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T
he article describes current approaches to the interventional treatment  
of patients with arrhythmogenic cardiomyopathy (ACM) complicated with paroxys-
mal sustained ventricular tachycardia (VT). The advantages and disadvantages of two 
competing methods for mapping and ablation – activation mapping vs substrate 

mapping – are analyzed. The rationale for the proposed method of VT substrate mapping 
in ACM and the authors’ own results are presented. The results obtained by the authors 
make it possible to recommend substrate ablation according to the proposed technique 
as an invasive first-line therapy for patients with persistent monomorphic VT and ACM.

Introduction
What is currently known: 
To reduce the SCD risk in patients with ACM 

exercise restriction, some medication – beta- 
blockers, amiodarone, sotalol (class 1 recommen-
dations), flecainide) and ICD implantation (class 
I-IIa-IIb recommendations) are recommended [2].

Recurrent monomorphic VT, often of seve-
ral morphologies (predominantly from sources 
in the right ventricle (RV), is the most common  
cause of sudden cardiac arrest (SCA). Defibrilla-
tion or cardioversion are the methods of choice 
for VF, polymorphic VT, and monomorphic VT 
with hemodynamic disturbance, respectively [3].

Treatment of monomorphic VT with pre
served hemodynamics: Due to the limited 
amount of data, there are no specific recom-
mendations for patients with ACM for the treat-
ment of monomorphic VT with conserved he-
modynamics (including the recommendations  
of ESC 2015 [2], HRS 2019 3 [3], 2020 Canadian  
Cardiovascular Society 2020 [4]. Accordingly, 
for the treatment of monomorphic VT in this ca - 
tegory of patients, аpart from electrical car- 
dioversion, intravenous antiarrhythmic drugs 
are used including  procainamide (1st line) and 
amiodarone or lidocaine (2nd line); in the case 
of an electric storm, beta-blockers (preferably 
non-selective) + amiodarone, according to 
the stan dard criteria and doses for the termina-
tion of VT, as in other patients with VT and struc-
tural heart diseases [2, 4].

Recommendations for the subsequent ma-
nagement of patients with coronary artery di-
sease (CAD) and ACM and recurrent VT pa-

roxysms have undergone a number of changes 
over the past 10 years, including indications 
for VT ablation. In light of the existing trends  
in the development of VT ablation, it is logical 
to assume that the presence of episodes of mono-
morphic VT from the RVOT (an area with high 
success of catheter ablation of idiopathic VT as 
well as in patients with ACM) preventive endo car-
dial catheter ablation (ECA) before ICD implan-
tation in patients with ACM, or in the early pe-
riod after ICD implantation (without waiting for 
repeated ICD discharges), could be recommen-
ded. However, there is insufficient data on the ef- 
fectiveness of preventive ablation of VT before 
implantation in patients with ACM, and there are 
no randomized trials in this category of patients.

What’s new in this article: 
The proposed method of substrate mapping 

and ECA in combination with the application 
of an ablation line to the annulus of the pulmo-
nary artery valve (PA) could be recommended 
as a first-line preventive invasive treatment be-
fore ICD implantation in all patients with ACM 
with monomorphic VT with morphology typi-
cal for RVOT. The second stage (if necessary) 
could be combined endo- / epicardial approach 
(if required). After stage 1, the need for epicar-
dial ablation for this category of patients with VT 
is rare in the mid-term follow-up period.

Problem
Patients with ACM are at high risk of car- 

diac death, incl. sudden arrhythmic cardiac death. 
ACM is the cause of SCD in 11% of all SCD cases 
in young people, and in 22% – SCD cases among 
athletes [5, 6].
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Data from meta-analyzes indicate that the an-
nual rate of cardiac and non-cardiac mortality 
was 0.9% and 0.8%, and the annual rate of heart 
transplantation was 0.9% [7].

Patients with a history of syncope, paro- 
xysms of sustained monomorphic VT with 
impaired hemodynamics, or resuscitated after 
an episode of SCA are at the highest risk 
of SCD (up to 10% per year); for them ICD im-
plantation has a class 1 indication [7].

Unclear and controversial issues
Despite the fact that beta-blockers and sota-

lol are recommended 1st-line therapy (class 1C 
recommendations, [2], neither beta-blockers nor 
sotalol significantly reduced the number of VT  
paroxysms in one of the large registries in pa-
tients with ACM [8]. There are also limited data  
on the role of ECA in new-onset monomorphic VT  
with a single morphology in patients with ACM.

Most of the data on the role of ECA in the 
treatment of patients with monomorphic VT 
and the ability of ECA to reduce SCD in patients 
with ACM come from nonrandomized studies. 
Therefore, ICD implantation is the mainstay  
of treatment to reduce SCD in groups at high 
risk of SCD [9, 10, 11, 12].

Secondary prevention  
of SCD with ICD

Earlier in the 2015 ESC recommendations, ICD 
implantation was recommended for all patients 
with VT and ACM, regardless of the hemodynamic 
significance of VT (class I recommendations) [13].

Taking into account the accumulated amount 
of data on the benefit / risk ratio, ICD im-
plantation currently has class IIA indications  
for the treatment of monomorphic VT with stab-
le hemodynamics in ACM patients, according 
to the recommendations of HRS 2019 [3]. Such 
changes in recommendations ref lect the am-
biguity of the accumulated data on the effec-

tiveness / safety (i.e. benefit / risk) ratio of ICD 
implantation in this category of patients (ACM). 
The role of ECA of monomorphic VT in patients 
with ACM has significantly increased over  
the past 10 years with the maturation of mapping 
technologies. In particular, ECA of paroxysmal 
monomorphic VT is one of the most effective 
methods for preventing recurrent VT paroxysms 
and ICD shocks.

Primary prevention of SCD using ICD  
in patients with ACM

The role of ICD in patients with ACM with 
preserved LVEF in primary prevention of SCD 
is less clear, and evidence for primary prevention 
with ICD is also obtained from a small number 
of non-randomized trials [14, 15]. The lack of suf-
ficient data on the benefits of ICD implantation as 
strategy of primary prevention of SCD in patients 
with ACM with preserved LVEF (> 35%) is reflec- 
ted in the new recommendations for the treat-
ment of ACM (HRS 2019 [3]), i.e. class IIa-IIb 
recommendations, see Table 1.

Recurrent ICD shocks reduce quality of life 
and increase hospitalization rate. Accordingly, 
catheter ablation of the VT is recommended 
for recurrent ICD shocks (recommendations 
ESC 2015, HRS 2019). The effectiveness of VT 
ablation in ACM is lower than in patients with 
monomorphic VT with CAD, which is in part 
caused by the presence of widespread arrhyth-
mogenic substrate, often with the involvement of 
the epicardial layer of the RV / LV myocardium, 
and the presence of VT of several morphologies.

According to a prospective registry mono-
morphic VT is the main cause for appropriate 
ICD shocks in ACM patients [16]. The source  
of VT in such patients is usually localized in the RV,  
but in contrast to patients with idiopathic  
paroxysmal VT from RVOT, many patients with 
ACM have multiple VT (several morphologies 
of monomorphic VT, often with an epicardial 
location of the arrhythmogenic substrate) [17],  
see Figure 1.

Table 1.  
Indications for primary 
prevention of SCD using 
ICD in patients with ACM

Class 
recommended

Level  
of evidence

Patients with ACM and LVEF > 35%
ICD implantation is reasonable for patients with ACM and 3 major, 2 major and 2 minor, 
or 1 major and 4 minor risk factors of VA*.

IIa B-NR

ICD implantation might be reasonable / considered for ACM-patients with 2 major,  
1 major and 2 minor or 4 minor risk factors of VA*.

IIb B-NR

Patients with ACM and LVEF ≤ 35%
ICD implantation is recommended for ACM-patients with LVEF ≤ 35% and CHF symptoms 
of Class II-III according to NYHA and an expected survival of more than 1 year.

I B-R

ICD implantation is reasonable for ACM-patients with LVEF ≤ 35% and CHF symptoms  
of Class I according to NYHA and an expected survival of more than 1 year.

IIa B-R

N o t e: * Major criteria: unstable VT, inducibility of VT in intracardiac EPS, LVEF ≤ 49%. Minor criteria: male sex, > 1000 VES / 24 h, right ventricular dysfunction (according  
to the main criteria of the 2010 Working Group), proband status, two or more desmosomal variants. If there are also criteria for unstable VT and VES, in this case only the criterion 
of VT can be used; SCD – sudden cardiac death, ICD – implantable cardioverter-defibrillator, ACM – arrhythmogenic cardiomyopathy, LVEF – left ventricular ejection fraction, 
CHF – chronic heart failure, VA – ventricular arrhythmias, VT – ventricular tachycardia, VES – ventricular extrasystole, EPS – intracardiac electrophysiological study,  
NYHA – New York Heart Association classification of heart failure.
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Rationale for choosing ECA  
as a 1st-line invasive strategy

ECA has demonstrated to have an acceptable 
success rate in patients with structural heart 
diseases (SHD). With the improvement of ECA  
techniques (the introduction of substrate map-
ping versus conventional activation mapping) 
and the expansion of approaches (endocar  
dial, epicardial, or combined endo-epicardial),  
the incidence of VT recurrence and appro- 
priate ICD-shocks after ablation has decreased. 
Complete long-term elimination of all VA after 
RFA by endocardial access could be achieved in 
about 1/3 of patients with ACM [18].

According to the literature, the intraoperative 
efficacy of ECA in ACM surpasses the efficacy  
of VT ablation in many other etiologies, inclu-
ding patients after myocarditis and non-ischemic 
DCM, especially when using a combined approach, 
including epicardial access. [19].

Some researchers believe that in patients 
with ACM with recurrent VT early ECA in ex-
perienced specialized centers is preferable to es-
calating drug therapy (including combination 
antiarrhythmic therapy) [9, 20].

In some patients, VT may recur over time 
and require repeated catheter ablation of VT, 
including epicardial ablation, due to the 
prog ression of the disease and localization of 
an arrhythmogenic substrate on the epicardial 
surface.

Difficulties in performing VT ablation  
in patients with ACM

Those are due to a number of factors:
1. The arrhythmogenic substrate in ACM  

is widespread, complex, often has three-dimen-
sional structure, in contrast to idiopathic VT 
and PVCs, where the arrhythmogenic substrate 
usually has one limited focus, see Figure 1.

2. The existence of VT of several morphologies.
3. Localization of the arrhythmogenic sub-

strate not only on the endocardial, but also  
on the epicardial surface of the ventricles, which 
requires ablation of VT from the epicardial ap-
proach in some patients, – see Figure 2.

4. The difficulty of performing standard ac-
tivation mapping during continuing VT due to its 
high heart rate, hemodynamic instability and 
transformation into polymorphic VT and / or VF.

The propagation of the excitation wave 
in the RV myocardium occurs non-simultaneously, 
while the endo- and epicardial layers are (at least 
partly) electrically separated by the middle layer.  
The complete re-entry pathway can include both 
layers (through the “bridges” between the layers), 
but early in the onset of ACM could be localized 
within one of the layers.

The non-linear nature of the pulse propaga-
tion within and between the zones of fibrotic zones 
generates a fragmented potential, which reflects 
the propagation of the wave within isolated, pro-
tected channels of potential re-entry (see Figure 3).

This type of propagation of the activation 
wave can be observed not only during paroxysm 
of VT, but also in sinus rhythm, which makes it 
possible to map the VT substrate in patients with 
documented high-rate VT with hemodynamic com-
promise without need for VT induction for activa-
tion mapping. For some patients (including those 
with VT non- inducible during index EP-study), 
detection of such abnormal fragmented activity in 
sinus rhythm is the only way to identify and ablate 
the arrhythmogenic substrate (see Figure 4).

Rationale for the proposed ablation strategy
Thus, in many patients with ACM and pa-

roxysmal VT in the area close to the RVOT,  
at least 2 potential re-entry circles can be expec-

А B С D F

N o t e: VES – ventricular extrasystole, RVOT – right ventricular outflow tract, ACM – arrhythmogenic cardiomyopathy, VT – ventricular tachycardia, PA – pulmonary artery valve.

Epicardium

Middle layer

Endocardium

Figure 2.  
Propagation  
of the excitation wave 
along the epicardial and 
endocardial surfaces  
of the right ventricle 
occurs asynchronously. 
The endo- and epicardial 
layers are partially 
 "isolated" electrically. 
Excitation in many 
zones does not occur 
simultaneously [21]  
with changes)

Figure 1.  
A. Idiopathic 
monomorphic frequent 
monomorphic VES and 
unstable VT from RVOT.  
B. Multiple arrhythmogenic 
foci of polymorphic VES 
at the initial stages  
of ACM.  
C. Zone of scarring 
changes on the anterior 
surface of RVOT  
and the re-entry scheme 
in a patient with several 
monomorphic VT  
in ACM.  
D. Substrate mapping 
and ablation of re-entry 
channels (with substrate 
modification).  
F. Additional ablation 
lines between the scars 
and the electrically 
non-conductive structure 
(PAV ring)
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ted: 1-st re-entry canal(s) (often multiple), con-
sisting of intact cardiomycytes within zone and 
2-nd re-entry channel between the PA valve (elect-
rically non-conductive structure) and the zone 
of fibrosis / scar.

Since the arrhythmogenic substrate (areas 
of scar / fibrotic changes and VT re-entry chan-
nels) in ACM has a three-dimensional structure, 
it can be assumed that in a significant part of pa-
tients with a mixed arrhythmogenic substrate 
(both endo- and epicardial), substrate mapping 
and ablation throughout the area of these chan-
nels will be more effective than focal ablation  
of the early exit site of one clinically verified VT.

The hypothesis underlying  
the recommended approach

We have put forward a hypothesis that in some 
patients with ACM and documented VT, which 
has a morphology characteristic of RVOT, sub-
strate mapping and ECA of the substrate in sinus 
rhythm in combination with an additional abla-
tion line from the PA valve ring to the zone of the 

documented arrhythmogenic substrate will be 
effective and sufficient in the prevention of recur-
rent paroxysms of monomorphic VT in patients 
with ACM. Prerequisites for this assumption are:

1. Monomorphic VT requires at least one 
fixed re-entry channel (i.e. zone between 2 elec-
trically non-conductive structures (scars, etc.);

2. in patients with SHD such structures are 
most often 2 scars / areas of fibrosis, and / or an 
ana tomical structure (valve ring, the place of entry 
of a large vessel etc.) and a scar area;

3. thus, a likely zone of vulnerable isthmus 
VT could be the area between the PA ring 
and the area of fibrosis, scar (caused by ACM) 
in the region of RVOT.

4. The thickness of the myocardium in the area 
of the RVOT (3–5 mm) will provide the possi-
bility of applying transmural damage during 
ECA to that part of the vulnerable reentry loop, 
which is located endocardially.

5. Literature data on the efficacy of drawing 
an ablation line for VT arising after reconstruc-
tive heart surgery involving the RVOT (the line 
of ablation between the PA and the postopera-

Figure 3.  
Propagation  
of the activation wave  
in the delayed conduction 
zone (A), through  
the zone of fibrous changes 
with numerous lateral 
 "protected channels" (B), 
a fragmented (rapidly 
and repeatedly changing 
direction) signal is 
recorded at the tip  
of the mapping catheter N o t e: mV – millivolts, msec. – milliseconds.
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Figure 4.  
The main types  
of abnormal  
ventricular activity  
of an arrhythmogenic 
substrate recorded 
during substrate mapping 
in sinus rhythm  
in patients  
with structural pathology N o t e: LAVA – local abnormal ventricular activity
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tive scar in the RVOT area in patients after cor-
rection of the congenital heart disease).

Thus, we have proposed to change the stra-
tegic endpoint of ablation:

1. The standard approach is to perform ECA 
based on activation mapping (VT earliest exit 
point) of the source of clinically documented VT, 
induced during intracardiac EPI.

2. We propose to change the strategic ultimate 
goal of ablation - not only ablation of the early exit 
site, but also extended ablation of the entire sur-
face of the arrhythmogenic substrate (i.e., ablation 
of the maximum number of (multiple) potential 
re-entry channels in the area of fibrosis and frag-
mented signals in combination with application  
of an additional ablation line between the fibrosis /  
scar area and the 2nd non-conductive structure 
(valve ring; in this case, the PA valve)

It can be assumed, that:
1. Such ablation will lead to the elimination 

of those parts of the (multiple) reentry loops 
that have an endocardial part.

2. Combined ablation of an arrhythmogenic 
substrate (with ablation of the maximum num-
ber of identified potential channels for future VT)  
for the formation of new re-entry after the first 
ablation (see Figure 5).

Our experience suggests that this combined 
approach is effective, safe, and can be recom-
mended as a first-line invasive therapy for VT 
from areas adjacent to the RVOT.

Materials and methods
We analyzed the results of ECA performed 

within the period from 2018 to 2021 (from the mo- 
ment of introduction of substrate mapping/abla-
tion in the Republican Scientific and Practical 
Center “Cardiology”) in comparison with the re-
sults of VT ablation in patients with ACM during 
2012–2017 (before  the introduction of substrate 
ECA of VT in our Center).

During 2018–21 ECA of VT was performed 
in 7 patients with ACM, in whom an ICD was 
implanted before the ablation or immediately 
after VT ablation.

An intraoperative assessment of the effec-
tiveness of activation mapping, substrate map-

ping, ECA using activation mapping, focal ab-
lation (i.e. the earliest point of VT activation 
during activation mapping), substrate mapping, 
and substrate mapping with an additional abla-
tion line to the PA ring was performed.

The inducibility of clinical VT, the total 
number of induced VT (the number VT of dif-
ferent morphologies), the effectiveness of ECA 
of clinical VT and all induced VTs intraopera-
tively and according to the results of ablation, 
and subsequently during long-term follow-up 
of patients with implanted ICD (according 
to the results of periodic programming within 
the period from 1 to 3 years).

The results of intracardiac EPI before and 
after ablation are presented in Table 1. As seen 
from the presented results, programmed vent-
ricular stimulation (PVS) is the most effective 
way of induction of clinical VT (VT induced 
before ablation in 100% of cases) in compari-
son with frequent ventricular pacing, which allo-
wed VT induction in only 57.1%.

In addition to clinical VT (documented 
before hospitalization, i.e. the reason for hospi-
talization of patients), PVS allowed the induc-
tion of VT with a different morphology in all 
100% of patients with ACM (on average + 2 VT, 
which differed in the morphology of the QRS 
complex from clinical VT; maximum number = 3 
 “non-clinical VT”).

Catheter ablation of VT according to the pro-
posed technique made it possible to reduce the 
number of induced VT during control PVS –both 
clinical VT and “non-clinical” VT.

Ablation protocol. Mapping was performed 
using the Carto 3 navigation system. For all VTs 
with stable hemodynamics (as well as in the pre- 
sence of frequent monomorphic PVCs with 
the same morphology as clinical VT), activation 
mapping was performed, followed by substrate 
mapping in sinus rhythm.

VT ablation (power 30 W, temperature 38–
42 °C, mean ablation time = 32 minutes [24–45 mi- 
nutes] was started from the earliest activation 
zone, identified during activation mapping.

Problems with this approach:
1. Only in 3 out of 7 patients the local PVCs /  

VT signal in the zone of early activation was ahead 

A. Ventricular tachycardia (VT) with 1 channel re-entry within a dense scar (the place of the earliest exit from the zone of fibrosis is shown by the yellow dot). 
B. Propagation of the excitation wave of VT (often multiple) through the mixed area of viable cardiomyocytes and the area of nontransmural fibrosis with multiple channels 
(some of which dead-end), those being a substrate for the formation of fragmented activity associated with VT in this area. 
C. Propagation of a sinus rhythm impulse inside a dense scar and the mixed area of viable cardiomyocytes/area of nontransmural fibrosis. The central line shows  
the main protected re-entry channel. The lateral lines illustrate potential "non-main", often dead-end channels of delayed conduction, which are the substrate for the formation 
of fragmented activity in the sinus rhythm in this area (and possible alternative VT channels of re-entry) and the target of substrate ablation according to the proposed technique.    

А В С

Figure 5.  
Differences between 
mono-re-entry  
in a patient with a “dense” 
transmural scar  
and a zone of multiple 
re-entry channels  
in the zone  
of “nontransmural” fibrosis
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of the QRS complex by ≥ 30 msec., and the sig-
nal had a high-frequency pattern, and the zone 
was limited in size.

2. In 4 out of 7 patients with VT, the early 
activation zone was diffuse and had an early 
signal of a low-frequency pattern, and the local 
signal was in the range of 0–30 msec. before QRS  
of PVCs / VT. This indicates the localization  
of the source of PVC / VT outside the endocar-
dial surface (intramural or epicardial location).

Accordingly, after focal ablation of VT at the 
site of the earliest activation, in 5 out of 7 patients, 
VT paroxysms continued to be induced. Thus, in 
patients with ACM, limited focal ablation of the 
earliest activation site has a low efficacy (only 28.6%).

After the 1st step of ablation (i.e. by activa-
tion mapping), we proceeded to substrate map-
ping and ablation of the substrate identified 
in the sinus rhythm. Zones of high-frequency 
and fragmented potentials in the RVOT area 
were identified in all 7 patients (100%). In ad-
dition, in 6 out of 7 patients diastolic poten-
tials (early and late) were detected in the RVOT 
area, which were delayed in relation to the QRS 
complex in sinus rhythm by 20–90 msec. These 
were presumed as zones of delayed conduction, 
a potential substrate of identified VT.

Thus, the 2nd step of ECA was an extended 
ablation in the area of fragmented potentials, 
i.e. homogenization of the identified substrate 
(ablation with a power of 25–30 W, duration  
15–45 minutes) over the entire area of the iden-
tified zones of fragmented potentials until they 
disappeared on control EPI (and repeated attempt 
of induction of VT).

3rd step of ablation – drawing the ablation 
line from the original ablation zone (homoge-
nized substrate) to the PA ring.

After homogenization of the substrate 
(2nd step of ablation), clinical VT from RVOT 
continued to be induced in only 2 of 7 patients 
(the effectiveness of the approach in elimina- 
ting clinical VT = 71.4%). However, in 6 patients 
we could still continue to induce “non-clinical 
VT”) – 1–2 morphologies, in 2 patients VT with 
morphology similar to RVOT. After the 3-d step 
of ECA (line to the PA ring), only 1 of 7 patients 
VT with RVOT morphology could be induced, 
and the number of all induced VTs of all mor-
phologies decreased to 0.71 per patient.

The result of the 3rd step of ablation was:
Impossibility of induction of clinical VT 

from RVOT in 6 out of 7 patients (the final intra-
operative ablation efficiency is 85.7%). Non-indu-
cibility of any VT – in 4 out of 7 patients (57.1%),  
a decrease in the total number of induced VT.

Long-term efficacy of catheter ablation 
of VT from VT-RV in patients with ACM

The long-term efficacy of ECA was assessed 
according to the protocols by ICD programming 
in patients during routine examinations (at least 
once / 6 months or more often, in the presence  
of ICD discharges / episodes of an electric storm) 
for 1–3 years.

Thus, during 1–3 years of follow-up, 71.4% 
of patients had no symptoms of VT / VF. Of 7 
patients, 4 had non-sustained VT (4 patients) 
and sustained VT (1 patient) in the zone of the 
ICD monitor, which did not require ICD shocks 
and ATP therapy. ICD discharges were observed 
in 2 patients; 3 patients had paroxysms of VT, 
terminated by ATP therapy. None of the patients 
had episodes of electrical storms (see Table 3). 

Discussion
The ECA effectiveness of monomorphic VT 

in patients with coronary artery disease has im-
proved over the past 20 years, which is accom-
panied by a significant decrease in the number 
of appropriate ICD shocks from 30–31% to 
9–10% [22]. Therefore, in order to prevent re-
current VT paroxysms and episodes of electri-
cal storms, ECA is recommended as a first-line  
invasive therapy for patients with CAD and pre-
viously verified monomorphic VT.

The results of ablation of the 7 patients de-
scribed above were compared with a cohort 
of patients with ACM, who underwent VT abla-
tion using only activation mapping during the 
period 2010–2018. During this period, we oper-
ated on 6 patients with ACM. The indications 
for ECA were recurrent shocks of the previously 
implanted ICD. ECA using exclusively activa-
tion mapping and focal ablation of the earliest 
activation site reduced the number of shocks, 
but was effective in only 2 of 6 patients after 

Inducibility of VT 
with frequent stimulation

Inducibility of clinical VT  
with programmed stimulation

Inducibility of other VT with programmed 
stimulation 

Before After ablation Before After ablation Before After ablation
All VTs Nonclinical VTs All VTs Nonclinical VTs

Patient 1 1 VT 0 Yes No 2 1 0 0
Patient 2 2 VT 0 Yes No 2 1 0 0
Patient 3 1 VT 1 VT Yes No 4 3 1 1
Patient 4 0 0 Yes Yes 1 0 0 0
Patient 5 0 0 Yes No 1 0 0 0
Patient 6** 1 VT 1 VT Yes Yes 2 1 1 0
Patient 7 0 0 Yes No 3 2 1 1

N o t e:* All 7 patients showed confirmed clinically stable or unstable VT from RVOT or frequent VES from RVOT, and the diagnosis of ACM verified using MRI and generally 
accepted criteria for ACM; ** Patient No.6 manifested continued inducement of VT after ECA procedure; VES – ventricular extrasystole, RVOT – right ventricular outflow tract, 
ACM – arrhythmogenic cardiomyopathy, VT – ventricular tachycardia, MRI – magnetic resonance imaging, ECA – endocardial catheter ablation. 

Table 2.  
The effectiveness 
of ECA based on the results  
of intraoperative 
programmed stimulation*

Оригинальные научные публикации

1312    Том 5  №2  2021 г.НЕОТЛОЖНАЯ КАРДИОЛОГИЯ И КАРДИОВАСКУЛЯРНЫЕ РИСКИ



the 1st ablation procedure (33.3%). The remaining 
4 patients (66.7%) had recurrent ICD shocks, 
requiring repeated hospitalization and ECA:  
in 2 patients + 1 additional ECA, in 1 patient – 2 ad-
ditional ECA, and in 1 patient + 3 additional ECA. 
In the last patient, the total number of VT ablation 
was 4 operations, which nevertheless did not lead 
to the elimination of VT paroxysms in this patient.

Thus, it can be concluded that substrate map-
ping and ECA of an arrhythmogenic substrate 
detected at sinus rhythm in patients with ACM 
is an effective, safe method in addition to stan-
dard activation mapping.

When using ECA of monomorphic stable 
VT with morphology corresponding to RVOT 
according to the proposed method (i.e. a com-
bination of activation mapping in the presence 
of VT with preserved hemodynamics, with sub-
strate mapping and ablation at sinus rhythm, 
and supplemented by an additional ablation line 
to the PA ring is much more effective in the elimi-
nation of recurrent paroxysms of VT (ICD dis-
charges) than standard activation mapping and 
focal ablation in the zone of earliest activation.

The disadvantage of endocardial activation 
mapping of VT in patients with ACM is the fre-
quent localization of the substrate on the epicar-
dial surface of the RV. This is confirmed by the re- 
sults of endocardial mapping: in all 4 patients 
in whom VT could not be eliminated according 
to the results of activation mapping, the zones 
of the earliest activation had a diffuse character, 
the signal at the site of the earliest activation had  
a low-frequency pattern (far-field signal), and  
a high-frequency signal in the site of early activation 
was only 0-10 msec. before QRS of clinical VT (or 
PVCs of the same morphology), which are the cri-
teria for the epicardial localization of the VT origin.

While comparing the standard approach (only 
activation mapping) with the approach of sub-
strate ablation and additional line to PA, the later 
strategy of ECA not only eliminate of the earliest 
VT’s exit point, but also ablates the part of the 
re-entry loop, located on the endocardial surface.

Thus, ECA of an arrhythmogenic substrate 
in sinus rhythm (zones of abnormal LAVA po-
tentials) can interrupt the re-entry loop in a sig-
nificant proportion of patients in whom a part  
of the re-entry loop is located on the epicardial sur-
face of the RV. This method is recommended  
by us as a 1st-line invasive therapy for patients with 
ACM and sustaind monomorphic VT presumed 
from RVOT origin. If it is impossible to localize 
the arrhythmic substrate on the endocardial 

surface and paroxysms of hemodynamically 
unstable VT persist, it is advisable to consider 
epicardial mapping and ablation.

In our opinion, the main reason for the high 
efficacy of ablation using the proposed technique 
in comparison with the standard approach (iso-
lated activation mapping) is the following factors:

1. While performing substrate ablation of VT 
and adding a line to the PA ring, ablation is de-
stroyed not only of the exit point of one clinically 
documented VT, but also a part(s) of the VT reentry 
loop(s) located partially on the endocardial surface 
(there may be several alternative potential reentry 
pathways, currently undocumented) or future VT.

2. The thickness of myocardium in the re-
gion of RVOT is up to 3–5 mm.

3. The proximity of the location of the ar-
rhythmogenic focus to the PA valve (1.5–3.5 cm) 
makes it possible to apply a continuous, comp-
lete line of ablation.

Taking into account the progressive nature 
of the disease (ACM), the main question re - 
mains: “How long can the positive effect achieved 
after VT ablation in patients with ACM remains, 
i.e. non-inducibility of VT and the absence 
of recurrent VT paroxysms and ICD discharges 
during long-term follow-up?”.

The most encouraging are the results  
of the two studies assessing the progression  
of VT substrate in ACM with the time. In both 
studies, substrate progression was assessed 
by repeated invasive endocardial myocardial map-
ping following previous VT ablation. In the first 
study, scar progression was observed in 2 of 11 pa-
tients (18.2%) during a median follow-up of about 
6 years [23]. In the 2nd study – in 2 of 7 patients 
(28.6%) within 30 months of observation, and the 
source of recurrent VT was localized within the 
previously identified scar, which indicates incom-
plete elimination of the arrhythmogenic VT sub-
strate during the initial ablation procedure [24].

This result allows us to hope for a low risk 
of VT recurrence in our patients with ACM 
when using an proposed integrated approach: 
substrate mapping and ablation in combination 
with activation mapping and adding an abla-
tion line from the scar zone to the PA valve, re-
sulting in non-indicibility of VT on control EPI.

In some patients with ACM, epicardial map-
ping has to be performed. However, according 
to our experience, if VT in patients with ACM 
has a typical pattern of RVOT (and such pa-
tients make up the majority among ACM) [25],  
then less invasive ECA approach with substrate 

Number  
of ICD shocks

Number of VT paroxysms 
terminated by ATP

Number of VT paroxysms in the range 
of VT monitor (HR < 150 bpm)

Number of any symptomatic 
VT/VF paroxysms

Patient 1 0 0 1 0
Patient 2 0 0 0 0
Patient 3 1 (2 shocks) 1 (4 АТР) 1 (11 paroxysms in ICD monitor) yes
Patient 4 0 0 0 0
Patient 5 0 1 yes (2 episodes) no
Patient 6 1 (shock) yes (2 АТР) yes (5 episodes) yes
Patient 7 0 0 0 0

N o t e: RFA – radiofrequency ablation, ATP – antitachycardic pacing, ICD – implantable cardioverter defibrillator, VT – ventricular tachycardia, VF – ventricular fibrillation, HR – heart rate.

Table 3.  
Long-term ECA 
efficacy of VT based 
on the results of ICD 
programming and 
24-hour ECG monitoring.
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mapping and ECA according to the proposed tech-
nique is more preferred. At the time of this wri-
ting, none of the 7 operated patients with ACM 
required epicardial ablation. The use of this ap-
proach allows to reduce the number of patients 
with an implanted ICD for specialized care, 
the number of hospitalizations and health care 
costs by monitoring the parameters of the ICD 
using remote monitoring and counseling [26].

Conclusion:
1. ECA is a highly effective treatment for mo-

nomorphic VT in patients with ACM.
2. The use of the proposed combined ap-

proach increases the intraoperative efficacy 
of ECA (assessed by no-inducibility of VT using 
control intracardiac EPI after ECA).

3. The risk of repeated ICD shocks and elec-
trical storm episodes after ablation is significantly 
lower than with an activation mapping approach.

4. The use of the combined approach is safe: 
there were no complications during the opera-
tion using this technique.

5. The question of whether it is possible to post-
pone ICD implantation after successful VT ablation 
using this combined approach in some high-risk 
patients with VT and ACM (for example, for pa-
tients who refuse ICD implantation, or when ICD 
implantation for technical reasons is not possible) –  
requires further study and long-term follow-up.

6. To reduce the risk of death from SCD  
in pa tients with ACM, the main recommendations 
(class I) are: limit physical activity; medications 
(beta-blockers, sotalol, amiodarone, or a combi-
nation of drugs) and implanting an ICD (for high-
risk patients. Class I recommendations IIa-IIb).

Limitations: It should be recognized that all 
7 patients with ACM from the operated cohort 
had an arrhythmogenic substrate in the RVOT 
and the adjacent area. The endocardial surface  
of the RVOT is less trabecular than the apical 
and basal parts of the RV, which improves the con-
tact of the ablation catheter with the endocardial 
surface and the results of ablation in the area 
of RVOT in comparison with other parts of the RV. 

Accordingly, it cannot be ruled out that 
in the presence of an arrhythmogenic VT sub-
strate that extends far beyond the RVOT (inferior 
wall, anterior apical region of the RV), the need 
for epicardial ablation will be higher.
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