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Introduction
The implantable cardioverter defibrillator (ICD) was approved 

for the prevention of sudden cardiac death with indication for 
anti-bradycardia pacing or cardiac resynchronization therapy, 
recurrent monomorphic ventricular tachycardia responsive to 
antitachycardia pacing, or ventricular fibrillation responsive to  

 
shock. All ICD have a built-in magnetic reed switch that is designed 
to switch ‘ON’ or ‘OFF’ circuitry in response to clinical magnets [1-
6]. The magnet are accessories that may be used to temporarily 
inhibit the delivery of shock therapy from the device. A magnetic 
field effect of ≥ 10 Gauss aligned with the magnetic reed switch 
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Abstract

Background: Smartphones have become ubiquitous, nearly seamless extensions of ourselves and our daily lives. With >300.000 implanted car-
dioverter defibrillators (ICD) implanted each year worldwide and the continuing rise of smart device and wearable use, the question of interaction 
between smartphones and ICD is an important one.

Objective: The purpose of this study is to describe the possible magnet interference of new smartphones generation on ICD and has the poten-
tial to inhibit lifesaving therapy.

Method: We have tested in vivo the shock inhibiting therapies using two smartphones (iPhone12 and P30 Pro) on 51 patients. Tests were 
performed on a patient wearing a Medtronic and Boston Scientific ICD. Amongst the patients, 24 had an Medtronic ICD model and 27 the Boston 
Scientific ICD model implanted. The tests were conducted in hospital office. A correct position of the smarthphones was signaled by a beeping sound 
emitted by the device and by repeated device interrogation,

Result: With the two models of smartphones correctly positioned, the tested inhibited the shock therapies for both ICD models in 42 patients 
for the entire period for application (82.3%).

Conclusion: Patients with an ICD should be warned that some newer models of smartphones equipped with magnets (MagSafe), can disable 
their device inhibiting its lifesaving functions.

Keywords: Electromagnetic Interferences; Implantable Cardioverter Defibrillator; Smartphones with MagSafe technology; Deactivation Shock 
Therapy
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is required to activate the magnetic switch in order to alter the 
device function. 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. Beeping will continue while the magnet is held in 
place and therapy continues to be inhibited unless the magnet has 
been removed. When the magnet is removed, arrhythmia detection 
resumes, and therapy delivery is no longer inhibited. Magnet 
application does not affect wireless communication between the 
device and the programmer. The iPhone12 series are smartphones 
developed by Apple Inc. Cupertino, California and the P30 Pro is 
smartphones developed by Huawei Technologies CO, LTD China. 
A magnetic connector known as MagSafe is introduced on these 
models, allowing accessories such as cases and charging cords to be 

attached to the rear of the device. Accessories can also be stacked 
together [7,8]. All of models have a ring of magnets built into the 
back around the wireless charging coil that adhere to MagSafe based 
accessories like cases and chargers. MagSafe uses a ring of magnets 
in the models to connect to accessories that also have magnets built 
inside. The MagSafe charger looks something like a larger Apple 
Watch Charging Puck with an aluminum body and a soft white 
material at the top of the charger (Figure 1). This technology can 
cause interference with ICD. More recently, attention has been 
directed by the American Heart Association (AHA) at serious EMI 
complications from new smartphones use on cardiac implanted 
electronic devices (CIED), raising important public health concerns. 
This has been echoed in the scientific literature by demands for 
stricter regulations for commercialization of these products. We 
present a case series of magnetic interference on ICD caused by 
Apples and Huawei MagSafe technology.

Figure 1: Ring of magnets in the iPhone 12 models built into the back around the wireless charging coil that adhere to MagSafe based 
accessories like cases and chargers.

Method
The study population includes 51 patients (39 males, mean age 

was 63,6 ± 13 years, body mass index of 24.7 ± 3.7), 24 patients 
with Medtronic traditional ICD (3 Maximo VR model, 4 Consulta 
CRT-D model, 17 Evera VR model) and 27 with Boston Scientific 
ICD: 18 transvenous ICD (3 Incepta F160 model, 5 Incepta F163 
model, 10 Resonade X4 model) and 9 subcutaneous ICD (2 Emblem 
A219 model, 7 Emblem A 209 model) who presented to the hospital 
ambulatory for generator change or for interrogation. The study 
was a prospective single-center observational study evaluating 
potential magnetic interference (EMI) of ICD with the iPhone 12 
and P30 Pro. Informed consent was obtained prior to the study. A 
baseline device interrogation was performed to note settings and 
ensure appropriate functions. Subsequently, an iPhone 12 Pro Max 
and P30 Pro was placed directly on the skin over the device of the 
patient, with implanted traditional or subcutaneous ICD devices 

were enrolled for testing and a programmer were used to check 
for activation of magnet mode (Figure 2). The tests were carried 
out with either the front or the back of the iPhone 12 and the P30 
Pro facing the ICD. Magnetic interference with the ICD was defined 
as magnet response and suspension of ICD therapy delivery. In 
total, 204 tests were conducted in hospital office. There was not a 
specific requirement for temporary magnet deactivation therapies, 
nor direct clinical indication. Suspension of shock therapy in 
transvenous and subcutaneous ICD from Boston Scientific was 
detected by the audible tone from the ICD magnet alarm and from 
Medtronic also the programmer was used to display activation of 
the magnet mode switch in real time. All ICD were interrogated 
before, during and immediately after the tests. Patients with newly 
implanted ICD systems (< 6 weeks) were excluded. For this study, 
the Ethics Committee of Federico II University approved our clinical 
study.
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Figure 2: Placement of iPhone 12 over transvenous ICD device: Back facing ICD (A) and Front facing ICD (B) and the Medtronic programmer 
used to display activation of the magnet mode switch in real time (C).

Result
In total, clinically significant EMI between the iPhone 12 

and P30 Pro and ICD occurred in 42 patients (82.3% of the 
study population). In all cases, magnetic interference with the 
iPhone 12 only occurred when the phone was placed in close 
proximity over the ICD pocket, with the back of the iPhone 12 
facing the ICD. Among patients with EMI, 18 (35.2 % of the study 
population) were implanted with a transvenous Boston Scientific 
ICD, 24 (47.0 % of the study population) with Medtronic ICD 
(Table 1). In particular in all patients tested by iPhone 12 model, 
the temporarily triggering magnet reversion mode was able by 
placing the smartphone directly on the skin over an ICD from the 
back facing, on the contrary, in patients tested by P30 Pro model, 
from the front facing the ICD in transvenous Boston Scientific 

models (66.6 % of the Boston Scientific population). Notably, in all 
patients with Medtronic ICD, tested by two smartphone models, 
the temporarily activation of the magnet reversion mode occurred 
by placing the smartphone directly on the skin over an ICD both 
with the back and the front facing the ICD (100 % of the Medtronic 
population). No triggering magnet reversion mode delivery by any 
smartphone model application in all S-ICD patients tested (33.4 % 
of the Boston Scientific population). No anomalies were reported 
by electrocardiogram during the smartphone’s tests for any of the 
patients. By the programmer, there were no changes to battery 
voltage, ability to detect the QRS signal or stored diagnostic data. 
Shock thresholds cannot be assessed by the ICD system, so this was 
not evaluated. None of the patients reported any pulling or twisting 
of the can or pain from heating of the ICD electrode.

Table 1: Summary of patient clinical data.

Age Sex BMI Manufacturer Model System iPhone 12 (Back 
facing)

iPhone 12 (Front 
facing)

P30 Pro Back 
facing)

P30 Pro (Front 
facing)

66 M 25.6 Boston Scien-
tific

I n c e p t a 
VVI F160 ICD Yes None None Yes

34 M 29.5 Boston Scien-
tific

I n c e p t a 
VVI F160 ICD Yes None None Yes

49 F 21.6 Boston Scien-
tific

I n c e p t a 
VVI F160 ICD Yes None None Yes

55 F 27.9 Boston Scien-
tific

I n c e p t a 
DR F163 ICD Yes None None Yes

58 M 25.1 Boston Scien-
tific

I n c e p t a 
DR F163  ICD Yes None None Yes

45 M 25.5 Boston Scien-
tific

I n c e p t a 
DR F163 ICD Yes None None Yes

40 M 27.1 Boston Scien-
tific

I n c e p t a 
DR F163 ICD Yes None None Yes

42 M 26 Boston Scien-
tific

I n c e p t a 
DR F163 ICD Yes None None Yes
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39 M 21.5 Boston Scien-
tific

Resonate 
X4 CRT-D Yes None None Yes

49 M 22.9 Boston Scien-
tific

Resonate 
X4 CRT-D Yes None None Yes

69 M 24.1 Boston Scien-
tific

Resonate 
X4 CRT-D Yes None None Yes

64 M 27.5 Boston Scien-
tific

Resonate 
X4 CRT-D Yes None None Yes

58 F 21 Boston Scien-
tific

Resonate 
X4 CRT-D Yes None None Yes

69 M 26.9 Boston Scien-
tific

Resonate 
X4 CRT-D Yes None None Yes

48 M 24 Boston Scien-
tific

Resonate 
X4 CRT-D Yes None None Yes

69 F 21.6 Boston Scien-
tific

Resonate 
X4 CRT-D Yes None None Yes

61 M 23.7 Boston Scien-
tific

Resonate 
X4 CRT-D Yes None None Yes

58 M 24 Boston Scien-
tific

Resonate 
X4 CRT-D Yes None None Yes

60 F 23.7 Boston Scien-
tific

E m b l e m 
A219 S-ICD None None None None

54 M 22 Boston Scien-
tific

E m b l e m 
A219 S-ICD None None None None

68 M 21.5 Boston Scien-
tific

E m b l e m 
A209 S-ICD None None None None

70 M 22.6 Boston Scien-
tific

E m b l e m 
A209 S-ICD None None None None

72 F 23.6 Boston Scien-
tific

E m b l e m 
A209 S-ICD None None None None

77 F 23 Boston Scien-
tific

E m b l e m 
A209 S-ICD None None None None

70 F 21.9 Boston Scien-
tific

E m b l e m 
A209 S-ICD None None None None

75 M 24 Boston Scien-
tific

E m b l e m 
A209 S-ICD None None None None

65 M 21.9 Boston Scien-
tific

E m b l e m 
A209 S-ICD None None None None

69 M 22.5 Medtronic M a x i m o 
VR VVI-R Yes Yes Yes Yes

60 F 21 Medtronic M a x i m o 
VR VVI-R Yes Yes Yes Yes

71 M 24 Medtronic M a x i m o 
VR VVI-R Yes Yes Yes Yes

66 M 21.6 Medtronic Consulta CRT-D Yes Yes Yes Yes

78 M 22 Medtronic Consulta CRT-D Yes Yes Yes Yes

76 M 22.7 Medtronic Consulta CRT-D Yes Yes Yes Yes

68 F 23.1 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

74 F 22.5 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

59 M 22 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

71 M 23 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

67 M 22.7 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

76 M 23.4 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

64 F 22 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

69 M 22.8 Medtronic Evera VR VVIR-D Yes Yes Yes Yes
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73 M 21.8 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

79 M 22.5 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

72 M 23 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

65 M 22.7 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

72 M 23.5 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

61 M 22.6 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

64 M 21.7 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

68 M 22.8 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

72 M 22.4 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

66 M 23.5 Medtronic Evera VR VVIR-D Yes Yes Yes Yes

Discussion
Our study demonstrates that magnet reversion mode may be 

triggered when the 2 popular smartphones (iPhone 12 Pro Max 
or P30 Pro with MagSafe Technology) are placed directly on the 
skin over an transvenous ICD and thus has the potential to inhibit 
shock therapies. Select ICD from all two major device companies 
were found to have magnetic susceptibility. Our case series has 
several clinical implications. In our study no EMI was observed 
in S-ICD. In fact, the EMI susceptibility does not depend on the 
ICD manufacturer but on the different models. Previous studies 
with a limited number of ICD models have confirmed that magnet 
reversion mode switches in ICD are susceptible to EMI standard 
mobile phone but have concluded that smartphones pose only 
minimal risk of EMI with ICD [9-13]. Instead, recent published case 
reports demonstrate the new iPhone 12 causing a magnet response 
in CIED [14-17]. The study by Lacour, et al. in 164 CIED patients 
(5.4% ICD), showed that the activation of the magnet-sensitive 
switch occurred in 18.3% of CIED patient when the iPhone 12 
was placed in close proximity over the CIED pocket, and the back 
of the phone was facing the skin [15]. The article by Greenberg, 
et al. [16] highlighting the potential risks to patients from 
inhibition of therapies by the iPhone 12. In a patient with a cardiac 
resynchronization therapy ICD (Medtronic and Abbott), therapies 
were suspended when the iPhone 12 was brought within close 
proximity of the generator, which was a consistent observation 
throughout the testing procedure. The recent study by Nadeem, et 
al. [18] has an in vivo and an ex vivo component tested by iPhone 
12 Pro Max. The in vivo component consists of consecutive patients 
who presented to the electrophysiology laboratory with previously 
implanted CIED (2/3 ICD, 1 Medtronic Amplia, 1 Abbott Medical 40 
Fortify VR). For the ex vivo component, (5/11 ICD, 1 Medtronic, 2 
Abbott, 2 Boston Scientific) were tested for magnetic interference 
caused by iPhone 12 Pro Max through unopened packages. iPhone 
12 Pro Max resulted in clinically identifiable EMI in 3/3 (100%) 
patients in vivo and in 8/11 (72.7%) devices ex vivo. The study of 
Seidman, et al. [19] has measured the static magnetic field of the 
iPhone 12 models and Apple Watch to determine the separation 
distance between these electronic devices that may create EMI, and 
CIED where magnet mode can be triggered. All iPhone 12 and Apple 
Watch 6 models tested have static magnetic fields significantly 

greater than 10 gauss in close proximity (1 – 11 mm), which 
attenuates to below 10 gauss between 11 and 20 mm. The AHA 
has already cautioned that magnetic in iPhone series 12 fields can 
inhibit the ICD. Also the study of Censi, et al. [20] has investigated the 
risk of the magnetic interference of the iPhone 12 and its MagSafe 
accessories on a comprehensive set of PM and ICD. The devices were 
tested in vitro using demo models provided by the manufacturers. 
The Authors discovered that the magnets inside iPhone 12 trigger 
the magnetic mode in the 12 tested devices up to a distance of 1 
cm. The AHA recommended that smartphones be used in the ear 
opposite the side of the body of an implanted device, and that the 
smartphones be kept at least 10 cm away from the device, therefore 
not in a shirt or coat pocket on the same side as the CIED [21]. Also 
the Food and Drug Administration (FDA) states that smartphones 
do pose a significant risk for patients with these devices [22,23]. 
Therefore, FDA emphasized the following recommandations: to 
avoid interference between smarphones and ICD, keep them at 
least 15 cm away from devices. Also, do not place smartphones 
close to implanted medical device. The FDA continues to monitor 
all relevant scientific information about this ongoing issue and will 
continue to take appropriate action, including informing the public 
and providing additional information, if the need arises based on 
its risk analysis. However, with the proliferation of small magnets 
in commercially available electronic devices, they can be integrated 
in ways that are difficult to recognize. Although manufacturers are 
not routinely required to specify the strength of the magnetic fields 
and safety information for interference with the CIED. Inclusion of 
a wider variety of smartphone brands (Apple, Samsung, Huawei, 
Garmin) for ICD EMI testing in future studies will help improve the 
applicability of findings. Therefore, Apple recommends keeping 
iPhone 12 and iPhone 13 models and all MagSafe accessories a safe 
distance away from CIED [8]. A safe distance is considered more 
than 15 cm apart or more than 30 cm apart if wirelessly charging. 
Paradoxically, the electromagnetic side effect of smartphones 
could be used by practical doctors in emergency situations outside 
the hospital in the event of an pseudo electrical storm and these 
is no magnet or programmer available (Figure 3). In this way, a 
critical point of news smartphones could be used as a resource for 
termination of shock delivery in cases of inappropriate arrhythmia 
detection.
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Figure 3: Flow-chart for termination of shock delivery in cases of inappropriate arrhythmia detection in emergency situations by the new 
generation of smartphones.

Conclusion
This clinical study demonstrated the importance of public 

awareness regarding an interaction between ICD and a recently 
released smartphone models with magnetic charging capability. 
Patients should be counseled on this risk and advised to keep their 
wristbands at least 15 cm away from ICD, and not to wear them to 
sleep. Inclusion of a wider variety of smartphone brands for ICD 
EMI testing in future studies will help improve the applicability of 
findings. 

Limitations
Our case series has several limitations. Our sample size is small, 

and we tested on selected device types and the results of our study 
may not be generalizable. A large-scale study of ICD should be 
performed to confirm our findings.
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