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Background/Aims: Despite the U.S. Food and Drug Adminstration approving a
magnetic resonance imaging (MRI)-conditional pacemaker system in 2011, many
physicians remain reluctant to perform MRI scanning in patients with cardiac
implantable electronic devices. Herein, we aimed to evaluate the real-world safety
of MRI in these patients.

Methods: This single-center retrospective study examined the interrogation
data and outcomes of patients with pacemakers or implantable cardioverter de-
fibrillators who underwent MRI. MRI interrogation data were collected pre- and
post-MRI and after 1 month of follow-up; these included the lead impedance,
measured P- and R-wave amplitudes, and capture threshold. We compared these
results between the magnetic resonance (MR)-conditional and conventional
groups.

Results: From September 2013 to December 2015, 35 patients with cardiac im-
plantable electronic devices underwent 43 MRI scans, with a mean follow-up of
5 months. Among these 35 patients, 14 (40%) had MR-conditional devices and 21
(60%) had conventional devices. Seven patients had high voltage devices, which
were all the conventional type. There were no adverse events associated with MRI
during the follow-up period, and there were no significant differences in the in-
terrogation data changes between the conventional and MR-conditional groups.
Conclusions: This single-center retrospective study found that MRI can be per-
formed safely in patients with pacemakers or implantable cardioverter defibrilla-
tors, regardless of the MRI support, as long as appropriate precautions are taken.

Keywords: Pacemakers; Defibrillators, implantable; Magnetic resonance imaging;
Interrogation data; Safety

INTRODUCTION

for a magnetic resonance imaging (MRI) scan over the
lifetime of the device [3]. However, patients with CIEDs

Patients with cardiac implantable electronic devices
(CIEDs) are increasing, and these patients usually have
multiple comorbidities that require medical attention
[1,2]. A previous study estimated that these patients have
an approximately 75% likelihood of being indicated
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may experience some adverse effects induced by MRI,
including tissue heating, capture failure, increasing im-
pedance, and lead dislocation, among others [4-7]. Fur-
ther, although there is no way to directly measure tissue
heating, this may cause tissue scars, which in turn may
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induce changes in the impedance and threshold values
[8-10].

Recently, magnetic resonance (MR)-conditional pace-
makers and lead systems have been developed to ad-
dress these issues. Such pioneering technologies can
be safely used under specific conditions, including a
specific field magnitude of 1.5 Tesla (T), exclusion body
zones, and specific absorption rate limits of < 2 W/kg.
Recent European guidelines have stated that MRI at 1.5
T can be performed safely following the manufacturer
instructions in patients with an MR-conditional system
(class ITa, level of evidence B) [11].

However, many physicians still remain reluctant to
perform MRI scans in patients with CIEDs, even in cas-
es of MR-conditional systems [12]. The Really ProMRI
registry is an ongoing study assessing the annual rate
of MR examinations in patients with MR-conditional
implants, including both pacemakers and implantable
cardioverter defibrillators (ICDs), and which aims to de-
tect the main factors limiting MRI in these patients [13].
Herein, in order to determine the safety of MRI scan-
ning in patients with pacemakers or ICDs in real clinical
practice, we reviewed our experiences of MRI scanning
in patients with pacemakers or ICDs.

METHODS

Study population
Thirty-five consecutive patients with pacemakers or
ICDs who underwent MRI scans between September
2013 and December 2015 were retrospectively reviewed.
In all cases, the MRI scan was ordered by the patient’s
treating physician. Before the MRI scan, the physician
and consultant cardiologist determined that the poten-
tial benefit of the diagnostic data obtained by MRI sig-
nificantly outweighed the potential risk for device fail-
ure. To evaluate the safety of MRI scans in patients with
all kinds of pacemakers or ICDs, all consecutive patients
were enrolled, and patients with conventional devices
were not excluded. However, two patients were excluded
because they had undergone MRI without a cardiology
consult.

The Institutional Review Board Committee of Seoul
National University Bundang Hospital approved this
retrospective study (B-1612-375-102) and waived the need
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for informed consent for the access to electric medical
records. The study was performed in accordance with
the tenets of the Declaration of Helsinki.

MR-conditional vs. conventional groups

The patients were divided into two groups: the MR-con-
ditional and conventional groups. The patients were
classified into the MR-conditional group if the follow-
ing two factors were satisfied: (1) MR-conditional leads
and (2) MR-conditional generators. If at least one of
these was not satisfied, they were classified into the con-
ventional group.

MRI scans and device interrogation

Before each MRI scan, the pacemakers were repro-
grammed to an asynchronous pacing mode or MRI
mode. For patients with ICDs, the mode of tachyar-
rhythmia therapies was disabled. The patients were
monitored throughout the MRI with continuous elec-
trocardiogram recording and a pulse oximeter. A cardi-
ologist with training in how to place and use a tempo-
rary external cardiac pacemaker was present throughout
the MRI study.

Device interrogation was performed before and after
the MRI study. The parameters interrogated and re-
corded included the battery voltage, pacing thresholds,
P-wave and R-wave amplitudes, pacing lead impedanc-
es, and high-voltage lead impedance.

Statistical analysis

Statistical analysis was performed with dbSTAT version
5 (dbSTAT, Seoul, Korea) and SPSS version 22 (IBM Co.,
Armonk, NY, USA). The chi-square test, Wilcoxon’s rank
test, Kruskal-Wallis test, and analysis of variance were
used to compare the data between the groups. A p < 0.05
was considered statistically significant.

RESULTS

Patients

The 35 patients with pacemakers or ICDs underwent 43
MRI scans. The mean age of the patients was 70.1 years
(range, 42 to 90), and 19 (55.9%) were male. There were no
differences between the MR-conditional and conven-
tional groups in any of the baseline characteristics (Ta-
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Table 1. Clinicodemographic characteristics of the study patients
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Characteristic All (n =35) MR-conditional (n = 14) Conventional (n = 21) pvalue
Age, yr 70.1+11.4 70.5+9.8 69.8+12.5 0.85
Male sex 19 (54.3) 7(50.0) 12 (57.1) 0.55
Comorbidities
Hypertension 19 (54.2) 5(357) 14 (66.7) 0.05
Diabetes mellitus 13 (37.1) 5(357) 8(38.1) 058
Atrial fibrillation 14 (40.0) 4(28.6) 10 (47.6) 0.21
Cerebral infarction 8 (22.9) 3(21.4) 5(23.8) 0.79
CIED indication
Pacemaker 28 (80.0) 14 (100) 14 (66.7) 0.01
SSS 15 6 9
CAVB 13 8 5
ICD 7(20.0) o 7(333) -
Primary prevention 5 o 5
Secondary prevention 2 o 2
No. of MRI scans
1 29 (82.9) 13 (92.9) 16 (76.2) 0.32
=2 6 (17.1) 1(7.1) 5(23.8) 0.23

Values are presented as mean + SD or number (%).

MR, magnetic resonance; CIED, cardiac implantable electronic device; SSS, sick sinus syndrome; CAVB, complete atrioventric-
ular block; ICD, implantable cardioverter defibrillator; MRI, magnetic resonance imaging.

ble 1). The details of the device models and MRI scans
are described in Supplementary Table 1. Twenty-eight
patients had a pacemaker (80.0%) and seven had ICDs
(20.0%). All patients had undergone device implantation
between 2003 and 2014, and one underwent generator
revision in 2008. Six patients underwent MRI scanning
more than two times (four patients: 2 times; one patient:
3 times; one patient: 4 times).

For the analyses, 14 and 21 patients were classified
into the MR-conditional and conventional groups, re-
spectively. Among the 21 patients in the conventional
group, 11, one, and nine patients had only MR-condi-
tional leads, only MR-conditional generators, and both
conventional leads and generators, respectively.

MRI scans

Among the 43 MRI scans, 16 (37.2%) and 27 (62.8%) scans
were performed in the MR-conditional and convention-
al groups, respectively. Twenty-five (58.1%), 15 (34.9%),
two (4.7%), and one (2.3%) of the 43 MRI scans were per-
formed for imaging of the head, spine, abdomen or pel-
vis, and lower extremities, respectively. All MRIs were
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performed using a 1.5-T magnet (Table 2).

Forty-one MRIs were performed with the MRI mode
or asynchronous pacing mode (e.g., ventricular asyn-
chronous pacing [VOO] or dual-chamber asynchronous
pacing [DOOQ)]), and two MRIs were performed without
any mode change. Of these, one was performed in the
MR-conditional group and one in the conventional
group (MR-conditional leads only). No patients experi-
enced MR-related complications such as tissue heating,
failure of capture, increasing impedance, or lead dislo-
cation.

Follow-up

The mean follow-up of device interrogation was 5.4
months (range, 0.2 to 13.8). During the follow-up period,
no generator/lead failure or battery problems occurred.
Eight patients did not visit the CIED outpatient clinic
after their MRI scan. Among these eight patients, three
had died due to diseases not related to the devices, such
as brain tumor, respiratory arrest, and sepsis following
aspiration pneumonia; four were alive without specific
complications associated with the devices; and one was
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Table 2. Differences in the MRI modalities used between the MR-conditional and conventional groups

Variable All(n = 43) MR-conditional Conventional el
(n=16) (n=2)
MRI location
Brain 25 (58.1) 1 14 0.29
Spine 15 (34.9) 10 0.71
Abdomen & pelvis 2(47) o 2
Extremities 1(2.3) o 1
MRI mode
MRI mode or 41(95.3) 15 26 0.71
asynchronous pacing mode (e.g., VOO or DOO)
Without mode change 2(47) 1 1 0.70
CIED
Pacemaker 32 (74.4) 16 15 0.01
ICD 11 (25.6) o 11

Values are presented as number (%).

MRI, magnetic resonance imaging; MR, magnetic resonance; VOO, ventricular asynchronous pacing; DOO, dual-chamber

asynchronous pacing; CIED, cardiac implantable electronic devices; ICD, implantable cardioverter defibrillator.

lost to follow-up.

Mean lead impedance, sensing, and capture threshold
The diftferences in lead impedance, sensing, and capture
threshold between pre-MRI, post-MRI, and follow-up
were analyzed. As a result, there were no statistically sig-
nificant differences over time (Table 2, Fig. 1). Moreover,
we analyzed the differences in the mean values in lead
impedance, sensing, and capture threshold at pre-MR],
post-MRI, and follow-up between the MR-conditional
and conventional groups (Supplementary Table 3, Fig.
2). Similarly, there were no significant differences in
any of these values between the two groups in each pe-
riod, except for in the atrial lead threshold. The mean
atrial threshold of the conventional group was higher
than that of the MR-conditional group at the follow-up
(b = 0.02). However, there was no significant difference
between the two groups in the post-MRI threshold (p =
0.89).

Changes in lead impedance, sensing, and capture
threshold

The changes between pre- and post-MRI and between
pre-MRI and the follow-up in the impedance, sensing,
and captured threshold were analyzed in the MR-con-
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ditional and conventional groups (Table 3). There were
no significant differences between the two groups in
the changes in atrial and ventricular lead impedance,
sensing, and capture threshold, despite the mean atrial
threshold of the conventional group being higher than
that in the MR-conditional group at the follow-up.

ICD devices

We measured the high voltage impedance in the seven
patents with ICDs. There were no significant differences
in high voltage impedance among the pre-MRI, post-
MRI, and follow-up periods (p = 0.79) (Supplementary
Fig. 1). Among these seven patients, no adverse event
occurred during the MRI scan or follow-up period. Af-
ter the MRI scan, one patient experienced ventricular
fibrillation episodes, which were detected and terminat-
ed successfully.

DISCUSSION

In this single-center retrospective review of patients
with pacemakers or ICDs undergoing MRI, we found
that these patients could undergo MRI scans without
any adverse events. When comparing the MR-condi-
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Figure 1. Changes in the (A, B) atrial and ventricular impedance, (C, D) lead sensing, and (E, F) captured threshold among pre-/

post-magnetic resonance imaging (MRI) and follow-up.

tional and conventional groups, there were no signif-
icant differences in the lead impedance, sensing, and
capture threshold.

The safety of MRI scans for patients with CIEDs is still
debated, despite previous studies having concluded that
there were no significant differences in the safety and
adverse events in these patients [3,12,14-20]. In our re-
al-world practice, 35 patients with pacemakers or ICDs
underwent 43 MRI scans without any adverse events. We
experienced no device-related complications, including
device-related symptoms, damage to the hardware, in-
hibition of pacing, inappropriate programming, or de-
vice-related arrhythmia. All MRI scans were performed
following the previously validated safety protocol re-
ported by Nazarian et al. [14], except 2 scans. The mean
values of the lead impedance, sensing, and capture
threshold did not differ among the pre-MRI, post-MRI,
and follow-up periods. To rule out the effect of MR-con-
ditional devices, we compared these factors between the
MR-conditional and conventional groups. The atrial
captured thresholds during the pre-MRI and follow-up
periods were higher in the conventional group than in
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the MR-conditional group. However, in both groups,
the changes between the pre-MRI and post-MRI and be-
tween the pre-MRI and follow-up periods did not differ.
No other significant difference was observed between
the two groups.

In our study, we included seven patients with con-
ventional ICDs, who safely underwent 11 MRI scans.
Of these, one patient experienced 10 episodes of spon-
taneous ventricular tachycardia/ventricular fibrillation
and nine therapeutic shocks after MRI (Supplementary
Fig. 2 Dbriefly summarizes the patient’s clinical history,
symptoms, and signs). The patient had an ICD due to
ischemic cardiomyopathy, and had already experienced
one episode of therapeutic shock in 2012. Three years
later, he underwent MRI to evaluate the extent of a
coccyx sore. Although he experienced nine therapeutic
shocks after the MRI scan, all episodes of ventricular
tachycardia/ventricular fibrillation were detected prop-
erly and all therapeutic shocks were appropriate. There-
fore, we regarded that all ICDs were working properly
after the MRI scans, and we consider that patients with
conventional ICDs can undergo MRI safely as long as
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Figure 2. Changes in the (A, B) atrial and ventricular impedance, (C, D) lead sensing, and (E, F) captured threshold between the
magnetic resonance (MR)-conditional and conventional groups at pre-/post-magnetic resonance imaging (MRI) and follow-up.

they are carefully selected and a strict protocol is uti-
lized. Furthermore, MR-conditional ICDs have recent-
ly been developed and approved by the U.S. Food and
Drug Adminstration (FDA) [21]. Therefore, it is neces-
sary to compare the outcomes between MR-conditional
and conventional ICDs to establish a standardized safety
protocol.

Nazarian et al. [14] enrolled patients with pacemakers
and ICD generators manufactured after 2000 and re-
ported that patients with the selected CIEDs were able
to undergo MRI scans safely. This finding is very similar
to our results. All patients enrolled in our study under-
went device implantation after 2003, with the leads and
generators manufactured in 2004 or later (Supplemen-
tary Table 4). These results suggest that recently manu-
factured devices may be safe for MRI scans.

Recently, the safety of new MR-conditional pacing
systems was reported [18], and MR-conditional CIEDs,
from various manufacturers, have been used worldwide
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since they achieved FDA approval in 2011. Nevertheless,
MRI scanning in patients with CIEDs remains a con-
troversial issue, and the evidence supporting the cur-
rent guidelines is still weak (IIb B or IIa B) [22]. Hence,
many clinicians hesitate to order MRI for patients with
CIEDs. Accordingly, in the present study, we aimed to
assess which changes, if any, occur in the patients’ de-
vices before and after MRI. However, our study showed
that there were no adverse events or significant chang-
es in any device parameter in both the MR-conditional
and conventional groups. This finding is very similar to
those of previous studies on the topic [14,15,17,18,23-26].
Recently, Russo et al. [25] reported that there was no de-
vice or lead failure after nonthoracic MRI with 1.5 T in
patients with non-MRI-conditional pacemakers or de-
fibrillators. They also enrolled patients with pacemak-
ers or implantable cardioverter-defibrillators implanted
after 2001. However, their study differed from ours in
several different points. First, Russo et al. [25] set death
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Table 3. Differences in the atrial and ventricular impedance, sensing, and captured threshold at pre-/post-MRI and FU be-

tween the MR-conditional and conventional groups

Variable MR-conditional (n = 16) Conventional (n = 27) pvalue
Impedance, Q
Atrial
Post change —2.1+27.4 —4.0 £16.1 0.86
FU change —6.9 +33.26 —12.5 % 22.2 0.76
Ventricular
Post change —4.3+18.2 4.0 +29.2 0.33
FU change -8.3+38.29 —10.3+31.9 0.88
Sensing, mV
Atrial
Post change —0.15 + 0.26 038 +1.25 0.15
FU change -0.39 +0.99 —0.28 £ 0.53 0.83
Ventricular
Post change 0.31+0.88 03927 0.91
FU change 0.19 £ 5.27 -1.69 +7.99 0.51
Capture threshold, V
Atrial
Post change 0+0.11 —0.1%0.13 0.1
FU change —0.03 * 0.05 0.03+0.16 032
Ventricular
Post change 0.09 *0.29 0.03 + 0.11 0.46
FU change 0.07 £ 0.23 0.02 % 0.15 0.52

Values are presented as mean + SD.

MRI, magnetic resonance imaging; FU, follow-up; MR, magnetic resonance.

and device or lead failure as the primary endpoints and
focused on the changes in battery voltage, lead thresh-
old, impedance, and decreasing P- and R-wave ampli-
tudes. In contrast, we focused on the changes in the lead
profile, including changes in the absolute values of im-
pedance, lead sensing, and captured threshold. Second,
our retrospective study included some patients with a
follow-up period of more than 1 year (maximum fol-
low-up, 420 days). As a result, we found that the devices
remained stable more than 1 year after MRI. In addition,
we also analyzed the interrogation data of the generators
and leads 1 month after MRI to evaluate any subacute
complications.

Our report has some limitations. First, the number
of patients was small, even though we enrolled all pa-
tients with pacemakers or ICDs who underwent MRI
during the study period. For this reason, it was difficult
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to compare the values of each patient. Although we tried
to overcome this limitation by analyzing the changes in
all data and by comparing the differences between the
MR-conditional and conventional groups, it also sug-
gests that many clinicians are still reluctant to perform
MRI in patients with CIEDs. Second, as a result of the
retrospective nature of the study, we could assess only
the function of the devices, which indirectly reflects po-
tential tissue damage. For the same reason, the follow-up
periods were also uneven. However, interrogations after
MRI were acquired in all patients, and patients who did
not visit an outpatient clinic were followed up by tele-
phone. Nonetheless, despite the small number of cases,
our retrospective survey conducted at a single center in-
cluded diverse cases reflecting the real-world practice,
including seven patients with conventional high-voltage
devices and six patients who underwent MR scanning
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more than 2 times, although the interval periods were
variable, ranging from 7 days to more than 1 year. Fur-
thermore, two patients underwent the MRI scan with-
out mode changes due to missing the screening test. In
all of these cases, we found that the devices used were
stable and safe after MR

In conclusion, MRI may be performed safely in pa-
tients with MR-conditional or conventional pacemakers
or ICDs if a strict protocol based on device selection is
used and careful monitoring is conducted. These results
may help support the current guidelines and could pro-
vide evidence to guide further research.

KEY MESSAGE

1. Our single-center study demonstrated the safety
of pacemakers or implantable cardioverter de-
fibrillators for 1.5-T magnetic resonance imag-
ing (MRI) scans regardless of whether magnetic
resonance-conditional or conventional devices
were used.

2. Despite the small study population, our study
enrolled variable cases representative of real
clinical practice, such as cases of MRI being per-
formed more than twice and performed without
mode changes
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Supplementary Table 1. Details of the device models and MRI scans used in the present study

The Korean Journal of Internal Medicine Vol. 34, No. 1, January 2019

Patient Generator Atrial lead Ventricular lead Type of device MRI site MRI
no. Base mode  Change for MR tesla, T
1 Advisa DR MRI 5086MRI: 52 cm 5086MRI: 58 cm DDDR DDDR C-spine 15
2 Accent DR RF Isoflex1944:52 cm  Isoflex1948: 58 cm DOOR L-S spine 1.5
3 Advisa DR MRI 5086MRI: 52 cm 5086MRI: 58 cm DOO L-spine 15
4 Altrua 60 No information No information No information Brain 15
5 Advisa DR MRI 5072:52 cm 4074: 58 cm DOO Brain 15
6 Advisa DR MRI 5076: 52 cm 5076: 58 cm DOO L-spine 1.5
7 Advisa DR MRI 5086MRI: 52 cm 5086MRI: 58 cm DOO Brain 15
8 Accent MRI Tendril MRI: 52 cm  Tendril MRI: 58 DOO Brain 15
cm
9 Advisa DR MRI 5076: 52 cm 5076: 58 cm DOO Brain 15
10 Advisa DR MRI 5076: 52 cm 5076: 58 cm DOO Brain 1.5
11 Advisa DR MRI 5086MRI: 52 cm 5086MRI: 58 cm  AAIR/DDDR DOO Brain 15
12 Advisa DR MRI 5086MRI: 52 cm 5086MRI: 58 cm DOO Brain 15
13 Accent RF Isoflex1944: 52 cm Isoflex1948: 58 cm DDD DOO Brain 1.5
14 Adapta ADDo1 5076: 52 cm 4074: 58 cm DDD DDD Brain 1.5
15 Adapta ADDo1 4568 4092 DOO L-S spine 1.5
16 Advisa DR MRI 4574 4074 DOO C-T-L spine 15
17 Adapta ADDo1 4568 4092 POR/DDD L-spine 15
18 Accent MRI Tendril MRI: 52 cm  Tendril MRI: 58 DOO Brain 15
cm
19 Accent RF Tendril STS 2088TC: Isoflex1948: 58 cm DDD VOO Brain 15
52 cm
20 Adapta ADDo1 5076: 52 cm 4074: 58 cm DDD/AAI DOO Knee 1.5
21 Regency SC 2402L Isoflex1948: 58 cm VOO Brain 15
22 Sigma SS 4074: 58 cm VOO Brain 1.5
23 Identity ADx XL  1642T:52 cm 1646T: 58 cm VOO L-spine 15
DR 5386
24 Sustain XL SC PM Biotronics: no VOO Brain 1.5
1134 information
25 Accent MRI LPA 1200M: 58 cm VVIR VOO L-S spine 15
26 Enpulse E2SRo3 4074: 58 cm VOO Brain 1.5
27 Enpulse E2SRo3 4074:58 cm VOO Brain 15
28 Regency SR+ 3650 VOO Intra-auditory 1.5
canal
29 Fortify VR Durata 7170Q:58 ICD VOO L-spine 1.5
cm
30 Evera XT VR 6935M: 62 cm ICD OvVO Brain 1.5
31 Atlas VR V-193 Riata 1570 ICD Pacing off C-spine and 1.5
L-spine
32 Fortify VR Durata 7170Q: 58 ICD VOO Pelvic 15
cm
33 Evera XT VR 6935M: 62 cm ICD VOO C-spine 15
34 Fortify VR Duarata 7170Q: 58 ICD VOO Brain 1.5
cm
35 Fortify DR Tendril STS Duarata 7170Q:  ICD VOO Pelvic 1.5
2088TC: 52 cm 58 cm

MRI, magnetic resonance imaging; MR, magnetic resonance; DDDR, rate response dual chamber atrioventricular synchronous

pacing; C, cervical; DOOR, rate response dual-chamber asynchronous pacing; L, lumbar; DDD, dual chamber atrioventricular

synchronous pacing; AAIR, rate response atrial inhibited pacing; T, thoracic; POR, power on reset; VOO, ventricular asynchro-

nous pacing; AAI, atrial inhibited pacing; VVIR, rate response ventricular inhibited pacing; ICD, implantable cardioverter de-

fibrillator; OVO, no pacing, sensing only mode.
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Supplementary Table 2. Median values of the atrial and ventricular impedance, lead sensing, and captured threshold among

pre-/post-MRI and follow-up

Pre-MRI Post-MRI Follow-up pvalue

Impedance, Q

Atrial 475 460 518 0.99

Ventricular 575 536.5 556 0.79
Sensing, mV

Atrial 2.8 2.5 2.9 0.92

Ventricular 11.2 12 9.75 0.72
Capture threshold, V

Atrial 05 0.5 0.5 0.82

Ventricular 0.75 0.75 0.75 0.79

MRI, magnetic resonance imaging.
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Supplementary Table 3. Differences in the atrial and ventricular impedance, lead sensing, and captured threshold values be-

tween the MR-conditional and conventional groups at pre-/post-MRI and follow-up

MR-conditional (n = 16) Conventional (n = 27) pvalue
Impedance, Q
Atrial
Pre-MRI 466.4+49.7 444.1 £ 663 0.35
Post-MRI 463.8 £ 44.4 449.3 + 61.4 0.52
Follow-up 458.5 % 45.3 465.7+58.9 0.77
Ventricular
Pre-MRI 539.1 £73.8 587.4 +139.2 0.22
Post-MRI 542.4 +72.9 586.1 £135.9 0.24
Follow-up 543.6 £79.1 556.5 +102.3 0.72
Sensing, mV
Atrial
Pre-MRI 2.24+1.18 2.48 £1.09 0.67
Post-MRI 2.19 £1.12 2.87+1.59 031
Follow-up 1.78 £ 0.94 2.84+1.93 0.15
Ventricular
Pre-MRI 11.1 +3.88 12.6 £5.86 039
Post-MRI 11.4 +3.89 12.9 £5.82 036
Follow-up 12.5 % 4.47 10.7 £ 5.65 0.33
Capture threshold, V
Atrial
Pre-MRI 0.53 £ 0.15 0.71 % 0.29 0.08
Post-MRI 0.53 £ 0.13 0.54 +0.18 0.89
Follow-up 0.5%0 0.74 £ 036 0.05
Ventricular
Pre-MRI 0.71+ 0.23 0.68 £ 0.27 0.67
Post-MRI 0.73 £ 0.16 0.73 £ 0.26 0.96
Follow-up 0.76 £0.24 0.71+0.24 0.53

Values are presented as mean + SD.
MR, magnetic resonance; MRI, magnetic resonance imaging.
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Supplementary Table 4. Initial manufacturing dates of the generators used and the manufacturing dates of the study patients’

specific generators.

The earliest patients’ generator

Generator Initial manufacturing date PR G
PM Medtronics Adapta DDD? 28-Nov-20054 5-Apr-2013
Sigma SS 25-Jan-1999 19-Feb-2007
EnPulse SSIR” 14-Apr-2003 23-Jun-2008
Kappa KDgo3 22-Nov-2001 26-Mar-2004
St. Jude Regency SR +2400L¢ 1995 20-Jan-2009
Identity ADx XL DR 5386 2003 17-Nov-2006
Sustain XL SC PM1134 2011 11-Jun-2013
Accent RFY Jul-2009 7-Jul-2011
Biotronik Effecta S Feb-2011 Jul-2012
Boston scientific Altrua 60 S603 15-May-2008 25-Jun-2010
ICD St. Jude Atlas VR V-193 2003 o1-Mar-2008
Fortify VR® May-2010 9-Mar-2012
Fortify DR May-2010 9-Aug-2011
Medtronics Evera XT VRY Apr-2012 8-Oct-2013

PM, pacemaker; ICD, implantable cardioverter defibrillator.
abedefn cases of patients with these devices, we documented the earliest date when the patients’ generators had been manu-

factured.
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Supplementary Figure 1. Changes in the ventricular high
voltage of the implantable cardioverter defibrillator (ICD)
lead at pre-/post-magnetic resonance imaging (MRI) and
follow-up visit (p = 0.79). All ICDs were conventional devices.
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Supplementary Figure 2. Electrogram findings of a patient
in whom therapeutic shock was delivered. The implantable
cardioverter (ICD) worked normally before and after the
magnetic resonance (MRI) scan. This patient had vascular
dementia, stroke, end-stage renal disease treated by hemo-
dialysis, heart failure due to ischemic cardiomyopathy, and
arteriosclerosis obliterans. He had an ICD due to ischemic
cardiomyopathy. The patient experienced therapeutic shock
on June 2012, without any symptoms such as palpitation,
chest discomfort, and dizziness. After the event, there were
no reports or records of ventricular tachycardia/ventric-
ular fibrillation (VT/VF) for 3 years. Three years later, the
patient’s dementia and arteriosclerosis obliterans of the
left leg worsened and he became bedridden, after which a
coccyx sore developed. He was repeatedly admitted for the
treatment of fever, pneumonia, and the coccyx sore. (A) The
patient had already experienced one episode of therapeutic
shock in June 2012, before the MRI scan. The electrogram at
this time showed appropriate shock delivery. (B) The patient
underwent MRI scanning to evaluate the extent of his coc-
cyx sore on December 2015. He experienced 10 episodes of
spontaneous VT/VF and nine therapeutic shocks after MRI.
All therapeutic shocks were appropriate. The red box shows
the days of the events and therapeutic shock delivery.
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