voiding Last Minute
esign Changes to Meet
Safety Requirements

Product safety requirements impact the entire design process. This article offers
guidance on complying with these regulations, providing tips on everything from
evaluation and documentation to methods for avoiding common mistakes.

Michael L. Marcus and Brian R. Biersach

esigning medical electrical
D equipment to meet today’s
complex safety certification
requirements can be costly and
time-consuming for medical device
manufacrurers. This is doubly true
if these requirements are not con-
sidered during the early stages of
design.

Medical equipment is held to a
higher level of safety than nearly all
other types of equipment on the
market. There are several reasons
for this: medical equipment may be
used on patients who are not able to
respond to hazardous conditions or
pain; an actual electrical connection
between the equipment and patient
may exist; and certain types of med-
ical equipment function as life sup-
port and their failure could result in
the patient’s death.

Michael L. Marcus is an assistant professor of engineering
at Pennsylvania State University, and Brian R. Biersach is
the founder of Medical Equipment Compliance Associates.
Post your questions and comments for the authors on-line
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90

Although engincers spend years
in school and the workplace
learning how to design equip-
ment, they may not understand
the relevant safety standard re-
quirements. Understanding these
requirements early in the design
phase will reduce product devel-
opment costs, expedite cerrifica-
tion turnaround, and increase
product safety.

This article is intended to in-
crease awareness of product safety
certification requirements both in
the United States and internation-
ally. It identifies the applicable safe-
ty standards and reviews their phi-
losophy of safety, then describes the
process of evaluation and docu-
mentation. Manufacturers’ most
common noncompliances are also
discussed.

Safety Certification

Mcdical Equipment for the United States and Canada.
Under the 510(k) paradigm, FDA recognizes consensus I
safety standards as a means to support a declaration of %
conformity. Many authorities in the United States and 2
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Canada require a safety certification mark on certain equip-
ment. Underwriters Laboratories (UL) is the major product 2
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Japan, South Korea, and Aus-
tralia. In addition to providing
the basis for many harmonized
standards, IEC 60601-1 is an
FDA-recognized consensus stan-
dard, used to support a manu-
facturet’s declaration of confor-
mity. A listing of all
FDA-recognized standards is
available at www.accessdata.
fda.gov/scripts/cdrh/cfdocs/cf
Standards/search.cfm.

The UL 2601-1 safety stan-
dard contains the full text of IEC
60601-1 and adds U.S. devia-
tions, as shown in Figure 1. The

number. A notified body is a
third party designated by Eu-

Table I. Examples of UL medical standards.

U.S. deviations contain national
requirements, such as those for

ropean authorities to grant CE
marks following its assessment
of product compliance with the
Medical Device Directive
(MDD; 93/42/EEC), which is
essentially the European law for
medical devices.! Assessment by
a notified body encompasses
compliance with the directive’s
requirements for safety, perfor-

mance, suitability for intended
use, and risk analysis. Manu-
facturers can choose from sev-
eral conformity assessment
routes, which usually involve a
quality assurance assessment of

the mains circuit (National Elec-
tric Code and UL), component
requirements (ANSI and UL),
lower leakage-current limits
(AAMI and UL), enclosure
flame ratings (UL}, and produc-
tion line testing (OSHA and
UL). Since these deviations do
not conflict with the base stan-
dard, the equipment is still in
compliance with IEC 60601-1.

Additional Standards

The second edition of IEC
60601-1 contains two amend-
ments that were published in

the manufacturer’s facilities.

Medical Electrical Safety
Standards

Product safety certification agencies
use standards to evaluate a broad range
of product types. These safety stan-
dards are consensus documents that
define minimum construction and per-
formance requirements. UL standards,
for example, cover more than 5000
product categories—including both
medical and nonmedical. Table I pro-
vides a sample of UL standards that
pertain to medical and related prod-
uct categories. A complete list of UL
standards can be found at htep://
ulstandardsinfonet.ul.com.2

Since 1972, electrically operated
medical equipment used in the United
States has been evaluated to the UL
544 standard for medical and dental
equipment. This standard will be with-
drawn at the end of 2004, requiring
both new and current UL 544 equip-
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Figure 1. Structure of UL 2601-1.

ment to be evaluated to the UL 2601-1
standard if they are to continue to
carry the UL mark.3 In 1994, UL pub-
lished UL 2601-1, which was written
as a harmonized standard to IEC 601-
1 {(renamed IEC 60601-1).

Prior to this harmonization initia-
tive, manufacturers were required to
comply with different standards for
different countries. This often required
that multiple product models be de-
signed and manufactured to meet dif-
ferent national standards. Using an in-
ternationally harmonized safety
standard meant that a product could be
designed and evaluated for compliance
with a single standard, such as UL
2601-1, and also be eligible for use in
many different countries. Other coun-
tries that use an IEC 60601-1- har-
monized standard include those in the
European Union, Canada, Brazil,

PP

1991 and 1995. These amend-
ments are additions and correc-
tions to the base standard. The
standard also has collateral (horizon-
tal) standards, numbered IEC 60601-1-
X, and particular (vertical) standards,
numbered IEC 60601-2-xx. The col-
lateral standards include requirements
for specific technologies or hazards
and apply to all applicable equipment,
such as medical systems (-1-1), elec-
tromagnetic compatibility (EMC; -1-
2), radiation protection in diagnostic
x-ray equipment (-1-3), and softrware
(-1-4). The particular standards apply
to specific equipment types, such as
medical electron accelerators (-2-1),
high-frequency surgical equipment
(-2-2), and hospital beds (-2-38).
Figure 2 illustrates the organization
of the collateral and particular IEC
60601 standards. The U.S. deviations,
amendments, and collateral and par-
ticular standards are used together to
evaluate medical electrical equipment.
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They all use the same clause numbering
system, which allows cross-referencing
of the requirements.4

IEC 60601-1 Requirements

Philosophy. The underlying philos-
ophy of IEC 60601-1 and the harmo-
nized standards is that equipment must
be safe in both normal and single-fault
condition (NC, SFC).

For electrical safety, the standard re-
quires two levels of protection (LOPs)
against excessive unintentional current,
defined as leakage current, passing
through the patient or operator. Figure
3 illustrates the two LOPs between the
live part (mains) and the parient (1A
and 2A), and between the live part and
the enclosure (1B and 2B). In the case of
1A and 2A, the levels of protection arc
basic insulation (BI) and supplemental
insulation (SI). For 1B and 2B, they are
BI plus protective earth.

Table II provides the minimum spac-
ing requirements and dielectric re-
quirements for these barriers. If the in-
sulation does not meet both the
dielectric and the spacing requirements,
it cannot be considered a level of pro-
tection and can be shorted in testing.
Note that BI and SI spacing require-
ments are the same; however, the SI di-
electric values are greater than the BI
values. For the enclosure or other con-
ductive parts to be considered protec-
tively earthed, the grounding path of
the equipment must pass from the pro-
tectively earthed part to the earth con-
nection for 5 seconds at 15 A or 1.5*
rated current. Additionally, this must be
done with < 0.1-Q resistance for equip-
ment with a detachable power supply
cord, or £ 0.2 Q for equipment with a
nondetachable power supply cord. The
Canadian ground-bonding requirement
increases the current to 30 A or 2¥ rated
current and the time to 120 seconds.

To demonstrate that medical equip-
ment is safe in both NC and SFC, cer-
tain conditions must be addressed.
Table III describes these conditions,
which are specified in the standard.

Evaluation of Medical Equipment
The process of evaluating medical
equipment for compliance with the re-
quirements in UL 2601-1 includes not
only the equipment itself, but the users’
manual, markings, software (if it mit-
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60601-2-38 | Electrically Operated Hospital Beds

Figure 2. Organization of the IEC 60601-1 standard.

Figure 3. Two levels of Protective (2 LOP).

igates a hazard), the biocompatibility
of applied parts, and EMC.

Before submitting equipment for
evaluation, certain information should
be developed. Most importantly, the
manufacturer must ask, does the equip-
ment fit the scope of UL 2601-1? If it
does, look to the IEC 60601-1 collat-
eral and particular standards to see
whether any apply. Once the applicable
standards have been established,
review them, paying particular atten-
tion to the standards that have specific
requirements for the type of equipment.

IT Equipment. All equipment func-
tions and accessories that can be used
with the equipment should also be iden-
tified. If the equipment is intended to

connect to other equipment, such as
a computer or printer, there are addi-
tional issues that need to be addressed.
Information technology (IT) equipment
is evaluated to UL 60950, which does
not have the same spacing requirements
or leakage-current limits as UL 2601-1.
Per the collateral standard IEC 60601-
1-1, any nonmedical equipment con-
nected to the medical equipment must
have certification to its applicable IEC
or IEC-harmonized standard. The data
ports of the medical equipment must
also be evaluated for the worst-case
electrical input it could experience. For
IT equipment, this is considered to be
50 V dc in NC and the highest rated
mains voltage of the medical equipment
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