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RESEARCH LETTER

Safety of Omitting Defibrillation Efficacy Testing 
With Subcutaneous Defibrillators: A Propensity-
Matched Case-Control Study
Valter Bianchi , MD; Giovanni Bisignani, MD; Federico Migliore , MD; Mauro Biffi , MD; Gerardo Nigro , MD;  
Stefano Viani, MD; Fabrizio Caravati , MD; Luca Checchi, MD; Pietro Francia, MD; Paolo De Filippo , MD;  
Domenico Pecora , MD; Carlo Lavalle, MD; Antonio Scalone, MD; Pietro Rossi, MD; Pietro Palmisano, MD;  
Giovanni Licciardello , MD; Roberto Ospizio, MS; Mariolina Lovecchio, MS; Sergio Valsecchi , PhD; Antonio D’Onofrio, MD;  
on behalf of S-ICD Rhythm Detect Investigators*

The noninferiority of defibrillation testing (DT) omis-
sion at the time of implantation was demonstrated 
in transvenous implantable cardioverter defibrilla-

tors (ICD).1 Thus, guidelines included DT omission dur-
ing implantation of transvenous ICDs.2 The subcutaneous 
ICD (S-ICD) is an effective alternative to the transvenous 
ICD,3 but it still requires DT.2 We evaluated the outcome of 
S-ICD patients with omitted DT in comparison with those 
who had undergone DT per physician’s discretion. From 
2013 to 2019, consecutive patients undergoing S-ICD 
implantation (Boston Scientific, Inc, Natick, MA) were 
enrolled at 60 Italian centers. Patients were followed up 
until 2020 within the framework of a prospective regis-
try (REGISTRATION: URL: https://www.clinicaltrials.
gov; Unique identifier: NCT02275637). The Institutional 
Review Boards approved the study, and all patients pro-
vided informed consent. The study data are available from 
the corresponding author upon reasonable request. The 
composite primary end point consisted of all-cause death 
and ineffective S-ICD therapy. The secondary end point 
was the composite of all-cause death, ineffective shock, 
inappropriate shock, and complication. We implemented 
1:1 nearest neighbor propensity score matching with-
out replacement, with propensity score estimated using 
logistic regression of the treatment on the covariates. The 
variables considered for propensity score calculation were 
sex, age, body mass index, and ejection fraction. A total 

of 1652 S-ICD procedures were performed within the 
observation period. Defibrillation testing was performed in 
1300 patients and omitted in 325 patients (27 patients 
excluded because of incomplete data). The median pro-
portion of patients who underwent DT at the study centers 
was 86% (25th–75th percentile: 71%–96%). Cardiover-
sion at shock energy of ≤65J was successful in 1225 
(94.2%) and ineffective in 33 (2.6%). Forty-two patients 
were successfully tested at initial shock energy of >65J. 
Overall, successful cardioversion was achieved with ≤80J 
shocks in 1298 (99.8%) patients. In the 1300 patients 
with DT, 2 (0.15%) episodes of electromechanical dis-
sociation (1 fatal) because of testing were reported. DT-
omitted patients were more frequently female (79 [24%] 
versus 247 [19%], P=0.033), were older (51±16 versus 
48±15 years, P=0.001), and had higher body mass index 
(26±5 versus 25±4 kg/m2, P=0.024). Moreover, DT-omit-
ted patients more frequently had dilated cardiomyopathy 
with reduced ejection fraction (38±16% versus 46±16%, 
P<0.001) and were affected by more comorbidities (ie, 
chronic kidney disease, diabetes). After propensity score 
matching, the analysis was restricted to 650 patients, 
325 DT-omitted versus 325 DT-performed, all standard-
ized mean differences for the covariates were below 
0.1, indicating adequate balance and clinical variables 
of the matched cohort were equally distributed between 
the 2 study groups. In the overall matched cohort, over 
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a median follow-up of 19 (25th–75th percentile: 11–29) 
months, 27 (4%) deaths occurred and 38 patients (5.8%) 
received appropriate shocks. The first shock was effective 
in 34 (89%) patients, while the final conversion rate was 
100% for all events. Inappropriate shocks were reported 
in 36 (5.5%) patients. Procedure-related complications 
occurred in 13 (2.0%) patients, and device-related com-
plications were reported in 12 (1.8%) patients during 
follow-up. There was no significant difference in the risk 
of primary or secondary end points between matched DT-
omitted and DT-performed groups, in the overall popula-
tion and in prespecified subgroups (Figure).

Large trials have documented high rates (>90%) of 
successful conversion on DT with S-ICDs.3 We confirmed 
this finding, as we recorded a conversion rate of 94.2% 
with 65J shock energy in a large unselected popula-
tion, and a high rate of conversion of clinical ventricular 
arrhythmias during follow-up. Previous studies have found 
that adherence to the DT recommendation is declining 
in clinical practice and that testing is frequently omitted 
in patients who are at higher risk of complications.4 We 
confirmed this finding. Indeed, DT was more frequently 
omitted in patients with more severe systolic dysfunction.

The rate of the combined end point was low, and we 
did not observe a higher risk associated with DT omission. 
Moreover, we did not observe an association between 
the risk of the secondary end point and the DT group 
assignment. Overall, 5.5% of patients received inappro-
priate shocks (5.8% received appropriate shocks). More-
over, complications were rare and not associated with the 
group assignment. Nonetheless, in the wider unselected 
population, we observed 2 serious adverse events and 
one DT-associated death. Our analysis did not show any 
interaction between baseline variables and the primary 
and secondary end points. Nonetheless, some factors 
have previously proved to be associated with lower shock 
efficacy and should be considered in the decisional pro-
cess, as still happens in the case of transvenous ICDs for 
patients at high risk of elevated defibrillation threshold 
(eg, hypertrophic cardiomyopathy, arrhythmogenic right 
ventricular cardiomyopathy, right-sided implantation), for 
which DT is still recommended.2

In conclusion, DT is frequently omitted in current clini-
cal practice, especially in older patients with worse systolic 
function. Omitting DT does not compromise the effective-
ness of the S-ICD, and no additional risk seems to be asso-
ciated with DT omission in a patient population resembling 
the analyzed cohort. However, the observational design of 

the study may have introduced an inherent bias. The find-
ings of an ongoing randomized trial will confirm our results.5

ARTICLE INFORMATION
Affiliations
“Unità Operativa di Elettrofisiologia, Studio e Terapia delle Aritmie”, Monaldi 
Hospital, Naples, Italy (V.B., A.D.). Division of Cardiology, Castrovillari Hospital, 
Cosenza, Italy (G.B.). Division of Cardiology, Department of Cardiac, Thoracic 
and Vascular Sciences, University of Padua, Italy (F.M.). Department of Experi-
mental, Diagnostic and Specialty Medicine, Institute of Cardiology, University of 
Bologna, Policlinico S.Orsola-Malpighi, Italy (M.B.). Department of Translational 
Medical Sciences, University of Campania “Luigi Vanvitelli,” Monaldi Hospital, 
Naples, Italy (G.N.). Second Cardiology Division, Cardio-Thoracic and Vascular 
Department, University Hospital of Pisa, Italy (S.V.). Ospedale di Circolo e Fon-
dazione Macchi, Varese, Italy (F.C.). University of Florence, Italy (L.C.). Division of 
Cardiology, Department of Clinical and Molecular Medicine, Sapienza University, 
St. Andrea Hospital, Rome, Italy (P.F.). Papa Giovanni XXIII Hospital, Bergamo, 
Italy (P.D.F.). Unità di Elettrofisiologia, Dipartimento Cardiovascolare, Fondazione 
Poliambulanza Istituto Ospedaliero, Brescia, Italy (D.P.). Department of Cardio-
vascular Disease, Policlinico Umberto I Hospital, Rome, Italy (C.L.). Division of 
Cardiology, A.O. Brotzu, Cagliari, Italy (A.S.). Fatebenefratelli Hospital, Rome, 
Italy (P.R.). “Card. G. Panico” Hospital, Tricase, Lecce, Italy (P.P.). Ospedale E. 
Muscatello, Augusta, Italy (G.L.). Boston Scientific, Milan, Italy (R.O., M.L., S.V.).

Sources of Funding
None.

Disclosures
This was an independent study. Dr De Filippo received speaker’s fees and educa-
tional grants from Boston Scientific and research grants from Abbott. R. Ospizio, 
M. Lovecchio, and Dr Valsecchi are employees of Boston Scientific. The other 
authors report no conflicts.

APPENDIX
List of participating centres: Monaldi Hospital, Naples: A. D’Onofrio, V. Bianchi; 
V. Tavoletta, S. De Vivo; University of Florence, Florence: P. Pieragnoli, G. Ric-
ciardi, L. Checchi, L. Perrotta; Istituto Clinico Sant’Ambrogio, Milan: L. Ottaviano; 
Policlinico S.Orsola-Malpighi, Bologna: M. Biffi, I. Diemberger, M. Ziacchi, C. Mar-
tignani; Department of Translational Medical Sciences, University of Campania 
“Luigi Vanvitelli”, Naples: G. Nigro, V. Russo, A. Rago, E. Ammendola; University 
Hospital of Pisa, Pisa: M.G. Bongiorni, R. De Lucia, A. Di Cori, L. Paperini, L. Se-
greti, E. Soldati, S. Viani, G. Zucchelli; University of Padua: F. Migliore; Ospedale 
St. Andrea, Rome: P. Francia, F. Palano, C. Adduci; Ospedale Papa Giovanni XXIII, 
Bergamo: P. De Filippo; P. Ferrari; C. Leidi; Università Politecnica delle Marche, 
Ancona: A. Dello Russo, M. Casella, F. Guerra, L. Cipolletta; S. Molini; Ospedale 
S. Anna, Como: S. Pedretti; Ospedale Maria Vittoria, Turin: M. Giammaria, M.T. 
Lucciola, C. Amellone; Ospedale “G. Panico”, Tricase, Lecce: P. Palmisano; M. Ac-
cogli; Azienda ospedaliera “G. Brotzu”, Cagliari: B.  Schintu, A.  Scalone, G. Tola, A. 
Setzu; Ospedale “Vito Fazzi”, Lecce: E. Pisanò, G. Milanese; P.O. Ferrari, Castrovil-
lari, Cosenza: G. Bisignani, S. De Bonis; Fondazione Poliambulanza, Brescia: C. 
La Greca, D. Pecora; Paediatric Cardiology Unit, Second University of Naples, 
Naples: B.  Sarubbi, D.  Colonna, E. Romeo; Ospedale San Raffaele, Milan: S. 
Sala, P. Mazzone, P. Della Bella; Ospedale S. Anna e S. Sebastiano, Caserta: M. 
Viscusi, D. Di Maggio, M. Brignoli; Ospedale Pediatrico “Bambino Gesù”, Palidoro, 
Fiumicino: F. Drago, M.S. Silvetti; Ospedale Manzoni, Lecco: R. Brambilla, A. Pani; 
Ospedale S. Biagio, Domodossola: A Lupi; Ospedale S. Maria, Terni: G. Carreras, 
S. Donzelli, C. Marini, A.  Tordini; Circolo e Fondazione Macchi, Varese: F. Caravati; 
Ospedale S. Croce e Carle, Cuneo: E. Racca, A.  Gonella, G. Musumeci, G. Ros-
setti, E, Menardi, G. P. Ballari; ‘Giovan Battista Grassi’ Hospital, Rome; F. Ammirati, 
L. Santini, K. Mahfouz, C. Colaiaco; Istituto Auxologico Italiano – IRCCS, Milan: 
GB. Perego, V. Rella; Ospedale S. Martino, Genova: G. Bertero, P. Sartori, P. Rossi; 
Policlinico Federico II, Naples: A. Rapacciuolo, V. Liguori, A. Viggiano; Presidio 
Ospedaliero Muscatello, Augusta (SR): G. Licciardello, G. Busacca; ‘San Giovanni 
Battista’ Hospital, Foligno: G. Savarese, C. Andreoli, L. Pimpinicchio, D. Pellegrini; 
Ospedale S. Camillo de Lellis, Rieti: G. Stifano; Università di Tor Vergata, Rome: 
F. Romeo, D. Sergi; Ospedale S. Andrea, La Spezia: S. Badolati; Ospedale Carlo 
Poma, Mantova: P. Pepi, D. Nicolis; IRCCS Fondazione Policlinico ‘S. Matteo’, Pa-
via: R. Rordorf, A. Vicentini, S. Savastano, B. Petracci, A. Sanzo, E. Baldi, M. Casula; 
Clinica Montevergine, Mercogliano (AV): F. Solimene, G. Shopova, V. Schillaci, A. 

Nonstandard Abbreviations and Acronyms

DT	 defibrillation testing
ICD	 implantable cardioverter defibrillator
S-ICD	 subcutaneous ICD
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Figure. Kaplan-Meier estimates of time to the study endpoints and pre-specified subgroup analysis of the primary endpoint. 
Time to primary endpoint (unadjusted hazard ratio 1.26, 95%CI 0.62 -2.54, p=0.523) (A), time to secondary endpoint (unadjusted hazard 
ratio 0.86, 95%CI 0.57 -1.32, p=0.497) (B), and to first appropriate shock (unadjusted hazard ratio 0.84, 95%CI 0.44 -1.58, p=0.585) (C). 
Association between DT omission and the risk of primary endpoint in pre-specified subgroups (no interaction was detected between DT 
omission and the variables that defined the subgroups) (D). DT indicates defibrillation testing; and HR, hazard ratio. 
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