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Ventricular tachycardia

• Arrhythmia arising from the heart chambers

• Risk of sudden cardiac death 

• Structurally normal heart
• Outflow tract, His-Purkinje-System, Papillary muscles, Fascicular VT

• Structural heart disease
• Ischemic cardiomyopathy

• Dilated cardiomyopathy

• Hypertrophic cardiomyopathy

• Cardiac sarcoidosis, Chagas cardiomyopathy

• Inherited arrhythmia syndrome - Arrhythmogenic right ventricular cardiomyopathy

• Intracardiac tumors (primary or secondary)

• Management includes antiarrhythmic drugs, placement of implantable 
cardioverter defibrillator, catheter ablation



Mapping of ventricular tachycardia

VT mapping Voltage mapping

Anter et al Circulation 2016. Adapted from Shivkumar. New Engl J Med 2019. 

Catheter ablation



Non-invasive mapping of ventricular tachycardia

Wang et al. Science Transl Med 2011.



Catheter ablation for VT

Shivkumar. New Engl J Med 2019. 



SBRT is a guideline-recommend treatment for early stage lung cancer, prostate 
cancer, hepatocellular carcinoma, bone/lung/liver metastases.

Stereotactic body radiotherapy (SBRT)

Guckenberger et al. Strahlenther Onkol 2020



SBRT for intracardiac tumors

Author/ 
Institution

Bonomo 2015 Corradini 2021 Gabani 2019 Soltys 2008 Jumeau 2020

Number of
patients

3 4 1 1 1

Follow up 8 months 4 months 6 months 2.5 months 9 months

Histology Primary and 
secondary

Primary Primary Primary Secondary

Radiotherapy
dose and 
fractionation

3 x 8 Gy (80%)
5 x 6 Gy (80%)

5 x 6-7 Gy 5 x 6 Gy 
(with
Paclitaxel)

3 x 11 Gy (79%) 1 x 20 Gy (88%)

Cardiac toxicity None Chest pain G1
Dyspnea G1-2

None None None



Workflow

Hohmann et al. Herzschr Elektrophys 2022.



Initial data from WUSTL

Cuculich et al. New Engl J Med 2017. 



ENCORE-VT trial

Cuculich et al. NEJM 2017. 

• Stable LV-EF

• Improved quality of life

• Decreased use of antiarrhythmic 
drugs

• 2 possible or probable acute grade 3-
events: heart failure and pericarditis



Long-term results from ENCORE-VT

Robinson et al. Circulation 2018. Robinson et al. ASTRO 2019 

Late treatment-related grade 3-4 
toxicity:

• 2 cases of pericarditis

• 1 case of gastropericardial
fistula



Summary of clinical case series

Hohmann et al. Herzschr Elektrophys 2022.



Preclinical data from a dose-escalation study

Blanck et al. Int J Radiat Oncol Biol Phys 2014.



Zhang et al. Nature Comm 2021.

Insights into biological mechanism of action



Key findings

1. SBRT does not lead to significant myocardial fibrosis. 

2. SBRT increases cardiac conduction velocity by increasing cardiac conduction 
protein levels through Notch activation.

3. These effects are observed even at doses of 15-20 Gy, but not at lower doses.

Zhang et al. Nature Comm 2021.



Clinical evidence for dose-dependency

Benali et al. Heart Rhythm 2022.



But: Effect may not be uniform and may depend on 
treatment parameters

Kautzner et al. J Am Coll Cardiol EP. 2021



Workflow

Hohmann et al. Herzschr Elektrophys 2022.



Target volume definition

• Electroanatomical mapping
• VT mapping → VT exit site, VT isthmus

• Voltage mapping → scar

• Invasive vs. non-invasive

• Transfer to the treatment planning system (manual vs. automated)

• Planning-CT
• Account for respiratory motion → respiratory gating or 4D-CT

• Account for cardiac motion → ECG-triggered CT with contrast

• Potential for detection of wall thinning?

• Additional imaging
• Cardiac MRT: late enhancement 

• FDG-PET/CT or myocardial scintigraphy to detect areas of scarring



Limitations of TV-definition and transfer

Boda-Heggemann et al. Int J Radiat Oncol Biol Phys 2021. Abdel-Kafi et al. Europace 2021.



TV transfer using an Open Source tool

Hohmann et al. J Cardiovasc Electrophysiol 2020.



Delphi Consensus for cardiac SBRT

Krug et al. Heart Rhythm 2022.

• Participating institutions: Charité Berlin, Universitätsklinikum Heidelberg, UKSH –
Campus Kiel, CHUV Lausanne, Universitätsmedizin Mannheim, Universitätsspital
Zürich

• Areas of lacking consensus:
• Use of SBRT in patients with NYHA IV, life expectancy < 6 months, prior chest irradiation

• Use of SBRT in polymorphic VT and/or ventricular fibrillation

• Use of particle therapy

• Role of cardiac MRI and myocardial scintigraphy for TV-delineation



Kovacs et al. Eur Heart J 2022.

Ongoing or planned clinical trials



Grehn et al. (submitted), www.stopstorm.eu



Open questions

• What are optimal patient selection criteria?

• May SBRT be used earlier in the disease course?

• Comparison against catheter ablation in eligible patients in prospective trials

• What is the optimal target volume?

• VT vs. voltage mapping, invasive vs. non-invasive, role of additional imaging

• How should the target volume be transferred to the treatment planning system?

• Is 25 Gy the optimal dose?

• Dose de-escalation? Role of doses >25-30 Gy for long-term efficacy? 

• What is the optimal treatment technique? 

• Compensation of respiratory and cardiac motion

• Image guidance

• What about long-term safety of high-dose radiotherapy to the heart?

• Longer follow-up urgently needed

• Is there a role for particle therapy?



Conclusions

• SBRT is highly effective as a salvage strategy in patients with refractory VT after 
catheter ablation, although many patients do ultimately recur 

• Short-term safety is promising, however follow-up is very limited

• Treatment requires strong interdisciplinary collaboration between radiation 
oncology and electrophysiology experts 

• Many factors remain unknown

• Prospective trials and registries are urgently needed
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