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Safety of Patients with Conventional Pacemaker System
and MRI-Conditional Pacemaker System Undergo Magnetic
Resonance Imaging [MRI] at Ramathibodi Hospital
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Background: MRI-conditional pacemaker system has been safely used in clinical practice worldwide. However, there are many
patients with conventional pacemaker system need magnetic resonance imaging [MRI] evaluation with strong clinical indication
that benefit of MRI outweighs the risks.

Objective: To investigate the safety of conventional pacemaker system and MRI-conditional pacemaker system in MRI scanning
in term of the adverse occurrence such as a) a significant change in pacing capture threshold [PCT] of any leads, b) abnormal
pacemaker function, and c¢) major adverse clinical event.

Materials and Methods: A retrospective study of consecutive pacemaker patients that underwent MRI at 1.5 Tesla and estimated
specific absorption rate [SAR] of less than 2.0 W/kg, under institution safety protocol, between August 2012 and June 2014, was done.

Results: Sixteen patients (mean age 77.6 years old, 50% male) with a total of 32 leads and 16 pulse generators underwent MRI
between August 2012 and June 2014 were included. Of all patients, eight (50%) were MRI-conditional pacemaker system, and five
(31%) were pacemaker-dependent. The majority of MRI scanning position was brain (8, 50%), followed by spine (6, 37.5%) and
others (2, 12.5%), which included upper abdomen and lower limb. Unintended cardiac stimulation induced by magnet occurred
in one patient with conventional pacemaker system without significant clinical consequences. There was no other MRI-related
complication during and after the scan. At six months follow-up, 12 patients had their pacemaker evaluated. There was no occurrence
of significant change in PCT or abnormal pacemaker function found at six months follow-up.

Conclusion: Patients with conventional pacemaker system who have strong clinical indication for MRI may safely undergo the scan
with close and continuous monitoring strategy.
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Magnetic resonance imaging [MRI] examination
in pacemaker implanted patients is discouraged due
to potential hazardous interaction between the MRI
and pacemaker system except in the case with strong
clinical indication where benefit clearly outweighs
the risks and should be done in experienced center
under safety protocol!-?. Recently, in 2008, an MRI-
conditional pacemaker system has been developed
and safely used in clinical practice worldwide®.
However, there are many patients with conventional
pacemaker system who need MRI. In Thailand, there
was limited information in this group of patients. The
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present study was conducted to investigate the safety of
conventional pacemaker system and MRI-conditional
pacemaker system in MRI scan at 1.5 Tesla in term
of the occurrence of a) a significant change in pacing
capture threshold [PCT], defined as increasing in
the PCT by 1.0 V or more at 0.4 milliseconds pulse
duration, b) abnormal pacemaker function, and ¢) major
adverse clinical event.

Materials and Methods
Study population and methods

All consecutive pacemaker implanted patients
underwent MRI evaluation of any clinical indication in
Ramathibodi Hospital between August 2012 and June
2014 were identified. The patients’ medical records
were retrieved and retrospectively reviewed. Variables
extracted from patients’ medical records included
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patient’s demographic data, baseline clinical conditions
that indicated if the patients had a pacemaker, clinical
conditions that relate to indication for MRI, duration
from implantation of the pacemaker to the time of
MRI, part and duration of the scan. Current pacemaker
data were collected included percentage of ventricular
pacing, lead impedance, and PCT. The patients had to
have at least three months clinical follow-up and/or
pacemaker interrogation after the MRI.

Institution protocol for permanent pacemaker patient
who undergoing MRI evaluation

All pacemaker implanted patients who have strong
clinical indication for MRI have to be informed by
their attending physicians and electrophysiologist
team regarding their clinical indication for MRI and
risks of interaction between the MRI and pacemaker
system (including death) as part of the informed
consent process.

Immediate pre-MRI evaluation

On the day of the MRI, immediately pre-MRI,
the patients’ pacemaker will be interrogated. Data
regarding pacemaker mode, percentage of ventricular
pacing, PCT, sensing, lead impedance, and battery
status will be obtained. The pacemaker will be
programmed to asynchronous mode, so it will generate
fixed and regular discharge from the generator if
the patient is pacemaker dependent or demonstrate
unstable intrinsic rhythm during a short period of
pacing inhibition on interrogation before MRI. For
MRI-conditional pacemaker system, the device will be
programmed according to manufacturer instructions.
All patients will be required to report their symptoms
during the MRI.

During MRI evaluation

During the scan, patients will be continuously
monitored using electrocardiogram [ECG] and pulse
oximetry monitoring system INVIVO 3150. The
patient can report their symptoms through voice contact
via an intercom. An electrophysiologist, cardiologist, or
ACLS?’ certified personnel will be present throughout
each study. Resuscitation equipment are readily
available outside MRI room.

Immediate-post MRI evaluation

The patients will be asked about their symptoms
and feeling of torque or warmness over the device
pocket. The patients’ pacemaker will be immediately
interrogated afterward. Measured parameters include
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PCT, sensing, lead impedance, battery status, and
device alert episodes.

The patients are routinely scheduled for clinical
follow-ups and pacemaker interrogation at three and
six months after the scan.

All MRI evaluations were performed using
PHILIPS MR system Achieva 1.5 T, release 3.2.3.1, or
GE 1.5 THDxt, release 15.0 0947a, estimated specific
absorption rate [SAR] was limited to less than 2.0 W/kg.
No limitation in part and duration of MRI were placed
in the present study.

Definitions

Pacemaker dependent patient was defined as the
patient who have risk of serious injury or death from
sudden pacemaker failure, an event more dangerous
than progressive rate decrease®”. In the present study,
pacemaker dependent patient was defined as patient
who had ventricular pacing percentage of 40% or more.

Significant change of PCT was defined as increasing
in PCT 1.0 V or more at 0.4 milliseconds pulse duration.

Significant change of pacing lead impedance was
defined as increasing or decreasing of lead impedance
to greater than 2,000 Q or less than 200 Q.

Statistical analysis

Data were presented using median, minimum and
maximum for continuous variables, and percentage
for categorical variables. Statistical analyses were
performed using SPSS version 15.0.

Results
Study population, pacemaker related clinical conditions,
and MRI data

Between August 2012 and June 2014, there were
16 pacemaker implanted patients with 32 leads and
16 pulse generators that underwent 16 strong clinical
indicated MRI at 1.5 Tesla (estimated SAR of less
than 2.0 W/kg) in Ramathibodi Hospital. All patients’
medical records were available for review. Baseline
clinical characteristics, pacemaker related clinical
conditions, and MRI data are shown in Table 1. The
mean age (= SD) of the patients was 77+7.6 years
old. Of these, eight (50%) were male. The major
bradycardia indication was sick sinus syndrome
(11/16, 68.8%), followed by atrioventricular block
(3/16, 18.8%), and other indications such as cardio-
inhibitory type syncope that accounted for 12.5%
(2/16 patients). There were five (31.3%) pacemaker-
dependent patients. Of sixteen pulse generators, eight
(50%) were MRI-conditional pacemaker system. Most
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Table 1.  Baseline clinical characteristics, pacemaker related clinical

condition, and MRI data

Number (n = 16)

n (%)

Age (years), mean (+ SD) 77.6 (£7.6)
Gender

Male 8(50.0)

Female 8(50.0)
Pacing indication

Sick sinus syndrome 11 (68.8)

AV block 3(18.8)

Others 2(12.5)
VP

<40% 11 (68.8)

240% 5(31.3)
Pacemaker system

MRI-conditional 8(50.0)

Conventional 8(50.0)
Part of MRI

Brain 8(50.0)

Spine 6 (37.5)

Others 2(12.5)
Setting during MRI

Synchronous 4 (28.6)

Asynchronous 10 (71.4)

Duration of MRI (minute), median (min, max) 45.30 (40, 103)

Complication

Yes 1(6.3)

No 15(93.8)
Significant threshold change (pacing capture threshold increase 21 V)

Yes 0(0.0)

No 16 (100)

AV = atrioventricular; VP = ventricular pacing; MRI = magnetic
resonance imaging

of the MRI scanning position was brain (8/16, 50%),
followed by spine (6/16, 37.5%), and others (2/16,
12.5%) included upper abdomen and lower limb. The
median (min, max) duration of the scanning was 45.30
(40, 103) minutes. Ten (71.4%) pulse generators were
programmed to asynchronous mode during MRI. No
patients were sedated during the scan. Table 2 provided
details regarding the pulse generator, lead model, and
duration from implantation to the time of MRI scan.
The pulse generators were not restricted to a single
company. The minimum duration after implantation of
pulse generator to the time of the scanning was 11 days.

Incidence of significant change of PCT

All devices (16/16, 100%) could be interrogated
immediately after MRI. Three atrial leads were unable
to evaluate the PCT due to AF rhythm. There was no
incidence of rising of the PCT more than 1.0 V at 0.4
milliseconds pulse duration. No incidence of change
of the impedance to more than 2,000 Q or less than
200 Q was noted. At six months after MRI, only 75%
(12/16) of the devices were interrogated. However,
no occurrence of significant change of the PCT was
observed.

Pacemaker malfunction and major adverse clinical
events during MRI scan

All patients safely completed the MRI scans.
No abnormal symptoms were reported from the
patients, especially any torque or warm sensation
at the device site during or immediately after the

Table 2. Pacemaker and leads’ data
Patient No. Generator model Lead model Duration after implantation (month)
1 Medtronic SENSIA SEDRO1 Medtronic 4076-52, 58 371
2 Medtronic Advisa DRMRI A3DR01 Medtronic 5086-52, 58 5.4
3 Medtronic Advisa DRMRI A3DR0O1 Medtronic 5086-52, 58 11.8
4 SJM Identity ADxXL DR 5386 SJM 1688-52, 58 84.2
5 SJM Victory XLDR SJM 1688-52, 58 43.1
6 Guidant 1296 Guidant 4470-4471 100.7
7 Medtronic Advisa DRMRI A3DR01 Medtronic 5086-52, 58 23.6
8 Medtronic Ensura EN1IDR0O1 Medtronic 5086-52, 58 1.7
9 Medtronic Advisa DRMRI A3DR01 Medtronic 5086-52, 58 209
10 Medtronic Ensura EN1DRO1 Medtronic 5086-52, 58 209
11 BSC Adventio DR MRI J066 Guidant 4470-4471 0.4
12 Guidant S502 Guidant 4470-4471 25.1
13 Guidant Insignia Guidant 4470-4471 82.5
14 BSC Adventio DR MRI J066 Guidant 4470-4471 5.6
15 SJM Victory XLDR SJM 1688-52, 58 14.2
16 Medtronic SENSIA SEDRO1 Medtronic 4076-52, 58 88.9

] Med Assoc Thai | Vol.101 | No.8 | 2018

1129



scanning. There was no clinical evidence of pacemaker
malfunction in the pacemaker dependent patients with
asynchronous mode during the scan. No incidence
of sustained hemodynamically unstable atrial or
ventricular arrhythmias were observed during any
scan. Immediately post MRI, interrogation could be
performed without difficulties in all cases and showed
no incidence of alteration of the pre-MRI device’s
programmed setting or a power on reset in any devices.
However, unintended cardiac stimulation induced by
magnet occurred in one patient with conventional
pacemaker system but without significant clinical
consequence and no need for device reprogramming.

Discussion

In the present study, a retrospective single center
study of sixteen consecutive pacemaker implanted
patients who underwent their compelling indicated
MRI (1.5 Tesla with estimated SAR of less than 2.0
W/kg) were investigated to determine whether the
patients can safely undergo the MRI scan and the
safety of conventional pacemaker system and MRI-
conditional pacemaker system in MRI scan.

Findings in the present study showed that
all patients could safely undergo the MRI under
closed monitoring protocol, which the patients were
continuously monitored using ECG, pulse oximetry,
and could report their symptoms through voice contact
via an intercom during the scan. No major adverse
cardiac conditions related to the MRI occurred. There
was no significant change of the PCT from immediate
before and post MRI and at six months follow-up.
There was one unintended cardiac stimulation with
conventional pacemaker system but without significant
clinical consequences. No incidence of power-on-reset
was observed.

Overall findings showed similar results as several
studies conducted before regarding the safety of patients
with permanent pacemaker undergoing MRI of 1.5 T
magnetic strength. Variety of magnetic field strength
(0.2, 0.5, 1.5, 2.0, 3.0 T) have also been evaluated
and published. They showed that each strength could
be safely performed®'? in patients with permanent
pacemaker. However, problems that might be potential
risks on the function of the devices include reed switch
activation®'", continuous pacing in the static field®,
decrease in battery voltage""'¥), and significant increase
or alteration in pacing threshold"*-'®. Furthermore, the
occurrence of power-on-reset have been reported as
primary clinically significant event attributed to MRI
in up to 1.5% of device recipients'”. Although, there
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was no incidence of power-on-reset, there was an
incidence of unintended cardiac stimulation induced
by magnet (programmed lower rate was increase
to magnet rate). The event occurred in an 83 years
old female patient with very thin chest wall over her
conventional pacemaker pocket during the scanning,
but without significant clinical consequences or need
for device reprogramming.

There was one MRI scan done successfully in an
urgency examination of a patient who had a very short
period (11 days) between the time of patient’s device
implantation and the time of the MRI without any
difficulties or major adverse clinical events. A point that
had been concerned in case of MRI scanning during
early period of device implantation was the movement
of pacemaker generators or leads'? which in fact that
lead tips do not possess ferromagnetic materials!'3!?).,
Therefore, they should never be moved magnetically.
However, according to general recommendation, the
time period from device implantation to the time of
MRI scan should be at least six weeks(".

Five (30%) patients were pacemaker dependent.
Using safety protocol that have been used in
several studies about utilities and safety of specific
protocol performing MRI in patient with permanent
pacemaker'¢22_ devices of pacemaker dependent
patients and patients who had unstable rhythm
demonstrated during a short period of interruption of
pacing function at pre-MRI interrogation were set to
asynchronous mode. Closed monitoring strategy was
used in all MRI examinations. Asynchronous pacing
was also used in patients with MRI-conditional system
according to manufacturer’s instructions. For other
patients, synchronous mode was used. In the current
study, MRI could safely be performed in all patients
whether they were pacemaker dependent or not.

Eight (50%) devices were MRI-conditional
pacemaker system and the remaining were conventional
pacemaker system. However, under closed monitoring
protocol as described above, neither groups showed any
incidence of significant change in the PCT between
before and post-MRI and at six months follow-up and
patients of both groups could safely undergo the scan.
These findings showed that whether the device was
MRI-conditional or conventional pacemaker system,
MRI performing under the closed monitoring safety
protocol is essential and safe.

Limitation

The principle limitation of the present study
are the retrospective design and the small sample
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size. At six months after MRI, only 75% (12/16) of
the devices were interrogated and some data were
missing. Not all available products were evaluated.
The study did not include some anatomic parts, for
example, cardiothoracic scan. Use of MRI scanners
on pacemaker patients were specifically limited to
only 1.5 T and estimated SAR of less than 2.0 W/kg
under well-defined conditions according to institutional
closed monitoring safety protocol. Therefore, safe use
outside of these conditions has not been demonstrated.

Conclusion

Patients with conventional pacemaker system
who have compelling indication for MRI may safely
undergo the scan with close and continuous monitoring
Strategy.

What is already known on this topic?

Before 2010, pacemakers available around the
world were labeled as MR unsafe. Previous expert
consensus document on MRI examination in pacemaker
implanted patients was discouraged due to potential
hazardous interaction between the MRI and the
pacemaker system except in case of strong clinical
indication that outweighs the risks. Furthermore, those
should only be done in experienced center.

Even though MRI-conditional pacemaker system
has been developed and safely used in clinical practice
worldwide, conventional pacemaker system have been
used in most patients who undergone implantation
before MRI-conditional system has been approved.
However, there are a number of patients with
conventional pacemaker system indicated for MRI.
Recently, more clinical trials have been conducted to
assess conditions and strategy that MRI in these older
device system could be safely performed.

Recently, the 2013 ESC Guidelines on cardiac
pacing and cardiac resynchronization therapy®® have
recommended that MR at 1.5 T can be performed with a
low risk of complications in patients with conventional
pacemaker system if appropriate precautions are taken,
and following manufacturer instructions with MRI-
conditional pacemaker systems.

What this study adds?

The findings in the present study support the latest
recommendation on MRI examination in pacemaker
implanted patients. However, it should be recognized
that, the conventional pacemaker system does not
constitute a list of MR-safe or MRI-conditional
whether or not the patient is pacemaker dependent.
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The MRI-conditional pacemaker system is now
available from all product manufacturers.

The authors would like to encourage the implanters
to seek for possible conditions that could indicate
the patients to have a chance of undergoing MRI
after device implantation and consider using MRI-
conditional pacemaker system for these group of
patients.

Potential conflicts of interest
The authors declare no conflict of interest.

References

1. Levine GN, Gomes AS, Arai AE, Bluemke DA,
Flamm SD, Kanal E, et al. Safety of magnetic
resonance imaging in patients with cardiovascular
devices: an American Heart Association scientific
statement from the Committee on Diagnostic
and Interventional Cardiac Catheterization,
Council on Clinical Cardiology, and the
Council on Cardiovascular Radiology and
Intervention: endorsed by the American College
of Cardiology Foundation, the North American
Society for Cardiac Imaging, and the Society for
Cardiovascular Magnetic Resonance. Circulation
2007;116:2878-91.

2.  Hundley WG, Bluemke DA, Finn JP, Flamm SD,
Fogel MA, Friedrich MG, et al. ACCF/ACR/
AHA/NASCI/SCMR 2010 expert consensus
document on cardiovascular magnetic resonance:
a report of the American College of Cardiology
Foundation Task Force on Expert Consensus
Documents. ] Am Coll Cardiol 2010;55:2614-62.

3. Roguin A, Zviman MM, Meininger GR, Rodrigues
ER, Dickfeld TM, Bluemke DA, et al. Modern
pacemaker and implantable cardioverter/de-
fibrillator systems can be magnetic resonance
imaging safe: in vitro and in vivo assessment of
safety and function at 1.5 T. Circulation 2004;110:
475-82.

4. Harden SP. MRI conditional pacemakers: the
start of a new era. Br J Radiol 2011;84:773-4.

5. Wilkoff BL, Bello D, Taborsky M, Vymazal J,
Kanal E, Heuer H, et al. Magnetic resonance
imaging in patients with a pacemaker system
designed for the magnetic resonance environment.
Heart Rhythm 2011;8:65-73.

6. LelakowskiJ, Majewski J, Bednarek J, Matecka B,
Zabek A. Pacemaker dependency after pacemaker
implantation. Cardiol J 2007;14:83-6.

7. Staessen J, Ector H, De Geest H. The underlying

1131



10.

11.

12.

13.

14.

15.

heart rhythm in patients with an artificial cardiac
pacemaker. Pacing Clin Electrophysiol 1982;5:
801-7.

Gimbel JR, Johnson D, Levine PA, Wilkoff BL. Safe
performance of magnetic resonance imaging on
five patients with permanent cardiac pacemakers.
Pacing Clin Electrophysiol 1996;19:913-9.
Sommer T, Lauck G, Schimpf R, von Smekal A,
Wolke S, Block W, et al. MRI in patients with
cardiac pacemakers: in vitro and in vivo evaluation
at 0.5 tesla. Rofo 1998;168:36-43.

Sommer T, Vahlhaus C, Lauck G, von Smekal
A, Reinke M, Hofer U, et al. MR imaging and
cardiac pacemakers: in-vitro evaluation and in-
vivo studies in 51 patients at 0.5 T. Radiology
2000;215:869-79.

Vahlhaus C, Sommer T, Lewalter T, Schimpf
R, Schumacher B, Jung W, et al. Interference
with cardiac pacemakers by magnetic resonance
imaging: are there irreversible changes at 0.5
Tesla? Pacing Clin Electrophysiol 2001;24:
489-95.

Strach K, Naehle CP, Muhlsteffen A, Hinz
M, Bernstein A, Thomas D, et al. Low-field
magnetic resonance imaging: increased safety for
pacemaker patients? Europace 2010;12:952-60.
Cohen JD, Costa HS, Russo RJ. Determining
the risks of magnetic resonance imaging at
1.5 tesla for patients with pacemakers and
implantable cardioverter defibrillators. Am J
Cardiol 2012;110:1631-6.

Martin ET, Coman JA, Shellock FG, Pulling CC,
Fair R, Jenkins K. Magnetic resonance imaging
and cardiac pacemaker safety at 1.5-Tesla. ] Am
Coll Cardiol 2004;43:1315-24.

Sommer T, Naehle CP, Yang A, Zeijlemaker V,
Hackenbroch M, Schmiedel A, et al. Strategy
for safe performance of extrathoracic magnetic
resonance imaging at 1.5 tesla in the presence
of cardiac pacemakers in non-pacemaker-
dependent patients: a prospective study with 115
examinations. Circulation 2006;114:1285-92.

1132

16.

17.

18.

19.

20.

21.

22.

23.

Gimbel JR, Bailey SM, Tchou PJ, Ruggieri PM,
Wilkoff BL. Strategies for the safe magnetic
resonance imaging of pacemaker-dependent
patients. Pacing Clin Electrophysiol 2005;28:
1041-6.

Nazarian S, Hansford R, Roguin A, Goldsher
D, Zviman MM, Lardo AC, et al. A prospective
evaluation of a protocol for magnetic resonance
imaging of patients with implanted cardiac
devices. Ann Intern Med 2011;155:415-24.
Irnich W, Irnich B, Bartsch C, Stertmann WA,
Gufler H, Weiler G. Do we need pacemakers
resistant to magnetic resonance imaging?
Europace 2005;7:353-65.

Luechinger R, Zeijlemaker VA, Pedersen EM,
Mortensen P, Falk E, Duru F, et al. In vivo heating
of pacemaker leads during magnetic resonance
imaging. Eur Heart J 2005;26:376-83.

Sutton R, Kanal E, Wilkoff BL, Bello D,
Luechinger R, Jenniskens I, et al. Safety of
magnetic resonance imaging of patients with a
new Medtronic EnRhythm MRI SureScan pacing
system: clinical study design. Trials 2008;9:68.
Nazarian S, Roguin A, Zviman MM, Lardo AC,
Dickfeld TL, Calkins H, et al. 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.

Gimbel JR. Magnetic resonance imaging of
implantable cardiac rhythm devices at 3.0 tesla.
Pacing Clin Electrophysiol 2008;31:795-801.
Brignole M, Auricchio A, Baron-Esquivias G,
Bordachar P, Boriani G, Breithardt OA, et al.
2013 ESC Guidelines on cardiac pacing and
cardiac resynchronization therapy: the Task Force
on cardiac pacing and resynchronization therapy
of the European Society of Cardiology (ESC).
Developed in collaboration with the European
Heart Rhythm Association (EHRA). Eur Heart J
2013;34:2281-329.

J Med Assoc Thai | Vol.101 | No.8 | 2018



