
Academic Editor: Julio Garcia Flores

Received: 9 February 2026

Revised: 11 March 2026

Accepted: 12 March 2026

Published: 14 March 2026

Copyright: © 2026 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Review

Current Evidence and Future Directions for Cardiac Imaging in
Ventricular Tachycardia Ablation: A Narrative Review
Giovanni Canino 1,† , Assunta Di Costanzo 1,† , Nadia Salerno 1 , Isabella Leo 1 , Danilo Arnone 2 ,
Patrizia Vizza 3 , Giuseppe Tradigo 2, Pietro Hiram Guzzi 2,* , Daniele Torella 2,4 and Pierangelo Veltri 3

1 Department of Experimental and Clinical Medicine, Magna Graecia University of Catanzaro,
88100 Catanzaro, Italy; canino@unicz.it (G.C.); nadia.salerno@unicz.it (N.S.)

2 Department of Surgical and Medical Sciences, Magna Graecia University of Catanzaro,
88100 Catanzaro, Italy; dtorella@unicz.it (D.T.)

3 Department of Informatics, Modelling and Systems, University of Calabria, 87030 Rende, Italy;
pierangelo.veltri@unical.it (Pierangelo Veltri)

4 Cardiology Unit, AOU Dulbecco, 88100 Catanzaro, Italy
* Correspondence: hguzzi@unicz.it; Tel.: +39-0961-369-4148
† These authors contributed equally to this work.

Abstract

Management of ventricular tachycardia (VT) requires an integrated approach combining
invasive therapy and cardiac imaging. This article reviews the principal imaging modalities
and their integration with electroanatomical mapping systems to plan and guide procedures
and to assess the success of VT ablation during follow-up. The central role of imaging in
optimizing the efficacy and safety of VT ablation is emphasized. Studies demonstrating that
imaging-supported workflows can improve substrate localization, reduce procedural times
and radiation exposure, and lower recurrence rates are highlighted. Current limitations
and future challenges are also discussed.

Keywords: ventricular tachycardia; catheter ablation; cardiac magnetic resonance; cardiac
computed tomography; intracardiac echocardiography; PET; SPECT; electroanatomical
mapping; image integration; myocardial scar; substrate ablation

1. Introduction
Ventricular tachycardia (VT) is a major cause of morbidity and mortality in patients

with structural heart disease, including post-infarction ischemic cardiomyopathy, non-
ischemic cardiomyopathies and conditions characterized by an arrhythmogenic phenotype.
In these settings, VT is frequently associated with appropriate implantable cardioverter–
defibrillator (ICD) therapies, recurrent episodes and episodes of “VT storm,” all of which
negatively affect quality of life, accelerate heart failure progression and increase hospital
readmissions, ultimately leading to higher medium- to long-term mortality [1].

In recent years, catheter ablation has assumed an increasingly central role in the
management of ventricular arrhythmias, particularly when antiarrhythmic drug therapy
is ineffective or poorly tolerated, or when arrhythmia recurs despite ICD implantation.
Contemporary consensus documents and clinical guidelines support the use of catheter
ablation within strategies aimed at reducing arrhythmic burden and ICD shocks in selected
patient populations [1,2] (Figure 1).
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Figure 1. Multimodality imaging support for ventricular tachycardia (VT) ablation. The left panel
illustrates a typical VT ablation workflow, including fluoroscopy, ECG/EGM monitoring and elec-
troanatomical mapping (EAM). The right panel summarizes the complementary roles of major
imaging modalities—intracardiac echocardiography (ICE), cardiac magnetic resonance (CMR), car-
diac computed tomography (CCT), and nuclear imaging (PET/SPECT)—in supporting substrate
characterization, procedural planning, target identification and intraprocedural safety. For each
modality, the principal clinical contributions and the main methodological or practical limitations
are summarized. Abbreviations: CCT: cardiac computed tomography; CCTA: coronary computed
tomography angiography; CMR: cardiac magnetic resonance; EAM: electroanatomical mapping; ECG:
electrocardiogram; EGM: electrogram; FDG: 18F-fluorodeoxyglucose; ICE: intracardiac echocardiog-
raphy; LAVA: local abnormal ventricular activities; LGE: late gadolinium enhancement; LIE-CT: late
iodine enhancement computed tomography; LP: late potentials; PET: positron emission tomography;
PSI: pixel signal intensity; RF: radiofrequency; SPECT: single-photon emission computed tomography;
123I-mIBG: iodine-123 metaiodobenzylguanidine; VT: ventricular tachycardia; 3D: three-dimensional.

Randomized clinical trials have demonstrated that catheter ablation reduces arrhyth-
mic burden and improves quality of life compared with escalation of pharmacological
therapy in patients with ischemic heart disease and sustained VT, thereby consolidating its
role within the therapeutic pathway [3].

The objective of VT ablation is to render the arrhythmogenic substrate electrically inert
by interrupting slow-conduction pathways and critical isthmuses through the creation of
thermal lesions. However, this strategy requires a careful balance between antiarrhythmic
efficacy and preservation of myocardial function. A fundamental limitation of approaches
based solely on electroanatomic mapping (EAM) is the intrinsically three-dimensional
nature of the arrhythmogenic substrate: voltage mapping samples only a surface and
may therefore underestimate intramural or epicardial components. Furthermore, the
definition of “scar” is influenced by point density, catheter–tissue contact and myocardial
fiber orientation [2].

Cardiac imaging plays a pivotal role throughout the VT care pathway, enabling de-
tailed identification and quantification of the arrhythmogenic substrate—including scar
location, extent, transmurality and heterogeneity—as well as procedural planning (selec-
tion of endocardial versus epicardial approach and assessment of coronary arteries and
structures at risk), intraprocedural guidance (navigation, catheter–tissue contact and safety
using echocardiography or intracardiac echocardiography) and post-procedural follow-
up [4]. The most relevant imaging modalities include cardiac magnetic resonance (CMR)
with late gadolinium enhancement (LGE) for fibrosis characterization and identification of
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conducting channels; cardiac computed tomography (CT) for high-resolution anatomical
definition and procedural risk assessment; intraprocedural echocardiography for real-time
guidance and early detection of complications; and positron emission tomography (PET)
or single-photon emission computed tomography (SPECT) in selected cases to identify
inflammatory substrates or provide complementary biological and functional information.

The integration of imaging data into EAM systems has enabled the development of
“imaging-facilitated” workflows, in which preprocedural imaging roadmaps can guide
electrical sampling and allow more targeted substrate modification. Available evidence
suggests that imaging integration is associated with improved clinical outcomes and greater
procedural efficiency, although randomized trials are ongoing to define its incremental
benefit and to standardize acquisition protocols and clinical endpoints [5–7], Table 1.

Table 1. Comparative summary of key outcomes in imaging-facilitated VT ablation.

Study Design/Workflow Population Key Procedural
Metrics (min) Key Clinical Outcomes

[5] Systematic review,
meta-analysis

38 studies; 7748 patients
(5 image-guided); FU
35 months

NR

VT-free survival 82%
[74–90] vs. 59% [54–64];
Overall survival 94%
[90–98] vs. 82% [76–88]

[8] CMR-guided PSI-map vs.
CMR-aided vs. no CMR

84 (CMR-guided n = 28);
FU 12 months

Procedure 107 ± 59 vs.
203 ± 68 vs. 227 ± 52;
Fluoro 10 ± 4 vs. 23 ± 11
vs. 20 ± 9; RF 15 ± 8 vs.
20 ± 15 vs. 26 ± 10

Lower VT recurrence vs.
no CMR; similar vs.
CMR-aided

[6]
Prospective multicenter
registry; imaging
integrated

171; FU 18 ± 19 months Reported reductions in
procedure/RF/fluoro

Overall survival 91%; VT
recurrence-free
survival 74.4%

[9]

Focused mapping
guided by
imaging-defined
substrate

49; FU 19 ± 8 months
Limited vs. full EAM:
151 ± 33 vs. 180 ± 53
(p = 0.01)

VT recurrence 27%;
death 4%

2. Methods
This work is a narrative review focused on current evidence and future directions

for multimodality cardiac imaging in ventricular tachycardia (VT) ablation, including
the integration of imaging datasets with electroanatomical mapping (EAM) systems. To
increase methodological transparency, the review process is reported in accordance with
PRISMA 2020 recommendations where applicable.

Two independent investigators (G.C. and A.D.C.) performed a structured literature
search in PubMed and Scopus (database inception to 31 December 2025). The search
combined controlled vocabulary and free-text terms related to VT ablation, electroanatom-
ical mapping, and cardiac imaging. The core search strategy was (“ventricular tachy-
cardia” OR VT) AND (“catheter ablation” OR ablation OR “substrate ablation”) AND
(“electroanatomic mapping” OR “electroanatomical mapping” OR EAM) AND ((“cardiac
magnetic resonance” OR CMR OR MRI) OR (“computed tomography” OR CT OR CCT) OR
(“intracardiac echocardiography” OR ICE) OR (“transesophageal echocardiography” OR
TEE) OR (“positron emission tomography” OR PET OR “FDG-PET”) OR (“single-photon
emission computed tomography” OR SPECT)), in various combinations. Filters were ap-
plied for the English language. Titles and abstracts were screened for relevance, followed
by full-text assessment when appropriate. Discrepancies were resolved by consensus. Non–
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English-language studies, editorials, letters, expert opinions, case reports or series, and
duplicated data were excluded. No sample size restrictions were applied. Reference lists of
key articles were manually screened to identify further relevant studies. The final corpus
comprised 100 cited publications; of these, 92 were evidence sources (original studies, reg-
istries, reviews, and protocols) and 8 were supporting documents (guidelines, consensus
statements and selected technical or case reports). The selection process is summarized in
the PRISMA flow diagram (Figure 2).

Figure 2. PRISMA flow diagram of the literature search and study selection process. Records were
identified through database searching in PubMed and Scopus. Ninety-two publications were included
as evidence sources in the qualitative synthesis (original studies, registries, reviews, and protocols),
and eight additional supporting documents (guidelines/consensus statements and selected technical
or case reports) were retained to provide background and methodological context.

3. Multimodality Imaging in the Context of Ventricular
Tachycardia Ablation

In clinical practice the choice of imaging modality depends on the scenario. CMR-LGE
is preferred for tissue characterization and identification of border zones and conducting
channels. CT is an alternative or complementary option when CMR is limited by devices,
artifacts or electrical instability and is valuable for procedural planning because of its higher
anatomic resolution of complex structures, coronaries and the epicardium. Intraprocedu-
ral echocardiography is the cornerstone for guiding navigation, catheter–tissue contact
and early recognition of complications. Nuclear imaging is reserved for selected cases
requiring biological information, such as active inflammation or when CMR/CT quality is
inadequate [4,10].

Tables 2 and 3 organize the main imaging modalities according to a temporal work-
flow framework (pre-procedural, intra-procedural, post-procedural), specifying which
anatomical, functional, and tissue information each modality provides and how such
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information translates into procedural decisions (endo/epi planning, safety constraints,
substrate targeting, and integration with EAM). The “Endpoints/metrics” column lists
examples of reproducible quantitative parameters that can be used to standardize reporting
and integration in planning.

Clinical selection of imaging modality should be individualized to the arrhythmia
substrate and procedural objectives. CMR with LGE should be preferred when the clinical
goal is tissue characterization and delineation of scar core, border zone, and conducting
channels, particularly in ischemic cardiomyopathy and in non-ischemic phenotypes with
a suspected intramural substrate. CT should be considered when CMR is limited by
CIED-related artifacts, contraindications, or unstable rhythm, and when high-resolution
anatomic definition is needed for procedural planning (coronary arteries, epicardial fat,
phrenic nerve course, access strategy). Intraprocedural echocardiography/ICE should be
prioritized when real-time catheter navigation, contact optimization, and early complication
recognition are key determinants of safety and efficacy, especially in anatomically complex
targets such as papillary muscles. Nuclear imaging (FDG-PET/SPECT) should be reserved
for selected scenarios where biological information is required—most notably suspected
active inflammation (e.g., cardiac sarcoidosis, myocarditis)—or when CMR/CT quality is
inadequate, to guide timing of ablation and adjunctive disease-specific therapy.

Table 2. Pre-, intra-, and post-procedural roles of multimodal imaging.

Modality Pre-Procedural Role Intra-Procedural Role Post-Procedural Role

TTE (2D/3D)
Assess biventricular
size/function; structural
comorbidities

Anatomic orientation in
selected cases

Monitor function and
remodeling

Strain
(speckle-tracking)

Detect subclinical
dysfunction; regional
mechanics/dyssynchrony

– Stratify risk and monitor
recovery/deterioration

TEE
Selected: exclude thrombus;
evaluate anatomy if
indicated

Monitor RF in selected
scenarios; control position;
indirect signs of
complications

Selected: assess
complications if clinical
suspicion

ICE (possible planning if already
available)

Guide access and
navigation; optimize
contact/stability; recognize
early complications

Evaluate immediate
complications if
symptomatic

CMR cine
Define phenotype; quantify
function/remodeling;
identify aneurysm/thinning

Provide
anatomical–functional
roadmap (indirect)

Reassess function and
remodeling; support redo

CMR-LGE (±PSI maps)
3D scar segmentation;
core/border zone;
conducting channels

Integrate the model into
EAM; focus on mapping;
support CMR-aided/guided
strategies

Reassess substrate in
recurrence; plan
targeted redo

CMR T1/T2 mapping Diffuse/infiltrative fibrosis;
edema/inflammation – Distinguish edema vs.

fibrosis in early follow-up

Cardiac CT/CCTA 3D anatomy; coronaries;
wall thickness; epicardial fat

Integrate geometry for
navigation and safety;
epicardial planning

Problem-oriented use for
complications;
anatomical updates

LIE-/DE-CT
Scar/border zone as
alternative/complement
to CMR

Integrate the scar model
in EAM –
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Table 2. Cont.

Modality Pre-Procedural Role Intra-Procedural Role Post-Procedural Role

FDG-PET
Identify inflammatory
substrate; guide
timing/therapy

Integrate 3D maps (if
available) to focus on
active regions

Monitor activity and
therapeutic response;
reassess recurrences

SPECT perfusion Estimate perfusion/scar
when CMR/CT not feasible

Integrate the perfusion/scar
model (less frequent) Selected follow-up

123I-mIBG SPECT
Assess sympathetic
denervation – Selected follow-up

Abbreviations: TTE: transthoracic echocardiography, TEE: transesophageal echocardiography, ICE: intracardiac
echo, CMR: cardiac magnetic resonance, LGE: late gadolinium enhancement, CT/CCTA: computed tomogra-
phy/coronary angiography, LIE-CT: late iodine enhancement CT, PET: positron emission tomography, SPECT:
single photon emission computed tomography, EAM: electroanatomical mapping, PSI: pixel signal intensity.

Table 3. Outputs and endpoints of multimodal imaging.

Modality Output for EAM/Strategy Endpoints/Metrics (Examples)

TTE (2D/3D) Define functional baseline; support risk
stratification and timing

LVEF; LVEDV/LVESV; RVEF; 3D volumes;
WMA

Strain (speckle-tracking) Suggest regions of dysfunction compatible
with substrate

GLS; regional strain; temporal dispersion
(dyssynchrony indices)

TEE Enhance safety in high-risk settings Presence of thrombi; indirect parameters of
overheating/complications; effusion

ICE Improve EAM geometry; facilitate
mapping; reduce fluoroscopy

Catheter-tissue contact (qualitative);
distance from critical structures; effusion

CMR cine Inform endo/epi choice and
mapping priorities

LVEF/RVEF; volumes; wall thickness;
WMA; aneurysm

CMR-LGE (±PSI maps) Reduce blind mapping; direct targets;
recognize reach-problem

Scar extent; transmurality; gray zone;
channels/isthmuses

CMR T1/T2 mapping Contextualize substrates in NICM/active
conditions; support timing T1 native; T2; ECV; edema burden

Cardiac CT/CCTA Bind lesions; interpret low voltages (fat
vs. scar)

Distance from coronaries; epicardial fat;
wall thinning; calcifications

LIE-/DE-CT Increase detection of intramural/epicardial
components

Extent of delayed iodine enhancement;
scar/border zone volume

FDG-PET Distinguish active inflammation vs.
quiescent scar Uptake pattern; SUV; perfusion mismatch

SPECT perfusion Complementary perfusion information Perfusion defects; extent and severity

123I-mIBG SPECT Add neural information on substrate
and triggers

H/M ratio; washout rate; extent
of denervation

3.1. Echocardiography in Ventricular Tachycardia Ablation: Current Applications

Among cardiovascular imaging modalities, echocardiography represents the first-
line noninvasive tool owing to its wide availability, accessibility and cost-effectiveness.
Accordingly, it remains the most widely used technique in routine clinical practice for
preprocedural assessment and follow-up of patients undergoing complex invasive proce-
dures [11].

Transthoracic 2D echocardiography (TTE) retains a central role in the management
pathway of patients undergoing VT ablation, as it enables rapid characterization of ventric-
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ular size and function, assessment of right ventricular performance, and identification of
structural comorbidities that may influence procedural risk and outcomes [1,12].

Catheter ablation of VT aims to reduce arrhythmic burden by rendering the arrhyth-
mogenic substrate electrically inert through the creation of thermal lesions that induce
coagulative necrosis and subsequent scar remodeling. Randomized studies have demon-
strated an advantage of ablation over escalation of pharmacological therapy in improving
quality of life and reducing clinically relevant endpoints, including death, VT storm and
appropriate ICD shocks [3,13].

However, despite its goal of arrhythmic stabilization, VT ablation carries the potential
risk of depressing ventricular function by replacing viable contractile myocardium with
scar tissue. Heart failure is indeed a recognized complication of recurrent VT, with an
incidence that can exceed 10% per year [2,14].

Heart failure and progressive ventricular dysfunction are associated with long-term
mortality rates of 10–20% in patients undergoing VT ablation [15,16]. For this reason,
systematic monitoring of cardiac function is essential during follow-up. Left ventricular
ejection fraction (LVEF) remains a key prognostic indicator, and its reduction is associated
with an increased risk of hemodynamic instability and adverse outcomes, including VT
recurrence, major procedural complications and mortality [17,18].

Dedicated echocardiographic pre- and post-ablation studies have evaluated the impact
of procedural “lesion burden” on left ventricular function and, in selected subgroups, on
right ventricular performance. These investigations have shown that changes in echocar-
diographic parameters carry both clinical and prognostic significance [19–21].

Three-dimensional (3D) echocardiography, when available, enables more accurate
quantification of ventricular volumes and ejection fraction by reducing geometric assump-
tions, thereby supporting a more objective and less operator-dependent follow-up, particu-
larly in patients with advanced ventricular remodeling [12,22].

In addition, 3D echocardiography serves as a practical adjunct to the ablation proce-
dure in specific scenarios, such as arrhythmias originating from papillary muscles, mobile
intracavitary structures and intrinsically three-dimensional targets. By providing a more
intuitive spatial representation of anatomical relationships and complex endocavitary struc-
tures, transthoracic 3D echocardiography can assist in localizing arrhythmia origin and
monitoring catheter positioning, offering a low-cost intraprocedural orientation tool in
laboratories without access to advanced dedicated imaging systems [23]. More recent
evidence has confirmed the feasibility of integrating TTE and 3D reconstruction strategies
in papillary muscle arrhythmias to support procedural planning and execution [24].

Alongside conventional TTE, speckle-tracking strain analysis extends myocardial
mechanical assessment beyond ejection fraction, allowing sensitive detection of subclin-
ical dysfunction and dyssynchrony features that are closely linked to susceptibility to
ventricular arrhythmias [25].

In this context, strain parameters have been associated with recurrence-free survival
following ventricular arrhythmia ablation, supporting their role in longitudinal follow-
up [26]. This association has been confirmed in recent analyses using hard clinical endpoints,
identifying strain-derived metrics as predictors of recurrence-free survival (recurrence and
mortality) after ablation in patients with structural heart disease [26]. In particular, reduced
global longitudinal strain (GLS) is associated with a higher risk of ventricular arrhythmias
and appropriate ICD therapies [25,27].

In patients with idiopathic ventricular arrhythmias, longitudinal studies indicate that
strain analysis can detect temporal changes in myocardial function even in the absence of a
conventional scar substrate [28]. Regional strain assessment may further aid in localizing
and quantifying areas of potential arrhythmogenic substrate, showing correlation with
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regions identified on electroanatomic mapping (EAM) and, in selected cases, assisting
procedural planning and identification of ablation targets [25,29].

For VT ablation, intraprocedural echocardiographic imaging can provide direct sup-
port to the ablation workflow, complementing electroanatomic mapping and fluoroscopy
by defining anatomy in real time, monitoring catheter–tissue contact, and enabling early
recognition of procedural complications [2,4].

With respect to transesophageal echocardiography (TEE), its role in VT ablation is
primarily related to intraprocedural monitoring during radiofrequency energy delivery.
High-resolution visualization enables verification of catheter position and identification of
indirect signs of energy-related complications, such as tissue overheating, making it useful
in selected scenarios requiring close surveillance [30].

Intracardiac echocardiography (ICE) currently represents the most relevant echocar-
diographic modality in the electrophysiology laboratory for VT ablation, as it combines
procedural guidance with “substrate support.” ICE provides real-time imaging of car-
diac anatomy, facilitates access and navigation in anatomically challenging regions (for
example, endocavitary structures and papillary muscles), optimizes catheter stability and
tissue contact, and enables delineation of scar margins through integration with three-
dimensional mapping systems [31,32]. Clinical studies focusing on papillary muscle ar-
rhythmias have demonstrated that protocols combining ICE and image integration allow
systematic imaging-guided mapping and ablation—using both radiofrequency and cryoen-
ergy—thereby supporting a more controlled and reproducible approach in anatomically
complex substrates [33,34]. Recent reviews have further synthesized the role of ICE in iden-
tifying arrhythmogenic substrate and integrating imaging into mapping strategies, particu-
larly when CMR or CT are limited by device-related artifacts or contraindications [35,36].

3.2. Cardiac Magnetic Resonance in Ventricular Tachycardia Ablation: Current Applications

In recent years, CMR has rapidly advanced as a multiparametric technique increasingly
integrated into cardiovascular clinical practice and, in many centers, has become a standard
of care [37,38].

In electrophysiology, this technological progress has directly impacted the manage-
ment of VT. CMR is now a pillar of imaging-facilitated pathways, particularly to de-
fine the substrate and to guide the procedure via integration with electroanatomic map-
ping systems [4,10]. Technically, a “VT-oriented” CMR is designed to provide a robust
anatomical–functional baseline and an exportable LGE dataset for the lab, creating a proce-
dural roadmap.

In clinical practice, CMR can be integrated into every phase of the ablation pathway:
before the procedure, it helps define the etiology and the arrhythmogenic substrate (location
and extent of scar and heterogeneous tissue); during the procedure, by exporting and
integrating data with electroanatomic mapping systems, it supports planning and makes
the interventional strategy more efficient (choice of endocardial/epicardial access, target
selection, definition of lesion extent); after the procedure, it permits assessment of outcome
and detection of possible arrhythmic recurrences [39–41].

The protocol acquisition typically begins with cine BSSFP (balanced steady-state free
precession) sequences in short-axis and long-axis planes (two, three and four chambers) to
assess biventricular volumes and function, segmental wall motion abnormalities, and to
identify structural findings relevant to VT such as aneurysms, wall thinning, or remodeling
areas [2].

This phase is essential to identify the arrhythmogenic substrate, choose the most
appropriate approach (epicardial or endocardial), and correctly interpret the subsequent
LGE images.
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After administering gadolinium (0.1–0.2 mmol/kg), 10–15 min are allowed to pass
before acquiring LGE sequences to identify and delineate myocardial scar in a way that is
useful for the procedure.

LGE analysis makes it possible to distinguish the following:

• The scar core, consisting of dense, non-excitable fibrosis.
• The border zone (or gray zone), a heterogeneous tissue with areas of viable my-

ocardium associated with slow conduction and re-entry circuits.
• The conduction channels along the scar margins, where critical isthmuses are

often located.

The most commonly used sequences are 2D inversion-recovery gradient-echo (2D
IR-GRE) and PSIR (phase-sensitive IR). In the VT setting (arrhythmia, frequent extrasystoles,
rhythm variability, unstable patients), a clean, reproducible LGE increases the reliability
of subsequent segmentation and integration into mapping, reducing the risk of an incor-
rect roadmap that could lead to misleading interpretations or procedural decisions [39].
Therefore, PSIR is often preferred because it is more robust when the TI (inversion time)
of 2D IR-GRE is not perfectly set [42]. In VT-experienced centers, the use of 3D navigator
gated LGE (respiratory navigator) is increasing, as it provides higher resolution and 3D
reconstructions useful for integration with mapping and for facilitating identification of
critical isthmuses [43].

In patients with limited breath-hold capacity or complex triggering, free-breathing
LGE with motion correction (MOCO) is increasingly used; it can improve acquisition robust-
ness in “vulnerable” populations and reduce motion/rhythm instability artifacts [44,45]. In
advanced workflows, dark-blood LGE may also be considered to enhance scar-to-blood con-
trast and sharpen scar borders, which can aid delineation and segmentation—particularly
when visualization of the subendocardium is critical [46]. Additional information can be
obtained with T1/T2 mapping to characterize the substrate and the stage of the pathologi-
cal process. T1 mapping and ECV (extracellular volume) are particularly useful in cases
of diffuse fibrosis where the substrate may be patchy, intramural, or disorganized, as in
nonischemic cardiomyopathies (NICM). T2 mapping detects edema and inflammation, so
it plays a key role in forms where inflammatory activity may contribute to the arrhythmic
phenotype. It is also useful in early post-ablation follow-up to help distinguish acute
changes (edema) from more stable lesions (ablation scar). In patients with CIEDs, 1.5T
scanners and dedicated wide-band sequences are preferred to minimize device-related
artifacts [47].

The practical application of LGE information is the integration of preprocedural
acquisitions into the mapping to enable a more focused procedure and better outcomes,
and its prognostic value because scar characteristics correlate with outcomes and recurrence
risk. Pixel signal intensity (PSI) maps convert LGE-CMR into a 3D ventricular map with
colors characterizing the arrhythmogenic substrate: signal intensity is quantified and
segmented to separate core scar, border zone and relatively healthy myocardium. Within
imaging-facilitated workflows, it is useful to distinguish between a CMR-aided and a
CMR-guided approach.

Specifically, CMR-aided procedures import the imaging data into the navigation
system to focus mapping and help interpret the electrograms, but the actual targets are still
chosen mainly by electrophysiological criteria. In CMR-guided procedures, the imaging
(as shown by PSI maps) becomes the main driver of the substrate ablation strategy, so the
electroanatomic mapping is likely to be limited to the areas with the highest probability of
containing a critical isthmus [8].

Recent studies show that preprocedural PSI maps feasibly and safely guide substrate
targeting and are associated with marked reductions in procedural times (procedure,
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fluoroscopy, and RF), higher post-ablation non-inducibility, and survival rates around 90%
with VT recurrence-free survival around 75% [5,8].

Postprocedurally, CMR can be widely used in follow-up to reassess the substrate in
cases of recurrence and to plan targeted redo procedures [6,47,48]. In addition, post-ablation
CMR may serve as a surrogate procedural endpoint, since reduction in conducting channels
identified on LGE has been shown to associate with lower recurrence risk.

In conclusion, “VT-oriented” CMR enables preprocedural assessment for etiologic def-
inition, substrate quantification and risk stratification; intraprocedural support to generate
roadmaps and color (PSI) maps integrable into EAM; and a postprocedural role to evaluate
substrate effects, interpret recurrences, and optimize redo strategy [4–6].

3.3. Cardiac Computed Tomography CT in Ventricular Tachycardia Ablation: Current Applications

Multidetector cardiac CT (CCT/CCTA) is an increasingly relevant periprocedural
imaging modality because it combines high-resolution three-dimensional anatomical re-
construction of cardiac structures with detailed visualization of adjacent anatomy—most
notably the coronary arteries—and, using dedicated protocols, characterization of patholog-
ical substrate and critical regions such as wall thinning, calcifications and epicardial fat [49].
When integrated with the electrical features derived from electroanatomic mapping (EAM),
these anatomical and structural data play an established role in VT ablation procedures [50].

In clinical practice, ECG-gated acquisition with an angiographic phase is performed
to enable comprehensive anatomical assessment. Dedicated software allows detailed evalu-
ation of cardiac chambers, endocardial surfaces, great vessels, coronary arteries, epicardial
fat and the phrenic nerve. This information supports procedural planning, including selec-
tion of an endocardial versus epicardial approach and anticipation of ablation applications
in proximity to the coronary arteries [4,51].

In this context, the iodinated contrast load for standard CCTA is commonly expressed
as iodine dose (mgI/kg), with recommended ranges of approximately 245–370 mgI/kg
and injection durations typically between 10 and 20 s. CT-derived wall thinning and
regional thickness heterogeneity correlate with the functional arrhythmogenic substrate
and can guide the identification of critical isthmuses and local abnormal ventricular activi-
ties (LAVA), supporting the rationale for CT segmentation and registration within EAM
systems [52].

A delayed acquisition phase may subsequently be added using late iodine enhance-
ment or delayed enhancement CT (LIE-CT) protocols, which employ a higher iodinated
contrast load to highlight fibrotic substrate, in analogy with late gadolinium enhancement
CRM imaging (LGE-CMR) [53,54]. In these protocols, iodinated contrast doses of approx-
imately 550–660 mgI/kg are administered, with image acquisition performed 7–15 min
after injection and processed using dedicated post-processing software. Late-phase images
enable characterization of myocardial architecture and delineation of scar substrate [55].

These scar and border-zone models can then be integrated into the mapping system to
focus the search for late potentials, LAVA, low-voltage regions and potential conduction
channels. This integration supports strategic procedural decisions—including the extent
of mapping, the need for combined endocardial–epicardial access and prioritization of
ablation targets—with the aim of improving procedural efficiency [6].

Concurrently, CT enables detailed mapping of epicardial fat, facilitating accurate
interpretation of epicardial low-voltage areas by distinguishing voltage attenuation due
to fat from true scar-related low voltage. CT can also identify lipomatous metaplasia, a
pattern increasingly recognized as a relevant imaging marker for localization of functional
substrate in scar-related VT and potentially involved in the stabilization of conduction
corridors [56–58].
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Integration of LIE-CT–derived models has been associated with shorter mapping
times, reduced fluoroscopy exposure and improved identification of complex intramural
and epicardial scar components, facilitating both bipolar and epicardial ablation strategies.
However, the impact of this approach on long-term clinical outcomes remains inconclusive
and warrants further prospective investigation [55,59].

In post-procedural follow-up, CT is not routinely employed to document ablation
lesions. Nevertheless, it represents a highly valuable problem-oriented modality when
clarification of complications or structural abnormalities is required and cannot be achieved
by echocardiography alone [60].

Specifically, CT can be used to evaluate pericardial complications—including peri-
cardial effusion, hemopericardium and cardiac tamponade—as well as to identify rare
structural complications such as myocardial perforation, pseudoaneurysm formation,
pleuro-pulmonary complications, phrenic nerve injury and esophageal lesions. In addition,
CT is useful for assessment of vascular access-site complications and for excluding iatro-
genic coronary injury (spasm, stenosis, dissection or thrombosis) in the presence of chest
pain, electrocardiographic changes or biomarker elevation [61,62].

Finally, in patients with arrhythmic recurrence and complex substrate, repeat CT
acquisition may be performed to update anatomical segmentation—including ventricular
volumes, remodeling patterns and epicardial fat distribution—and to support planning of
redo ablation procedures [4,60].

3.4. Nuclear Imaging (PET/SPECT) in Ventricular Tachycardia Ablation: Current Applications

Within imaging-facilitated pathways for VT ablation, nuclear imaging plays a comple-
mentary role alongside echocardiography, CMR and CT. As it is not primarily an anatomical
technique, nuclear imaging provides functional and biological characterization of the ar-
rhythmogenic substrate, including myocardial metabolism, perfusion and innervation.
Positron emission tomography (PET) and single-photon emission computed tomography
(SPECT) enable detection of inflammatory activity, thereby informing the timing of ablation
and the initiation or optimization of anti-inflammatory therapy. In addition, these modal-
ities can help characterize heterogeneous or intramural substrate components that may
be incompletely sampled by electroanatomic mapping. In this context, nuclear imaging
supports a more targeted therapeutic strategy—such as immunosuppression, catheter
ablation, or a combined approach—tailored to the underlying pathophysiology [4].

FDG-PET is primarily used in the preprocedural phase when an inflammatory arrhyth-
mogenic substrate is suspected, as in cardiac sarcoidosis, myocarditis or cardiomyopathies
with an inflammatory and arrhythmogenic phenotype [63]. The technique relies on the
tracer 18F-fluorodeoxyglucose (FDG), whose myocardial uptake reflects glucose transporter
activity; focal FDG uptake is interpreted as a marker of active inflammation. This infor-
mation can assist in determining the underlying etiology, guiding decisions to intensify or
optimize anti-inflammatory therapy, and informing the timing of ablation, thereby avoiding
procedures during phases of active inflammation that may be ineffective or excessively
injurious [60].

In the specific setting of cardiac sarcoidosis—a high-risk condition—assessment of dis-
ease activity is of major clinical importance for diagnosis, risk stratification and longitudinal
follow-up. Accordingly, FDG-PET plays a central role in guiding personalized, disease-
specific management strategies, including initiation and monitoring of immunosuppressive
therapy when indicated [64,65]. Beyond inflammatory assessment, PET imaging can also
contribute to the definition of the arrhythmogenic substrate through three-dimensional
reconstructions that may be integrated into electroanatomic mapping systems to focus the
search for border zones, conduction channels and critical isthmuses [66,67]. FDG-PET–
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based 3D maps have demonstrated spatial correlation with low-voltage regions, conduction
channels and VT exit sites, supporting the use of this modality to guide ablation in selected,
complex cases [68].

Myocardial perfusion SPECT can similarly be used to generate three-dimensional
scar models for integration with electroanatomic mapping [69,70]. Its principal limitation
is lower spatial resolution compared with CMR, CT and PET. Consequently, SPECT is
generally reserved for situations in which other imaging modalities are contraindicated or
unavailable, image quality is suboptimal, implanted devices generate prohibitive artifacts,
or when a rapidly accessible assessment of myocardial perfusion is required [69]. A more
advanced but less widely available application is 123I-mIBG SPECT, which can be used in
specialized centers to identify regions of sympathetic denervation. These regions often
extend beyond electrically defined scars and may be implicated in arrhythmia initiation,
thereby providing complementary substrate information in complex cases [71].

4. Imaging Integration with Electroanatomical Mapping in Ventricular
Tachycardia Ablation: Current Applications

Identifying targets for VT ablation is essential to perform an effective, personalized
procedure. Critical areas can be found by creating an activation map during the tachycar-
dia. This approach is the most direct way to locate isthmuses, diastolic signals, and the
circuit exit. When the VT is sufficiently stable, the activation map can be combined with
entrainment maneuvers, which involve pacing at a slightly faster rate than the tachycardia
to “capture” and reset the circuit [72]. However, this approach requires inducing and
keeping the arrhythmia stable for the whole mapping phase. In clinical practice this is often
limited by hemodynamic intolerance, which can make it difficult or impossible to complete
mapping during tachycardia and to reliably interpret entrainment maneuvers [73]. For this
reason, ablation is often guided by substrate-mapping strategies performed in sinus rhythm
or during pacing. These include voltage mapping, identification of late potentials, and
detection of LAVA [74]. Voltage mapping in sinus rhythm or during pacing, using bipolar
signals and, when helpful, unipolar signals, is useful to define the scar by identifying the
core scar and the border zone. After that, the operator searches for abnormal electrograms
that suggest areas that are still excitable but have slow and disorganized conduction, which
can promote reentry.

These electrograms include late potentials, multicomponent signals, and LAVA, which
indicate abnormal, high-frequency activity inside or at the edges of the scar [75]. Treatment
is then targeted to these areas because eliminating these abnormal activities as an electro-
physiological endpoint of substrate inactivation is linked to better outcomes and fewer
recurrences when completely removed compared with when they persist [76].

A known limitation of strategies based only on voltage and abnormal electrograms
is that they can mix truly critical signals with electrically passive scar. This happens
because the arrhythmogenic substrate is inherently three-dimensional, and the surface
being sampled can miss intramural or epicardial components. Also, scar definition based
on voltage thresholds is affected by catheter–tissue contact, fiber orientation, point density,
and far-field signals, which can lead to misclassifying regions as “scar” and targeting them,
or missing thin but functionally important channels. To overcome these limits and increase
targeting specificity, functional approaches have been added to reveal critical channels.

DEEP mapping (decrement-evoked potentials) is a functional approach that uses an
extrastimulus to selectively produce decremental behavior in abnormal local potentials.
This helps identify, within the scar, signals that are truly related to slow conduction and
therefore more likely to be involved in the reentry circuit [77]. A decremental response
suggests tissue that is still excitable but has cycle-dependent conduction properties typical
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of slow-conducting channels; for this reason these signals are more informative and more
specific than searching for late potentials alone when guiding identification of critical
targets [78].

Along this line, there has been a need to make analysis more reproducible using
annotation-independent algorithms based on electrogram features. These tools help au-
tomatically detect regions with fractionated or complex signals, reducing operator vari-
ability [79]. In intramural or deep substrates, such as septal or midwall regions, even
good targeting can fail because unipolar RF lesions are not deep enough or do not cross
the full thickness. Therefore, the procedure may require advanced strategies to solve the
“reach” problem, including bipolar ablation (endo–epicardial or endo–endo) to increase
lesion depth and transmurality, and chemical ablation with ethanol as a bailout in selected
refractory cases [80,81].

Although classical strategies are effective, electroanatomic mapping alone can under-
estimate or incompletely characterize substrates. The practical goal of integrating imaging
with EAM is to turn a preprocedural substrate characterization into a 3D roadmap that
reduces mapping time, guides electrogram sampling to regions with the highest likeli-
hood of isthmus, and makes treatment more targeted when the substrate is heterogeneous,
epicardial, or intramural. This need led to imaging-facilitated workflows, where CMR
and/or CT are used to reconstruct the substrate in 3D and fuse it with the intraprocedural
EAM geometry.

The aim is to focus electrogram sampling and make ablation more targeted [47,82]. In
current workflows it is useful to distinguish between imaging-aided procedures—where
imaging helps focus mapping and interpret EGM but targets are still mainly defined by
electrophysiologic criteria—and imaging-guided procedures—where imaging narrows the
field of action and standardizes the procedural workflow [8,83].

Integration involves segmentation of the ventricle and substrate on LGE-CMR or CT,
exporting the model, registering it to the EAM model, and applying the roadmap to the
navigation system (CARTO/EnSite/Rhythmia) [47,48].

Beyond simple “anatomic overlay,” imaging can influence practical decisions that help
plan the procedural strategy before the patient enters the lab: selection of epicardial or
endocardial access, prioritization of areas to map, interpretation of low voltages, assess-
ment of complex anatomic structures, and planning of personalized strategies for deep or
hard-to-reach substrates [82].

The key point is that roadmap-guided mapping can translate into shorter mean
procedure times, reduced fluoroscopy time, more targeted RF delivery, and comparable or
better outcomes in terms of procedural success and reduced recurrence [8,9].

Specifically, when the approach is well structured, this is reflected in concrete pa-
rameters (duration, RF, fluoroscopy) and clinical endpoints that often lie around 70–75%
VT-free survival at midterm, even in complex populations [6]. A critical caveat is imaging
quality: an inaccurate roadmap can misdirect procedural focus and itself become a source
of decision bias.

5. Imaging-Facilitated VT Ablation: Current Evidence, Practical
Limitations, and Future Directions

The integration of advanced imaging into VT ablation has progressively shifted from a
conceptual adjunct to a clinically relevant component of contemporary workflows. Beyond
technical feasibility, its adoption raises critical questions regarding real-world effectiveness,
methodological robustness and long-term sustainability across different clinical settings.
Accordingly, the following sections synthesize the available real-world evidence supporting
imaging-facilitated ablation strategies, critically examine the current methodological and
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practical limitations that constrain broader implementation, and outline emerging techno-
logical paradigms that may shape the future evolution of imaging-guided VT ablation.

5.1. Real-World Evidence Supporting Imaging-Facilitated Workflows

The recognized limitations of conventional VT ablation in fully capturing the complex-
ity of the arrhythmogenic substrate have provided the rationale for systematic integration
of advanced imaging into ablation workflows [84].

In this context, imaging-guided VT ablation has been associated with meaningful
clinical benefit, enabling more accurate substrate characterization and greater precision in
the identification of critical targets [85]. In particular, a systematic review and meta-analysis
of observational studies demonstrated that preprocedural integration of scar imaging into
the navigation system was associated with superior outcomes compared with procedures
performed without imaging guidance, with higher VT-free survival (82% vs. 59%) and
overall survival (94% vs. 82%) [5].

Taken together, these real-world data suggest that systematic integration of advanced
imaging into VT ablation workflows is associated with improved clinical outcomes. How-
ever, the predominantly observational nature of the available evidence, the heterogene-
ity of patient populations and procedural strategies, and the potential for selection bias
underscore the need for prospective randomized studies comparing imaging-facilitated
approaches with standard electroanatomic mapping (EAM)-guided ablation to define the
true incremental value of imaging. Within this framework, the prospective, randomized,
multicenter VOYAGE and PREVENT-VT trials are currently ongoing.

The VOYAGE trial is designed to assess whether a CMR-aided or CMR-guided abla-
tion strategy is superior to standard EAM-guided therapy in terms of efficacy, procedural
efficiency and safety, thereby evaluating imaging as an active guiding tool in VT treat-
ment [7]. The PREVENT-VT trial extends the concept of imaging-guided ablation to the
identification of high-risk arrhythmogenic substrate using advanced imaging, evaluating
a prophylactic CMR-guided ablation strategy for primary prevention following myocar-
dial infarction, based on scar structural features associated with increased arrhythmic
vulnerability [86].

5.2. Current Methodological and Practical Limitations of Imaging Integration

Although imaging-facilitated workflows in VT ablation are promising, their widespread
adoption remains constrained by technical, methodological and organizational challenges
that limit real-world applicability [4]. Despite a growing body of evidence, the generaliz-
ability of reported results is affected by heterogeneity in patient populations and imaging
protocols, as well as by variability in local technologies and expertise influencing image
acquisition, post-processing and integration with EAM systems [4,60].

A major source of variability among imaging-facilitated VT ablation studies lies
in cohort heterogeneity. Arrhythmia etiology (ischemic versus non-ischemic) and
scar architecture—including extent, transmurality, and intramural or epicardial compo-
nents—substantially influence both substrate detectability on imaging and the representa-
tiveness of electrical sampling.

In non-transmural substrates or those with predominantly intramural or epicardial
localization, ablation targets may be less clearly defined by conventional imaging and less
completely characterized by endocardial EAM alone. In addition, in hemodynamically
unstable patients, activation and entrainment mapping often play a limited role due
to practical constraints, making substrate-based strategies performed in sinus rhythm
relatively more central [87].
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Image quality also represents a critical limitation. In patients with cardiac im-
plantable electronic devices or in the presence of motion or arrhythmia during acquisition,
artifacts may impair target definition and reduce the effectiveness of imaging-guided
integration [39,88].

A further limitation arises from variability in imaging acquisition and quantification
protocols, including differences in LGE sequences and spatial resolution (2D versus 3D),
PSIR versus IR-GRE techniques, gating and motion correction strategies, CT reconstruction
and delayed-enhancement parameters, as well as segmentation criteria and software plat-
forms. These factors directly affect scar and border-zone estimation and the reconstruction
of conduction channels and corridors [89].

Challenges related to image-to-mapping fusion further compound this variability.
Registration errors may result from the registration technique itself, from changes in
ventricular geometry between imaging and the procedure, or from cardiac and respiratory
motion. Given that critical isthmuses may measure only a few millimeters, even small
mismatches can have clinically relevant consequences [90].

Moreover, the effectiveness of imaging integration is highly dependent on local ex-
pertise and procedural standardization. To generate truly “VT-oriented” datasets suitable
for seamless import into EAM systems, a dedicated workflow is required, encompassing
tailored acquisition protocols, quality control, segmentation, and iterative alignment using
anatomical landmarks and mapping meshes. Differences among imaging software and
EAM platforms can introduce further mismatches and increase inter-center variability,
limiting the broader applicability of results reported by highly specialized centers [4,82].

Finally, even when technically feasible, advanced imaging protocols entail non-
negligible costs, time investment and organizational burden, including acquisition, post-
processing, dedicated personnel, specialized software and in-lab integration. These factors
represent a significant barrier to systematic implementation. To promote wider adoption,
simplified and reproducible operational pathways are needed, supported by robust cost-
effectiveness analyses, to ensure that advanced imaging does not remain confined to a
limited number of high-resource centers [4,60].

Importantly, the current evidence base supporting imaging-facilitated VT ablation
is predominantly observational. Therefore, reported benefits may be influenced by cen-
ter expertise and procedural standardization, selective referral of complex cases, patient
selection (including differences in cardiomyopathy subtype and scar architecture), and
imaging quality (acquisition parameters, artifacts, segmentation thresholds). Moreover,
small image-to-EAM registration mismatches can be clinically relevant because critical
isthmuses may be only millimeters in size. These factors limit generalizability and highlight
the need for standardized imaging protocols and prospective randomized comparisons to
quantify the true incremental value of imaging-guided workflows.

5.3. Cost-Effectiveness Data

The use of advanced imaging (CMR/CT/PET) before ventricular tachycardia (VT)
ablation procedures may help improve procedural efficiency. It can reduce total procedure
time, mapping time, radiofrequency (RF) time, and fluoroscopy exposure. It may also
lower arrhythmia recurrence, potentially leading to cost savings from fewer hospital read-
missions and related treatments [6,8]. However, available economic studies are limited and
methodologically different from each other. Most published studies are observational and
vary in patient populations, imaging protocols, follow-up duration, and cost assumptions
(including imaging costs, operating room time, devices, hospital stays, and management of
recurrences). Because of these differences, it is not yet possible to draw clear conclusions
about cost-effectiveness in different healthcare systems.
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To address these uncertainties, specific prospective cost-effectiveness studies are
needed, along with economic models based on real-world data and sensitivity analy-
ses exploring different scenarios (such as high-volume vs. low-volume centers and public
vs. private healthcare systems).

In the meantime, preliminary data suggest that in experienced centers with well-
established workflows, targeted use of imaging may be economically reasonable, especially
in patients at high risk of recurrence or with complex substrates [86].

5.4. Future Challenges and Emerging Paradigms

Current limitations related to data quality, standardization and transferability in
imaging-facilitated VT ablation may be mitigated by emerging technologies aimed at
making imaging–EAM integration more automated, robust and less operator-dependent.
These advances have the potential to substantially improve procedural efficiency and
inter-center reproducibility [4,91].

Artificial intelligence is already reshaping imaging-based workflows. Beyond acceler-
ating segmentation and post-processing, AI is increasingly entering the intraprocedural
domain through tools capable of automating geometry generation and anatomical recon-
struction directly within the mapping system. A representative example, already estab-
lished in atrial fibrillation ablation workflows, is CARTOSOUND FAM, which integrates
deep-learning modules with intracardiac echocardiography to generate three-dimensional
reconstructions without manual segmentation or contour annotation, thereby reducing
operator-dependent variability and procedural duration [92–94].

In the ventricular setting, clinical evidence supporting analogous AI-driven modules
remains limited; however, the potential impact is substantial given the anatomical complex-
ity of the ventricles and the sensitivity of ablation targeting to even small reconstruction or
registration errors [95].

In parallel, intracardiac echocardiography is evolving toward four-dimensional so-
lutions and tighter integration with EAM platforms, enabling multiplanar imaging and
volumetric acquisition with minimal catheter manipulation. These developments aim to
improve navigation and ablation precision in complex three-dimensional structures such
as papillary muscles and intracavitary targets. Preclinical studies using NuVision NAV
support the feasibility of accurate electroanatomic reconstruction and more controlled
energy delivery, suggesting potential gains in procedural safety and efficiency [96].

Another emerging paradigm is the transition from static anatomical roadmaps to
predictive tools based on patient-specific models and so-called “digital twins,” which
integrate imaging data with computational simulation to estimate arrhythmogenic circuits,
vulnerability and optimal ablation targets. This approach may reduce uncertainty in target
selection, particularly in non-ischemic and intramural substrates; however, widespread
clinical adoption will require high-quality standardized datasets and rigorous external
validation against meaningful clinical endpoints [97].

Real-time intraprocedural CMR represents a potential paradigm shift by enabling
direct visualization of anatomy, catheter contact and tissue injury during energy delivery.
First-in-human studies have demonstrated feasibility, raising the prospect of monitoring
lesion formation in real time and defining tissue-based procedural endpoints rather than
relying solely on electrical surrogates [98].

Advances in CT technology, such as late-enhancement photon-counting CT, may fur-
ther expand access to myocardial tissue characterization when CMR is limited, facilitating
substrate models that can be integrated into EAM systems and potentially promoting
more homogeneous real-world practice if validated by comparative and outcome-driven
studies [99].
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Finally, in selected refractory cases, non-invasive radioablation using stereotactic
arrhythmia radioablation (STAR/SBRT) is consolidating as an emerging therapeutic option
based on multimodal target definition. Further prospective studies are required to clarify
optimal timing, patient selection and long-term safety [100].

6. Conclusions
This work is a focused narrative review of the literature on the role of imaging in

ventricular tachycardia ablation procedures. To ensure transparency, we performed a
non-restrictive systematic search of peer-reviewed publications in the PubMed and Sco-
pus databases up to December 2025, using the most relevant and related terms for our
review. Original studies, reviews, and registries published in English were included. The
methodological limitations of the cited studies are discussed separately.

Ventricular tachycardia (VT) in patients with structural heart disease represents a
high-impact clinical problem, characterized by recurrences, appropriate ICD therapies,
and arrhythmic storms, associated with recurrent hospitalizations, worsening heart failure,
and increased mortality risk. Therefore, structured and multidisciplinary management is
essential to optimize outcomes [2].

In this scenario, multimodal cardiac imaging serves as a fundamental support in
the contemporary management of VT ablation, as it allows for a more comprehensive
and three-dimensional characterization of the arrhythmic substrate compared to solely
using electroanatomical mapping (EAM). This has an impact on patient selection, planning,
intraprocedural safety, and substrate ablation strategy [4].

Available clinical evidence suggests that imaging-facilitated workflows, with the pre-
procedural integration of imaging into the navigation system, may reduce procedural times
and fluoroscopy exposure while being associated with better clinical outcomes. How-
ever, most data comes from observational studies and registries, showing methodological
heterogeneity and dependence on acquisition quality, segmentation, and registration.

Assessing the true incremental contribution of imaging compared to standard EAM-
guided approaches requires randomized, prospective, multicentric studies and more rigor-
ous standardization of protocols. In this context, ongoing trials (VOYAGE and PREVENT-
VT) represent essential steps to clarify the efficacy, safety, and efficiency of imaging-guided
workflows [86].

In the near future, automation and artificial intelligence applied to segmentation,
registration, integration, and more robust tissue imaging technologies could make imaging-
guided pathways more reproducible and accessible, accelerating the transition toward
more targeted, safe, and personalized procedures.
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Abbreviations
The following abbreviations are used in this manuscript:

VT Ventricular tachycardia
ICD Implantable cardioverter--defibrillator
EAM Electroanatomical mapping
CMR Cardiac magnetic resonance
LGE Late gadolinium enhancement
CT/CCTA Computed tomography/coronary CT angiography
PET Positron emission tomography
SPECT Single-photon emission computed tomography
PSI Pixel signal intensity (PSI maps)
TTE Transthoracic echocardiography
TEE Transesophageal echocardiography
ICE Intracardiac echocardiography
FDG (18)F-fluorodeoxyglucose (FDG-PET tracer)
123I-mIBG (123)I-metaiodobenzylguanidine (SPECT tracer)
LIE-CT/DE-CT Late iodine enhancement/delayed enhancement CT
LVEF Left ventricular ejection fraction
LVEDV/LVESV Left ventricular end-diastolic/end-systolic volume
RVEF Right ventricular ejection fraction
WMA Wall motion abnormalities
GLS Global longitudinal strain
RF Radiofrequency
BSSFP Balanced steady-state free precession
IR-GRE Inversion-recovery gradient-echo
PSIR Phase-sensitive inversion recovery
MOCO Motion correction (free-breathing LGE MOCO)
T1/T2/ECV T1 mapping/T2 mapping/extracellular volume
CIEDs Cardiac implantable electronic devices
LAVA Local abnormal ventricular activities
DEEP Decrement-evoked potentials
EGM Electrogram (EGM/EGMs)
STAR/SBRT Stereotactic arrhythmia radioablation/stereotactic body radiotherapy
AI Artificial intelligence
SUV Standardized uptake value
H/M ratio Heart-to-mediastinum ratio (123I-mIBG)
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