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Safety of Magnetic Resonance Imaging
in Patients with Cardiac Devices
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NBG CODE: Mode

CHAMBER PACED RESPONSE TO SENSING
(R—S T EBAL) (YEShiR=t )
V=Ventricle (IxZE) .| T=Triggers Pacing ()
A=Atrium (IO BE) I=Inhibits Pacing (HI#)
D=Dual Chamber (B &b ®) D=Inhibits and Triggers
S=Single Chamber O=None
O=None VVIR
PROGRAMMABILITY/
CHAMBER SENSED L RATE RESPONSE
(22T ) (ZDHhiaE)
V=Ventricle B P=Programmable -
A=Atrium ) I\/I:I\/Iultiprogrammable}f‘f‘g?f?ﬁT
D=Dual Chamber C=Communicating B
S=Single Chamber R=Rate Responsive
O=None (L—PLRFVR)
O=None

12



ZCHIZ@D

o ILMiE&T /N1 X (pacemaker, ICD) ¥EZ IAH B HFH TIL,
MRITEITRFIZ R & I 580635, (ERS, S E R
BOFNEFNNTNARIZRH L THELZRIZT L
T, MRIEEFELHRESNTET=.

Eur Heart J 2005; 26: 325-327

« IMiEET /N1 R (pacemaker, ICD) HE R JAA B FE TIT,
MRINEZETICRVEREEZ N SIHZE THMRIE
BERESNTEL.

N Engl J Med 2017;376:755-64



e e

y >/'_

la
o

-‘:’u Eo AT
-
A
=
-

- o

EEEIT IV

ENRE a1 I

71l MRPR—AA—=HIZRITTE

J)—FDHEHR | ERLLGLVDLRIE | TAAAOEETH
FRl 5 i
{8 7Rk 155 i O
RF/VJLA O O i

14



ZLHIZQ

+ BEFRELTUTHAHMONTINS.

D )—FDFEL

@ FWEZIDEARIEDFEE

@ HERERIZx T HH (Fv T Fr—BIHEET)
@ BRIBICKAHETH (F—N\—to T3 E)
B pacemakerD )Yk RO —F XM yFD{EE]

©® pacemakerA{A RN —RK~NDZEHLS

@ BEEE

N Engl ] Med 2017;376:755-64
mAFEKRES 122(12), 815-824. 2013



ZLHIZB)

« BRI TIX2008%F, KETIX2009%F, AFTIE2012
£ Hr 5 MRI-conditional pacemakerMFFE S 7=

o DT /NARKEZIAA BE D50-75% TEIEMRID
WEEHTET DHMENHY, COFEFEIXEHARLZE
DEEHNTLS.

Clin Electrophysiol 2005; 28: 326-328



Understanding MRI Safety Labeling

The MR environment has unique safety hazards for patients with implants,
external devices and accessory medical devices. Implants, medical devices
.. 2nd other equipment used in or near the MR
s €NVironment should be labeled as MR Unsafe,
MR Conditional, or MR Safe.

MR Unsafe items should not enter the MRI scanner room. Patients
with MR Unsafe devices should not be scanned.

MR Conditional items may safely enter the MRI scanner room only
under the very specific conditions provided in the labeling. Patients
should not be scanned unless the device can be positively identified
as MR Conditional AND the conditions for safe use are met.

The conditions for safe use will be different based on the intended
use of the device.

For items intended to enter the bore of the MRI system, the MRI
Safety labeling should be matched with the MRI system for:
« Static field strength
« Maximum spatial field gradient
« dB/dt limitations (usually only applicable to active implants)
* SAR limits
* Any other conditions needed for safe use of the device, for
example restrictions on the types of coils that may be used

When present, information about expected temperature rise and
artifact extent may inform the risk/benefit decision of whether or
not a patient should undergo an MRI examination. Expected
temperature rise and artifact extent information are not conditions
that must be met.

Items NOT intended to enter the bore of the MRI system usually
have gauss line positioning restrictions or requirements to tether or
affix the device to an unmovable part of the room.

MR Safe items pose no safety hazards in the MR environment. They
may be placed anywhere in the MR environment. Patients with
MR Safe devices have no scanning restrictions.
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Assessing the Risks Associated with MRI
in Patients with a Pacemaker or Defibrillator
MagnaSafe ClinicalTrial
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e Exclusion criteria

T%1E')—K, pacemaker®ICDLLAN DT /INA AN H S EE,

MRI conditional pacemaker, IEfMRIDxEs, B M<K =

* Site of MR

MRI scans-ebtained — no./total no. (%)

Pacemaker ICD

402/114

Cervical spine 169/11¢

Lumbar sping 310/114 138/5
Extremity or jointii 102/1145 (9 66/564
Abdomen or pelvis 51/1145 (4) 30/564 (5

Otherf 111/1145 (10) 61/564 (11)

> MRID ZLIEN, HAWNTEHDOIFE ($970%).

* Primary end point

BEDORLT, HEL)—FDOEE, SEHK, capture loss,
EEED) Yk

» Secondary end point pacemaker/ICDDERE D ZE 1L
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e Result (Primary outcome)

Table 2. Primary End Points.

End-Point Event

Death during the MRI examination

Generator failure requiring immediate replacement
Lead failure requiring immediate replacementy

Loss of capture during the MRI examinationi:

Observed atrial arrhythmia
Observed ventricular arrhythmia

Electrical resetf

Pacemaker

Events/Cases
0/1000
0/1000
DJIQZE

% (95% Cl)

Events/Cases

0/500

0/997
NA

0/500

0/500

ICD

% (95% Cl)

0 (0-0.8)
0.2 (0.04-1.1)
0 (0-0.4)
NA
0.2 (0.04-1.1)
0 (0-0.8)
0 (0-0.8)

ARARDAZHE:ICD 1[E

ILEHE) : Pacemaker 5
N—RZAA—H— )ty Pacemaker6

,ICD 1

Ai.
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* Result(Secondary outcome)

Table 4. Cases in Which a Secondary End-Point Event Occurred Immediately after MRI or by the Final Follow-up.*

End Point Pacemaker ICD
Immediate Long-Term Immediate Long-Term

number/total number (percent)

Battery voltage decrease =0.04 V 3/802 (0.4) 0/802 24/333 (7.2) 14/333 (4.2)
Pacing lead threshold increase =0.5 V 13/1813 (0.7)  5/1813 (0.3) 8/951 (0.8) 3/951 (0.3)
P-wave amplitude decrease =50% 7/790 (0.9) 2/790 (0.3) 1/346 (0.3) 0/346
R-wave amplitude decrease =50% 0/844 0/844 1/496 (0.2) 0/496
Pacing lead impedance change =50 ohms 62/1902 (3.3) 26/1902 (1.4)  41/984 (4.2) 22/984 (2.2)

High-voltage lead impedance change =3 ohms NA NA 100/611 (16.4) 61/611 (10.0)

D TFTINARADELS ThoDEILIEZ—BIEED T,
FRERBIIZEEZELL AN)LTIEXALY.
Q TINNAADEBEDF L follow-up TRLEZEHDTLVAS.
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@

Clinical Utility and Safety of a Protocol for Noncardiac and
Cardiac Magnetic Resonance Imaging of Patients With

Permanent Pacemakers and Implantable-Cardioverter
Defibrillators at 1.5 Tesla

Circulation 2006; 114:1277-84

@ Annals of Internal Medicine

A Prospective Evaluation of a Protocol for Magnetic Resonance
Imaging of Patients With Implanted Cardiac Devices
Ann Intern Med 2011;155; 415-424
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Clinical Utility and Safety of a Protocol for Noncardiac and
Cardiac Magnetic Resonance Imaging of Patients With

Permanent Pacemakers and Implantable-Cardioverter
Defibrillators at 1.5 Tesla

Circulation 2006; 114:1277-84
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e Result

Comparison of Device Parameters After MRl With Baseline Values Before MRI*

Difference at Follow-Up

Difference Immediately (Median 99 Days
After MRI P After MRI) P
P-wave amplitude, mV 0.06+0.07 0.44 —0.14+0.27 0.61
R-wave amplitude, mV —0.09+0.15 0.58 0.96+0.70 0.19
Atrial lead impedance, () —2.68+5.01 0.60 —6.17+11.53 0.60
Ventricular lead impedance, (} —0.49+2.74 0.86 6.15+12.56 0.63
Atrial capture, V 0.02=0.02 0.28 —0.07=0.18 0.69
Ventricular capture, V —0.001+0.013 0.93 —0.01+0.05 0.85
Battery voltage, V —0.004x0.002 0.08 —0.05+0.02 0.06

*Values are reported as mean difference between immediate or long-term and baseline parameter +5SEM. Student
t test was not performed on left ventricular lead thresholds in cardiac resynchronization therapy systems because
there were not enough data points for a meaningful comparison; there were no significant changes in individual left
ventricular lead thresholds after testing, however.

FRONVTROISTA—A—EFEELL, BEREROMELL.
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Study design and oversight

o AKRHFZE[FJohns Hopkins UniversityE[E L G EHZLRTIZ
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Patient selection®®)
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Device interrogation and programming (1)
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Device interrogation and programming @)
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Magnetic resonance imaging (1)
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Magnetic resonance imaging 2
« MRIlLprotocol|ZBIYHE1T.

* Specific Absorption Rate (SAR) : EL IR IR 3=
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Outcome assessment (1)
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Outcome assessment (2)
DEEEZR
« UIRL—EF—DEPE
* Power-on reset
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Outcome assessment 3)
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Safety protocol

Was the pacemaker or ICD generator implanted

after 1998 or 2000, respectively?*
Yes

Were the leads implanted
2[ %k before MRI?

Yes

Are nontransvenous epicardial,
abandoned, or no-fixation leads
present?

No

Yes '[

No
b

Record device variables
for comparison after
MRI (lead impedance and
threshold, P/R wave
amplitude, and
battery voltage)

cD

Proceed to alternative tests ) <«——

Yes

» Pacemaker-dependent? |
without Asynchronus mode capability

No

PROVEZE

EHNICDIE
asynchronus mode
MEh>T=1=H R4
SN TLV =AY,
asynchronous mode
e DULN-H DM
IFEEESIN, Th
blEShEENT-.
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¥

Pacemaker i

Pacemaker-dependent?

Yes

Deactivate monitoring
and tachyarrhythmia
therapies (antitachycardia
pacing/defibrillation)

No
Y ¢
Program pacing to VOO/DOO Program pacing to VVI/DDI
(asynchronous) (inhibited)

Deactivate magnet, rate, PVC,
noise, ventricular sense, and
conducted atrial fibrillation response

Monitor blood pressure, ECG,
oxygen saturation, and symptoms
during MRI

l

-

Recheck device variables and compare with

baseline values (lead impedance and threshold,

P/R wave amplitude, and battery voltage)
Restore original programming
Follow-up interrogation in 3-6 mo

J

TTR B DFFIATS K RE
ZERATE<LE

MRIRSZPI(ZIE, (EX]
Sp02, BERERDE=F)2Y

TINARINGA—=B—F 1)
JTTDERTEIZERL, follow-up~
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Statistical analysis(D
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Statistical analysis@
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O IEFE &Y > Nonparametric test THEATT.
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Characteristics of study participants(1)

Table 1. Characteristics of the Participants at Baseline and Imaging and Lead
Information.*

Characteristic Value
Participants

No. of participants
Median age (IQR) —yr 69.3 (57.7-78.1)
Female sex — no. (%) 548 (36)
Median ejection fraction (IQR) — % 50 (30-60)
Coronary artery disease — no. (%) 501 (33)
Previous coronary-artery bypass surgery — no. (%) 233 (15)
Previous aortic-valve replacement — no. (%) 54 (4)

Previous mitral-valve replacement — no. (%) 3

Pacemaker — no. (%)

Implantable cardioverter—defibrillator — no. (%)

Cardiac resynchronization therapy — no. (%) 163 (11)

EBEE:15094

58% : Pacemaker
42%:1CD
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Characteristics of study participants@)

Reason for device implantation — no. (%)
Symptomatic bradycardia
Tachycardia—bradycardia syndrome
Complete heart blocks:

Primary prevention of sudden death
Secondary prevention of sudden death

Median time since generator implantation (IQR) — mo

Median time since lead implantation (IQR) — mo
Right atrial lead
Right ventricular lead
Left ventricular lead

Dependence on pacing during MRl — no. (%)

MRIs
No. of examinations

Scan category — no. (%)
First scan

Second scan

Third or subsequent scan

29 (12-52)

40 (15-75)
39 (15-75)

EE‘iIiSEJ

1509 (72)
320 (15)
274 (13)

R—IUGKTE
BEE(F1374

MRIHE 1T [B] 2%
1B 72%
28] 15%
3EILLE 13%
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Characteristics of study participants®@

Region of imaging — no. (%)

Arm or legf
Head or neck
Thorax
Abdomen or pelvis
Lead length — no./total no. (%)Y
Right atrial lead
=45 cm
46-50 cm
=50 cm

Right ventricular lead
<55 cm
56-60cm
=60 cm

Left ventricular lead
=85 cm
86-90 cm
=90 cm

196 (9)
1091 (52)
257 (12)
559 (27)

257/891 (29)
164/891 (18)
470/891 (53)

358/1123 (32)
502/1123 (45)
263/1123 (23)

33/102 (32)
43/102 (42)
26/102 (25)

11

M 9%
BESAER 52%
MER  12%
REER/ B 5% 27%
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Assessment after MRI
[ZZ e HoT=H,

« MRIDRIEZ CEEDERTEI

MRITE £, Long term follow-up (E
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Long term follow-up AJ BE

/@rm follow-up A~ A BE

ch
w

95844 (63%)
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ch

12444 (23%)

12544 (23%)

30244 (55%)
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Primary outcome

Inciaence

Generator failure resulting in inability to communicate with the pacemaker or ICD
Power-on-reset

Significant pacing threshold or sensing changes requiring system revision or changes in
programmed sensitivity or pacing output

Battery depletion*

Sustained arrhythmia attributable to current induction in pacemaker or ICD system leads (i.e. co-
incident with MRI sequence initiation, rhythmic pulse sequences, or sequence termination)
Inhibition of necessary pacing

Activation of unnecessary pacing

Inappropriate delivery of anti-tachycardia pacing or shocks

Sensation of pressure/pushing/pulling at generator site or heating within chest

0
9 (0.43%, 95% CI 0.15-0.71%)

0
1 (0.05%, 95% C1 0-0.14%)
0

2(0.10%, 95% C10-0.23%)
NA t
0
1 (0.05%, 95% CI 0-0.14%)

Primary outcome ___|_incidence _

Power-on reset
INYT)—RZ
R—2 20 DN
BEDIEIR

- N = O
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Safety and device function
immediately after MRl (1)

Table 2. Nine Events of Power-On Reset in Eight Patients.*

Patient Number

4 1CD 1, Thorax
52, Pacemaker 1, Brain
5, Brain

9fE & TPower-on resethH i

Examination No., Generator Manufacturer,
and Device Type Region of Imaging

Medtronic (7271), 1999
Medtronic (8968), 1997
Medtronic (8968), 1997

Implantation Yr

Other System Components,
Lead Length, Implantation Yr

RA lead (6940), 52 cm, 1999

RV lead (6945), 65 cm, 1999

RV lead (5032), 58 cm, 1997
RV lead (5032), 58 cm, 1997

Generator

Rhythm Function Fully Scan
Changes Restored Completed Clinical Consequences
No Yes No Pulling sensation in chest
during MRI reported by
patient
No Yes Yes None
No No, WWVI Yes Battery ERI before MRI,
pacingy replacement required

after MRI

EE-2FH O BRI R

4 (ICD )

H@ﬁﬁfﬁléﬂi?ﬁ\héuﬁb\%U MRIIE A LE.

Power-on resetld—

BEETHY, RRDHE

BRIITZEICEST-.

52 (Pacemaker )

a

5
1

28

A

H :
=

MRIDEE %

BHDERESENER

[T1=-MZDHND?2
—BEDEHD.

X

TT/

TFINARAZ NN E(ZEHT-.

TPower-on resetH\

IRy fal
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Safety and device function
immediately after MRI (2

Generator
Patient Number Examination No., Generator Manufacturer, Other System Components, Rhythm Function Fully Scan
and Device Type Region of Imaging Implantation Yr Lead Length, Implantation Yr Changes Restored Completed Clinical Consequences
113, Pacemaker | 1, Brain Medtronic (8160), 1999 RV lead (5024), 58 cm, 1999 No Yes Yes None
165, Pacemaker | 2, Abdomen Medtronic (303), 2002 RA lead (5092), 53 cm, 2002 Yes Yes No MRI aborted owing to pacing
RV lead (5092), 58 crm, 2002 dependence and resultant
brief pause after power-on
reset
265, Pacemaker | 1, Brain Medtronic (DR401), 2003 RA lead (5076), 45 cm, 2003 No Yes Yes None
RV lead (5076), 52 cm, 2003
413, Pacemaker | 1, Brain Medtronic (7960), 2009 RA lead (5534), 45 cm, 2009 No Yes Yes None
RV lead (5034), 58 cm, 2009
705, Pacemaker | 1, Abdomen Medtronic (303), 2000 RA lead (5076), 45 cm, 2000 No Yes Yes None
RV lead (5076), 52 cm, 2000
1141, Pacemaker| 1, Abdomen Medtronic (900), 2006 RV lead, model and length No Yes Yes None
unavailable (implanted
outside United States), 2006

165 (Pacemaker)
Power-on resetD$E R, TALTIVT HNHIHEIE—FICEH-1=1&IC
Z1E. MRIE R IEEN =D, BB IR =N THYBKRGREELL.

§%)54 (£ TPacemaker)
— 184 D Power-on reset
long term follow-up TT /N1 A DHEBEFEF L. 53
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Changes in device parameters immediately
after MRI and at long-term follow-up(D

Table 3. Changes in Device Parameters.*

Time of Assessment No. of =20% Change
and Variable PatientsT| Baseline Setting Decrease from Baseline from Baseline Increase from Baseline
>50% 41-50% 31-40% >20-30% >20-30% 31-40%  41-50% >50%
median (IQR) number of patients (percent)

Immediately after MRI
P-wave amplitude 1347 3.0 (2.0-4.6) mV @ 26 (2) 35(3) 97 (7) 1049 (78) 32(2) 53 (4) 28 (2) 14 (1)
RV R-wave amplitude 1799  11.2 (8.0-14) mV =1) 4 (<1) 15 (1) 117 (6) 1583 (88) 20 (1) 35(2) 12 (1) 8 (<1)
LV R-wave amplitude 72 114 (7.0-19.7) mV 0 0 2 (3) 5(7) 61 (85) 2 (3) 2 (3) 0 0
Atrial lead impedance 1559 473 (413-540) ohms 0 0 1(<1) 2 (<1) 1553 (100) 3 (<1) 0 0 0
RV lead impedance 2021 532 (448-640) ohms 0 0 1(<1) 4 (<1) 2014 (100) 2 (<1) 0 0 0
LV lead impedance 202 629 (512-769) ohms 0 0 0 1 (<1) 201 (100) 0 0 0 0
Atriallgapturethresh- 1338 0.8 (0.5-1.0) V 2 (<1) 28 (2) 37 (3) 32 (2) 1143 (85) 17 (1) 36 (3) 34 (2) 9 (<1)

o
RV capture threshold 1969 0.8 (0.7-1.0) V 3 (<1) 32 (2) 45 (2) 54 (3) 1669 (85) 39 (2) 65 (3) 47 (2) 15 (<1)
LV capture threshold 200 1(0.8-15)V 1(<1) 3(2) 4 (2) 7 (4) 164 (82) 10 (5) 7 (4) 4(2)
Battery voltage 1578 2.8 (2.8-3.0)V 0 0 0 0 1577 (100) 0 0 1(<1) 0
At long-term follow-up

after MRI
P-wave amplitude 826  3.1(2.0-4.7) mV @ 42 (5) 39 (5) 91 (11) 498 (60) 33 (4) 37 (4) 25 (3) 32 (4)
RV R-wave amplitude 1072 11.2 (8.0-13.3) mV : 21 (2) 54 (5) 101 (9) 732 (68) 53 (5) 46 (4) 24 (2) 33 (3)
LV R-wave amplitude 26 19.7 (10.0-25.0) mV 0 0 1(4) 0 20 (77) 3 (12) 1(4) 1(4) 0
Atrial lead impedance 1021 475 (416-548) ohms 0 1(<1) 6 (1) 22 (2) 975 (96) 11 (1) 3(<1) 1(<1) 2 (<1)
RV lead impedance 1286 535 (447-644) ohms 1(<1) 3 (<1) 9 (1) 26 (2) 1214 (94) 25 (2) 3 (<1) 1(<1) 4 (<1)
LV lead impedance 106 675 (538-830) ohms 0 1(1) 0 2(2) 100 (94) 3(3) 0
Atria||§a pture thresh- 725 0.8 (0.5-1.0) V 4 (1) 28 (4) 47 (6) 37 (5) 469 (65) 19 (3) 43 (6)

o
RV capture threshold 1105 0.8 (0.7-1.0) V 10 (1) 41 (4) 66 (6) 71 (6) 693 (63) 48 (4) 63 (6)
LV capture threshold 105 1(08-14)V 0 5(5) 5 (5) 6 (6) 64 (61) 4 (4) 10 (10)

Battery voltage 930 2.8 (2.8-3.0)V 0 0 0 4 (<1) 925 (100) 1 (<1) 0




Changes in device parameters immediately
after MRI and at long-term follow-up@
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Determinants of changes in parameters(D

* |ICD > Pacemaker
DBREEXRTOPHEDIRIIBOZEIL

@ REEXTOEAEETORKEDIRIEDZE L

D long term follow-up THD B/ \vT)—D %1t

 Pacemaker > ICD
(MDlong term follow-up CP;E D IRIED Z 1L



Determinants of changes in parameters@)

- REIDAO—7v7

DEZEREDIRIBEOELITEZA60cmEYERLVA
KUE, 60cmULTDAD AN INSMHDT=.

QIDETHDF YT Fr—RIEDEILIE)—FH50cm
UT&YUEH50emE YRV REN DT

QAEZETHHEREIT2EMRIZEERLF-AKY, 3[
LI ERRERLI=ADAIINESHh o=,




Discussion



Discussion(1)

SEOREVFTIREZE T, legacy devicelE ZIAH BED
MRl@;rélié‘—nﬂﬁu‘—

mH

|-

DT TMRIZKATBEELGLA R MMEpower-on resetH
$I200 N [CIATHREC 12 ETH S.

9[8] ) MRI& & TPower-on reset 2= 71-

1RE - ZFEOERNELTE.

IRE: TN\ARADEBEMRKRENRKYDLE BTOTILN
HTTNARORYBANBEIZGoT-.

RE AR —=2 00 OFHEIAFEZ o=,

A ]

1




Discussion(2)

« MRIBERICEZZ)—FEoIoy B, Sy T Fv—

BED/NSWEEE, RIS RN TV =, F, 1—
FEERIDEMRDORRICEZET S.

o LIEIDO#HE TIEMEIMRIEWER LIS ELLERL THREER

* Follow-upEifEIME NS EIDO KREE

HICTINAAMBEENTWDE, ELDOANERT 51
O, ZEMEOMEICEVTRIRENSVDERESNT-.

o=

R TIE, BEED
BRI E/NTA—F— DA FTLEELIZBAE ALY
;tb\_ﬁéhf:




Discussion(®)

O ELEEHEDRE
e Pacemaker&YHICDTCMRIBERBDEEEAEND!)—
K20 W RECGHE D L.

o J—FHAEUVLYRWLAD, REIBTOEZEDY) —
NV THREYREGEDT S.

+ ICOTEDDBY BRSO, BRI B A
HIEL, R— 29 OMENEZ =-S5 THD.




Discussion@)

élil B EMRIZEIT TS T=.

BETACENEETHS.

0 F TS E LG, IDE

R— 20 e

e SEIOMETIE, 137IADR—L U TIKIFDE

BEICR

» BYIRTNARADTAT S L, BERDHEHEICELE=

BT NN AAR—D VT ERATELLDRE R

¢ N—=YUJIREFEDERETIE, EHTHICEY—FFRIC

y

T3 —

WO/INILARFA T AN —[FIR—=2 2T M EISN =D

EBEIZEHS.



Discussion(®®)

* Legacy deviceEMRID T EE DAL [T MagnaSafe
RegistryD' & 5. MIEIMRID 22 HN7E LN ELISMEI R AR
ERLCTHS.

« MagnaSafe Registry CIZ#EY IZHREIN, BHIAT S L%
ToTLNIE, T/AL RO =R L2 ([FRET AL

« LT EMagnaSafe Registryld, ][ ZProtocol ATt
NlLlegacy device CHREICMRIBEEMNIBITTESETR
L7-.




Limitation ()

® Eé—ﬁm HTOMETHY, thDERE = OMRIfE
T —fRE TELLATREE A B .

2 20%® 3 Tlong term follow- upT_I BETHYT
/\/fZ*ﬁz TébUX-LAB ;’.)7.;75 EEI:I'L,\
= TULVELN.

@ MRIZF[EITLI=ICDIE R A A B E ChREEIRIEZ
AITE L TULVELY,




Limitation @)

BDEZLDBFEDOTINAATIRAREDN, Br 0L

AN
ORMIFESLTEY, RERDI AT LEE

B i -

DHEEERANEETSEL.

-ib &

®1.5 Tesla TIThHhNi=1=8, ChEELHREIDMRI

IRFTIXIEREHEE TSR



Conclusion

« 150944 MLegacy deviceliE A IAABHIZEH LN
protocolZ FALV1.5TeslaDMRID T £ ZWFZEL7-.

« 1HIDABMDIZESTENIR

ANTT/N(RADTO

DS LAENEE, TINAREENBE(ZGoT -

¢ TNARADNFGA—E3—DZEILFFHETHY, R

= RIETEH 0T

s RITRES

A THEGRRRIIZE




MWED

e BERICK>THEALTLWAMRIDIEFENELST=6,
— S EOFRZEG TS

o AR TlEPacemaker, ICDD VNG E,Medtronictt
DEDMNZMoT=H, HBEEDPacemakerTIE
Biotronictt MENDMEL, BARET A)ATIET/NA
ADEENERLGTS-OHITENVETHS.



MR

e follow-up TCEFH DN 20%EFEXMNDOLNTELT, T/\
A ZADBREEFNOFEIRMF Y, FETLTLNSATEE
M EH5.

« MRIDZEMIZIXRFESNT=protocolIZHIY, EFFIC
BACHRIRZFAEE "bﬁnm*—_ﬁ__b\%'—‘f#*g{a—é
IRENMNELLDY, TASBEXIZIZFRY A HS.




HES

« KHIEIZEWT, FIEIE—RFZE(TALERIERD
TEEFRITFBELONTEY, pacemaker B FHIZHIT5
MRIDEAZEFIRICEFZELTULSERTIE W E
IZIXETEDNETHS.

c INIEELGERZRSTMRINDELLGSIKETIEERSZ

EMEELL.



SEEMLDIEREZED

e MRIFIGET/NA RAEBDMRIREIZLUTORESEHT-
SHEFNIEESEN.

O BMHHREIERIRFAR D HINIX DR M E SN FEZERE
LTWWSEETHAHI L.

Q& HAFEMRIRGIDIET /N\A ADERAHBAEZE(ZEH S
NE=-FHETRENTADIL.

QR HEBEMARMEHINNIZTNIZEST HEIEE
SN, MREZEEDHRERIVREEZEELTLSI L.

MRI #SHEAH B AREACERT /N\A AEED MRI ZEDTHREE (0uF1 A8 )
HAEFRSHRF R, BAESAREFR, HBATERFR




BEEMNSNDIEREAED

DI BREBRDDY, TNNAREHE

@INET INA AD iy
MAJEETHAH &,
OFEEFENEELAERTEHAGENET OGS
MERDBEY TR FEREICETAMEDTHEZHR
TLTWACE..

MRI XS HEAA B FERCEHE T /N A REZED MRI REDMERERE (20F1AsB )
HAEFBRHARFR, BABIKBEFR, BERARBIRFER



IFEMNLDEFEHD

OMRIF ISIDET /NA ADEARBAZICEREH IN=EH
T—ELTHREMNMTZADLIICHETEDOMRIZEEZS

A9 56ZE.

QBRI SRIRZEEN, ISR EEM, 32 B RSt AR 6,
BOWICERRIZEFRTORZRIATEDTEZRRTLT
LBl

QWHEZRR T LI-RRFAHENMRIREDR &M T HE
L, TOERREMDREDKEEZITD.

MRI S GHEIAA B R EAGEE T /NARAEED MRI REDEBEYS ouFEn A8 )
HAEFZWHEFE, BABSEBEFRS, BATERFZS



IFENLDEMFEHD

@OMRIZER SILMBET /NA REE LD XA ZEBAFEIZT S E
BT, BEITEICTMRIF SO BEZ AH BT /N X ]
ERRENTI=N—FZIRRLG T NIEGELEL.

GOMRIHIDET /SA ABEDMRIEE Y =1 T I EESTT
HEELIZ, MRIEEIKERNOHEREEFTODF VI AN
KO THREEITS.

@OMRIBREERIDRERHERIIBEIRIEN, F-(XEHEKL
FHTHLNIXEERRERERAITS.

MRI 3t IGHEA AR FEACER T /A RAEZD MRI REDOEBEH (20sF 11 BB )
HAEFRSHRFR, BREIAREFR, HBATERFR




SFEMNLDEMFHS

DRERIT/INIAA T A—E2—HBINEDERE=
A—ZFAVVERRIICE R T D, 7, rERL-8 EIZER
MEIsRZTimA, ELICEATESLIICLTHEL

OFEIRFAELEREBETOFBDELRE(ZfHZ TEIEIC
I G CESEHITHSHI L.

OMRIBERDIDIET NNAAD)TOT S35 ORI
BIREsERMANITO.

MRI 3 CHEIAA B REAREE T /NAMREED MRI HEDERSEHE ouFEn BB )
HAEEZEMIHRFE, BRAESEREFZS, HAFRERES



LR TIED

MRI-conditional TddHpacemaker, ICDEE DMRID x5
LITDORNTIToTULVS (Legacy devicel XA A])

OT Rz (ARBFEROAHTERAT)
 PacemakerFIRHE KUFEHFEMRIX G H—REHEER

e PacemakerLISfADEZ NG LEHE
IR, h— NS

 }xE2 4 Hpacemaker=z

=7
AL

» EAIAARGEBLLEZBLTNSIE

(QBETE DK 3E - E i)

e CE, A—H—IZIZTE

Rz AL TIRIRS
IR AR KU ER

NFHZEHS

[



LR TIE @
EEFTEMRIR—RAA—HBREXH

D& B EVRIT 5 — R OREZ
OfstS s ZMFIcTh—FZaE—., AILTIZBRYHET

. 2

QOREEEEMICKIER -BRE
OR—ZA—HBEEEGEDORER
@ R—RA—HEAABEFLEERATHS L
® ')—FAE—FRH2000~15000
® R—UHERE2.0v/04ms LT

ik e Sure Scan mode
OMRBEROAR—RA—DEEDET A
@ SureScanMode~nZEH MR'*%?}%F%O)W}

ode

® FEI=FzusT—ERH

a

GMRIBIZEIZTsureScanMode~nER

78



LFETIE®

S (TEMRIR— R A— PR E Y E

@MRIRE D EHE

COMREEE - R T ORER (HHER)

@ 4&%-%@%@%%#&&1—@@:@% gy

& %@*@Eﬂﬁﬁc%’&%_@'sz (/\)bzz-#/}—é—/:u%‘sr)
OMRIZEEDEREZENELEICE

& 1.57%)*»&“!\#&%’6&6:«’:

@ EEE. fAIEkTEENE

® A/L—L—k200T/m/sELF

® £ 3SAR2.0W/kgkl T, BEABSAR3.2W/kg R iH

@ APFRICO—ANLESEIMNNEUVO—ALEEERAIMNHAR—X
A=A RTFALICERBRENE

GMREIZEI[ZTsu reScanMode@%&U’\-—X}—ﬂJ?I JO%ﬁ

79



S TO XTI

 Legacy systemT /NAATIZIBERTOT—ARIIEL, &
O L 2<REILEBT (T/84 X - MRID MR - I3 157157
E) THITT HIEIETEERNED, MRIDTETTIES
FTERICERICEHLWVEE Z N S.

« HARTIL Conditional T/Nf A TEZ, BELLVEHT
TOBITHHLETHY, BETOMRIFEITIZELL.
=512, Legacy systemT /N\{ A TMRIZHE{TT BIZI&
ek - EimEEZT V)T TEEOD THITIZEELL.




CTOZEMEIZDINT
BAnaA R

[R—ZA—H.ICD, CRTZX2ITT-BEDHIEER -FLF AFICETHH

ARS42 (2013FHERR) 1TIE.

o THFIEADARFO=YH 2L ELCRT-P (InSync8040) TCTIREZPIZYvrELEL
t=HIniESN, EREATEERENTHON., TOMHER., ZETAXER

RETEZVOEELTZITHEDLRH =M. JEvrZEL=DIXARRO

—w%t MDInSync8040&Thera-ifZIF THHT- (MEIFLLIRTEIIFHTIN

TULVEW) JEDEEAHOT=,

o NARSAVTIEXIRICEDAR—RA—D—DEERLEDAREMZIETHELT

Y. CTZmiTLTRODNEVLD DBAF X EITTNS,

« IR EATI00% T EIZHEEMNAIREES L\WWIACEITE# LN EE R D,

o LURTHOESRDRIGIIGSETELRILITLEINA, R—RA—H—EZAH
BEHICCTZHITI 558 CTOMLEMRZ+7HEL. Vv EL ST
BEMLEEICEE. DEAONITBEGREIEET HDONLINEEZ S,




