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FOREWORD 

The approval of the AAMI Safe Current Limits Standard as an American National 

Standard culminated more than 10 years of effort by over 1000 participants. 

This standard could not have been completed without the dedicated efforts of 

concerned health care professionals, industry and government. AAMI expresses 

its gratitude for the service of all persons involved in the development of 

the standard, with special acknowledgment of those persons who served on the 

AAMI Electrical Safety Committee since its formation in 1967. 

The first version of the standard was published in the September/October 1971 

issue of the JoUAnai. 06 :the. M.6aua.,tlon 601t :the. Adva.nc.eme.nt 06 Me.cU.c.al. In-6,t,w.

me.n.,ta,u.on (Vol. 5, pp. 314-321). In the 1975 edition, the section on user 

responsibility was eliminated in order for the standard to cover only the risk

current limits of electromedical apparatus. 

The standard originally covered hazard currents and some construction aspects 

of el ectromedical apparatus. Later, the term "hazard current" was dropped in 

favor of 11 risk current,t1 since hazard current has a specific connotation in 

the electrical safety community. In subsequent years, the scope of the stan

dard was further restricted to cover only risk-current limits and not the con

struction aspects of the apparatus. 

The 1978 edition of the standard was approved by the American National Stan

dards Institute on 19 January 1978 as an American National Standard. Since 

this edition did not include a rationale for the provisions of the standard, 

an "Interim Rationale Statement" was subsequently developed by the AAMI Elec

trical Safety Committee and published in August 1980. 

Suggesti ans for improving this standard are invited. Comments/ suggested revi -

sions should be sent to AAMI, 1901 N. Ft. Myer Drive, Suite 602, Arlington VA 

22209. 

Ed. Note.: Th.e. Ue.c.Luc.ai. Sa.6e.:ty Comma:te.e. .i..YU..,t<.a,:te,d a. 1te.v-0sJ..on. 
p1toc.e,,s,s 6M. :the. -0ta.n.da.;r.d J..n. 1980. Th.,Ls ,'te.vJ.l!ie.d ,sta.nda.1td ,u, ;o1te.-
,s e.nti.y u.rtde.,'tgo,(ng, c.onc.UJr..,,'te.n.il.y, a. c.omm-U.te.2. balio:t a.rid pu.bUc. 
Jte.v,{.ew a.,s a. p1topotJ e.d AmVt,i.c.a.n Na:u.ona..e. Sta.n.dw'td to .supe.,t,se.de. 
ANS I I AAAlT SC L- 1 2 / 7 8 • 

. V..U.. 
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1 . Scope 

SAFE CURRENT LIMITS FOR ELECTROMEDICAL APPARATUS 

(PROPOSED REVISION) 

This standard sets risk-current limits and referee test methods for electro

medical apparatus intended for use on or in the vicinity of any patient. The 

standard also sets limits for nonpatient-contact electrom~dical apparatus used 

in medi ca 1 fac i 1 iti es. The standard applies to 1 i ne- and battery-powered appara

tus. The standard applies to apparatus when used singly or when accessory 

equipment is properly connected to it. 

This standard does not set limits for the composite risk current when sev

eral devices are performing dffferent functions for the same patient and are 

independently connected to the utility power system. 

The safety and performance criteria deffned in this standard are intended 

for use in design qualification by tbe device manufacturer. 

NOTE: Tfi.e. 1t.e.6 vr.e.e. tut metliodo of, Se.mo n 4 Me. intended .to plt.ov,i.de. 
me.aM- 6.y wluc.h. c.onf,OJr.ma.nc.e. mt.Ii .:the. .c..:ta.nda.Jt.d c.a.n 6e. v.;.:ta.6Whe.d u.n
a.m6iguoll.-6ly. Thue. .:tv.;.:t,s Me. no.:t ne.c.e..c..oMily intended ,601t. I.L6e. ,i..n ve.Jt.,i..
f,ying .:the. pVtf,oJt.ma.nc.e. of, indi1Jidua.l de.vic.e..o ,i..n Jt.Ou:Une. qu.aLi.;ty a..6-6Ult.

a.nc.e. -ln.ope.c..:t.ioM·. Aloo 1 1t.e.f,Vte.e. .:tuu, 6tJ de.f,~n, a.Uow 0ott .:the. 
u.6e. of, a.UVI.na.tive. me..:thocu f,ott dv.;ign q_ua.U-6-lc.a..tlon, pttov,i.de.d .:tha..:t the. 
de.vic.u .oo quaLi.:0ie.d r,ui,U also me.et the. 1te.quilt.e.me.nu o-6 .:ttu.,s -6.:ta.ndaJtd 
wlie.n .:te.s.:te.d in a.c.c.ottda.nc.e. roi.th .:the. 1te.,6Vte.e. method. 

2. Classification of Electromedical Apparatus. For purposes of this standard, 

four categories of electromedical apparatus have been defined. In each case, 

risk-current limits are established for the patient connection (if applicable), 

the cord-connected grounding conductor or exposed electrically conductive sur

face, and the permanently connected grounding conductor or exposed electrically 

conductive surface. 

2.1 Electromedical Apparatus with Isolated Patient Connection: Electromedical 
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apparatus with a patient circuit that is isolated from ground, utility power 

systems and other supporting circuitry to such a degree that the isolated patient 

circuit or connection thereof has a risk current equal to or less than the limits 

set in this standard for isolated patient connections (see 3.3, 3.4). Examples 

of such devices are those that are intended to be connected directly to the heart 

or to foreign electrical conductors that are attached to or terminate in or on 

the heart or its great vessels. 

2.2 Electromedical Apparatus with Nonisolated Patient Connection: Electro

medical apparatus intended to be connected to the patient, but which is not ex

pected to be in contact with the exposed heart or its great vessels or in con

tact with a foreign conductive pathway to the heart or its great vessels. 

2.3 Electromedical Apparatus Likely to Contact the Patient. Electromedical 

apparatus that does not have a patient connection, but which is likely to con

tact the patient. Examples of such devices are electri'cal beds and bassinets. 

2.4 Electromedical Apparatus With No Patient Contact. Electromedical apparatus 

that is not likely to contact the patient. 

·7 
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3. Requirements 

3.1 Labeling Requirements 

3.1 .1 Isolated Patient Connections. Isolated patient connections that meet 

the requirements of this standard shall be identified as being isolated at the 

connector on the apparatus. 

3.1.2 Information Manuals. The manufacturer shall supply the user with 

operating and maintenance instructions that specify how the electromedical ap

paratus should be operated and maintained to prevent its risk current from in

creasing beyond the limits set by this standard. 

3.2 Risk-Current Requirements (General). Electromedical apparatus shall meet 

the applicable risk-current limits of this standard during normal operation and 

when ungrounded as specified herein. Fault currents are excluded from the risk

current limits. 

3.2.1 Apparatus Interconnection. Electromedical apparatus shall meet the 

risk-current limits of this standard when manufacturer-designated auxiliary 

apparatus, modular apparatus, and/or accessories are attached in the quantity 

and combinations designated by the manufacturer. The manufacturer shall supply 

the user or label the apparatus with limitations and directions for the inter

connection of modular apparatus, accessories, auxiliary apparatus, and the use 

of convenience receptacles such that the risk-current limits as set by this 

standard are not exceeded. 

3.2.2 Sterilization. Electromedical apparatus shall meet the risk-current 

limits of this standard after exposure to any disinfection or sterilization pro

cess specified by the manufacturer. 

3.2.3 Environmental Conditions. Electromedical apparatus shall meet the 

3 
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risk-current limits of this standard under the worst-case combination of envir

onmental operating conditions specified by the manufacturer. 

3.3 Source Current 

3.3.l Cord-Connected Apparatus. When the device is tested in accordance with 

Section 4, the maximum chassis source current shall not exceed 100 µArms for 

electromedical apparatus with isolated patient connection, for electromedical 

apparatus with nonisolated patient connection, and for electromedical apparatus 

likely to contact the patient. The maximum chassis source current for electro

medical apparatus with no patient contact shall not exceed 500 µArms. The maxi

mum source current at the patient connection shall not exceed 10 µArms for 

electromedical apparatus with isolated patient connection, 50 µArms for elec

tromedical apparatus with nonisolated patient connection. These requirements 

are summarized in Table 1. 

3.3.2 Permanently Connected Apparatus. The maximum chassis source current 

for permanently connected apparatus shall not exceed 5000 µArms for all cate

gories of electromedical apparatus. (See also Table 1 .) 

3.4 Sink Current. When the device is tested in accordance with Section 4, the 

maximum sink current, for electromedical apparatus witn isolated patient con

nections, shall not exceed 10 µArms at the input to the device, 20 ~Arms at 

the patient end of the cable when attached to the device. (See also Table 1.) 

3.5 Risk-Current Limits Versus Freguencv. From de to 1 kHz, the maximum risk 

currents, when measured under the conditions of Section 4, shall not exceed the 

limits specified in 3.3. When the frequency-weighting standard test load of 

Section 4, Figure 5, is used to measure the current, the limits of 3.3 apply 

up to 1 MHz. Figures 2 and 3 show the unweighted risk-current limits in the 

frequency range from de to 1 MHz. 
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Table 1 

Summary of Risk-Current Requirements 1n RMS Microamperes (de to l kHz) 

Callcl-Canne.de.d 
PeJrmane.n;tly Canne.ded 

Ca,te.gatLy a-6 Pa:t,i,e,yi,t Gtwundin9 Candu.da!t oil Pett National, Ele.c.,t,uc.ai. Cade.. 

E.te.e:tll.ame.d-i.,c.ai Connection ExpoJe.d Ele.c.,t;,_,,i_c.a,lly 
Gtwu.n.cung-Can.du.c;tatL Oil 

ApplVLattt6 Condu.c.Li.ve. Su11.fiac.e. 2 Expa~e.d Ele.c.,t,uc.ai.ly 
Candu.wve. Su.tt6ac.e. 

Gllaund Ope.n T~x 

l~1th Isolated 
·, 

Patient l 0 l l 00 5000 
Connect 1on 

With Nonisolated 
Patient 50 l 00 5000 
Connection 

L1 kely to Not 
Contact Applicable l 00 5000 
Patient_ 

No Patient Not 500 5000 
Contact Applicable 

1 The allowed sink risk current is 20 pA rms for isolated electromedical apparatus with patient cables, when meas-

ured at the patient end of the cable per 4.2.3. 

2Measured to ground from exposed electrically conductive surface or from a 200-cm2 foil over insulating enclosures. 

For insulating enclosures, the current is also measured in the grounding conductor. 
The limit for double-insulated apparatus is one-half of the values given. However, if the functional or supple

mentary insulation is effectively bypassed during a test, the limit is as given. 
The microamp~re limit in the grounding conductor applies to any apparatus or group thereof with a single cord 

connection to the electrical supply (see glossary). 
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4. Tests 

This section contains referee test methods to provide a means of verifying the 

performance of el ectromed ical apparatus. The test methods and procedures of 

this section are for use in determining compliance with the requirements of 

Section 3. 

NOTE: The.tie .tu:t me:thod.6 ma.y expo-0 e pVt5onne1. .to .the po-o-oibJ.LUy o 6 
ha.za.ttdoUA el.e.c.,t:Juc.ai. -6hoc.k. a.nd mtL:S.t 6e c.aJVtJ.e.d out w.Uh c.a.u.t-<.on. In 
palt.t-<.c.uhur.., -6peci..a.t c.a.u.Uon mUA.t be ob-6Vtved when .te.-6:Urtg mUA:t be 
PVtoOJtmed ht .the vJ..c.huty On a. patient 0/t w.Uh e.qu.,lpmen.t c.onne.aed 
:to a. bJta.nc.h ci..Jtc.u.U ,5llpplying a. pa.:Uen.t hoUl.i-<.ng a.ttea.. 

4.1 Compliance with the Labeling Requirements. Compliance with the labeling 

requirements can be verified by inspection. 

4.2 Compliance with the Risk-Current Requirements (General Test Procedures). 

The risk currents of individual apparatus shall be measured by the methods de

scribed in this section. 

4.2.l Test Equipment and Power System 

4.2.1 .l Measuring Instruments. The instrument to make this measura~ent 

shall measure true rms volts; however, it may be calibrated to rms micro

amperes as per section 4.5 of this standard. When used with the AAMI standard 

load lFigure 5), the measuring instrument shall have a bandwidth of de to at 

least 1 MHz (-3 db point); and in the band from de to 100 kHz, the indicated 

measurement shall not be more than 5 percent in error and it shall resolve a 

signal as small as one mV. 

Instruments which indicate true rms microamperes and have an internal 

load shall meet the requirements of this sect-fon, except for the allowable 

error, whi:ch for an integrated instrument shall not be greater than the sum 

of 5 percent plus the maximum additive errors induced by the allowable toler

ances of tbe load lsee 4.5) in the band from de to 100 kHz. 
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4.2.1 .2 Power Source 

(1) In the case of line-powered equipment, the tests shall be performed 

on a grounded power system. In the grounded system, the potential 

between the neutral and grounded conductor at the receptacle se

lected for the test shall not exceed 3 volts. 

(2) Battery-powered apparatus is tested while powered by the type of 

battery recommended by the manufacturer and, if applicable, while 

connected to line power. 

4.2.2 Test Conditions 

4.2.2.1 General Test Conditions. The apparatus to be tested is first dis

connected from all other apparatus except auxiliary apparatus, modular appara

tus, or accessories, as defined in the glossary. Single- or multi-function 
. 

apparatus in a single.cabinet or in multiple cabinets with a single power cord 

conn~ction to the electrical supply is tested as a single apparatus. 

4.2.2.2 The tests for source and sink currents shall be made to determine 

the presence and nature of ac and de currents. These tests shall be made in 

accordance with 4.5. 

4.2.2.3 The measuring instruments must meet the requirements of 4.2.1.l. 

4.2.2.4 If the apparatus has a nonconductfng enclosure, the risk current 

is measured in the grounding conductor. Additionally, the risk current is 

measured from an electrically conductive foil the size of the enclosure but 

not to exceed 200 square centimeters in intimate contact with the enclosure. 

The foil shall be located by experiment such that the current to ground is a 

maximum. If exposed hardware is connected to the internal grounding circuit 

and if the hardware is likely to be contacted by personnel, then the hardware 

is treated as an exposed electrically conductive surface. 

4.2.2.5 During all risk-current tests, all operator-accessible controls 

shall be adjusted to yield the largest risk current as found by experiment. 

9 



If the electromedical apparatus normally delivers therapeutic energy to the 

patient (e.g., pacemaker), the therapeutic energy shall be zero during the test. 

Otherwise, the instrument shall be in the active or operable mode, i.e., with 

output switches closed, electrodes properly connected to dummy loads, and final 

circuit stages properly functioning but without a physiological drive signal. 

4.2.2.6 During the test, the apparatus shall run through a normal cycle 

and activate all associated devices. 

4.2.3 Test Circuits. The individual apparatus under test shall be connected 

as shown by the test circuits in Figures 3 and 4 and subjected to the corres

ponding tests of subsections 4.3 and 4.4. The circuit of Figure 3 is used for 

measurements where the apparatus is the source of the risk current. The cir

cuit of Figure 4 is used to measure the risk current that apparatus having iso

lated patient connections will permit to flow (sink) to ground from an external, 

ground-referenced, 120-volt, 60-Hz source. 

4.3 Compliance with the Source Current Requirements. The source current tests 

of this section shall be performed using the AAMI standard test load of Figure 5. 

WA.i.~VING: If it is necessary to conduct these tests in the hospital~ 
tr,,e tests should not be perfcr>m.ed in the vicini'ty of a patient or on 
a branch ciI'cuit supplying a patient housing area. 

4.3.1 Source Tests for Cord-Connected Apparatus. The grounding circuit and 

patient-connection tests apply to cord-connected, line-powered apparatus and 

to battery-powered apparatus with the charger connected. The patient-connec

tion tests also apply to apparatus with nonrechargeable batteries. 

4.3.1.1 Using the test circuit of Ffgure 3, the rfsk current for cord

connected apparatus shall be measured between: 

( 1 ) Any patient connection and exposed, electri'cally conductive surface; 

(2) Any patient connection and power ground; 

(3) Any patient connection and any other patient connection; 

(_4 )_ Chassis and power ground. 



High 
Low 

Ground 

4.3.1 .2 Each measurement is performed when: 

(1) The utility electricity supply polarity is normal and reversed; 

(2) Apparatus power switch is on and off; 

(3) Ground is open and intact (except as noted below). 

The chassis to power ground measurement is not made for intact ground. The 

power on-off test also applies to apparatus with nonrechargeable batteries. 

Reversing Switch 

GND Switch 0 

200 cml foil 

Apparatus" 
Under 
Test 

Select 
Per 

4.3.1 
and 

4.3.2 
.15 

µ. F 

~ 

Risk-Current Tester 

Measuring 
Instrument** 

*Includes the battery charger of apparatus with rechargeable batteries. 

**Measuring instrument must be ungrounded when GND switch is open. 

Figure 3. Source risk-current test circuit, 

4.3.2 Source Tests for Permanently Connected Apparatus. Before the line

powered apparatus is permanently installed, the risk current shall be measured 

(using the test circuit of Figure 3) between: 

(1) Any patient connection and power ground; 

(2) Exposed, electrically conductive surface plus chassis and power ground. 

4.3.2.1 Each measurement is performed when: 

(1) The electricity supply polarity is normal; 

(2) Apparatus power switch is on and off; 

(3) Ground is open. 

'1Qmr., 'T'h • ' . ,, .., ... -J-., .,, , ,.,. .,, 

'" 11!.: .. i.s resi; i.s perJOY'111ea oy vne manuracr;urer JOY' 1,,arge appara.-
t T' J { ' 0 ~ ,.:/ • 

0 1 -1- 7· 1 
• 1 • ' 

vUS. ~r geneY'2vvY cannor; oe perJCY'111e~ i.n a neav~n care ;aci.vi.ry. 

11 
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4.3.2.2 After the apparatus is permanently installed, the risk current 

shall be measured between any patient connection and the patient-associated 

apparatus grounding point. 

4.3.3 Acceptance Criteria. Source risk-current limits are specified in 

3. 3. 1 , 3. 3. 2 and Tab 1 e 1 . 

4.4 Compliance with the Sink Current Requirements 

4.4.1 Sfnk Tests. On only electromedical apparatus with isolated patient 

connections, the risk current shall be measured in any individual patient con

nection when a potential of 120 volts rrns, 60 Hz, is applied through a series 

120-kn resistance to the patient connection, as shown in Figure 4. The risk 

current is measured with respect to power ground or, for apparatus with non

rechargeable batteries, to an exposed, electrically conductive surface. This 

test shall be conducted with the apparatus both ON and OFF and properly con

nected to its electrical supply (Figure 4). 

NOTE: The 120-kilohm resistance is intended to protect the test 
operator. 

4.4.2 Acceptance Criteria. The risk-current limit is 10 µA at the apparatus 

terminals, 20 µA at the patient end of a patient cable connected to the appara

tus, as specified in 3.4 and Table 1. 

r.7 AR~7 -~1c - ,.. . , . + , t .,_ 1 . 
W.11. lvlLv -: 1J 1,r; 1.,S necessa:t'y vO conauc i,/'1.1.,3 

test should not be performed in th~ vicinity 
test 1.,n the hospital~ the 
of a pati'ent or en a bra:f'.eh 

• ..J... "1 • • • t ' . ci-rcu-z,,,. supp,_,y1.,ng a par:-z,en nous1.,ng area. 

High 
Low 

Ground 

GND 

Apparatus"' 
L1 nder 
Test 

___ _L 

Select 
Per 

4.4 
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4.5 Risk-Current Limits Versus Frequency 

4.5.1 General. When multiple risk currents of various frequency and phase 

relationships are present during a specific single test, the composite risk 

current is related to the voltage across the AAMI standard test load (Figure 

5). The risk current of an apparatus shall be the largest current measured 

during any of the required tests and conditions of subsection 4.3. The appara

tus must meet all of the applicable limits of subsections 3.3 and 3~5. 

4.5.2 Standard Test Load. As shown in Figure 5, the test load shall be 

constructed using metal-film resistors with a tolerance of 1 percent or better, 

and a mica- or plastic-dielectric (extended foil) capacitor with a tolerance 

of 5 percent or better. The standard test 1 oad has an impedance-frequency 

characteristic, shown in Figure 6, which is the approximate inverse of the 

risk current versus frequency curves of Figures 2 and 3. 

-V) 

E ..c. 
0 
._; 

10 

1000 ohms ± 1 % 

0.15 microfarad ± S% 

10 ohms z 1% 

Figure 5. AAMI standard test load. 
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-c::i 
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CJ 
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:::, 

+-1 ..... 
C: 
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0 C'O 
:E: 

10° 

Figure 6. Impedance-frequency characteristics of the AAMI standard test load. 
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4.5.3 Risk-Current Calculation. Using the standard test load and an instru

ment calibrated to indicate rms microamperes or millivolts, the weighted risk 

current is read directly from the meter, since: 

E (mV rms) 
I = µArms 1000 ohms 
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5. Glossary 

Accessory. Any device produced or recommended by the manufacturer of an elec

tromedical apparatus, which is intended to be electrically connected to that 

apparatus in order to make the apparatus useful or to improve i:s efficacy or 

versatility, and which is not a modular part of that apparatus. Examples of 

accessories are optional types of ECG cables and recorders that are powered 

from a monitoring system or powered separately. 

Auxiliary apparatus. Any electromedical apparatus used in conjunction with 

other electromedical apparatus to achieve a common purpose. Auxiliary appara

tus includes both interconnected apparatus (e.g., ECG, ICU central station, 

and auxiliary to a bedside monitor) and non-interconnected apparatus (e.g., 

ECG display for a telemetry system). 

Composite risk current. The total risk current that may flow through the 

patient, medical staff, or bystander and that is derived from the risk currents 

of all the apparatus associated with the patient. 

NOTE: T/i.w de.6~rt A.-6. J.n.cl.ude.d 601t ,te.6vr.e.rtc.e. only. The. met.hod 
0 6 de/u .. lJ<Lti.O yt a.nd Li.m,U~ a.Jte. not c.ov vc.e.d 6y tru.o ,sta.nda.ir.d. 

Continuous operation. Operation for a time sufficient for temperature equil i

brium to be reached during constant ambient conditions. 

Electromedical apparatus. Any instrument, equipment, system, or device that 

directly or indirectly uses electricity for any medical purpose. Also in

cluded are all parts that are connected to such equipment and all accessory 

apparatus that is connected to the equipment and that is requisite for the 

normal use of the equipment, including the associated patient wiring or cables. 

Exposed electrically conductive surface. Any external metal or otherwise elec

trically conductive surface, which is connected to the internal circuits, 

mechanisms, or chassis. 

l 
' 
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Interconnected apparatus. Apparatus physically connected by electrical conduc

tors (including attachment bolt). This includes interconnection solely of elec

trical ground when multiple power-line grounds exist. 

Isolated electromedical apparatus. Any electromedical apparatus with a patient 

circuit that is isolated from ground, util Hy power systems and other supporting 

circuitry to such a degree that the isolated patient circuit or connection there

of has a risk current equal to or less than the limits for isolated patient con

nections specified in subsections 3.3 and 3.4. 

Isolated patient connection. A connection between the patient and the electro

medical apparatus that is isolated from ground, 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 for isolated patient connec

tion specified in 3.3 and 3.4. For example, the isolated connection may be 

safely connected directly to the heart or to foreign electrical conductors 

that are attached to or terminate in or on the heart or its great vessels. 

Leakage current. An undesired current through or across insulators that are 

used to separate. electrical conductors at different potentials, which includes 

both resistive and reacti:ve currents, 

Measurement current. A current that is intentionally applied to the body to 

measure physiological parameters or the performance of the apparatus-body 

interface. Examples include currents appl fed to measure body el ectri cal imped

ance during impedance pneumography or to determine the contact resistance of 

patient electrodes. 

Module. A standardized, self-contained assembly that performs a function or 

class of functions in support of the major function of ail electromedical appara

tus. These as.sembl ies can generally be removed or replaced without affecting 

the operation of other assemblies in the apparatus. 

7 



Modular apparatus. An electromedfcal apparatus that includes modules in its 

construction. 

Modular part. Module. 

Nontherapeutic apparatus. Any device that does not apply therapeutic energy 

to the subject, e.g., electrocardiographs, electroencephalographs, coronary 

and intensive care monitors, and impedance pneumographs. 

Patient connecti~n. Any deliberate electrical connection that may carry current 

between an appliance and a patient. This may be a surface contact (e.g., an 

ECG electrode)., an invasive connection Ce.g., an implanted wire or catheter), or 

an incidental long-term connection (.e.g., connective tubing). As used in this 

standard, ~patient connecttonlt is not intended to include adventitious or casual 

contacts, such as pushbuttons, bed surfaces, lamps, hand.,.held applfances, etc. 

Risk current. Any nontherapeutic current that may flow through the patient, 

medical staff, or bystander as a result of the use of electromedical apparatus. 

Sink current. The current that flows tnto a 9evice or any part thereof when 

an external voltage is applied to H. 

Source current. The undesirable electrical current that flows from any part 

of an electromedical apparatus to any other part or to ground when no external 

voltages are applied. 

Therapeuti'c apparatus. Any device that removes or applies chemicals or energy 

of any kind to the suoject in order to cause a physiological change, e.g., de

fibrillators, pacemakers, dialyzers, and apparatus used for shock therapy, 

cautery, diathermy, and cryogenic treatment. 

17 
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APPENDIX A: 

RATIONALE FOR THE DEVELOPMENT AND PROVISIONS OF THIS STANDARD 

Al. General. To facilitate the application and interpretation of the 

American National Standard, Saoe CuNtent Ll..rn,U:,o oo~ Elec..tJwmecllea.l App~, 

this rationale statement discusses the need for the standard and describes 

the basic underlying principles, empirical data, assumptions, and sources 

which support the requirements and test methods adopted in the standard. 

A2. Need for the Standard. This standard is concerned with reducing the 

risk of inadvertent electric shock from medical devices. Specifically, it 

is concerned with the risk of injury from the small amounts of current, 5000 

microamperes (µA) or less, which inevitably flow from or to electrical appara

tus, despite the absence of any defect or fault, under various possible con

ditions. 

For the most part, design standards and user precautions applicable to 

domestic appliances had served to protect patients and operators from risk 

currents in the clinical setting. Starting about 1960, however, a number of 

reports described fatal or near-fatal electrical shock to patients connected 

1 11 d d 
. 1-8 

toe ectrica y powere ev,ces . These reports from Europe and America 

suggested that circumstances associated with the use of electromedical de

vices were changing and that the safety criteria of the time were no longer 

adequate. Reevaluations were made of the relationship between levels of elec

trical current on the one hand, and perception thresholds, release thresholds, 

and lethal thresholds, on the other. Previous conclusions regarding safe 

current limits, which had been based on tests with alert subjects having 

19 
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healthy skin, were shown to be inappropriate for many hospitalized patients. 

Additionally, it was shown that for conductors in or on the heart the lethal 

threshold was much lower than the previously assumed level of perception. 

Further, new techniques introduced in the 1950s, including cardiac surgery, 

cardiac catheterization, angiography, intensive care nursing, long-term 

monitoring, pacing, and the use of electrically operated beds, were widely 

adopted in the 1960s, increasing the number of patients exposed to electrical 

apparatus and changing the nature of this exposure. It became clear that a 

new standard was needed to guide the design and testing of electromedical 

d . 9,10 ev,ces . Therefore, it became necessary to redefine safe current limits. 

The intent of the AAMI Electrical Safety Committee was to develop a 

general baseline standard. The committee has discussed the application of 

the standard by manufacturers, hospitals, or others, and has specifically 

noted objections concerning the application of the standard to existing equip

ment. With belief in the need for this standard to enhance patient safety, 

the co1T111ittee concluded that determination of the extent of application of 

this standard should be left to individual institutions, standards groups, 

and other authorities. 



A3. Rationale for the Specific Provisions of the Standard 

NOTE: Ea.c.h nwnbe;r.e,d .ou.b.oeulon 06 Se,ulon A3 pJc.ovi.de.-6 the. Jtationale, 
601t the, c.oMuponcU.ngty numbe;r.e,d .oub.oe,ulon 06 the, .o.tcr.Ytda!td. 

A3.1 Labeling Requirements 

A3.1.1 Isolated Patient Connection. The interruption of both electrical 

source and sink pathways is an important contribution to the reduction of 

risk, particularly for patients with exteriorized conductors in the heart. 

Management of such patients involves ready user identification of isolated 

patient connections. The committee felt that identification labels should 

appear on the equipment itself. Following a convention that the isolated 

device should be the one to be identified, the standard does not require non

isolated patient connections to carry any specific labeling. 

A3.1 .2 Information Manuals. Any special user actions necessary to ensure 

that risk current limits are maintained throughout the life of the equipment 

should be specified in operating instructions or maintenance manuals supplied 

with the equipment. 

A3.2 Risk"'.Current Requirements (General). The requirement that the risk 

current 1 imits are to be met with the equipment ungrounded was predicated on 

the tenet that, for portable equipment, limitation of risk current, rather 

than grounding, is the key element in a system to limit exposure to inadver

tent electrical current. Grounding of equipment, and the integrity of the 

grounding system, may be an additional feature to reduce risks; this has not 

been addressed by the. standard. For example, groandi ng may be used to provide 

pathways which permit fau 1 t currents to trip overcurrent protective devices 

and s.o protect the equipment from damage by overheating or fire. Also, 

grounding may be needed to control problems of electromagnetic interference. 

l 
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In addition, in some situations, grounding may limit the risk of electric 

shock from fault currents. The committee felt, however, that grounding should 

not be the primary approach in limiting the rfsk of electric shock from risk 

currents, because grounding portable devices had not been proven sufficiently 

reliable11 . Consideration was given to redundant means of grounding, such as 

a four-prong plug, but this approach was discounted as being economically im

practical. Also, grounding in some situations increases risks by providing 

an exit for current from the patient. In reports on electrical acci:dents in 

hospitals, a grounded conductor was present in practi:cally every case of elec

tric shockl-S, 7, 12 . There has been considerable improvement in the reli

ability of grounding devices in recent years, but reliance on grounding alone 

is not adequate for protecting the hospitalized patient. If the grounding is 

lost, the risk current available from the chassis should not represent a sub

stantial hazard to most patients, although it may be somewhat higher than would 

be intentionally applied to the patient. Similar reasoning applies to double

insulated devices with and without the supplemental insulation intact. The 

choice between grounded and double-insulated construction is a complex decision 

that includes issues of overcurrent protection, electromagnetic interference, 

and the chassis as a sink for shock current. These issues are beyond the scope 

of this document. 

The relationship between risk current and stimulation of excitable tissue 

is not simple. The underlying phenomena involve the displacement by electric 

forces of ions congregated near cell membranes. The degree of ionic displace

ment is related to the intensity and duration of the applied electric field. 

If the ionic displacement normal to the membrane exceeds a certain threshold 

value, the cell will be excited or shocked. The electric field intensity (E) 

is the product of the current density (J) and the resistivity (p), or, more 

succinctly, E = Jp. Thus, whether or not membranes are excited depends not 
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only on the current, but also upon the area of contact between tbe device and 

the tissue, upon tissue resistivity, and upon the geometric relationship be

tween the point of contact and the excitable tissue. Despite the indirect 

association between current 1 evel and excitation, it bas proven to be possible 

to assign realistic safe current levels to particular classes of medical de

vices. The likelihood of electric shock is of course not everywhere the same 

in commonly encountered patient care situations. Furthermore, the wide range 

of hazardous levels is such that it would be economically unrealistic, and 

totally unnecessary, to specify the more strfngent requirements for all situa

tions. This conclusion is reflected in the varying levels of risk current 

defined in subsections 3.3 and 3,4 of the standard and summarized in Table 1. 

The consequences of cell excitation depend upon the type, location, and 

amount of tissue involved. Traditionally, three types of excitation are cited: 

perceptible, tetanic release, and lethal 13 . This classification may be help

ful for everyday industrial and domestic situatfons, because it is compara

tively difficult to shock, burn, electrocute, or otherwise abuse alert, heal

thy individuals. But for hospitalized patients, who are often unable to help 

themselves, who are in a weakened state, and who are frequently cut, deliber

ately grounded, intimately connected to electrical apparatus, or otherwise 

made vulnerable to electric shock, the usual three levels of excitation are 

neither accurate nor pertinent. It is easily demonstrated that once the skin 

is breached, the 500-µA perception level, which is the basis for leakage cur

rent standards for ordinary appliances 14 , may be intolerable. Applied to 

readily accessible mucous membranes, currents below 100 µA are perceptible. 

In the case of cardiac tissue, even imperceptible currents can be fatal. In 

view of the variable consequences of stimulation of tissue, the goal, for 

medical devices~ should be the avoidance of any (unintentional) sustained 

23 
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tissue excitation. Subsections 3.3 and 3.4 of the standard set forth risk 

current limits which provide reasonable assurance that this goal will be met 

by various classes of medical devices; the technical basis for the limits 

chosen is discussed in subsections A3.3 and A3.4 of this rationale statement. 

A3.2.l Apparatus Interconnections. The total risk current associated 

with a device may be a function of the modules, accessories, and interconnec

tions used with the device. Not only may accessories contribute to the total 

risk current, but voltage differences may occur between different parts of a 

device, particularly if current flows in the grounding circuit. Thus, a 

remote accessory, powered from the device, must, for purposes of the standard, 

be considered part of the device. It is of course necessary to ensure that 

during testing, connections to accessory apparatus do not provide inadvertent 

grounds, since this would defeat t~e ungrounded test requirements. 

Many manufacturers provide auxiliary power receptacles on their instru

ments which could power additional devices. The labeling requirements of this 

section provide some assurance that appropriate guidelines are available to 

the user concerning limitations that must be exercised regarding equipment or 

accessories connected to the auxiliary power receptacle. 

A3.2.2 Sterilization. Devices that require sterilization may be cleaned 

and sterilized at elevated temperatures or with highly reactive germicides. 

The long-term effects of repeated disinfection or sterilization on risk cur

rents must be carefully considered, because of the possible attendant degrada-

t . f 1 t . 1 . 1 t' t · 1 15 
,on o e ec r1ca 1nsu a 1ng ma er,a s 

A3.2.3 Environmental Conditions. Tanperature, humidity, atmospheric pres

sure, mechanical shock, and similar environmental constraints usually relate 

to the performance or reliability of the device itself. To protect the patient, 

the risk current limits for medical equipment must also be met in the intended 



environment. Hazards or risks can be increased by the nature of the patient's 

treatment or condition. Spilled body fluids, for example, can increase vulner

ability to electric shock7. Another environmental factor in patient locations 

is the inevitability that any horizontal surface, including that of a medical 

device, will be used repeatedly as a repository for unstable vessels contain

ing drinks, flowers, irrigation fluids, and so on. All electrolytes, pleasant 

and unpleasant, are devastating to electrical circuits, and they represent one 

f th t f · t fa1·1ures15116 . 0 t· + o e mos common causes o equ, pmen per a , ng rooms pres en .. 

special problems, in that spraying and washing of walls and floors is usual. 

Excessive risk currents due to moisture, particularly in footswitches, has been 

common. Also, some devices are used in oxygen tents or infant incubators, both 

of which are humid. The medical environment itself thus poses many problems 

for the control of risk currents. 

A3.3 Source Current Requirements. For reasons discussed in A3.2, the likeli

hood of electrical stimulation of excitable tissue depends primarily upon: 

(1) the location of the sites at which current enters and leaves the body; 

(2) the area of contact at these sites; and (3) the amount of current flow

ing. It was concluded that reasonable freedom from hazard due to risk current 

could best be provided by dividing medical devices into the categories defined 

in Section 2 of the standard. The rationale for the source risk current limits 

of 3.3 is provided below, in accordance with this categorization. 

A3.3.l Cord-Connected Apparatus 

A3.3.l .1 Electromedical Apparatus with Isolated Patient Connections. 

Death from electric shock of low voltage (less than 300 volts) is almost invari

ably due to ventricular fibrillation; this has been known since 189917 . Fur

ther, the most dangerous situation arises when electricity is applied directly 

to the ventricles of the heart. Most of the accidents referred to in Section 

25 



26 

A2 involved current applied directly to the heart via pacemaker leads or dye 

injection catheters3.
1 

In several instances, the device connected to the heart 

was not the source of the current, but rather the exit point to ground for 

currents introduced by other devices contacting the patients. Because of the 

low levels of hazardous current, and the typical current pathways in reported 

incidents, it was concluded that conductors to the heart should be isolated 

from ground and from all other current sources by a high-impedance pathway. 

The 10-µA limit on maximum source current at the patient connection, re

commended in 3.3.l and Table 1 of the standard, was originally based on the 

work of Weinberg e;t a.l on dogs18 ; these studies have been repeated with com

parable results19-23 

Human fibrillation has been reported with a current as low as 15 µA 20 , 

and every individual experienced in cardiac catheterizatfon is aware that 

fibrillation can be provoked in diseased hearts merely by mechanical irrita

tion. The contribution of very small electrical currents to excitation 

seems to merge with mechanical effects at about 20 µA for very small contact 

areas (0.224 mm 2)24 . The committee adopted a limit of 10 µA to provide a 

safety factor of 2. 

The rationale for the chassis source current limit o.f TOO µA is discussed 

in A3 . 3 . 1 . 3 . 

A3.3.l.2 Electromedical Apparatus With Nonisolated Patient Connection. 

For body surface electrodes, or internal electrodes not intended for use in or 

on the heart or in conjunction with other devices having conductive pathways 

to the heart, the risk current objective is to stay below any reasonable level 

of perception. It was concluded that 50 µA would be an appropriate source 

risk current level for patient connections; this level provides a safety 

factor of 10 relative to the large area contact threshold of perception for 

healthy skin13 , and a safety factor of 2 relative to the perception threshold 
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for small areas of contact with breached skin or mucous membranes25 . 

Additionally, as compared to the 100-µA level adopted for surfaces not 

connected to the patient, the 50-µA level provides a high degree of protection 

in those situations where the device in question acts as a source and a car

diac conductor acts as the sink for current. 

The risk current from those parts of the apparatus likely to contact the 

patient (i.e., the chassis source current) is considered in A3.3.1.3 below. 

A3.3.1 .3 Electromedical Apparatus Likely to Contact the Patient. The 

100-µA chassis source current limit of 3,3.1, for apparatus which may make in

cidental rather than intentional contact witb patients, is intended to be below 

the threshold of perception for all but the smallest(< 2 mm 2) contact areas. 

(For cardiac tissue, the threshold of excitation is about 50 µA/mm 2 measured 

at 100 µA24 , and it seems reasonable to assume that other excitable tissue 

has a similar current density threshold.) 

It was concluded that there are different levels of risks for conductors 

intended to be connected to the heart, electrodes not intended for use in or 

on the heart, and electrically conductive surfaces of equipment which may make 

incidental contact with patients, including pathways to the heart. Although it 

would be preferred to ensure maximum protection for all possible conditions, the 

cost of specifying a 10-µA chassis source risk current limit for any possible 

patient contact was weighed against the likelihood of such events occurring 

and against alternative means of enhancing safety. The probability of micro

shock from incidental contact was considered to be significantly diminished 

by hazard awareness of the medical staff, by improved reliability of equip-

ment and facility ground connections, and by improved insulation of electrode 

terminals and equipment surfaces. The 50-µA limit for nonisolated patient 

connections and the 100-µA limit for electromedical apparatus likely to con

tact the patient were judged to afford adequate protection at reasonable cost. 
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Conversely, the 100-µA chassis source current limit was challenged on 

the basis that its cost/benefit was not justified, since it did not ensure 

protection against micro-shock and was therefore too restrictive. Recommen

dations to increase the limit to 250 µA or 500 µA were rejected, because the 

risk of shock would be increased during the use of multiple apparatus where 

there is an inadequate grounding connection of the electrical system or an 

inadequate electrical power system ground. The risk of "startle" shock and 

the adverse effects of alternating current interference (e.g., the inhibition 

of "demand" cardiac pacemakers) were also considered to be rationale against 

. . th 1 . ·t30 ra1s1ng e 1m1 • 

A3.3.1 .4 Electromedical Apparatus With No Patient Contact. The electric 

shock risk from medical devices which are not intended or likely to come in 

contact with the patient was judged to be the same as that for ordinary domes

tic or industrial devices. The chassis source current limit adoped, 500 µA, 

is that specified in the American National Standard, Leak.age CuJUten.t 0o~ 

App.u,a.nQe/2 (ANSI C101 .1, 1973). 

A3.3.2 Permanently Grounded Apparatus. The safety requirement for perman

nently grounded apparatus, specified in 3.3.2 and Table 1, column 4, of the 

standard, is based on the assumption that line-operated equipment will be con

nected to electrical supply systems which are in compliance with the National 

Electric Code or.similar standards. Studies in hospitals have shown that 

properly installed systems provide reliable, low-resistance grounds in elec

trical fixtures 26 . It was concluded that the risk current limits for fixed, 

permanently wired medical devices need not be more stringent than the 5-mA 

limit specified for ordinary fixtures in ANSI Cl0l .l, 1973. 

A3.4 Sink Current Requirements. In many devices, leakage current sources 

behave as high-impedance generators connected to the power line. Therefore, 



the degree of isolation specified in the standard is to be measured at the 

line voltage when measuring the sink risk current. A sink risk current limit 

of 10 µA was chosen for the apparatus terminals, and a sink risk current of 

20 µA was chosen as the limit when the measurement is made at the patient-

end of the patient cable. The sink risk current limit at the apparatus 

terminals is consistent with the source risk current limit for patient con

nections, maintaining a safety factor of 2 (see A3.3.1 .1). However, because 

of the patient cable's possible orientation and proximity to grounded sur

faces in the patient's environment, it is necessary to allow further reduction 

of patient isolation, and thereby an increased sink risk current when the 

cable is tested at the patient end. The limit chosen, 20 µA, reduces the 

safety factor to unity, but recognizes the fact that the test assumes a fault 

condition (line voltage at the patient) as opposed to normal operation for 

the other tests. 

A3.5 Risk-Current Limits Versus Frequency. In most instances, risk current 

alternates at the line frequency. Some devices, however, convert the electri

cal supply into direct current or other frequencies. Extrapolation of test 

data to determine the threshold current for fibrillation with sinusoidal cur

rent from 30 to 350 Hz and the effect of sinusoidal current from 5 to 10,000. 

Hz on let-go currents, indicates that there is some reduction in risks with 
27 28 de currents ' . This is also supported by experimental fibrillation data 

showing an increase in fibrillation threshold by a factor of two for de versus 

29 ac currents. However, these extrapolations would not project de risk cur-

rents outside the reject region in Figures 2 and 3 of the standard, and it 

was concluded that the risk current limits between de and 1000 Hz should be 

constant. 

Figures 2 and 3 of the standard were derived from strength/frequency 

data for perceptible and lethal currents27 . The flat portion of the curves 
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between 100 kHz and l MHz ~oes not reflect physiological data obtained with 

purely sinusoidal currents. Few data are available in this region, but stimu

l~tion has been observed with complex waveforms at these higher frequencies. 

This may be due to rectification at electrode interfaces or at arcs. In the 

absence of firm data, it was deemed prudent not to extrapolate the upward 

physiological curve above 100 kHz. 

The risk-current limits of 3.5 and Figures 2 and 3 are based on immediate 

fibrillatory and sensation threshold data and do not consider long-term physio

logical effects. The unweighted risk-current limits (RCL) in the frequency (f) 

range of 1 kHz to 1 MHz are given by the ideal current versus frequency rela

tionships described below. However, actual measurements to determine compli

ance with the standard are generally made with the AAMI standard weighting net

work (load) of Figure 5. 

For electromedical apparatus with isolated patient connection: 

IRCL (µA) = 

= 

l 0 • f (Hz) 

l 000 Hz 

l mA 

, where 1 kHz < f < 100 kHz 

where 1 00 kHz < f < 1 MHz 

For electromedical apparatus with nonisolated patient connection: 

1RCL (µA) = 

= 

50 · f (Hz) 

1000 Hz 

5 mA 

where 1 kHz < f < l 00 kHz 

, where 1 00 kHz < f < 1 MHz 

For the grounding conductor of apparatus with patient contact: 

= 

100 · f (Hz) 

1000 Hz 

10 ma 

where 1 kHz < f < 1 00 kHz 

, where 100 kHz < f < 1 MHz 

For the grounding conductor of apparatus without patient contact: 



IRCL(µA) = 

= 

500 · f (Hz) 

1000 Hz 

50 ma 

, where 1 kHz < f < · 1 00 kHz 

where 100 kHz < f < 1 MHz 

Figures l and 2 of the standard reflect these ideal current versus fre

quency relationships. However, when measurements are made with the AAMI 

standard weighting network (load) of Figure 5, measured values that are in 

compliance with this standard will slightly exceed the limits of Figure 1 and 

2 in the neighborhood of 1 kHz and will be slightly less than these limits 

in the neighborhood of 100 kHz. These deviations are not considered to be sig

nificant in terms of physiological effects, since the actual test load limit 

changes at around 1 kHz provide a closer approximation to the actual strength/ 

27 
frequency data than the straight lines of Figures 1 and 2. In addition, 

the effects in the region around 100 kHz are sparsely documented, and the 

test load provides a slightly lower (more conservative) limit than Figures 

1 and 2. 

A4. Tests. The test procedures documented in Section 4 of the standard 

provide referee test methods for verifying compliance with the requirements 

of Section 3. These referee test methods are not necessarily intended for 

purposes of manufacturing or quality control (although these applications are 

not precluded), since equivalent measurements may be obtainable by other ac

ceptable methods. 
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