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A 63-year-old man with hypertrophic cardiomyopathy (HCM), mid-ventricular obstruction, and an apical aneu-
rysm had an episode of cardiac arrest due to sustained ventricular tachycardia (VT). He was resuscitated and an
implantable cardioverter-defibrillator (ICD) was implanted. In the following years, several episodes of VT and
ventricular fibrillation were successfully terminated by antitachycardia pacing or ICD shocks. Three years after
ICD implantation, he was re-admitted because of refractory electrical storm (ES). Since aggressive pharmacolog-
ical treatments, direct current cardioversions, and deep sedation were not effective, he underwent epicardial
catheter ablation which was successful to terminate ES. However, because of the recurrence of refractory ES
after one year, he proceeded to surgical left ventricular myectomy with apical aneurysmectomywhich provided
hima relatively stable clinical course for six years. Although epicardial catheter ablationmay be an acceptable op-
tion, surgical resection of apical aneurysm seems to bemost efficacious for ES in patients with HCM and an apical
aneurysm.
Learning objectives: In patients with hypertrophic cardiomyopathy (HCM), implantable cardioverter-
defibrillators (ICDs) are the gold standard of therapy for prophylaxis against sudden death. Electrical storm
(ES) caused by recurrent episodes of ventricular tachycardia can cause sudden death even in patients with
ICDs. Although epicardial catheter ablation may be an acceptable option, surgical resection of apical aneurysm
is most efficacious for ES in patients with HCM, mid-ventricular obstruction, and an apical aneurysm.

© 2023 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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Introduction

Patients with hypertrophic cardiomyopathy (HCM) have an in-
creased risk of death from several causes such as sudden cardiac death,
heart failure, and stroke. In particular, sudden unexpected death is the
most feared complication ofHCM [1]. Since ventricular tachyarrhythmias
are the cause of cardiac arrest and sudden death in patients with HCM
[2], implantable cardioverter-defibrillators (ICDs) are now the mainstay
of therapy for prophylaxis against sudden death [2,3].
rophic cardiomyopathy; ICD,
ed ventricular tachycardia; VT,
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However, electrical storm (ES) caused by recurrent episodes of
ventricular tachycardia (VT) can cause sudden death even in patients
with ICDs.

Case report

A 63-year-old man with HCM, mid-ventricular obstruction, and an
apical aneurysm experienced several episodes of near syncope and
was referred to our hospital because of frequent non-sustained VT
(NSVT) documented in a local hospital. He had also been diagnosed as
having systemic hypertension and paroxysmal atrial fibrillation with a
previous episode of cerebral embolism and had been put on warfarin,
amiodarone, and bisoprolol.

On admission in the year of 2011, he was alert with normal blood
pressure at 120/70 mmHg and regular heart rate at 60 bpm. On
d.
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Fig. 1.
(A) Electrocardiogram on admission showing sinus rhythm, and prominent left ventricular hypertrophy. (B) Electrocardiogram showing sustained monomorphic ventricular
tachycardia which led to an episode of cardiac arrest.
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examination, he had a fourth heart sound and a grade 3/6 ejection sys-
tolic murmur at the apex. Electrocardiography showed normal sinus
rhythm at 52 bpm and prominent left ventricular hypertrophy with
T-wave inversions (Fig. 1A). Chest radiograph revealed no cardiac
enlargement or pulmonary congestion. B-type natriuretic peptide
(626 pg/mL) was significantly elevated and high-sensitivity cardiac
troponin T (0.075 ng/mL) was mildly elevated. Echocardiography
Fig. 2.

Echocardiogram on admission. (A) A long-axis view showing diffuse left ventricula
mid-ventricular level and an apical aneurysm (arrows). (C) A color-Doppler echoc
mid-ventricular level, indicating significant pressure gradient.
Ao, aorta; LA, left atrium; LV, left ventricle.
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showed diffuse left ventricular hypertrophy with maximumwall thick-
ness of 18 mm at mid-ventricular level and severe apical hypokinesis
suggestive of an apical aneurysm (Fig. 2). Mid-ventricular obstruction
with pressure gradient of 170mmHgwas also documented. During hos-
pitalization, he had an episode of cardiac arrest due to sustained VT dur-
ing treadmill exercise test (Fig. 1B). Hewas resuscitated and an ICDwas
implanted. His pharmacological treatment with warfarin, amiodarone
r hypertrophy. (B) An apical two-chamber view showing maximum wall thickening at
ardiogram in apical two-chamber view during systole showing mosaic color-flow from
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(200 mg, b.i.d.), and bisoprolol (2.5 mg, s.i.d.) was continued at
discharge because of several episodes of NSVT on exercise after ICD
implantation.

In the following years, several episodes of sustained VT were success-
fully terminated by antitachycardia pacing or ICD shocks. Three years
after ICD implantation, he was re-admitted because of refractory ES. Ag-
gressive pharmacological treatment with several antiarrhythmic drugs,
cibenzoline, and beta blockade, frequent direct current cardioversions
and deep sedation were not effective. Therefore, he proceeded to an
emergency and rescue catheter ablation. Since sustained VT of epicardial
origin was clinically suspected based on the morphology of VT on a
12‑lead electrocardiogram associated with the presence of apical aneu-
rysm, epicardial access was first achieved using the percutaneous
subxiphoid approach. Three-dimensional electroanatomic voltage maps
revealed low-amplitude regions with a voltage ≤1.5 mV suggestive of
electrophysiological scar, involving the lateral left ventricular epicardium.
Ventricular tachycardia terminated reproducibly by imposing a catheter
on the site. Thereafter, endocardial mapping was performed but failed
to show any activation prior to the electric potential at the low-
amplitude regions of the epicardium. Thus, we considered the exit of VT
probably existed at the epicardial site, and decided to perform radiofre-
quency catheter ablation with epicardial approach. While VT was hemo-
dynamically stable, epicardial radiofrequency ablation was attempted
using a 4-mm electrode catheter. Ventricular tachycardia finally became
non-inducible after 38th session of radiofrequency energy application.
Refractory ES was thus successfully terminated. However, after one un-
eventful year, he again developed refractory ES. Therefore, the decision
was made to perform surgical left ventricular myectomy with apical
aneurysmectomy, left ventricular reconstruction, and endocardial
cryoablation (Fig. 3). Since then, together with pharmacological treat-
ment, he has been relatively well without episodes of refractory ES for
six years.

Discussion

This HCM patient with mid-ventricular obstruction and an apical
aneurysm is unique and exceptional because he developed ES
refractory to aggressive trials of antiarrhythmic drugs, frequent direct
Fig. 3.
Echocardiogram after surgical treatment. (A) A long-axis view showing somewhat broa
apical aneurysm. (C) A color-Doppler echocardiogram in apical two-chamber viewdurin
Ao, aorta; LA, left atrium; LV, left ventricle.
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current cardioversions, and other modalities, despite previous ICD im-
plantation. Second, although epicardial catheter ablationwas successful
to terminate ES, the uneventful period lasted only for one year after the
procedure. Third, surgical left ventricular myectomy with apical
aneurysmectomy was needed to finally terminate refractory ES.

Patients with HCM are at increased risk for sudden cardiac death
[1,3]. Since ventricular tachyarrhythmias are the cause of cardiac arrest
and sudden death [2], and with availability of ICD, risk stratification for
ICD implantation is critical in this population. There is general agree-
ment that an ICD is the gold standard therapy for secondary prevention
in survivors of cardiac arrest or sustained spontaneous VT [4]. For pri-
mary prevention, the weight of evidence also supports use of an ICD
in high-risk patients [4]. The presence of a left ventricular apical aneu-
rysm, the presence of extensive gadolinium enhancement, and end-
stage HCM with ejection fraction <50 % may influence the decision to
place an ICD for primary prevention [4–6]. Our patient received an ICD
for secondary prevention with cardiac arrest due to sustained and
pulseless VT.

Although an ICD significantly enhances survival in patients with sus-
tained VT and ventricular fibrillation, the recurrence of these malignant
ventricular tachyarrhythmias can still be a cause of death. Electrical
storm, characterized by recurrent episodes of VT resulting in appropri-
ate ICD shocks, is a frightening event associated with poor prognosis.
Electrical stormhas been recognized as an independent predictor of car-
diac death. Previous data indicate that catheter ablation is an effective
treatment in a broad population of patients suffering from ES in
whom the complete suppression of all clinical VTs was achieved [7].
The protective role of catheter ablation over the long-term is also sug-
gested. Since an apical aneurysm represents an important example of
anatomic re-entry formonomorphic VT, it also provides the opportunity
to consider catheter-ablation-based treatment for refractory recurrent
VT. Since the ventricular wall in patients with HCM can be quite thick
and thus endocardial ablation alone may be of limited value, an epicar-
dial approach or combined epicardial and endocardial approach should
be considered.

Epicardial catheter ablationwas acutely successful to terminate ES in
our patient. However, after one year of uneventful period, he again de-
veloped refractory ES. Because of the recurrence of ES and the presence
dened left ventricular cavity. (B) An apical two-chamber view showing disappearance of an
g systole showing laminar color-flow in the absence ofmosaicflowatmid-ventricular level.
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of an apical aneurysm, he finally underwent surgical left ventricular
myectomywith apical aneurysmectomy, left ventricular reconstruction
and endocardial cryoablation. By terminating ES and preventing ES re-
currence, surgical left ventricular aneurysmectomyhas provided thepa-
tient a relatively stable clinical course for six years without recurrent
episodes of refractory ES. Thus, it is postulated that surgical left ventric-
ular aneurysmectomy may favorably affect cardiac mortality in this
particular patient population [8–10].

In conclusion, if refractory to aggressive trials of antiarrhythmic
drugs and othermodalities including epicardial catheter ablation, surgi-
cal left ventricular aneurysmectomy is a most efficacious option for
refractory ES in patients with HCM and apical aneurysm.
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