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The article focuses on the analysis of device selection for cardiac resynchronization therapy based on the stratification 
of sudden cardiac death risk. Various diagnostic methods and clinical-anamnestic data are considered, along with their 
role in predicting arrhythmogenic events and making implantation decisions. Differences in implantation approaches for 
patients with ischemic and non-ischemic cardiomyopathy are discussed, emphasizing the importance of a combined risk 
assessment and the use of prognostic models. Unresolved issues related to optimal patient selection, timing for evaluating 
CRT effectiveness, and potential implantation strategies considering both economic and clinical factors are also reviewed.
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According to epidemiological studies, chronic heart 
failure (CHF) affects 1-2% of the adult population in de-
veloped countries. In Russia, the prevalence of CHF has 
increased significantly in recent years: from 4.9% to 10.2% 
between 1998 and 2014. At the turn of the 21st century, 
in the European part of Russia, the prevalence of CHF of 
any New York Heart Association (NYHA) functional class 
was 7.0%, with severe forms of CHF (NYHA class III-IV) 
diagnosed in 2.1% of the population [1].

A particularly challenging category in terms of car-
diovascular risk assessment and prediction of adverse 
events are patients with reduced left ventricular ejection 
fraction (LVEF). It has been demonstrated that when LVEF 
falls below 35%, such patients enter a high-risk group for 
sudden cardiac death (SCD) [2] and death due to acute de-
compensation of cardiac function, with SCD accounting 
for 15-20% of all fatal cases [3, 4].

SCD is primarily caused by the development of ven-
tricular tachyarrhythmias (VT), which can be effectively 
terminated by implantable cardioverter-defibrillator (ICD) 
therapy. The device acts through antitachycardia pacing or 
shock delivery [5]. Therefore, ICD implantation is recom-
mended for all patients with heart failure with reduced ejec-
tion fraction (HFrEF) who belong to the high-risk group 
for SCD, as well as for patients who have already survived 
an SCD episode or have had documented sustained VT. 
While the clinical rationale for ICD implantation as sec-
ondary prevention is beyond doubt in the professional 

community, the issue of selecting patients with HFrEF for 
interventional primary prevention of SCD increasingly be-
comes the subject of active discussion and debate [6].

It should be remembered that ICD implantation pro-
vides access to life-saving therapy but does not prevent 
the occurrence of arrhythmic events in the future. By con-
trast, another interventional treatment for CHF—cardiac 
resynchronisation therapy (CRT), indicated in HFrEF pa-
tients with a wide QRS complex on the electrocardiogram 
(ECG)—not only improves LV contractility [7], reduces 
the likelihood of repeated CHF hospitalisations [8], and 
enhances quality of life [9], but also has the potential to 
modify arrhythmic risk [10]. The principle of CRT is to 
correct atrioventricular and interventricular dyssynchrony 
by combining endocardial stimulation of the right ventricle 
with epicardial stimulation of the LV, synchronised with 
atrial systole. A positive response to CRT is considered a 
favourable prognostic marker [7]. Given that a responder 
to CRT may no longer meet the indications for ICD im-
plantation, the question arises whether to implant a CRT-P 
(CRT with pacemaker function only) or a CRT-D (CRT 
with defibrillator function).

The problem of selecting the type of CRT device de-
pending on the presence or absence of a defibrillator func-
tion is highly relevant due to the need to balance clinical 
efficacy, safety, economic feasibility, and individual patient 
characteristics. This underscores the demand for research 
in this field.
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CRT - INDICATIONS AND RESPONSE  
PATTERNS TO THERAPY

The main indications for CRT are LVEF ≤35% and 
QRS duration ≥150 ms in the presence of left bundle 
branch block (LBBB) morphology. CRT is also indicated 
in patients with a wide QRS complex without LBBB mor-
phology, although these indications carry a lower level of 
evidence [11]. In patients with HFrEF, interventricular and 
intraventricular conduction disturbances, including LBBB, 
are observed in approximately 30% of cases [12]. Current 
national and international guidelines recognise CRT as a 
highly effective treatment for such patients, as it has been 
shown to improve contractile function, reduce symptoms, 
enhance quality of life, and decrease both mortality and 
hospitalisation rates in patients with CHF [11].

It is well known that LBBB is an unfavourable mark-
er that worsens prognosis in patients with CHF [12]. This 
is attributed to the development of interventricular dyssyn-
chrony, in which right ventricular contraction occurs be-
fore left ventricular systole. The resulting interventricular 
and intraventricular dyssynchrony arises from the propa-
gation of the electrical signal through the interventricular 
septum, leading to early activation of the septal region of 
the LV, while a zone of delayed activation appears in the 
posterior-basal wall of the LV. This mechanical mismatch 
causes presystolic stretching of the late-activated regions, 
which, in line with the Frank-Starling mechanism, aug-
ments systolic contraction. Consequently, systolic stress, 
tension, and myocardial oxygen consumption increase in 
the late-activated areas and decrease in the early-activated 
regions. The subsequent loss of contractile efficiency leads 
to the development of heart failure [13].

The response criteria for CRT described in the litera-
ture can be classified into several main categories:
•	 Clinical response - improvement in CHF functional 
class according to NYHA, improved quality of life.
•	 Echocardiographic (Echo) response - increase in LVEF, 
reduction in LV end-systolic volume (LVESV), reduction 
in mechanical dyssynchrony.
•	 Electrocardiographic response - narrowing of the QRS 
complex by ≥10 ms.

These response categories influence the achievement 
of various endpoints, including reduced hospitalisations, 
lower all-cause and cardiovascular mortality, and de-
creased arrhythmic risk [14].

As a clinical response criterion, improvement in CHF 
functional class according to NYHA is traditionally con-
sidered. In a study by Toshiko Nakai et al. [15], patients 
were assessed by both clinical and echocardiographic cri-
teria. Those who showed improvement in NYHA class 
demonstrated better clinical outcomes after implantation, 
particularly regarding CHF-related hospitalisations and 
cardiovascular mortality.

The effect of electrocardiographic response was ex-
amined in a meta-analysis by George Bazoukis et al. [16], 
which found that narrowing of the QRS complex after CRT 
implantation was associated both with improvement in 
NYHA class and with a reduction in LVESV. QRS duration 
is undoubtedly a prognostic marker that increases the like-
lihood of response; however, QRS width on ECG is closely 

linked to LV volumetric parameters as measured by Echo. 
According to R.A. Stewart et al., each 10 ms increase in 
QRS duration was associated with an 8.3% increase in LV 
myocardial mass, a 9.2% increase in LV end-diastolic vol-
ume, and a 7.8% increase in LVESV [17]. In a study by N. 
Yamamoto et al., a modified QRS duration index—defined 
as the ratio of QRS duration to LV end-diastolic volume—
significantly increased the probability of CRT response in 
patients with an “intermediate” QRS width (120-149 ms) 
on ECG [9].

The “gold standard” of a positive haemodynamic re-
sponse is considered an increase in LVEF by ≥5% or a re-
duction in LVESV by ≥15%. These changes have a proven 
effect on all-cause mortality, arrhythmic risk, and cardio-
vascular mortality [14, 18].

It is important to emphasise that the effect of CRT is 
not limited to improving LV contractile function and CHF 
functional class. It also includes a reduction in myocardial 
electrical heterogeneity, which may contribute to lowering 
arrhythmic risk. For example, a decrease in LVESV and an 
increase in LVEF are associated not only with improved 
functional indices but also with a reduced likelihood of 
developing VT. In a study by N.N. Ilov et al., a reduction 
in LVESV by ≥15% and an increase in LVEF by ≥5% sig-
nificantly decreased the risk of ventricular arrhythmias [4].

These results were corroborated in the PRE-
DICT-CRT study, where haemodynamic response was as-
sociated with reduced all-cause mortality [18]. However, it 
should be noted that a direct correlation between changes 
in individual haemodynamic parameters and a reduction in 
VT risk is not always observed. For example, in a study by 
V.A. Kuznetsov et al. [19], which assessed the impact of 
response to CRT based on NYHA class, LVEF, and LVESV 
on overall mortality, concordance between response crite-
ria was found to be low, and only the echocardiographic 
parameter (LVESV) demonstrated a moderate inverse cor-
relation with mortality.

The impact of positive LVESV dynamics on cardio-
vascular mortality has been confirmed in further studies 
[18, 20]. Nevertheless, as shown by A. Van der Heijden et 
al., although the probability of VT decreased over a 5-year 
follow-up in patients with a “super-response” in LVESV, 
there were no statistically significant differences between 
responders and non-responders to CRT [20]. Similarly, 
M. Linhart et al., contrary to the above findings, did not 
demonstrate an effect of CRT on the occurrence of VT, not-
ing that only the presence of myocardial scar was a signifi-
cant predictor [21]. T. Nakamura et al. also reported no as-
sociation between CRT response and VT occurrence [22].

These observations highlight that the efficacy of CRT 
in reducing life-threatening arrhythmias depends not only 
on the degree of improvement in contractile function but 
also on its impact on the electrical properties of the myo-
cardium and the presence of substrate for VT.

In the absence of a haemodynamic response to CRT, 
a proarrhythmic effect may instead be observed, associated 
with progressive dispersion of repolarisation. This is sup-
ported by studies showing that lack of reverse remodelling 
was associated with increased VT incidence. M. Cvijić 
et al. [23] demonstrated that reverse remodelling reduces 
myocardial electrical heterogeneity, whereas in the ab-
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sence of response to CRT, progressive repolarisation dis-
persion occurs. A published meta-analysis (8,000 patients) 
showed that the incidence of ventricular arrhythmias was 
24% higher in patients with CRT non-response compared 
with those with implanted ICDs [24].

Thus, CRT demonstrates the ability to reduce SCD 
risk in the presence of a pronounced haemodynamic re-
sponse and absence of substrate for VT, but requires close 
monitoring to prevent potential adverse effects in non-re-
sponders. A reduction in arrhythmic risk may therefore be 
regarded as a favourable effect of CRT response.. 

CRT-D OR CRT-P?

It seems logical to assume that in patients with a high 
probability of haemodynamic response to CRT, implantation 
of a device without a defibrillator function (CRT-P) would 
be reasonable, as this would help to avoid the well-known 
adverse events associated with ICDs and reduce treatment 
costs. However, this assumption is not always supported by 
clinical trial data.

For instance, results from the Swedish registry com-
paring patients with CRT-P and CRT-D demonstrated that 
those receiving CRT-D had lower 1- and 3-year all-cause 
and cardiovascular mortality [25]. The authors noted that 
patients who received CRT-P were older and had higher 
LVEF, which may have partly influenced the outcomes. In-
creased mortality in the CRT-P group was attributed to caus-
es of death that an ICD would not have been able to prevent.

These findings are corroborated by the COMPANION 
trial, in which CRT-D reduced the risk of death by 24%. 
Similar results were observed in the REVERSE study, 
where CRT-D lowered 5-year mortality by 65% [26, 27]. A 
likely explanation for these results is the reduction in SCD 
in the CRT-D group. Nevertheless, a significant factor when 
interpreting these data is the aetiology of heart failure. For 
example, a subgroup analysis of the DANISH trial, which 
included patients with non-ischaemic HFrEF, showed that 
CRT-D did not reduce all-cause mortality [28].

Russian clinical guidelines do not yet provide specific 
recommendations for choosing between CRT-P and CRT-D. 

European guidelines suggest a somewhat broader approach, 
indicating that CRT-D should be more strongly considered 
in younger patients and in those with a likely proarrhythmic 
substrate, particularly when confirmed by gadolinium-en-
hanced cardiac MRI. However, they emphasise that clear 
criteria do not currently exist, and device selection should 
be individualised for each patient [29].

Thus, the decision regarding the choice of device for 
CRT remains complex and requires consideration of mul-
tiple factors, including patient age and preferences, the ae-
tiology of heart failure, and the expected haemodynamic 
response to therapy. Importantly, the presence of a proar-
rhythmic substrate remains a decisive factor, as it signifi-
cantly increases the likelihood of SCD. 

SEARCH FOR THE SUBSTRATE  
OF VENTRICULAR TACHYCARDIA

The risk of SCD is determined by the presence of an 
anatomical substrate (myocardial hypertrophy, post-in-
farction cardiosclerosis, fibrosis) and electrophysiolog-
ical changes (enhanced automaticity, triggered activity, 
dispersion of refractory periods) [9]. Identifying the po-
tential substrate of VT remains a key task in SCD risk 
stratification.

Instrumental methods can provide additional infor-
mation about the presence of a substrate and help decide on 
ICD implantation. Routine ECG diagnostics can be used 
to search for a potential substrate. On ECG analysis, dis-
persion of refractory periods can be assessed, manifested 
as QT interval prolongation/shortening [30] or changes in 
the interval from the T-wave peak to its end [31]. Other 
potential ECG markers of substrate include signs of early 
ventricular repolarisation [32] and LV hypertrophy [6]. It is 
noted that combining several markers significantly increas-
es the prognostic value of ECG criteria, even in patients 
with LVEF >35% [33].

Transthoracic Echo, in addition to assessing LVEF, 
provides information on structural cardiac changes such as 
chamber volumes, wall thickness, LV mass, and regional 
wall motion abnormalities [34, 35]. Promising newer Echo 

techniques include tissue Doppler and 
two-dimensional strain imaging. Studies 
have shown that assessing longitudinal, 
radial, and circumferential myocardi-
al strain, global longitudinal strain, and 
mechanical dispersion can improve di-
agnostic accuracy for VT substrate [36].

Cardiac MRI with late gadolin-
ium enhancement (LGE) occupies an 
important place in detecting potential 
VT substrate. Clinical guidelines rec-
ommend using this method as an ad-
ditional factor when deciding on ICD 
implantation [37]. Gadolinium-based 
contrast accumulates in fibrotic tissue 
and visualises arrhythmogenic substrate 
[38]. Studies in patients with ischaemic 
cardiomyopathy (ICM) indicate that the 
presence of LGE zones is associated 
with increased risk of all-cause mortal-
ity and arrhythmic events [39]. A study 

Fig. 1. Algorithm for device selection, where CRT - cardiac 
resynchronisation therapy; VT - ventricular tachycardia; SCD - sudden 
cardiac death.
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by colleagues in Penza confirmed the well-established link 
between LGE and SCD risk [40]. It is noted that when 
LGE exceeds 14% of LV myocardial mass, there is a direct 
correlation with ICD therapies.

Instrumental methods thus provide important infor-
mation on anatomical and electrophysiological substrate, 
aiding ICD decision-making. Confirmed presence of a VT 
substrate should undoubtedly be a decisive factor for de-
vice implantation. However, these methods have limita-
tions: they are not always absolutely precise, require sub-
stantial costs, and are not universally available. Therefore, 
it is important to consider not only diagnostic test results 
but also multiple other factors such as clinical data, history, 
and comorbidities [41].

The effectiveness of ICD use in patients with ICM 
is unquestionable. The predictive value of coronary ar-
tery disease for SCD is confirmed by a meta-analysis by 
Vikash Jaiswal et al., including data from 13 randomised 
studies [42]. Naturally, patients with ICM have high SCD 
risk due to the likely presence of VT substrate. Formation 
of arrhythmogenic substrate is related to peri-infarct zones 
surrounding scar tissue. These zones, containing partially 
viable cardiomyocytes, create electrical anisotropy, facili-
tating re-entry mediated VT [40, 43].

By contrast, the evidence base for ICD use in pa-
tients with non-ischaemic cardiomyopathy (NICM) is 
less convincing. Although the DANISH, DEFINITE, and 
SCD-HeFT trials demonstrated reduced SCD risk in ICD 
patients, they did not show a statistically significant effect 
on all-cause mortality [44-46]. This is attributed to the rela-
tively lower proportion of SCD in overall mortality in these 
cohorts. It can reasonably be assumed that the substrate for 
VT in NICM is less extensive. Experimental data indicate 
that LV fibrosis in NICM patients significantly increases 
SCD risk [47]. Fibrotic zones with delayed conduction, in-
creased automaticity, and myocardial refractory dispersion 
create conditions for VT. Thus, the presence of VT sub-
strate appears to be the key factor for deriving maximum 
benefit from ICD implantation [48].

Experts agree that a single-factor approach is inef-
fective for this problem. Improved SCD risk stratification 
is possible only through a combined assessment method 
incorporating multiple predictors and the development of 
prognostic models.

Of particular interest is the use of prognostic scor-
ing systems such as the MADIT-ICD Benefit Score, ESTI-
MATED Score, SCD-HeFT score analysis, and the Seattle 
Heart Failure Model [49-52]. These tools incorporate nu-
merous factors to improve stratification of SCD risk and 
all-cause mortality in patients with HFrEF. Their analysis 
includes both predictors of VT substrate from available in-
strumental and laboratory studies, and clinical-anamnestic 
data [32]. Such models allow estimation of the benefit of 
ICD implantation by comparing SCD risk with all-cause 
mortality for an individual patient. The higher the probabil-
ity of SCD, the greater the benefit of ICD therapy [49-51].

Particular attention should be paid to the MA-
DIT-ICD Benefit Score, developed in 2020 from data from 
the largest MADIT trials (MADIT II, MADIT-CRT, MA-
DIT-RIT, and MADIT-RISK). It is one of the most com-
prehensive prognostic models, created from a registry of 

over 4,500 patients. The calculator proposed by the authors 
incorporates predictors of VT and non-arrhythmic death. 
Predictors of VT include: male sex, age <75 years, heart 
rate (HR) >75 bpm, systolic blood pressure (SBP) <140 
mmHg, LVEF ≤25%, and history of unstable VT, myocar-
dial infarction, and atrial arrhythmias [49].

The calculator allows prediction of the likelihood of 
VT or non-arrhythmic death, assessing the potential benefit 
of ICD implantation. ROC analysis with external validation 
demonstrated high accuracy of the models: C-statistics of 
0.75 for VT prediction and 0.67 for non-arrhythmic death. 
Within this context, the use of prognostic scales in patients 
with implanted CRT devices is of particular interest. As an 
independent factor influencing CRT outcomes, CRT itself 
was added to the MADIT-ICD Benefit Score and the Seat-
tle Heart Failure Model, although separate analysis of CRT 
patients is available only from MADIT trial data [49, 52].

According to the MADIT-CRT analysis, treatment 
with CRT-D compared to ICD alone was associated only 
with a reduced risk of non-arrhythmic mortality [53]. 
A separate analysis excluding patients from MADIT-II 
showed similar results [49]. However, these studies also 
demonstrated that patients with QRS morphology con-
sistent with LBBB experienced significant reduction in 
life-threatening arrhythmias, largely due to improved LV 
function and remodelling, confirming the positive effect of 
CRT on arrhythmic risk [54]. Yet, applying this model to 
assess ICD benefit in Russian patients yielded unsatisfac-
tory results, underlining the need for local studies in this 
field [55].

UNRESOLVED PRACTICAL ISSUES  
AND PERSPECTIVES FOR THEIR RESOLUTION

It may be assumed that the presence of predictors of 
a positive response to CRT, an expected life expectancy 
of more than one year, and a low risk of SCD provide 
grounds for implanting a CRT-P device. However, despite 
the proven efficacy of CRT, according to various data, 
30-40% of patients do not achieve the expected benefit 
from therapy [8, 56]. Factors reducing the likelihood of 
response to CRT include advanced CHF of high function-
al class, ICM with probable scarring in the pacing area, a 
baseline QRS complex that is insufficiently wide, or mor-
phology not consistent with LBBB. Additional factors 
that may impair the probability of response include atri-
al fibrillation, chronic kidney disease, and baseline right 
ventricular dysfunction [57].

Equally important is determining the optimal fol-
low-up period after implantation, after which the effects 
of CRT should be evaluated and further management de-
cisions made to improve patient outcomes. In a study by 
T.V. Chumarnaya et al. [58], it was demonstrated that one 
year is sufficient in most cases to assess the clinical re-
sponse, while reverse LV remodelling may continue for 
up to 24 months. Other studies also identify 12 months as 
adequate for CRT evaluation [59]. Based on these findings, 
a 24-month period after implantation reliably differenti-
ates responders from non-responders, allowing subsequent 
treatment strategies to be defined.

An additional factor that could improve the effica-
cy of CRT-P is the use of conduction system pacing. In 
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this surgical approach, the lead is placed conventionally 
in the target vein of the coronary sinus to stimulate the LV, 
while another is implanted into the interventricular septum 
to capture the conduction system using the “stylet-driven” 
method, without dedicated delivery systems. The patients’ 
response is assessed after two years. This strategy pursues 
two objectives: first, significantly increasing the probabili-
ty of CRT response, as reflected in the LOT-CRT trial [60]; 
and second, if no response is observed after the maximum 
observation period, the option remains to implant a du-
al-chamber ICD with a DF-1 connector. In such cases, a 
shock lead is placed, while the previously implanted lead 
into the conduction system can be used for ventricular pac-
ing, narrowing the QRS complex, potentially preventing 
CHF progression due to dyssynchrony, and avoiding LV 
pacing which, according to studies, increases the risk of 
VT in non-responders [24]. Possible limitations of this 
strategy include the risk of venous occlusion after initial 
implantation, the need for re-intervention in some non-re-
sponders after two years, and the technical skills required 
to place the lead into the conduction system.

Despite the large number of studies dedicated to 
predicting the probability of response to CRT, existing 
pre-implantation assessment algorithms remain imperfect, 
limiting their routine use in clinical practice. Neverthe-
less, the economic justification of CRT-P implantation as 
first-line therapy in patients with HFrEF is beyond doubt. 
CRT-P is more accessible in Russia due to its inclusion in 
the basic programme of mandatory health insurance. Ac-
cording to the Resolution of the Government of the Rus-
sian Federation of 27 December 2024, No. 1940 “On the 

Programme of State Guarantees of Free Medical Care to 
Citizens for 2025 and for the Planned Period of 2026 and 
2027,” reimbursement for CRT-P implantation amounts to 
532,230 rubles, whereas CRT-D costs 1,281,144 rubles. 
This suggests a potential economic advantage from the 
more targeted use of CRT-D, reducing the number of such 
devices implanted under conditions of limited availability. 
An important clarification is that this strategy should be 
limited to patients with an indication for CRT and no ev-
idence of VT substrate, confirmed by imaging modalities 
such as Echo, cardiac MRI with gadolinium, or invasive 
intracardiac electrophysiological study [3]. The algorithm 
for selecting between CRT-P and CRT-D is illustrated in 
Fig. 1. However, confirmation of this hypothesis requires 
further studies aimed at stratifying SCD risk in patients 
with indications for CRT.

CONCLUSION

The inclusion of funding for CRT device implan-
tation in the basic programme of the Mandatory Health 
Insurance Fund has made CRT more accessible in our 
country, further emphasizing the relevance of the issue 
under discussion. It is likely that when selecting the opti-
mal device for CRT, it is necessary to assess not only the 
baseline risk of SCD but also the probability of response 
to CRT and the potential for arrhythmic risk modification 
during therapy. The search for predictors and the devel-
opment of prognostic systems aimed at evaluating such 
outcomes represent one of the priority tasks of contem-
porary cardiology, requiring prospective clinical studies 
that include domestic cohorts of patients with HFrEF. 
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