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Abstract 

Background: Radiofrequency ablation has been shown to be a safe and effective treatment for scar-related ventricu-
lar arrhythmias (VA). Recent preliminary studies have shown that real time integration of late gadolinium enhance-
ment cardiac magnetic resonance (LGE-CMR) images with electroanatomical map (EAM) data may lead to increased 
procedure efficacy, efficiency, and safety.

Methods: VOYAGE is a prospective, randomized, multicenter controlled open label study designed to compare in 
terms of efficacy, efficiency, and safety a CMR aided/guided workflow to standard EAM-guided ventricular tachycardia 
(VT) ablation. Patients with an ICD or with ICD implantation expected within 1 month, with scar related VT, suit-
able for CMR and multidetector computed tomography (MDCT) will be randomized to a CMR-guided or CMR-aided 
approach, whereas subjects unsuitable for imaging or with image quality deemed not sufficient for postprocessing 
will be allocated to standard of care ablation. Primary endpoint is defined as VT recurrences (sustained or requiring 
appropriate ICD intervention) during 12 months follow-up, excluding the first month of blanking period. Secondary 
endpoints will include procedural efficiency, safety, impact on quality of life and comparison between CMR-guided 
and CMR-aided approaches. Patients will be evaluated at 1, 6 and 12 months.

Discussion: The clinical impact of real time CMR-guided/aided ablation approaches has not been thoroughly 
assessed yet. This study aims at defining whether such workflow results in more effective, efficient, and safer proce-
dures. If proven to be of benefit, results from this study could be applied in large scale interventional practice.

Trial registrationClinicalTrials.gov, NCT04694079, registered on January 1, 2021.
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Background
Malignant ventricular arrhythmias (VA) represent “elec-
trical abnormalities” of the heart that are the final result 
of several myocardial diseases and the leading cause of 
sudden death in cardiac patients [1].

Open Access

*Correspondence:  g.zucchelli@ao-pisa.toscana.it
2 Second Division of Cardiology, Cardiothoracic and Vascular Department, 
Azienda Ospedaliero Universitaria Pisana, Via Paradisa 2, 56124 Pisa, Italy
Full list of author information is available at the end of the article

http://orcid.org/0000-0001-7274-4541
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-022-02581-1&domain=pdf


Page 2 of 9Lilli et al. BMC Cardiovascular Disorders          (2022) 22:169 

Previous studies and meta-analyses [2, 3] clearly dem-
onstrated that the presence of a myocardial scar is a 
significant predictor of sudden death, malignant arrhyth-
mias or ICD shocks. The presence of isles and channels 
of viable myocardium represents the main pathological 
basis of most arrhythmia-related scars. Several triggers 
such as heart failure, molecular changes or autonomic 
nervous system unbalances have been considered impor-
tant in the clinical development of arrhythmias [4]. Nev-
ertheless, the substrate linked to jeopardized scar and 
viable myocardium constitutes the root of reentry cir-
cuits and, importantly, a major target for therapy. Every 
single subject will develop, after a myocardial injury, a 
specific pattern of fibrosis, with some individual, unpre-
dictable characteristics (endo/epicardial involvement, 
confluent, jeopardized or merged fibrosis with normal 
tissue).

In the last decade, effort has been made to change the 
perspective of approach to VA and sudden cardiac death. 
ICD became the cornerstone of management; how-
ever, no event can be prevented by ICD, that effectively 
treats VAs only after their onset. Pharmacological ther-
apy comprises only few drugs that interfere directly with 
the electrical properties of the myocardium usually with 
a single mechanism for every molecule. Unfortunately, 
major adverse effects of drugs limit their use and mitigate 
their benefit [5]. Consequently, percutaneous ablation 
becomes an important approach to prevent VA occur-
rence [6, 7].

The traditional approach to VT ablation implies the 
recognition of the origin and/or propagation of the myo-
cardial signal during arrhythmia. Mapping of myocar-
dial potentials during spontaneous rhythm or induced 
arrhythmias helps the physician to recognize possible 
foci or circuits for propagation. In a recent meta-analysis, 
the combined risk of ventricular arrhythmia recurrence 
and all-cause mortality during long-term follow-up was 
lower when using a substrate-based approach compared 
to standard ablation of stable VT. However, efficacy was 
greatly reduced if the substrate modification was incom-
plete [8].

Given the highly patient-specific pattern of myocar-
dial fibrosis and the importance of a substrate-oriented 
approach, we highlight the opportunity to individualize 
the diagnostic and therapeutic strategies.

This goal can be attained by means of substrate iden-
tification, anatomic reconstruction (i.e., mapping of the 
fibrosis) and tailored modification. From a clinical point 
of view, cardiac magnetic resonance for the substrate 
characterization and radiofrequency ablation represent 
the mainstream “tools” to achieve the purpose.

The aim of the VOYAGE (Ventricular tachycardia abla-
tiOn and mYocardial scAr chracterization with maGnetic 

rEsonance) trial (ClinicalTrials.gov NCT04694079) is to 
test, in terms of efficacy, safety and efficiency, a tailored 
approach to VT ablation. The study will compare current 
standard of care with a tailored approach for VA radi-
ofrequency (RF) ablation. The experimental approach is 
based on pre-interventional anatomic substrate defini-
tion by Cardiac Magnetic Resonance (CMR) with Late 
Gadolinium Enhancement (LGE), using a post-process-
ing 3D elaboration software.

Methods
Study hypothesis and primary endpoint
Our hypothesis is that a comprehensive preprocedural 
individual characterization of the myocardial substrate 
via a CMR scan, and its integration within the mapping 
system can significantly improve technical intervention 
and patient outcome. The primary objective is to analyze 
the outcome of CMR guided/aided approaches of VT 
ablation in terms of effectiveness at 12  months in com-
parison to a control group (standard of care VT ablation). 
The primary endpoint is defined as any VT recurrences 
during a 12-months follow-up (not including the first 
month). VT episodes will be considered as recurrences if 
sustained (more than 30 s) or requiring appropriate ICD 
intervention and will be detected during outpatient clinic 
evaluation through an ICD interrogation.

Pre-specified group subanalyses will compare in terms 
of the primary endpoint:

• Patients with structural heart disease of ischemic ori-
gin

• Patients undergoing endocardial-substrate only abla-
tion

Secondary objectives are shown in Table 1.

Trial design
The VOYAGE trial is a prospective, randomized, multi-
center open-label study with control group involving a 
total of eight centers. The research consortium includes 
both Academic (2 centers: Azienda Ospedaliero Uni-
versitaria Pisana e Azienda Ospedaliero Universi-
taria Senese) and non-Academic (6 centers: 2 located 
at Azienda Sanitaria Locale Toscana Nord Ovest, 2 
at Azienda Sanitaria Locale Sud Est, 1 at Fondazione 
Toscana G. Monasterio, 1 at Teknon Medical Center—
Heart Institute) hospitals located in Italy (n = 7) and 
Spain (n = 1). Some centers are involved in patient 
recruitment and cardiac imaging evaluation whereas 
others are also equipped for ablation procedures (5 
centers). Teknon Medical Center – Heart Institute 
(Barcelona, Spain) is involved as an external research 
organization, with a training and technical support 
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role, in particular regarding imaging dataset acquisi-
tion, post-elaboration and integration during ablation 
procedures. Centre will also participate on data analysis 
and result dissemination. The coordinating center is an 
Academic center located in Pisa (Azienda Ospedaliera 
Universitaria Pisana) with expertise in ventricular abla-
tion procedures.

The study provides three arms:

• Group 1, Experimental: CMR guided ablation of the 
"anatomical" channels based on anatomical scar

• Group 2, Experimental: CMR aided ablation of the 
"electrical" conducting channels (CCs) within the 
scar

• Group 3, Standard of Care: Ablation guided by an 
electro-anatomical system

All patients who give informed consent for participa-
tion and fulfill the inclusion eligibility criteria will be 
consecutively enrolled (Inclusion and exclusion crite-
ria are respectively shown in Tables  2 and 3). They will 
subsequently be evaluated for eligibility to CMR and CT. 
Patients with clinical or device-related contraindications 

Table 1 Secondary endpoints

Secondary endpoints

Health-related quality of life changes

Procedural time (introducer in-introducer out)

Fluoroscopy duration

X-ray exposure

Radiofrequency time

Number of RF applications

VT inducibility at the end of ablation with number of residual VTs

Appropriate and inappropriate ICD interventions (ATP or shocks) anytime and after 1 month

Rate of patients with contraindication to CRM or with poor CMR imaging

Hospital admission for cardiac causes

VT storm anytime and after 1 month

Composite endpoint including death at any time, VT storm and appropriate ICD shock after 1 month of treatment

Complications during 12-month follow-up

Death (related or not to the procedure)

Myocardial infarction

Stroke or transient ischemic attack (TIA)

Other thromboembolic events

Cardiac perforation or tamponade

Vascular complications

Prolonged or repeat hospitalization

Heart block

Pericarditis requiring intervention

Pneumothorax

Pulmonary edema

Hepatic injury

Abdominal issues

Table 2 Study inclusion criteria

Inclusion criteria

Indication for VT ablation in patients with structural heart disease (indications according to the 2015 ESC Guidelines for the management of patients 
with ventricular arrhythmias and the prevention of sudden cardiac death);

Structural heart disease (clinical history, ECG, multimodality imaging) involving the left ventricle

Signed informed consent;
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to CMR or CT or with image quality deemed subopti-
mal for postprocessing will be assigned to Group 3 and 
undergo standard of care ablation. The other patients 
will be randomized in a 1:1 fashion to either Group 1 or 
2 using a web-based platform. The scientific coordinator 
of the study or a delegate should be the unique respon-
sible of randomization and will be contacted upon all 
new recruitments. LGE-CMR data obtained by 1.5 or 3 T 
CMR and multi-detector cardiac tomography (MDCT) 
data obtained using a 64 to 128 slice CT scanner will be 
processed with a specific commercial software (ADAS 
3D, Galgo Medical, Barcelona, Spain). In Group 1, abla-
tion will be performed based only on cardiac imaging 
information processed by the abovementioned software 
without electroanatomical mapping. A so-called anatom-
ical approach is consistent with a previous observation  
[9] that ablation of channels only can be effective in pre-
venting VA recurrences. In Group 2 ablation procedure 
will be based on information derived from both imaging 
and electroanatomic mapping data, but electrical CCs 
will remain as the final ablation target. Finally, Group 3 
will be treated with standard ablation according to cur-
rent clinical practice based on electroanatomic mapping 
(EAM). (Fig. 1).

Preprocedural CT scan
In absence of contraindications, a contrast-enhanced 
multi-detector cardiac tomography (MDCT) will be 
obtained using a 64 or 128 slice CT scanner, with ECG 
gating set between 50 and 100% of cardiac cycle. The 
exam will be performed after hospital admission or in an 
outpatient setting. Anatomical data obtained from such 
exam will be used for clinical management purposes and, 
after post-elaboration with ADAS 3D software, inte-
grated within the spatial reference coordinates of the 

EAM system (CARTO 3 Biosense Webster, Diamond Bar, 
CA, USA), alongside data derived from LGE-CMR.

Preprocedural CMR scan
In absence of contraindications, an LGE-CMR will be 
obtained using a 1.5 or 3  T scanner. In patients already 
implanted with an MRI-conditional ICD, the exam will 
be performed using a 1.5 T scanner using a specific wide-
band sequence in order to avoid device-related artifacts. 
CMR machines in use at participating centres at time 
of publication are: Magnetom Avanto 1.5  T (Siemens 
Healthcare, Erlangen, Germany), Magnetom Aera 1.5  T 
(Siemens Healthcare, Erlangen, Germany) and Signa Art-
ist 1.5 T (GE Healthcare, Chicago, IL, USA). Anatomical 
data obtained from such exams will be used for clinical 
management purposes and, after post-elaboration with 
ADAS 3D software, integrated within the spatial refer-
ence coordinates of the electroanatomical mapping sys-
tem (CARTO 3 Biosense Webster, Diamond Bar, CA, 
USA), alongside anatomical data derived from MDCT.

Image processing
Images processing (ADAS 3D Galgo Medical, Barcelona, 
Spain) is pivotal to translate radiomics data produced by 
CMR into utilizable maps within the electrophysiology 
lab. Briefly, sequence packs created within each center 
will be transferred and processed by core-lab and finally 
elaborated by the software with the purpose of being 
integrated with the ablation mapping suite (CARTO 3, 
Biosense Webster, Diamond Bar, CA, USA). A pre-study 
phase for the achievement of quality standards in images 
acquisition has been accomplished in every center before 
the enrollment start date. The core-lab for image process-
ing (U.O. Cardiologia 2—Azienda Ospedaliero Univer-
sitaria Pisana), will be further supported, if required, by 

Table 3 Study exclusion criteria

Exclusion criteria

Age < 18 years;

ICD not already implanted nor expected within 1 month;

High probability of non-adherence to the follow-up requirements (due to social, psychological, or medical reasons);

Inability to give written informed consent;

Pregnancy (suspected or confirmed);

Acute coronary syndrome or PCI in the previous 30 days

Creatinine clearance < 15 ml/min (stage 5 CKD) (according to clinical history or out/in-patient tests performed upon enrollment)

Severe chronic liver disease (Child–Pugh score C) (according to clinical history or out/in-patient tests performed upon enrollment)

Heart surgery for valve disease in the previous 6 months or expected within 6 months

Coronary artery bypass graft in the previous 3 months

NYHA functional class IV heart failure or CCS functional class IV angina

Previous VT ablation

Systemic illness likely to limit survival to < 1 year
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Heart Institute in Teknon Medical Center (Barcelona, 
Spain). A VPN tunnel and an SFTP server will be used 
to securely transfer anonymized data between centers for 
post-elaboration.

LV endocardial and epicardial borders will be delim-
ited by an experienced operator with a semiautomatic 
segmentation algorithm. Nine concentric layers will be 

identified from endocardium to the epicardium (10 to 
90% of wall thickness). LGE-CMR information will be 
projected using trilinear interpolation over each layer 
surface and signal intensity distribution will be color-
coded. Scar core (SC) and border zones (BZ) will be 
defined as 40% ± 5% and 60% ± 5% of maximum signal 
intensity respectively. Heterogeneous tissue channels 
(HTCs) will be defined as a corridor of BZ between two 
core areas or between a core area and a valvular annulus 
connecting two areas of healthy tissue.

The software will identify HTCs automatically, and 
they will be classified as:

1. Sub-endocardial (layers from 10 to 50%).
2. Sub-epicardial (layers from 60 to 90%).
3. Transmural (layers from 10 to 90%).

Pixel signal intensity (PSI) maps and HTCs derived 
from LGE-CMR studies will subsequently be fused and 
aligned with the anatomical reconstructions extracted 
from multidetector cardiac tomography (MDCT) using 
the ADAS 3D software platform. This alignment allows 
the integration within the spatial reference coordinates 
of the mapping system by performing a fast anatomical 
mapping of the aortic root  [9].

Ablation procedure
Ablation procedure will be carried out in an electrophysi-
ology lab by using an electroanatomical mapping system 
(CARTO 3, Biosense Webster, Diamond Bar, CA, USA). 
An open irrigated 3.5  mm tip radiofrequency catheter 
(ThermoCool SmartTouch SF, Biosense Webster, Dia-
mond Bar, CA, USA) will be used both for mapping and 
ablation.

In Groups 1 and 2 fast anatomical mapping (FAM) of 
the aorta from the aortic root to the origin of the left 
subclavian artery will be obtained in order to align such 
reconstruction with the MDCT-derived 3D model of 
the aorta and left ventricle, thus enabling the alignment 
between CARTO spatial references and post-processed 
CMR derived 3D model.

An electroanatomical map (EAM) of the target cham-
ber will be obtained only in groups 2 and 3. EGMs will 
however be analyzed in all cases to avoid applications:

1. At the level of His or fascicular EGMs
2. At the level of EGMs with an amplitude > 3 mV or 

1.5–3 mV without delayed components, during sinus 
rhythm of after application of multiple extrastimuli 
to check for the presence of hidden slow conduction.

The target for RF ablation changes accordingly to the 
group of allocation or randomization.

Fig. 1 Study design flowchart. VT: ventricular tachycardia; MDCT: 
multidetector computed tomography; CMR: cardiac magnetic 
resonance
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Group 1: RF energy will be delivered at the entrance 
of HTCs identified in the maps created by images pro-
cessing, regardless of the presence of any pathologi-
cal electrogram (EGM) at such locations (Fig.  2). If VT 
is spontaneously induced, it’s allowed to map the circuit 
and ablate during tachycardia, even though it’s suggested 
to acquire the template and stop the arrhythmia (at first 
appearance) and continue the ablation of substrate.

Group 2 and Group 3: Ablation sites will be identified 
after analyzing the complete EAM, targeting conduct-
ing channel entrance-compatible EGMs, according to 
the “scar dechanneling” technique [10]. Other techniques 
aimed at achieving complete substrate ablation and cur-
rently used by the centre performing VT ablation, will be 
accepted. In case of absence of electrograms with delayed 
components at EAM, VT will be induced, and mapping 
will be done to delineate the circuit. In Group 2 the scar 
area localization via CMR images integrates the EAM 
data to help in substrate delineation focusing on that 
area. In Group 3 a complete left ventricle EAM will be 
achieved.

At the end of ablation, we will verify the absence of 
pathological EGMs and we’ll proceed towards inducibil-
ity test. In case of VT induction, we could have 2 scenar-
ios: (1) hemodynamically tolerated VT: it will be mapped 
and ablated; (2) not hemodynamically tolerated VT: VT 

template will be taken and, after its interruption, used for 
pacemapping to identify VT exit site, which will undergo 
ablation.

Acute success will be defined as non-inducibility (2 
drives, 2 sites, up to 3 extrastimuli) of any sustained 
monomorphic VT at the end of the procedure. Partial 
success will be considered with the clinical VT success-
fully ablated with other monomorphic VTs remaining 
inducible. Pre-ablation inducibility is not required and is 
discouraged unless in the abovementioned conditions.

Device programming and medical therapy
All patients involved in the study, regardless of Group 
allocation, will have their ICD programmed following 
2019 HRS/EHRA/APHRS/LAHRS expert consensus 
statement on optimal ICD programming [11], following 
the manufacturer specific recommendations about ther-
apy and detection in patients where VT cycle is known, 
alongside any anti-bradycardia setting necessary for ther-
apeutic needs. Particularly, the VT zone with lower rate 
detection should be set at 10–20 beats/min slower than 
the clinical VT to guarantee a good sensitivity in recur-
rences diagnosis and therapy should be programmed in 
order to reduce unnecessary shocks.

Patients involved in the study will be treated with 
antiarrhythmic drugs and any other medical therapy 

Fig. 2 Mapping suite showing a CMR-guided procedure, with VT interruption during RF delivery at an heterogeneous tissue channel (HTC) on 3D 
CMR model. Green: MDCT-derived aorta 3D model, blue areas: healthy tissue, red areas: scar tissue, yellow areas: border zone
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considered standard of care for the SHD and VT. Particu-
larly, use of amiodarone is allowed at enrollment but it is 
strongly suggested to stop it at 1 month follow-up, if not 
contraindicated, to avoid drug-related toxicity.

Follow‑up
Clinical follow-up (FU) will include outpatient clinic vis-
its at 1, 6 and 12  months after the ablation procedure. 
If no contraindications, amiodarone (if used) should be 
stopped at the 1-month FU visit. At all follow up visits, 
the following parameters and information will be taken:

• Physical examination.
• 12-lead surface ECG.
• Transthoracic echocardiography (at 6 and 

12 months).
• ICD interrogation, analyzing any event marked as 

VT or VF by the device.

To assess changes in health-related quality of life, the 
36-Item Short Form Survey (SF-36) will be adminis-
tered at enrolment and at the 12-months follow up visit 
(Table 4).

Sample size and statistical analysis
To test the primary hypothesis, 103 patients will be nec-
essary with 80% power and 5% type 1 error, considering 
50% of group 1–2 (low risk), 50% of group 3 (high risk), 
16% of likelihood of VT recurrences at 12 months in low-
risk patients and 44% of likelihood in high-risk patients 

with HR (high risk/low risk of recurrences) of 2.75 (Cox 
PH, 2-sided equality).

All applicable statistical tests will be 2-sided and will 
be performed using a 5% significance level. Continuous 
variables will be reported as mean ± standard devia-
tion, or median (range or interquartile range if data are 
skewed) if not normally distributed; these variables will 
be compared using Student’s t-test if normally distrib-
uted, Aspin-Welch test if normally distributed with une-
qual variance demonstrated using Variance-ratio F-test, 
or Mann–Whitney U test if not normally distributed. 
Categorical variables will be expressed as total number 
(percentage) and will be compared by chi-squared test. 
As far as the primary endpoint, data will be analyzed 
according to the intention-to-treat principle. Survival 
free from ventricular arrhythmia, will be evaluated using 
a time-to-first-event analysis with the Logrank test and 
the Kaplan–Meier cumulative event rate. A multivariable 
Cox proportional hazards model will be performed to 
investigate the effects of baseline characteristics in pre-
dicting ablation results.

Discussion
Integration of high-definition myocardial substrate 
data acquired via imaging techniques such as CMR and 
MDCT has already been proved as a feasible and poten-
tially effective solution for VT ablation, even in com-
plex and cutting-edge scenarios [9, 12–14]. However, 
MDCT-only approaches, in which myocardial wall thick-
ness maps can identify "CT-channels" [15] where VT 

Table 4 Study timeline

PROCEDURE VISIT

Enrollment Baseline Ablation Discharge 1 month 6 months 12 months

Eligibility screen ✓
Informed consent ✓
Demographic Data ✓
Medical History ✓
QoL assessment ✓ ✓
Medication ✓ ✓ ✓ ✓ ✓
12-lead ECG ✓ ✓ ✓ ✓ ✓
CMR (gr. 1 and 2) ✓
TTE ✓ ✓ ✓
Cardiac CT (gr. 1 and 2) ✓
ICD check ✓ ✓ ✓ ✓
Ablation data ✓
Safety data ✓ ✓ ✓ ✓ ✓
Protocol Deviation ✓ ✓ ✓ ✓ ✓ ✓ ✓
Adverse event ✓ ✓ ✓ ✓ ✓ ✓ ✓
Termination ✓ ✓ ✓ ✓ ✓ ✓ ✓
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functional isthmuses can be located, showed poor per-
formance [16] when compared to CMR in correctly iden-
tifying the arrhythmogenic substrate, especially when 
entirely subendocardial.

The mainstay of our proposal is represented by real 
time integration, alignment, and synchronization of 
3D-meshes, containing anatomical data obtained from 
MDCT, and substrate data derived from postprocessed 
CMR, with the tridimensional references of the electro-
anatomical mapping suite, allowing operators to effec-
tively navigate such meshes irrespectively of the presence 
of a standard complete LV EAM.

As far as CMR is concerned, single-center experiences 
have already shown that an approach where MRI derived 
information is used alongside EAM data, to aid VT abla-
tion ("MRI-aided"), may lead to improved efficacy over 
traditional EAM-only techniques [12, 17]. The natural 
evolution of such method may be represented by “MRI-
guided” approaches, where EAM acquisition is com-
pletely avoided, and the operator relies solely on imaging 
data; a single-center nonrandomized study demonstrated 
that this approach is not only feasible and safe, but could 
lead to lower acute VT inducibility rates and comparable 
long-term efficacy with “MRI aided” procedures, while 
allowing more efficient procedures, with lower procedure 
duration and radiological exposure [9].

The primary objective of this study is to verify, for the 
first time in a multicenter controlled open-label clini-
cal trial, whether CMR guided and aided strategies, as a 
whole, truly represent a more effective, more efficient, 
and at least as safe, if not safer, VT ablation approach 
when compared to the standard EAM-only guided tech-
nique. A confirmation of our primary hypothesis can also 
lead to the speculation that an imaging-based workflow 
could better standardize the approach to VT’s substrate, 
finally determining less variability between operators and 
a smoother) VT ablation learning curve, as compared to 
EAM only technique.

While not powered for this specific objective, our 
study could also reveal whether a complete anatomi-
cal CMR-derived substrate elimination, as established 
for CMR-guided (“Group 1”) procedures, could guar-
antee better long-term results. The present trial was 
designed to overcome most of limitations related to 
the implementation of our proposed approach. First, 
the incidence of treatable VA is relatively low in gen-
eral population and high volume (of cases) is critical 
for both imaging elaboration and ablation procedures. 
Accordingly, we created a network of centers, each 
with at least one major expertise, and a period of train-
ing before the trial (6  months) has been devoted to 
share information about image acquisition and abla-
tion approaches. Eventually, a total of four centers for 

CMR acquisition and five centers for ablation were 
able to provide high quality activities, with a definite 
standardization of CMR sequences and treatment. The 
most critical process, represented by standardization of 
imaging acquisition protocols, has been guaranteed and 
supervised by the core laboratory, in collaboration with 
the aforementioned external research organization.

In conclusion, VOYAGE is the largest trial so far to 
propose and test, in a randomized setting, a compre-
hensive workflow for CMR-guided/aided VT ablation. 
If positive, results from this study could be applied in 
large scale in the electrophysiology practice, contribut-
ing to the adoption of substrate-tailored approaches, 
coherently with current trends in the era of precision 
medicine.

Trial status
Patient recruitment started in June 2021 and is ongoing at 
time of publication. Enrollment completion is estimated 
by June 2023. The 12-month follow-up information of the 
last included patient should be available approximately 
3 years after the first inclusion.
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