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Recurrent ventricular tachycardia arising at the treatment borderzone after
stereotactic radioablation in a patient with ischemic cardiomyopathy
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The patient was a 77-year-old man
with ischaemic cardiomyopathy,
two prior coronary artery bypass
surgeries, left-ventricular ejection
fraction 15% with severe mitral
regurgitation, and recurrent ventric-
ular tachycardia (VT) causing
syncope and implantable cardio
verter-defibrillator (ICD) shocks
despite amiodarone, quinidine, and
mexiletine. He underwent catheter
ablation at an outside hospital target-
ing a clinical VT exiting inferolaterally
from a large anteroseptal scar.
Catheter manipulation induced
poorly haemodynamically tolerated
VTs requiring 25 defibrillations. Due
to VT recurrence, diffuse substrate,
and instability at index procedure, he
underwent stereotactic radioabla-
tion (SBRT; 1 fraction of 25 Gy) in
December 2018 directed at the
anteroseptal and apical scar (Figure
1A and B). The basal anteroseptum
was intentionally spared to preserve
ICD lead, conduction system, and
valvular function. Progressive
VT cycle length prolongation (440–
490 ms to 500–580 ms) was
observed 5 days post-SBRT requir-
ing lowering of detection rate.
Implantable cardioverter-defibril
lator shocks were reduced from 12
to 4, in the 3 months before and
after treatment. No further device
detected VT occurred by 4 months.
His antiarrhythmics were tapered,
whereupon frequent non-sustained
and device-treated VT recurred,
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Figure 1 Recurrence of ventricular tachycardia from the basal periaortic region near the radioabla-
tion borderzone. Stereotactic radioablation was delivered to an anteroapical scar (orange) with spar-
ing of the periaortic region basal to the ICD lead tip (star, Panel A and B). Panel C shows the clinical
tachycardia and excellent pace-maps from the subaortic region near site (2) in Panel E. Activation of
the channel in paced rhythm is recorded on the PentaRay (Panel D), along the superior edge of a dense
confluent scar consistent with the SBRT treatment zone, projected on the voltage map as an interpola-
tion from planning images (Panel E). ICD, implanted cardiac defibrillator; SBRT, stereotactic radioabla-
tion therapy; VT, ventricular tachycardia.
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cycle length 460–580 ms, with a periaortic exit (Figure 1C), leading to further ICD shocks. Repeat catheter ablation was performed at our
centre. The clinical VT was easily inducible with catheter ectopy and pacing, utilizing a critical channel along the superior boundary of a
dense confluent scar corresponding to the SBRT treated area (Figure 1D and E). Radiofrequency ablation was delivered to modify the
arrhythmogenic substrate; no reinductions were attempted due to tenuous haemodynamic status. At follow-up, only one brief episode of
non-sustained VT was detected on ICD check at 2 months, and all antiarrhythmics were discontinued. He continued to remain free of
device-treated VT, however due to progressive and refractory end-stage heart failure was palliated at home and passed away at 4 months
post-procedure.

Radioablation was initially successful with late recurrence of new VT at the treatment borderzone in this patient. The mechanism for
radioablation-mediated arrhythmia suppression is poorly understood. Myocytes are resistant to radiation induced apoptosis, but capillary
injury and microvascular ischaemia leads to replacement fibrosis over many months.1 However, radioablation treatment effect occurs
much earlier, in days to weeks, a time-window that correlates better with myocyte dysfunction associated with increased cell membrane
permeability, altered calcium handling, mitochondrial dysfunction, and intercalated disk injury.2,3 As the radiobiology of myocardial injury is
complex, involving both parenchymal and stromal compartments at varying kinetics, therapeutic dose may differ in myocardial scar com-
pared with normal myocardium. Furthermore, the syncytial nature of myocardium lends itself to ‘bystander effects’ mediated by diffusion of
intracellular signalling from injured myocytes to neighbouring penumbral myocardium. These factors make it plausible that under-dosing or
incomplete coverage of myocardial scar could be proarrhythmic from enhanced automaticity or altered conduction properties. This initial
report of high-density electroanatomical mapping of myocardial scar after SBRT underscores the need to better understand the radiobiol-
ogy and electrophysiological changes occurring post-therapy to optimize dosing and treatment delivery for VT.
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