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Abstract
Background: The subcutaneous implantable cardioverter defibrillator (S-ICD) represents a major advancement in ICD technology in the last 

10 years. During the experience with the 1nd generation of S-ICD, the IAS rate was 4,5% to 25% and with 2nd generation and 3nd generation of S-ICD 
the IAS rate was 3.1% at one year. Indeed, in the hospital and out of hospital emergency situations in presence of IAS it is mandatory to suspend the 
shock therapy. 

Objective: In this study we performed a review of literature provides a comprensive overview of the current literature on the specific responses 
of S-ICD to clinical magnets to IAS reduce in the emergency situations. 

Methods: A systematic search was limited between 2010 to 2020 in the database.

Results: Few prospective reports with a small number of patients have been published, revealing no relevant adverse events in patients with 
IAS. Six case reports on direct magnet application in S-ICD patients have been published, with many of them occurring in older devices and IAS.

Conclusion: In cases of cardiac and extracardiac malfunctions in S-ICD patients, a magnet can be used as a first step therapy to temporarily 
deactivate shocks in emergency situations. In the absence of a specific Boston Scientific magnet, any magnet can be used interchangeably for S-ICD 
deactivation therapy.
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Introduction
The subcutaneous implantable cardioverter defibrillator 

(S-ICD) was approved for the prevention of sudden cardiac death  

 
among candidates to a transvenous implantable cardioverter 
defibrillator (T-ICD) without indication for anti-bradycardia pacing 
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or cardiac resynchronisation therapy, recurrent monomorphic 
ventricular tachycardia (VT) responsive to antitachycardia pacing 
(ATP), or pre-existing unipolar pacemaker leads [1-5]. Clinical 
scenarios in an Emergency Department, such as cardiac and 
extracardiac oversensing that interfere with the device functioning 
or patients presenting with IAS, warrant reprogramming of S-ICD 
[6-13]. Device reprogramming is usually performed using the 
corresponding manufacturer’s programmer, which is complex 
and requires technically trained personnel [14-16]. Alternatively, 
these devices are incorporated with magnet-sensitive switches 

that respond to clinical magnets to temporarily inhibit the shock 
therapy. Magnets are readily available and do not require special 
training to use, making them an excellent option to reprogram S-ICD 
devices in emergency situations. In general, the application of a 
magnet switches pacemakers to an asynchronous pacing mode and 
suspends all antitachycardia therapies of T-ICD [17-22]. In S-ICD 
instead, magnet application suspends the shock therapy. In this 
study we performed a systematic review provides a comprensive 
overview of the current literature on the specific responses of S-ICD 
to clinical magnets.

Figure 1A: Emblem S-ICD A209 - the magnet should be applied on the upper edge.

Figure 1B: Emblem S-ICD A219 - the magnet should be applied on the lower edge.
Figure 1: Correct position of specific Boston magnet.
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Clinical Magnet for Suspension of Therapy: technical 
considerations

All S-ICD have a built-in magnetic reed switch that is designed 
to switch ‘ON’ or ‘OFF’ circuitry in response to magnets. The Boston 
Scientific magnet 6860 Model and 4520 Model are accessories that 
may be used to temporarily inhibit the delivery of shock therapy 
from the device if necessary [23]. For the A209 EMBLEM S-ICD 
Model (2nd generation) and the A219 EMBLEM MRI S-ICD Model 
(3rd generation), it is necessary to apply the magnet flat on the skin 
over the device header (Figure 1A) or over the lower edge of the 
device (Figure 1B). The magnetic field effect of the clinical magnet 
is directly proportional to the strength of the magnet and inversely 
proportional to the distance between the magnet and the device. A 
magnetic field effect of ≥ 10 Gauss aligned with the magnetic reed 
switch is required to activate the magnetic switch in order to alter 
the device function [23]. The site of magnet placement is important 
since a poorly positioned magnet may not produce the desired 
effect. If the magnet is correctly placed over the device, beeping 
tones (R-wave synchronous) will be heard approximately one 
second after the magnet is applied. Shock therapy is not suspended 
until beeping tones are heard. When using the magnet for a patient 
with a deep implant placement, the exact location of the device may 
not be evident and another magnet position may need to be tested 
near the general pulse device location. Beeping may be difficult to 
hear and a stethoscope should be used if necessary. If the beeper is 
disabled or if the patient has been through a magnetic resonance 
imaging (MRI) scan, the beeper may be inaudible [23,24]. It may 
be necessary to use the 3200 programmer (Boston Scientific) to 
suspend therapy in these patients (Figure 2). Beeping will continue 
for 60 seconds while the magnet is held in place. After 60 seconds, 
the beeping stops but therapy continues to be inhibited unless the 
magnet has been removed. If it is necessary to confirm whether 

the therapy is still being inhibited after the beeping has stopped, 
remove and reapply the magnet to reactivate the beeping tones. In 
patients with a deep implant placement, magnet application may 
fail to elicit the switch response. In this case, the magnet cannot 
be used to inhibit therapy. When long duration therapy suspension 
is desired, it is recommended to modify device behaviour with the 
3200 programmer rather than the magnet. When the magnet is 
removed, arrhythmia detection resumes and therapy delivery is 
no longer inhibited. The effect of the magnet on the device varies 
depending on the mode the device is programmed. The Shelf 
mode puts the device on standby, reducing battery consumption 
and is exclusively intended for storage purposes. Programmer 
commanded rescue shocks and manual shocks are delivered if they 
are commanded with the magnet already in place. If the magnet is 
applied during a treated or untreated episode, the episode will not 
be stored in the device memory. Magnet application does not affect 
wireless communication between the device and the programmer. 
MRI Protection Mode modifies certain device functions in order 
to mitigate risks associated with exposing the S-ICD system to 
the MRI environment [24]. Choosing MRI Protection Mode will 
initiate a sequence of screens to assess the patient’s eligibility and 
readiness to undergo an MR Conditional MRI scan. Prior to the 
patient undergoing an MRI scan, an ImageReady S-ICD System must 
be programmed to the MRI Protection Mode using the programmer. 
In MRI Protection Mode, tachycardia therapy is suspended, with 
programmable values of 6, 9, 12, and 24 hours, the beeper is 
disabled. MRI Protection Mode is terminated by manual exit or 
through the user-programmed automatic MRI Protection Time-out 
period. Rescue Shock will also terminate during MRI Protection 
Mode. When MRI Protection Mode is exited, all parameters return to 
the previously programmed settings. The Beeper can be reenabled 
after exiting MRI Protection Mode.

Figure 2: Correct telemetry position of 3200 programmer.
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Figure 3: ECG stored the IAS in patient with atrial fibrillation episode.

Method
A systematic search was limited between January 1, 2010 to 

December 31, 2020 in the following database: PubMed, Embase.
com (Elsevier), the Cochrane Library (Wiley), CRD (centre for 
Reviews and Dissemination): DARE (Database of Abstracts of 
Reviews of Effects, HTA (Health Technology Assessment Database). 
It was performed to identify articles with S-ICD and IAS rates 
by 3 investigators. The following Boolean search terms were 
utilized: “subcutaneous implanted cardioverter defibrillator”, 
“inappropriate shock”, “clinical magnet”, “suspension of antitachy 
therapy” and “ emergency electrophysiology procedures”. By hand-
search records identified through database searching resulting 
in 48 citations overall. Overall, 42 citations were identified after 
the removal of duplicates. The references were screened by two 
independent researchers (AS and FM) and, in case of disagreement, 
a third researcher (UA) was involved to resolve the differences. 
The selection process (PRISMA Flow Diagram) and methodology 
were approved by all authors. Titles and abstracts retrieved in the 
search were reviewed, and observational and comparative studies 
reporting IAS in S-ICD patients were selected. For IAS analysis case 
reports, review articles, abstracts, meta-analysis and editorials 
were included. In the event that there were multiple publications 
from the same study, the latest study with the most complete data 
available was selected, and the other publications were not used in 
order to avoid overlapping cohorts. For included studies, only data 
on IAS in S-ICD patients were extracted. Extracted data included: 
namely, IAS, S-ICD model, patients’ mean age, arrhythmia detection, 
magnet application response. Data were extracted by one author 
and were reviewed by additional authors.

Result
After excluding 42 articles for not meeting inclusion/exclusion 

criteria, 6 case reports remained to be assessed for eligibility. Years 
of enrolment for the studies ranged from 2010 to 2020. Numerous 
case reports on direct magnet application in S-ICD patients exist, 
with many of them occurring in older devices and IAS [17,18, 27-
30]. But, only a few prospective reports with a small number of 
patients have been published, revealing no relevant adverse events 
in patients with IAS [7-14].

Discussion
An S-ICD has two main hardware components: a defibrillator 

and a lead. The defibrillator is battery-powered and is surgically 
placed beneath the patient’s skin. The lead is also implanted, with 
wires running from the defibrillator to the patient’s extraheart. 
In patients when IAS are experienced, physicians have been 
directed to reprogram the device to decrease the likelihood of 
inappropriate activation (Figure 3). These shocks are painful, have 
the potential to induce lethal arrhythmias and can be extremely 
distressful psychologically to the patient [15]. Therefore, IAS 
causes myocardial injury (troponin release or ST-segment changes 
consistent with injury currents) and increases mortality [25,26]. 
During the experience with the 1nd generation of S-ICD, the IAS 
rate was high, with a risk of 4,5% to 25% [2-5]. A comprehensive 
review of the literature shows that 3.1% of patients with 2nd 
generation and 3nd generation of S-ICD experienced their first 
IAS annually [6]. The recommended reprogramming is intended 
to reduce oversensing, which triggers multiple shocks [9]. It’s 
extremely important to immediately place a patient suspected of 
having an S-ICD problem on a cardiac monitor. The best and most 
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reliable sign that an S-ICD is malfunctioning is the absence of VT or 
ventricular fibrillation (VF) on cardiac monitor prior to the S-ICD 
firing. Physicians must always assume the device is functioning 
correctly unless there’s proof from the cardiac monitor that the 
shock was inappropriately administered. If the S-ICD firing has 
been stopped by the emergency medical department (EMD) staff, 
two other pieces of information may help determine whether the 
firing was appropriate or not. Patients with S-ICD are advised 
to carry a card identifying their device, and they may be able to 
present this to EMD staff. Another piece of key information to 
obtain during assessment is whether any cardiac symptoms were 
present prior to the first shock. If the patient was not experiencing 
any cardiac signs and symptoms, the possibility of IAS should be 
considered. S-ICD are typically programmed during standard 
follow-up appointments. Appropriate placement of the magnet is 
variable depending on the device S-ICD model [18]. This variability 
in magnet placement increases the risk of failed device deactivation. 
For obese patients, to reduce the distance between the magnet 
and the device, we suggest in these cases, to manually modify the 
position of the device inside the muscular pocket, until the beeping 
sound is heard, with the aid of a stethoscope if necessary. Should 
the magnet position shift during a long procedure, there is no 
indication that the device has been reactivated and the patient is at 
risk for IAS. In preoperative setting, the S-ICD should be disabled by 
a programmer, external defibrillation therapy should be available 
at all times and the device should be reprogrammed immediately 
after surgery [27]. Due to limited practitioner medical experience 

with S-ICD and an inability to reprogram the device in emergency 
situations, a magnet was placed to prevent delivery of IAS. The 
lack of appreciation of the device’s audible beeping, represents 
a potential mechanism for these unexpected shocks (Figure 4). 
Magnet deactivation of S-ICD is less reliable and should be used 
also during cardiopulmonary reanimation (CPR) manuvers [28,29]. 
Cmorej [30] reported a case of IAS in a patient with out-of-hospital 
sudden cardiac arrest, in whom shocks were induced during a 
verified asystole by chest compressions during CPR. During chest 
compression, the bystanders received a shock delivered by the 
S-ICD. In this experience a magnet M50 (Biotronik Company) was 
placed over the device because repeated shocks had occurred. 
Placement of a magnet over the device failed to inhibit the delivery 
of S-ICD shocks. The Authors concluded that in patients with an 
S-ICD located deep in the subcutaneous tissue, it may be necessary 
to use several magnets to increase the probability of inhibiting 
shock delivery. In this experience, it is unclear whether the magnet 
was positioned appropriately, as providers did not appreciate an 
audible confirmation of the device deactivation. It is also possible 
that the magnet shifted during the prolonged CPR, leading to an 
undetected reactivation of shock therapy. The lack of appreciation 
of the device’s audible tone, coupled with limited practitioner 
experience with this device, and the potential for antitachycardia 
therapies to be silently re-enabled should the magnet shift position, 
all represent potential mechanisms for these unexpected shocks 
[31,32].

Figure 3: Flow-chart of S-ICD magnet application response.
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Our review provides information on the responses of S-ICD 
currently available to clinical magnets. Any clinical magnet model 
should be universal, making their use possible on all S-ICD models. 
Magnet use, while not fully reliable, has the advantage of being 
convenient, immediately reversible and expedites the patient’s 
care [33-37]. The risk of human error and failure to re-enable shock 
therapies after the procedure is minimized. When a patient cannot 
provide a clearly accurate medical history or an identification card 
for the device, the position of the surgical pocket (subclavicular 
for the T-ICD and subaxillary for the S-ICD) can help to distinguish 
easily between the two devices. However, it is important to 
interrogate the device after the procedure to confirm that sensing 
and antitachycardia therapies are active.

Key Teaching Points 
1.	 Patients with active S-ICD are increasingly admitted 
to Emergency Departments. Formal deactivation protocols, 
requiring appropriately trained staff and the presence of a 
magnet must be undertaken. Alignment with local cardiology 
services must also be in place to facilitate full device 
deactivation.

2.	 Magnet application for S-ICD it is usually located along the 
left mid axilla area. To ensure that you have the correct magnet 
placement location, ensure that you can feel the S-ICD under 
the skin. Place the magnet directly over the ICD and secure it 
with any type of tape. If the magnet were to lose connection 
with the S-ICD, the therapies you are suspending will no longer 
be suspended.

3.	 In Emergency Departments in case of inappropriate 
shocks and in the absence of a suitable EMBLEM S-ICD 3200 
Programmer, it is recommended to use a specific 6860 or 4520 
magnet to inhibit shock delivery. Any magnet must be placed 
above the upper or lower edge of the S-ICD device. Successful 
inhibition of shock delivery by the magnet is indicated 
acoustically with a beeping sound for 60 seconds.

4.	 It is recommended that S-ICD deactivation protocols are 
easily accessible and linked to their resuscitation policy. Heart 
Rhythm UK highlights the importance of a 24 hour cover for 
all aspects of S-ICD device management including device 
deactivation.

Conclusion
This systematic review of literature demonstrates the feasibility 

of the application of any magnet model to inhibit the shock terapies 
of S-ICD devices. Even though there are conflicting data about the 
guidance in emergency, certain principles should be followed. 
Magnet application suppresses shock therapy only while in place 
and doesn’t permanently alter S-ICD function. With the appropriate 
training, medical staff can help prevent further discomfort for these 

patients through the use of any model of magnet in a hospital and 
out of hospital setting. Emergency medical units should strongly 
consider the need to obtain and carry at least one clinical magnet 
model to control malfunctioning of S-ICD devices.
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