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Electromagnetic interference produced by medical equipment can interact with implanted cardiac devices such
as pacemakers and implantable cardioverter-defibrillators. The most commonly observed interaction is in the
operating room with electrosurgery. The risk of interactions can often be mitigated by close communication
between the cardiac-device specialist and the anesthesiology/surgical team to develop a patient-specific
strategy that accounts for factors such as type of device, type of surgery, and whether the patient is pacemaker
dependent. Although magnetic resonance imaging should generally not be used in patients with implanted
cardiac devices, several published guidelines provide strategies and recommendations for managing risks if
magnetic resonance imaging is required with no suitable diagnostic alternatives. Other common sources of elec-
tromagnetic interference in the medical environment are ionizing radiation and left ventricular assist devices.

Introduction
There are multiple sources of electromagnetic interfer-
ence (EMI) in the medical setting (Table 1), and rec-
ommendations for management in patients with cardiac
implantable electronic devices (CIEDs) such as pacemak-
ers and implantable cardioverter-defibrillators (ICDs) have
been published in the Heart Rhythm Society/American Soci-
ety of Anesthesiology Guidelines and in other reviews.1,2

The most common source of EMI in the medical environ-
ment is electrosurgery (Figure 1). It is also important for
the clinician to understand possible interactions between
CIEDs and commonly used medical sources of EMI such
as magnetic resonance imaging (MRI), ventricular assist
devices, therapeutic ionizing radiation, and cardioversion.

Electrosurgery
Electrosurgery uses plasma arcs generated from alternating
current in the radiofrequency (RF) range (100–5000 kHz) to
cut or coagulate tissue. Most commonly the current is deliv-
ered between a cauterizing instrument and a large ‘‘return’’
electrode placed on the skin (monopolar configuration), but
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in some cases current is delivered in a bipolar configuration
where electrical energy is delivered between the 2 elec-
trodes at the tip of the surgical instrument.2 Because the
EMI field is so small, bipolar electrosurgery does not interact
with CIEDs and can be used without any special precautions.
On the other hand, monopolar electrosurgery is the most
common medical cause of EMI interaction with CIEDs.

Interaction between CIEDs and electrosurgery can be
effectively managed in most circumstances by taking a
few simple steps. The most critical step for elective
procedures is preoperative communication between the
CIED management team and anesthesiologists. A de novo
preoperative evaluation is generally not required. The
likelihood and risk of CIED and electrosurgery interaction
depend on patient/CIED factors and surgical factors. For
example, interaction is less likely as the distance between
the CIED and the surgical field increases. In fact, procedures
below the umbilicus are unlikely to generate EMI sensed
by the CIED if the CIED is placed in the usual position
in the upper chest and the return pad for electrosurgery
is placed on the lower body (thigh or gluteal region).
In the largest published case series to date, EMI-CIED
interaction was observed when the electrosurgery was
performed within 8 cm of the CIED.3 In a more recent
preliminary report of 171 patients with ICDs, EMI was
identified in 9 of 22 surgical procedures performed above
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Table 1. Recommendations to Minimize Electromagnetic Interference in Medical Settings

Electrosurgery

1. Maximize distance between site of monopolar electrosurgery and the CIED. Consider bipolar electrosurgery if required near the CIED.
2. Use the minimum power settings required for adequate electrosurgery.
3. For monopolar electrosurgery, place the return electrode at a site where the current path is kept as far as possible from the CIED. Often, the thigh

on the leg contralateral to the CIED will be the best location.
4. For surgeries below the umbilicus, often no specific procedures are required for CIEDs. However, in some cases (patients with ICD or who are

pacemaker dependent), reprogramming or magnet application may be considered.
5. Procedures above the umbilicus are more likely to be associated with EMI, and reprogramming or magnet application may be required, particularly

if the patient has an ICD or is pacemaker dependent.
6. Using short bursts of electrosurgery may be required if inhibition is observed.
7. Continuously monitor the patient with plethysmography or arterial pressure.
8. After the surgery, address any preoperative programming changes that were made, and consider interrogation for any surgery with a higher

likelihood of EMI.

MRI (see Table 2)

LVAD

1. Surgeons implanting the HeartMate II LVAD should be notified and be aware of possible loss of ICD telemetry in some types of ICDs.
2. Interrogate before and immediately after LVAD implantation.
3. If there is loss of ICD telemetry, metal shielding and/or implanting an ICD from a different manufacturer may be required.

Radiation therapy

1. Avoid direct irradiation of the CIED.
2. Consider relocation of the device if it is within the radiation field.
3. Review with the manufacturer the susceptibility of the device to radiation effects.
4. Establish the pacemaker dependency of the patient.
5. Shield the pulse generator if possible.
6. The absorbed dose to be received by the ICD should be estimated before treatment.
7. Continuously monitor the patient’s ECG.
8. Consider intermittent testing of the CIED during and after radiation therapy.

Cardioversion

1. Use an anterior-posterior patch position, with the patches positioned as far from the CIED as possible (>8 cm).
2. Evaluate CIED function after cardioversion.

TENS

1. Assess the likelihood and patient risk of TENS for CIED interaction: location of TENS, pacemaker dependency, ICD vs pacemaker.
2. Perform initial supervised testing of TENS use with monitoring to evaluate for interference.
3. Set pacemaker sensing polarity to bipolar.
4. Program OFF impedance-based sensors such as minute ventilation.
5. Place the TENS electrodes close to each other and perpendicular to the device leads.
6. Avoid treatment in the chest area; TENS can often be done safely in the lower extremities.

Radiofrequency ablation, lithotripsy, ECT

1. Generally, no specific programming is required.
2. It is reasonable to have a magnet available.
3. Cardiac monitoring is reasonable, particularly in those patients who are pacemaker dependent.

Abbreviations: CIED, cardiovascular implantable electronic device; ECG, electrocardiogram; ECT, electroconvulsive therapy; EMI, electromagnetic
interference; ICD, implantable cardioverter-defibrillator; LVAD, left ventricular assist device; MRI, magnetic resonance imaging; TENS, transcutaneous
electrical nerve stimulation.

the umbilicus but in none of 53 procedures performed below
the umbilicus.4 Often, a magnet is applied to ICDs during
surgical procedures, because in most cases magnets will
suspend tachycardia therapy. However, it is important to
know that exceptions do exist and that in some cases the
response to magnet application is a programmable option.
Recently published guidelines suggest that for surgical
procedures below the umbilicus, no intervention or magnet
application are both reasonable options.1 For procedures
above the umbilicus, where a higher likelihood of EMI

and CIED interaction exists, inactivation of ICDs by either
programming or magnet application are both reasonable
options. For pacing systems without ICD function, the best
option will often depend on whether or not the patient
is pacemaker dependent. In those patients who are not
pacemaker dependent, often no programming changes
are required. In patients who are pacemaker dependent,
where inhibition of output may lead to asystole or profound
bradycardia, asynchronous pacing by mode programming
or magnet application may be necessary. Other strategies to

322 Clin. Cardiol. 35, 6, 321–328 (2012)
J. Misiri et al: EMI interactions with ICDs: Part II
Published online in Wiley Online Library (wileyonlinelibrary.com)
DOI:10.1002/clc.21997 © 2012 Wiley Periodicals, Inc.



Figure 1. Atrial electrograms during electrosurgery used for contralateral shoulder surgery. During electrosurgery, atrial sensing of EMI (*) and intrinsic
atrial activity (arrows) is observed. Abbreviations: AS, atrial sensing; EMI, electromagnetic interference.

minimize risk to the patient are to use bipolar electrosurgery
if possible and, if monopolar electrosurgery is required, to
position the indifferent electrode so that the current path
between the surgical field and the indifferent electrode is as
far from the CIED as possible, and to use only short bursts
of electrosurgery with the lowest clinically effective energy.
Intraoperatively, plethysmographic or arterial pressure
monitoring is essential, because electrosurgery will often
cause artifacts on electrocardiographic (ECG) monitoring
equipment, rendering surface ECG leads uninterpretable.

It is important to remember that after the surgery is
completed, any preoperative programming changes that
have been made must be addressed. In a retrospective
single-center study, inadvertent inactivation of ICDs was
found in 4 patients, 2 after surgery.5 In an evaluation of a
database of ICD patients maintained by the US Food and
Drug Administration (FDA) and device manufacturers, of
212 deaths documented between 1996 and 2003, 11 ICDs
were deactivated, 3 after surgery.6

Magnetic Resonance Imaging
Magnetic resonance imaging offers several advantages
over other available imaging techniques but has been
considered to be contraindicated in patients with CIEDs.
It has been estimated that patients with pacemakers or
ICDs have a 50%–75% likelihood of developing a clini-
cal indication for MRI over the lifespan of the device, so
manufacturers have been interested in developing ‘‘MRI-
compatible/safe’’ implantable devices.7 All 3 components of
the MRI—the static magnetic field, rapidly varying mag-
netic fields (100–200 Hz), and electromagnetic RF fields
(60–70 MHz)—have the potential to affect the function of
the CIED.7–24

The static magnetic field of the MRI will usually close
the reed switch of the pacemaker, resulting in a mag-
net mode function that results in asynchronous pacing at
a manufacturer-determined rate. Asynchronous pacing is
usually tolerated well, with only rare cases of hemodynamic
compromise or development of atrial or ventricular arrhyth-
mias due to pacing stimuli being delivered in the vulnerable
periods of atria and/or ventricles leading to repetitive
beating.8–11 Theoretically, the static magnetic field could
also cause sufficient torque in CIEDs within the device
pocket, but no significant physical device movement has

been documented (although some patients have reported
a vibrating sensation) in newer devices that use less ferro-
magnetic material than older ones.8

The alternating magnetic fields and the rapid RF pulses
may induce inappropriate device function with rapid pac-
ing corresponding to the frequency of pulsing due to
effects of RF energy on the pacemaker output circuits.11

Electrode heating with tissue thermal injury at the electrode-
myocardial tissue interface is another potential adverse
effect.11,14–17 Heating is more pronounced with abandoned
leads due to resonance from the similarity in the wavelength
of the RF field of a 1.5-Tesla (T) MRI and the length of a
standard lead.12 In addition, heating at the tip of an aban-
doned lead is higher than when the lead is connected to
a pulse generator because the lead can be modeled as an
‘‘electrical open,’’ as the connector is usually insulated by a
plastic cap.12 A substantial increase in capture threshold has
been reported after MRI at 1.5 T in some patients with pace-
makers, which was attributed to thermal injury in proximity
to the pacemaker lead tip.8–10 If the results from 3 studies
that used troponin release as a marker for myocardial injury
associated with MRI are combined, an abnormal troponin
elevation that correlated with increase in pacing capture
threshold was observed in only 1 of 206 examinations.20–22 It
is important to remember that patients with abandoned leads
have generally been excluded from in vivo studies and that
very little is known about the effects of MRI in these patients.

To date, approximately 2000 patients with conventional
CIEDs who have undergone MRI with no significant delete-
rious effects on the device are described in the literature.7–23

In the largest study to date, 555 MRI studies were performed
in 438 patients with CIEDs (54% with pacemakers, 46% with
ICDs).24 Patients with recently implanted leads (<6 wk),
epicardial leads, abandoned leads, and pacemaker depen-
dency were excluded. The MRI studies (brain, 40%; spine,
22%; heart, 16%; abdomen or pelvis, 13%; extremity, 9%)
were performed using a 1.5-T scanner. During the MRI, 3
CIEDs went to power-on reset state, and small, clinically
insignificant decreases in ventricular signal and increases
in ventricular capture threshold were observed both acutely
and at 6-month follow-up. There have been sporadic reports
of fatalities temporally related to MRI examinations in
patients with CIEDs. Two deaths were described in one
review: 1 patient developed asystole and another ventricular
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fibrillation during the MRI.16 In the most comprehensive
evaluation of possible deaths associated with MRI, a query
of 30 legal medicine departments in Germany identified 6
cases where patients with pacemakers died during an MRI
scan. Interestingly, in all 6 the indication for pacing was
sinus-node dysfunction, and none of the patients were pace-
maker dependent. In 3 of the cases ventricular fibrillation
was observed, and the MRI strength was 0.5 T in 3 cases, 1.0
T in 1, and 1.5 T in 2.17 It is important to note that identifica-
tion of these patients who died during an MRI examination
does not provide insight into the actual cause of death, and
the presence of a CIED may have been coincidental.

Three professional societies, the American Heart Asso-
ciation (AHA), the European Society of Cardiology (ESC),
and the American College of Radiology (ACR), have pub-
lished position statements, guideline-type documents, or
scientific statements on performing MRI in patients with
CIEDs (Table 2).18–20 Despite some differences in their rec-
ommendations, all emphasize that the decision to perform
an MRI must be made on a patient-specific basis with careful
and thorough assessment of the potential risks and bene-
fits, and all stress the importance of performing the MRI
at an experienced center with close coordination between
cardiology and radiology services. The AHA and ESC docu-
ments provide more specific recommendations based on the
type of CIED and whether or not the patient is pacemaker
dependent (Table 2).

This is a field that is rapidly evolving. Recently, results
from a multicenter trial that evaluated the use of a pacing
system (both pacemaker and leads) designed specifically
to reduce the likelihood of MRI-CIED interaction have
been published.25 This pacing system was implanted in
464 patients, who were then randomized to MRI (head and
lumbar sequences with a 1.5-T scanner) or no MRI at 9–12
weeks. At the 1-week and 1-month follow-up, there were
no differences between the 2 groups in pacing parameters
or development of complications associated with the MRI.
Based on the results of this study, the FDA approved the use
of this pacing system in early 2011. It is important to keep
several caveats in mind. First, in this study MRI of the chest
area was not performed, and a larger postmarket surveil-
lance study should be considered to identify infrequent
adverse events. Second, these pacing systems are more
expensive than standard systems. Finally, and most impor-
tant, although some authors have estimated that 50%–75% of
patients with CIEDs will need an MRI, this number is prob-
ably a significant overestimate, as often the clinical question
can be answered by using alternative imaging modalities.

Left Ventricular Assist Devices
Placement of a left ventricular assist device (LVAD) has
become an important option for the treatment of heart
failure, either as a bridge to transplant or as destination

Table 2. Summary of Different Guidelines for the Use of Magnetic Resonance Imaging in Patients With Cardiovascular Implantable Electronic Devices

AHA Scientific Statement ESC Position Paper ACR Guidance Document

Patient selection Should not be performed in
pacemaker-dependent patients or patients
with ICDs unless there are ‘‘highly
compelling circumstances’’; discouraged in
non–pacemaker-dependent patients unless
there is a ‘‘strong clinical indication’’

Pacemaker-dependent patients (very
high risk), ICD patients (high risk),
non–pacemaker-dependent patients
(low risk)

CIEDs are a relative contraindication to
MRI; MRI should be performed on a
‘‘case-by-case and site-by-site
basis.’’

MRI
considerations

Lowest RF power levels, weakest/ slowest
necessary gradient magnetic fields

Field strength <1.5 T; limit SAR—no
SAR >2 W/kg; minimize number/
length of sequences; send/receive
coils preferred to surface coils

None given

Preoperative
CIED
evaluation

Interrogate the CIED; program to
asynchronous pacing for
pacemaker-dependent patients; disable
tachycardia therapy in ICD patients

Interrogate the CIED; program to
asynchronous pacing for
pacemaker-dependent patients;
disable tachycardia therapy in ICD
patients; program to bipolar sensing;
disable special algorithms (eg, rate
adaptation)

No specific recommendations

Intraoperative Monitor heart rhythm and vital signs; audio
and visual contact; crash cart available;
appropriate personnel available

ECG and pulse oximetry; audio and
visual contact; crash cart available;
ACLS-certified personnel available;
CIED programmer available

ECG and pulse oximetry; crash cart
available; radiology and cardiology
personnel available

Postoperative
CIED
evaluation

For any ICDs and pacemaker-dependent
patients, interrogate the CIED and
reprogram to original parameters; for
non–pacemaker-dependent patients,
reprogram as needed

Reinterrogate the CIED and reprogram
to original parameters if required;
interrogate the CIED at 1 week and
3 months

Reinterrogate the CIED; interrogate
the CIED again 1–6 weeks after the
MRI

Abbreviations: ACLS, advanced cardiac life support; ACR, American College of Radiology; AHA, American Heart Association; CIED, cardiovascular
implantable electronic device; ECG, electrocardiography; ESC, European Society of Cardiology; ICD, implantable cardioverter-defibrillator; MRI, magnetic
resonance imaging; RF, radiofrequency; SAR: specific absorption rate.
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therapy.26,27 Not surprisingly, there have been recent
reports of interactions between CIEDs and LVADs.28–35

Two recent small retrospective studies of patients
with ICDs at the time of LVAD placement reported
significant changes in ventricular-lead function after LVAD
implantation, which appeared to persist over time. These
changes included a decrease in the amplitude of the sensed
ventricular electrogram, increase in capture threshold, and
decreased lead impedance thought to be due to lead
insulation breach during surgery.28,29 Because the changes
are almost always observed in patients with right ventricular
leads, it is likely that placement of the LVAD cannula in the
left ventricular apex causes changes in ventricular geometry
or actual mechanical damage to the ventricular lead. As a
result of alterations in lead parameters, in one of the above-
cited series 4 patients (13%) required lead revision and 6
patients (20%) required ICD testing because of decreases in
the sensed R wave identified after LVAD implant.29

There is one case in the medical literature of EMI between
the LVAD and an ICD that resulted in an inappropriate
shock due to oversensing of noise generated by the LVAD
battery system.30 A unique interaction between LVADs
and a manufacturer-specific (St. Jude Medical) CIED is
loss of telemetry.31–35 The problem arises because the
HeartMate II LVAD pulse-width modulators, which serve
to regulate voltage input to the LVAD motor, operate at
the 7.2-kHz frequency and interfere with the 8-KHz ICD
telemetry operating frequency used by St. Jude Medical. To
resume communication between the programmer and ICD,
some patients have required use of metal shielding or ICD
replacement with a device that communicates on a different
frequency. Despite the potential for interactions between
LVADs and CIEDs, generally these devices can coexist if a
few simple guidelines are followed (Table 1).

Radiotherapy (Diagnostic and Therapeutic)
Diagnostic radiation generally does not have any significant
adverse effect on CIEDs. Transient effects due to
oversensing have been reported when the CIEDs were
exposed to multislice computed tomography, but clinical
symptoms are rarely observed.36,37

There are 2 documented effects of therapeutic radia-
tion therapy on CIEDs.1,2,38–43 First, the EMI can result
in output inhibition, inappropriate tracking, activation of
noise algorithms, and, in ICDs, inappropriate antitachycar-
dia therapy due to device oversensing. Second, a problem
unique to therapeutic radiation is direct effects to CIED
circuitry that can lead to temporary or permanent changes.
The current widespread use of complementary metal oxide
semiconductors (CMOS) in modern programmable devices
has made them more vulnerable to ionizing effects via dam-
age to the silicon and the silicon oxide insulators within the
semiconductors.1,2,38–43 The effect of radiation on implanted
devices is cumulative and depends on the type of radiation,
and the location and type of CIED.1,2,38–43 The mode of
device failure is somewhat unpredictable, due in part to the
random nature of the specific site of the CIED circuitry
that is affected. The dose at the point of failure can vary
dramatically. In a study of 11 patients with ICDs, the dose at
point of failure ranged from 0.5 to 120 Gy even for the same

device.41 Recent reports include 8 patients with pacemakers
who underwent radiation therapy to the neck or chest area
with no untoward effects observed during the treatment ses-
sions or after a median follow-up of 5 months, and another
case report of an ICD that had a power-on reset even though
the device was located outside the radiation field.42,43

Device manufacturers have provided guidelines for
patients undergoing radiation therapy. All of the major
manufacturers do not recommend radiation therapy if
the CIED is within the treatment field. The maximal
recommended dose a CIED generator can tolerate varies
from manufacturer to manufacturer: St. Jude Medical
lists 20–30 Gy for pacemakers and does not make
recommendations for ICDs; Medtronic lists 5 Gy for
pacemakers and 1–5 Gy for ICDs; Boston Scientific states
that there is no safe dose for CIEDs; and Biotronik lists 10
Gy for pacemakers and does not make recommendations
for ICDs. Professional societies provide some guidance.
Almost 2 decades ago, the American Association of
Physicists in Medicine published guidelines for radiation
therapy in patients with pacemakers that emphasized the
importance of excluding the pacemaker from the radiation
field and recommended a maximal dose of 2 Gy. More
recently, the Heart Rhythm Society/American Society of
Anesthesiologists Expert Consensus Statement provides
several broad recommendations.3 In some high-risk cases
in which a direct beam to the chest or high-energy
photon radiation is used, CIEDs should be evaluated
within 24 hours of each treatment; whereas in lower-risk
cases (for example, non–pacemaker-dependent patients),
weekly evaluation may be appropriate. Remote monitoring,
if available, can be used for this purpose. One practical
solution provided in the Consensus Statement is to program
the device to a relatively high rate that exceeds the patient’s
intrinsic rate, and have the radiation therapy staff check the
heart rate after each treatment. If the heart rate is lower than
the programmed rate, the patient should be referred for a
formal CIED check, as a power-on reset may have occurred
(power-on reset rates for most manufacturers are <80 bpm).

In all situations, close collaboration between members
of the CIED and radiation therapy teams is required
because, for optimum patient safety and therapy yield, an
individualized treatment plan is required.

Cardioversion
External direct cardioversion or defibrillation may result
in CIED malfunction. All permanent pacing systems and
ICDs utilize a special circuit composed of several zener
diodes that is designed to protect the CIED electronics
from high voltage by shunting away any excess energy.
However, this may result in delivery of sufficient energy
at the electrode-myocardial interface to cause changes in
pacing and sensing function. Potential adverse interactions
between cardiac pacemakers and electrical cardioversion
or defibrillation include activation of the backup func-
tion at the manufacturer-specific backup rate, pacing-mode
change (reported with some older unipolar pacemak-
ers), and increases in myocardial stimulation thresholds
(Figure 2).44–47 These capture threshold increases may
be transient, with an acute loss of capture and complete
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CV

3 minutes
SS

Figure 2. Immediately after external cardioversion, loss of capture (*) and
sensing is present. After 3 minutes, sensing returns first, followed by
ventricular capture. Abbreviations: CV, cardioversion; S, sensing.

recovery of function some time later, but in rare cases
the increase in threshold is permanent.47 In an older
study utilizing unipolar leads and an anterior-apical patch
configuration for cardioversion, transient loss of capture
occurred in 50% of patients, with a time range of 5
seconds to 30 minutes.46 Conversely, cardioversion appears
to have very few adverse effects in pacing systems using
bipolar leads if an anterior-posterior pad position is chosen,
with the pads as far away from the CIED as possible
(>8 cm).48 In a randomized controlled study of 44 patients
with pacemakers with no preprocedure programming, no
evidence of device or clinically significant lead malfunction
was detected at interrogations performed 1 hour and 1
week after cardioversion. In general, using simple risk-
mitigation steps, both cardioversion and defibrillation can
be performed without problems (Table 1).

Other Medical Equipment, Radiofrequency Ablation,
Transcutaneous Electrical Nerve Stimulation, Lithotripsy,
Electroconvulsive Therapy
Interactions between CIEDs and a variety of medical equip-
ment, such as dental equipment, have been described,
generally in older generations of devices that used unipo-
lar leads.2 Interestingly, more recent reports of potential
interactions between dental equipment and CIEDs probably
represent EMI with the ECG telemetry rather than with
the CIED. Although capsule endoscopy devices carry warn-
ings about use in patients with CIEDs, clinical studies have
failed to show any interactions.3,49 One unique interaction
is between pacemakers that use minute ventilation as a
rate-adaptive sensor and some cardiac telemetry monitors
that monitor respiratory rate using changes in impedance
observed by sending very-small-amplitude, high-frequency
currents through the ECG leads.50,51 Several case reports
have been published describing unexpected pacing at high
rates due to activation of the minute ventilation sensor within
the CIED.

Radiofrequency catheter ablation has become a com-
mon procedure in management of various arrhythmias.
Radiofrequency generators produce signals with strengths
of 5–50 W and frequencies of 400–500 kHz, delivered in a
unipolar manner between the RF catheter tip and a large
indifferent electrode usually placed on the patient’s thigh.
Potential interactions between CIEDs and RF ablations are
similar to those of electrosurgery and include asynchronous
pacing, reset to the backup mode and rate, induction
of runaway pacing at extremely rapid rates (rare today),

inappropriate stimulus output inhibition, and transient loss
of capture.1,2 The newer generation of pacemakers, which
incorporate protection elements to avoid EMI, did not show
any of these interactions in a study of 86 patients with CIEDs
who underwent RF ablation of atrial fibrillation, although
atrial-lead dislodgement was noted in 2 cases in which the
leads had been recently implanted (<6 mo).52

Transcutaneous electrical nerve stimulation (TENS) is
commonly used for the relief of acute and chronic muscu-
loskeletal pain. The TENS output can interfere with CIED
function, causing inhibition of output, reversion to noise
mode in pacemakers, or triggering of inappropriate shocks
from an ICD.1,2,53–56 However, in many if not most pace-
maker patients, TENS can be used safely. In one study
of 51 patients with 20 different pacemaker models, there
were no cases of interference, inhibition, or reprogramming
reported.55 In pacemaker-dependent patients, TENS should
be used carefully and should be reserved for those in whom
it will be important for improving quality of life and in whom
prior monitored testing is performed and safety confirmed.
Continued assessment is important, as there has been a
published case report of inhibition of pacing due to TENS-
CIED interaction occurring 6 months after initial monitored
assessment had demonstrated no interaction.56

Lithotripsy is an important tool for the treatment of
renal calculi. Initially, the presence of a pacemaker was
believed to be an absolute contraindication for lithotripsy. In
addition, early ICD generators placed in the abdomen were
located relatively near the focal point of energy delivery
by the lithotriptor. However, with the newest generation
of pectorally implanted CIEDs that employ specialized
feedthrough filters, and lithotriptors that do not require
hydroimmersion and allow more focal delivery of energy, the
likelihood of EMI interaction is extremely small, estimated
by some to be <1% even without special precautions.1,57

Electroconvulsive therapy (ECT) may be used in patients
with severe depression. In the medical literature there have
been approximately 60 patients with CIEDs who have safely
undergone ECT.58 Generally, patients with pacemakers
require no specific reprogramming, and although it is
reasonable to disable antitachycardia therapies in patients
with ICDs during their ECT session, no study has evaluated
different strategies in a randomized manner. The recent
HRS/ASA Guidelines document suggests that in general
the risk of EMI with ECT is low, and simply having a
magnet available is a reasonable option for most patients
with pacemakers or ICDs.1

Conclusion
The number of patients with CIEDs has increased
dramatically over the past decade, and medical sources for
EMI have also increased substantially. Fortunately, device
manufacturers have responded by developing sophisticated
noise-response algorithms, improved circuitry that is
intended to minimize interactions from EMI sources, and
device components that use less ferromagnetic material.
However, the possibility of interactions between CIEDs and
EMI sources remains, particularly from medical sources
such as electrosurgery, cardioversion, and MRI. A thorough
understanding of techniques for risk mitigation of adverse
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clinical outcomes from known EMI sources is essential for
all cardiologists.
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