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Abstract
Background Ventricular tachycardia (VT) is a life-threatening condition, which usually implies the need of an implantable
cardioverter defibrillator in combination with antiarrhythmic drugs and catheter ablation. Stereotactic body radiotherapy
(SBRT) represents a common form of therapy in oncology, which has emerged as a well-tolerated and promising alternative
option for the treatment of refractory VT in patients with structural heart disease.
Objective In the STRA-MI-VT trial, we will investigate as primary endpoints safety and efficacy of SBRT for the treatment of
recurrent VT in patients not eligible for catheter ablation. Secondary aim will be to evaluate SBRT effects on global mortality,
changes in heart function, and in the quality of life during follow-up.
Methods This is a spontaneous, prospective, experimental (phase Ib/II), open-label study (NCT04066517); 15 patients with
structural heart disease and intractable VT will be enrolled within a 2-year period. Advanced multimodal cardiac imaging
preceding chest CT-simulation will serve to elaborate the treatment plan on different linear accelerators with target and
organs-at-risk definition. SBRT will consist in a single radioablation session of 25 Gy. Follow-up will last up to 12 months.
Conclusions We test the hypothesis that SBRT reduces the VT burden in a safe and effective way, leading to an improvement in
quality of life and survival. If the results will be favorable, radioablation will turn into a potential alternative option for selected
patients with an indication to VT ablation, based on the opportunity to treat ventricular arrhythmogenic substrates in a convenient
and less-invasive manner.
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1 Introduction

In patients with structural heart disease, catheter ablation by
radiofrequency (RF) energy delivery is effective in the treat-
ment of ventricular tachycardia (VT) recurrences, and is con-
sidered of pivotal importance in combination with implantable
cardioverter defibrillator (ICD) and antiarrhythmic drugs to
prevent sudden cardiac death [1–7]. However, results of RF
cannot be extended to all patients with recurrent VTs; the
possibility to effectively treat the arrhythmogenic substrate is
indeed limited by several factors, including the complexity,
extent, and depth of the arrhythmogenic substrate [8–11]. This
evidence clearly explains the suboptimal percentage of pa-
tients successfully treated for VT. Moreover, the ablation pro-
cedure is complex, presents a high degree of invasiveness, and
may expose the patient to several life-threatening complica-
tions; of note, in patients with severe cardiac dysfunction, and
particularly in case of significant respiratory or renal comor-
bidities, the high procedural risk may even constitute by itself
an absolute contraindication for any interventional or surgical
approach [12].

The use of stereotactic body radiation therapy (SBRT,
radioablation) represents a noninvasive approach, in which
the energy delivery technique is not related to any cardiac
catheterization [13, 14]. Advanced imaging techniques for
the characterization of the substrate and the definition of the
anatomical target are employed. This noninvasive approach
minimizes the procedural risk associated with the insertion,
positioning, and manipulation of the catheters, during both
mapping and ablation. In this regard, radioablation allows
the delivery of energy to any theoretical target in a three-
dimensional system without the need for anatomical contact;
furthermore, the prospect of simulating the lesion produced on
the diagnostic model provides a patient’s “tailored” therapy,
enhancing safety and effectiveness [15].

Of note, different cellular processes are involved in the
mechanism of action of radioablation; the therapeutic effect
of SBRT is supposed to arise basically from the induction of
cellular death and transmural fibrosis that leads to the abolish-
ment of abnormal conduction/automaticity in the myocardial
tissue responsible of the arrhythmia [16, 17]. Fibrosis matura-
tion is however progressive and requires several weeks to
complete, so that in the intermediate phase, other factors, in-
cluding acute inflammation and vascular injury, may impact
on short-term outcome [16, 18].

Recently, SBRT has been used for the treatment of 35
patients with VT [13, 19–30]. SBRT, guided by imaging tech-
niques partially integrated by electrocardiographic and/or
electroanatomical data, significantly reduced in these patients
the arrhythmic burden, in the absence of major adverse events
correlated with the treatment applied.

Based on these evidences, we designed a spontaneous, pro-
spective, experimental (phase Ib/II), open-label study to

validate efficacy and safety of SBRT in a well-defined cohort
of patients with recurrent VT not eligible to conventional
catheter ablation.

2 Methods

The STRA-MI-VT trial was designed as spontaneous, exper-
imental (phase Ib/II), prospective, open-label study. Fifteen
patients are expected to be enrolled. The design of the study
is illustrated in Fig. 1 and in Table 1.

2.1 Study population

The population of the STRA-MI-VT study was defined fol-
lowing the inclusion/exclusion criteria reported below, which
present an advantageous cost-benefit ratio in relation to the
severity of patients’ arrhythmic condition.

2.1.1 Eligibility criteria

The inclusion criteria are as follows:

& Patients with relapsing VT (at least 3 episodes of VT con-
ditioning ICD intervention or VT with incessant or
similar-incessant presentation) that has proved to be re-
fractory to any form of pharmacological or non-
pharmacological treatment

& Patients with contraindication to conventional ablation, in
relation to the high risk associated with the procedure for
the type/severity of the condition of heart disease and/or
presence of severe comorbidity; or alternatively, patients
who have already undergone RF ablation in presence of an
arrhythmogenic substrate refractory to previous ablation
procedures or not suitable for any interventional ap-
proach,1 refusing any surgical ablative attempt because
of a proven high operative risk, in relation to the patient’s
characteristics

& Ejection fraction of the left ventricle ≥ 20%
& Age ≥ 50 years
& ICD/subcutaneous ICD recipients
& Signed informed consent

The exclusion criteria are as follows:

& Inability to express informed consent to participate in the
study

& Previous thoracic radiotherapy with cardiac involvement
& Active myocardial ischemia

1 For example patients with deep intramural substrate, with epicardial fat pre-
cluding an effective epicardial ablation, with pericardial adhesions limiting
pericardial access, with mitroaortic mechanical prostheses.
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& Cardiac revascularization < 120 days.
& Non-correctable hemodynamic instability (cardiogenic

shock, New York Heart Association (NYHA) IV)
& Comorbidity with prognosis < 12 months or other contra-

indications deemed significant
& Pregnant women

2.2 Pre-treatment evaluation

Patients will preliminarily undergo the complete diag-
nostic workup defined for patients with an indication
to conventional VT catheter ablation. In agreement with
our ordinary practice, electroanatomical mapping (EAM)
combined with cardiac computed tomography (CT) will
represent the first choice of imaging to identify the ar-
rhythmia substrate and to define the target area.

The patients’ quality of life will be evaluated using the
Short Form-36 (SF-36) health questionnaire.

2.2.1 Cardiac computed tomography

Cardiac CT will be performed using a whole heart cover-
age (16 cm along Z-axis) CT scan (Revolution CT, GE
Healthcare, Milwaukee, WI, USA) with the following pa-
rameters: slice configuration 256 × 0.625 mm, gantry rota-
tion time 280 m s, and prospective electrocardiography
(ECG) triggering. A new generat ion of i terat ive

reconstruction, called ASIR-V (GE Healthcare), will be
used for image reconstruction. Pre-scan sublingual nitrates
and betablocker (i.v. metoprolol up to 20 mg) will be ad-
ministered, if not contraindicated. Patients will receive a
1.5-mL/kg bolus of contrast medium (Iomeron 400 mg/
mL, Bracco), divided in two separate bolus 5 mL/s follow-
ed by saline infusion, both at an infusion rate of 5 mL/s. A
first CT scan will be obtained at the angiographic phase to
have adequate coronary artery contrast opacification as
routinely performed for coronary CT angiography. A sec-
ond series of breath-hold and ECG-gated images will be
acquired after 8 min from contrast agent injection
(100 Kvp; 500 mA) for the detection of myocardial de-
layed enhancement (DE, Fig. 2, upper panel). Visual eval-
uation of DE will be performed and a narrow window
width and level (350 W and 150 L) will be used for late
scan evaluation that is best viewed as thick average inten-
sity projections (0.5–0.8 cm). The presence of DE will be
then confirmed as hyperdense myocardium with signal in-
tensity > 2 standard deviation (SD) above remote myocar-
dium, as previously described [31–33]. Myocardial wall
thinning (wall thickness < 5 mm) and DE involving >
50% of myocardial thickness will be considered transmural
DE. A dedicated post-processing reconstruction will be
applied to extrapolate single DICOM files including only
myocardial fibrosis volume, coronary and ascending aorta
anatomy, pericardial fat volume, and selected extracardiac
anatomical structure (i.e., spine and sternum).

Fig. 1 Flowchart of STRA-MI-
VT study. Legend: CT, computed
tomography; ECG, electrocardio-
gram; OARs, organs at risk; QoL,
quality of life; SBRT stereotactic
body radiotherapy; VT ventricu-
lar tachycardia

J Interv Card Electrophysiol



Ta
bl
e
1

Pl
an
ni
ng

of
th
e
st
ud
y
ac
tiv

iti
es

St
ud
y
ph
as
es

S
cr
ee
ni
ng

an
d

en
ro
lm

en
t

P
re
-t
re
at
m
en
t
R
ad
io
ab
la
tio

n
Po

st
-t
re
at
m
en
t(
un
til

di
sc
ha
rg
e)

1
m
on
th

FU
3
m
on
th
s

F
U

6
m
on
th
s

FU
12

m
on
th
s

F
U

St
ud
y

ac
tiv

iti
es

C
om

pl
ia
nc
e
w
ith

in
cl
us
io
n/
ex
cl
us
io
n
cr
ite
ri
a

X

In
fo
rm

ed
co
ns
en
t

X

A
na
m
ne
si
s

X

P
hy
si
ca
le
xa
m
in
at
io
n

X
X

L
ab
or
at
or
y
te
st
s

X
X

T
ho
ra
x
R
X

X

E
ch
oc
ar
di
og
ra
m

X
X

X
X

X

12
-l
ea
d
E
C
G

X
X

X
X

X

IC
D
in
te
rr
og
at
io
n

X
X

X
X

X
X

O
th
er

ro
ut
in
e
pa
tie
nt
-r
el
at
ed

ex
am

s
X

X

Q
oL

ev
al
ua
tio

n
X

X
X

X

C
ar
di
ac

C
T

X

E
le
ct
ro
an
at
om

ic
al
m
ap
pi
ng

X
*

Si
m
ul
at
io
n
th
or
ax

C
T
an
d
ta
rg
et
an
d
O
A
R
s

de
fi
ni
tio

n
X

T
re
at
m
en
tp

la
nn
in
g
el
ab
or
at
io
n

X

R
ad
io
ab
la
tio

n
X

W
ee
kl
y
ph
on
e
co
nt
ac
t

X

C
ar
di
ol
og
ic
al
vi
si
t

X
X

X
X

R
ad
io
th
er
ap
y
vi
si
t

X
X

T
ho
ra
x
C
T

X
X

A
dv
er
se

ef
fe
ct
s
ev
al
ua
tio

n
X

X
X

X
X

X

*
T
o
be

pe
rf
or
m
ed

un
le
ss

al
re
ad
y
in

po
ss
es
s
of

ne
ce
ss
ar
y
di
ag
no
st
ic
in
fo
rm

at
io
n

C
T
co
m
pu
te
d
to
m
og
ra
ph
y;

E
C
G
el
ec
tr
oc
ar
di
og
ra
m
;F

U
fo
llo

w
up
;I
C
D
im

pl
an
ta
bl
e
ca
rd
io
ve
rt
er

de
fi
br
ill
at
or
;Q

oL
qu
al
ity

of
lif
e;
R
X
ra
di
og
ra
ph
y

J Interv Card Electrophysiol



2.2.2 Electroanatomical mapping

A left ventricular (LV) endocardial electroanatomical map-
ping (EAM), which allows to reconstruct three-dimensional

cardiac chambers and to detect intracardiac electrocardiogram,
will be acquired with a conventional percutaneous approach.
The standard for identifying major sites of arrhythmogenicity
is represented by high-density EAM, acquired with the

Fig. 2 Diagnostic imaging obtained by cardiac CT combined with EAM
to guide patient’s SBRT treatment. Upper panel: LV short axis view of
cardiac CT scan obtained 8 min after iodinated contrast administration.
Hyper-density on inferior and postero-lateral LV wall is well evident and
represents transmural myocardial fibrosis with ischemic pattern extending
from the base to the apex of LV. Central panel: High-density epicardial
EAM combined with CT imaging. A large portion of the inferior wall is
covered by diseased electrograms, with decreased amplitude (<< 1.0 mV,
red-to-yellow in the “color-coded” map), as expression of an underlying

electrical “dense scar.” In the same location, CT shows a pattern of dis-
crete transmural fibrosis, thus perfectly matching the lesion revealed by
EAM. Lower panel: The inferior panel shows the coverage (95% iso-
dose) of the target volume obtained after optimization of treatment plan.
The target volume is the result of imaging integration between simulation
and diagnostic CT, and EAM. Legend: CT, computed tomography;
EAM, electroanatomical mapping; LV left ventricle; SBRT stereotactic
body radiotherapy
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CARTO system (BiosenseWebster), which provides essential
information of voltage abnormalities, representing diseased
tissue, and local activation times; as a rule, the LV map was
consequently obtained by using Pentaray or Decanav catheter
(Biosense Webster), acquiring a total of ≥ 500 points with
more than 5 points/cm2 density in the areas of interest.
Basically, the reference value of bipolar endocardial voltage
to define diseased LV was 1.5 mV, being “dense scar” char-
acterized by intracardiac electrogram (EGM) signals <
0.5 mV. With regard to the possibility to reveal any
intramural/epicardial lesion, signals were considered patho-
logical if signal amplitude was < 8.0 mV and/or < 1.0 mV
for unipolar endocardial and bipolar epicardial electrograms,
respectively.

Pre-acquired DICOM files will be then merged (imaging
fusion) with EAM to characterize the VT substrate and vali-
date the correlation between diseased myocardium diagnosed
by EAM and fibrotic lesions revealed by CT (Fig. 2, central
panel). This combined anatomical and functional characteri-
zation of the arrhythmia substrate will be used to identify areas
of diseased myocardium responsible for the arrhythmias and
will represent the target for SBRT. The evaluation will be
performed by a panel of two electrophysiologists, one clinical
cardiologist, one radiologist, and two radiotherapists, with
more than 10 years of experience in their specific field,
achieving a consensus on the target area.

Previous mapping and imaging integration data will be
used for target identification only if acquired at the end of
the last patient’s procedure, in order to ensure accuracy of
substrate characterization. Eventually, it will be admitted to
renounce EAM in selected patients with a contraindication to
any interventional procedure in whom SBRT will be guided
by imaging techniques only.

2.3 Treatment

Patients will undergo a simulation CT (chest CT), acquired in
order to include the whole lung fields (from the apex to the
base), aimed at simulating the patient’s anatomy and allowing
the correct positioning of the patient during the radioablation
procedure. Subsequently, a series of CT scans will be acquired
which include a free breathing CT and a “related breathing”
CT (4D-CT) which provide information on respiratory move-
ment. The information obtained by simulation CT, EAM, car-
diac CT, and any other available imaging will be used to
identify and draw: (1) both on free breathing CT and on 4D-
CT, the ablation site represented by the clinical target volume
(CTV) and (2) on the free breathing CT all surrounding ana-
tomical structures, also known as organs at risk (OAR), in-
cluding the ICD. The CTVs drawn on all the images of dif-
ferent respiratory phases will be transported on free breathing
CT, and an internal target volume (ITV) will be defined as the
union of the CTVs, taking into account the target respiratory

motion. Starting from ITV, a planning target volume (PTV)
will be built, expanding the ITV in three dimensions. This
margin takes into account any residual uncertainty related to
patient positioning, unwanted movements, and dose emission
(Fig. 2, lower panel) [34]. The most appropriate physical-
dosimetric study for the patient’s anatomy will be processed
using treatment plan system (TPS) and will be generated in
order to deliver a total dose of 25 Gy in a single fraction [14,
35], to achieve maximum coverage of the PTV region by
minimizing the dose to the surrounding healthy tissues.

SBRT will be delivered using one of the linear accelerators
installed at the IEO, i.e., 3 tomotherapy units, 1 Cyberknife, 1
Trilogy, and 1 Vero. All linear accelerators except Cyberknife
will use a modulated intensity radiotherapy (IMRT)
isocentric-based technique. In contrast, Cyberknife will deliv-
er the treatment via non-isocentric beams, originated at arbi-
trary positions in the workspace and focused at arbitrary
points in the target.

The choice of equipment to be used for each patient en-
rolled in the STRA-MI-VT study will be made taking into
consideration different elements, such as size of the lesion to
be treated, location of the lesion, patient anatomy, OARs near
the lesion, presence of markers close to the lesion visible from
the imaging systems, and concomitant pathologies [36]. The
plan will be prepared simulating patient’s treatment on differ-
ent linear accelerators to optimize the equipment for each spe-
cific case. All the linear accelerators are provided with image-
guided radiotherapy (IGRT). The acquired images will be
volumetric, i.e., cone-beam CT (CBCT) and/or fluoroscopic
(kV), checking for both modes the accuracy of patient posi-
tioning before the delivery of the treatment dose.

2.4 Pre-discharge evaluation

After SBRT, all patients will be continuously monitored by
12-lead ECG for a period of at least 5 days; routine laboratory
tests and echocardiography examination will be provided
within 24 h after SBRT and before hospital discharge.
Particular care will be addressed to exclude secondary effects
related to SBRT.

ICD interrogation will be performed immediately after
SBRT and before patient discharge to verify device and lead
parameters and exclude malfunctions. As a rule, ICD ventric-
ular arrhythmias detection and therapies will be maintained
the same as before SBRT. Furthermore, ICD remote monitor-
ing will be set up for all patients.

2.5 Follow-up

Adverse effects will be classified according to the internation-
al Common Terminology Criteria for Adverse Events v 5.0/
CTCAE document.

J Interv Card Electrophysiol



A follow-up phone-call will be performed once a week for
the first 4 weeks after SBRT.

Regular cardiological follow-up visits, including 12-lead
ECG and ICD interrogation, will be performed 3, 6, and
12 months after SBRT. Echocardiography examination and
SF-36 health questionnaire will be provided 3, 6, and
12 months after SBRT. Patients will be visited by a radiation
oncologist, and thorax CT will be performed 3 and 12 months
after SBRT.

Pharmacological therapy, including antiarrhythmic drugs,
will be maintained the same as before SBRT during the entire
follow-up.

With regard to the early post-SBRT phase and the possible
occurrence of transient processes impacting on cardiac
arrhythmogenicity, accordingly to literature [16–18, 21], a 6-
week “blanking period,” starting immediately after SBRT
treatment, will be considered in the analysis of VT recurrences
during follow-up.

2.6 Endpoints of the study

2.6.1 Primary endpoints

Two primary endpoints of the study have been defined, rep-
resented by safety and efficacy of the treatment, respectively.

& Primary safety endpoint is to evaluate the safety of
radiation therapy in the acute phase (during the first
30 days of the procedure) and at 3, 6, and 12 months.
The incidence of serious adverse events related, or
presumably related, to radioablation will be assessed
as a percentage of the enrolled patients. Serious ad-
verse events were the following:

– Death
– Cardio-circulatory arrest
– Acute myocardial infarction
– Cardiogenic shock
– Pericarditis, myocarditis, and/or endocarditis
– Acute heart failure
– Gastro-esophageal lesion (ulcer/stenosis/fistula/hemor-

rhage/perforation)
– Bronchopulmonary infection
– Injury to the respiratory system (fistula/bronchial or tra-

cheal stenosis, pulmonary fibrosis)
– Radio-induced oncogenesis

& Primary efficacy endpoint is to evaluate the procedural
effectiveness of therapy at 3, 6, and 12 months, represent-
ed by the total number of VT/VF episodes occurring after
“blanking period,” compared with the period preceding
the radioablation procedure (6 months).

VT episodes will be categorized as follows:

& VT episode > 30 s, regardless of the intervention of the
ICD

& VT episode conditioning ICD intervention by means of
“anti-tachycardia pacing” electrical therapy (without
shock delivery)

& VT episode conditioning ICD shock intervention

The 6-week “blanking period” will start on the procedure
day.

As a rule, pharmacological therapy, including antiarrhyth-
mic drugs, will be maintained the same as before SBRT dur-
ing the follow-up period. Changes of the pharmacological
therapy will be determined only by specific clinical reasons.

2.6.2 Secondary endpoint

Secondary endpoints are the following:

& Global mortality during follow-up (up to 12 months)
& Variations in the quality of life of patients in the follow-up

(up to 12 months) with respect to the basal condition
& Changes in cardiac function assessed by estimating the

ejection fraction of the left ventricle on the echocardio-
graphic examination in the follow-up (up to 12 months)

2.7 Statistical planning

2.7.1 Stopping criteria for ending the study

A study stopping rule based on the global rate of serious
adverse events occurring within 30 days from the date of
SBRT, that may be a consequence of the radioablation treat-
ment (death, acute myocardial infarction, cardiogenic shock,
cardio-circulatory arrest), will be adopted after enrollment of 5
patients. This rule will require the interruption of enrollment in
the study if the observed adverse event rate will be higher than
expected based on the data reported in the literature (at the
time of study design) [12, 17–20]. Specifically, the reported
rate (0 events out of 12 patients) is compatible with an esti-
mated maximum frequency of 1 out of 5 events (upper limit of
the 95% confidence interval). Therefore, the study will be
stopped if ≥ 2 events occur within 30 days of the treatment
carried out, among the first 5 patients treated.

2.7.2 Calculation of the target sample size and statistical
analysis

A sample of 15 patients will allow a 60% reduction in ven-
tricular arrhythmic episodes to be assessed as significant (p <
0.05), assuming an average of 10 episodes in the 3 months
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preceding the procedure, with a statistical power of 90%.
Continuous variables will be expressed as mean ± standard
deviation or median and interquartile range variables with
non-normal distribution, and discrete variables as absolute
numbers and percentages. Primary efficacy endpoint (reduc-
tion of ventricular arrhythmic episodes) and secondary end-
points (clinical, echocardiographic, and psychometric charac-
teristics) will be evaluated with the Student’s t test for paired
data (continuous variables with normal distribution) or with
the Wilcoxon sign rank test (variables with non-normal distri-
bution). Kaplan-Meyer curves will be developed for event-
free survival analysis at follow-up. All tests will be two-
tailed and a p < 0.05 will be considered significant.

2.8 Study organization and status

Patients are selected from a population submitted to the
Centro Cardiologico Monzino (CCM) as nationwide referral
center for VT ablation; the SBRT treatment will be carried out
at the Istituto Europeo di Oncologia (IEO) that is one of the
largest radiotherapy facilities in Italy.

Recruitment started in September 2019 and is expected to
end in September 2021. Two years are planned for enrollment
as all participants will be selected on the basis of strict
inclusion/exclusion criteria being nonresponders to, or not
suitable for, any conventional approach. At the date of sub-
mission of the manuscript, 4 patients underwent SBRT and 3
completed a 3-month follow-up.

Preliminary results are expected within 1 year from the
study beginning; final data analysis will be provided once
follow-up period will be completed for all patients (approxi-
mately September 2022). On August 26, 2019, the STRA-MI-
VT trial was prospectively registered at clinicaltrials.gov
(NCT04066517).

3 Discussion

STRA-MI-VT is the first Italian spontaneous, experimental,
prospective, open-label study testing the role of SBRT for the
treatment of recurrent VT refractory to conventional therapies,
in patients with structural heart disease.

In oncology, SBRT represents a well-established treatment
modality that allows to noninvasively destroy cancerous cells
by delivering multiple radiation beams. In the treatment of
ventricular arrhythmias, radiation therapy is supposed to mod-
ify the arrhythmogenic substrate, by eliminating the heteroge-
neity responsible of the reentry mechanism, similarly to RF,
thus reducing the episodes of VT. Differently from RF, SBRT
allows to potentially ablate deep structures, which cannot be
reached by catheters [29] and to accomplish the treatment in a
noninvasive, faster, and safer manner [14].

On the other side, differently from standard ablation proce-
dures, which lead to an immediate reduction of VT events,
SBRT is supposed to manifest its therapeutic effects after
months [29, 37]. Indeed, in the 6–8 week period following
SBRT, corresponding to the “blanking period,” VT episodes
may theoretically even be facilitated, given the complex mat-
uration process of the lesion caused by SBRT [16–18, 21].
Moreover, the precise effect of high dose of radiation for the
treatment of a structurally diseased heart is not well known; an
additional concern is related to the possible wrong localization
of target due to respiratory and cardiac motion: this could lead
to target tissue underdosing and normal tissue overdosing,
undermining both efficacy and safety of the treatment.

3.1 Analysis of previous experiences

To the best of our knowledge, nine clinical studies are current-
ly underway regarding the use of stereotactic radiation therapy
for the treatment of ventricular arrhythmias, registered at
clinicaltrials.gov as NCT02919618, NCT02661048,
NCT03601832, NCT03819504, NCT03349892 (suspended)
, NCT04066517, NCT04162171, NCT04065802, and
NCT03867747. Results are available and published
exclusively for the first two of them.

Some studies in literature already showed that
radioablation allows to reduce the occurrence of arrhythmic
episodes without significant side effects directly imputable to
the treatment and hence demonstrated both its efficacy and
safety. Loo and colleagues [20] carried out the first-in-
human treatment of ventricular arrhythmia. No acute and late
complications were reported, but the efficacy of the treatment
was limited to the first months of the treatment. Efficacy and
short-term safety were also confirmed in other studies in
which only one patient was treated [22, 23, 26–28, 30].
Neuwirth and colleagues [24] reported the second largest case
series on the safety and efficacy of SBRT to treat patients with
recurrent VT. During 3 months after SBRT, VT burden was
reduced by 87.5% and the treatment was well-tolerated; out of
the 10 treated patients, only 4 reported nauseas and only 1
presented gradual progression of mitral valve regurgitation.
Severe short-term complications were instead observed by
Robinson and colleagues [13], in the context of the
abovementioned ENCORE-VT trial. As a matter of fact, out
of the 19 enrolled patients, VT episodes were reduced in al-
most all patients with consequent improvement in quality of
life, but 2 patients experienced transient heart failure exacer-
bation and pericarditis, most likely caused by SBRT. Last but
not least, in a series of 5 high-risk patients with scar-related
VT, the safety profile of SBRT was confirmed to be favorable
by Gianni and colleagues [38]; despite good initial results, all
patients experienced however clinically significant recur-
rences over the mid- to late-term. Given these in part contra-
dictory evidences about long-term efficacy and safety, and

J Interv Card Electrophysiol

http://clinicaltrials.gov
http://clinicaltrials.gov


due to the fact that SBRT has been mainly used as a palliative
therapy in patients with short life expectancy, further studies
in the field are eventually required.

In nearly all the investigations, prescription dose was 25 Gy
delivered in a single fraction, even though preclinical studies
demonstrated the safety of more escalated treatments [12].
Scholz and colleagues [28] prescribed a single dose of 24 Gy
to the PTV-encompassing 80% isodose. Zeng and colleagues
[29] opted for an even more cautious approach (24 Gy in 3
fractions), justified by the fact that VTwas secondary to a cardiac
tumor and that the tissue to ablate was in a close anatomical
relationship to the left anterior descending artery. Actually, one
major issue is to evaluate the optimal dose to deliver to the heart,
which should be effective but safe at the same time, minimizing
induced toxicity to surrounding tissues and possible damages to
the ICD [39, 40]. Data available from literature are not enough to
define the best dosimetric variables as, in oncological applica-
tions, the heart is rarely the target organ, being intracardiac ma-
lignancies quite uncommon. On the contrary, the heart often
represents one of the OARs with the highest avoidance priority
when irradiating thoracic tumors. Cardiac and particularly
respiratory-induced thoracic motion represent an additional level
of complexity, as the treatment systemmust be able to accurately
track the moving target [37]. According to this protocol, this
problem is overcome by defining a cardiac and respiratory
ITV, which considers both causes of motion [37].

3.2 Possible effects of SBRT: Addressing “pros” and
“cons”

The benefit supposed to derive from the use of SBRT is rep-
resented by the superior efficacy in the control of VT with
respect to the conventional percutaneous procedure. This su-
perior efficacy specifically derives from the hypothesis that
the SBRT can result in a more appropriate and discrete sub-
strate modification in patients in whom the conventional ap-
proach has failed. In a clinical setting, SBRTwill be offered as
an option in patients who are not eligible to any interventional
or surgical approach due to an unacceptably high procedural
risk.

Theoretical disadvantages associated with SBRT relate to
the fact that we will use a novel therapeutic approach that has
been tested only in selected groups of patients; therefore, there
is no evidence of its efficacy as a standard treatment. Of note,
for STRA-MI-VT patients, this limitation has little signifi-
cance as all participants will be first categorized as nonre-
sponders or not suitable for any conventional approach. In
addition, SBRT may be responsible for cardiac and noncardi-
ac adverse effects, due to the higher radiation exposure of the
patients. Even if these effects are, based on the literature, tran-
sient, and of mild to moderate entity, specific attention will be
given in our study to prospectively evaluate cost-effectiveness
of SBRT.

4 Conclusions

The existing research confirms that SBRT might represent a
relatively effective and well-tolerated therapeutic option in
patients with VT who have failed other approaches [37].

STRA-MI-VT study aims at demonstrating that SBRTmay
represent an alternative therapeutic option in selected patients
with substrate-related VT, thanks to a potentially favorable
cost-effectiveness ratio. An advanced combined multimodal
imaging will be used to characterize the arrhythmogenic sub-
strate and to identify the target for SBRT, thus STRA-MI-VT
is supposed to provide significant information to define the
adequacy of this novel imaging-integration methodology.

SBRT is widely used in oncology to treat small primary or
secondary malignant lesions to high doses in few fractions,
leading to local control of about 90% [41]. In the last years, it
has been proposed to some benign conditions like trigeminal
neuropathy, acoustic neurinomas, or arteriovenous
malformations [42]. VT is a condition that might prospective-
ly benefit from this noninvasive approach.

Preliminary results are expected to be available within
1 year. If primary endpoints of STRA-MI-VT will be reached,
SBRT has the potential to be offered as a novel therapeutic
option to a larger population of patients with mostly intracta-
ble VTs, based on the attractive possibility to treat also sub-
strates inaccessible to conventional approaches in a safe and
less-invasive manner.

Finally, the methodology of the STRA-MI-VT is based on
the cooperation of different teams, with specific competences
in arrhythmology, cardiac imaging, and radiation therapy, in
an attempt to validate and share a multidisciplinary workflow
process that may represent the premise for future clinical ex-
periences in the field.
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