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Historical Review and Disclosures

The inventor of STAR was Prof. Thomas Fogarty in 2001. In 2006, he 
founded the company CyberHeart, which evaluated STAR in animal 
models. CyberHeart’s focused on the treatment of atrial fibrillation. 

In 2010 CyberHeart was 
discontinued because 
it ran out of initial 
funding. CyberHeart
was bought by Varian
in 2018.

Disclosures: Aside from
having been employed
by CyberHeart from 
2008-2010 I have none.



Procedural Overview for STAR



STereotactic Arrhythmia Radioablation (STAR)

1) Dose-Response Relationship

2) Target Definition and Conversion

3) Motion Management

4) Treatment Planning 

5) Treatment



Dose-response relationship

Homogeneous 15-40 Gy (2.5 Gy steps), randomized, double blinded

Animal Model Porcine / Göttingen Mini Pig (n = 13, 40-60kg)
Dose Finding Pathology only

0 Gy / 15 Gy (died)
17.5 Gy
20 Gy
25 Gy

Full Data
22.5 Gy
27.5 Gy
30 Gy
32.5 Gy

35 Gy
37.5 Gy (died 
at 1 month)
40 Gy

Follow-Up Period 6 months for all pigs



Dose-response relationship

Minimal electrophysiological changes with 22.5 Gy

6 Months post treatment

Day of Treatment



Dose-response relationship

Decreased electrophysiological signals with 32.5 Gy

6 Months post treatment

Day of Treatment



Dose-response relationship

No electrophysiological signals and block with 40 Gy

6 Months post treatment

Day of Treatment



Dose-response relationship

Regular vein structure of control animal 
Mild fibrosis with intermediate dose (25Gy)
Moderate fibrosis with intermediate to high dose (30Gy)
Confluent fibrosis with high dose (32.5Gy)
Transmural, circumferential fibrosis with stenosis (40Gy)



Dose-response relationship



Radiation Biology Effects from STAR

After 4-6 week we see fibrosis and cell death with doses > 30 Gy

In the first 4 weeks we mainly
see vacuolization and edema



STereotactic Arrhythmia Radioablation (STAR)

• Cardiovascular diseases are most common cause of death
• Ventricular Tachycardia (VT) is associated with certain cardio-

vascular diseases and the main cause for sudden cardiac death

Therapy options
• Implantation of an ICD
• Antiarrhythmic 

medications
• Catheter ablation

However, the recurrence 
rates are as high at 50% 
with limited options for 
treatment: STAR

Jumeau R, Ozsahin M, Schwitter J, et al. Stereotactic Radiotherapy for the Management of Refractory Ventricular 
Tachycardia: Promise and Future Directions. Front Cardiovasc Med. 2020;7:108. 



Why did 25 Gy work for VT?



First Phase I / II Studies



Radiation Biology Effects from STAR



First Case in Germany

4D CT ITV concept 
with 5 mm PTV 
margin (PTV 45cc)
with 4 DCA with 
CBCT for setup and
after second DCA



First CyberKnife Case



Example STAR with Versa HD and DIBH/Catalyst (Gating)

Performed by the best DIBH team in the world



RAVENTA Study

Primary question 
Feasibility and 30 days morbidity and mortality 
of radiosurgery in the heart 

Secondary questions 
Reduction of the occurrence of ventricular tachycardia 
Short-term side effects up to 1 year after therapy 

20 Patients (multi-center, multi-platform)
Primary Ethics Committee approval
Federal Office for Radiation Protection approval

Start started 10/2019, 6 centers live, 10 patients treated



RAVENTA to STOPSTORM

10 Patients treated 10/2022

RAVENTA part of EU Horizon 2020 funded STOPStorm Project



STOPSTORM: Audit and Credentialing 



STereotactic Arrhythmia Radioablation (STAR)

1) Dose-Response Relationship

2) Target Definition and Conversion

3) Motion Management

4) Treatment Planning 

5) Treatment



Target Definition for Ventricular Tachycardia



Target Definition for Ventricular Tachycardia



STOPSTORM: Contouring Benchmark



STereotactic Arrhythmia Radioablation (STAR)

1) Dose-Response Relationship

2) Target Definition and Conversion

3) Motion Management

4) Treatment Planning 

5) Treatment



Motion Management for STAR



Respiratory Motion Compensation



Cardiac Motion Ranges for Ventricular Tachycardia



Dosimetric Effects on Uncompensated Cardiac Motion

Dominant heart motion from breathing (compensation for STAR 
necessary) but pulsing heart motion can not be compensated 
Cardiac ITV concept with respiratory motion compensation
In phantom studies, however, it has been shown that the 
dosimetric effects of rapid cardiac motion < 1 cm are very low

Uncompensated Compensated Resp.



Full Motion Compensation



STereotactic Arrhythmia Radioablation (STAR)

1) Dose-Response Relationship

2) Target Definition and Conversion

3) Motion Management

4) Treatment Planning 

5) Treatment



Critical Structure Dose Limits



Treatment Planning for Ventricular Tachycardia



STOPSTORM: Treatment Planning Benchmark



STereotactic Arrhythmia Radioablation (STAR)

1) Dose-Response Relationship

2) Target Definition and Conversion

3) Motion Management

4) Treatment Planning 

5) Treatment



STAR Treatment with CyberKnife



STAR Treatment with C-Arm Linear Accelerators



Summary

STereotactic Arrhythmia Radioablation (STAR) is used for 
Ventricular Tachycardia (n > 150) and Atrial Fibrillation (n ≈ 5) 
patients with limited to no standard treatment options

Motion Management similar to
thoracic SBRT with consideration 
of cardiac motion (ITV)

Fast delivery of 25 Gy (with potentially doses higher 30 Gy) 
to the VT substrate seem to be clinically effective and safe 

A dedicated STAR protocol and expert guidance ideally in clinical 
trials or prospective registries is strongly recommended



We still have a lot to do!
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