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Background: Recent studies have shown that magnetic resonance imaging (MRI) of patients with
pacemakers can be safely performed under careful monitoring, but they excluded patients with recently
implanted devices. Patients with recent implants may be at a greater risk for complications during MRI
imaging due to lack of lead and wound maturity.

Methods: We implemented a clinical protocol for MRI imaging of patients with implanted cardiac
devices, and prospectively collected data. For this study, we retrospectively analyzed two groups of
patients: those with recently implanted (≤42 days) and nonrecently implanted (>42 days) leads at the
time of MRI scanning. All devices were interrogated before and after scanning, and were reprogrammed
during the scan as per protocol.

Results: Of the 219 scans (in 171 patients), eight included patients with recently implanted (range:
7–36 days) and 211 with only nonrecently implanted pacemaker leads. During the scan, there were no
complications in the early or late group. In one patient imaged 79 days postimplant, frequent premature
ventricular complexes were noted during the scan, requiring no action. No patient reported pain during
or immediately after the procedure. No clinically significant changes in function were seen at subsequent
follow up (average 104 days post-MRI). Compared to patients with nonrecently implanted leads, there
was no difference in any parameter between the two groups.

Conclusions: With a strong clinical indication and with careful monitoring, MRI imaging is feasible in
patients with recently implanted pacemakers, although experience is limited. (PACE 2013; 36:1090–1095)

cardiac pacemaker, magnetic resonance imaging

Introduction
Magnetic resonance imaging (MRI) is a

diagnostic tool that has become prevalent in
many areas of medicine.1,2 With approximately
60 million scans carried out worldwide each
year, it is likely that a significant number of
scanned patients will have implanted pacemakers
or defibrillators.3,4 There have been concerns
with the safety of scanning patients with cardiac
devices. MRI scanning may cause heating of the
lead electrodes and tissue injury, inappropriate
pacing, movement of the lead, changes in pacing
threshold, and/or inhibition of pacing output.5–7
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Although several case studies and series have
shown that MRI scanning of patients with
implanted pacemakers can be safely performed
under careful monitoring, these series have
excluded patients with recently implanted (<6
weeks) devices.8,9 Early after implant, the leads
and pockets are less mature, scar tissue has
incompletely formed, and devices are at a higher
risk for a lead dislodgement.10 There is also
the possibility that a newer tissue-lead interface
(which may have more edema and less scar
tissue) may be more sensitive to the magnetic field
effects, and thus more susceptible to disruption
of normal pacing and sensing function. Due to
these risks, there may be a greater disinclination
amongst those administering MRI examinations
to allow recently implanted patients to undergo
this potentially beneficial diagnostic assessment.
In order to determine whether recently implanted
patients can be safely scanned, we compared pre-
to post-MRI device function in a series of patients
scanned early after implant, and also compared the
response to MRI in this group to patients scanned
late after implant.

©2013, The Authors. Journal compilation ©2013 Wiley Periodicals, Inc.
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Table I.

Exclusion Criteria for MRI Examination

1. <18 years of age
2. Known to be pacemaker dependent
3. Presence of more than one implanted pulse

generator
4. Evidence of inadequate pacemaker function
5. Abnormal baseline Troponin-I (TNI > 0.03 ng/mL)

and/or creatine kinase-MB (CK-MB >6.2)
6. Requires continuous intravenous medication,

especially for cardiac support

Methods
In January 2008 Mayo Clinic Heart Rhythm

services and radiology service introduced a
joint clinical protocol to permit MRI scanning
of patients with implantable cardiac devices.
Patients with an implantable cardiac device
in whom a diagnostic MRI was required who
were not pacemaker dependent were eligible.
The records of all patients were reviewed by a
radiologist to determine whether an alternative
imaging modality could be used to provide
diagnostic information with reduced risk. In-
clusion and exclusion criteria and our early
experience have been previously reported.11 In
brief, all patients underwent informed consent;
assessment of electrogram amplitude, impedance,
and pacing thresholds before and after scanning;
and measurement of troponin and creatine kinase
- MB isoenzyme (CK-MB) before and after the
examination. The criteria for patient exclusion
are shown in Table I. In our early experience,
patients with newly implanted lead (<42 days)
were excluded. Subsequently, with increasing
experience, patients with recent implants (<42
days) with a medically compelling indication for
scanning were imaged.

MRI Protocol

Scans were performed on a 1.5-T Clinical
MRI machine, limiting the specific absorption
rate (SAR) to 1.5 W/kg for up to 30 minutes of
acquisition time. During each MRI procedure, a
radiologist, an MRI physicist, and a heart rhythm
cardiologist or nurse specialist were present. The
patient’s intrinsic rate was determined before
scanning. The pacemaker was programmed to
asynchronous pacing at 20 beats/min above the
intrinsic rate (not exceeding 110 beats/min) in
AOO, VOO, or DOO mode. If the intrinsic rate was
above 90 beats/min, the device was programmed
to a monitor-only mode (OAO, OVO, or ODO). In
the absence of such a mode, subthreshold outputs

were programmed, as per the Mayo Clinic proto-
col. The patient was monitored by a cardiologist
or a pacemaker nurse throughout the MRI exam-
ination using pulse oximetry, CO2 measurement,
and electrocardiography. After completion of the
test, the device was re-interrogated for the same
measurements as mentioned previously. Patients
were asked if they felt any pain or discomfort
following the MR scan.

Data Analysis

All data pertaining to the scan were prospec-
tively entered into a database, which was ret-
rospectively analyzed for this study. For this
analysis, patients were sorted into two groups:
lead implant duration ≤42 days (early group)
and implant duration >42 days (late group).
Comparisons of the parameters pre-MRI versus
post-MRI were made using Generalized Estimating
Equation (GEE) models to try to account for the
potential correlation from MRIs from the same
patients. Similarly, the comparisons between the
early and late implants were completed with
the GEE types of models. All calculations were
completed using SAS version 9.3 (SAS Institute
Inc., Cary, NC, USA) This study was approved by
the Mayo Clinic Institutional Review Board.

Results
Patient Inclusion and Examinations

A total of 171 patients met the inclusion
criteria for analysis; 100 (58%) were men. The
most common site for the magnetic resonance was
the head and neck (n = 148), followed by the spine
(n = 18). The 171 patients received a total of
219 scans. Eighty-five patients had dual-chamber
systems (90%), and in the early group six of eight
patients had dual-chamber devices (75%). One
early-group patient had a permanent device used
as a temporary pacemaker. With a “permanent-
temporary” the pulse generator is not implanted,
but rather taped temporarily to the skin and
connected to a permanent lead (Medtronic 5076,
Medtronic Inc., Minneapolis, MN, USA) placed
percutaneously. This strategy permits patients to
be ambulatory in the hospital with a temporary
pacemaker in place. Clinical details of the eight
patients who underwent MRI scanning in the early
group are summarized in Table II. One patient in
the early group did have a ventricular impedance
increase from 550 � to 950 �, with no change in R
wave, P wave, or threshold on either lead. At the
time of scanning, the mean implant duration was
24 days in the recent group versus 1,150 days in
the late group.

During the scan, there were no complications
in the early group. No patient reported pain during
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or immediately after the procedure. One patient
with a chest radiograph before and after scanning
had no evidence of dislodgment.

Baseline versus Post-MRI Data

In pre- versus post-MRI analysis for all
patients, the R wave measured 11.2 ± 5.8
mV versus 10.8 ± 5.2 mV (P = 0.003), the
ventricular impedance measured 563 ± 178
versus 559 ± 171 � (P = 0.33), and ventric-
ular threshold measured 0.87 ± 0.58 versus
0.90 ± 0.59 (P = 0.009). In addition, the P-
wave dropped from 2.8 mV ± 1.6 to 2.7 ±
1.6 mV (P = 0.07), atrial impedance decreased
from 524 ± 150 � to 519 ± 147 � (P = 0.001),
and atrial threshold was 0.8 ± 0.6 V versus 0.8 ±
0.5 V (at 0.5 ms; P = 0.21).

The pre- and post-MRI data for the patients
with early implant are displayed in Figure 1, A–
C, and detailed in Table II. Table III compares
device characteristics in early versus late scanned
patients. The mean change in CK-MB among the
119 patients in the total population with pre- and
post-MRI values was 0.11 ± 3.97, with a maximum
increase in any patient of 17 (in a patient in the
late group). Figure 2 shows pre- and post-MRI CK-
MB levels in the early group. The mean change
in troponin was 0.04 ± 0.035, with the maximum
change in any individual of 0.35 (in a patient in
the late group).

In a regression analysis including all 171
patients scanned, implant duration at the time
of scanning did not predict change in pacing
variables.

Discussion
In this study, we evaluated the safety of

MRI scanning of patients with pacemakers leads
implanted for less than 42 days, and found no
significant complications. MRI examination of
patients with implanted pacemakers entails many
potential hazards including mechanical forces
on ferromagnetic components introduced by the
static magnetic field; heating of cardiac tissue
adjacent to electrodes and over- or undersensing
due to modulated radiofrequency fields; induction
of electrode voltages, arrhythmias, and sensing
errors due to the gradient magnetic fields;
and vibration and alteration of function due
to combined effects.12 Early after implant the
leads and pockets are less mature, scar tissue
has incompletely formed, the electrode-tissue
interface is less stable, and devices are at a
higher risk for a lead dislodgement,11 poten-
tially increasing the risk of system malfunction
when scanned early after implant. However,
our data indicate that MRI examinations can
be safely performed in selected patients by

Figure 1. (A) Pre- and post-magnetic resonance imag-
ing (MRI) R-wave measurements for early group. (B)
Pre- and post-MRI ventricular threshold measurements
for early group. (C) Pre- and post-MRI ventricular
impedance measurements for early group.

PACE, Vol. 36 September 2013 1093
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Table III.

Pacemaker Characteristics in the Early and Late Groups

Variable Early (Mean ± SD) n = 8 Late (Mean ± SD) n = 211 GEE P Value

P wave pre-MRI 2.6 ± 1.1 (n = 6) 2.8 ± 1.6 (n = 181) 8 0.94
P wave post-MRI 2.7 ± 1.4 (n = 6) 2.7 ± 1.6 (n = 170) 0.87
P wave change (pre-post) –0.07 ± 0.45 (n = 6) 0.12 ± 0.84 (n = 168) 0.87
R wave pre-MRI 9.5 ± 5.8 (n = 7) 11.3 ± 5.8 (n = 204) 0.71
R wave post-MRI 8.8 ± 5.4 (n = 7) 10.9 ± 5.4 (n = 194) 0.65
R wave change (pre-post) 0.6 ± 1.0 (n = 7) 0.4 ± 2.0 (n = 193) 0.56
RA impedance pre-MRI 441 ± 91 (n = 6) 527 ± 151 (n = 182) 0.10
RA impedance post-MRI 451 ± 78 (n = 6) 522 ± 148 (n = 172) 0.19
RA impedance change (pre-post) –10 ± 28 (n = 6) 7 ± 26 (n = 171) 0.26
RV impedance pre 523 ± 76 (n = 7) 564 ± 180 (n = 201) 0.74
RV impedance post 578 ± 190 ( n = 7) 558 ± 171 (n = 195) 0.95
RV impedance diff (pre-post) –53 ± 157 (n = 7) 5 ± 36 (n = 192) 0.97
RA threshold pre 0.79 ± 0.33 (n = 6) 0.80 ± 0.57 (n = 162) 0.67
RA threshold post 0.71 ± 0.33 (n = 6) 0.82 ± 0.55 (n = 157) 0.63
RA threshold change (pre-post) 0.08 ± 0.20 (n = 6) –0.03 ± 0.19 (n = 154) 0.13
RV threshold pre 0.82 ± 0.37 (n = 7) 0.87 ± 0.57 (n = 203) 0.84
RV threshold post 0.79 ± 0.39 (n = 7) 0.90 ± 0.59 (n = 195) 0.48
RV threshold diff (pre-post) 0.04 ± 0.30(n = 7) –0.04 ± 0.19 (n = 193) 0.45
CK-MB-pre 2.0 ± 0.7 (n = 6) 5.0 ± 14.5 (n = 163) 0.06
CK-MB-post 2.2 ± 0.6 (n = 5) 6.5 ± 18.0 (n = 122) 0.03
CK-MB diff pre-post 0.02 ± 0.4 (n = 5) 0.1 ± 4.1 (n = 114) 0.83

CK-MB = creatine kinase MB; GEE = Generalized Estimating Equation; MRI = magnetic resonance imaging; RA = right atrial; RV =
right ventricular; SD = standard deviation.

Figure 2. Pre- and post-MRI CK-MB in the early
group. CK-MB = creatine kinase MB; MRI = magnetic
resonance imaging.

using continuous monitoring of electrocardiogram
and oxygen saturation by a heart rhythm nurse
or physician, and by limiting SAR values to
1.5 W/kg.11

Several observations during our study suggest
lack of tissue injury when scanning MRI patients
early postimplant. First, there was no significant
change in CK-MB or troponin levels, indicating
lack of necrosis or injury in a meaningful volume
of myocardium. This was corroborated by the lack
of substantive changes in threshold before and
after MRI, and absence of patient pain. Following
MRI, there was a small, statistically significant, but
clinically insignificant, diminution in electrogram
amplitude (R wave 11.2 ± 5.8 mV vs 10.8 ± 5.2 mV,
P = 0.003) with ventricular threshold increase
from 0.87 ± 0.58 vs 0.90 ± 0.59, P = 0.009).
There was a trend toward a similar drop in P
wave, likely not statistically significant due to
the smaller number of patients with atrial leads.
These changes appeared to be present irrespective
of the duration of the implant. None of the
changes present impacted appropriate clinical
device function, and thus our findings indicate it
is safe to scan patients using 1.5 Tesla magnets
while limiting SAR to 1.5 W/kg, even with recently
implanted systems. However, caution should be
used if stronger magnets or if more energy is
delivered into the tissues.

One patient had a right ventricular impedance
increase from 550 � to 950 � following implant.

1094 September 2013 PACE, Vol. 36
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That patient was scanned 36 days postimplant,
and ventricular impedance trends before the
MRI had varied from 190 � to 990 �. There
was no change in R wave or threshold before
and after MRI. The clinical significance of this
impedance change is uncertain, and the patient
being followed clinically.

Several important steps insured patient
safety. Heart rhythm specialists certified in
advanced cardiac life support were present during
the entire scan, and were authorized to immedi-
ately stop the scan if changes in blood pressure or
rhythm developed, or if monitoring systems devel-
oped interference precluding accurate assessment.
No such interruptions, however, were required
in the early implant group. Although at least
ten deaths have been reported in patients with
implanted pacemakers undergoing MRI examina-
tion, these occurred in patients with older pacing
systems scanned in the late 1980s, and none were
electrocardiogaphically monitored.13 In addition
to monitoring, in our series patients’ devices were
reprogrammed before MRI to an asynchronous
mode to protect against inappropriate therapies
caused by detection of radiofrequency energy.

Previous studies involving patients with pace-
makers and implantable cardioverter defibrillators
undergoing MRI scanning have demonstrated
safety.2,9,11,13,14 However, we extend these ob-
servations as previous studies excluded patients
with very recently implanted pacemakers. Two
of the eight pacing systems in our early group
were RevoMRI systems (Medtronic Inc.), which
have been approved by the United States Food
and Drug Administration as conditionally safe for

MRI scanning. An additional system used a Revo
pulse generator with a non-MRI conditionally
safe lead. In the Revo system study, 464 patients
were randomized to undergo MRI scanning or not
following implantation of a specially designed
dual-chamber pacemaker, with no adverse effect
found on patient outcomes or pacemaker system
function. Noteworthy is that early implants were
not imaged, as patients were scanned between 9
and 12 weeks after implantation.2 Goldsher et al.15

reported MRI imaging of a patient one day after
implantation of an AAI system (Medtonic 5594
CapSure SP Novus lead, Medtronic, Inc.) without
complication. We extend their observations by
including early MRI imaging of patients with ven-
tricular leads, in whom the potential arrhythmic
risks are higher, and by increasing the number
of observations. However, it is important to note
that because the overall number of cases with
recently implanted pacemakers in this study is
small, the benefits/risks of each individual case
must be weighed before performing an MRI early
after implantation. Nonetheless, our data show
that it is feasible to have these patients safely
undergo MRI when it is necessary.

Conclusions
Recent pacemaker and lead implantation (less

than 42 days) is not an absolute contraindication
for MRI examination. Adherence to a strict
protocol that includes the presence of appropriate
experts and continuous monitoring permits pa-
tients with newly implanted pacemakers to benefit
from diagnostic assessment via MRI, although
experience remains limited.
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