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ABSTRACT
Stereotactic ablative body radiotherapy (SABR) allows the administration of ablative doses of radiation in a focused form with a low probability 
of side effects and is widely used for cancer treatment. However, in the recent years its usefulness in benign cardiac pathology is being stud-
ied. In this study, we aimed to guide the cardiologist in SABR and its applications in treatment of refractory ventricular tachycardia. In this 
review, we analyzed published literature on PubMed and MEDLINE with papers published in the past 5 years. We included papers in the English 
language with information about indications, radiotherapy plan, doses and fractionations, and outcomes. All citations were evaluated for rele-
vant content and validation.
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Stereotactic ablative body radiotherapy for ventricular 
tachycardia: An alternative therapy for refractory patients

Introduction

Ventricular tachycardia (VT) is a potentially fatal type of 
arrhythmia because it can cause ventricular fibrillation or death. 
The causes can be very varied, sometimes occurring as a result 
of structural heart disease, such as acute myocardial infarction, 
or heart failure. At other times, it appears without any other 
apparent heart disease or as a consequence of certain medica-
tions. The most common symptoms are palpitations, dizziness, 
dyspnea, chest pain, or general discomfort. 

In patients with structural heart disease, the myocardial scar 
after a myocardial infarction or fibrosis replacement is a com-
mon substrate of monomorphic ventricular tachycardia in a 

delayed manner. The extent of the myocardial necrosis and the 
degree of left ventricular dysfunction are important factors in 
determining the risk of arrhythmia after an infarction. 
Monomorphic VT usually appears in patients with a more exten-
sive infarction and who also have a limited left ventricular ejec-
tion fraction. Classically, the incidence of post-infarction VT is 
3%–5%. The risk of VT in the general population has remained 
stable. However, it might be increasing as a result of improved 
post-infarction survival and the possibility of VT appearing years 
after the initial infarction combined with the progressive aging of 
the population (1). There are emerging data that border zones of 
therapy lead to the development of substrate for new VTs that 
have been targeted with ablation. 
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Pharmacological treatment of VTs includes antiarrhythmics. 
However, antiarrhythmics have a limited effect and extensive side 
effects. Invasive treatments include radiofrequency ablation, which 
produces tissue necrosis; alcohol ablation; or cryoablation. In alco-
hol ablation, ethanol is injected into the coronary artery branch, 
producing a surrounding myocardial infarction focus. However, the 
major complication is the inability to control the extent of the 
infarct tissue and the difficulty in producing the infarction at the 
focus. Recurrence is frequent, between 30%–60% of cases, recov-
ering the lost electrical conduction. Recurrences are explained by 
multiple arrhythmogenic circuits or in-depth circuits that cannot be 
treated with conventional therapies (2). Catheter ablation is compli-
cated when it is inaccessible owing to deep locations or when 
access is limited by metallic cardiac valves or thrombus. For these 
locations, other treatment modalities have been developed in the 
recent years (3). In addition, a special needle is available for radio-
frequency at depth, although there is a risk of perforation or car-
diac tamponade. Therefore, a non-invasive technique is consid-
ered necessary for these patients. The implantable cardioverter 
defibrillator (ICD) is highly effective in preventing death in these 
patients; however, the shocks are painful and impact the quality of 
life of these patients. This situation is associated with increased 
mortality and progression of heart failure.

Stereotactic ablative radiotherapy (SABR) or stereotactic 
body radiotherapy (SBRT) is a radiation therapy technique that 
allows high doses of radiation to be administered in a limited 
number of sessions (1-5). SABR is indicated in structural heart 
disease in patients with refractory to antiarrhythmic dose esca-
lation and unsatisfactory ablation, monomorphic VT, or compas-
sionate use among others. Contraindications to treatment 
include ICD dysfunction or any contraindication to radiosurgery 
(4). For administration, it is essential to identify the area produc-
ing VT with invasive or non-invasive mapping techniques, such 
as electrocardiography incorporating surface electrodes, and 
cardiac imaging. A Delphi consensus is to be published.

The mechanism is still unknown, but studies hypothesize that 
radiation therapy can produce vascular damage with hypoxia or 

necrosis and apoptotic cell death, resulting in fibrosis and scar 
formation weeks to months after the injury formation process. 
However, in the study of Jumeau et al. (5), the reduction in one 
patient was immediate, which may be associated with a phe-
nomenon other than fibrosis. In animal models, inflammatory 
phenomena are thought to exist (6-8). In addition, late myocar-
dial fibrosis and electrically inert tissue have been observed 
without evidence of acute or subacute damage after 6 months of 
follow-up.

In this review, our aim was to guide cardiologists in SABR 
and its applications in VT treatment. We analyzed published lit-
erature on PubMed and MEDLINE with papers published over 
the past 5 years. We included papers in the English language 
with information about SABR in VT. All citations were evaluated 
for relevant content and validation.

Radiotherapy planning

Dosimetric planning in SABR is performed on computed 
tomography (CT) images. The planning CT with contrast is per-
formed in the supine position, and slides are made every 1 mm 
in most studies (9). We can use CT without contrast similar to the 
Radiosurgery for the Treatment of Refractory Ventricular 
Extrasystoles and Tachycardias (RAVENTA) protocol (4). 

For patient immobilization, Lloyd et al. (10) and Cuculich et al. 
(11) used a vacuum bag. Cuculich et al. (11) and Robinson et al. 
(12) used abdominal compression too. The main problem in this 
treatment is heart mobility, which despite being somewhat 
reduced in patients with VT, the left atrium of these patients 
shows small translational movements, but significant upper-
inferior movement because of breathing. To control this, a fidu-
cial marker can be used near the target, a temporary pacemaker, 
a stent, metallic cardiac valves, valvular or coronary calcifica-
tions, spinal bodies or ribs, or even the diaphragm as a surrogate 
marker of respiration. Cuculich et al. (11) used a CT in 4 dimen-
sions acquiring a CT in 10 respiratory phases in free breathing 
and generating a contouring internal target volume. The patients 
were treated with cone beam CT without the need for fiducials. 
Neuwirth et al. (9), after recording images with 2 electrocardio-
grams, calculated the ITV considering heart contractions. To 
compensate for respiratory movements, the ICD was used as a 
fiducial marker for tracking. 

It is very important to accurately detect the arrhythmogenic 
focus using single-photon emission CT (SPECT) imaging, mag-
netic resonance imaging (MRI), echocardiography and CT angi-
ography (13). Cuculich et al. (11) used SPECT, MRI, and electro-
physiological mapping. In the phase I/II study, ENCORE VT they 
used SPECT, MRI, ECG, and surface mapping for definition of the 
arrhythmogenic focus (14). Despite these studies, some authors 
argue that the exclusive use of the electrocardiogram could be 
sufficient without the need for further imaging tests. In the 
RAVENTA study (4), they used a multiphase electrocardiogram 
and an electrophysiological map with data from the right and left 

• In this study, we aimed to review a new treatment 
modality for ventricular tachycardia (VT) in patients 
refractory to medical treatment and radiofrequency. 

• Stereotactic ablative body radiotherapy allows the 
administration of ablative radiation doses on the previ-
ously defined arrhythmogenic focus. 

• We demonstrated the treatment workflow and results 
in these patients. 

• This review guides the implementation of the treatment 
modality in a radiotherapy oncology department with 
the essential collaboration of cardiology specialists.

HIGHLIGHTS
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ventricles. In the study by Neuwirth et al. (9), electroanatomical 
3D mapping was used to identify the re-entry circuit. After car-
rying out the tests, the electrophysiologist delimits the VT area 
according to the data from the electrophysiological register.

The planning target volume (PTV) is the margin generated by 
the technical uncertainty (14). The PTV varies from 0–5 mm 
according to studies. In the study by Neuwirth et al. (9), no mar-
gin was given to PTV, therefore, reducing the possibility of side 
effects. The organs at risk include the lungs, esophagus, stom-
ach, and coronary arteries. The maximum dose (0.03 cc) was 
limited to 12 Gy in the coronary arteries (Fig. 1 describes inclu-
sion criteria and radiotherapy process).

Doses and fractionation

Doses between 25 Gy and 35 Gy in single doses would be 
equivalent to radiofrequency ablation. Based on the literature, 
the most commonly used dose is 25 Gy in a single dose (9, 11), 
which is considered safe in preclinical studies (15). Jumeau et 
al. (5) used 25 Gy in 1 fraction, administering the treatment in 45 
min with a conformality index of 1.24, the median dose to the 
heart was 6 Gy. The maximum dose (<0.03 cc) to the coronary 
arteries was 12 Gy and 11.9 Gy, respectively. Patients had no 

episodes of VT during treatment, and were extubated 3 days 
after the procedure. In the study by Blanck et al. (4) and Lloyd et 
al. (10), 95% of the PTV received a dose of 25 Gy with a range of 
110%–140%. In the study by Neuwirth et al. (9), a PTV dose of 25 
Gy/1 fraction was prescribed at an isodose of 80% (66%–84%). 
The Monte Carlo algorithm was used because of the proximity 
of the lungs. At present, there are insufficient data to increase 
or decrease the dose, although it is suggested that lower doses 
could be used. Administration of the treatment in less than 20 
minutes is desirable in radiobiological terms (16). On the basis of 
the available studies, we believe that the most appropriate dose 
is 25 Gy in 1 fraction, although more studies and longer follow-up 
periods are needed.

Outcomes and adverse events

In October 2012, the first patient was treated (8). A 71-year-
old male who presented a reduction in VT episodes from 562 to 
52 in 2 months after SABR. However, it was not until the publica-
tion of Cuculich et al. (11) that this treatment option began to 
take hold. The patients included in this series presented with at 
least 3 episodes of VT in 3 months despite 2 anti-arrhythmogenic 
drugs and 2 catheter ablation at least, and they were not candi-

Figure 1. Inclusion criteria and radiotherapy process

Anatol J Cardiol 2021; 25: 858-62
DOI:10.5152/AnatolJCardiol.2021.187860 De la Pinta and Besse 

Stereotactic ablative body radiotherapy for ventricular tachycardia



dates for a heart transplant. Cuculich et al. in 2017 (11) treated 5 
patients with a mean age of 66 years (60–83 years) with doses of 
25 Gy/1 fr. Three months before treatment, the patients pre-
sented with 6,577 episodes at 6 weeks post SABR, 680 episodes, 
after those 6 weeks 4 episodes, with a baseline reduction of 
99.9%. The treatment can be administered regardless of depth, 
always using appropriate monitoring during treatment. The 
medium left ventricular ejection fraction was maintained. During 
follow-up, amiodarone was discontinued, and sinus node func-
tion recovered in 3 patients. Jumeau et al. (5) observed a lasting 
reduction in VT episodes in 5 patients with a median follow-up 
of one year. Robinson et al. (17) in a phase I/II included 19 
patients with ischemic and non-ischemic cardiomyopathy. After 
treatment with SABR, the median number of episodes was 119 
to 3 (p<0.01), and overall survival was 89% at 6 months and 72% 
at 12 months. In a study by John et al. 2018 (18), 5 patients with 
adequate response without side effects were included. Lloyd et 
al. (10) included 10 patients in 2019, VT was triggered by isch-
emic failure in 40% of patients and non-ischemic in 60% of 
patients. The reduction in total shocks was 68% (2.9 vs. 0.9 
shocks/month); if the only non-responsive patient was excluded, 
it was 94% (p=0.04). Inclusion criteria included failure of 2 antiar-
rhythmic drugs, radiofrequency failure, and failure of an adju-
vant treatment. One patient who had to be resuscitated during 
treatment and 2 patients who had mild radiographic pneumonitis 
were targeted as side effects. Three patients received a heart 
transplant after SABR. Microscopic analysis of the explant 
showed edema and vacuolization with mild fibrosis. Neuwirth et 
al. (9) included 10 patients. After a median follow-up of 28 
months (16–54 months), VT episodes were reduced to 87.5% 
(p=0.012). The mean at the time of the first antitachycardia pac-
ing and shock was 6.5 and 21 months, respectively. After the 
blancking period, VT recurred in 8 patients. Of the 8 patients, 
only 2 of them experienced recurrences of VT at 3–6 months of 
SABR. Amiodorone was restarted in 2 patients with limited effi-
cacy. During follow-up, troponin levels did not rise significantly, 
and NT-pro-BNP levels did not increase (p=0.203 and p=0.386). 
The results of the study by the Gianni et al. (19) confirmed an 
initial reduction after 25 Gy/1 fr, but did not result in effective 
arrhythmia control in the long term.

Acute effects were reported in the first 30 days of treatment. 
The target period was 6 weeks. Side effects described in the lit-
erature include valve damage, early coronary disease, pericardial 
disease, intramyocardial damage, phrenic nerve damage, esopha-
geal damage, and lung damage, among others. In the study by 
Cuculich et al. (11), there were no complications during treatment 
or during hospitalization. One patient died of a fatal stroke 3 
weeks after treatment. Lung opacities consisting of moderate 
inflammatory changes were seen at 3 months and resolved within 
1 year. Three patients had fatigue 1 day after treatment. There 
were no side effects on the ICD. In the study by Neuwirth et al. (9), 
3 patients experienced ventricular storm, 4 had nausea, and 1 had 
progressive mitral regurgitation. Three patients died after 18, 43, 

and 54 months. The causes of death were vascular dementia with 
Alzheimer’s disease in 1 patient, and heart failure in 2 others. 
There was no worsening of the left ventricular ejection fraction 
and no pericardial effusion. In the ENCORE VT (12) phase I/II 
study, 2 patients presented with grade 3 toxicity consisting of 
exacerbation of heart failure and pericarditis, 5 with asymptom-
atic pericardial effusion, and 2 with pneumonitis. In the study by 
Gianni et al. (19), patients did not have adverse effects in the first 
90 days after treatment. These data are still very limited, and more 
studies are needed to evaluate the long-term effect of SBRT on 
myocardial tissue with some series describing scar tissue forma-
tion, which may be the new arrhythmogenic foci.

Study limitations 
This study had several limitations including the characteristics 

of the studies and the limited number of patients. The methods of 
target delineation are heterogenous amongst centers with differ-
ent technologies being used. Moreover, the patients who receive 
this treatment may be different depending on the inclusion criteria 
for treatment at different centers. There is a huge need for a pro-
spective study evaluating this treatment technology.

SBRT in VT could become the therapeutic alternative after 
failure of other treatments, with a decrease in VT episodes and 
an improvement in quality of life. Optimal doses have not been 
determined. Further studies are needed to support its indication, 
optimal doses, and fractionation. Significant development of this 
treatment is expected in the coming years.

Conclusion

SABR is an option under study and development for medi-
cally and radiofrequency resistant VTs, with significant reduc-
tion in episodes in most of the studies analyzed and a low rate of 
side effects. Further studies are needed to establish this treat-
ment as a conventional treatment for refractory VTs. 
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