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The current single-factor prognostic scale for the risk of ventricular tachyarrhythmia in patients with chronic heart
failure and reduced left ventricle ejection fraction is considered by most experts to be inconsistent with modern medicine
and should be modified. This position directs the efforts of researchers to search for additional prognostic factors, such as
serum biomarkers. The last may reflect the state of cardiomyocytes and extracellular cardiac matrix, as well as endoge-
nous and exogenous impacts to these structures. Such information may be important in determining the probability of the
presence of myocardial pro-arrhythmic substrate and the electrophysiological conditions necessary to realize its potential.

The data presented in this review suggest that concentrations of serum biomarkers may provide additional information
for the estimation of personalized arrhythmic risk, which should help to avoid the clinical underestimation of the risk of
sudden cardiac death and be a determining factor in the decision to implant a cardioverter-defibrillator.

Key words: chronic heart failure; blood biomarkers; ventricular tachyarrhythmias; sudden cardiac death.

Conflict of Interests: all authors declare that there is no potential conflict of interest requiring disclosure in this article
Funding: none

Received: 15.12.2021 Revision received: 25.02.2022 Accepted: 09.03.2022

Corresponding author: Nikolay Ilov, E-mail: nikolay.ilov@gmail.com

N.N.Ilov - ORCID ID 0000-0003-1294-9646, A.A.Nechepurenko - ORCID ID 0000-0001-5722-9883, R.N.Shvartz -
ORCID ID 0000-0003-1294-9646

For citation: Ilov NN, Nechepurenko AA, Shvartz RN. Predictive potential of blood biomarkers for subsequent ventric-
ular tachyarrhythmias in patients with chronic heart failure and reduced left ventricular ejection fraction: review. Journal

of Arrhythmology. 2022;29(2): 58-69. https://doi.org/10.35336/VA-2022-2-06.

According to the World Health Organization, diseas-
es of the cardiovascular system are the leading cause of
death. Thus, in 2016 about 18 million people died due to
cardiac pathology, accounting for 30% of all deaths during
this period. One of the main mechanisms for the realization
of death in this category of patients is the occurrence of
sudden cardiac death (SCD), usually due to the induction
of fatal ventricular tachyarrhythmias (VT) [2]. In the struc-
ture of the causes predisposed to SCD, the leading is isch-
emic heart disease and hereditary channelopathy. Mean-
while, it has been proven that the development of chronic
heart failure with a reduced left ventricle ejection fraction
(HFrEF) is an important predictor of such an unfavourable
outcome [3].

Conducted clinical trials MADIT and SCD-HeFT
showed that the use of implanted cardioverter defibrilla-
tor (ICD) in patients with HF and left ventricle ejection
fraction (LVEF) less than 35% who have a high risk of
VT, enables effective prevention of SCD in both ische-
mic and non-ischemic causes of HF [4,5]. The prom-
ising data obtained formed the basis of the concept of
preventive implantation of ICD, enshrined as the class
I of current international and national clinical recom-
mendations [6, 7]. Meanwhile, the implementation of
this approach has shown that LVEF does not possess
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sufficient specificity and sensitivity in the selection of
candidates for ICD implantation for primary prevention
of SCD [8]. Thus, according to F. Merchant et al. 67% of
patients with ICD (16,930 patients) did not experience
shock within the first 5 years after implantation [9]. It
has been shown that inappropriate ICD therapy is ap-
plied on average in 22 per cent of cases of ICD implan-
tation for primary SCD prevention [10].

Various pathophysiological mechanisms may be
at the origin of VT in patients with HFrEF including
increased automaticity, trigger activity, and/or re-entry
formation [11,12]. The electrophysiological conditions
required to implement these scenarios arise with the
progression of HF, ischemia, and hereditary myocar-
dial diseases. The required pro-arrhythmogenic sub-
strate appears because of the remodeling of the cardiac
extracellular matrix (ECM), a connecting component
that acts as an information center, accumulating and
transporting signal data for all cells of the organ [13]
(Fig. 1). This process is believed to be triggered by
myocardial stress, ischemia, necrosis, and myocardial
inflammation directly involving various biological sig-
naling proteins [14]. Changes in the concentration of
these agents in the blood may indicate anatomical and
functional transformations of the cardiac ECM which
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may have an arrhythmic potential [15] and for this rea-
son may provide additional information for risk strati-
fication of VT [16].

Given the discrepancy between the current criteria
for selecting patients with HFrEF for ICD implantation
and the real risk of life-threatening VT [8], the study of the
predictive capabilities of such biomarkers is particularly
relevant. The objective of the review was to provide acces-
sible information on the use of blood biomarkers to predict
the likelihood of VT in patients with HFrEF.

DEFINITIONS AND CLASSIFICATION
OF BIOMARKERS

According to the definition proposed by the Food and
Drug Administration «Biomarker is a defined characteristic
that is measured as an indicator of normal biological pro-
cesses, pathogenic processes, or responses to an exposure
or intervention, including therapeutic interventionsy» [17].

Morrow and de Lemos formulated 3 criteria that
determine the prospects of clinical use of a biomark-
er [18]. First, accurate and reproducible measurement
should be available to the clinician at a reasonable cost
and within a short period of laboratory analysis. Secon-
dly, a biomarker should provide information that is not
available through a thorough clinical examination. Fi-
nally, the data obtained on the level of biomarker should
be relevant for clinical decision-making. Many of the
biomarkers discussed in this review do not meet all three
criteria. However, rapidly evolving technologies could
change the way concentrations are measured soon, re-
ducing the cost and time of analysis. Therefore, in our
view, the principal criterion for the relevance of discus-
sing an agent should be the presence of a causal link
between the change in its concentration and the onset of
a clinically significant event.
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Fig. 1. Triggers that affect cardiomyocytes cause changes in myocardial structure
and function (hypertrophy, apoptosis, intracellular metabolism, contraction
modulation). The modification of the micro- and macroenvironment of
cardiomyocytes initiates the emergence and progression of heart failure, creates
ideal conditions for the implementation of the arrhythmic scenario of sudden

cardiac death. ROS - active oxygen species.
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Although biomarkers have long attracted the at-
tention of researchers, there is no single classification of
these agents. Califf R.M. proposed that the classification
be based on the possibility of using biomarkers to evalu-
ate clinical outcomes. By this, identify diagnostic, moni-
toring, pharmacodynamic/response, predictive, prognostic
biomarkers as well as susceptibility/risk and safety bio-
markers [19]. The same agent in different situations can be
referred to in different categories. Based on this position
a more practical pathophysiological classification is based
on the mechanism of influence on the endpoint. It emits
biomarkers of inflammation, oxidative and myocardial
stress, myocyte and fibrosis damage, and neurohormones
[20]. From the point of view of the pathogenesis of cardiac
remodeling, in our opinion, it is more convenient to use
the systematization of biomarkers, based on the presence
of interactions with cardiomyocytes, their micro-and mac-
roenvironment [21].

New agents are described every year which are test-
ed for the practical value and implementation potential
of the clinic. In this regard, a common nomenclature of
these agents would help to systematize existing data and
help the clinician to understand the diversity of existing
biomarkers.

PREDICTIVE CAPABILITIES OF BIOMARKERS
IN DETERMINING THE RISK OF VT
IN PATIENTS WITH HFREF

The advantage of using biomarkers is that it is pos-
sible to assess the probability of occurrence of a clinical
adverse event. For the subject under discussion, it is the
occurrence of stable VT. The emergence of highly sen-
sitive biomarkers in patients with HFrEF suggested that
this information could be used to calculate personalized
arrhythmic risk. This should help avoid clinical underes-

timation of the risk of SCD and
become defined in the decision
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One of the first biomar-
ROS kers used in HF patients were
natriuretic peptides (NPs), es-
pecially the B-type natriuretic
peptide (BNP). It is released in
the heart ventricles in response
to increased ventricular blood
volume and overload in the form
of prohormone (proBNP). When
it is split, a biologically active
aminoacid BNP and an inert
N-terminal proBNP (NT-proB-
NP) are formed, the level of
which allows not only to predict
the clinical decompensation of
HF, but also to stratify the risk
of adverse clinical events in pa-
tients with HFrEF [22].

It is known that NPs cause
a dilation of the afferent and con-

Miofibroblasts

inflammatory cells

MACROENVIRONMENT

brain

kidneys

adipose tissue

JOURNAL OF ARRHYTHMOLOGY, Ne 2 (108), 2022



REVIEWS

aandadsord | DS Ad (%001 - 8%1
(€0'0=d *8T°1-10'1 *ID . [vel TToe “e
G- (%61) 8T | "spuow gy | I)u20-3[3 | -e1dy} dD] pu :dINDIN) $1-dao A
%56 ‘v1 T=40) JSU JUI0dpud [3Im PIJLIOOSSE SEM [9A] PAIBAI[H - syeudosddy 51d g1 ¥ NG AN
LSS
(820°0=d '€66°1-8L9'T ‘1D%S6 *S00'1£8=4O) aA1ads dNdg
¢ ¢ ¢ y e Adeioyy 0 0/C°CO-
U0 (820°0=d 091" 1-100°T 1D%86 ‘00" I=40) dNE ST | qpuomzy | 45 | oo a001) 90¢ . %\ouw_ww@c A0 [££1 8102
((100°0=d 2097 1-L00°T :1D%S6 120" 1=¥0) T-LS 10j paynuapt L9 WD | hoiddy | Arewg ad 90z [urd “Ie 19 npreg
u09q oAey senIIqissod 9ANOIpaId ‘[opowr 10308-[) N oY} U] v ‘ : 9-T1
ddd
DA ske
‘punoj sem (A[panoadsar <100 0>d ‘6 Z1=40 pue A\ommmmv cc9 Sﬁﬂoz 9A1p0ads Adeoyy (°001) 's3d 191 - | dNgoI1d-IN 2]
10°0=d ‘L #=40) 3urodpuo ay3 jo Aniqeqoid oy pue (so[irenb . -01)21 ‘19) aji e uonuaaxd g om.homﬂwm
Jaddn) gNgo1d-IN ‘N4 JO S[oA9] U} udamidq diysuonepr YL | (o,/7) 601 cowmmwﬁoz -uoo-fenp y | -udoxddy Arewrtiq ‘s1d €O - INE L Ml
V) - -
(€0°0T=d "T'S-7L'0 *HD %S6 €6’ [=40) uonudraid 4s oamoodsord | Adesm | (o4r6) 8¢ A ﬁm\ww% MMM
Arewnd j0u3nq (€0°0=d ‘TH'S-60° “ID%S6 *€¥'T=40) UOnUA syuow . : : \ [8zl 110T
. . (%0€) Ly ! ‘Iu0-9[3 [ gD | uonuasdid | fo49/-611 | S1-4AD
-o1d DS Arepuodas ym syd Jo josqns & ur AJuo [enudjod oARdIp 0 €FST : o “1e 19 1098
-o1d ® pe mqo:mbquo.conv mhmoa.rw N ‘S1SK M:m w&oa —ppnw ug usv -hdoxddy | Awwitig {dINDD CLSS !
{ Suor ISA] -1 51d 9¢| INFOId-IN
Poumap 108 (%€1) 91 | "spuow 67 DMMMMMM MWM MN Mwmov>%m sid €71 dNg L2l Looz
0 . c.
sem jurodpus ue Jo Ajiqeqold oy) uo [9A9] NG U3 JO 1099 YL - _udoxddy £rewnig e 19 Isuy)
aanoadsord Adeiayy (2489) € [1]
(#20°0=d *L1"€€-18'T 1D%S6 “vL L="4d) AI9AI[SP . dINDI
o (%T€) 91 | spuowr g1 | I0u00-9]3 [ @Drore | uonuosdxd : dNgoid-IN [900T “Te 10
Adexayy (01 Jo 10301pard juspuadapur Ajuo oy st gNgoId-1 N “us v _udosddy frewng P sid g S1aqueBurry
(Kogroads aanoadsoxd Kderayy (%001) S¢€ JNOI [0/ <002
9,88 “AIAISUDS 9,¢/ ) %88 Jo Tenudjod aanorpard aanedou ‘0,08 | (%1¢€) 1T | "spuow g1 | “101u99-9[3 ani e uonuaAaxd o sid dNgoid-IN | .. 1o SoluE
Jo renuojod aanarpaid aanisod pamoys (jyudd 088) dNGOI1d-1N -uIs y -udoxddy Arewig M Hase [ 30 SO
(%11
(#0°0=d “TLH-L0T ‘1D : aandadsoxd | Adesayy | (%TS) 6L1 | -6S WOA
2,56) sown 7'z Aq Adexoyy 1 dreudoxdde jo ysu oyy payorpaxd | (9481) €9 stpuowt ‘10Ju00-9[3 aji e uonuaAraxd | 941/- Gy dNd “rg W%W%MMN
(so[uod ()G 9A0QER) [9A9] N [opOow 103o}-nnW oY) Jo Jaed sy s¥el -uIs y -udoxddy Krewtig :dNDT) d¥o e 3 A
s)d gy ¢
uonejardioyu jutodpu dn-morjoy us1sop yutodpud QOSEQM_MEM uonendo, Stoeord sioyn
! I todpuyg JO uoneIn(y Apms OIUIAYLY m:Donoﬁ %E hendod poorg paisal, pny

I 21971

(panunuos) spuonvd g1 H ut uoyopad J 4 10f s1231pu101q poojq fo asn ayy SUnSYsaaul SaIpnIs [PI1UILO UID

JOURNAL OF ARRHYTHMOLOGY, Ne 2 (108), 2022



61

REVIEWS

“[BAIIUL 92UIPYUOI - [ ‘01BI SPPO - YO
S[SLI QATIR[AI - Y 10JR[[LIQUOP IO)IAOIPIRd o[qeiuedul - (IO ‘UONE[[LIqY JE[NOLIJUSA - JA ‘BIPIROAYOR) JR[NOLNUSA - T A ‘AyjedoAworpres paje[ip - IND( ‘AyredoAworpIed druayosi-uou
- JINDN ‘AyredoAworpies orwayost - JIND] ‘oseurojordofelows X1jew Jo 10)1qIyul anss - JINLL ‘oseurdjordojeiow xujew - JINJN SGIN-9SBUD] dunea1d - gIN-D ‘oseldjsuer [Awe)
-nj3-ewwes - 1 OO ‘urojord Jurpurq proe Aj3ef Jo w0y SerpIed - Jqv4-H ‘uruodon oyroads-o1pIed - U0 UDNI[IdUI -] ‘UOHBIIUAIOPIP JO I0JOB] YIMOIS - G-I L) {7 SWOouds Aq papooud
10308} yIM0IS JO w0y o[qn[os - z-1.Ss 2dA1-g opndod onomineu suouwoyord jo juswdery [euruio)-N - JNgoid-IN ‘opnded onomineu urelq - JNg ‘u10joid 9A1308I-)) - 13D 910N

eruny Ayl aanaadsod dINDIN [¥¥] 120T
-TeAyo®) JR[NOLIUIA AUE JO H.oao%o& uapuadapur - ¢-unodren P/ P/ Ho.am_omo“_w dA LA P/t s syd zg €-uRodes - “le 1@ mnqyy

ud3e[[0d

aanoadsord Adeiayy (%001) 0L 12df jo
Kdexayy D1 oreudordde yyim “sid ur 10ySry Appueoyiusdis (%00) ok Qo.gcoo-o 3 o] o coﬂ:o\/uh d dINDIN opudadorar | [£€]010T TR
QIoM SIMJBWOIQ POO[q PAIPNIS [[ JO S[OAJ] uonejuedwi-o1d 002} vl I —uis I ~udosdd \m..aEcm pm sid gz | reutuag)-) | 39 sijednouey]

L4 ! v ! I-dINLL

I-dINIA

(%L'€) oAn
- Ad : Aderom 0/ 6° 0/ /°CT -
(900°0 = d) Aderoyy D1 dreudordde pue -mw%ﬁ Dl ‘Syjuowt -0adsonax oI B\mn: d MHMM :no womm oﬁm\ﬁ..mvwwb 159 [zsl 6102
0>d M PIJRIOOSSE SBM ZJo [oAd ) 101u00-9[3 : : ) “le 30 no
(100°0>d) LA ypia poyer VN OS <IOPAILOD AL | o oy [ LIFPP | 3 .Hm_mt ordde [ | Arewmg ad gp1 e 32 noyz
8L - LA ’
. syyuowr aAn0adsoxd 1eop ‘Ad 0 0 —
yreap oerpies pue Adesoyy (D[ 2rerrdordde jo Araarjop (%8°0€) %m cue | omso-opf -Ms% aol %%wwma NNA _\Mwmuc JAVI-H [eel z10T
o 10§ 10308} onsousold juspuadapur - [w/3u ¢4 9A0QR [9A] €€ PO —— srendorddy | Arewnig sd /01 e 1 lopreq
aanoadsoxd | DS Ad (%001 - 8¥1
(€0'0=d ‘8T'1-10'T 'ID . . [¥€]l zzoT “1e
‘syjuout 19u00-9[3 | -BIO u : -
%56 1 1=40) JSU Ju10dpus YIim pajeIdosse Sem [JAJ] PAIBAd[q (%61) 8T b 44 .pSm <~ Smamwmmww P/ MM\MOMWWC 17405 1 NG AN
dn-morjoy ugisop wrodpuo vopeue drny SIosIeworg
uoneyaidioyu urodpu ; : 10 uonendo : sIoyin

1yey Jul jurodpuy Jo uoneIn( Apmg oIy AYLry chowMoﬂ ME nendod pOO[g PAISAL ny

(wopvnunuod) spuanpvd Ji.JH ul uoydipaid J 4 10§ s123401101q poojq Jo asn ay) SUPVSSaaul SaIPNIS [PI1U1]d UID A

‘I 219nL

JOURNAL OF ARRHYTHMOLOGY, Ne 2 (108), 2022



62

traction of efferent renal arterioles, an increase in kidney
blood flow, and a rate of glomerular filtration, inhibition
of sodium and water reabsorption. The point of NPs ap-
plication about the structure of the cardiac ECM seems to
be related to inhibition of renin and aldosterone secretion,
and suppression of the activity of the sympathetic nervous
system [23]. Thus, elevated concentrations of NPs may
indicate increased activity of myocardial proliferation and
hypertrophy processes which may result in the occurrence
of a VT arrhythmic substrate [24].

In a study that included 521 patients with myo-
cardial infarction, the level of NPs indicated the risk
of subsequent episodes of SCD independent of clini-
cal variables and LVEF (hazard ratio (HR) 3.39; 95%
confidence interval (CI) 1.22-9.45; p-0.037) [25]. Other
investigators have shown that an increase in NPs in HF
patients with significant systolic dysfunction (LVEF <
20%) is associated with a high risk of SCD only at an
initially prolonged QTc interval on the ECG (odds ratio
(OR) 1.63; 95% CI 0.54-5.12; p<0.001). Several studies
indicate both associations between high concentrations
of NPs and VT occurrence including those with previ-
ously implanted ICD (Table 1) and the opposite [27, 28].
The high predictive expectations of NPs were largely
overestimated, including due to the large variability in
the concentration of these agents in different clinical
situations. For this reason, there is now a growing view
that the clinical significance of NP studies lies in the
identification and assessment of myocardial stress and
decompensation of HF [29].

The stimulating growth factor encoded by the gene 2
(ST-2) belongs to the interleukin receptor family and has
two isoforms: soluble (sST-2) and transmembrane, em-
bedded in the cell membrane and acting as a receptor for
interleukin 33. It is believed that sST-2 is a biomarker of
fibrosis, inflammation of sympathetic hyperactivation, and
myocardial stress. The high concentrations of sST-2 (over
36.3 ng/ml) are associated with adverse clinical outcomes
of HF. In the subanalysis of the MADIT-CRT study (Multi-
center Automatic Defibrillator Implantation Trial - Cardiac
Resynchronization Therapy) increase of the soluble form
of growth-stimulating factor (sST-2) more than 35 ng/ml
acted as an independent predictor of SCD or sustained VT
paroxysm [30]. Similar conclusions were reached in the
HF-ACTION study [31].

In literature reviews of sST-2 prognostic potential in
HF patients’ data from Pascual-Figal et al. is often used.
It has been shown that elevated levels of this biomarker
lead to a 4.56-fold increase in SCD rate (95% CI 1.31-1.59;
p=0.017). A combination of high levels of NT-proBNP and
sST-2 were identified in 74% of examined HF patients with
VT occurred [32]. However, it is not always indicated that
a study included HF patients with LVEF <45%, so that the
results are highly unlikely to be extended to a cohort of
patients with HFrEF.

Myocyte injury

Cardiac troponins are the most used myocardial ne-
crosis marker in the clinic. Most of the published papers
suggest that a study of their concentrations in HF patients
cannot provide reliable information to determine the risk of
future arrhythmic events (Table 1).

REVIEWS

Myocyte apoptosis

After the damage to cardiomyocytes, oxidized pro-
ducts, and ECM proteins are released into the blood and
activate the inflammatory reactions. The action of proin-
flammatory cytokines leads to activation of fibroblasts and
cardiomyocytes of the inflammation site, and initiation of
mechanisms of apoptosis. Heart-type fatty acid-binding
protein (H-FABP) is one of the markers of these processes.
Elevated concentrations of this biomarker are associated
with a high probability of adverse cardiovascular events,
including VT [14]. It has been demonstrated that according
to H-FABP levels risk stratification can be performed in
HF patients: concentrations above 4.3 ng/ml can act as an
independent prognostic factor for the delivery of appropri-
ate ICD therapy and cardiac death [33].

Other known biomarkers of myocardial apoptosis
(soluble FAS ligand; growth differentiation factor-15) are
likely to be used to evaluate HF status, especially in pa-
tients with ischemic heart disease. However, the predictive
value of these biomarkers for future VT reported in the lite-
rature is contradictory [21, 34].

Microenvironment biomarkers

Cardiac ECM

Studies have shown a change in the concentrations of
enzymes regulating the composition of the cardiac ECM
in the blood of patients with cardiovascular diseases: the
normal ratio of matrix metalloproteinases (MMP) and their
tissue inhibitors (TIMP) is disturbed [35], the number of
proinflammatory cytokines (tumor necrosis factor-a, inter-
leukin-1, S-reactive protein, galectin-3) that initiate MMP
synthesis increases [36]. This leads to the progression of
fibrosis and the formation of an anatomic and electrophy-
siological substrate for VT occurrence.

A promising area for biochemical markers with pre-
dictive significance for the VT occurrence is the determina-
tion of the level of collagen exchange products (C-terminal
collagen propeptide type 1, C-terminal telopeptide of type
I collagen, MMP, TIMP) indicating the ECM remodeling.
It has been demonstrated that the level of these markers
in peripheral blood correlates with the extent of myocar-
dial fibrosis and has an association with the probability of
the delivery of appropriate ICD therapy in patients with
HFrEF [37].

Known triggers that initiate myocardial fibrosis are
hypoxia, chronic inflammation, and hemodynamic myo-
cardial overstretching. Inflammatory myocardial cells
begin to express several signaling proteins under the in-
fluence of these factors. That activates fibroblasts and initi-
ates remodeling of the cardiac ECM. Galectin-3, a soluble
B-galactosidase-binding glycoprotein released by activated
heart macrophages, is one of such biomarkers [38].

In general, the analysis of the literature shows that
the level of galectin-3 increases during inflammatory and
proliferative processes. Experimental and clinical studies in-
dicate the involvement of this biomarker in the stimulation of
aldosterone-induced fibrosis and myocardial remodeling [39,
40]. Moreover, some authors point to the existence of a direct
positive correlation between the concentration of galectin-3
in the blood and the presence of arrhythmic substrate in the
myocardium [41], capable of manifestation in life-threate-
ning VT [42] and causing an arrthythmic storm [43].
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Russian researchers on a relatively small cohort of
ischemic cardiomyopathy patients (ICMP, 40 patients)
have demonstrated that an increase in the concentration
of galectin-3 >10.95 ng/ml is an independent predictor
of future stable VT (p=0.044) [16]. Similar results were
presented by Tayyar Akbulut et al. After separating 92
patients with non-ischemic cardiomyopathy depending
on the level of galectin-3 in the blood, a higher inci-
dence of unstable VT, stable VT and ventricular fibrilla-
tion (VF) in a group with an increased level of studied
biomarker was found (p < 0,0001; p <0,002; p < 0,026;
respectively) [44].

A group of authors from Brazil presented the opposite
results, according to which the elevated level of galectin-3
in non-ischemic cardiomyopathy patients (148 patients,
median of observation - 941 days), estimated immediately
after inclusion in the study, did not act as a predictor of fu-
ture major arrhythmic events (stable VT, appropriate ICD
therapy, SCD episode), although associated with general
mortality [45]. There were no galectin-3 associations at
risk in another study including 1,440 HF patients [46].

Inflammation

Inflammation is a universal response to various
damaging factors. In HFTEF patients’ inflammatory reac-
tions are involved in the damage of cardiomyocytes, play
an important role in the implementation of their apoptosis
and the reconstruction of the cardiac ECM. The severity of
the inflammatory response in each case is determined by
the interaction of pro-and anti-inflammatory cytokines and
the change in their concentration in the blood can indicate
the HF status [47].

A CAMI-GUIDE study on 300 ICD patients investi-
gated the prognostic role of C-reactive protein in the deve-
lopment of SCD or VT/VF in patients with ischemic heart
disease with LVEF less than 30% [48]. According to a two-
year observation, the primary endpoint was 17.3%. It has
been shown that an increase in C-reactive protein of more
than 3 mg/l is not associated with SCD or VT/VF but this
information can be used to predict HF mortality.

Another large study of PROSE-ICD (1189 patients
were included, 4-year observation period): an increase in
inflammation biomarkers (C-reactive protein, IL-6, tumor
necrosis factor o) as well as biomarkers of neuro-humoral
activation and damage of cardiac myocytes (proBNP and
cardiac troponin T) was found to increase the risk of death
but does not predict the delivery of ICD therapy [49].

Oxidative stress

Oxygen is an essential element of cell life, which ac-
tivates many intracellular enzymes. However, during the
metabolism process, a small amount of oxygen is conver-
ted to superoxide anions (highly toxic oxygen radicals).
Active oxygen species (reactive oxygen species - ROS)
cause the destruction of intracellular structures, triggering
oxidative stress.

The experiment showed that ROS by influencing
intracellular ion channels, lengthens the duration of ac-
tion potential (AP), enhancing the trigger potential of
arrhythmic substrate [50]. The dispersion of the AP at
different sites of the myocardium creates conditions for
the occurrence of VT with re-entry mechanism. In ad-
dition to the described mechanisms arrhythmic effects
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of oxidative stress are realized through the disruption
of inter-cellular contacts and the disorganization of the
cardiac ECM [51].

A gamma-glutamyl transferase may be of interest in
the context of the issue under study. It is one of the mar-
kers of the ineffectiveness of antioxidant protection, its in-
crease in the concentration in the blood indicates oxidative
stress exacerbation. Zhou et al. in their prospective study
concluded that gamma-glutamyl transferase concentration
> 56 U/L can predict a high probability of future VT and
appropriate ICD therapy [52].

Macroenvironment biomarkers

Adipokins

Obesity is a known cardiovascular risk factor. The
most dangerous is abdominal obesity, in which hyper-
trophy and hyperplasia of adipocytes lead to an increase
in the number of macrophages and an increase in the
secretion of hormone-like substances - adipokines. Mo-
lecular mechanisms explaining the association of obesi-
ty with increased propensity for VT occurrence are not
fully disclosed. Direct effects are thought to be associa-
ted with myocardial fat infiltration, which initiates fi-
brotic remodeling. Increased adipokines secretion leads
to autonomic dysfunction, enhances local inflammation,
and oxidative stress, and stimulates cardiomyocyte
apoptosis [53]. There is evidence in the literature that
elevated adiponectin is associated with a pathological
prolongation of the corrected QT interval on the elec-
trocardiogram - a sign of the electrical instability of the
myocardium [54]. The contribution of leptin to the oc-
currence and maintenance of ischemic VT was proven in
the experiment [55].

Neurohormones

Progression of HF leads to hyperactivity of neuro-
humoral systems as a compensatory response to worsen-
ing systolic function of LV. Neurohormones secreted into
the blood (adrenaline, noradrenaline, adrenomedullin, co-
peptin, renin, angiotensin II, aldosterone) increase myocar-
dial contraction, but at the same time increase the heart
rate and AP, lengthen the refractory period of the ventricle,
change the physiological direction of repolarization propa-
gation, forming regional electrical heterogeneity [56].

Even though in preparing this review we were not
able to find a work indicating a correlation between the
concentration of these biomarkers in the blood and the risk
of VT in patients with HFrEF, there is the data that may in-
dicate such a relationship. The large clinical studies avail-
able have shown neurohormonal blockade to be effective
in preventing VT [57].

The experiment showed that mice having elevated
angiotensin II levels exhibited pronounced myocardial
hypertrophy, bradycardia due to atrioventricular conduc-
tivity disorder and increased propensity for sudden ar-
rhythmic death [58].

Increased secretion of aldosterone in HF patients is
primarily a cause of electrolytic imbalance. In addition to
this, it has been proven in laboratory studies that elevated
concentrations of aldosterone contribute to myocardial fi-
brosis, endothelium dysfunction and perivascular fibrosis,
as well as increased activity of the sympathetic part of the
autonomic nervous system [59].
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Renal Markers

Patients with chronic kidney disease are at high
risk of VT [60]. The electrical instability of the myocar-
dium in renal dysfunction is mainly due to the stimula-
tion of the renin-angiotensin-aldosterone system and the
increased secretion of aldosterone which promotes the
opening of sodium channels in collecting ducts. The trig-
gered pathophysiological cascade forms persistent arteri-
al hypertension and causes myocardial hypertrophy - an
anatomical substrate for the VT occurrence. Deo et al.
investigated the hypothesis of a link between the level of
kidney markers and the risk of SCD. After analyzing the
results of long-term observation (10 years), the authors
found that renal dysfunction, estimated by the concen-
tration of cystatin C (but not by the level of creatinine or
the glomerular filtration rate), had a connection with an
episode of SCD in the future [61].

Kidneys are an important organ involved in main-
taining a constant electrolyte composition of blood. Ac-
cordingly, when impaired kidney function, the physio-
logical balance of electrolytes is disturbed which causes
depolarization of the resting membrane potential, a de-
crease in sodium channel activity, and shortening of the
AP. However, the effective refractory period is lengthe-
ned, continuing after repolarization (post-repolariza-
tion refractoriness). Hyperkalemia and hypocalcemia
developing in chronic kidney disease can manifest on
ECG by lengthening the QT interval clinically mani-
fest by bradycardia, accelerated junctional rhythm, and
even VF [62].

PROSPECTS FOR THE USE OF BIOMARKERS
IN BCC RISK STRATIFICATION

Undeniable interest in the new predictors of SCD,
among which are often mentioned blood biomarkers, is
due to the imperfection of the current system of stratifica-
tion of arrhythmic risk that regulates indications for ICD
implantation as the most effective mean of preventing this
HF outcome. The material presented in this review gives
us optimism about this perspective, especially if we use a
combination of clinical, instrumental and laboratory prog-
nostic factors to solve this problem.

For example, the well-known Seattle Heart Failure
Model, created to assess the survival of HF patients and
validated to predict SCD in this category of patients [63],
suggests the clinician use a range of indicators, including
hemoglobin levels, sodium, and cholesterol. In another
predictive model, in addition to sex, race, several data and
ECG features, information on the content of the biomarker
NT-proBNP in the blood was added [64].

The combination of several laboratory parameters
likely increases the diagnostic value of the predictive
algorithm. Thus, the authors of the MUSIC study by
the results have created a model that allows for calcu-
lating the individual risk of SCD in an HF patient. Cre-
atinine clearance, NT-proBNP, and troponin were used
to calculate the risk, with predicted and actual SCD
rates of 91.7% and 89.6% respectively [65]. At the
same time, while testing the hypothesis about possi-
ble prognostic values of potassium, sodium, creatinine,
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and hemoglobin levels in the blood of patients with HF,
an international multi-center ATLAS study found that
only the value of creatinine can act as an independent
predictor of SCD (p<0.05) [66]. Scott et al. having in-
vestigated 5 different biomarkers at once, concluded
that concentrations of NT-proBNP and sST2 may be
useful in determining the probability of survival after
ICD therapy [41]. However, no reliable results have
been obtained on the correlation between the level of
biomarkers in the blood and the risk of primary mani-
festation of VT (Table 1).

High expectations can be placed on the study of
blood biomarkers in conjunction with the investigation
of instrumental predictors of VT, the most important
of which is now considered to be late gadolinium en-
hancement during contrast cardiac magnetic resonance
imaging [67]. It has been proven that there are strong as-
sociations between N-terminal propeptide 1 and 3-type
procollagen, galectin-3, ST-2 concentrations, and the
presence of contrast accumulation in the myocardium
which, according to researchers, points to the possibility
of sharing these markers for better diagnosis of myocar-
dial fibrosis [68].

In our view, a significant limitation of the multi-fac-
tor predictive models developed in the coming years,
using data from clinical, laboratory and instrumental
methods, is the relatively small number of participants.
The large clinical studies presented in the literature on
this subject are generally retrospective and do not allow
the inclusion in the multi-factor analysis of the results of
modern cardiovisualization techniques that can be per-
formed at present. Importantly, in many of them, end-
points were recorded without the use of long-term rhythm
monitoring. For this reason, on the one hand, some of the
fatal episodes may have been misinterpreted as SCD, on
the other hand, the VT occurring in the absence of effects
on hemodynamics may have been untreated. The reasons
given once again underline the urgency of carrying out
research work in the context of the request to modify the
existing system of stratification of arrhythmic risk of pa-
tients with HFrEF.

CONCLUSION

The primary prevention of cardiovascular diseases is
based on accurate risk stratification. The current one-factor
scale of prediction of VT risk in HF patients, according to
most experts, does not meet the requirements of modern
medicine and should be modified. The data presented in
this review allow consideration of the use of blood bio-
markers in future predictive algorithms.

To date, the prospect of finding a single blood bio-
marker that is sufficiently sensitive and specific to solve
these problems seems unlikely. This directs research to-
wards the development of diagnostic panels of biomarkers
capable of assessing various pathophysiological mecha-
nisms of VT. Information about blood biomarkers can
complement the results of an instrumental search of VT
substrate (ultrasound techniques, contrast magnetic reso-
nance cardiac imaging) and increase the diagnostic value
of multi-factor predictive models.
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