Interference with the pacemakers of two workers at
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ABSTRACT Pacemaker function was tested in two electricity substation workers exposed to high
tension electric fields. High intensity electric fields induced reversion to the interference mode,
producing in one case competitive rhythm and in the other inappropriately slow pacing which
resulted in asymptomatic pauses of up to 2-5 s. A suit designed to shield the body from the effects
of high intensity electric fields was tried and proved to be effective in protecting the pacemaker,
allowing it to function normally in the substations.

The effects of many environmental hazards on the
functioning of implanted pacemakers is largely
unknown. The rapidly advancing technology of
cardiac pacemakers, increasing their versatility
but at the same time their complexity, may well
increase their sensitivity to external hazards.
Under experimental conditions, high tension power
frequency electric fields have been shown to
affect some pacemakers adversely'5 and we report
here on two Central Electricity Generating Board
(CEGB) employees with implanted pacemakers
who worked in high tension substations. The
behaviour of the pacemakers in the patients'
everyday working environment is documented and
possible protective measures are discussed.
Case reports
CASE 1

A 32 year old electrical engineer who works in a
275/132 kV substation, which is a part of the
transmission/distribution system in north London,
has had ankylosing spondylitis for many years.
Recently, severe intermittent sinus bradycardia was
discovered for the treatment of which a Telectronics
174 programmable pacemaker was implanted in the
right prepectoral region. He made an uneventful
recovery after implantation.
On returning to his previous employment he
observed an abnormal thumping sensation in the
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chest whenever he went to certain areas of the substation near high voltage conductors. This observation was reported to his occupational medical
adviser and electrocardiographic surveillance was
performed at work using a telemetric system to be
described elsewhere.6
During monitoring, the pacemaker reverted to the
interference mode (fig 1) when the patient was
standing on an earthed aluminium plate in a high
intensity power frequency field sufficient in the circumstances to induce a corporeal current of 41 ,uA
or more (field strength 2X5 kV/m with the arms
raised and 3-0 kV/m with the arms at the side).
Reversion to interference mode was always associated with his reported symptoms. When the patient
walked a few feet away to a region with a lower
electric field, the pacemaker reverted to normal.
These observations were re-evaluated at the Central Electricity Research Laboratories (CERL) at
Leatherhead, Surrey, where a facility for producing
high intensity 50 Hz electric fields is available for
research purposes. The patient stood on an earthed
aluminium plate and the field strength was increased
gradually from zero. The pacemaker reverted to
interference mode when the field reached 2 kV/m
(unperturbed value measured at 1-8 m above the
ground), inducing a corporeal current of 25 ,A

(fig 2).
CASE 2

A 57 year old electrical engineer whose duties
include occasional visits to high voltage substations,
was admitted to hospital for investigation of
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Fig 1 Reversion ofpacemaker to interference mode when the patient (case 1) stood with raised arms in
substation where an electrical field of 2-5 kV/m was encountered and a corporeal current of 41 ,uA was
induced. (S = pacing stimulus.)
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Fig 2 Reversion ofpacemaker to interference mode in case I during exposure to a high intensity field at
CERL. (S = pacing stimulus.)

S

S

1000
_

to"-CG Cordis 334A

S

i

_

S

I^/

--.

---

S

l

A

Field 15KV/m current 194,uA

Fig 3 Irregular and slow pacing when case 2 was standing in a high intensity field (15 kV/m), which
induced a body current of 194 ,uA, at CERL. (S = pacing stimulus.)

episodes of syncope. He gave a one year history of
dizzy spells occurring two or three times a day. In
the two months before admission episodes of syncope had occurred on several occasions. Examination showed clinical evidence of aortic stenosis. During ambulatory ECG monitoring, episodes of first,
second, and third degree heart block were recorded
which correlated with the symptoms of dizziness.
Implantation of a permanent pacemaker was therefore advised, and a Cordis 334A pulse generator
was implanted in the left prepectoral region.
Before returning to work, the pacemaker was
tested at CERL as described above. Exposure to
high intensity fields produced pronounced changes
in the functioning of the pacemaker, changes
observed at field strengths above 13 kV/m with the
patient standing with both arms at his side. Exposure produced inappropriately slow irregular pacing
(with pacemaker impulse intervals up to 2 5 s) lasting for a few seconds and followed by regular pacing
at a rate of 40-50 ppm (fig 3).

The pacemaker reverted to normal immediately
the electric field was switched off. These findings
were consistently reproduced when the patient was
retested in a typical working environment in a 400/
275 kV substation.

Discussion
Electromagnetic interference is now recognised as a
of pacemaker malfunction. The modem
demand pulse generator with its potentially high
sensitivity and the almost universal use of unipolar
electrodes have increased the risk of malfunction
induced by electromagnetic interference arising
from either internal-that is, muscle contractionor external sources such as current leakage from
household appliances. All pacemaker manufacturers
have now incorporated a reversion circuit in the
pulse generator to overcome this hazard. In the presence of interference this circuit reverts the pulse
generator to a fixed rate pacing mode (interference
cause
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case cannot be explained on the basis of reversion to
interference mode but is presumably due either to
intermittent oversensing of the extraneous electromagnetic signals or to oversensing of a combination of cardiac and external interference signals.
Similar malfunctioning has been observed with
other manufacturers' pulse generators'0 and must be
considered as a potentially dangerous hazard of high
tension power frequency fields in pacemaker dependent patients. In this patient malfunction occurred
only in a high intensity field (greater than 13 kV/m),
encountered. ip few areas in a high tension substation. Similar units implanted in other patients, however, may behave in the same manner at much lower
field intensities.
It is essential to protect pacemaker users working
in the vicinity of exposed high voltage conductors.
A "Faraday suit" to shield the pacemaker from the
effect of high tension fields has been tried and has
proved effective, although it may sometimes be
inconvenient to wear. The implantation of a pulse
generator that is not affected by this form of interference in a patient at risk would eliminate the need
for protection by a cumbersome suit. Recently one
pacemaker manufacturer (Medtronic) has incorporated a circuit in their pulse generators that adjusts
the sensitivity of the sensing amplifier so that regular
interference signals are ignored. Patients with this
type of pacemaker have been investigated in the
presence of fields up to 20 kV/m producing corporeal currents of greater than 300 ,uA and there
was no effect on the sensing and pacing function of
the pacemaker.5
Clearly, both implanting physicians and occupational medical officers should be aware of the potential environmental risks to pacemaker wearers and
of possible solutions to these problems. Careful
choice of pacemaker, local protective shielding, or
modification of the working environment may be
necessary to overcome these difficulties.

Appendix
WORKER PROTECTION: A SOLUTION

When a pacemaker that is sensitive to the effect of
high intensity fields has already been implanted in a
patient at risk of encountering such fields some form
of protection must be sought. Several types of electrically conducting protective suits were tested both
at CERL (fig 4) and at a 400/275 kV substation.
These suits were essentially whole body garments
originally developed for personnel working in contact with live, high tension, transmission lines. From
the investigations the following observations
became apparent:
(1) It is essential that the suit should be of one
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mode).
Fixed rate pacing may, however, produce a competitive rhythm which can cause an uncomfortable
sensation in the chest (as in case 1) or even initiate
dangerous arrhythmias,78 particularly in the presence of a diseased myocardium or therapeutic
agents such as digoxin. These arrhythmias are much
less common than theoretically anticipated, however.9
The behaviour of the pacemaker in the presence
of electromagnetic interference in the first reported
case is not entirely unexpected. In previous experiments Telectronics pulse generators have been
found to revert to interference mode with corporeal
currents of less than 120 ,uA'°. In this patient, however, the minimum amount of current required for
reversion was exceptionally low. Currents of this
magnitude may be induced by the electric fields present both in substations and in the vicinity of overhead cables.
It is difficult to account for the discrepancy between the minimum current required to revert the
pacemaker at CERL and that at the substation (25
,A v 42 ,uA). There are several possible explanations. Firstly, the electric field produced at CERL
-may have been more uniform and vertical than in
the substation, where multiple sources of electric
fields from several directions may have given rise to
a different corporeal current distribution. In our
experience the distribution of current within the
body plays a crucial part in determining the
minimum reversion condition.'0 Nevertheless, reversion occurred at the same values of field and body
current in the laboratory when the high voltage electrode was set well to one side of the patient rather
than directly overhead. A second possible factor is
that the high voltage electrode at CERL carried no
load current, whereas substantial currents were present at the substation. In the substation the measured magnetic field at reversion was 60 mG (rms).
The precise effect of such a contribution to the electromagnetic environment is difficult to determine
because of the complex distribution of the electric
fields and currents. Jenkins and Woody have found
that 60 Hz magnetic fields above 1-1 G may affect
pacemaker function.2 Another explanation for the
discrepancy is that on both occasions there were differences in the electrostatic shielding of the telemetry box and electrodes attached to the patients.
The shielding foil might provide a short-circuit path
over the body surface (SJ Meldrum, unpublished
observations) although subsequent tests showed that
typical differences in the shielding arrangements had
no discernible effect on the minimum reversion current.
The behaviour of the pacemaker in the second
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