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RESEARCH LETTER

In Vivo Study of Electromagnetic Interference With
Pacemakers Caused by Everyday Electric and

Magnetic Fields

and magnetic fields (EMFs). They occur mainly with frequencies of 50 Hz/60 Hz,

the worldwide power grid frequencies. Examples of EMF sources are power lines,
household appliances, electric tools, entertainment electronics, and many different
kinds of equipment at work. Electric fields are indicated in kilovolts per meter (kVm?);
magnetic fields, in micro-Tesla (uT).

To date, there is no conclusive evidence for the extent to which sources of EMF
may cause harmful electromagnetic interference (EMI) in patients with pacemak-
ers or implantable cardioverter-defibrillators. Clinical guidelines on the perioperative
management of patients with pacemakers/implantable cardioverter-defibrillators
and review articles state that large clinical evaluations and robust scientific data are
missing.12

An in vivo study from our group suggests that 50-Hz EMFs can disturb implantable
cardioverter-defibrillator function in patients,? but no systematic evaluation has been
performed on their effect on pacemaker function. Considering the different sensing
algorithms of implantable cardioverter-defibrillators and pacemakers, 2 questions
arise: Does exposure to daily life or occupational EMFs disturb regular pacemaker
function? And to what level of EMFs are the wearers of pacemakers safe? Therefore,
the present in vivo study (ClinicalTrials.gov identifier NCT01626261) sought to de-
termine interference thresholds of pacemakers and to ascertain different conditions
for EMI.

Of the 119 patients with pacemakers included in the study, unipolar leads were
implanted in 5 patients (device types: 4 VI, 1 AAl). The remaining 114 patients had
bipolar leads with bipolar sensing (device types: 18 VVI, 3 AAI, 90 DDD, 3 cardiac
resynchronization therapy pacemakers).

All patients gave written informed consent and were exposed to single and com-
bined electric and magnetic 50-Hz EMFs with stepwise increasing field strengths
until the first pacemaker sensing failure (ie, interference threshold) occurred or maxi-
mum field levels (30 kVm™ and 2550 pT; German occupational limits) were reached.
The first sensing failure was either inappropriate oversensing or undersensing re-
sulting from constructive or destructive superposition of intracardiac signals and
EMFs. Tests were conducted considering worst-case conditions (eg, whole-body
exposure, maximal inspiration, sustained pacing). The interference thresholds were
determined with pacemakers programmed to maximum sensitivity, nominal sensitiv-
ity, VVI mode, and DDD mode, if applicable.

The study was approved by the Ethics Committee at the RWTH Aachen University
Faculty of Medicine. For a complete method description (worst-case conditions, test
setup, and test procedure), please refer to our previous study?® because patients
with pacemakers were tested in the same manner.

The results in the following are differentiated between maximum and nominal
sensitivity (depicted by “/").

In daily life and occupational environments, individuals generally encounter electric
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Stunder et al

In patients with unipolar leads, EMI was provoked in all
5 pacemakers at both maximum and nominal sensitivity
by 50-Hz EMF. The lowest interference thresholds were
determined at 1 kVm1/9.6 kVm™ in single electric fields,
40 pT/200 uT in single magnetic fields, and 1.1 kVm'!
+40 puT/3 kVm1+150 pT in combined EMFs.

In patients with bipolar leads, EMI occurred in only
71.9%/36.0% of 114 pacemakers within the tested
limits. Ventricular EMI was observed in 32.4%/3.6%
of 111 devices (VVI+DDD+cardiac resynchronization
therapy pacemakers), and 72.9%/42.7% of 96 devices
(AAl+DDD+cardiac resynchronization therapy pacemak-
ers) showed atrial EMI. Ventricular EMI arose only at
9 pacemakers in DDD mode; in all other cases, in WI
mode. The atrial channel had generally lower interfer-
ence thresholds than the ventricular channel; therefore,
pacemakers were more susceptible when programmed
to DDD mode. The lowest interference thresholds were
4.3 kVm1/11.9 kVm?! in single electric fields, 130 pT/

300 uT in single magnetic fields, and 2.5 kVm1+60 uT/
5.2 kVm1+255 pT in combined EMFs.

Our study design, in combination with the large num-
ber of tested participants, allows conclusions about the
safety of pacemaker patients in 50-/60-Hz EMF. In the
Figure, the incidences of EMI in patients with bipolar
leads are shown, and the risk of EMI can be assessed
for different EMF sources or limit values. Considering,
for example, hand drills, EMF emissions were reported
with a maximum field strength of 13 kVm® and 2137 pT.*
At these levels, EMI occurred in our study in 61%/16%
(maximum/nominal sensitivity) of the pacemakers (Fig-
ure, C). Considering the US 50-Hz/60-Hz EMF limits for
the general public at 5 kVm?! and 904 nT (Institute of
Electrical and Electronics Engineers Standard C95.6-
2002; implies whole-body exposure, no coverage for
persons with implants) in combined fields, 34%/4.4%
(maximum/nominal sensitivity) of the pacemakers were
disturbed. Thus, our study reveals that EMI may occur
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Figure. The incidences of electromagnetic interference (EMI) determined in our study in patients with bipolar
leads at maximum and nominal sensitivity (max/nom) for single electric fields (A), single magnetic fields (B),
and combined electric and magnetic fields (C) in percentages and in raw numbers.

Depicted are the additional percentages/raw numbers of EMI for electric and/or magnetic fields (EMFs) of power lines, differ-
ent household appliances, electric tools, and EMF limit values (US limits are defined in Institute of Electrical and Electronics
Engineers Standard C95.6-2002 for general public and occupational environment; European Union [EU] limits are defined in
1999/519/EC for the general public and in 2013/35/EU for occupational environment). The EMF levels are typical maximum
values for the mentioned EMF sources but can vary in individual cases.
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even under daily life exposure conditions. This study rep-
resents a worst-case appraisal.

Among the EMI effects, ventricular oversensing is the
clinically most relevant problem, which may cause asys-
tole in the case of pacing inhibition with symptoms such
as palpitations, dizziness, or syncope in pacemaker-de-
pendent patients. Further clinical consequences of EMI
are described elsewhere.? To protect patients from EMI,
adjusting pacemaker settings to a lower sensitivity, bipolar
sensing, and keeping at a distance from EMF sources are
effective measures. The field strength decreases at least
by half if the distance is doubled. Further actions to reduce
susceptibility (eg, programming to VVI mode and improved
lead placement®) might be necessary in selected patients
exposed to strong EMF in occupational environments.

ACKNOWLEDGMENTS

The authors thank the volunteers who participated in this study
and Petra Hetfeld for valuable support in data acquisition.

SOURCES OF FUNDING

This study was supported by unrestricted grants from the Ger-
man Social Accident Insurance Institution for the Energy, Tex-
tile, Electric, and Media Products Sector and the Research Unit
for Electropathology.

DISCLOSURES

Dr Napp received travel grants from Biotronik, Boston Scien-
tific, Medtronic, and St. Jude Medical. Dr Zink received travel
grants from Biotronik and Medtronic, nonfinancial support from
Biosense Webster and Medtronic, and a scholarship from the
German Cardiac Society sponsored by St. Jude Medical. The
other authors declare no conflicts.

AFFILIATIONS

From Research Center for Bioelectromagnetic Interaction, Insti-
tute of Occupational Medicine (D.S., T.S., S.J., S.D., T.K.), and

Circulation. 2017;135:907-909. DOI: 10.1161/CIRCULATIONAHA.116.024558

EMI With Pacemakers by Power Frequency Fields

Department of Internal Medicine | (Cardiology, Angiology, Pneu-
mology and Internal Intensive Care Medicine) (M.D.Z., N.M.,
A.N.), University Hospital, RWTH Aachen University, Germany;
and German Social Accident Insurance Institution for Energy,
Textile, Electrical and Media Products Sector (BG ETEM), Kdln,
Germany (S.J.).

FOOTNOTES

Circulation is available at http://circ.ahajournals.org.

REFERENCES

1. Crossley GH, Poole JE, Rozner MA, Asirvatham SJ, Cheng A,
Chung MK, Ferguson TB Jr, Gallagher JD, Gold MR, Hoyt RH, Irefin
S, Kusumoto FM, Moorman LP, Thompson A. The Heart Rhythm
Society (HRS)/American Society of Anesthesiologists (ASA) ex-
pert consensus statement on the perioperative management of
patients with implantable defibrillators, pacemakers and arrhyth-
mia monitors: facilities and patient management: this document
was developed as a joint project with the American Society of
Anesthesiologists (ASA), and in collaboration with the American
Heart Association (AHA), and the Society of Thoracic Surgeons
(STS). Heart Rhythm. 2011;8:1114-1154. doi: 10.1016/].
hrthm.2010.12.023.

2. Napp A, Stunder D, Maytin M, Kraus T, Marx N, Driessen S. Are
patients with cardiac implants protected against electromag-
netic interference in daily life and occupational environment?
Eur Heart J. 2015;36:1798-1804. doi: 10.1093/eurheartj/
ehv135.

3. Napp A, Joosten S, Stunder D, Knackstedt C, Zink M, Bellmann
B, Marx N, Schauerte P, Silny J. Electromagnetic interference with
implantable cardioverter-defibrillators at power frequency: an in
vivo study. Circulation. 2014;129:441-450. doi: 10.1161/CIR-
CULATIONAHA.113.003081.

4. Leitgeb N, Cech R, Schrottner J, Lehofer P, Schmidpeter U,
Rampetsreiter M. Electric emissions from electrical appli-
ances: magnetic emission ranking of electrical appliances: a
comprehensive market survey. Radiat Prot Dosimetry. 2008;
129:439-455. doi: 10.1093/rpd/ncm460 10.1093/rpd/
ncm479

5. Seckler T, Stunder D, Schikowsky C, Joosten S, Zink MD, Kraus
T, Marx N and Napp A. Effect of lead position and orientation
on electromagnetic interference in patients with bipolar cardio-
vascular implantable electronic devices. Europace. 2016. doi:
10.1093/europace/euv458.

February 28,2017 909

(]
[=)
=)
=
m
[72]
-
[=)
—
o
m
=
(]
m






