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AIM: This study aimed to conduct a comparative analysis of clinical, electrocardiographic, and echocardiographic factors in
patients with chronic heart failure (CHF) with different hemodynamic responses to cardiac resynchronization (CRT) to assess
the possibility of their use in predicting the positive effect of CRT.

MATERIALS AND METHODS: The study included 136 patients with New York Heart Association grade 3—4 CHF with a left
ventricular ejection fraction of < 35%, QRS duration of > 150 ms, QRS duration of 130-149 ms, and QRS morphology of left
bundle branch block (LBBB). For CHF treatment and primary prevention of sudden cardiac death, a cardioverter-defibrillator
with CRT (CRT-D) function was implanted. The enrolled patients were followed up prospectively for 1 year to record the end-
point, namely, hemodynamic response to CRT, assessed by a decrease in the end-systolic volume of the left ventricle by > 15%.

RESULTS: During the 1-year follow-up, the primary endpoint was registered in 62 (46%) patients. With a one-way logistic
regression, four indicators with the highest predictive potential (p < 0.05) and associated with the occurrence of the studied
endpoint were identified. Based on the results of the multivariate regression analysis, a prognostic model was developed,
which included three factors with the highest levels of statistical significance, namely, a history of indications of a previous
correction of valvular insufficiency, QRS duration, and LBBB criteria according to Strauss. The diagnostic efficiency of the model
was 73% (sensitivity, 80%; specificity, 68%). The electrocardiographic parameters of the Strauss LBBB criteria and QRS dura-
tion were independent predictors of the studied endpoint.

CONCLUSIONS: The developed multivariate prognostic model may be useful in the selection of patients with CHF reduced
ejection fraction for implantation of devices with CRT function; the lack of external validation limits its application in practice.
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dakTopbl, aCCOLUMPOBAHHBIE C NMOJIOXKUTEJIbHBIM
reMoAMHaMMYECKUM OTBETOM Ha CEepAeYHYIo
PECUHXPOHU3UPYIOLLYIO Tepanuio
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! MefiepanbHbIii LEEHTP CepAIeYHO-COCYAMCTOM XMpyprn, AcTpaxaHb, Poccus

2 AcTpaxaHCKMiA rocyAapCTBEHHbIA MeAMLMHCKUA YHuBepcuTeT, AcTpaxaHb, Poccus

Lleny uccnedosaHus — npoBECTU CPABHUTENBHBIA aHANM3 KIIMHUYECKUX, 3NEKTPOKapAMOrpaduUyYecKux U 3XoKapamorpa-
duyeckux dakTopoB Y 60NbHBIX XPOHUMYECKON CepLeYHON HepfocTaTouHocThlo (XCH) ¢ pasHbIM reMofMHaMUYECKUM O0TBETOM
Ha NPOBOAMMYIO CEPAEUHYI0 pecHXpoHM3MpytoLLyto Tepanuio (CPT), oLeHUTb BO3MOMKHOCTH MX UCTONb30BaHWS MpU NPOrHO-
31poBaHUK nonoxwTensHoro adgdekxra CPT.

Mamepuanei u Memodel. B nccnepoanme 6binm BrttodeHbl 136 6onbHbix XCH NYHA 3-4 dyHKuMOHanbHOro Knacca
¢ hpakumen Bbibpoca neBoro xenyaouka < 35% v mmrensHocTbio QRS = 150 Mc nnbo npoponkutensHocTbio QRS 130-149 Mc
u Mmopdonorueit QRS no TMny 6nokaabl neBoi HOXKM nyyka Mmca (BJTHIT), kotopbiM ans nedenns XCH u ¢ Lenbio neperUYHOIA
NPOQUNaKTUKKU BHE3AMHOW CepaeYHOM CMePTM bbia NpoBeAeHa MMNNaHTaLUMs KapanosepTepa-aepubpunnatopa ¢ GyHKumen
cepreyHoii pecHxpoHusupytowei Tepanuu (CPT-[1). BknoyeHHble B MCCNeA0BaHWE NaLMeHTbl NPOCMEKTUBHO Habioaanmcb
B TEYEHWe roJa Ans PerucTpaLmm KOHEYHON TOYKM — reMoauHaMUYeckoro oteeTa Ha CPT, oLEeHEHHOT0 MO CHUMKEHWIO KO-
HEYHOr0 CUCTONMYECKOro 0BbeMa N1eBOro XenyaouKa Ha = 15%.

Pe3ynemamel. B xone 1-netHero HabniofeHus nepBuYHas KoHeYHas TOUKa bbina 3aperucTpupoBaHa y 62 6ombHbIx (46%).
Mpy 0AHO(AKTOPHON IOUCTUYECKON perpeccuu BbieneHo 4 uccrnedyeMblX NoKasatens ¢ HaubonbLUMM NPOrHOCTUYECKUM
noteHumanom (p < 0,05), cBA3aHHbIX C BO3HUKHOBEHUEM MCCELYEMOW KOHEYHOI TouKM. (1o pesynbTataM MHOroghaKTopHOro
PerpeccuoHHOro aHanusa bbina paspabotaHa NporHocTUYeCKas Mofieflb, B COCTaB KOTOPOW BOLLAO Tpu haKTopa, UMELLMX
MaKCUMarbHble YPOBHU CTaTUCTMYECKOM 3HAYMMOCTU: HalMuMe B aHaMHe3e YKa3aHuii Ha paHee MPOBEAEHHYH KOPPEKLMIO
KnanaHHoW HepoctatoyHocTH, npogomkutensHocts QRS, kputepuu BJTHIT no Strauss. JuarHoctudeckas 3ddeKTMBHOCTb
Mogaenv coctaBuna 73% (wyscteutensHocTb 80%, cneumduyHocTb 68%). Bbino 0bHapyxeHo, UTo aneKTpoKapanorpadmyeckue
nokasartenu: kputepun BJTHIT no Strauss v npogonxutensHocTe QRS — ABNAOTCA HE3aBUCUMBIMU MPEAMKTOPaMU HaCTY-
MNEHNS U3y4aeMON KOHEYHOM TOUKM.

3arnoyenue. PaspaboTtaHHas MHorodaKTopHas NPOrHOCTUYECKas MOAESb MOKET 0Ka3aTbCsl NoAe3HOM B 0T60pe BoMbHbIX
XCH ¢ HM3Ko# dpaKumeli BbIOpoca Ha MMNNaHTaUmMI YCTporCTB ¢ yHKLmen CPT, oTCyTCTBUE BHELUHEN BanuaLMW OrpaHu-
UMBaeT ee NPUMEHEHUE B MPaKTHKe.

KnioueBble cnosa: XPOHKUYEeCKada cepaeyvyHad He0CTaTO4HOCTb; cepAevyHas peCMHXPOHU3UPYIOLLLaA Tepanua; NpeguKTopbl 0T-
BeTa; NPOrH0CTuyecKan cucTema.
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INTRODUCTION

According to the Epidemiological Survey of Patients with
CHF in Real Practice (EPOHA CHF study), the prevalence of
chronic heart failure (CHF) in the Russian Federation has
increased from 6.1% to 8.2% over the past 20 years [1], which
explains the relevance of studying this medical problem.

The identification of disorders of interventricular and
intraventricular conduction in patients with CHF led to
the concept of cardiac resynchronization therapy (CRT) [2],
which effectively eliminates electrical and mechanical
dyssynchrony, improves the contractile function of the heart,
and initiates reverse remodeling of the left ventricle [3].
Several studies have demonstrated that a decrease in left
ventricular (LV) end-systolic volume (ESV) by = 15% is
associated with a decrease in cardiovascular mortality in
patients with CHF with reduced LV ejection fraction (CHF rEF)
and therefore can be used as a reliable criterion for a positive
hemodynamic response to CRT [4].

One of the most important and urgent problems in the use
of CRT is insufficient response, which some researchers
attribute to the inappropriate selection of patients for CRT.
According to current recommendations, implantation of a CRT
device is indicated for patients with CHF LVEF of < 35%, QRS
duration of > 150 ms, or QRS duration of 130-149 ms and
QRS morphology similar to left bundle branch block (LBBB)
[5, 6]. This approach did not increase the number of patients
who “responded” to CRT, which requires continued research
in this field.

The work aimed to conduct a comparative analysis of
clinical, electrocardiographic, and echocardiographic factors
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in patients with CHF with different hemodynamic responses
to CRT and assess the possibility of their use in predicting
the positive CRT effect.

MATERIALS AND METHODS

The presented material is a part of an ongoing single-
center prospective clinical study conducted in accordance with
the standards of Good Clinical Practice and the principles of
the Declaration of Helsinki. The study protocol was approved
by the local ethics committee of the Astrakhan State Medical
University of the Ministry of Health of Russia (Minutes No. 3
of the LEC meeting dated 12/30/2021) and presented in
the public register clinicaltrials.gov (NCT05539898). All
patients under follow-up signed an informed consent to
participate in the study.

Patient selection

The inclusion criteria were current indications for
implantation of a biventricular implantable cardioverter-
defibrillator (ICD) with CRT function (CRT-D) [5] and no
history of sustained episodes of ventricular arrhythmias/
sudden cardiac death. Exclusion criteria were as follows:
hypertrophic cardiomyopathy, arrhythmogenic right
ventricular dysplasia, verified hereditary channelopathies, and
presence of indications for cardiac surgery (revascularization
and correction of valvular insufficiency).

After testing for the inclusion/exclusion criteria,
180 patients who underwent CRT-D implantation were
included in the study (Fig. 1). Device implantation was
performed according to accepted methods [10]. A bipolar or

PATIENT SELECTION
Inclusion criteria:
o primary prevention of SCD

Exclusion criteria:
« HCM, ARVD
«  hereditary channelopathy

o indications for cardiac surgery

ICD IMPLANTATION
Three-chamber ICD (CRT-D)

ENDPOINT REGISTRATION
Visits to the clinic
Telephone survey

WITHDRAWN FROM THE STUDY
n = 32 communication loss
n =7 death due to noncardiac causes
n =5 heart transplant

DATA PROCESSING AND ANALYSIS

« accumulation and systematization of
information

« statistical analysis

« publishing results

Fig. 1. Flow chart of the study design.

Note: ARVD, arrhythmogenic right ventricular dysplasia; CRT-D, implantable cardioverter defibrillator with cardiac resynchronization therapy function;
HCM, hypertrophic cardiomyopathy; ICD, implantable cardioverter defibrillator; SCD, sudden cardiac death.
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quadripolar LV lead was implanted using a delivery system
into one of the coronary sinus veins. The lateral cardiac vein,
which is usually located over the zone of late LV activation in
patients with LBBB, was preferred for implantation.

To provide LV stimulation, a vector with a lower
stimulation threshold and without stimulation of the phrenic
nerve was chosen. Atrioventricular delay was performed
to provide the maximum (approximately 100%) percentage
of biventricular stimulation. Interventricular delay was
determined by the minimum duration of the paced ventricular
complex on the electrocardiogram (ECG). If delays can be
selected, automatic algorithms of manufacturers were
used [11]. ICD electrotherapy programming, protocol for
recording and analyzing the ECG, and results of transthoracic
echocardiography were described in detail previously
[12, 13]. The presence of LBBB was determined according to
the Strauss criteria [14].

Postoperative follow-up

Postoperative follow-up was performed for 12 months.
The patients were invited to visit the clinic 3, 6, and
12 months after implantation. At this time, they were
examined by a cardiologist, transthoracic echocardiography
was performed, and if necessary, the programmed
device parameters were corrected. In the case of cardiac
decompensation, the patient can contact the investigator
out of the schedule, the therapy was adjusted, and
the clinical status was assessed jointly with cardiologists
at the primary healthcare facility. Additionally, information
about the occurrence of endpoints was obtained from
the medical records, interviews of relatives, and messages
analyzed from remote ICD monitoring (Medtronic Carelink,
Biotronik HomeMonitoring).

The study endpoint was a hemodynamic response to CRT
that was assessed by a decrease in LV ESV of > 15%.

Statistical analysis

Research data processed statistically using parametric
and non-parametric analysis. Accumulation, adjustment,
systematization of initial information, and visualization of
the results were performed in Microsoft Office Excel 2010
spreadsheets. Statistical analysis was performed using IBM
SPSS Statistics for Windows version 23 (IBM Corp., Armonk,
NY, USA). Quantitative indicators were described and compared
taking into account the distribution; those with normal
distribution were assessed using the Kolmogorov—Smirnov
test. When confirming the normality of the distribution, data
were described using the arithmetic mean (M) and standard
deviation. The comparison was performed using Student’s
t-test. In the absence of normal distribution, median (Me)
and lower and upper quartiles (Q1-Q3) were indicated and
were compared using the Mann-Whitney test. Nominal
indicators were compared using Pearson’s ¥* test. When
comparing relative indicators, the odds ratio (OR) was
used as a quantitative measure of the effect. Significance
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was proven if the confidence interval (Cl) was outside
the border of no effect, which was taken as 1. The critical
level of significance when testing statistical hypotheses
was equal to 0.05. The multivariate prognostic model for
determining the response to resynchronization therapy
based on the studied ECG parameters was constructed using
the binary logistic regression method. Independent variables
were selected using the stepwise inverse selection method
employing Waldovsky statistics as an exclusion criterion.
The statistical significance of the resulting model was
determined using Pearson’s y test.

Nigelkirk's R2 was used as a measure of certainty,
indicating the segment of the variance that can be explained
by logistic regression. To assess the predictive value of
the model and determine the threshold value of the resulting
function at the cutoff point, receiver operating characteristics
(ROC) analysis was performed with the calculation of the area
under the curve.

RESULTS

A total of 136 patients completed the study protocol.
The study endpoint was reported in 62(46%) patients. When
analyzing the studied clinical and demographic indicators,
the QRS duration, frequency of registration of Strauss
LBBB, a history of previously performed surgical correction
of valvular insufficiency, and permanent atrial fibrillation
showed significant differences (Table 1).

These four factors were subjected to univariate and
multivariate analyses (Table 2).

Using the binary logistic regression method, prognostic
models were developed to determine the probability of
hemodynamic response to CRT in patients with CHF rEF,
based on the studied parameters.

The best predictive model was described by the following
equation (1):

p=1/(1+e%*100 %
z2=-6.018 — 1.909*X 5es + 1.931*X ggg *+ 0.026"X s (1)

valves

where p is the probability of cardiovascular death; X ,,.c—
a history of correction of valvular insufficiency; X ggg —
presence of LBBB according to Strauss; and Xy — duration
of the QRS complex.

The resulting regression model was statistically
significant (p = 0.001). Based on the value of Nigelkirk's
determination coefficient, the model (1) takes into account
28.4% of the factors that determine the probability of
a positive hemodynamic response to CRT.

The area under the ROC curve, which corresponds to
the relationship between the prediction of the primary
endpoint occurrence and the regression function value, was
0.768 + 0.059 with 95% Cl of 0.653-0.883 (Fig. 2).

The threshold value of function (1) at the cutoff point
was 0.5. Values equal to or greater than this value
corresponded to a good prognosis of a positive hemodynamic
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Table 1. Comparative clinical and demographic characteristics of patients, depending on the endpoint achievement
Clinical indicator A(lrl, p=at1i§2;s Patiegt;rrza:zoztzi;ng to Patiiztg |_‘r‘l-lc_lt( ’l;e:;;tzr;ding 35’4
Age, years 56 (52-62) 56 (53—66) 55 (52-60) 0.844
Male sex, n (%) 108 (79) 46 (74) 62 (84) 0.250
BMI, kg/m? 29.1(25.7-31.8) 28.2 (25.6-32) 29 (26.6-32.1) 0.571
CHD, n (%) 42 (31) 16 (26) 26 (35) 0.287
PICS among patients with CHD, n (%) 24 (18) 8 (13) 16 (22) 0.270
DCM, n (%) 94 (69) 46 (74) 48 (65) 0.912
CHF grade 3, n (%) 119 (88) 56 (90) 63 (89) 0.221
CHF grade 4, n (%) 17 (13) 6 (10) 11 (15) 0.317
History of AH, n (%) 68 (50) 28 (45) 40 (54) 0.465
Diabetes mellitus, n (%) 28 (21) 8(13) 20 (27) 0.128
QObesity, n (%) 54 (40) 24 (39) 30 (41) 0.878
Cerebral stroke, n (%) 10 (7) 2(3) 8(11) 0.238
CKD, n (%) 65 (48) 25 (41) 40 (54) 0.304
Anemia, n (%) 10 (7) 26 (10) 4 (6) 0.426
AF (paroxysmal/persistent), n (%) 32 (24) 20 (32) 12 (16) 0.103
AF (permanent form), n (%) 10 (7) 0 10 (14) 0.042
VTunst, n (%) 6 (4) 2(3) 4 (5) 0.567
SBP, mm Hg 120 (110-130) 120 (110-135) 120 (110-135) 0.866
DBP, mm Hg 80 (70-80) 80 (70-80) 80 (70-80) 0.995
HR, bpm 75 (68-85) 76 (71-82) 75 (64-87) 0.445
PQ duration, ms 190 (160-200) 180 (160-190) 180 (160-200) 0.615
@RS duration, ms 170 (160-190) 180 (160-190) 160 (150-185) 0.035
Strauss LBBB, n (%) 110 (81) 58 (94) 52 (70) 0.015
LV end-systolic volume (mL/m?) 95 (73-115) 95 (74-118) 82 (71-103) 0.182
LV end-diastolic volume (mL/m?) 129 (102-156) 127 (110-154) 122 (100-135) 0.108
Simpson LV EF, % 29 (25-33) 29 (26-34) 30 (26-34) 0.710
LV relative wall thickness (cm) 0.31(0.26-0.36) 0.30 (0.27-0.36) 0.32 (0.27-0.39) 0.348
LV mass index (g/m?) 167 (137-205) 167 (136-185) 182 (133-221) 0.954
VLA (mL) 92 (76-120) 89 (84-93) 100 (79-104) 0.488
Pulmonary artery systolic pressure (mm Hg) 44 (31-56) 41 (30-53) 40 (31-55) 0.265
RVbas, cm 3.9 (3.4-4.5) 3.6 (3.5-3.6) 3.9 (3.5-4.6) 0.792
RVav, cm 3.3 (2.7-4.0) 2.5(2.3-2.6) 3.0 (2.8-3.3) 0.410
TAPSE, cm 1.7 (0.8-1.9) 1.8 (1.7-1.8) 1.7 (1.2-1.95) 0.915
Surgical interventions on the heart:
Revascularization (coronary bypass or 36 (26) 14 (23) 22 (30) 0.350
percutaneous coronary intervention), n (%)
Valve insufficiency correction, n (%) 22 (16) 4 (6) 18 (24) 0.045
LV plastic surgery, n (%) 16 (12) 5(8) 11 (15) 0.392
Quadripolar LV lead, n (%) 24 (16) 12 (19) 10 (14) 0.372
Received drug therapy:
B-blockers, n (%) 136 (100) 62 (100) 74 (100) 0.913
ACE inhibitor/ARA II, n (%) 93 (68) 43 (69) 50 (67) 0.851
ARNI, n (%) 43 (32) 19310 24 (33) 0.831
Mineralocorticoid antagonists, n (%) 121 (89) 54 (88) 67 (90) 0.154
Loop diuretics, n (%) 131 (96) 59 (95) 72 (97) 0.912
iSGCT-2, n (%) 11(8) 5(8) 6(8) 0.381
Sotalol, n (%) 22 (16) 7011) 15 (20) 0.191
Amiodarone, n (%) 43 (32) 22 (35) 21(29) 0.152

Note: Data are presented as absolute number of patients (%) or as Me(Q1-Q3) unless otherwise indicated. ACE inhibitors, angiotensin-converting enzyme inhibitors;
AF — atrial fibrillation; AH, arterial hypertension; ARA II, angiotensin Il receptor antagonists; ARNI, angiotensin receptors and neprilysin inhibitors; BMI, body mass index; CHD,

coronary heart disease; CKD, chronic kidney disease; DBP, diastolic blood pressure; DCM, dilated cardiomyopathy; HR, heart rate; iSGCT-2, sodium-glucose cotransporter type
2 inhibitors; LVEF, left ventricular ejection fraction; PICS, postinfarction cardiosclerosis; SBP, systolic blood pressure; VTunst, unstable runs of ventricular tachyarrhythmias
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Table 2. Relationship between the study factors and the primary endpoint

Univariate analysis

Multivariate analysis

Factors
OR 95% Cl P OR 95% Cl P
AF (permanent form) 0.005  0.002-1.032 0.467 - - -
LBBB 6.135  1.242-30.292  0.026 689  1310-36.307 0023
QRS duration 1.026 1.002-1.050 0.034 1.026 1.000-1.053 0.048
Correction of valvular insufficiency in history ~ 0.215 0.043-1.082 0.062 0.148 0.026-0.834 0.030

Note: AF, atrial fibrillation; Cl, confidence interval; LBBB, complete blockade of the left bundle branch block; OR, odds ratio

10 ROC curves
0.8
= 0.6
=
04
0.2
0.0
0.0 0.2 0.4 0.6
Specificity

Reference line
Predicted probability

0.8 1.0

Fig. 2. ROC curve indicating the relationship between the probability of a hemodynamic response to CRT and the value of the regression

equation obtained.

response to CRT. The sensitivity and specificity of the method
were 80% and 68%, respectively.

DISCUSSION

Our results are consistent with the rate of positive
hemodynamic response to CRT described in the literature.
In previous major international multicenter studies involving
a similar cohort of patients, this indicator (estimated
as a decrease in LV ESV of >15%) varied from 40% [15]
to 56% [16].

In the course of achieving this aim, a model with
a high prognostic metric (diagnostic efficiency of 73%) was
proposed, which included one clinical and anamnestic factor
and two electrocardiographic parameters.

The identification of the predictive potential of a history of
indications of a previous correction of valvular insufficiency
was quite unexpected. The authors who evaluated this factor
revealed that it did not affect the efficiency of CRT [17].
Meanwhile, taking into account the close anatomical
relationship between the large veins of the heart and
the atrioventricular annuli [18], it can be assumed that
during surgery for correcting the valvular heart disease,
it is possible to change the anatomy of the venous bed of

DOl https://doiorg/10.17816/cardar112154

the heart, including that part that could be used as a target
vein for the implantation of the LV lead. However, such
a hypothesis was not evaluated in this study, which reduces
the significance of the proposed explanation of the results.
An increase in the QRS interval duration on the surface
ECG may reflect the degree of mechanical dyssynchrony,
which, according to some authors, correlates directly with
the probability of successful CRT [12, 19, 20]. In the present
study, patients who responded positively to CRT had
a longer QRS. This factor and the presence of the Strauss
electrocardiographic criteria for LBBB were used as
independent predictors of a decrease in LV ESV of > 15%.
Based on the analysis of computer models and data
from electroanatomical mapping of the heart, the Strauss
criteria, according to some researchers, have the best
combination of sensitivity and specificity in predicting CRT
response [21, 22]. The researchers explained the increase
in the lower threshold of the QRS interval of =130 ms in
women and =140 ms by the time required for the impulse
to pass along the interventricular septum from the right
ventricular endocardium to the LV endocardium and
the subsequent spread of excitation and depolarization
of the myocardium of the LV posterior lateral wall. This
pattern of ventricular activation, characteristic of LBBB,
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is also associated with the appearance of a double notch
in lateral leads (V5, V6, |, aVL, and/or in V1 and V2) [14].
According to our findings, the verification of LBBB criteria
according to Strauss increased the probability of a positive
effect of CRT six times.

STUDY LIMITATIONS

This study is limited by its single-center setting.
The developed model has not passed external validation,
which limits its application in practice. The dynamics
of LV ESV was assessed within 12 months after device
implantation, and an increase in the follow-up period may
increase the number of patients who responded to CRT.
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CONCLUSION

The developed multivariate prognostic model may be useful
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