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CLINICAL CASE
Subcutaneous ICD Implantation and
Catheter Ablation
A Step-Planned Approach for Ventricular Tachycardia
Management in ARVC
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Secondary prevention of sudden cardiac death in the young patient with arrhythmogenic right ventricular cardiomyopathy

and hemodynamically tolerated ventricular tachycardia is still a challenging field. We present a combined approach,

including subcutaneous implantable cardioverter-defibrillator (ICD) and catheter ablation, as a promising treatment to

prevent both ventricular tachycardia recurrences and ICD shocks. (Level of Difficulty: Intermediate.) (J Am Coll Cardiol Case

Rep 2022;4:185–191) © 2022 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foun-

dation. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
HISTORY OF PRESENTATION

A 20-year-old athlete in good health was admitted to
the emergency department (ED) of another hospital
for an episode of paroxysmal palpitations during
physical activity. The physical examination findings
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were normal. The electrocardiogram (ECG) docu-
mented sinus rhythm and inverted T waves in leads
V1 to V2 (Figure 1).

PAST MEDICAL HISTORY

The past medical history was unremarkable. In
particular, the patient had no familial history of
sudden cardiac death or syncopal episodes.

DIFFERENTIAL DIAGNOSIS

Effort-related palpitations can result from supraven-
tricular or ventricular tachyarrhythmias occurring in
patients with or without structural heart disease.

INVESTIGATIONS

The echocardiographic examination results were
normal. Cardiac magnetic resonance (CMR) revealed a
https://doi.org/10.1016/j.jaccas.2021.12.007

cal Institute, Castellanza, Italy; and the bDepartment

es and animal welfare regulations of the authors’

t consent where appropriate. For more information,

r 16, 2021, accepted December 7, 2021.

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jaccas.2021.12.007
https://www.jacc.org/author-center
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaccas.2021.12.007&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


FIGUR

The tra

ABBR EV I A T I ON S

AND ACRONYMS

ARVC = arrhythmogenic right

ventricular cardiomyopathy

ATP = antitachycardia pacing

CA = catheter ablation

CMR = cardiac magnetic

resonance

ECG = electrocardiogram

ED = emergency department

EP = electrophysiological

ICD = implantable

cardioverter-defibrillator

LBBB = left bundle branch

block

LP = late potential

LV = left ventricle

NSVT = nonsustained

ventricular tachycardia

PVS = programmed ventricular

stimulation

RV = right ventricular

S-ICD = subcutaneous

implantable cardioverter-

defibrillator

VT = ventricular tachycardia

3D-EAM = 3-dimensional

electroanatomical map
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subepicardial region of late enhancement at
the middle posterolateral aspect of the left
ventricle (LV); other findings were unre-
markable. Results of a stress test were nega-
tive for ST-segment T-wave changes and
arrhythmias.

A diagnosis of healed myocarditis1 was
hypothesized, and the patient underwent
implantation of a loop recorder (Reveal Linq,
Medtronic) to correlate symptoms with
possible cardiac rhythm disturbances. The
first electronic control of the device revealed
multiple episodes of nonsustained ventricu-
lar tachycardia (NSVT), as well as a single
episode of symptomatic (palpitations) sus-
tained monomorphic ventricular tachycardia
(VT) lasting 51 seconds (cycle length 280
milliseconds).

MANAGEMENT

Nadolol was ineffective in VT prevention.
Therefore, the patient was referred to our
hospital (Humanitas Mater Domini Clinical
Institute, Castellanza, Italy) for electrophys-
iological (EP) evaluation and possible cath-
eter ablation (CA).

During the EP study, multiple mono-
morphic and polymorphic NSVTs with fast
E 1 Baseline 12-Lead Electrocardiogram

cings show inverted T waves in leads V1 to V2.
cycle length (250-280 ms) were induced with pro-
grammed ventricular stimulation (PVS). Notably, all
induced VTs had a left bundle branch block (LBBB)
configuration (Figure 2), consistent with a possible
origin from the right ventricle.

Hence, on the basis of this finding and the ECG
repolarization abnormalities, a borderline diagnosis
of arrhythmogenic right ventricular cardiomyopathy
(ARVC) was hypothesized (1 major and 1 minor
criteria),2 and an endocardial 3-dimensional electro-
anatomical map (3D-EAM, CARTO-3 System, Biosense
Webster) of the right ventricle was performed. The
bipolar map revealed a small (19.6 cm2) abnormal
voltage area (#1.5 mV) localized at the anterior aspect
of the outflow tract (Figure 3A). Herein, only far-field
late potentials (LPs) were recorded (Figures 3B
and 3C). The unipolar map confirmed a wider
(53.2 cm2) abnormal voltage area (#5.5 mV) extending
from the anterior outflow tract to the superior ante-
rolateral aspect of the right ventricle, consistent with
an epicardial scar (Figure 3D).

CMR repeated 1 year after the first scan docu-
mented mild right ventricular (RV) dilation with aki-
nesia of the basal inflow tract (third minor criterion
for ARVC).2 The subepicardial band of late enhance-
ment at the posterolateral aspect of the LV was
confirmed. Given the very likely diagnosis of ARVC,
and after having carefully balanced risks and benefits,
a subcutaneous implantable cardioverter-defibrillator



FIGURE 2 Results of Programmed Ventricular Stimulation

Multiple induced (A and B) monomorphic or (C) polymorphic nonsustained ventricular tachycardias with left bundle branch block

configuration and different axis deviation.
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FIGURE 3 Endocardial Electroanatomical Map and Intracardiac Recordings

(A to D) Electroanatomical mapping and recording. (A) A right ventricular bipolar endocardial electroanatomical map (EAM) shows a region

(surface 19.6 cm2) of abnormal voltages consistent with dense scar (#0.5 mV) (red) and a border zone (0.5-1.5 mV) (yellow to blue) located

at the anterior aspect of the outflow tract. Within this area, (C) far-field late potentials were recorded (blue arrows), and (D) ventricular pacing

resulted in local ventricular capture (short-stimulus QRS interval) without late potential capture, thus confirming their remote origin (from

epicardium). (B) The right ventricular unipolar endocardial substrate map shows a more extensive epicardial scar (53.2 cm2). The right

bundle branch block pattern in C was mechanically induced. LAO ¼ left anterior oblique; RVA ¼ right ventricular apex; SITE ¼ mapping

catheter.
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FIGURE 4 Monomorphic Sustained Ventricular Tachycardia Successfully Treated by Subcutaneous Implantable Cardioverter-Defibrillator Shock
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(S-ICD) was inserted according to current guidelines.3

Conversely, ablation was not deemed indicated at
that time in view of the very likely need for an
epicardial approach with its associated complica-
tions. Nonetheless, it should have been considered
after the S-ICD interventions.

One week after discharge, the patient was read-
mitted to the ED because of an arrhythmic storm. An
electronic control of the device documented 10 epi-
sodes of monomorphic sustained VT, 6 of which were
treated by successful ICD shocks (Figure 4). Admin-
istration of intravenous amiodarone during moni-
toring in the intensive care unit was effective in
preventing early VT recurrences.

Given the young age of the patient, the limited
efficacy of antiarrhythmic drugs, and the high success
rate of ablation4 in preventing recurrent VT in ARVC,
an ablative strategy was pursued. An epicardial
approach was directly attempted because of the
absence of endocardial targets, as shown by the 3D-
EAM findings.

An open irrigated catheter with contact force
(Thermocool Smart Touch, Biosense Webster) was
used for epicardial substrate mapping and ablation. A
large (51 cm2) epicardial area of abnormal voltage
electrograms (#1 mV, just opposed to the endocardial
region of abnormal unipolar voltage recordings) was
detected (Figure 5A). Multiple low-voltage and long-
duration LPs (Figures 5B and 5D) were recorded
within the scar region. Herein, ventricular pacing
resulted in local LP capture with a long-stimulus QRS
interval, possible expression of slow conduction from
isles of excitable cardiomyocytes to the healthy
ventricular myocardium through fibrofatty tissue
(Figure 5E). Abolition of all LPs was successfully
achieved (Figure 5C) at the ablation sites. At the end
of the procedure, no ventricular arrhythmia was
inducible by PVS.

DISCUSSION

The diagnosis of ARVC is often challenging, and it
requires integration of information gathered from
different diagnostic tools. As in the described case,
ECG depolarization or repolarization abnormalities
and VTs with LBBB configuration mostly represent
the first signs leading to clinical suspicion of ARVC.
Given the small thickness, CMR has a limitation in RV
wall tissue characterization.5 Instead, 3D-EAM could
have a prognostic value in predicting the arrhythmic
risk in ARVC, and it provided helpful insight to
formulate the correct diagnosis in the present case.5

Conversely, the subepicardial band of late enhance-
ment at the posterolateral aspect of the LV was
diagnostically confounding, and it could have repre-
sented either biventricular involvement of the
arrhythmogenic cardiomyopathy or the result of
healed myocarditis.

Regarding treatment, patients with scar-related
re-entrant VT mostly benefit from antitachycardia
pacing (ATP), which has been demonstrated to be
effective and safe compared with ICD shocks and to
improve quality of life in different clinical settings.6,7

In patients with ARVC, appropriate ICD therapies
(including ATP interventions) are frequent, but
complication rates are very high (about 20%,



FIGURE 5 Epicardial Substrate Map

(A) The bipolar map shows an extensive abnormal voltage area (<1 mV) (red to blue) mirroring in location that detected at the endocardial electroanatomical map

(Figure 3D). (B) The right ventricular activation map during sinus rhythm demonstrates a centripetal gradient of delayed activation (red to purple) within the abnormal

voltage area. (C) Ablation sites shown by red dots. (D) Examples of single or multicomponent late potentials (arrows) with different activation delays recorded during

sinus rhythm within the abnormal substrate. The vertical lines indicate the end of the QRS complex. (E) Electrical stimulation from this area results in direct late

potential capture with a prolonged-stimulus QRS interval (see also text). HBE ¼ His bundle electrogram; RVA ¼ right ventricular apex; SITE ¼ ablation catheter.
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including infections and lead malfunctions).8 Despite
the lack of ATP capability, the S-ICD may provide a
valid alternative to overcome some limitations of the
transvenous systems. Indeed, the S-ICD has been
effectively inserted as secondary prevention, as
demonstrated by real-life registries and randomized
clinical trials.9,10 Furthermore, endocardial-epicardial
CA seems to be very effective in reducing ICD in-
terventions in patients with ARVC even in the long
term, with approximately 70% freedom from VT re-
currences.4 Therefore, CA represents a promising so-
lution to the lack of ATP in patients ARVC who would
otherwise be eligible for an S-ICD. Conversely, CA is
associated with possible major complications, espe-
cially when the epicardial approach is used;11 thus, it
should be reserved for tertiary centers. Notably, our
patient underwent S-ICD insertion with the aim of
eventually treating recurrent VTs with ablation. So
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far, this type of step-planned, combined approach for
management of scar-related arrhythmias in ARVC has
only rarely been described and should be considered
more frequently in selected patients.

FOLLOW-UP

The patient remained free from ICD interventions in
the next 24 months. Furthermore, genetic analyses
revealed 3 different heterozygous variants of LMNA,
PKP2, and DSG2. Although the LMNA defect is very
likely coincidental, the PKP2 and DSG2 mutations are
definitely associated with ARVC and support possible
involvement of the LV in the cardiomyopathy.

CONCLUSIONS

Clinical management of young patients with
established or suspected arrhythmogenic cardiomy-
opathies is often challenging and always requires an
in-depth balance of the risks and benefits among
different therapeutic options. The combined
strategy including S-ICD insertion followed by CA of
eventually occurring VTs seems to be an effective
therapeutic option, and it could avoid the complica-
tions related to the transvenous systems in the long
term.

FUNDING SUPPORT AND AUTHOR DISCLOSURES

The authors have reported that they have no relationships relevant to

the contents of this paper to disclose.

ADDRESS FOR CORRESPONDENCE: Dr Aurora
Sanniti, Electrophysiology and Pacing Unit, Human-
itas Mater Domini Clinical Institute, Via Gerenzano, 2,
21053 Castellanza, Vareses, Italy. E-mail: aurora.
sanniti@libero.it. Twitter: @AuroraSanniti.
RE F E RENCE S
1. Caforio ALP, Pankuweit S, Arbustini E, et al.
Current state of knowledge on aetiology, diag-
nosis, management, and therapy of myocarditis: a
position statement of the European Society of
Cardiology Working Group on Myocardial and
Pericardial Diseases. Eur Heart J. 2013;34:2636–
2648.

2. Marcus FI, McKenna WJ, Sherrill D, et al.
Diagnosis of arrhythmogenic right ventricular
cardiomyopathy/dysplasia. Eur Heart J. 2010;31:
806–814.

3. Towbin JA, McKenna WJ, Abrams DJ, et al. 2019
HRS expert consensus statement on evaluation,
risk stratification, and management of arrhyth-
mogenic cardiomyopathy. Heart Rhythm.
2019;16(11):e301–e372.

4. Santangeli P, Zado ES, Supple GE, et al. Long-
term outcome with catheter ablation of ventricu-
lar tachycardia in patients with arrhythmogenic
right ventricular cardiomyopathy. Circ Arrhythm
Electrophysiol. 2015;8:1413–1421.

5. Santangeli P, Hamilton-Craig C, Dello Russo A,
et al. Imaging of scar in patients with ventricular
arrhythmias of right ventricular origin: cardiac mag-
netic resonance versus electroanatomic mapping.
J Cardiovasc Electrophysiol. 2011;22:1359–1366.

6. Wathen MS, DeGroot PJ, Sweeney MO, et al.
Prospective randomized multicenter trial of
empirical antitachycardia pacing versus shocks for
spontaneous rapid ventricular tachycardia in pa-
tients with implantable cardioverter-defibrillators.
Circulation. 2004;110:2591259–2591266.

7. Poole JE, Johnson GW, Hellkamp AS, et al.
Prognostic importance of defibrillator shocks in
patients with heart failure. N Engl J Med.
2008;359:1009–1017.

8. Schinkel AFL. Implantable cardioverter de-
fibrillators in arrhythmogenic right ventricular
dysplasia/ cardiomyopathy. Circ Arrhythm Elec-
trophysiol. 2013;6:562–568.

9. Orgeron GM, Bhonsale A, Migliore F, et al.
Subcutaneous implantable cardioverter-
defibrillator in patients with arrhythmogenic
right ventricular cardiomyopathy/dysplasia: a
transatlantic experience. J Am Heart Assoc.
2018;7:e008782.

10. Knops RE, Olde Nordkamp LRA, Delnoy PHM,
et al. Subcutaneous or transvenous defibrillator
therapy. N Engl J Med. 2020;383:526–536.

11. Romero J, Patel K, Lakkireddy D, et al.
Epicardial access complications during electro-
physiology procedures. J Cardiovasc Electro-
physiol. 2021;32:1985–1994.

KEY WORDS arrhythmogenic right
ventricular cardiomyopathy, subcutaneous
ICD, ventricular tachycardia ablation

mailto:aurora.sanniti@libero.it
mailto:aurora.sanniti@libero.it
https://twitter.com/AuroraSanniti
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref1
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref1
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref1
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref1
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref1
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref1
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref1
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref2
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref2
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref2
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref2
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref3
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref3
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref3
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref3
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref3
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref4
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref4
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref4
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref4
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref4
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref5
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref5
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref5
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref5
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref5
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref6
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref6
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref6
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref6
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref6
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref6
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref7
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref7
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref7
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref7
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref8
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref8
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref8
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref8
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref9
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref9
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref9
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref9
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref9
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref9
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref10
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref10
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref10
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref11
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref11
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref11
http://refhub.elsevier.com/S2666-0849(21)01082-2/sref11

	Subcutaneous ICD Implantation and Catheter Ablation
	Past Medical History
	Differential Diagnosis
	Investigations
	Learning Objectives
	Management
	Discussion
	Follow-Up
	Conclusions
	Funding Support and Author Disclosures
	References


