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OnTUMM3aunsa UMNJAHTaLUKM YCTPOMCTBA CepAeYHON PeCUHXPOHNU3UPYIOLLel Tepanun:
paHaOMU3MPOBAHHOE KOHTPONMPYEMOe UCCIeA0BaHMe 31eKTPOPN3nM0Nornueckomn
¥ aHaTOMMYECKOW CTpaTeruini No3uLMOHUPOBaHUS JIEBOXEJTYA04KOBOr0 3J1eKTpoaa

Cabwutos E.T.!, A6gpaxmaros A.C.2, Opexos A.10."83, Cabutosa [. X.3

CyLLeCcTBYeT MHOXECTBO CTpaTernii CepaeYHON PECUHXPOHM3MPYIOLLEN Tepaniu
(CPT), v HW 0fiHa U3 HMX HE UMEET OIHO3HAYHBIX MPEVMYLLECTB Nepes ApYriMu.
Llenb. OueHWTb BNUSIHWE ABYX CTpaTervii MMNAAHTaLMM NEBOXENYA04KOBOrO
3eKTPOAA Ha Pa3BUTME CEPAEYHO-COCYAMCTBIX COOBITWIA Y MALMEHTOB C XPOHMYE-
CKOW CepAeyHON HeloCTaTOYHOCTbIO.

Martepuan u metoppl. Tekyllee paHAOMM3MPOBAHHOE KOHTPONMPYEMOE KIVHU-
yeckoe uccnenoBaHue pas3paboTaHo Ans cpaBHeHUs 3hHEKTUBHOCTY TPAANLIMOH-
HOI aHaTOMUYECKOW CTPaTErum NO3NLIMOHNPOBAHNS 3NEKTPOAA IEBOr0 XeNyaoy-
Ka (JIK) n umnnaHTaummn noa, KOHTPoONeM anekTpokapavorpadum B oNTUManbHyo
BETBb BEHO3HOIO KOPOHAPHOIO CHHYyca, KoTopas siBaseTca Hanbonee 6AM3KOIA
K MOCnenHel anekTpuyeckn akTMBHO obnact Myuokapaa.

Pesynbratbl. B vccnefoBaHune 6bi10 BKIIOYEHO 63 NaumeHTa ¢ XPOHWUYECKON
cepaeyHoit HepocTaTtoyHocTbio Il unn IV dyHkumoHanbHoro knacca no NYHA
C Xeny[04KOBON AUCCUHXPOHMEN, dpakumeii Beibpoca (PB) JIK <35%, koHeu-
HbIM AunacTonuyeckum pasmepom JK >150 mn, untepsanom QRS >130 mc.
MpOAOAIXUTENBHOCTL XM3HW NPK 3NEKTPOKapAvorpadryeckomM nopaxoae (OCHOB-
Hasi rpynna) coctasuna 11,22 Mec., 4TO ObINO 3HAYUTENBHO HUXE MPY aHAaTOMU-
4eCKOM noaxofe (KOHTponbHas rpynna). Bpemsa [0 NOBTOPHOW rocnutanvaauum
B OCHOBHOW rpynne 6bii10 NouTy B ABa pa3a 6osbLue Mo CPaBHEHWIO C nauyeHTamMm
KOHTpOMbHOM rpynnbi (10,188 Mec. vs 5,548 mec.). PB JIX 6bina 3Ha4NTENBHO Bbl-
Le B OCHOBHOW rpynne — meauaHa coctasmna 39%, B TO BPEMS Kak B KOHTPOSIb-
Ho rpynne oHa 6bina 35% (p=0,002).

3aknioueHune. PesynsTarthl HACTOALErO UCCNEO0BaHNS NOKA3bIBAIOT, YTO 3M1eK-
Tpokapamorpaduyecknii NOAxXon UMeeT NPEUMYLLECTBA MO CPABHEHMIO C Tpa-
OULUMOHHBIM aHAaTOMUYECKMM MOAXOAOM C TOYKM 3PEHUS YNyYLIEHUs CTPYKTYPb
1 GYHKUMM cepaua y NauMeHToB C cepaeyHo HepoctatodHocTsio Il v IV knaccos
no NYHA, CBA3aHHOW C Xenya04KOBOV ANCCUHXPOHUEN.

KnioueBble cnosa: cepaeyHas PECUHXPOHUMPYIOLLAs Tepanus, PECUHXPOHU3A-
ums, komnnekc QRS.
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Optimizing implantation of cardiac resynchronization therapy: a randomized controlled trial
of electrophysiological or anatomical left ventricular lead placement strategy

Sabitov E. T.", Abdrakhmanov A.S.2, Orekhov A.Yu."3, Sabitova D.Zh.3

There is a variety of cardiac resynchronization therapy (CRT) strategies and none
has ultimate benefits over the others.

Aim. To evaluate the influence of two strategies of left ventricular (LV) electrode
implantation on the development of cardiovascular events in patients with chronic
cardiac failure.

Material and methods. This was a randomized controlled clinical trial designed
to compare the effectiveness of traditional anatomy-guided LV lead positioning
strategy towards the electrocardiography-guided implantation approach in
an optimal branch of the coronary sinus vein, being the closest to the latest
electrically activated myocardial region.

Results. We enrolled 63 patients with NYHA class Il or IV chronic heart failure
with ventricular dyssynchrony, an LV ejection fraction (LVEF) less than 35%, an
LV end diastolic dimension exceeding 150 ml, a QRS interval over 130 ms. The
survival time in electrocardiography-guided approach (study group) was equal
to 11,22 months, which was significantly lower in the anatomy-guided approach
(control group). Time to re-hospitalization in a study group was nearly two times
longer as compared with that in patients from the control group (10,188 months
versus 5,548 months). LVEF was significantly higher in the study group with

median value equal to 39% versus that in the control group equal to 35%
(p=0,002).

Conclusions. Theresults of the present study demonstrate that electrocardiography-
guided approach has benefits over traditional anatomy-guided approach in terms
of improved cardiac structure and function in patients with NYHA class Il and IV
heart failure associated with ventricular dyssynchrony.
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KnioueBble MOMEHTbI

YTo M3BECTHO O MPEAMETE MCCIAET0BAHMS?

» [IpuMmepHO TpeTh MAIMEHTOB, IMPOXOASIIUX CEP-
TMIEYHYI0 pecuHXpoHu3upymIiyto Tepanuio (CPT),
HE OTBEYAIOT JOJDKHBIM 00pa3oM, MOCKOJIbKY He
JIOCTUTalOT LieJIeBbIX BPEMEHHBIX IMOKa3aTeNleit.
CylIecTByeT MHOXECTBO CTpaTeruii MMILJIaHTa-
muu yerpoiictBa CPT, u HU ogHa U3 HUX HE UMe-
€T OIHO3HAYHBIX MPEUMYILIECTB Iepel IPYTUMU.

YTo 100aBIAIOT PE3YIBTATHI HCCIETOBAHUA?

* [loaxom K MO3UIIMOHUPOBAHMIO 3JIEKTPOIA JIEBO-
TO 3XeJTyJIouKa Ha OCHOBE 3JIeKTpoKapauorpaduu,
OLIEHMBAEMBbIIi TT0 3aJIep>KKe aKTUBAIIUU ITPABOTO
JKEeJTyI0YKa-JIeBOTO KeJIyJI04YKa, OKa3ajcs 3HauM-
MBIM TIPEIUKTOPOM IPOTOKUTETLHOCTA KOM-
miekca QRS, cMepTHOCTH 1 4aCTOTHI MOBTOPHBIX
rocnuTtanusauuii y namueHToB nociie CPT ¢ cep-
neyHoit HenmocrtatouHocThio 111 u IV kitaccoB mo
NYHA, cBsg3aHHOM ¢ XeJIyI0YKOBOM AUCCUHXPO-
HUEH.

Introduction

A number of randomized and non-randomized clinical
trials were conducted over past decades demonstrating
many benefits of cardiac resynchronization therapy
(CRT) in terms of quality of life improvement, advanced
functional status and exercise capacity in patients with
ventricular dyssynchrony [1]. A favorable effect of CRT
has also been shown on disease progression, which
manifests as left ventricular (LV) remodeling and a
range of other outcome measures. Besides, CRT reduces
mortality and improves overall patient survival [2]. With
a little exception, most of these studies enrolled patients
with New York Heart Association (NYHA) class I1I or IV
heart failure, while very few of them enrolled NYHA class
II patients [3].

Still, around one third of CRT patients fail to respond
appropriately as they cannot reach certain treatment goals
within the desired period of time [4]. Although much
variability in defining non-response exists, these goals can
be summarized as a failure to achieve clinical improvement
(reduction on NYHA class, improved quality of life or
exercise capacity, etc.) or a reduction in number of adverse
events (hospitalization rates and/or death). Due to the
natural course of disease, achieving non-progression could

controlled trial of electrophysiological or anatomical left ventricular lead placement
strategy. Russian Journal of Cardiology. 2025;30(2):5720. doi: 10.15829/1560-
4071-2025-5720. EDN HLOYRZ

What is already known about the subject?

* Around one third of cardiac resynchronization
therapy (CRT) patients fail to respond appropriately
as they cannot reach certain treatment goals within
the desired period of time. There is a variety of
CRT implantation strategies and none has ultimate
benefits over others.

What might this study add?

» Electrocardiography-based left ventricular lead
positioning approach assessed by right ventricular-
left ventricular activation delay was found to be
a significant predictor of QRS complex duration,
mortality and rehospitalisation rates in CRT
patients with NIHA class IIT and IV heart failure
associated with ventricular dyssynchrony.

also be considered as one of the desired treatment outcomes
in a certain category of patients [5].

There is a variety of CRT implantation strategies and
none with an ultimate benefit over others. In anatomy-
guided approach the device is implanted in lateral or
posterolateral branch of the coronary sinus vein [6],
while in echocardiography-guided approach the lead
is implanted in the latest mechanically activated region
[7]. In electrocardiography-guided approach the lead is
positioned in the latest electrically activated zone [8].
Cardiovascular magnetic resonance-guided approach was
proposed to deploy the LV lead away from myocardial
scarring [9], and so did multimodality imaging-guided
approach [10]. To clarify the clinical effectiveness of
electrocardiography guided LV lead positioning strategy,
we conducted a trial comparing it with traditional
anatomy-guided approach towards the optimal branch of
the coronary sinus vein, which is the closest to the latest
electrically activated myocardial region.

Material and methods

Patients. We enrolled 63 patients which NYHA class
III or IV chronic heart failure associated with ventricular
dyssynchrony, an LV ejection fraction (LVEF) less than
35%, an LV end diastolic dimension exceeding 150 ml, a
QRS interval over 130 ms.

Also, the enrolled patients received an optimal mana-
gement of heart failure according to current guidelines for
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Table 1
General characteristics of study population (n=63)
Age (Median (25;75))* Groups Test of difference
Control group, n=31 Study group, n=32 X2 D.f. p
N % N %
Demogiphicdata,smoking
Age (Median (25;75))* 65 (56;70) 63 (53;70) 439,500 -0,778 0,437
Gender Female 12 38,7 8 25,0 1,366 1 0,240
Male 19 61,3 24 75,0
Smoking No 24 T4 27 84,4 0,494 1 0,482
Yes 7 22,6 5) 15,6

NYHA class before intervention 1] 23 74,2 26 81,2 0,454 1 0,501
W% 8 258 18,8

Ischemic heart disease No 1 32 0,0 1,049 1 0,306
Yes 30 96,8 32 100,0

Postinfarction cardiosclerosis No 3 97 12 375 6,719 1 0,010
Yes 28 90,3 20 6,5

Ischemic cardiomyopathy No 5 16,1 3 9,4 0,648 1 0,421
Yes 26 839 29 90,6

Dilated cardiomyopathy No 31 100,0 32 100,0 — — —
Yes 0 0,0 0 0,0

Persistent atrial fibrillation No 22 71,0 25 78,1 0,426 1 0514
Yes 9 29,0 7 219

Paroxysmal atrial fibrillation No 29 93,5 30 93,8 0,001 1 0,974
Yes 2 6,5 2 6,2

Stroke in past history No 28 90,3 29 90,6 0,002 1 0,967
Yes 97 94

Arterial hypertension No 97 6,2 0,253 1 0,615
Yes 28 90,3 30 93,8

Chronic kidney disease No 22 71,0 22 68,8 0,037 1 0,848
Yes 9 29,0 10 31,2

Type Il diabetes mellitus No 21 70,0 30 93,8 5,984 1 0,014
Yes 9 30,0 2 6,2

Revascularization No 21 67,7 23 719 0,128 1 0,721
Yes 10 32,3 9 28,1

Heart surgery with the heart-lung ~ No 29 93,5 32 100,0 2,132 1 0,144

machine Yes 2 65 0 0,0

Endovascular surgery No 25 80,6 24 75,0 0,290 1 0,590
Yes 6 19,4 8 25,0

Six minute walk test, meters (Median (25;75))* 189 (150;220) 211 (184;243) 359,000 -1,885 0,059

CKD-EPI (Median (25;75))*, ml/min/1,72 m? 60 (43;84) 65 (46;85) 434,500 -0,641 0,521

NT-proBNP (Median (25;75))*, pg/ml 458,90 (376,56;505,91) 462,18 (411,04;501,59) 476,000 -0,275 0,783

QRS, ms 158 (150;168) 153 (150;178) 458,000 -0,523 0,601

Left ventricular end-diastolic volume, mi 211 (161;256) 217 (191;286) 399,500 -1,327 0,185

Left ventricular end-systolic volume, ml 127 (103;173) 159 (123;192) 361,500 -1,850 0,064

Left ventricular ejection fraction, % 30 (25;33) 26 (20;33) 373,500 -1,691 0,091

Note: * — quantitative data were compared using Mann-Whitney test.

Abbreviation: CKD-EPI — Chronic Kidney Disease Epidemiology Collaboration.

Before the study onset, local Ethics Committee approved
the study protocol (protocol Ne 7, 30.05.2017), and all pati-
ents were informed about study goals, procedures, possible

the past three months, and failed to respond appropriately.
The exclusion criteria were: NYHA class I1 or I chronic heart
failure and presence of contraindications to cardiac pacing.
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Characteristics of medical therapy provided before intervention (n=63)

Variables Groups
Control group, n=31
N %
Loop diuretics No 7 233
Yes 23 76,7
ACE-I/ARB No 12 40,0
Yes 18 60,0
Beta-blockers No 6 19,4
Yes 25 80,6
Mineralocorticoid Receptor No 11 8515
Antagonists Yes 20 64,5
Digoxin No 14 452
Yes 17 54,8
Amiodarone No 21 70,0
Yes 9 30,0
Oral anticoagulants (warfarin, No 27 90,0
NOACs) Yes 3 10,0
Two-component antiplatelet No 19 61,3
therapy Yes 12 387

Table 2

Test of difference
Study group, n=32 X2 Df. p
N %
6 18,8 0,196 1 0,658
26 81,2
14 46,7 0,271 1 0,602
16 53,3
4 12,5 0,554 1 0,457
28 875
10 32,3 0,072 1 0,788
21 677
18 56,2 0,775 1 0,379
14 438
19 59,4 0,764 1 0,382
13 40,6
28 90,3 0,002 1 0,966
3 97
14 438 1,942 1 0,63
18 56,2

Abbreviations: ACE-| — angiotensin-converting-enzyme inhibitors, ARB — angiotensin Il receptor blocker, NOACs — non-vitamin K antagonist oral anticoagulants.

risks and benefits, and provided written informed consent.
General characteristics of study population are presented in
Table 1, while characteristics of medical therapy provided
before intervention are presented in Table 2.

Study protocol. Before CRT implantation, all study
participants were undergone to the following tests: evalua-
tion of NYHA class; 6-minute walk test; glomerular filt-
ration rate with Chronic Kidney Disease Epidemiology
Collaboration equation; echocardiography with measu-
rements of LVEF and of end-systolic and end-diastolic
volumes; plasma N-terminal pro-B-type natriuretic pep-
tide (NT-proBNP) concentrations; and QRS interval by
a standard 12-lead electrocardiography. The studies were
performed before device implantation and 12 months after.
Patients were randomly assigned (1:1 scheme) to either
electrocardiography guided LV lead positioning strategy
(study group) or anatomy guided LV lead positioning
strategy (control group).

Device implantation. The patients were implanted
commercially available CRT systems with 3 pacing leads.
Implantation protocol in the control group followed tradi-
tional anatomy-guided strategy [6]. In the study group,
right ventricular (RV) pacing lead was commonly placed
in the right ventricle apex. Coronary sinus was catheterized
with subsequent phlebography and identification of
branch optimal for implantation of the LV pacing lead.
The intraventricular delay (RV-LV activation delay) was
measured at each coronary sinus branch vein that was
considered suitable and the LV lead was implanted to the
branch with maximal electrical delay. The right atrial pacing
lead was implanted to the right atrial appendage.

p=0,510

200

180

160 — 158
153

. 140
140 135,5

120

100 —

T T
Control group Study group

[ QRS before CRT
] QRS after CRT

Figure 1. Duration of QRS complex (primary endpoint) before and after interven-
tion, ms.

Follow-up and study endpoints. Study endpoints were
defined: duration of QRS complex (primary endpoint),
rehospitalization, and mortality (secondary endpoints).
Rehospitalization was defined as admission to inpatient
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Table 3
The main laboratory and instrumental performance indicators in the two groups

Parameter Study group p Control group p

Before After Before After
Six-minute walk test, meters 199,41£45,06 260,88+56,52 <0,001 190,55+43,45 238,55+66,51 <0,001

(183,16-215,65) (240,50-281,25) (174,61-206,49) (214,15-262,95)
QRS, S 156,0+21,75 137,66+15,07 <0,001 159,16+15,52 137,81+12,86 <0,001

(148,16-163,84) (132,22-143,09) (153,47-164,85) (133,09-142,52)
NT-proBNP, pg/ml 475,95 (422,38;510,62) 178,79 (170,05;360,84)  <0,001 452,09 (384,46;477,66) 384,08 (171,89;432,05) <0,001
Left ventricular end-diastolic 210,25%74,90 180,38+73,36 0,002  242,00+72,55 21761£55,56 0,006
volume, ml (183,25-237,25) (153,93-206,82) (215,39-268,61) (197,23-237,99)
Left ventricular end-systolic 134,50 (104,50-175,75)  123,0 (101,75-151,75) <0,001 158,0(124,0-181,00) 134,0 (106,00-163,50) <0,001
volume, ml
Left ventricular ejection fraction, % 25 (18;33) 39 (29,0;40,0) <0,001 30(26,0;32,5) 38,0 (34,5;40,0) <0,001

Abbreviation: NT-proBNP — N-terminal pro-B-type natriuretic peptide.
Table 4
Mean and median of survival time for the individual with "rehospitalization”
Group Mean Median
Value, months  SE Lower border ~ Upper border ~ Value, months ~ SE Lower border  Upper border

Control group 5,548 0,816 3,949 47 3,000 0,693 1,642 4,358
Study group 10,188 0,547 9115 11,260 — — — —
Total 7905 0,569 6,789 9,020 — — — —

department with overnight stay due to heart failure with
subsequent improvement following medical therapy.
The cause of every lethal outcome was assessed by two
different physicians blinded to the CRT implantation
strategy. We categorized all sudden uncertain lethality
as a sudden cardiac death. All data collected throughout
the study period were entered into a specially designed
database (Figure 1).

Statistical analysis. The Kolmogorov-Smirnov test
was applied prior to other statistical tests to check for the
normality of data distribution. As the data distribution
has proven to be non- normal, continuous variables
were expressed as a median (25th; 75th percentiles) and
compared by Pearson's chi-square for qualitative variables
and by or Mann-Whitney U-test for quantitative variables.
The data were presented as mean (M), median (Me),
standard error (SE), and 95% confidence interval (CI).
Kaplan-Meier survival test was used to show 12-month
survival and re-admission after CRT. We analyzed the
endpoints based on the intention-to-treat principle,
and a value of p<0,05 was considered to be statistically
significant. All statistical tests were performed with the
help of SPSS (Statistical Package for the Social Sciences)
software, version 20.0 for Windows.

Results
Initially, the main clinical and laboratory characteristics
of the patients did not change in the 2 groups, though it is
worth noting a higher level of LV CSR in the study group
and a slightly higher median of the 6-minute walk test

(the difference was statistically insignificant), as well as a
more frequent history of undergone myocardial infarction
in the control group (Table 1, 2).

At the first stage of the analysis we evaluated the dyna-
mics of the main parameters reflecting the degree of myo-
cardial stress and severity of myocardial dyssynchrony
before device implantation and 12 months after in both
groups (Wilcoxon test); the results are presented in Table 3.
As shown in the table, significant data were obtained in
the dynamics of the primary end point (QRS dynamics) in
both groups. However, when comparing the width of the
QRS complex after 12 months, no significant differences
were obtained in the study and control groups (136,66
sec. main, 137,81 sec. — control, p=0,51). Also, no
significant dynamics of LVEF in the group of LV electrode
implantation under ECG control was demonstrated (for
the study and control group, p=0,699). At the same time,
a more significant decrease in NT-proBNP concentration
was obtained in the study group, amounting to 178,78 pg/
ml after 12 months, and in the control group to 384,08
pg/ml (p=0,035).

Kaplan-Meier survival analysis at 12 postoperative
months indicated that the survival time in study group was
equal to 11,22 (95% CI: 10,614-11,823) months, which
was significantly lower in the control group (Mean=7,29)
(95% CI: 5,627-8,954).

According to Figure 2 A and 2 B, the survival curves
showed significant difference between the study groups in
survival and rehospitalization up to 12 months after CRT
(log-rank test <0,001).
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Figure 2. Kaplan-Meier curves examining survival (A) and rehospitalization (B) up to 12 months after CRT.

Time to re-hospitalization in patients from the study
group was nearly two times longer as compared with that
in patients from the control group (M=10,188 versus
M=5,548) (Table 4).

Discussion

The results of the present study demonstrate that LV
lead positioning strategy based on RV-LV activation delay
has benefits over traditional anatomy-guided approach in
terms of improved cardiac structure and function in patients
with NYHA class III and IV heart failure associated with
ventricular dyssynchrony. These results are consistent with
other studies demonstrating that heart failure patients
may benefit from individualized LV lead positioning
strategies to which belong both electrocardiography and
echocardiography guided approaches [7, 8]. Nevertheless,
it has to be pointed-out that quit often the latest electrically
and mechanically activated regions accord with lateral or
posterolateral branch of the coronary sinus vein. In other
words, the anatomy-guided approach fits the majority of
patients with ventricular dyssynchrony [11].

Our study has certain similarities with earlier studies
on electrocardiography guided approach. Such, in their
retrospective study Fatemi and co-authors reported
similar results on a group of patients with follow-up
equal to 3020 months. According to the authors, there
was a correlation between lead positioning in the latest
electrically activated zone and LV reverse remodeling [12].
The other prospective trial with shorter observation period

(6 months) but larger study group (426 patients) found out
that higher proportion of reverse remodeling was observed
in patients underwent to electrocardiography guided
approach [13]. Polasek and co-authors [14] conducted a
retrospective study with one year follow-up on a cohort
of 161 consecutive patients. The authors conclude that LV
lead positioning strategy based on the latest electrically
activated zone provides more favorable clinical response
to CRT. Another larger prospective clinical trial with
longer follow-up (2,2 years) demonstrated that longer
RV-LV activation delay at the time of CRT implantation
is associated with greater improvement in NT-proBNP
levels, ejection fraction and showed better clinical
outcomes [15].

Still, there are certain differences between our study
and some of the abovementioned trials that have to be
discussed. First, there was a substantial heterogeneity
between the trials in terms of patient population. Three
of the trials [12, 13, 15] enrolled patients with right
bundle branch block, which was the exclusion criterion
for Polasek and co-authors. Besides, Fatemi and co-
authors excluded those patients having scar in the lateral
wall. Also, these trials differed by the design (two trials
had prospective nature and two were retrospective) and
by the duration of follow-up. Second, only prospective
trials [14, 15] attempted to maximize the activation delay
already at the time of implantation, which was similar with
our strategy. In general, RV-LV delay appears to be more
comprehensive approach since the location of RV lead
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also contributes to the clinical outcome of CRT. Third,
different research groups applied dissimilar approaches for
evaluation of successful resynchronization with CRT.

It appears to be rational to conclude that intraventri-
cular delay may be a sign of significant electrical dys-
synchrony, which could serve as an alternate marker for
anticipating CRT benefits as compared with mechanical
dyssynchrony. There is an opinion that left bundle branch
block is an electrical disease for which CRT could be a
potent therapy [16]. Thus, non-left bundle branch block
patients may not be benefited from this strategy as the
nature of their disease is more complex and needs further
investigations [14].

One of the key findings of the present study was the
significant increase in LVEF seen after 12 months in
the study group. This may be attributed primarily to a
decrease in end-systolic volume in patients whose LV lead
positioning strategy was based on RV-LV activation delay
as compared with that in patients from the control group.
Such, our study group was characterized by the improved
heart volumes, which allows us to suppose that CRT
strategy based on RV-LV delay can play a positive role
in the harmful pathophysiology of heart failure associated
with ventricular dyssynchrony. Another key finding of the
current study was a reduction of NT-proBNP levels, which
is secreted by a heart wall in response to stress factors
and serves for the prognosis of treatment outcomes [17].
As this reduction was more marked in the RV-LV delay
group, we may conclude that these patients are better
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