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Introduction

Implantable cardioverter-defibrillators (ICDs) effectively
prevent deaths resulting from ventricular tachyarrhyth-
mias."” Because of complications and lead failures associ-
ated with transvenous ICD systems, an entirely
extravascular subcutaneous ICD (S-ICD) was developed
and was approved in 2012 as an alternative to transvenous
ICDs for the prevention of sudden cardiac death.™*

Since its initial approval, the S-ICD system has added
additional algorithms to reduce inappropriate shocks.’
Despite the advantages of the entirely extravascular device
and an overall favorable safety profile, limitations include
ongoing concerns about inappropriate shocks due to potential
oversensing and, aside from brief postshock pacing for up to
30 seconds, the inability of the device to provide pacing in the
setting of bradycardia or as antitachycardia therapy.®® The
SMART Pass algorithm was developed in order to improve
S-ICD arrhythmia discrimination and reduce the rate of
inappropriate shocks (Figure 1.2 There is currently no
bradycardia detection algorithm available in the S-ICD.

Case report

A 70-year-old man with a history of ischemic cardiomyopa-
thy with a left ventricular ejection fraction of 30% underwent
implantation of an S-ICD in 2017 (generator model A219,
lead model 3401) for primary prevention of sudden cardiac
death. The device was programmed in the secondary vector
sensing configuration and appropriate sensing was noted at
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implant. Defibrillation threshold testing was performed and
successfully terminated ventricular fibrillation with a 65 joule
shock at the time of implantation.

Since his implant, he underwent routine remote monitoring,
with remote transmissions noting appropriate sensing in stored
electrograms, and no ICD therapies had been delivered. Four
years following implantation, a remote monitoring alert was
triggered because the SMART Pass algorithm had been
disabled. An electrogram was stored along with this alert,
which was transmitted to our remote monitoring service.
This electrogram revealed atrial fibrillation with a slow ven-
tricular response and an 11-second pause (Figure 2). The pa-
tient reported a near-syncopal episode that corresponded to
the time of the episode. Following discussion with the patient,
he was initiated on apixaban for stroke prevention in the
setting of atrial fibrillation. Given his symptomatic brady-
cardia, the anticipated need for bradycardia therapy, and the
risk for inappropriate shocks in the setting of bradycardia,"’
he elected to undergo extraction of his existing S-ICD and im-
plantation of a transvenous dual-chamber ICD.

Discussion
S-ICDs were developed to avoid complications that are asso-
ciated with transvenous ICDs. Although early studies
demonstrated that S-ICDs can be used safely, owing to
increasing concern related to inappropriate ICD shocks, ef-
forts have been made to improve the accuracy of tachyar-
rhythmia sensing.'” A common cause of inappropriate ICD
shocks is T-wave oversensing, which occurs when T waves
are similar in amplitude to QRS complexes and the S-ICD de-
tects both signals as ventricular events, resulting in inappro-
priate detection of tachycardia.'” Initial improvements to the
S-ICD, including a morphology-based sensing algorithm,
improved inappropriate shocks due to T-wave oversensing
by approximately 40%, but unfortunately these inappropriate
therapies continued to occur.'*

The SMART Pass algorithm was developed to further
minimize T-wave oversensing using a high-pass filter with
a corner frequency between 8 and 9 Hz and a roll-off rate
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KEY TEACHING POINTS

e Subcutaneous implantable cardioverter-
defibrillators (S-ICDs) are limited by the inability to
reliably monitor or provide pacing support for
bradycardia.

e The SMART Pass algorithm on S-ICDs is designed to
prevent T-wave oversensing and associated
inappropriate shocks. The algorithm is deactivated
when low-amplitude QRS complexes are detected or
in the event of prolonged asystole.

e Deactivation of the SMART Pass algorithm provides
a unique opportunity to identify bradycardia or
prolonged pauses in patients with S-ICDs.

of 20 dB/decade (voltage gain decrease by a factor of 10 for
each 10-fold increase in frequency) while continuing to use
the wide-band electrocardiogram for rhythm discrimination
purposes. This filter allows for a maximum reduction in T
waves, which have a typical frequency <9 Hz, while mini-
mally affecting the typical frequency range of QRS com-
plexes, including during ventricular tachycardia and
fibrillation.” This algorithm has been shown to effectively
reduce T-wave oversensing by >60% compared to prior-
generation algorithms.” Unfortunately, however, like all
filtering schemes, this algorithm does have the potential,
particularly at frequencies approaching the corner fre-
quencies, to reduce the amplitude of QRS complexes, which
could lead to undersensing of low-amplitude ventricular sig-
nals. For this reason, the SMART Pass algorithm is deacti-
vated if either of the following 2 criteria are met: first, if
sensed QRS complexes have an amplitude <0.25 mV for 5
consecutive complexes and at least 2 of these intervals are
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>1.4 seconds; and second, if the device senses >10 seconds
of asystole. When either of these criteria are met, the SMART
Pass algorithm is deactivated and a 44-second electrogram is
captured (20 seconds prior to the event and 24 seconds after
the event).5 When remote monitoring is utilized, an alert will
be generated notifying the care team that the SMART Pass
algorithm had been deactivated and providing the electro-
gram for review.

Here we present the case of a novel use of the SMART
Pass algorithm to detect a bradycardic episode. Owing to
the prolonged pause that occurred during atrial fibrillation
in this case (>10 seconds without a QRS complex), the
SMART Pass algorithm was deactivated. Accordingly, this
offered the unique ability to identify both atrial fibrillation
and a symptomatic episode of bradycardia. By carefully re-
viewing the data provided by an algorithm that had not
been designed for this purpose, the patient was appropriately
treated for his atrial fibrillation as well as his symptomatic
bradycardia. Extraction of the S-ICD and implantation of a
transvenous dual-chamber ICD provided him with pacing
support and avoided the risk of inappropriate shocks in the
setting of bradycardia."’

Although this patient’s atrial fibrillation and symptomatic
bradycardia could have been detected with an alternative
monitoring strategy, he had not yet reported symptoms that
would have led to additional monitoring. While management
of atrial fibrillation detected by cardiac implantable electronic
devices with anticoagulation remains controversial, it is clear
that patients with these cardiac implantable electronic de-
vices develop atrial fibrillation at substantial rates and there
is increasing evidence that rhythm control in patients with
heart failure may provide a mortality benefit."”' Patients
with heart failure and transvenous ICDs who are noted to
have atrial fibrillation are therefore closely monitored to
determine when additional therapy may be indicated.
Similarly, development of conduction system disease in
this population is common and would be detected as
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SMART Pass algorithm. A: The SMART Pass algorithm includes an additional high-pass filter (corner frequency between 8 and 9 Hz) and a roll-off

rate of 20 dB/decade designed to reduce cardiac oversensing while maintaining an appropriate sensing margin of QRS complexes. The algorithm reduces the
amplitude of low-frequency T waves with minimal effect on QRS amplitude to avoid undersensing of low-amplitude ventricular arrhythmias. B: Example of
pre— and post-SMART Pass algorithm electrograms with substantially reduced amplitude of low-frequency T waves and minimally reduced amplitude of
QRS complexes. Adapted from Boston Scientific SMART Pass Algorithm Inservice CRM-413109-AB, August 2016'° (with permission).
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Figure 2  Subcutaneous implantable cardioverter-defibrillator electro-

grams at the time of SMART Pass algorithm deactivation. The device was
sensing in the Secondary vector with adequate-amplitude QRS signals.
The underlying rhythm is atrial fibrillation with irregular R-R intervals and
without identifiable atrial activity. Owing to a period >10 seconds of no
sensed QRS, the SMART Pass algorithm was deactivated and the electro-
grams were stored. The black line represents the 11.5 seconds without a
sensed QRS complex. Electrograms are displayed at 25 mm/s speed and
5.0 mm/mV amplitude. S = sensed ventricular event.

increased pacing burden during routine follow-up of patients
with transvenous devices.'®'? Patients with S-ICDs, howev-
er, who are not felt to have an indication for pacing at the time
of implantation, may also develop an indication for pacing
over time. Although current S-ICD bradycardia detection is
insufficient to be relied on for this purpose and additional
monitoring strategies should be considered as indicated, care-
ful attention to deactivation of the SMART Pass algorithm
can provide initial documentation of significant bradycardia.

This case study identifies the unique application of an S-
ICD algorithm to identify bradycardic episodes. Cardiac
implantable electronic device algorithms are increasingly
complex and variable between devices, and this case high-
lights the importance of understanding both the mechanism
of this algorithm and the data it provides. Furthermore, as
the volume of data provided in remote monitoring clinics
continues to grow, it has become progressively more chal-
lenging to adequately review all available information. Pa-
tients with S-ICDs are unique among cardiac implantable
electronic device patients in that they have no explicit
bradycardia monitoring or pacing support. It is therefore
beneficial for providers to be aware of the criteria in place
for the SMART Pass algorithm and its ability to detect
bradycardia episodes in the setting of algorithm deactiva-
tion. The proper use of a comprehensive remote monitoring
strategy coupled with a detailed understanding of S-ICD al-
gorithms are critical to providing optimal care for this pop-
ulation.

Conclusion

S-ICDs are an important tool for the prevention of sudden
cardiac death, although they are limited by their inability to
reliably monitor or provide pacing support for bradycardia.
The SMART Pass algorithm, which is designed to prevent
T-wave oversensing, provides a unique opportunity to detect
and document bradycardic episodes when the algorithm is
deactivated. Providers involved in the care of patients with
S-ICDs, especially in the setting of remote monitoring pro-
grams, should be aware of this algorithm and the need to eval-
uate the electrograms when it is deactivated.

References

1. Antiarrhythmics versus Implantable Defibrillators Investigators. A comparison of
antiarrhythmic-drug therapy with implantable defibrillators in patients resusci-
tated from near-fatal ventricular arrhythmias. N Engl J Med 1997;
337:1576-1583.

2. Epstein AE. Benefits of the implantable cardioverter-defibrillator. J Am Coll Car-
diol 2008;52:1122-1127.

3. Bardy GH, Smith WM, Hood MA, et al. An entirely subcutaneous implantable
cardioverter-defibrillator. N Engl J Med 2010;363:36—44.

4. Knops RE, Olde Nordkamp LRA, Delnoy PHM, et al. Subcutaneous or transve-
nous defibrillator therapy. N Engl J Med 2020;383:526-536.

5. MrIManual Boston Scientific Emblem S-ICDUser, 359480-001, 2015, EN.
https://www.bostonscientific.com/content/dam/Manuals/us/current-rev-en/3594
80-004_EMBLEM_S-ICD_UM_en-US_S.pdf.

6. Basu-Ray I, Liu J, Jia X, et al. Subcutaneous versus transvenous implantable defi-
brillator therapy: a meta-analysis of case-control studies. JACC Clin Electrophy-
siol 2017;3:1475-1483.

7. Markman TM, Smietana J, Epstein AE. A novel cause of inappropriate subcu-
taneous implantable cardioverter-defibrillator therapies after a generator change.
HeartRhythm Case Rep 2021;7:562-565.

8. Mandrola J, Enache B, Redberg RF. Subcutaneous or transvenous defibrillator
therapy. N Engl J Med 2021;384:676-677.

9. Theuns D, Brouwer TF, Jones PW, et al. Prospective blinded evaluation of a
novel sensing methodology designed to reduce inappropriate shocks by the sub-
cutaneous implantable cardioverter-defibrillator. Heart Rhythm 2018;
15:1515-1522.

10.  Boston Scientific SMART Pass Algorithm Inservice CRM-413109. 2016;AB:1-
11.  https://www.bostonscientific.com/content/dam/bostonscientific/Rhythm%
20Management/portfolio-group/EMBLEM_S-ICD/01_Home_Page/SICD-SMA
RT-Pass.pdf.

11. Chua KCM, Lim ETS, Ching CK. Inappropriate subcutaneous implantable
cardioverter-defibrillator shocks for bradycardia. HeartRhythm Case Rep 2021;
7:237-241.

12. Boersma L, Barr C, Knops R, et al. Implant and midterm outcomes of the subcu-
taneous implantable cardioverter-defibrillator registry: the EFFORTLESS study.
J Am Coll Cardiol 2017;70:830-841.

13. Rudic B, Tulumen E, Fastenrath F, et al. Incidence, mechanisms, and clinical
impact of inappropriate shocks in patients with a subcutaneous defibrillator. Euro-
pace 2020;22:761-768.

14. Brisben AJ, Burke MC, Knight BP, et al. A new algorithm to reduce inappro-
priate therapy in the S-ICD system. J Cardiovasc Electrophysiol 2015;
26:417-423.

15.  Zakeri R, Morgan JM, Phillips P, et al. Prevalence and prognostic significance of
device-detected subclinical atrial fibrillation in patients with heart failure and
reduced ejection fraction. Int J Cardiol 2020;312:64-70.

16. Noseworthy PA, Kaufman ES, Chen LY, et al. Subclinical and device-detected
atrial fibrillation: pondering the knowledge gap: a scientific statement from the
American Heart Association. Circulation 2019;140:¢944-¢963.

17. Kirchhof P, Camm AJ, Goette A, et al. Early rhythm-control therapy in patients
with atrial fibrillation. N Engl J Med 2020;383:1305-1316.

18.  Bode-Schnurbus L, Bocker D, Block M, et al. QRS duration: a simple marker for
predicting cardiac mortality in ICD patients with heart failure. Heart 2003;
89:1157-1162.

19. Lamas GA, Lee KL, Sweeney MO, et al. Ventricular pacing or dual-chamber pac-
ing for sinus-node dysfunction. N Engl J Med 2002;346:1854—1862.


http://refhub.elsevier.com/S2214-0271(21)00226-8/sref1
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref1
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref1
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref1
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref2
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref2
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref3
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref3
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref4
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref4
https://www.bostonscientific.com/content/dam/Manuals/us/current-rev-en/359480-004_EMBLEM_S-ICD_UM_en-US_S.pdf
https://www.bostonscientific.com/content/dam/Manuals/us/current-rev-en/359480-004_EMBLEM_S-ICD_UM_en-US_S.pdf
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref6
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref6
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref6
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref7
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref7
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref7
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref8
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref8
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref9
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref9
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref9
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref9
https://www.bostonscientific.com/content/dam/bostonscientific/Rhythm%20Management/portfolio-group/EMBLEM_S-ICD/01_Home_Page/SICD-SMART-Pass.pdf
https://www.bostonscientific.com/content/dam/bostonscientific/Rhythm%20Management/portfolio-group/EMBLEM_S-ICD/01_Home_Page/SICD-SMART-Pass.pdf
https://www.bostonscientific.com/content/dam/bostonscientific/Rhythm%20Management/portfolio-group/EMBLEM_S-ICD/01_Home_Page/SICD-SMART-Pass.pdf
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref11
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref11
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref11
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref12
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref12
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref12
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref13
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref13
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref13
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref14
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref14
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref14
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref15
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref15
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref15
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref16
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref16
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref16
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref17
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref17
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref18
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref18
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref18
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref19
http://refhub.elsevier.com/S2214-0271(21)00226-8/sref19

	A novel use of a subcutaneous implantable cardioverter-defibrillator algorithm to detect bradycardia
	Introduction
	Case report
	Discussion
	Conclusion
	References


