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Abstract

Aim: To evaluate clinical and morpho-functional predictors of super-response to cardiac resynchronization therapy (CRT) in
patients with heart failure and reduced ejection fraction (HFrEF) in the short-term period after implantation.

Material and Methods. The study enrolled 86 patients (88.4% men, 54.0 £ 8.9 years mean age, New York Heart Association
(NYHA) class II-1V). Patients were examined at baseline and in dynamics (mean follow-up was 10.6 + 3.6 months). According
to the change in left ventricular (LV) end-systolic volume (ESV) patients were divided into two groups: Group | (n = 19) with a
decrease in LV ESV = 30% (super-responders (SR) and Group Il (n = 67) —decrease in LV ESV < 30% (non-super-responders
(non-SR). Parameters of mechanical dyssynchrony (MD) were assessed in the two groups including LV pre-ejection period,
interventricular mechanical delay (IVMD), intraventricular delay (IVD).

Results. At baseline, traditional parameters of MD were higher in SR: LV pre-ejection period (156.8 + 35.4 ms vs 135.0 + 35.6
ms; p = 0.021) and IVMD (73.0 [43.0; 108.0] ms vs 47.0 [19.5; 70.0] ms; p = 0.017). Logistic regression results showed that
female gender (HR 7.048; 95% CI 1.496-33.206; p = 0.014) and QRS width (HR 1.017; 95% CI 1.000-1.034; p = 0.048) had
an independent association with super-response.

Conclusion. In patients with HFrEF, more severe mechanical and electrical dyssynchrony is associated with super-response
to CRT in a short-term follow-up period.
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AHHOTALMUSA
Llenb: BbisiBUTE MOPOMDYHKLMOHaNbHbBIE 0COBEHHOCTU cepaua y BOMbHbIX C XPOHUYECKON CEepAEYHON HEeAOCTaTOYHOCTbLIO
(XCH) u passutreM cynepoTBeTa Ha cepaeydHy pecuHxpoHm3npytoLyto Tepanuio (CPT) npu kopoTkoM nepuoge HabnogeHus.
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Martepuan n metoabl. B uccnegosanue 6bino BkntoveHo 86 naumneHToB (88,4% MyxumH, cpegHun Bospact — 54,0 + 8,9 roga)
¢ -1V gyHkumoHanbHbIM knaccom XCH no NYHA. O6cnenoBaHve naumMeHTOB NPOBOAMITOCH MCXOAHO nepen NOCTaHOBKOM
KapanoctTumynsatopa U B AuHaMuke (cpoka HabntopeHusa coctasun 10,6 + 3,6 mecsaua). B cootBetcTBumM ¢ otBeToM Ha CPT
nauuneHTbl 6bInn pasgeneHsl Ha ase rpynnbi: | rp. (n = 19) ¢ yMeHbLUeHneM KOHeYHo-cucTonuyeckoro obbema (KCO) nesoro xe-
nypouka (JIK) = 30% ot ncxogHoro (cyneppecnongepsl) u Il rp. (n = 67) — ymeHblueHne KCO JTK < 30% (HecyneppecnoHaepbl).
PesynbTaTthl. VicxogHO napameTpbl MEXaHNYECKOW ANCCUHXPOHMU Obinn BhilLe Y CyneppecroHAepoB (neprog aopTarnbHOro
npeabl3rHaHysa (nepuog aopTanbHOro npefbi3rHanus (156,8 + 35,4 mc u 135,0 £ 35,6 mc; p = 0,020); mexaHu4eckas Mexoke-
nypouykoBasi 3agepxka (73,0 [43,0; 108,0] mc vs 47,0 [19,5;70,0] mc; p = 0,017). CoueTaHue xeHckoro nona (O 7,048; 95%
N 1,496-33,206; p = 0,014) un wupmHbl QRS (O 1,017; 95% OW 1,000-1,034; p = 0,048) nmeno He3aBUCUMYIO CBSI3b C
passuTueM cynepotseTa Ha CPT.

3akntoyeHue. Y naumeHToB ¢ XCH 6onee BblpakeHHas MexaHn4yeckasi u anektpunyeckasa guccnHxpoHuns JIK accoummpyrotest
¢ cyneporBeTtoM Ha CPT npu KopoTKOoM nepuoae HabnogeHus.

KnroueBble cnosa: MexaHuyecKkas QUCCUHXPOHUS, CyNepoTBET, CepaevHas PECUHXPOHM3MPYOLLAa Tepanusi.

KoHdnukT nHtepecos: aBTOpbl 3aABNSOT 06 OTCYTCTBUM KOHMDNMKTA MHTEPECOB.

Mpo3payHocTb huHaHCOBOM

AeATeNbHOCTU: nax nnm metopgax.

CooTtBeTcTBME
3TUKU:

npuHuunam

HUKTO U3 aBTOPOB HE UMEeeT Cbl/lHaHCOBOVI 3aNHTEPECOBAHHOCTU B NpeacTaBlieHHbIX Marepua-

nccrnegoBaHve 6bino BbIMOMHEHO B COOTBETCTBUM CO CTaHOapTamMu Hagnexawlemn KnMHude-
ckon NPaKTUKN JlokanbHOro 3TMYECKOro KoMuTEeTa U npuHUumMnamm XenbCuHKCKOM neknapauun

(1964 r.). Jo BKkNOYEHMA B UCCNEOOBAHUE Yy BCEX YHACTHWUKOB ObINO MOMy4YyeHO NMUCbMEHHoe

MHOpPMMpOBaHHOE cornacue.
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Introduction

Asynchronous left ventricular (LV) function in patients
with heart failure and reduced ejection fraction (HFrEF) with
the presence of left bundle branch block (LBBB) and wide
QRS complex are recognized as the main criteria for the
selection to cardiac resynchronization therapy (CRT) by
the current guidelines [1]. CRT is associated with the po-
tential reversibility of cardiac remodeling [2]. Improvement
of long-term survival in patients with HFrEF following CRT
implantation are proportional to the degree of improvement
of LV systolic function. Patients with pronounced reverse
remodeling after CRT are identified as super-responders
(SR) [3].

Non-ischemic etiology of cardiomyopathy, female sex,
LBBB and QRS width among various factors are described to
be associated with super-response to CRT [4, 5]. However,
several studies have shown that the criteria of intraventricular
and interventricular mechanical dyssynchrony (MD) are more
accurate predictors of super-response to CRT [6, 7].

The purpose of this study is to evaluate clinical and
morpho-functional features in patients with HFrEF and su-
per-response to CRT and to determine predictors of super-re-
sponse in a short-term follow-up period.

Material and Methods

The study enrolled 86 patients included in “The register of
performed operations of cardiac resynchronization therapy’©
(88.4% men, mean age 54.0 + 8.9 years, 58.2% with LBBB,
54.7% with ischemic cardiomyopathy) [8]. The main criteria
for the selection of patients were: NYHA functional class Il
IV, LV EF <35%; markers of intraventricular and/or interven-
tricular MD recorded with two-dimensional echocardiography
(2D Echo). Standard echocardiography was performed using

a commercially available system Philips IE 33. The examina-
tion included 2D Echo grayscale, color and tissue Doppler
imaging (TDI). Using 2D echocardiography, we evaluated LV
end-diastolic volume (EDV), LV end-systolic volume (ESV)
and LV ejection fraction (LVEF).

Super-response was defined as a decrease of LV
ESV = 30% at the follow-up visit. According to the change
in LV ESV, patients were divided into two groups: group |
(n = 19) with a decrease in LV ESV 230% (SR); and group
Il (n = 67) with a decrease in LV ESV < 30% (non-super-re-
sponders, non-SR).

As for dyssynchrony parameters, two MD indexes were
quantified by 2D echocardiography: interventricular mechan-
ical delay (IVMD), defined as the delay in onset of outflow
between the left and right ventricle (abnormality cut-off > 40
ms); and LV pre-ejection period (PEP) (abnormality cut-off >
140 ms) (Figure 1). IVD was assessed by TDI, based on the
difference between time to onset of systolic velocity spec-
trum recorded from lateral and septal mitral annulus from
4-chamber apical view asynchrony (abnormality cut-off > 60
ms) [9].

The patient examination was performed at baseline and
during the follow-up (10.6 + 3.6 months). All patients were on
optimal drug therapy according to current guidelines [1].

Statistical analyses were performed using SPSS for Win-
dows version 23.0 (SPSS Inc., Chicago, IL, USA). Categor-
ical variables were reported as count and percent and com-
pared by x2 exact test. Continuous variables were tested for
normality by the Kolmogorov-Smirnov test and reported as
mean and SD or median and quartiles as appropriate. Stu-
dent’s t-test and Mann — Whitney Wilcoxon test were used
for comparing continuous variables expressed as means and
medians, respectively. P value < 0.05 was considered statis-
tically significant.
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Fig. 1. Increase of left ventricular pre-ejection period in patient with super-
response to cardiac resyncronuzation therapy.

Puc. 1. YBenuyeHue nepuoaa aopTanbHOro npeabiarHaHus y naumeHTa ¢
CYNepoTBETOM Ha CepAeYHYI0 PECUHXPOHUVPYIOLLYIO Tepanuio.

Results

Compared to Group Il (non-SR), Group | (SR) were less
likely to be males (63.2% vs 95.5%; p < 0.001). There were
no significant differences between the groups with respect to
the 6 minute walk test (6MWT) (SR 315.6 vs non SR 295.1;
p = 0.461), NYHA functional class (SR 1.8 vs non SR 2.0;
p = 0.178) and all other characteristics (Table 1).

At the follow up visit, there was still no statistically
significant difference with respect to the 6MWT (SR 414.9 vs
non SR 379.9; p = 0.183) and NYHA functional class (SR 1.8
vs non SR 2.0; p = 0.178).

The SR group exhibited more pronounced manifestations
of MD and QRS duration. The LV PEP and IVMD were signifi-
cantly higher (Table 2).

Table 2. Echocardiographic parameters of study participants (n = 86)
Tabnuua 2. [luHamuka axokapanorpaduyeckux napametpos (n = 86)

During the follow-up, a statistically significant improve-
ment in echocardiographic parameters was noticed in both
groups, with comparing initial data, along with LV ESV, which
was used as the separation criterion. Significantly lower
values of LV EDV and greater LV EF were found in Group |
on the follow-up visit (Table 2).

Table 1. Baseline characteristics of study participants (n = 86)
Tabnuua 1. KnuHunko-gyHKLMOHaNbHas xapakTepucTmka nauneHToB

Feature Group | (n=19) | Group Il (n = 67)

MokaszaTens Mpynna | pynna Il p
Age, years 54785 53.9%9.1 NS
BospacrT, roabl HA,

0,

Gender, % male 63.2 955 <0.001
Mon, % MyX4uHbl
Ischemic CMP, % NS
VEC. % 52.6 55.2 Ha
Atrial fibrillation, % NS
o, % 15.8 40.3 Ha
Diabetes, % NS
Ch. % 21.1 11.9 Ha
Arterial hypertension, % NS
AT % 84.2 68.7 Ha
History of MI, % NS
M B aHamHese, % 263 4.8 HO
LBBB, % NS
BIHMT. % 73.7 52.2 Ha
QRS, ms 165.7+42.7 136.3 £ 33.7 0.006
CRT-D, % NS
CPTLL. % 52.6 71.6 Ha

Note: CMP — cardiomyopathy; Ml — myocardial infarction; LBBB —
left bundle branch block; CRT-D — combined system for cardiac
resynchronization therapy with cardioverter-defibrillator function; NS —
non significant (p > 0.05).

Mpumevanune. UBC — nwemnyeckas 6onesub cepaua, I — dpubpunns-
uusi npeacepoun, CLl — caxapHbin anabet, AIC — apTepuanbHas runep-
TeH3ns, UM — uHdapkt muokapaa, BIHIMT — 6nokaga neBow HOXKK
nyyka, CPT-[] — koMOGMHMpOBaHHasA cucteMa Anst CepAeYHON PeCUHXPO-
HU3MpYloLLe Tepanun ¢ yHKUMel kapamosepTepa-aedumbpunnsaTopa,
HO — HET JOCTOBEPHbIX pa3nuyui, (p > 0,05).

Feature Group | (n=19) Group Il (n= 67)
................................... Mokasatenb . ... . ................|...\weywnan=19) | llpynna(n=60) p
at baseline NS
LV EF, % YCXOAHO 30.6£6.2 30.6 £5.2 Ha
0
GBI, (%) control 453+7.2% 34.9+6.2* <0.001
KOHTPOJIbHO
LV EDV, ml at baseline 240.7 +59.4 239.9 582 NS
KO MK, (wn) MNCXOHO HO
’ KOHTPOJIbHO 190.9 + 48.6* 230.4 +59.1* 0.002
LV ESV, ml at baseline 172.4 +52.2 168.1 + 48.8 NS
KCO IDK, (mn) VICXORHO HA
’ KOHTPOJIbHO 104.6 + 31.9* 152.9 + 50.3* <0.001
LV pre-ejection period, ms at baseline 156.8 + 35.4 135.0 + 35.6 0.021
Mepwuop aopTanbHoOro npeabi3rHaHusi, (Mcek) MNCXOAHO
Mechanical interventricular delay, ms at baseline 73.0 [43.0; 108.0] 47.0 [19.5; 70.0] 0.017
MexaHunyeckasi MexokenyaoykoBasi 3agepxka, (Mcek) MCXOOHO
Intraventricular delay by TDI, ms at baseline 78.0 [40.0; 110.0] 55.5 [28.8; 100.0] 0.149
MakcumarnbHas mexcermeHTapHas 3agepxka, TDI, (mcek) MCXOOHO

Note: LV — left ventricular; EF — ejection fraction; EDV — end-diastolic volume; ESV — end-systolic volume; TDI — tissue Doppler; * — significant relationship

of control from initial (p < 0,05); NS — non significant, (p > 0.05).

Mpumevanue: OB JK — dpakumsi Bbibpoca nesoro xenyaouka; KOO MK — koHeuyHo-anacTonunyeckuii o6bem nesoro xenynoyka; KCO — KOHeYHo-CUCTo-
nuyeckuin o6bem; KOO — koHeyHo-AnacTonuyeckuii anametp; KCI — KOHEYHO-CMCTONMYECKUIN AMaMeTp; TkaHeBas gonnneporpadus — TDI; * — s3Haummas
[OCTOBEPHOCTb KOHTPONS OT MCXOAHBIX AaHHbIX (p < 0,05); HO — HET AOCTOBEPHbIX pasnuyui, (p > 0,05).
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Logistic regression results showed that female gender
(HR 7.048; 95% CIl 1.496-33.206; p = 0.014) and QRS
width (HR 1.017; 95% CI 1.000-1.034; p = 0.048) had an
independent association with super-response. According to
the ROC analysis, sensitivity and specificity of this model in
the prediction of super-response to CRT were 73.7% and
81.7%, respectively. The area under the curve (AUC) was
0.746; p = 0.002, which indicates that the predictive model is
of good quality (Fig. 2).

ROC curve
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Fig. 2. Sensitivity and specificity of model in the prediction of super-
response to CRT were 73.7% and 81.7%, respectively

Puc. 2. YyBcTBUTENBHOCTb 1 CNELMEUYHOCTE MOAENY NPOrHO3MPOBAHMS
cynepotseTa Ha CPT: 73.7% v 81.7% cOOTBETCTBEHHO

Discussion

Currently, there is no consensus on the follow-up period
when the response to CRT should be assessed [10, 11]. In
our study, changes in echocardiographic parameters were
evaluated during the first year after implantation [11]. Besides
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