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American National Standard

ES1—1993

Safe current limits for electromedical apparatus

1 Scope

1.1 Inclusions

This standard sets risk current limits and referee test methods
for electromedical apparatus intended for use in the patient
care vicinity and also sets limits for non-patient-contact elec-
tromedical apparatus.

The standard applies to line- and battery-powered apparatus
and to apparatus used singly or with properly connected
accessory equipment. When more than one electromedical
apparatus is powered by a single power cord, the equipment
assembly acts like a single apparatus in terms of risk current
limit requirements, and shall be considered as such for the
purposes of this standard.

The safety and performance criteria defined in this standard
are intended for use in design qualification by the device
manufacturer.

NOTE—The referee test methods of section 5 are intended to provide
means by which conformance with the standard can be established.
These tests are not intended for use in verifying the performance of
individual devices in routine quality assurance inspections. Also,
referee tests allow for the use of altemative methods for design
qualification, provided that devices so qualified will also meet the
requirements of this standard when tested in accordance with the
referee methods.

1.2 Exclusions

This standard does not set limits for the composite risk current
when several devices are performing different functions forthe
same patient and are independently connected to the utility
power system. This standard does not apply to therapeutic
currents.

In addition, this standard does not apply to apparatus de-
signed primarily for nonmedical applications and used in con-
junction with electromedical apparatus, but located outside of
the patient care vicinity.

NOTE—As indicated above, all devices cannot be readily covered by
this standard. Equipment such as video cassette recorders or com-
puting devices are now being used in health care facilities. Such
equipment is designed to other standards. if such equipment is not
located in the patient care vicinity, such devices are not considered
to pose a fisk as they are not likely to contact the patient.

2 Definitions

For the purposes of this standard, the following definitions
apply.

2.1 accessory: Device produced or recommended by the
manufacturer of an electromedical apparatus, and intended to
be electrically connected to that apparatus in order to make
the apparatus useful or to improve its efficacy or versatility,
and not a modular part of that apparatus.

2.2 auxillary apparatus: Electromedical apparatus used in
conjunction with other electromedical apparatus to achieve a
COMmmMON Purpose.

NOTE—Auxiliary apparatus includes both interconnected apparatus
and nonintarconnected apparatus.

2.3 composite risk current: Total risk current derived from
the risk currents of all the apparatus associated with the
patient that can flow through the patient, medical staff, or
bystander.

NOTE—This definition is included for reference only. A method of
derivation and limits for composite risk current are not covered in this
standard.

2.4 electromedical apparatus: Instrument, equipment, sys-
tem, or device that directly or indirectiy uses electricity for any
medical purpose.

NOTE—Also included are all parts that are connected to such equip-
ment and are required for the normal use of the equipment, including
associated patient wiring or cables.

2.5 enclosure: Exterior surface of the electromedical appa-
ratus, including all accessible parts, knobs, grips, and shafts.

2.6 exposed electrically conductive surface: Extemnal
metal or otherwise slectrically conductive surface that is con-
nected to the intemal circuits, mechanisms, or enclosure of an
electromedical apparatus.

2.7 input part: Part of the electromedical apparatus, other
than a patient-applied part, that is intended to receive input
signal voltages or currents from other equipment.

2.8 Isolated patient connection: Connection between the
patient and the electromedical apparatus that is isolated from
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power ground (earth)‘), the utility power system, and other
supporting circuitry to such a degree that the risk current
flowing through the connection does not exceed the limits
given in Table 1—Summary of risk current requirements in rms
microamperes (uA), provided in section 4.2.

2.9 modular apparatus: Electromedical apparatus that in-
cludes modules in its construction.

2.10 module: Self-contained assembly that performs afunc-
tion or class of functions in support of the major function of an
electromedical apparatus.

NOTE—Modules can generally be removed or replaced without af-
fecting the operation of other assembilies in the apparatus.

2.11 nonoperational environmental conditions: Tem-
perature, humidity, aftitude, or acceleration limits specified by
the manufacturer for storage or shipment.

2.12 normal condition (NC): Condition in which all means
provided against safety hazards are intact and the device is
operating as desired.

2.13 outputpart: Part of the electromedical apparatus, other
than a patient-applied part, that is intended to deliver output
signal voltages or currents to other equipment.

2.14 patient-applied part: Entirety of any part of the equip-
ment that comes intentionally into contact with the patient via
a patient connection.

2.15 patient-applied risk current: Current flowing from the
slectromedical apparatus through the patient to power ground
(earth) or between patient-applied parts.

2,16 patlent care vicinity: Space, within a location intended
for the examination or treatment of patients, extending 6 feet
{ft) (1.8 meters [m]) beyond normal location of the bed, chair,
table, treadmill or other device that supports the patient during
examination and treatment. The patient care vicinity extends
vertically to 7 ft, 6 inches {in) (2.3 m) above the floor.

2.17 patient connection: Deliberate connection that can
carry current between an electromedical apparatus and a
patient. This can be a surface contact (e.g., an ECG elec-
trods), an invasive connection (e.g., an implanted wire or
catheter), or an incidental long-term connection (e.g., connec-
tive tubing).

NOTE—As used in this standard, “patient connection” is not intended
1o include adventitious or casual contacts, such as push buttons, bed
surfaces, lamps, and hand-held appliances.

2.18 patient Isolation risk current: Current flowing from the
patient to power ground (earth) through a part applied to the
patient due to the unintended introduction of a voltage from an
external source on the patient.

219 risk current: Nontherapeutic current that can flow
through the patient, medical staff, or bystander as a result of
the use of electromedical apparatus.

2.20 single fault condition (SFC): Condition in which a
single means of protection against a safety hazard in equip-

" The term “power ground” is common in American usage; the term
“earth” is common in European usage. Both terms have been used in
this document for clarity.

ment is defective, a component failure could increase the risk
current, or a single external abnormal condition exists.

291 sink current: Current that flows into a device or any
part thereof, when an external voltage is applied to it.

222 source current: Electrical cument that flows from any
part of an electromedical apparatus to any other part or to
power ground (earth), when no external voltages are applied.

2.23 therapeutic current: Current that is intentionally ap-
plied to the patient for treatment of disease or disorder.

3 Classification of electromedical apparatus and
measurement conditions

The following sections define specific classes of electromedi-
cal apparatus and measurement conditions and detail how
these classifications are applied in this standard.

3.1 Classification of electromedical apparatus

For purposes of this standard, four categories of electromedi-
cal apparatus have been defined. For each category, risk
currents are established. These four categories are listed
below:

a) Electromedical apparatus with isolated patient connec-
tion: Electromedical apparatus intended to be connected
to the patient with the patient circuit isolated from power
ground (earth), utility power systems, and other circuitry.

b) Efectromedical apparatus with nonisolated patient con-
nection: Electromedical apparatus intended to be con-
nected to the patient.

c) Electromedical apparatus fikely to contact the patient:
Electromedical apparatus that does not have a patient-ap-
plied part, but that is intended for use in the patient care
vicinity.

NOTE—See section 2 for definition of patient care vicinity.

d) Electromedical apparatus with no patient contact: Elec-
tromedical apparatus that is intended for use outside the
patient care vicinity and that has no patient connections.

3.2 Classification of measurement conditions
The following sections define normal and fault conditions.
3.2.1 Normal operating conditions
Under normal operating conditions, a device is operating as
designed with all means provided for protection against safety
hazards intact, connected properly and securely to an ap-
proved power source and, if the device includes patient-ap-
plied parts, with such parts applied according to the
manufacturer's instructions. The following are considered nor-
mal operating conditions:

a) power switch on/power switch off;

b) power polarity normal/power polarity reversed (cord-
connected apparatus only);

c) patient grounded; patient not grounded.
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