06).
Interestingly, in the work in which w-3 PUFAs 2.6 g/day
was used, a per-protocol analysis showed a statistically
significant decrease in the composite endpoint by 38%,
p=0.034. The latter should be verified in new studies
of Omacor 2 g/day in high-risk patients to prevent the
risk of SCD [41, 42]. Unfortunately, the treatment was
not long-term. The groups were heterogeneous. Patients
had different LVEF levels and did not undergo the same
basic therapy. Finally, the GISSI-HF trial with long-
term administration of Omacor 1 g/day in nearly 7,000
patients with HFrEF, cardiac remodeling, and relatively
satisfactory treatment of CHF demonstrated a moderate
but significant decrease in the risk of total mortality by
9% (intention-to-treat) and 14% (per-protocol) [15].
Subgroup analysis in patients with implanted ICDs
showed a decrease in shock rates from 34% to 27% and a
significant reduction in the risk of SCD by 32% in patients
with ICD without SRT [43]. The increase in LVEF
was small (from +1.6% to 2.9%) during the different
periods of the study, yet within the same range as in our
study [44]. Thus, it was suggested that the mechanism
of action of Omacor might be independent of reverse
cardiac remodeling. However, in a relatively small number
of RCTs, patients with HFrEF who received excellent
recommended background therapy with Omacor 2 g/ day,
experienced a 5% increase in LVEF compared to placebo
and a decrease in LV and left atrial (LA) dimensions [45].
In the specially designed OMEGA - REMODELEL RCT,
magnetic resonance imaging was used to evaluate LV
remodeling in patients with the history of AMI during the
treatment with Omacor 4 g/day [46]. LV volume index
and the volume of peri-infarction fibrosis were shown
to reduce statistically significantly during this treatment.
Thus, high doses of w-3 PUFAs contribute to moderate
reverse cardiac remodeling. In summary, there are
different interpretations of the ways w-3 PUFAs influences
the mechanisms that determine the risk of SCD at CHF.
This effect can vary depending on the used doses and
concentration of EPA and DHA in cell membranes [46].
The objective of our study was to search for non-
invasive markers SCD (if any) and study how different
doses of Omacor (1 g/day and 2 g/day) influence compa-
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red to the control in a homogeneous group of patients
with CAD and LVEF less than 40% who receive the best
possible therapy. The baseline mean LVEF was less than
30% in all patient groups. More than 80% of patients
received three-component neurohormonal therapy, and
all patients took diuretics continuously, confirming the
real severity of CHF manifestations.

The risk of SCD was determined by the quantitative
(VPBs per hour at 24 hour ECG monitoring) and
qualitative characteristics (percentage of patients with
paired VPBs and VT) of HRDs. HRV was determined
by the SDNN changes and mean 24-hour HR. Clinical
severity was assessed by the changes of CHF FC and
SHOCS scores. Changes in the LVEF were considered as a
marker of LV remodeling severity. Moreover, the changes
of VO, were estimated, which is the total indicator of the
ability to physical exercises.

The baseline data and changes of the parameters du-
ring the treatment confirmed two important facts: close
correlation between SHOCS and CHF FC (r=0.87,
p<0.001) and between HRV (SDNN) and mean 24-hour
HR (r= -0.73, p<0.001). Thus, the SHOCS score
characterizes the clinical severity of CHF in an optimal
way [47]. The chronotropic component (monotonic
tachycardia) is directly correlated to HRV, which largely
reflects the excess activity of SAS in CHF [48, 49].
Comparisons of oxygen supply at physical load (peak
VO, in spiroergometry) initially revealed a significant
correlation with the LV function and again with mean
24-hour HR. During treatment, the correlations between
peak VO, and LVEF became stronger and reached a ratio
(r=0.79, p<0.001), and there was an inverse correlation
between VO, and 24-hour HR (r= -0.58, p<0.001). The
main objective of our study was to search for SCD markers
associated with HRDs in patients with HFrEF of ischemic
origin. Given that 90% of patients had life-threatening
high-grade arrhythmias (paired HPVs and VT), which
are independent predictors of SCD in patients with the
history of AMI [50], the number of VPBs per hour, based
on the results of 24 hour ECG monitoring, was used as an
additional criterion susceptible to influence. At baseline,
the number of VPBs per hour was reversely correlated
only with HRV (SDNN). However, when changes of
the parameters during the treatment were evaluated, the
number of premature beats was found to be significantly
correlated with both SDNN (r= - 0.70; p<0.001) and
24-hour HR (r=0.66, p<0.001). Thus, the chronotropic
component in HFrEF turns out to be a very informative
indicator. At baseline and during the treatment,
tachycardia is associated not only with the severity of CHF
(FC, SHOCS), LV function (EF), and oxygen supply at
load (peak VO,), but also with HRV (SDNN) and the
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rate of HRDs, being factors reflecting the excess activity
of SAS and the risk of SCD. The smallest correlation of
the parameters studied was found with the biochemical
marker of cardiac overload, NT-pro-BNP.

Treatment with w-3 PUFAs proved to be effective
and more pronounced with the dose of 2 g/day [4S,
51]. Interestingly, the improvement of CHF FC became
significant only with a higher dose of Omacor. SHOCS
tended to decrease with Omacor 1 g/day and became
significant when the dose was doubled; and the decrease
of NT-pro-BNP the most sensitive and significant with
both doses of Omacor (Figure 1). The increase of LVEF
was small and significant with only Omacor 2 g/day
(+3%, p=0.002). The negative chronotropic effect
w-3 PUFAs is of interest. Mean 24-hour HR decreased
by 8 bpm, r=0.05 and 11 bpm, r=0.001, with Omacor
at 1 g/day and 2 g/ day, respectively. At the same time,
oxygen supply at load (peak VO,) and HRV (SDNN)
statically significantly improved with both doses of w-3
PUFAs. The anti-arrhythmic effect of low-dose Omacor
(1 g/day) was insignificant both in the number of
VPBs and the percentage of patients who had no more
VPBs and VT (2 out of 10 patients, 20%). HOWEVER,
with the use of a combination of EPA+DHA in a dose
of 2 g/day, the number of VPBs (by 16 per hour) was
significantly reduced, and the risk of HRDs (in 8/20
patients, 40% stopped detecting paired VPBs and
run VT short runs). As seen in Figure 4, a moderate
improvement in LVEF and a negative chronotropic
component make a two-fold contribution to the
increase in oxygen supply at physical load during the
treatment of Omacor. Both improved HRV (increased
SDNN) and reduced mean 24-hour HR made a two-fold
contribution in assessing the severity of anti-arrhythmic
action and the potential reduction of the SCD risk
(Figure S). Careful analysis shows that, unlike in the
control group, only with Omacor at both doses, there
was a significant decrease in mean 24-hour HR and a
simultaneous improvement in HRV. Given that HR and
HRV are closely correlated, the effects of w-3 PUFAs
on these non-invasive markers determine their ability
to reduce the risk of SCD in patients with HFrEF of
ischemic origin. The anti-arrhythmic effect of Omacor
is greater if higher doses of the drug are administered.

Limitations of the study
The study was open-ended, and no information was
collected on the prescription of statins to patients.
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