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lectromagnetic interference EMI can be a serious problem

for any electronic device, but with medical devices it may have

life-threatening consequences. This article describes three

such EMI incidents and lists more than 100 other EMI prob

lems that were reported to the Food and Drug Administration

FDA between 1979 and 1993. The continued occurrence of dis

ruption due to conducted and radiated EMI, power-line distur

bances, and electrostatic discharge ESD underscores the need for

increased attention to medical-device electromagnetic compatibi

lity EMC by users, manufacturers, and standards organizations.

Background

The Center for Devices and Radiological Health CDRH of the

FDA is responsible for regulating the manufacture and sale of

medical devices in the United States. CDRH originally called the

National Center for Devices and Radiological Health was formed

in 1982 through the merger of the Bureau of Radiological Health

BRH and the Bureau of Medical Devices BMD. The BMD was

sufficiently concerned about medical-device EMC that it devel

oped and circulated in 1979 a draft guideline, MDS-201-0004,

specifying electromagnetic emissions and immunity limits and test

methods for medical devices. Because the regulated industry was

opposed to the application of a single set of limits to all medical

devices, however, MDS-201-0004 was never officially adopted.

In recent years, the CDRH has renewed its efforts to control

medical-device EMC by enhancing its in-house testing capability,

participating in the development of national and international

standards, and requiring that EMC test data accompany premarket

notification submissions applications for FDA "approval" for

some devices. EMC and other environmental-testing recommen

dations have been included in a draft guidance document for

CDRH reviewers of premarket notification submissions for respi

ratory devices; this document has been made available to the med

ical-device industry, and similar documents are under develop

ment for other devices.

CDRH representatives have continued to keep EMC standards

committees apprised of EMI incidents involving medical devices.

While the number of EMI reports may be small relative to the

number of reported problems from all causes, the steady influx of

such reports and the severity of the problems they describe

demonstrate that EMC design techniques, standards, and testing,

as well as user awareness of EMC issues, are essential to the safety

and effectiveness of electronic medical devices.' The CDRH's

increased emphasis on and effort toward assuring electromagnetic

compatibility of electronic medical devices have been motivated

by the following considerations:

EMI-related performance degradation in electronic medical

devices has resulted in deaths, serious injuries, and the adminis

tration of inappropriate and possibly life-threatening treatment.

* Various electronic medical devices are often used in close prox

imity to one another, and electromagnetic emissions from one

device may cause performance degradation in another.

* The ambient electromagnetic environment continues to inten

sify e.g., with cellular and portable phones, wireless modems,

mobile communications, paging systems, and telemetry.

* Medical telemetry devices share communication frequencies

with commercial and industrial communications equipment,

and interference has been reported during potentially cata

strophic physiological events.

* Performance degradation of modern microprocessor-based

electronic systems as a result of transient interference is likely to

result in the loss of stored data and to require operator inter

vention or system reset.

* More homes and hospitals are now located near transmitters

and vice versa.

* More medical devices are today being used in the home, where

trained health-care providers may not be present to intervene in

case of device performance degradation.

* Device users are generally not aware of the field strengths, fre

quency distribution, or temporal characteristics of their electro

magnetic environment.

* Caution statements in a device's operator's manual, such as the

admonition to "avoid electromagnetic interference' usually

provide little guidance in how to recognize and mitigate EMI.

And even if further guidance were provided, the device and the

manual are in any case seldom in the same place at the same

time.

* When experiencing medical-device performance degradation,

users may not suspect EMI as a possible cause; EMI problems

are thus likely to be underreported relative to other medical-

device failures.

* Isolated incidents of interference may be difficult or even

impossible to trace or reproduce.

* Users and manufacturers often disagree about who is responsi

ble for solving EMI problems.

* While some manufacturers of medical devices test their prod

ucts to EMC standards, either voluntarily or at the request of

regulatory authorities, many more do not. Much of the medical

equipment that is presently in use has not been tested for EMC.

* Many of the medical-device EMC problems that have been

reported to the CDRH might have been prevented had existing

design techniques, standards, and test methods been employed

to control emissions and ensure adequate immunity.
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Reporting Problems

Manufacturers of medical devices are required to report to the

FDA any incident in which one of their marketed devices may have

caused or contributed to a death or serious injury. Under recently

enacted regulations, user facilities must also report such events.

Problem reports submitted to the FDA affect the agency's priori

ties, though little significance is assigned to the absolute number of

reports of any particular type, as both overreporting and underre

porting are common. In addition, many reported EMC problems

including several of those listed here are classified according to

the nature of the device malfunction, rather than its cause. While

it is probable that many nuisance-level EMC problems are never

reported by users, increased awareness of the existence and hazards

of EMI has contributed to the steady influx of problem reports

from both users and manufacturers.

Case Studies

Three medical-device EMI problems are recounted below in some

detail. Note: For these, as well as for the more abbreviated prob

lem reports that follow, unless otherwise indicated, reference num

bers beginning with the letters M and V are access numbers into

the FDA medical-device databases for the mandatory Medical

Device Reporting [MDR] program and the voluntary Product

Reporting Program [PRPj, respectively. Access numbers into the

FDA medical-device Recall database begin with the letters M, N, T

U, and Z. Recall numbers that begin with Mare identified as such;

recall numbers beginning with M and N indicate that the "recall"

consisted of a safety alert. The date that appears with each database

reference refers to the receipt of the report.

Case Study #1: Apnea Monitors

A physician at the University of Nebraska reported, in a letter of

November 1987 to the Federal Communications Commission

FCC, that in certain neighborhoods of Omaha, apnea monitors,

as well as FM tape recorders, would not work properly. Prolonged

sleep apnea cessation of breathing is detrimental to adults and

often fatal to infants. The essential function of an apnea monitor is

to sound an alarm when breathing stops; the devices are used in

hospitals and frequently prescribed for home use in the case of

infants who either have exhibited or are at risk of experiencing

prolonged apnea.

Because there had been numerous reports of unexplained fail

ure on the part of apnea monitors to alarm even upon death, their

susceptibility to radiated RF was evaluated by the CDRH.2

Through both laboratory and field testing, CDRH engineers deter

mined that most commercial apnea monitors could erroneously

detect respiration when exposed to relatively low field strengths, a

situation that could result in failure to alarm during apnea. Most

monitors were found to be susceptible above 1 VIm when the field

was pulsed or when an ambient FM field was incidentally ampli

tude-modulated at a low rate by the movement of objects or

humans.

One particular model was susceptible to pulsed fields above

0.05 VIm, and the manufacturer issued a recall to improve its

immunity, especially in the FM broadcast band of 88 to 108 MHz

Z7l00, Z7110, Z7l20, Z7130, and Z7140; Recall access M0590,

M0600, M0610, M0620, and M0630, all June 1990, and Z11051,

September 1991. The same model was found to be unusually sen

sitive to quasi-static fields, "detecting" respiration when the moni

tor or cables were touched or when an electrostatically charged

fabric was waved over the monitor.

Case Study #2: Anesthetic Gas Monitor

The CDRH received several reports of erroneous displays and

latch-up of an anesthetic gas monitor during surgery. None of the

reports mentioned EMI as a possible cause. FDA investigators

found that the manufacturer had a list of 13 complaint sites, with

incidents dating from mid-1990. The manufacturer's own investi

gation revealed that interference from certain types of electro

surgery units disrupted the communication link between the anes

thetic gas monitor and a central mass spectrometer, causing the

monitor to fail to display the concentration of anesthetic gas in the

operating room during surgery Recall access M0382, November

1991.

The manufacturer was able to solve the problem by applying

grounding and shielding techniques to a circuit board and to

cables, and this modification was implemented in several systems.

The hardware solution was expensive, however, so the manufac

turer chose, for the remainder of the units, to modify only the soft

ware, in such a way that when large numbers of communication

errors are detected, the link is disabled for 30 seconds.

Case Study #3: Powered Wheelchairs and Scooters

A quality-assurance manager who had previously worked for a

large wheelchair manufacturer inquired about the status of med

ical-device EMC standards in a letter dated June 26, 1992. As an

aside, he related that in his previous position he had received

reports of powered wheelchairs' spontaneously driving off curbs

or piers when police or fire vehicles, harbor patrol boats, or CB or

amateur radios were in the vicinity. He had reproduced the phe

nomenon under controlled conditions and had observed powered

wheelchairs "go by themselves" within 15 or 20 feet of a police or

fire-truck radio.

CDRH staff checked the databases for reports of electromag

netic- interference problems with powered wheelchairs, but

though they found reports of unintended motion-in several

cases involving serious injury-none of these incidents had been

attributed to electromagnetic interference.

When CDRH engineers investigated the EMI susceptibility of

the motion controllers on various makes of powered wheelchairs

and scooters, they discovered that the wheelchairs tested were sus

ceptible to field strengths in the range of 5 to 15 VIm. At the lower

end of the susceptibility range, the electric brakes would release,

which could result in rolling if the chair happened to be stopped

on an incline; as the field strength at a susceptible frequency was

increased, the wheels would actually begin turning, with the speed

of rotation's being a function of the field strength. CDRH mea

surement of emissions from police and fire radios indicated that a

100-watt state police radio transmitting at 39 MHz had a field

strength of 41 VIm at a distance of 0.9 m. It was further learned

that much of the powered-wheelchair and powered-scooter indus

try is supplied by only a few manufacturers of wheelchair con

trollers.

In response to this problem, the CDRH has begun requiring

that EMC testing data be included in powered-wheelchair and

powered-scooter premarket notification submissions, and it has

been working with the Rehabilitation Engineering Society of

North America RESNA to develop EMC standards for powered

wheelchair controllers. RESNA committee members expect to

increase the immunity of newly manufactured powered wheel

chairs to 50 VIm by 1997.
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Preventing EMC Problems in Medical Devices

The prevention of medical-device performance degradation due

to electromagnetic interference requires the efforts of both manu

facturers and users.

Manufacturers should ensure that medical devices will oper

ate within specification in their intended environment. The use of

appropriate mitigation techniques in the design of electronic

medical devices, coupled with proper testing to existing EMC

standards, will help prevent EMC problems in the field.

Manufacturers should also provide users with clear guidance in

the recognition and mitigation of any EMC problems that may

arise.

The European Union has recognized the importance of EMC,

and all products sold in Europe must now meet the essential

requirements of the EMC Directive. While the use of internation

al standards can reduce testing duplication for manufacturers who

also export, more work is needed before lEG standards can ensure

that medical devices have comprehensive immunity to EMI. A

new lEG product-family standard for EMC of medical devices,

lEG 601-l-2, has been published, but it has several drawbacks in

that it permits radiated-immunity testing of non-life-supporting

equipment at only four ISM frequencies; lacks standard immu

nity test levels and test methods for patient-coupled devices; and

presents several much-needed new or improved basic lEG immu

nity standards only in draft form. Even if lEG 601-1-2 were per

fect, particular standards would still be needed for many individ

ual devices in order to standardize the format testing and the min

imum immunity requirements. Individual standards are also nec

essary to ensure proper performance

in severe use conditions and environ

ments, such as during transport, in

high-traffic areas, and in the electro

surgery suite.

Users can also help prevent EMG

problems. Diligent management of

the RF spectrum within the facility

should become a routine responsibili

ty of the hospital's clinical engineering

department. The use of such sources

as cellular phones, walkie-talkies, and

rooftop commercial transmitters can

be prohibited in certain areas or in the

entire facility. EMG should be taken

into consideration in the construction

and layout of new facilities, and selec

tion criteria for new electrical and

electronic equipment purchases

should include EMC specifications.

Users should be educated in the iden

tification and mitigation of EMG

problems and should report any EMI

incidents to the FDA and in the public

literature, so that the entire medical-

device community can be alerted and

can take action to prevent future

occurrences. Problems can be report

ed to the FDA by calling 1 800FDA-

1088.

EMI Problem Reports

The medical-device EMI incidents

listed below came to the attention of

GDRH staff between 1979 and 1993,

through FDA reporting programs, FDA regulatory activity, pro

fessional contacts, and the public press.4 Included here are most of

the incidents that were classified as EMI in the CDRH databases

and that appeared actually to be attributable to EMI. They are cat

egorized according to the first of the possible coupling mecha

nisms mentioned in the report; where no coupling mechanism is

specified, the author has assigned a category based on an educat

ed guess. In several instances the interference occurred despite

explicit user warnings in the manufacturer's labeling.

Conducted Interference, Intra-Patient Coupling,

and Power-Line Disturbances

* A blood-cell counter displayed high, fluctuating background

levels for both white and red blood counts due to an AC junc

tion box or a hospital paging system V343l2, July 1979.

* EMI interrupted functions, prevented heating, and set off

alarms in blood warmers. Reset was required to restore normal

operation T1421, March 1981.

* "Pseudoarrhythmia" was caused in a cardiac monitor by an

infusion controller V34458, July 1979, and V40 134, September

1982.

* Defibrillators picked up a signal resembling a QRS from an iso

lation transformer, particularly when the patient was dead

V36679,V36680, and V36789, all July 1980.

* Artifact appeared on the screens of new cardiac monitors

thanks to an infusion controller V39l68 and V39169, both

January 1982.




