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Ventricular tachycardia (VT), and its occurrence, is still one of the main reasons for sudden cardiac death and, therefore, for increased mortality and 
morbidity foremost in patients with structural heart [Kahle A-K, Jungen C, Alken F-A, Scherschel K, Willems S, Pürerfellner H et al. Management of 
ventricular tachycardia in patients with ischaemic cardiomyopathy: contemporary armamentarium. Europace 2022;24:538–51]. Catheter ablation 
has become a safe and effective treatment option in patients with recurrent VT [Cronin EM, Bogun FM, Maury P, Peichl P, Chen M, Namboodiri 
N et al. 2019 HRS/EHRA/APHRS/LAHRS expert consensus statement on catheter ablation of ventricular arrhythmias. Heart Rhythm 2020;17: 
e2–154]. Previous and current guidelines provide guidance on indication for VT ablation and risk assessment and evaluation of underlying disease. 
However, no uniform recommendation is provided regarding procedural strategies, timing of ablation, and centre setting. Therefore, these specifics 
seem to differ largely, and recent data are sparse. This physician-based European Heart Rhythm Association survey aims to deliver insights on not 
only infrastructural settings but also procedural specifics, applied technologies, ablation strategies, and procedural endpoints. Therefore, these find
ings might deliver a real-world scenario of VT management and potentially are of guidance for other centres.
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Graphical Abstract

EHRA online questionnaire on VT management with responses from
281 participants from 48 countries

Mainly performed in centres with heart surgery on site
Average case load of 300–900 procedures/y. 5–9% VT cases

Implementation of current VT guidelines:

Procedural data:

Threshold for VT ablation is lower in ICM
Dedicated HD mapping catheters and CF
ablation catheters are mostly used

Non-inducibility and LAVA abolishment most
prevalent endpoint

Only 50% perform preprocedural imaging

Risk assessment and genetic testing only
performed in younger patients with pos.
history of SHD

Availability of advanced ablation tools is
sparse

·

·
·

·

·

·

·

·

·
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Introduction
Approximately 10–20% of all deaths are caused by a sudden cardiac 
death (SCD) due to ventricular arrhythmias. Implantation of implantable 
cardioverter defibrillators (ICDs) and catheter ablation (CA) not only 
might prevent SCD but also reduce the number of ICD interventions.1,2

Therefore, CA has become indispensable in the setting of ventricular 
arrhythmia.3 Despite tremendous development in the field of CA for 
ventricular arrhythmia, improved evaluation and understanding of me
chanisms, and constantly updated guidelines,1,4 data on implementation 
of the latter in daily workflow are sparse. Also, information on centre 
specificities such as personnel, access to novel technologies, and ventricu
lar tachycardia (VT) management and ablation strategy is lacking.5,6

Therefore, this survey was carried out by the European Heart Rhythm 
Association (EHRA) initiated by the Scientific Initiative Committee 
(SIC) to investigate the real-world management of VT and the current 
adaptation and implementation of the new guidelines and ablation modal
ities. Hence, this survey will provide more detailed information on centre 
specificities across Europe and associated non-European countries. Aside 
from gathering information on before-mentioned topics, this survey 
also aimed how frequent and in which setting additional technologies 
(e.g. pre-procedural imaging, assist devices, and alternative ablation mo
dalities) and new mapping options are used. We also wanted to provide 
insights on ablation strategies and pre- and post-ablation management, 
which are not completely covered by the current guidelines and differ 
largely between centres and countries. Furthermore, the newly intro
duced importance on risk stratification especially in the setting of struc
tural heart disease in non-ischaemic cardiomyopathy (NICM), such as 
dilatative cardiomyopathy (DCM) and hypokinetic non-dilative cardio
myopathy (HNDCM), has been evaluated in this survey. In summary, 
this survey provides an overview of real-life VT management, ablation 
strategies and procedural settings down to catheter types, mapping tech
nologies, energy settings, ablation endpoints, antiarrhythmic drug (AAD) 
regime, and risk assessment for SCD.

This survey will not only give an overview of daily VT practice and 
reflect the status of implementation of current VT guidelines but hope
fully will lead to knowledge exchange and enabling less equipped cen
tres to network for optimal patient treatment across European 
Union, Europe, Middle East and Africa (EMEA), Asia and Latinamerica 
from a practical perspective.

Methods
This survey was an online questionnaire created by the EHRA SIC sent out 
by EHRA. It was then distributed via social media and national cardiac and 
electrophysiologic societies and their members. The survey was accessible 
for 6 weeks (starting April 2023), and its participation was physician based, 
anonymous, and voluntary (Supplementary material online).

The survey was divided into two sections and consisted of 42 questions. 
The first part was aiming at more general aspects of VT management such 
as number of VT ablations, facilities, acute treatment of VT, timing of abla
tion, access to novel technologies, and imaging. Also, implementation of 
new guideline recommendations for e.g. risk assessment1 was queried. 
The second part of the survey focused on procedural aspects: ablation 
strategies and endpoints, ablation modalities, use of advanced ablation tech
niques, and the use of assist devices for VT ablation.

Results
General aspects
After a period of 6 weeks, a total of 281 participants from 48 different 
countries replied to the survey. Although the survey was distributed 
through different online outlets, most responses were obtained in 
Europe, in particular from Germany (29%), Spain (7%), and Italy (6%). 
Outside the European Union but within ‘EMEA countries, Israel (7%) 
and Turkey (3%) were the most responsive (Figure 1). The term ‘others’ 
listed in Figure 1 include countries in Latin and Central America 
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(e.g. Argentina and Panama), East Asia (e.g. Singapore and Indonesia), 
and the Middle East (e.g. Yemen). The majority of participants (45%) in
dicated to perform 300–900 CA procedures in general at their centres 
per year (y). Almost a quarter (22%) indicated to perform 100–300 
CA/y. Only 17% perform >1000 CA/y. Of note, up to 8% indicated 
to perform <50 CA/y in total. On average, 52 VT procedures including 
outflow tract VT ablation are performed per year of which 44% are in 
the setting of ischaemic cardiomyopathy (ICM). The survey revealed 
that, on average, 3 physicians per centre perform VT ablation on a regu
lar basis.

Centre settings
The predominant work setting reported was university hospitals in 
67%. In 33%, participants work in a non-university hospital or private 
setting. In 77% of centres, heart surgery is available onsite.

In 81%, circulatory support systems such as extra-corporal mem
brane oxygenation (ECMO) and Impella are available at any time. 
One-third (30%) reported to have a dedicated VT storm unit or 
some sort of 24-h VT management service.

Acute ventricular tachycardia 
management, pre-procedural imaging, and 
pre-procedural settings
For acute treatment of VT or in the case of a VT storm, participants 
were asked to report the preferred AAD regime in a ranked order 
and/or the use of additional interventions such as deep sedation or 
blockade of the stellate ganglion. Of note, not all listed AADs are equal
ly available in all countries, or availability is limited to either oral or intra
venous administration.

Amiodarone and lidocaine were the most frequent used AADs. 
However, non-selective β-blockers such as propranolol were also fre
quently used (Figure 2).

Imaging and visualization
CMR and CT
The role of pre-procedural imaging has grown within the last years. 
More than half reported to obtain cardiomagnetic resonance 
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Figure 1 Response by countries.
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(CMR)/LGE-CMR routinely before VT ablation (55.4%) and more than 
one-third (38.4%) perform computer tomography (CT)/3D CT includ
ing visualization of coronaries.

When asked to report if any specific software for image processing 
was used, four participants reported the use of ADAS3D software 
(Adas3D Medical SL, Barcelona, Spain) for CMR and five used 
inHEART software (inHEART Medical, Pessac, France) for CT. One 
centre reported on 3D rotational ventriculography reconstruction 
using the Philips EP Navigator system. The survey revealed that all 
3D pre-procedural imaging is implemented into obtained electroana
tomic maps (EAMs) during the procedure in 59.2%. To exclude coron
ary artery disease or progression of the latter, 61.5% of participants 
always perform coronary angiography before VT ablation.

Use of intracardiac echo
A total of 37% answered the question if intracardiac echo (ICE) was 
available or used at their centre. Of these, 70.9% employ ICE mostly 
in the setting of papillary muscle VT. Some centres use ICE in every pro
cedure (see details in the table below, Table 1).

Pre-procedural setting—oral anticoagulation and sedation
In patients scheduled for VT or premature ventricular contraction 
(PVC)  ablation, 63.2% stop pre-existing oral anticoagulation (OAC). 
Most centres report to stop OAC 6–48 h before procedure.

The vast majority (74.6%) of procedures are performed in deep 
analgo-sedation. Approximately a quarter of reporting physicians 
(23.4%) use general anaesthesia in all VT procedures.

Timing of ventricular tachycardia ablation and advanced 
ablation options
Participants were asked to report on timing for VT ablation in the set
ting of ICM and NICM. Only a small proportion answered to perform 
‘prophylactic VT ablation’ before occurrence of first ICD intervention. 
The vast majority only performed ablation after previous ICD interven
tions. However, the survey revealed a difference between ICM and 
NICM (Figure 3). In NICM patients, VT ablation is mostly performed 
after several ICD shocks, whereas in ICM, the threshold for VT ablation 
is lower (24% vs. 39% after the first shock).

Furthermore, information was obtained if centres would have access 
to alternative or advanced ablation techniques. Either performing the 
latter themselves or having transferal options. Multiple answers were 
possible. The most available advanced ablation option is the use of epi
cardial VT ablation or different irrigation solutions enhancing current 
flow into the tissue. Complete results are displayed below (Figure 4). 

Specifics of ventricular tachycardia 
ablation
Access
Participants (41.4%) answered to use ultrasound-guided groin punc
ture. A simultaneous retrograde aortic access as well as transeptal ac
cess to the left ventricle is obtained in most cases (41.9%). In 38.6%, a 
solely transseptal approach is obtained. In 19.6%, an aortic access only is 
used. An epicardial access beforehand was obtained in 18.6% based on 
electrocardiogram criteria suggesting an epicardial origin, in 13.8% in 
NICM patients only, and in 21% of the latter in a first VT ablation at
tempt. The vast majority, 53.3%, reported to use an epicardial access 
only after failed previous endocardial ablation.

Table 1 Indication for the use of ICE in VT and PVC ablation

Papillary muscle 41%

Moderator band 6.4%

Outflow tract/aortic cusp 2.6%

To guide transseptal puncture 11.5%

In all cases 29.5%

Favour ed medication/treatment for acute treatment in VT or VT storm
(ranking 1–7)

Score: 6.53.8

2.6

5.1

3.03.5

4.8

Amiodarone (de novo or escalation)

Lidocaine

Ajmaline

Mexiletine

Non-selective ß-blocker

Stellate ganglion blockade/sympathectomy

Intubation and deep sedation

Figure 2 Distribution of used AADs and/or adjunctive treatments to treat VT or VT storm.

4                                                                                                                                                                                                  A. Sultan et al.
D

ow
nloaded from

 https://academ
ic.oup.com

/europace/article/26/2/euae030/7607829 by guest on 19 February 2024



Procedural workflow, ablation settings, and procedural 
endpoints
Workflow
Participants were asked to report on their procedural workflow re
garding EAM, which mapping and ablation catheters are routinely 
used, and the location of ventricular stimulation for VT induction. 
Also, if an isochronal late activation mapping (ILAM),7,8 decremental 
evoked potential mapping (DEEP),9,10 or local abnormal ventricular ac
tivity (LAVA)11 mapping guided ablation approach was executed rou
tinely. Results are summarized in Figure 6.

Catheter and energy settings
For more ablation specifics, regularly used ablation catheter and infor
mation on power settings were evaluated. The majority of participants 
(78.8%) report to use irrigated contact force catheters regularly. Some 
(15.6%) use non-contact force irrigated catheter for VT ablation. An 
energy setting ranging between 30 and 50 W was most prevalent 
(78.8%). In 12.8%, energy was uptitrated to 50 W. In 3.9%, 60 W 
was used. New energy sources like pulsed field ablation (PFA) and ultra- 
low cryo were used in 1.7 and 0.6%, respectively. The indicated power 
setting for epicardial ablation ranged from 30 to 60 W.

Furthermore, the questionnaire also evaluated the use of ablation in
dices such as lesion size index (LSI) and ablation index (AI),12,13 although 
being more commonly used and validated for the atrium. More than half 
of participants, 58.6%, answered to use either LSI or AI in VT ablation. 
Reported values for LSI ranged from 3 to 8 and for AI from 500 to 1000.

Procedural endpoints
Physicians were asked to report on their lesion assessment and proced
ural endpoints for VT ablation. To reflect actual real-world VT pro
ceedings, multiple answers were possible.

Results on all reported procedural endpoints are summarized in 
Figure 5. Non-inducibility of VT and abolishment of all LAVAs seem 
to be the most frequent endpoints in VT ablation.

In addition to the previous question on access to advanced ablation 
techniques (Figure 4), we also asked the participants when they would 
apply these options, if applicable. The majority (50.9%) uses these 
technologies only after previously failed ablation (second procedure). 
More than one-third (30.8%) reports not to have access to advanced 
ablation techniques at their centres. If VT documentation or under
lying disease would suggest an epicardial origin, 11.7% would apply 
the forementioned advanced ablation techniques during the first abla
tion attempt.

Use of assist devices
Physicians were asked on which basis the decision to employ an assist 
device is made. The main factor triggering the use of an assist device was 
an impaired ejection fraction in most centres (56.3%). One-quarter 
(25.8%) reported to use assist devices in patients in VT storm. 
Decision-making based on scores like the I-VT score/PAINESD score 
was reported in 22.2%.

Post-ablation management—vessel 
closure, oral anticoagulation, and 
antiarrhythmic drugs
Venous and arterial closure
For groin access closure in 40%, a Z-suture is used. For closure of 
arterial access in 40% of centres, specific closure devices are used 
(e.g. AngioSeal). Closure devices for venous access are used in 2.2% 
of centres. In 18.8% of centres, access closure is obtained by manual 
compression only.

100%

80%

60%

40%

20%

39.3%

23.6%

34%

59.5%

0%
After the first shock After multiple shocks

When do you perform VT ablation in ‘first’ do procedures in
ICM/NICM?

Increasing nsVT or ATP
episodes

Prophylactic VT ablation–
irrespective of ICD

interventions

4.4%
2.2%

ICM Non-ICM

37%

17.6%

Figure 3 Timing of first ablation attempt.
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Post-procedural oral anticoagulation management
Assessment of post-procedural OAC management (if no other indica
tion for OAC therapy was present, e.g. atrial fibrillation) revealed that, 
in 35.0%, ASS monotherapy and, in 45.2%, a DOAC therapy (mostly 
apixaban) are prescribed after VT ablation.

In 4.5%, clopidogrel monotherapy is used. Duration of OAC therapy 
varied from 4 to 52 weeks. In the remaining 15.3%, no OAC is used 
after VT ablation. Only a few reported on using low-weight-molecular 
heparin during the hospital stay.

Management of antiarrhythmic drugs
Physicians were asked if they always discontinue any pre-existing AAD 
if VT ablation is acutely considered successful. One-third (33.2%) an
swered to always stop AAD after a successful VT ablation, and 13% an
swered to sometimes stop AAD. Despite a successful VT ablation, 
65.4% report to always continue AADs for at least 3 months and 
9.7% to sometimes continue AADs.

Wearable cardioverter defibrillator in preserved ejection 
fraction, risk assessment, and genetic testing
The questionnaire also evaluated if physicians tend to equip their pa
tients with a wearable cardioverter defibrillator (WCD, LifeVest) after 
VT ablation in the setting of preserved ejection fraction. This was the 
case in 16.8% of participants.

Acknowledging the new guideline recommendations, the role of risk 
assessment and genetic testing was elicited in this survey. Asking if EP 
studies are performed for risk assessment of VT or SCD, the vast ma
jority, 64.3%, perform electrophysiological study (EPS) only in symp
tomatic patients (dizziness or syncope) with known structural heart 

disease. In 17%, EPS is only performed after the first episode of sus
tained monomorphic VT. In 19.2%, physicians stated not to perform 
EPS for risk assessment. Regarding genetic testing for risk stratification 
or evaluation of underlying disease, most participants, 64.3%, only per
form genetic testing in patients <50 years of age suffering from DCM or 
HNDCM with a positive family history for the latter or SCD; 22.4% re
port to perform genetic testing in all patients suffering from DCM or 
HNDCM. Fewer participants (15.6%) test in DCM/HNDCM patients 
with AV conduction abnormalities; 11.2% state to find genetic testing 
not valuable in this particular setting.

Discussion
Catheter ablation has become a cornerstone in the treatment of recur
rent VT and has been proven to be superior to AAD therapy.3,14,15

Although guidelines of VT management are constantly updated,1,4 data 
on implementation of the latter and information on real-world manage
ment of VT and VT ablation specifics are sparse. Furthermore, details on 
ablation specificities, such as mapping, and ablation strategies or lesion as
sessment are not completely covered by the current guidelines. This sur
vey aimed to reflect real-world VT management and to provide daily 
practice data, potentially facilitating VT ablation in different settings pos
sibly improving outcome, safety, and patient care.

Main findings of this survey are the following: 

(1) Ventricular tachycardia ablation is mainly performed in university hos
pitals. Most participants report to have heart surgery on site. A case 
load of 300–900 procedures of which 50 VT ablations are performed 
per year.

(2) More than 50% obtain CMR/LGE-CMR routinely before VT ablation.

Access to advanced ablation techniques in case of ablation failure

Responses

0 10 20 30 40 50 60 70 80

Epicardial ablation

Half-normal saline/dextrose-5 in
water (DSW) irrigation

Bipolar ablation

Stereotactic radiotherapy

Arrhythmia surgery

Alcohol ablation

Not available onsite but cooperation
and/or referral option

Not available in my country

11.0%

9.8%

8.7%

8.2%

18.8%

2.2%

67.4%

16.8%

Figure 4 Use and/or access to advanced ablation techniques if conventional ablation failed.
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(3) No prophylactic VT ablation is performed. However, in ICM, the 
threshold for VT ablation is lower than in NICM.

(4) Availability or use of advanced ablation techniques is sparse. Epicardial 
ablation and half-normal saline irrigation are used most frequently as 
additional ablation techniques.

(5) For mapping, 85% use a high density (HD) mapping catheter. For VT 
ablation, contact force-enabled catheters are employed in most cases.

(6) Non-inducibility of VT and abolishment of all LAVA are the predom
inantly reported endpoints in VT ablation.

(7) Risk assessment by EPS or genetic testing is only performed in young
er symptomatic patients with positive history of structural heart 
disease.

Centre settings, acute ventricular 
tachycardia management, and access to 
advanced ablation technologies
Centres
This survey conducted by the SIC and distributed by EHRA revealed 
that the majority of participants performing VT ablation have a signifi
cant overall case load with heart surgery on site. In comparison to the 
previous survey by Tilz et al.,16 the number of VT ablation increased 
over time from <50 VT ablations/centre per year to now >50 VT abla
tions/centre without increasing the total number of centre volume 
significantly.

Of note, our survey indicates that VT ablation is still performed in 
centres with an overall case load of <50/y. This finding is worrying con
sidering reported correlation of outcome and centre volume for less 
complex procedures and patients as in the setting of atrial fibrillation 
and pulmonary vein isolation.17 However, in this survey for the first 
time, one-third of physicians report to have a dedicated 24-h VT unit 
or some kind of 24-h service. These findings are slightly different to 

the recent survey on VT storm in Europe reporting a 24-h availability 
in only 16.5% of the centres.18

Ventricular tachycardia management
The acute pharmacological VT management confirmed previous find
ings of amiodarone and lidocaine being administered most frequently. 
However, assumingly to recent publication showing superior efficacy 
in the treatment of VT storm, non-selective β-blockers are used in
creasingly as indicated by the participants.1,19

Of note, recently, a survey has been published focusing more thor
oughly on the management of electrical storm.18

Although only a few stated to perform prophylactic CA, which is 
not supported by current data,20 general timing of VT ablation as an
swered in this survey has slightly changed over time. In patients with 
ICM, the threshold for VT ablation is lower as compared to NICM. 
In the setting of ICM, 39.3% of physicians offer VT ablation already 
after the first shock and 37% already in the case of increasing antitachy
cardia pacing (ATP) therapies. In NICM, physicians seem to await re
current ICD shocks. Only 23.6% would perform VT ablation after the 
first shock. These findings nicely reflect the implementation of the cur
rent guidelines from the ESC and AHA/ACC/HRS for VT treatment in 
ICM and NICM.1,21 More detailed data regarding time interval be
tween ischaemic event and necessity of first ablation would be 
desirable.

Also emphasized by the current VT guidelines, the survey revealed 
that 55.4% of participants routinely obtain CMR or CT imaging before 
VT ablation. This is an increase of >20% as compared to the survey by 
Tilz et al.16 Interestingly, only two-thirds integrate obtained CMR or CT 
imaging into their intraprocedural obtained EAM. A possible explan
ation might be the significant costs of dedicated imaging software to dis
play and integrate VT substrate.
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Figure 5 Distribution of procedural endpoints in VT ablation.
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Ablation specifics
Within the last years, new ablation modalities such as bipolar ablation, 
the use of half-normal saline irrigation, and stereotactic ablation have 
been introduced to improve VT ablation and long-term outcome.22–27

This survey, for the first time, evaluated availability and application of 
latter. Interestingly, the most frequently employed advanced ablation 
technique is an epicardial ablation approach or the use of half-normal 
saline irrigation.

Only 11.7% indicated to apply these options in a first do procedure 
despite the fact that certain VT entities and their 3D substrate poten
tially profit from a more advanced ablation approach in the first proced
ure (e.g. septal28,29 VT and VT in Brugada).23,30 Of note, up to 20% 
reported not to have access to advanced ablation techniques at all. 
Therefore, this survey reveals the need for a VT network in less 
equipped centres or regions to facilitate potential cooperation and im
prove optimal VT ablation outcome.

The largest variety was observed for the intraprocedural workflow 
(Figure 6). Although conventional EAM and VT induction are still the 
main approaches, new ablation strategies such as imaging-guided or 
functional substrate-guided (ILAM and DEEP) ablation are on the 
march.31,32 Ongoing studies (InEurHeart, NCT05225935) might deliver 
further evidence to unify guideline recommendations on ablation mo
dality, therefore leading to shorter and safer VT procedures. 
However, despite all development in the field of VT ablation, non- 
inducibility of VT and substrate homogenization still seem to be the 
widely accepted endpoints.

The use of assist devices in haemodynamically impaired patients or in 
fast VT has been discussed in previous studies. Risk scores such as the 
PAINESD score or the I-VT score are recommended to discern 

patients to undergo VT ablation in the setting of an assist device.33,34

However, this survey revealed that most participants rather rely on 
left ventricular ejection fraction (LVEF) when deciding to use an assist 
device. Recent studies support that forementioned scores do not per
form well in distinct VT population, and therefore, severely impaired 
LVEF might serve more accurately as a procedural risk predictor.35

Post-procedural management
Compared to the survey from 2018,16 data from DOAC after VT stud
ies are apparently more frequently implemented.36 Therefore, 45.2% of 
physicians indicated to prescribe DOACs after VT ablation for a min
imum of 4 weeks.

Although the use of wearable defibrillator (LifeVest) should be re
stricted to distinct populations, this survey revealed that 16.8% of phy
sicians equip their patients with the latter despite successful VT ablation 
in the setting of preserved ejection fraction. This interesting finding is 
not supported by the current guidelines or previous reviews.1,37

Risk assessment and genetic testing
As a novelty, the current guideline emphasizes on the importance of 
risk assessment and genetic testing foremost in patients with symptoms 
in the setting of structural heart disease and/or patients suffering from 
DCM/HNDCM. According to the percentages indicated in the survey 
for EPS and genetic testing, this is potentially one of the topics that 
needs more awareness and therefore be improved timely, since 
<20% genetic testing is far too low especially in patients with DCM/ 
HNDCM incorporating a huge variety of underlying disease (e.g. lami
nopathy) with severe risk of SCD.38–40
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Figure 6 Workflow for VT ablation: Procedural strategy, mapping and used tools.
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Limitations
The nature of the surveys and its recipients might lead to a selection 
bias since due to the outlet and distribution of the latter, only scientif
ically interested physicians participate. This potentially reflects a nar
rower real-world scenario. Also, it should be mentioned that many 
responses were received from one country (Germany). Therefore, 
the before-mentioned biases might be pronounced. In the future, re
peat surveys specifically comparing countries could be of potential 
interest and reflect more on healthcare system differences. However, 
in this survey, the large number of participating physicians and coun
tries, also outside Europe, is of value.

Conclusions
The current survey demonstrates that the management of VT has al
ready implemented quite well some of the new aspects of the new 
VT guidelines. However, this survey also revealed topics that need to 
be improved in a timely manner. This survey is intended to enable im
provement of VT management by sharing the reported insights on VT 
management and facilitate collaboration for improved patient outcome.

Supplementary material
Supplementary material is available at Europace online.
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