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Abstract

Ventricular arrhythmias (VAs), particularly refractory ventricular tachycardia (VT), pose a significant therapeutic challenge and are as-
sociated with high morbidity and mortality. For patients who do not respond to conventional therapies, including antiarrhythmic drugs
and catheter ablation (CA), stereotactic body radiotherapy (SBRT)—also known as stereotactic arrhythmia radioablation (STAR)—has
emerged as a promising non-invasive alternative. This review synthesizes current clinical evidence from prospective trials, retrospective
series, and case reports that collectively demonstrate the efficacy of STAR in reducing VT burden and improving quality of life. This
review also explores the evolving understanding of the associated underlying biological mechanisms, which appear to involve a com-
plex interplay between early electrophysiological conduction reprogramming and delayed structural myocardial remodeling mediated by
inflammation and fibrosis. Finally, we address the critical technical considerations, including patient selection, target delineation using
multimodal imaging and electroanatomic mapping, motion management, and treatment planning, which are essential for the safe and ef-
fective delivery of STAR. While short-term outcomes are encouraging, ongoing research is needed to optimize dosing, refine techniques,
and establish long-term efficacy and safety.
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1. Introduction
Ventricular tachycardia (VT) is a life-threatening car-

diac arrhythmia that significantly contributes to global car-
diovascular mortality. Despite optimized medication or
catheter ablation (CA), more than 50% of patients suffered
from death or recurrent VT during a median follow-up of
4.3 years [1]. With continued technological advancements,
VTs have become increasingly amenable to multimodal
management strategies, including implantable cardioverter-
defibrillators (ICDs), antiarrhythmic drugs (AADs), and
CA. However, a substantial subset of patients developed
therapy-refractory VT, often characterized by incessant
episodes or electrical storm despite optimized AADs and
CA [2,3]. In these challenging cases, CA can be lim-
ited by the deep intramural location of the arrhythmo-
genic substrate, the presence of extensive epicardial scar,
or comorbidities that preclude invasive procedures. Con-
sequently, affected patients frequently experience recurrent
ICD shocks, marked deterioration in quality of life, and a
significantly increased risk of mortality [4].

In this context, stereotactic body radiotherapy (SBRT)
has been introduced as a novel, non-invasive therapeutic
strategy. First reported in a landmark case by Cuculich et
al. in 2017 [5], SBRT—termed stereotactic arrhythmia ra-
dioablation (STAR)—delivers a high ablative dose of radi-

ation precisely to the VT substrate identified through non-
invasive or invasive mapping. This approach leverages the
well-established principles of SBRT used in oncology but
applies them to a functional cardiac target [6]. Over the
past seven years, a growing body of evidence from single-
center experiences, prospective trials like ENCORE-VT [7]
and STARNL-1 [8], and multi-center initiatives such as
RAVENTA [9] and STOPSTORM.eu [10] has begun to de-
fine its role in clinical practice. This review aims to com-
prehensively summarize the clinical evidence of STAR for
VAs and to elucidate the current understanding of its multi-
faceted antiarrhythmic mechanisms.

2. Clinical Evidence for STAR in VT Patients
2.1 Efficacy of STAR for VT Control

The initial proof-of-concept was provided byCuculich
et al. [5], who treated five patients with refractory VT using
a single 25 Gy fraction, resulting in a dramatic reduction in
VT episodes from a median of 119/month to 0/month at 3
months. This study laid the foundation for subsequent in-
vestigations that further validated its efficacy. In the Phase
I/II ENCORE-VT trial (N = 19), the efficacy of STAR was
further demonstrated. The study reported that VT episodes
or premature ventricular contraction (PVC) burden were re-
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duced in 17/18 evaluable patients (94%). The frequency of
VT episodes or PVC burden was reduced by 75% in 89%
of patients. In addition, an overall survival rate of 89% was
observed at 6 months [7]. Similarly, the prospective Dutch
STARNL-1 trial (N = 20) demonstrated 87% reduction of
treated VT-episodes [8]. These findings have been consis-
tently replicated across multiple case series from diverse
regions and centers [11,12,13]. In a recent pooled analy-
sis of 23 studies, treatment with STAR was associated with
a greater than 90% reduction in VT episodes and ICD ther-
apies among patients with refractory VTs [14].

Across a broad range of underlying etiologies, STAR
appears to be consistently effective in reducing VT burden.
Significant reductions in VT episodes have been reported in
diverse patient populations, including those with ischemic
cardiomyopathy [15], non-ischemic cardiomyopathy [16],
Chagas disease [17], and even idiopathic VT [18]. Impor-
tantly, therapeutic benefit has also been observed in partic-
ularly high-risk clinical scenarios, such as patients present-
ing with electrical storm or those supported with left ven-
tricular assist devices, in whom STAR was associated with
meaningful reductions in VT episodes [19,20,21,22]. Fur-
thermore, in patients experiencing VT recurrence after an
initial STAR procedure, successful re-treatment with STAR
has been reported, underscoring its potential role as a re-
peatable therapeutic strategy [23,24].

2.2 Effect of STAR on Mortality

The effect of STAR on mortality is much less pro-
nounced than that of reduction in VT episodes. A pooled
analysis by Benali et al. [25] reported a one-year all-cause
mortality of 32%, with most (52%) deaths attributed to pro-
gressive heart failure rather than procedural complications
or arrhythmia recurrence. A recent pooled analysis reported
combined overall survival rates of 86%, 72%, and 57% at
3, 12, and 24 months, respectively [14]. In contrast, in the
VANISH trial [26], which compared catheter ablation with
escalation of antiarrhythmic drug therapy in patients experi-
encing VT despite antiarrhythmic treatment, 1-year mortal-
ity was similar between the two groups, ranging from ap-
proximately 10% to 15%. It is important to note that pa-
tients enrolled in STAR studies generally represent a popu-
lation with more advanced cardiac disease and higher base-
line risk than those included in conventional ablation tri-
als. Therefore, although STAR appears to confer meaning-
ful short-term reductions in VT burden, whether these ben-
efits translate into a long-term mortality reduction remains
uncertain.

Overall, the available evidence suggests promising
short-term reductions in VT burden; however, the long-
term efficacy and safety of STAR remain to be estab-
lished. Most currently available studies evaluating STAR
for VT are small single-center case series or early-phase
studies, often with limited sample sizes and relatively
short follow-up durations (typically ≤12 months). In ad-

dition, there is considerable heterogeneity across studies in
terms of patient populations, radiation dose protocols, tar-
get delineation strategies, and follow-up periods (Table 1,
Ref. [5,7,8,9,10,12,15,19,27,28,29,30]). Such heterogene-
ity raises concerns regarding potential biases and limits the
generalizability of the findings. Therefore, large random-
ized clinical trials with longer follow-up are needed to fur-
ther validate the therapeutic role of STAR in patients with
refractory VT.

2.3 Safety Profile
Based on current studies, the acute toxicity of STAR

is generally low [31]. However, because ionizing radia-
tion preferentially injures actively dividing epithelial cells,
concerns remain regarding potential late toxicities, partic-
ularly given the close proximity of critical thoracic struc-
tures. One important concern is the impact of STAR on
the heart itself. According to a recent meta-analysis [14],
STAR does not appear to significantly impair left ventricu-
lar ejection fraction. Nevertheless, individual studies have
reported heart failure exacerbation [9,32,33], myocardial
injury [8], worsening mitral regurgitation [9], and, rarely,
intracardiac thrombus formation [8]. Long-term data on
cardiac-specific toxicities—such as radiation-induced coro-
nary artery disease or progressive valvular dysfunction—
remain limited and are a focus of ongoing surveillance [34].

Extracardiac complications primarily involve injury
to adjacent structures, including the pericardium, gastroin-
testinal tract, and lungs. The most commonly reported
adverse events are pericarditis, pneumonitis, and pleural
effusions [14]. These events are generally asymptomatic
and transient, rarely requiring additional treatment [14]. In
some cases, localized lung fibrosis has been observed, typ-
ically limited in extent [35] and clinically silent [15]. Rare
but more severe complications—such as gastropericardial
fistula [7], esophago-pericardial fistula [35], or phrenic
nerve palsy [36]—have also been reported and warrant par-
ticular attention.

Because the vast majority of patients undergoing
STAR have implanted cardiac devices, the interaction be-
tween radiation therapy and device function has been care-
fully evaluated. Overall, STAR appears to be safe in pa-
tients with implanted devices. However, rare instances of
device reset have been reported [8], underscoring the need
for careful peri-procedural device monitoring.

Based on currently available studies, acute toxicity as-
sociated with STAR appears to be relatively low; however,
long-term safety remains an important concern. Given the
relatively short follow-up periods in most published stud-
ies, reports of late complications remain limited. Never-
theless, several potential late adverse events have been de-
scribed, including aortic valve disease (stenosis), radiation-
induced coronary artery disease, conduction system injury,
delayed cardiomyopathy, pericardial disease, bronchopul-
monary hemorrhage and chest wall pain [33]. As many pa-

2

https://www.imrpress.com


Table 1. A summary of clinical studies evaluating the efficacy of STAR in VT patients.
Year Study design Sample size Cardiomyopathy Radiation dose Key results Follow-up References

2017 Single-arm, prospective study 5
ICM: 2
NICM: 3

25 Gy × 1 fraction 99.9% reduction in VT burden; 2 recurrences at 12 months 12 months [5]

2019 Prospective phase I/II trial 19
ICM: 11
NICM: 8

25 Gy × 1 fraction VT episodes or PVC burden was reduced by 75% in 89% of patients 12 months [7]

2021 Single-arm, retrospective study 8
ICM: 4
NICM: 4

15–25 Gy × 1 fraction ICD therapies decreased from median 69.5 to 13.3 7.8 months [27]

2020 Single-arm, prospective study 5
ICM: 4
NICM: 1

25 Gy × 1 fraction All patients experienced recurrence, 2/5 died of heart failure 12 months [12]

2021 Single-arm, prospective study 8
ICM: 4
NICM:4

25 Gy × 1 fraction VT events decreased from 29 ± 33 to 11 ± 9 (at 3 months) and 2 ± 2 (at 6 months) 8 months [15]

2022 Single-arm, retrospective study 17
ICM: 10
NICM:7

25 Gy × 1 fraction 91% reduction in VT burden 12.5 months [19]

2023 Single-arm, prospective study 7 NA 25 Gy × 1 fraction 5/7 demonstrated a reduction in ventricular tachycardia events 6 months [28]

2023 Single-arm, prospective study 5
ICM: 2
NICM: 3

25 Gy × 1 fraction 3/5 had a decrease in VT episodes; 1 died of cardiogenic shock 6 months [9]

2023 Single-arm, prospective study 6
ICM: 6
NICM: 0

25 Gy × 1 fraction ≥50% reduction in treated VT episodes in 4/6 (67%) patients 12 months [8]

2025 Single-arm, prospective study 3
ICM: 1
NICM: 2

25 Gy × 1 fraction No VT events were recorded in two patients; one died from progressive heart failure 12 months [10]

2025 Single-arm, retrospective study 12
ICM: 9
NICM: 3

25 Gy × 1 fraction 64.5% reduction in VT burden; 6/9 recurrences at 6 months 12 months [29]

2026 Single-arm, prospective study 19
ICM: 8

NICM: 11
25 Gy × 1 fraction 81% reduction in ICD therapies 14 months [30]

ICD, implantable cardioverter defibrillator; ICM, ischemic cardiomyopathy; NICM, non-ischemic cardiomyopathy; PVC, premature ventricular contraction; STAR, stereotactic arrhythmia radioablation;
VT, ventricular tachycardia; NA, not available.
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tients may survive for several years following treatment, the
long-term cardiac effects of radiation remain an important
and unresolved issue that warrants continued investigation.

3. Underlying Antiarrhythmic Mechanisms
In oncology, SBRT achieves tumor control mainly by

inducing lethal genomic injury and secondary microvascu-
lar and immunologic effects. However, cardiomyocytes are
terminally differentiated cells with condensed chromatin
and no ongoing deoxyribonucleic acid (DNA) replication,
making them intrinsically resistant to radiation-induced
DNA damage. As a result, the therapeutic effects of STAR
in arrhythmia management are mediated by mechanisms
that are distinct from those responsible for tumor eradica-
tion. The precise mechanisms by which STAR terminates
VT are complex and appear to operate on two distinct tem-
poral scales: an early functional effect and a late structural
effect.

3.1 Early Electrophysiological Reprogramming
Surprisingly, clinical antiarrhythmic effects are of-

ten observed within days of treatment, preceding any sig-
nificant tissue fibrosis [37]. This phenomenon facilitates
the assessment of the acute electrophysiological effects of
STAR. Preclinical and translational studies have shed light
on this phenomenon. Zhang et al. [38] demonstrated in a
porcine model that a single 25 Gy dose of radiation leads
to an upregulation of key ion channels (Nav1.5, Cav1.2)
and gap junction proteins (Cx43) within 24 hours, probably
via Notch signaling, effectively affecting action potential
and conduction velocity without causing transmural fibrosis
at this early stage. This “electrical conduction reprogram-
ming” is believed to disrupt the re-entrant circuits responsi-
ble for VT [39]. Recent work by Mages et al. [40] provides
direct human evidence that STAR acutely affects cardiomy-
ocyte electrophysiology, STAR modulates the expression
of various ion channels, calcium handling proteins, and gap
junction proteins. Thus, existing evidence suggests that, in
the acute phase, STAR may modulate cardiac electrophysi-
ology through effects on ion channels and gap junction.

Although electrophysiological reprogramming has
been proposed as a potential mechanism underlying the
early antiarrhythmic effects of STAR, the current mechanis-
tic understanding remains incomplete. Evidence support-
ing rapid ion channel remodeling in humans is still limited.
Alternative mechanisms have been proposed to explain
the early reduction in VT burden observed after STAR.
These may include modulation of cardiac autonomic ac-
tivity, radiation-induced inflammatory responses, and tran-
sient conduction block within arrhythmogenic substrates
[41]. Therefore, the relative contribution of these mech-
anisms remains uncertain, and further mechanistic studies
are required.

3.2 Structural and Neural Remodeling
Over weeks to months, the primary mechanism shifts

towards structural remodeling. Histopathological examina-
tion of human myocardium post-mortem revealed a bipha-
sic response: an initial inflammatory phase dominated by
macrophage infiltration, followed by a proliferative phase
characterized by dense collagen deposition and fibrosis
[42,43]. This process effectively creates a non-conductive
scar that permanently isolates or destroys the arrhythmo-
genic substrate, analogous to the goal of CA but achieved
through a different biological pathway [44]. The extent of
this fibrotic remodeling appears to be dose-dependent, as
suggested by early human imaging studies correlating ra-
diation dose with late gadolinium enhancement on cardiac
magnetic resonance imaging (MRI) [45].

Additionally, STAR has been reported to exert neuro-
modulatory effects. Emerging evidence suggests that radi-
ation may influence cardiac autonomic nerves and neural
signaling [46]; however, the extent and durability of these
effects, as well as their contribution to arrhythmia suppres-
sion, remain incompletely understood.

4. Critical Technical Considerations for
STAR Delivery

Although STAR is considered a non-invasive ap-
proach, its potential effects on surrounding tissues neces-
sitate precise and carefully controlled application. The suc-
cessful and safe application of STARhinges on amultidisci-
plinary workflow that addresses several unique challenges.

4.1 Patient Selection
Current safety and efficacy data for STAR in VT con-

trol are largely derived from patients with refractory VT
who are either not eligible for catheter ablation or have
failed catheter ablation and/or AAD therapy. Therefore,
based on the available evidence, careful patient selection is
paramount and should prioritize individuals with truly re-
fractory VT and a reasonable life expectancy [47].

4.2 Target Delineation
Accurate target volume definition is the cornerstone of

STAR. The gross tumor volume is replaced by the “gross
arrhythmia volume” (GAV), which is delineated with a
combination of both imaging and mapping data: (1) Elec-
troanatomic Mapping (EAM): Both endocardial and epi-
cardial voltage maps from prior CA procedures are ac-
curate approaches for defining scar (typically <1.5 mV)
[48,49]. (2) Non-invasive Imaging: Cardiac magnetic reso-
nancewith late gadolinium enhancement (LGE-CMR) is in-
valuable for visualizing myocardial scar, especially in non-
ischemic substrates [50]. Nuclear imaging can identify ar-
eas of metabolic mismatch or sympathetic innervation [51].
(3) Electrocardiogram (ECG) Imaging: Non-invasive elec-
trocardiographic imaging (ECGI) can localize the origin of
VT [5,52]. Consensus statements provide detailed guid-
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ance on integrating these data sources into a unified GAV
[47,53]. In brief, the GAV should cover the VT exit site and
colocalized ventricular scar [8].

4.3 Treatment Planning and Dose Constraints
A typical prescription is a single fraction of 25 Gy

(varied in different studies) to the planning target vol-
ume (PTV), which is the GAV plus a margin to account
for setup uncertainties and residual motion [54]. How-
ever, dose escalation is being explored in trials like DEFT-
STAR (NCT05594368) to potentially improve efficacy
[55]. Stringent dose constraints for organs-at-risk (OARs)
are critical to avoid toxicity. Key constraints include limits
for the coronary arteries (<12–15 Gy to a small volume),
esophagus, lungs, and spinal cord, often adapted from tho-
racic SBRT guidelines [56,57]. 25 Gy is used currently to
irradiate targeted regions of the left ventricle only, whereas
lower doses, e.g., 5 Gy have been used for whole-heart ir-
radiation in limited pre-clinical and clinical studies [58].
Multi-platform benchmarking studies, such as those from
the RAVENTA consortium, are working to harmonize these
planning practices [59].

4.4 Treatment Delivery and Motion Management
After all radiotherapy plans had passed routine physics

quality assurance based on calibrated phantoms, patients
were immobilized. Stereotactic radiotherapy ablation was
then delivered using a linear accelerator equipped with an
image-guided radiotherapy system, with real-time beam
alignment achieved through cone-beam computed tomog-
raphy to ensure precise registration with the target volume.

Cardiac and respiratory motion present a major chal-
lenge for precise targeting. Several strategies have been de-
veloped: (1) Mid-Position Planning: This technique uses a
time-weighted average of the cardiac cycle to create a more
stable target, reducing the need for large internal margins
[60]. (2) Gating: Real-time ECG gating can deliver radia-
tion only during a specific phase of the cardiac cycle (e.g.,
diastole), minimizing motion [61]. (3) Tracking: Robotic
platforms like CyberKnife use real-time tracking of fiducial
markers or the target itself (e.g., via Synchrony® system)
to dynamically adjust the beam, allowing for sub-millimeter
accuracy even with continuous motion [62,63].

5. Knowledge Gaps and Future Directions
Ever since the first report by Cuculich et al. [5], an

increasing number of clinical and preclinical studies have
demonstrated the feasibility, efficacy, and short-term safety
profile of STAR, and have begun to explore themechanisms
underlying its antiarrhythmic effects. However, as the ex-
isting evidence is largely derived from single-arm studies
or small case series, several critical questions remain un-
resolved. These include: (1) efficacy and safety—whether
STAR provides incremental or superior benefit compared
with conventional therapies across diverse patient popu-

lations; (2) treatment optimization—the optimal radiation
dose, fractionation, and workflow required to maximize ef-
ficacy while ensuring long-term safety; and (3) mechanistic
understanding—the detailed biological and electrophysio-
logical mechanisms responsible for the antiarrhythmic ef-
fects of STAR.

With these gaps in mind, future research should focus
on several key areas: (1) the establishment of international
registries andwell-designed clinical trials to generate robust
long-term safety and efficacy data; (2) the development of
reliable biomarkers to predict treatment response and guide
patient selection; (3) prospective optimization of radiation
dose and fractionation schemes; (4) further refinement of
motion management and image-guidance technologies to
enhance targeting precision; and (5) basic and translational
studies to elucidate the short- and long-term mechanisms
of STAR-mediated arrhythmia suppression. The ultimate
goal is to integrate STAR into a standardized, multidisci-
plinary care pathway for patients with refractory ventricular
arrhythmias.

6. Conclusion
Stereotactic arrhythmia radioablation represents a

paradigm shift in the management of refractory ventricu-
lar tachycardia. A growing body of clinical evidence sup-
ports its efficacy in significantly reducing arrhythmia bur-
den and improving quality of life in a highly selected, other-
wise untreatable patient population. Its antiarrhythmic ac-
tion is now understood to be dual-phasic, involving both
an early, functional disruption of electrical conduction and
a late, structural creation of a fibrotic scar. The safe and
effective delivery of STAR requires a meticulous, multidis-
ciplinary approach to patient selection, target delineation,
motion management, and treatment planning. While long-
term data with larger sample size are still maturing, STAR
stands as a powerful addition to the electrophysiologist’s
armamentarium against this formidable clinical challenge.

Author Contributions
ZG, ZX and YS conceived the review and wrote the

first draft. MC, HL and LS designed the work, analyzed
data for this work, supervised the project and critically re-
vised the manuscript. All authors read and approved the
final version. All authors contributed to editorial changes
in the manuscript. All authors have participated sufficiently
in the work and agreed to be accountable for all aspects of
the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

5

https://www.imrpress.com


Funding
This research received no external funding.

Conflicts of Interest
The authors declare no conflicts of interest.

Declaration of AI and AI-Assisted
Technologies in the Writing Process

During the preparation of this work, the authors used
ChatGPT-3.5 in order to check spelling and grammar. After
using this tool, the authors reviewed and edited the content
as needed and take full responsibility for the content of the
publication.

References
[1] Sapp JL, Tang ASL, Parkash R, StevensonWG, Healey JS, Gula

LJ, et al. Catheter Ablation or Antiarrhythmic Drugs for Ventric-
ular Tachycardia. The New England Journal of Medicine. 2025;
392: 737–747. https://doi.org/10.1056/NEJMoa2409501

[2] Çöteli C, Zekeriyayev S, Sezer C, Yorgun H, Aytemir K. Long-
Term Outcomes of Catheter Ablation in Ventricular Tachycardia
Electrical Storm: A Retrospective Cohort Study. Clinical Car-
diology. 2025; 48: e70221. https://doi.org/10.1002/clc.70221

[3] Rottner L, Metzner A, Hochadel M, Senges J, Willems S, Ince
H, et al. Ten-Year Outcomes and Predictors of Mortality Fol-
lowing Catheter Ablation of Ventricular Tachycardia. Journal
of the American Heart Association. 2025; 14: e034814. https:
//doi.org/10.1161/JAHA.124.034814

[4] Guandalini GS, Liang JJ, Marchlinski FE. Ventricular Tachy-
cardia Ablation: Past, Present, and Future Perspectives. JACC.
Clinical Electrophysiology. 2019; 5: 1363–1383. https://doi.or
g/10.1016/j.jacep.2019.09.015

[5] Cuculich PS, Schill MR, Kashani R,Mutic S, LangA, Cooper D,
et al. Noninvasive Cardiac Radiation for Ablation of Ventricular
Tachycardia. The New England Journal of Medicine. 2017; 377:
2325–2336. https://doi.org/10.1056/NEJMoa1613773

[6] Athar AM, Nabors CC, Dhaduk K, Yandrapalli S, Jain A, Moor-
thy CR, et al. Noninvasive Radioablation of Ventricular Tachy-
cardia. Cardiology in Review. 2020; 28: 283–290. https://doi.or
g/10.1097/CRD.0000000000000321

[7] Robinson CG, Samson PP, Moore KMS, Hugo GD, Knutson N,
Mutic S, et al. Phase I/II Trial of Electrophysiology-GuidedNon-
invasive Cardiac Radioablation for Ventricular Tachycardia. Cir-
culation. 2019; 139: 313–321. https://doi.org/10.1161/CIRCUL
ATIONAHA.118.038261

[8] van der Ree MH, Dieleman EMT, Visser J, Planken RN,
Boekholdt SM, de Bruin-Bon RHA, et al. Non-invasive stereo-
tactic arrhythmia radiotherapy for ventricular tachycardia: re-
sults of the prospective STARNL-1 trial. Europace. 2023; 25:
1015–1024. https://doi.org/10.1093/europace/euad020

[9] Krug D, Zaman A, Eidinger L, Grehn M, Boda-Heggemann
J, Rudic B, et al. Radiosurgery for ventricular tachycardia
(RAVENTA): interim analysis of a multicenter multiplatform
feasibility trial. Strahlentherapie Und Onkologie. 2023; 199:
621–630. https://doi.org/10.1007/s00066-023-02091-9

[10] Borzov E, Efraim R, Suleiman M, Bar-Deroma R, Billan S, Xie
J, et al. Implementing stereotactic arrhythmia radioablation with
STOPSTORM.eu consortium support: intermediate results of
a prospective Israeli single-institutional trial. Strahlentherapie
Und Onkologie. 2025; 201: 126–134. https://doi.org/10.1007/
s00066-024-02300-z

[11] Neuwirth R, Cvek J, Knybel L, Jiravsky O, Molenda L, Ko-
daj M, et al. Stereotactic radiosurgery for ablation of ventricular

tachycardia. Europace. 2019; 21: 1088–1095. https://doi.org/10.
1093/europace/euz133

[12] Gianni C, Rivera D, Burkhardt JD, Pollard B, Gardner E,
Maguire P, et al. Stereotactic arrhythmia radioablation for re-
fractory scar-related ventricular tachycardia. Heart Rhythm.
2020; 17: 1241–1248. https://doi.org/10.1016/j.hrthm.2020.02.
036

[13] Yugo D, Lo LW, Wu YH, Chung FP, Lin YJ, Chang SL, et
al. Case series on stereotactic body radiation therapy in non-
ischemic cardiomyopathy patients with recurrent ventricular
tachycardia. Pacing and Clinical Electrophysiology: PACE.
2021; 44: 1085–1093. https://doi.org/10.1111/pace.14254

[14] Gupta A, Sattar Z, Chaaban N, Ranka S, Carlson C, Sami F,
et al. Stereotactic cardiac radiotherapy for refractory ventricular
tachycardia in structural heart disease patients: a systematic re-
view. Europace. 2024; 27: euae305. https://doi.org/10.1093/eu
ropace/euae305

[15] Carbucicchio C, Andreini D, Piperno G, Catto V, Conte E,
Cattani F, et al. Stereotactic radioablation for the treatment of
ventricular tachycardia: preliminary data and insights from the
STRA-MI-VT phase Ib/II study. Journal of Interventional Car-
diac Electrophysiology: an International Journal of Arrhyth-
mias and Pacing. 2021; 62: 427–439. https://doi.org/10.1007/
s10840-021-01060-5

[16] Nasu T, Toba M, Nekomiya N, Itasaka R, Mafune S, Nakata
T, et al. Successful Application of Stereotactic Body Radiation
Therapy for Ventricular Tachycardia Substrate in a Patient With
Nonischemic Cardiomyopathy. The American Journal of Cardi-
ology. 2022; 184: 149–153. https://doi.org/10.1016/j.amjcard.
2022.08.017

[17] Scanavacca MI, Pisani CF, Salvajoli B, Kulchetscki RM,
Mayrink MP, Salvajoli JV, et al. Stereotactic Body Radiation
Therapy for Recurrent Ventricular Tachycardia in Chagas Dis-
ease: First Case in Latin America. Arquivos Brasileiros De Car-
diologia. 2023; 120: e20220614. https://doi.org/10.36660/abc.
20220614

[18] Amino M, Wakatsuki M, Mori S, Shimokawa T, Kabuki S, Ku-
nieda E, et al. Case of Successful Sympathetic NerveModulation
by Targeted Heavy Ion Radiotherapy for Idiopathic Ventricular
Tachycardia. Annals of Noninvasive Electrocardiology. 2024;
29: e70020. https://doi.org/10.1111/anec.70020

[19] Ninni S, Gallot-Lavallée T, Klein C, Longère B, Brigadeau
F, Potelle C, et al. Stereotactic Radioablation for Ventricular
Tachycardia in the Setting of Electrical Storm. Circulation. Ar-
rhythmia and Electrophysiology. 2022; 15: e010955. https://do
i.org/10.1161/CIRCEP.122.010955

[20] Aras D, Çetin EHÖ, Ozturk HF, Ozdemir E, Kara M, Ekizler
FA, et al. Stereotactic body radioablation therapy as an immedi-
ate and early term antiarrhythmic palliative therapeutic choice in
patients with refractory ventricular tachycardia. Journal of Inter-
ventional Cardiac Electrophysiology: an International Journal of
Arrhythmias and Pacing. 2023; 66: 135–143. https://doi.org/10.
1007/s10840-022-01352-4

[21] Benali K, LloydMS, PetrosyanA, Rigal L, QuivrinM, Bessieres
I, et al. Cardiac stereotactic radiation therapy for refractory ven-
tricular arrhythmias in patients with left ventricular assist de-
vices. Journal of Cardiovascular Electrophysiology. 2024; 35:
206–213. https://doi.org/10.1111/jce.16139

[22] Jiwani S, Akhavan D, Reddy M, Noheria A. Cardiac stereotac-
tic radiotherapy for refractory ventricular tachycardia in a pa-
tient with wireless left ventricular endocardial stimulation sys-
tem. HeartRhythm Case Reports. 2023; 9: 818–822. https://doi.
org/10.1016/j.hrcr.2023.08.013

[23] Peichl P, Sramko M, Cvek J, Kautzner J. A case report of suc-
cessful elimination of recurrent ventricular tachycardia by re-
peated stereotactic radiotherapy: the importance of accurate tar-

6

https://doi.org/10.1056/NEJMoa2409501
https://doi.org/10.1002/clc.70221
https://doi.org/10.1161/JAHA.124.034814
https://doi.org/10.1161/JAHA.124.034814
https://doi.org/10.1016/j.jacep.2019.09.015
https://doi.org/10.1016/j.jacep.2019.09.015
https://doi.org/10.1056/NEJMoa1613773
https://doi.org/10.1097/CRD.0000000000000321
https://doi.org/10.1097/CRD.0000000000000321
https://doi.org/10.1161/CIRCULATIONAHA.118.038261
https://doi.org/10.1161/CIRCULATIONAHA.118.038261
https://doi.org/10.1093/europace/euad020
https://doi.org/10.1007/s00066-023-02091-9
https://doi.org/10.1007/s00066-024-02300-z
https://doi.org/10.1007/s00066-024-02300-z
https://doi.org/10.1093/europace/euz133
https://doi.org/10.1093/europace/euz133
https://doi.org/10.1016/j.hrthm.2020.02.036
https://doi.org/10.1016/j.hrthm.2020.02.036
https://doi.org/10.1111/pace.14254
https://doi.org/10.1093/europace/euae305
https://doi.org/10.1093/europace/euae305
https://doi.org/10.1007/s10840-021-01060-5
https://doi.org/10.1007/s10840-021-01060-5
https://doi.org/10.1016/j.amjcard.2022.08.017
https://doi.org/10.1016/j.amjcard.2022.08.017
https://doi.org/10.36660/abc.20220614
https://doi.org/10.36660/abc.20220614
https://doi.org/10.1111/anec.70020
https://doi.org/10.1161/CIRCEP.122.010955
https://doi.org/10.1161/CIRCEP.122.010955
https://doi.org/10.1007/s10840-022-01352-4
https://doi.org/10.1007/s10840-022-01352-4
https://doi.org/10.1111/jce.16139
https://doi.org/10.1016/j.hrcr.2023.08.013
https://doi.org/10.1016/j.hrcr.2023.08.013
https://www.imrpress.com


get volume delineation. European Heart Journal. Case Reports.
2021; 5: ytaa516. https://doi.org/10.1093/ehjcr/ytaa516

[24] Urbańska J, Prus A, Królak T, Konopa K, Kamińska J, Naczk E,
et al. Repeated stereotactic radioablation for recurrent ventricu-
lar tachycardia in a patient with lung cancer. Cardiology Journal.
2025; 32: 411–415. https://doi.org/10.5603/cj.102360

[25] Benali K, Zei PC, Lloyd M, Kautzner J, Guenancia C, Ninni
S, et al. One-year mortality and causes of death after stereotac-
tic radiation therapy for refractory ventricular arrhythmias: A
systematic review and pooled analysis. Trends in Cardiovascu-
lar Medicine. 2024; 34: 488–496. https://doi.org/10.1016/j.tcm.
2023.12.008

[26] Sapp JL,Wells GA, Parkash R, StevensonWG, Blier L, Sarrazin
JF, et al. Ventricular Tachycardia Ablation versus Escalation of
Antiarrhythmic Drugs. The New England Journal of Medicine.
2016; 375: 111–121. https://doi.org/10.1056/NEJMoa1513614

[27] Chin R, Hayase J, Hu P, Cao M, Deng J, Ajijola O, et al. Non-
invasive stereotactic body radiation therapy for refractory ven-
tricular arrhythmias: an institutional experience. Journal of In-
terventional Cardiac Electrophysiology: an International Jour-
nal of Arrhythmias and Pacing. 2021; 61: 535–543. https://doi.
org/10.1007/s10840-020-00849-0

[28] Oh S, Liu EH, Trombetta MG, Shaw GC, Thosani AJ, Bieder-
man RW, et al. A target definition based on electroanatomic
maps for stereotactic arrhythmia radioablation. Physica Med-
ica: PM: an International Journal Devoted to the Applications of
Physics to Medicine and Biology: Official Journal of the Italian
Association of Biomedical Physics (AIFB). 2023; 115: 103160.
https://doi.org/10.1016/j.ejmp.2023.103160

[29] Das SK, Ryan T, Panettieri V, Hawson J, Lim T, Hardcastle N, et
al. Stereotactic arrhythmia radioablation for refractory ventricu-
lar tachycardia-The initial Australian experience. Heart Rhythm.
2025; 22: e364–e373. https://doi.org/10.1016/j.hrthm.2025.02.
005

[30] Carbucicchio C, Schiavone M, Piperno G, Mancini ME, Cat-
tani F, Sabatino M, et al. Stereotactic radioablation for ventric-
ular tachycardia in patients untreatable by catheter ablation: ev-
idence of efficacy, safety, and impact on coronary arteries. Eu-
ropace. 2026; 28: euag004. https://doi.org/10.1093/europace/e
uag004

[31] Trinh K, Kou A. Palliative Stereotactic Body Radiation Therapy
for the Treatment of RefractoryVentricular Tachycardia. Cureus.
2025; 17: e80001. https://doi.org/10.7759/cureus.80001

[32] Qian PC, Quadros K, Aguilar M, Wei C, Boeck M, Bredfeldt
J, et al. Substrate Modification Using Stereotactic Radioabla-
tion to Treat Refractory Ventricular Tachycardia in PatientsWith
Ischemic Cardiomyopathy. JACC. Clinical Electrophysiology.
2022; 8: 49–58. https://doi.org/10.1016/j.jacep.2021.06.016

[33] Chang WI, Jo HH, Cha MJ, Chang JH, Choi CH, Kim HJ, et
al. Short-term and long-term effects of noninvasive cardiac ra-
dioablation for ventricular tachycardia: A single-center case se-
ries. Heart Rhythm O2. 2023; 4: 119–126. https://doi.org/10.
1016/j.hroo.2022.11.006

[34] Wei C, Qian PC, Boeck M, Bredfeldt JS, Blankstein R, Tedrow
UB, et al. Cardiac stereotactic body radiation therapy for ventric-
ular tachycardia: Current experience and technical gaps. Jour-
nal of Cardiovascular Electrophysiology. 2021; 32: 2901–2914.
https://doi.org/10.1111/jce.15259

[35] Hašková J,Wichterle D, Kautzner J, ŠramkoM, Peichl P, Knybel
PEng L, et al. Efficacy and Safety of Stereotactic Radiotherapy
in Patients With Recurrent Ventricular Tachycardias: The Czech
Experience. JACC. Clinical Electrophysiology. 2024; 10: 654–
666. https://doi.org/10.1016/j.jacep.2023.12.002

[36] Mohanty S, Natale A. Stereotactic Radiotherapy in Refractory
Ventricular Tachycardia: Is it Truly a Rising “STAR”? JACC.
Clinical Electrophysiology. 2024; 10: 667–669. https://doi.org/

10.1016/j.jacep.2024.102337
[37] Whitaker J, Mak RH, Zei PC. Non-invasive ablation of arrhyth-

mias with stereotactic ablative radiotherapy. Trends in Cardio-
vascular Medicine. 2022; 32: 287–296. https://doi.org/10.1016/
j.tcm.2021.04.008

[38] Zhang DM, Navara R, Yin T, Szymanski J, Goldsztejn U,
Kenkel C, et al. Cardiac radiotherapy induces electrical conduc-
tion reprogramming in the absence of transmural fibrosis. Na-
ture Communications. 2021; 12: 5558. https://doi.org/10.1038/
s41467-021-25730-0

[39] Whitaker J, Zei PC, Ahmad S, Niederer S, O’Neill M, Rinaldi
CA. The effect of ionizing radiation through cardiac stereotac-
tic body radiation therapy on myocardial tissue for refractory
ventricular arrhythmias: A review. Frontiers in Cardiovascular
Medicine. 2022; 9: 989886. https://doi.org/10.3389/fcvm.2022.
989886

[40] Mages C, Gampp H, Rahm AK, Hackbarth J, Pfeiffer J, Pe-
tersenn F, et al. Cardiac stereotactic body radiotherapy to treat
malignant ventricular arrhythmias directly affects the cardiomy-
ocyte electrophysiology. Heart Rhythm. 2025; 22: 90–99. https:
//doi.org/10.1016/j.hrthm.2024.06.043

[41] Zenger B, Smith TW, Hicks S, Ng S, Pavek T, Knutson N, et
al. STAR Locally Prolongs Effective Refractory Period and In-
creases Ventricular Tachycardia Cycle Length Without Short-
Term Scar Formation or Functional Decline: Insights From a
Translational PorcineModel Study. Circulation. Arrhythmia and
Electrophysiology. 2025; 18: e013684. https://doi.org/10.1161/
CIRCEP.124.013684

[42] Kučera T, Jedličková K, Šramko M, Peichl P, Cvek J, Knybel
L, et al. Inflammation and fibrosis characterize different stages
of myocardial remodeling in patients after stereotactic body ra-
diotherapy of ventricular myocardium for recurrent ventricu-
lar tachycardia. Cardiovascular Pathology. 2023; 62: 107488.
https://doi.org/10.1016/j.carpath.2022.107488

[43] Kiani S, Kutob L, Schneider F, Higgins KA, Lloyd MS.
Histopathologic and Ultrastructural Findings in Human My-
ocardium After Stereotactic Body Radiation Therapy for Re-
calcitrant Ventricular Tachycardia. Circulation. Arrhythmia and
Electrophysiology. 2020; 13: e008753. https://doi.org/10.1161/
CIRCEP.120.008753

[44] ChaMJ, Seo JW,KimHJ, KimMK,YoonHS, Jo SW, et al. Early
Changes in Rat Heart After High-Dose Irradiation: Implications
for Antiarrhythmic Effects of Cardiac Radioablation. Journal of
the American Heart Association. 2021; 10: e019072. https://do
i.org/10.1161/JAHA.120.019072

[45] Paccione EN, Kwan E, Bergquist JA, Shah AS, Orkild BA,
Hunt B, et al. Radiation induces diffuse extracellular remodeling
of healthy myocardium in a dose- and time-dependent manner
without a dense ablative effect. Heart Rhythm. 2026; 23: 1345–
1355. https://doi.org/10.1016/j.hrthm.2025.06.041

[46] Cai X, Wei Z, Shen Y, Qian L, Cai J, Yang Y, et al. Pulmonary
artery denervation by noninvasive stereotactic radiotherapy: a
pilot study in swine models of pulmonary hypertension. Na-
ture Communications. 2025; 16: 558. https://doi.org/10.1038/
s41467-025-55933-8

[47] Zeppenfeld K, Rademaker R, Al-Ahmad A, Carbucicchio C, De
Chillou C, Cvek J, et al. Patient selection, ventricular tachycar-
dia substrate delineation, and data transfer for stereotactic ar-
rhythmia radioablation: a clinical consensus statement of the
European Heart Rhythm Association of the European Society
of Cardiology and the Heart Rhythm Society. Europace. 2025;
27: euae214. https://doi.org/10.1093/europace/euae214

[48] Hecko J, Knybel L, RybarM, PenhakerM, Jiravsky O, Neuwirth
R, et al. Optimized target delineation procedure for the ra-
diosurgery treatment of ventricular tachycardia: observer-
independent accuracy. Reports of Practical Oncology and Ra-

7

https://doi.org/10.1093/ehjcr/ytaa516
https://doi.org/10.5603/cj.102360
https://doi.org/10.1016/j.tcm.2023.12.008
https://doi.org/10.1016/j.tcm.2023.12.008
https://doi.org/10.1056/NEJMoa1513614
https://doi.org/10.1007/s10840-020-00849-0
https://doi.org/10.1007/s10840-020-00849-0
https://doi.org/10.1016/j.ejmp.2023.103160
https://doi.org/10.1016/j.hrthm.2025.02.005
https://doi.org/10.1016/j.hrthm.2025.02.005
https://doi.org/10.1093/europace/euag004
https://doi.org/10.1093/europace/euag004
https://doi.org/10.7759/cureus.80001
https://doi.org/10.1016/j.jacep.2021.06.016
https://doi.org/10.1016/j.hroo.2022.11.006
https://doi.org/10.1016/j.hroo.2022.11.006
https://doi.org/10.1111/jce.15259
https://doi.org/10.1016/j.jacep.2023.12.002
https://doi.org/10.1016/j.jacep.2024.102337
https://doi.org/10.1016/j.jacep.2024.102337
https://doi.org/10.1016/j.tcm.2021.04.008
https://doi.org/10.1016/j.tcm.2021.04.008
https://doi.org/10.1038/s41467-021-25730-0
https://doi.org/10.1038/s41467-021-25730-0
https://doi.org/10.3389/fcvm.2022.989886
https://doi.org/10.3389/fcvm.2022.989886
https://doi.org/10.1016/j.hrthm.2024.06.043
https://doi.org/10.1016/j.hrthm.2024.06.043
https://doi.org/10.1161/CIRCEP.124.013684
https://doi.org/10.1161/CIRCEP.124.013684
https://doi.org/10.1016/j.carpath.2022.107488
https://doi.org/10.1161/CIRCEP.120.008753
https://doi.org/10.1161/CIRCEP.120.008753
https://doi.org/10.1161/JAHA.120.019072
https://doi.org/10.1161/JAHA.120.019072
https://doi.org/10.1016/j.hrthm.2025.06.041
https://doi.org/10.1038/s41467-025-55933-8
https://doi.org/10.1038/s41467-025-55933-8
https://doi.org/10.1093/europace/euae214
https://www.imrpress.com


diotherapy. 2024; 29: 280–289. https://doi.org/10.5603/rpor
.100387

[49] Afzal MR, Daoud EG, Gomaa M, Okabe T, Savona SJ, Sirin-
varavong N, et al. Target delineation workflow and outcomes of
stereotactic cardiac radioablation. Heart Rhythm O2. 2025; 6:
1401–1411. https://doi.org/10.1016/j.hroo.2025.06.009

[50] White JA, Fine NM, Gula L, Yee R, Skanes A, Klein G, et al.
Utility of cardiovascular magnetic resonance in identifying sub-
strate for malignant ventricular arrhythmias. Circulation. Car-
diovascular Imaging. 2012; 5: 12–20. https://doi.org/10.1161/
CIRCIMAGING.111.966085

[51] Haberl C, Crean AM, Zelt JGE, Redpath CJ, deKemp RA. Role
of Nuclear Imaging in Cardiac Stereotactic Body Radiotherapy
for Ablation of Ventricular Tachycardia. Seminars in Nuclear
Medicine. 2024; 54: 427–437. https://doi.org/10.1053/j.semnuc
lmed.2024.03.002

[52] Cozzi S, Bottoni N, Botti A, Trojani V, Alì E, Finocchi Ghersi
S, et al. The Use of Cardiac Stereotactic Radiation Therapy
(SBRT) to Manage Ventricular Tachycardia: A Case Report,
Review of the Literature and Technical Notes. Journal of Per-
sonalized Medicine. 2022; 12: 1783. https://doi.org/10.3390/jp
m12111783

[53] Abdel-Kafi S, Sramko M, Omara S, de Riva M, Cvek J, Peichl
P, et al. Accuracy of electroanatomical mapping-guided cardiac
radiotherapy for ventricular tachycardia: pitfalls and solutions.
Europace. 2021; 23: 1989–1997. https://doi.org/10.1093/europa
ce/euab195

[54] KimH, Park S, Kim J, Kim JS, KimDW, KimN, et al. Reinforc-
ing treatment and evaluation workflow of stereotactic ablative
body radiotherapy for refractory ventricular tachycardia. Radi-
ation Oncology Journal. 2024; 42: 319–329. https://doi.org/10.
3857/roj.2024.00262

[55] Kovacs B, Mayinger M, Ehrbar S, Fesslmeier D, Ahmadsei
M, Sazgary L, et al. Dose escalation for stereotactic arrhyth-
mia radioablation of recurrent ventricular tachyarrhythmia - a
phase II clinical trial. Radiation Oncology. 2023; 18: 185. https:
//doi.org/10.1186/s13014-023-02361-x

[56] Kluge A, Ehrbar S, Grehn M, Fleckenstein J, Baus WW,
Siebert FA, et al. Treatment Planning for Cardiac Radioablation:
Multicenter Multiplatform Benchmarking for the RAdiosurgery
for VENtricular TAchycardia (RAVENTA) Trial. International

Journal of Radiation Oncology, Biology, Physics. 2022; 114:
360–372. https://doi.org/10.1016/j.ijrobp.2022.06.056

[57] Huang LH, Gao ZZ, Li WY, Zhang HC, Zheng JW, Liu XP.
Stereotactic body radiation therapy for refractory premature
ventricular contractions that originate from the left ventricular
summit: A case report. Pacing and Clinical Electrophysiology:
PACE. 2023; 46: 190–194. https://doi.org/10.1111/pace.14590

[58] Abhyankar DA, Pennino MR, Pedersen LN, Grogan F, Klass
A, Valenzuela Ripoll C, et al. Low-Dose Cardiac Radiation Im-
proves Electrical Function and Reduces Ventricular Arrhyth-
mogenesis in Mice With Nonischemic Cardiomyopathy. JACC.
Clinical Electrophysiology. 2026; 12: 730–743. https://doi.org/
10.1016/j.jacep.2025.10.034

[59] Trojani V, Grehn M, Botti A, Balgobind B, Savini A, Boda-
Heggemann J, et al. Refining Treatment Planning in STereotactic
Arrhythmia Radioablation: Benchmark Results and Consensus
Statement From the STOPSTORM.eu Consortium. International
Journal of Radiation Oncology, Biology, Physics. 2025; 121:
218–229. https://doi.org/10.1016/j.ijrobp.2024.07.2331

[60] Gabillaud A, Rigal L, Martins R, De Crevoisier R, Cisneros J,
Duvergé L, et al. Optimizing cardio-respiratory motion man-
agement in stereotactic arrhythmia radioablation through mid-
position planning target volume. Journal of Applied Clinical
Medical Physics. 2025; 26: e70170. https://doi.org/10.1002/ac
m2.70170

[61] Reis CQM, Cross A, Borsavage JM, Berryhill G, Karnas S, Ro-
bar JL, et al. Feasibility of volumetric-modulated arc therapy
gating for cardiac radioablation using real-time ECG signal ac-
quisition and a dynamic phantom. Medical Physics. 2025; 52:
1758–1768. https://doi.org/10.1002/mp.17582

[62] Hwang C, Kuzmin GA, Maher T, Aghdam N. Cardiac Stereo-
tactic Body Radiation Therapy (SBRT) for Refractory Ventricu-
lar Tachycardia Using Innovative Motion Tracking With Elec-
troanatomical Mapping and CyberKnife Synchrony. Cureus.
2025; 17: e87275. https://doi.org/10.7759/cureus.87275

[63] Wang CY, Ho LT, Lin LY, Chan HM, Chen HY, Yu TL, et al.
Noninvasive cardiac radioablation for ventricular tachycardia:
dosimetric comparison between linear accelerator- and robotic
CyberKnife-based radiosurgery systems. Radiation Oncology.
2023; 18: 187. https://doi.org/10.1186/s13014-023-02370-w

8

https://doi.org/10.5603/rpor.100387
https://doi.org/10.5603/rpor.100387
https://doi.org/10.1016/j.hroo.2025.06.009
https://doi.org/10.1161/CIRCIMAGING.111.966085
https://doi.org/10.1161/CIRCIMAGING.111.966085
https://doi.org/10.1053/j.semnuclmed.2024.03.002
https://doi.org/10.1053/j.semnuclmed.2024.03.002
https://doi.org/10.3390/jpm12111783
https://doi.org/10.3390/jpm12111783
https://doi.org/10.1093/europace/euab195
https://doi.org/10.1093/europace/euab195
https://doi.org/10.3857/roj.2024.00262
https://doi.org/10.3857/roj.2024.00262
https://doi.org/10.1186/s13014-023-02361-x
https://doi.org/10.1186/s13014-023-02361-x
https://doi.org/10.1016/j.ijrobp.2022.06.056
https://doi.org/10.1111/pace.14590
https://doi.org/10.1016/j.jacep.2025.10.034
https://doi.org/10.1016/j.jacep.2025.10.034
https://doi.org/10.1016/j.ijrobp.2024.07.2331
https://doi.org/10.1002/acm2.70170
https://doi.org/10.1002/acm2.70170
https://doi.org/10.1002/mp.17582
https://doi.org/10.7759/cureus.87275
https://doi.org/10.1186/s13014-023-02370-w
https://www.imrpress.com

	1. Introduction
	2. Clinical Evidence for STAR in VT Patients
	2.1 Efficacy of STAR for VT Control
	2.2 Effect of STAR on Mortality
	2.3 Safety Profile

	3. Underlying Antiarrhythmic Mechanisms
	3.1 Early Electrophysiological Reprogramming
	3.2 Structural and Neural Remodeling

	4. Critical Technical Considerations for STAR Delivery
	4.1 Patient Selection
	4.2 Target Delineation
	4.3 Treatment Planning and Dose Constraints
	4.4 Treatment Delivery and Motion Management

	5. Knowledge Gaps and Future Directions
	6. Conclusion
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflicts of Interest
	Declaration of AI and AI-Assisted Technologies in the Writing Process
	References

