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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT

Part 2-24: Particular requirements for the safety
of infusion pumps and controllers

EOREWOQRD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for sfandardizatiofi.eomprising

all pational electrotechnical committees (IEC National Committees). The object of the i e inter-
national co-operation on all questions concerning standardization in the electrical a e ic fields.|[To this
end| and in addition to other activities, the IEC publishes International Standards. el c tlon is\entrusted
to technical committees; any IEC National Committee interested in the subject d i icipdte in this
preparatory work. International, zati jaist P EC also
parficipate in this preparation. The |IEC collaborates closely with the Int a izagi gndardi-
zatipn (ISO) in accordance with conditions determined by agreement pe anizaty

2) The formal decisions or agreements of the IEC on technical matter S as b ible, gn inter-
natijonal consensus of opinion on the relevant subjects since e 2 ibn from
all ipterested National Committees.

3) The documents produced have the form of recommendations j fona 2 i in the form
of standards, technical reports or guides and they are i i i

4) In grder to promote international unificat E i hational
Stapdards transparently to the maximum assibla X s. Any
divergence between the IEC Standard and the co I ion i clearly

indicated in the latter.

5) Theg IEC provides no marking procedure to\ indi¢ i 3 8 i for any
equipment declared to be in gohformipy-w

6) Attgntion is drawn to the possibilit 3 i i subject
of patent rights. The IEQ® S

Internptional St rd ectro-
medicjal equipme f IE ice.
The tgxt of this Parti pased on the following documents:
xFDIS Report on voting
N\ b2D/250/FDIS 62D/268/RVD
Full informati ng for the approval of this Particular Standard can be found|in the

reportjon votingyindicated in the above table.

Anney L<is an integral part of this standard.

Annex AA is for information only.

In this Particular Standard the following print types are used:

— requirements, compliance with which can be tested, and definitions: in roman type;

— notes, explanations, advice, introductions, general statements, exceptions and references: in
smaller type;

— test specifications: in italic type;
— TERMS DEFINED IN CLAUSE 2 OF THE GENERAL STANDARD |IEC 60601-1 OR THIS PARTICULAR
STANDARD: SMALL CAPITALS.

A bilingual version of this standard may be issued at a later date.


https://iecnorm.com/api/?name=91fbeba7e5d797a1aeff81ed0dbeb1ed

60601-2-24 © IEC:1998(E) ~5-

INTRODUCTION

This Particular Standard deals with the safety of INFUSION PUMPS and CONTROLLERS. The
relationship between this Particular Standard, IEC 60601-1 (including amendments 1 and 2),
and the Collateral Standards is explained in 1.3.

The safe use of infusion pumps and controllers is primarily the responsibility of the OPERATOR.
It is also recognized that OPERATORS should be trained in the operation of MEDICAL ELECTRICAL
EQUIPMENT and that safe use of the EQUIPMENT can only be achieved if it is operated in
accordance with the manufacturer’s instructions for use. The minimum specified safety
requirements are considered to provide a practical degree of safety in operation. It is the
respofsibility of the manuiacturer to ensure that the requirements of this Particular stgndard
are rg b with
these

Safe yise can be ensured only if the associated disposable parts, e ! S yringes
are cd Ll h ] use —
Part 2
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MEDICAL ELECTRICAL EQUIPMENT -

Part 2-24: Particular requirements for the safety
of infusion pumps and controllers

SECTION ONE - GENERAL

The clauses—anhd-subclauses—of-this—section-of-the-Genetral-Standard—and—of-this—sesction-of the

Collateral Standard IEC 60601-1-2 apply, except as follows:

1 Sc¢ope and object

This dlause of the General Standard and this clause of the Colla D1-1-2

apply,|except as follows:
1.1* |[Scope

Additipn:

This Rarticular Standard specifies thexequixement for INF
SYRINGE PUMPS and PUMPS FOR AMBULATS
are intended for use by medical st3

indicated. These particular requirements d

PS, INFUSION CONTRO|LERS,
.101 to 2.110. These dgvices
dically

1) specifically intended <or di i i ) bumps
peffmanently controfled © '

2) enferal infusion,
3) extracorpore§

4) implantable or dig
5) EQ

pr
W4

6) EQ intended for diagnostic use within male impotence festing
(m t of liquid infused, necessary to maintain a preset pressurg level
fo intabai enile™erection: cavernosometry, cavernosography).

ent of
r with

1.3 PRarticular standards

Addition:

This Particular Standard refers to IEC 60601-1:1988, Medical electrical equipment — Part 1:
General requirements for safety as amended by its amendment 1 (1991) and amendment 2
(1995) and to the Collateral Standard IEC 60601-1-2:1993, Medical electrical equipment —
Part 1: General requirements for safety — 2. Collateral Standard: Electromagnetic compatibility
— Requirements and tests.

For brevity, Part 1 is referred to in this Particular Standard either as the General Standard or as
the General Requirement(s) and IEC 60601-1-2 as the Collateral Standard.

The numbering of sections, clauses and subclauses of this Particular Standard corresponds to
that of the General Standard. The changes to the text of the General Standard are specified by
the use of the following words:
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“Replacement” means that the clause or subclause of the General Standard is replaced
completely by the text of this Particular Standard.

“Addition” means that the text of this Particular Standard is additional to the requirements of
the General Standard.

“Amendment” means that the clause or subclause of the General Standard is amended as
indicated by the text of this Particular Standard.

Subclauses or figures which are additional to those of the General Standard are numbered
starting from 101, additional annexes are lettered AA, BB, etc., and additional items aa), bb),

etc.

The term “this Standard” is used to make reference to the General |ateral
Standprd and this Particular Standard taken together.

Wher¢ there is no corresponding section, clause or subclause<in thi i d, the
section, clause or subclause of the General Standard, althot i : pplies
withouyt modification; where it is intended that any part <af t hough
possibly relevant, is not to be applied, a statement a ticular
Standprd.

The requirements of this Particular Sta ard.
The requirements are followed by specifisatio

Followi 8_6 D79, a
“Gendral guidance and rg ion giving priate,
about|the more important requi is Mcluded ik annex AA.

Clausgs or subclaguse ich lanatory notes in annex AA are marked with an
asterisk (*). €>

It is cpnsidered that s Cilitate
the proper appl| t|0 ; : ill, in due course, expedite any revision peces-
sitatex i vever,
this a

15 ¢

Additipn:

This s

stated ina parucular clause or subclause
2 Terminology and definitions

This clause of the General Standard and of the Collateral Standard IEC 60601-1-2 apply,
except as follows:

2.1.3
ACCESSORY

Addition:

Separate programmers are regarded as accessories and therefore a component part of the
EQUIPMENT
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2.1.5
APPLIED PART

Replacement:

entirety of all parts of the EQUIPMENT including the infusion liquid pathway that is intentionally in
contact with the PATIENT being treated in NORMAL USE

2.2.18
PORTABLE EQUIPMENT

Replacement:
TRANSRORFABLE-EQUHRMENT intended-to-be-moved-from-one location-to-anotherwhile—in-tise or

betwegn periods of use, by one or more persons or by other means

Additipnal definitions:

2.101
INFUSION PUMP
EQUIPMENT intended to regulate the flow of liquids into the P»
generfated by the pump

positive prgssure

The INFUSION PUMP may be of:

— type 1: continuous infusion flow onl)
— type 2: non-continuous flow only,
— type 3: discrete delivery of a BOLUS,
— type 4: type 1 combined with type 3 same EQUIPMENT,

— type 5: PROFILE PUMP.

2.102
VOLUMETRIC INFl*@
INFUSION PUMP inMwp

EQUIP

indicated by the

2.103
DRIP-H
INFUSI
EQUIP

indicated by the

2.104
INFUSION'CONTROLLER
EQUIPMENT intended to regulate the flow of liquid into the PATIENT under positive preéssure
generated by gravitational force

2.105

VOLUMETRIC INFUSION CONTROLLER

INFUSION CONTROLLER in which the delivery rate is set by the OPERATOR and indicated by the
EQUIPMENT in volume per unit of time

2.106

DRIP-RATE INFUSION CONTROLLER

INFUSION CONTROLLER in which the delivery rate is set by the OPERATOR and indicated by the
EQUIPMENT as a number of drops per unit of time
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2.107

SPECIAL USE EQUIPMENT

EQUIPMENT in which the delivery rate is set by the OPERATOR and indicated by the EQUIPMENT in
units other than those defined in 2.101 to 2.106

2.108

SYRINGE PUMP

EQUIPMENT intended for controlled infusion of liquids into the PATIENT by means of one or more
single action syringe(s) or similar container(s) (e.g. where the cartridge is emptied by pushing
on its plunger)) and in which the delivery rate is set by the OPERATOR and indicated by the
EQUIPMENT in volume per unit of time

2.109
INFUSION PUMP FOR AMBULATORY USE

EQUIPMENT intended for the controlled infusion of liquids into the Pa
carriefd continuously by the PATIENT

d ded| to be

2.110
PROFILE PUMP

EQUIPMENT intended for controlled infusion of
programmed sequence of delivery rates

by means| of a

2.111
REGION OF CONTROL
that pgrt of the EQUIPMENT within whick 3 ti t-off or air detection occurs,
within|the body of the EQUIPMENT or remotg

2.112
ADMIN|STRATION SET

devicg(s) that convey( € EQUIPMENT to the PATIENT

2.113
PATIENT LINE

that part of the ADMmI e€n the EQUIPMENT and the PATIENT
2.114

SUPPLJY LINE
that part o 3 TIONSET between the liquid supply and the EQUIPMENT

2.115
OCCLUSION ALARMNIHRESHOLD (PRESSURE)
value [of thie physicalMquantity at which the occlusion alarm is activated

2.116
KEEP OPEN RATE (KOR)

low predetermined rate(s) to which the EQUIPMENT reverts under specified conditions with the
object of keeping the PATIENT LINE open

NOTE - The abbreviation KVO (Keep-Vein-Open Rate) is commonly used as a synonym of KOR.

2.117

FREE FLOW

flow in an ADMINISTRATION SET which is not controlled by the EQUIPMENT, for example, due to the
unintended effects of gravity by the removal of the ADMINISTRATION SET from the EQUIPMENT

2.118
ADMINISTRATION SET CHANGE INTERVAL
time recommended by the manufacturer of the EQUIPMENT for using the ADMINISTRATION SET
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2.119
BOLUS
discrete quantity of liquid which is delivered in a short time

2.120
INTERMEDIATE RATE defined as follows:
— for volumetric infusion pumps and volumetric infusion controllers, set the rate to 25 ml/h;

— for drip-rate infusion pumps and drip-rate infusion controllers, set the rate to
20 drops/minute;

— for syringe pumps, set the rate to 5 ml/h;

- fo ied by
the manufacturer as typical for the equipment.

2.121

MINIMUM RATE

lowest rate selectable by the OPERATOR, but not less than 1 ml/

NOTE + For INFUSION PUMPS FOR AMBULATORY USE it is the lowe

2.122

MAXIMUM INFUSION PRESSURE

maxinmum pressure which can be ge total

occlugion at the end of the PATIENT LI

2.123

PATIENT END

that epd of the PATIENT LI

3 General requirem

This ¢

3.6*

SINGLH 51.102

shall hecame Obvig the OPERATOR within the ADMINISTRATION SET CHANGE INTERVAL. $INGLE

FAULT in the protective system specified in clause 51.103 shall cauge the

cessali e generation of an alarm within a time interval less than the violume

of thel ADMINISTRATIONYSET between the air detector and the venous cannula connectef to it

dividefd by/the maxinvam flow rate of the pump.

NOTE + Acceptable methods of complying with this requirement are, for example:

1) a safety system check initiated and controlled by the EQUIPMENT, first at the beginning of the
ADMINISTRATION SET CHANGE INTERVAL, and then repeated continuously as warranted;

2) one or more protective systems checks initiated by the OPERATOR and controlled by the EQUIPMENT within
the ADMINISTRATION SET CHANGE INTERVAL, with the OPERATOR initiating checks before or during the
infusion;

3) a safety system check carried out by the OPERATOR at least once within the ADMINISTRATION SET CHANGE
INTERVAL (see 6.8.2 a) 24)).

The following are not regarded as SINGLE FAULT CONDITIONS, but are regarded as NORMAL USE
CONDITIONS:

— leakage from the ADMINISTRATION SET and/or the liquid supply;

— depletion of the INTERNAL ELECTRICAL POWER SOURCE;

— mispositioning and/or incorrect filling of a drip chamber;
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— air in the SUPPLY LINE or the REGION OF CONTROL;

5 ClI

lling on the PATIENT LINE (see ISO 8536-4).

assification

This clause of the General Standard applies, except as follows:

5.2 Amendment.

Delete TYPE B APPLIED PART,;

56 4

Deletd
6 Id

This d
apply,

6.1 N

Additii

aa) If

mm »

Comp
6.1q)
Repla

The b
1) sy
to

2) an
AD

\mendment:

all except for CONTINUOUS OPERATION.
pntification, marking and documents

lause of the General Standard and this clause o D1-1-2

except as follows:

Narking on the outside of

Dn:
Hetachable liquid reservoirs or P ) aining
becific concentrationg ) 31 of the
DUIPMENT then rele \ i ye fi bn the
DUIPMENT which el identi on.
iance is cheske
cement:
bd
mbol A-oN\app RATOR
the ACCOMP G DOCUMENTS;

arfow or otWer appropriate symbol indicating the correct direction of flow |if the
MINISTRATION SET can be incorrectly loaded;

3) EQUIPMENT as defined in 2.103 and 2.106 shall additionally be marked as follows:

"C

aution: this equipment controls the drip rate not the volume delivered."”

Additional items:

6.1.201 of the Collateral Standard, IEC 60601-1-2

Addition:

Compliance is checked by inspection.

6.8 ACCOMPANYING DOCUMENTS
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6.8.2 Instructions for use
a) Addition:

The instructions for use shall also include the following:

1) alist of the recommended ADMINISTRATION SET(S) to be used;
2) awarning of the consequences of the use of unsuitable ADMINISTRATION SET(S);
3) a list of particular ACCESSORIES recommended by the manufacturer for use with the

EQUIPMENT;
4) pErmitted EQUIPMENT orientation and methods and precautions concerning Iits mouniihg, for
ekample, stability on a pole;

5) irstructions regarding loading, priming, changing and reloading th ET(S),

6) irstructions regarding the use of clamps on an ADMINISTRAT ET, § ¥ of FREE

7) where gravity is relevant to performance, the acce 2 liquid
c

8) the means provided to protect the PATIENT from

9) a|statement of the MAXIMUM INFUSION PRES : ALARM
THRESHOLD (PRESSURE)(S) of the EQUPMEN

10) a| statement of the maximum tige i n the
EQUIPMENT is operating at the MINWUM ¢ At the
nlinimum and maximum selectable/occLusi

11) a|statement of the BO ult of the EQUIPMENT operating [at the

INTERMEDIATE RATE aK maximum OCCLUSION ALARM THRESHOLD

(RRESSURE) (see also
12)
13)

statement of the|mears provi if ‘ahy) t0 manage the BoLus before occlusion relpase;

a
a statemen iL > ERATQOK if the EQUIPMENT cannot be used as PORTABLE
EQUIPMENT;

p

n

14) drop detéctors, for example with respect to placement, cleanli-

bss, liquid |
15) recom { yecific method of cleaning and maintaining the EQUIPMENT;
16) the hen the EQUIPMENT is operating from the INTERNAL ELECJRICAL
POW he INTERMEDIATE RATE;

17) a|statemen P OPEN RATE(S), and when initiated;
18) allist pf;alarms™and their operating conditions;

19)* a|watning that under certain circumstances the specified accuracy may not be maintained.

NOTE - The manufacturer must specify the parameters in which the device cannot maintain the specified accuracy;
e.g. minimum/maximum viscosity of liquids, reaction time of the safety system, scope of the risk analysis, etc.

20)*reference to a guide on the SAFETY HAZARDS associated with the interconnection of other
infusion systems or ACCESSORIES t0 the PATIENT LINE;

21) the rate obtained when the prime/purge or BoLUS control is operated, and a statement of
any alarm disabled;

22) a warning statement on the possible SAFETY HAZARDS associated with external radio-
frequency interference (RFI) or electromagnetic radiation which may affect the safe
operation of the EQUIPMENT. This statement should include examples of typical EQUIPMENT
which may generate such radiation;

23) the selectable rate range and the increments of selection;

24) guidance on tests to permit the OPERATOR to check the correct functioning of alarm(s) and
the operational safety of the EQUIPMENT;
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25) data as evaluated by the test methods of 50.101 to 50.108 at the rates indicated in table
102, including an explanation for the OPERATOR of the data presentation;

26) the time for which the electronic memory is retained following switch-off;

27) for SPECIAL USE EQUIPMENT, the conversion factor(s) for volume divided by unit of time;

28)*the maximum volume that may be infused under SINGLE FAULT CONDITIONS;

29) guidance on the safe operation of the EQUIPMENT if it is connected operationally to a
remote control device;

30) information concerning type(s) of battery to be used and where available;
31) a statement of the meaning of claimed IP-classification.

6.8.201 of IEC 60601-1-2

Additipn:
6.8.3 | Technical description

Additipn:

The tgchnical description shall also include the following:

aa) the sensitivity of the air detector, if included y i 1.9, over the specified|range
of rates for a single bubble;

bb) the units of measurement used for

cc) al|description of any battery charging syste

dd) a[functional description.of the meaRs p ded tQ protéct the PATIENT from EQUIPMENT error
resulting in overinfusigd ¢able, imunderinfusion;

ee) the manufacturer shall™g ADMINISTRATION SET(S) used for all the tests |n this
standard.

Compliance is c@

The c WS

10 H

This dlause of the General Standard applies, except as follows:

Replacement:
10.2.1 a) An ambient temperature between +5 °C and +40 °C.

10.2.1 b) A relative humidity between 20 % and 90 %.
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SECTION THREE — PROTECTION AGAINST ELECTRIC SHOCK HAZARDS

auses and subclauses of the General Standard apply, except as follows:

14 Requirements related to classification

This clause of the General Standard applies, except as follows:
Replacement:
14.6 by —EQUIPMENT SiTaltbe of Type BF or CF-

14.6 @) EQUIPMENT intended for DIRECT CARDIAC APPLICATION having”one or mere APPLIED

PARTS| of TYPE CF may have one or more additional APPLIED PARTS ay be

applied simultaneously if the requirements of 6.1 I) and 19.3 for s d been

met.

17 Separation

This dlause of the General Standard applies, except @

Item @) is not applicable.

19 Continuous LEAKAGE CURRENTS 8 ARY CURRENTS

This dlause of the General

19.4 |[Tests:

d) Measuring a@e

Additipn:

3) Mg¢asuremen the AGE CURRENT shall be made from the APPLIED PART with
th%‘ PNsaline solution (0,9 % NaCl), and with the PATIENT connlection
im aline solution (0,9 % NacCl) as indicated in figures 101 anf 102.



https://iecnorm.com/api/?name=91fbeba7e5d797a1aeff81ed0dbeb1ed

60601-2-24 © IEC:1998(E)

Measurement in
accordance with
IEC 60601-1,

if applicable

— 15—

figures 10 to 14, [ |
21, 22, 24 and 25, |—

_Saline solution

Saline solution
(0,9 % NacCl)

MD

(0,9 % Na<')\

—

Saline solution
(0,9 % NacCl)

MD

Saline solution
{ — J (0,9 % NaCl)

IEC 254/98

Figure 102 — PATIENT LEAKAGE CURRENT — INTERNAL ELECTRICAL POWER SOURCE
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h) Measure of PATIENT LEAKAGE CURRENT
Addition:

h) Measurement of PATIENT LEAKAGE CURRENT in a SINGLE FAULT CONDITION shall be performed
utilizing the method described in 19.4 d) 3) of this Particular Standard.

SECTION FOUR — PROTECTION AGAINST MECHANICAL HAZARDS

The clauses and subclauses of this section of the General Standard apply, except as follows:

21 Mechanical strength

This dlause of the General Standard applies, except as follows:

21.1 |Replacement:

EQUIPMENT shall not present a safety hazard to the PATIE external vibration.

This requirement applies only to PORTABLE EQUIPMENT.

Comp|

Fit th ed ADMINISTRATION SET and ACCES-
SORIEB. sectitively in two other dirgctions
perpe Y accordance with the values given in
table

Frequency range Displacement or acceleration Number of sweep cycles in
H{% peak value) each direction

3to8 /\ N > 7,5 mm 4

8 to > 249 4

0
Applied with a sweep r te B&l\r\tavﬁ@in.
R

21.4

Remote parts including MAINS OPERATED adapters and parts not specified in 21.5 shall not
presept a safety hazard as a result of a free fall from a height of 1 m onto a hard syrface.
Subsequentto—thefattof theremotepartwhenmrtheegurrmMeErTTs—turmed—onforuse; it shall
either:

— function normally, or
— cease delivery and activate an alarm.

Compliance is checked by the following test:

The sample to be tested is allowed to fall freely once from each of three different starting
attitudes from a height of 1 m onto a 50 mm thick hardwood board (e.g. hardwood with a
density greater than 700 kg/m?3) which lies flat on a rigid base (concrete block). After this test,
no LIVE parts shall become accessible. Cracks not visible to the naked eye and surface cracks
in fibre reinforced mouldings and the like shall be ignored. If the EQUIPMENT is operational after
the test a dielectric strength test and LEAKAGE CURRENT tests according to clauses 19 and 20
and FUNCTIONAL TESTS at the INTERMEDIATE RATE shall be carried out.
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Addition:

INFUSION PUMPS FOR AMBULATORY USE shall not present a SAFETY HAZARD as a result of a free
fall from a height of 1 m onto a hard surface.

Compliance is checked by the test of 21.4.

SECTION FIVE — PROTECTION AGAINST HAZARDS FROM UNWANTED
OR EXCESSIVE RADIATION

The ¢
Collat

36*

This d
36.20
36.20
36.20

36.20
follow

Amen
Only {

36.20

auses and subclauses of this section of the General Standard and section

bral Standard IEC 60601-1-2 apply, except as follows:

Electromagnetic compatibility
lause of the Collateral Standard IEC 60601-1-2 applies, e z
|* EMISSIONS

.1 Radio frequency (RF) EMISSIONS

D .
riment:

aragraph 2<§h

[.1.5* This s

36.20].1.

This s

36.201.1.

36.20

|.2.1* VOLTAGE FLUCTUATIONS and harmonic distorsion

of the

pt as

36.201.2.2* Magnetic field EMISSIONS

36.202* IMMUNITY

Addition:

The safe functioning of the EQUIPMENT as specified by the manufacturer shall not be impaired
by one or more of the immunity tests, or the EQUIPMENT shall fail without creating a SAFETY
HAZARD by these tests. In the latter case, the (non-hazardous) failure mode and the failure level
to worst case shall be specified by the manufacturer.

Comp

liance is checked by the following test:
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Set up the EQUIPMENT in NORMAL USE according to the manufacturer's instructions for use.
Switch on the EQUIPMENT and select the INTERMEDIATE RATE. Carry out the test as described in
this Particular Standard according to the test conditions described in this Particular Standard.
By inspection and functional tests determine compliance with the additional requirement
formulated in the previous paragraph. (In case of doubt and if the EQUIPMENT still continues to
infuse liquid, carry out a functional test without changing any of the previously selected
parameters, for a period of 1 h). Switch the EQUIPMENT off and then on again. Select the

INTERMEDIATE RATE and carry out another functional test for a period of 1 h.
36.202.1* ELECTROSTATIC DISCHARGE

This g -1 €5,
AA algo):

Amendment:

A level of 8 kV shall apply for contact discharge and a leve
discharge.

36.202.2 Radiated radiofrequency electromagnetic fi
This dubclause of the Collateral Standard IEC 60 except as follows:
Amendment:

36.202.2.1 Requirements

a)* This item applies exge

The applicable level is
b)* This item d@;
c)* This item do€

d)*
36.202.2.

c) This item does ndt apply

annex

or air

* Tl 'Y &l + 1
e o T UuuUtT o TTUL ATy

36.202.4* VOLTAGE DIPS, short interruptions and voltage variations on power supply input

lines
36.202.5* Conducted disturbances, induced by radio-frequency fields above 9 kHz
36.202.6* Magnetic fields

This subclause of the Collateral Standard IEC 60601-1-2 applies, except as follows:
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Amendment:

Level:

The cl

400 A/m

SECTION SIX — PROTECTION AGAINST HAZARDS OF IGNITION
OF FLAMMABLE ANAESTHETIC MIXTURES

auses and subclauses of this section of the General Standard apply.

The c

44

This d
44.3

Repla
If an |
Repla

The E
of the|
EQUIP
delive

Comp|
Use tf

Place
rainfa
EQUIP

SECTION SEVEN — PROTECTION AGAINST EXCESSIVE TEMP
AND OTHER SAFETY HAZARDS

auses and subclauses of this section of the General Standard@

Overflow, spillage, leakage, humidity, ingress of liquid
sterilization, disinfection and compatibility

lause of the General Standard applies, except 3

Spillage

cement:

cement:

DUIPMENT shall bs
EQUIPME
MENT ENCLOSUR

gccidental wetting) no liquid is retained with

shall either continue to function normally or
'y and activats
iance 5
e A\with IEC 60529 with a test apparatus for DRIP-PROOF EQUIPME

the EQUIPM in the position of NORMAL USE. Subject the EQUIPMENT to an a
I ofc(8;mm/min“for 30 s, falling vertically from a height of 0,5 m above the top
MENT.” Carry out the test using tap water. Covers and other parts, for example 4

WS:

g into consideration ageing and rough handling

in the
cease

NT.

tificial
of the
attery

compd

rtmant covers which can ba ramaovad without thao aid of 2 Too! ara loft in nosition
HHIEHE ersS—HHeA-cahse+eHevye g v HetHtHe—a4a-o6+-4a H-e—+eH—H-pPISHIOH

uring

the test. Where carrying pouches are specified by the manufacturer as forming part of the
protection against spillage then the test is carried out with the EQUIPMENT in the carrying pouch.
Where no such specification exists then the carrying pouch is removed prior to the start of the
test. Immediately after the 30 s exposure, remove visible moisture from the body of the
EQUIPMENT. Immediately after the above test, determine by inspection that the water has not
entered the EQUIPMENT. If water has entered the EQUIPMENT, repeat the test using saline
solution (0,9 % NaCl). Carry out a functional test at the INTERMEDIATE RATE for a period of 1 h.

Carry

out the dielectric strength tests specified in 20.4.
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44.4* Leakage

Replacement:

EQUIPMENT shall be so constructed that liquid which might leak from containers,

tubing,

couplings and the like does not impair the safe functioning of the EQUIPMENT nor wet
uninsulated LIVE parts or electrical insulation which is liable to be adversely affected by such a

liquid.

Compliance is checked by the following test:

Set up the EQUIPMENT in NORMAL USE and according to the manufacturer's 4
By means of a pipette apply drops of the test solution to couplings, tubj
and tq parts of the ADMINISTRATION SET which might rupture. Moving paits
rest wihichever is the most unfavourable.

Immediately after application of the test solution, carry out th
accordling to the classification of the EQUIPMENT, at the
EQUIPMENT does not fall into one of the defined categorie
50.10Q to 50.108. Carry out the tests of 51.103 and 51
itto s iti
means
functi
solutiq

Carry
44.6

Additi
If an |

Cover,
out the
by the
carrie

Not ugeds ITransferred to clause 36.

r use.
seals

joh or at

b0.108
If the
t from
allow
RH). By
ck the
e test

| with-
bcified
test is
5 then

49 Interruption of the power supply
This clause of the General Standard applies, except as follows:
49.2

Additions:

EQUIPMENT powered from the SuPPLY MAINS only shall give an audible alarm in the event of an
accidental disconnection or a SUPPLY MAINS failure. Under such conditions, the audible alarm

shall be maintained for at least 3 min or until power is restored, whichever is the less.

Compliance is checked by inspection and functional tests.
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EQUIPMENT which utilizes an INTERNAL ELECTRICAL POWER SOURCE either as a primary or standby
supply shall give an audible and visible warning 30 min before delivery ceases due to battery
exhaustion. During this period, the EQUIPMENT shall give a continuous visible and an intermit-

tent audible warning.

At least 3 min before the end of the battery life the EQUIPMENT shall give an audible and visible
alarm and cease delivery. The alarm shall be maintained for the duration of the remaining

battery lifetime.

Compliance is checked by inspection and functional tests when the EQUIPMENT is operated at
the INTERMEDIATE RATE and with a fully charged battery.

The clauses and subclauses of this section of the General Stand a WS:

50 Accuracy of operating data

This dlause of the General Standard applies except 3

Additipns:

50.101*

recomimended ADMINISTRATION SET CHANGE INTER

Compliance is checked,

er the

Curacy

of the|EQUIPMENT accofdingNo its\defined\pg acy. If

the EQUIPMENT does np

50.102 to 50.108,

Definition of terms gt

rate r
flow
bolus

sample interva
test period=T
analygis period T,

t from

quantity of liquid which is delivered in a short time s an
but not part of a priming routine

e time between successive mass readings or drop counts
e total duration of the test from start to finish
designated as the first 2 h of the test period

analysis period T;
analysis period T,
analysis period Ty

designated as the second hour of test period

designated as the last hour of the test period

the analysis period specified as Ty, Ty or T,

the total mass

the th mass sample over a specified analysis period

mass sample at the end of a specified analysis period or test period
mass sample at the start of a specified analysis period

overall mean percentage flow error measured over the analysis period T,
overall mean percentage flow error measured over the analysis period T,
observation window duration

maximum measured error in observation window of specified duration
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Ep(min.) minimum measured error in observation window of specified duration

shot pattern a sequence of bolus deliveries which may occur at regular or irregular
intervals

shot cycle / the minimum time between successive repetitions of the shot or the shot

pattern (from the start of the first shot pattern to the start of the second
shot pattern)

density d density of water (0,998 g/ml at 20 °C)

50.102* Accuracy tests for VOLUMETRIC INFUSION CONTROLLERS, VOLUMETRIC INFUSION
PUMPS and SYRINGE PUMPS

The te¢st apparatus shown in figures 104a and 104b is used. Carry out the tes iNg |a test
solutign of ISO Class Il water for medical use and installing an unusé N SET.
Set up the EQUIPMENT with the test solution in accordance with the pra ins{ructions
for use.

Ensurge that EQUIPMENT which has a non-delivery segment s this
segment included in the test.

Set thle required rate according to table 102. Set the g in the
test period simultaneously with starting the EQUIPME

Determine the test period T. This test péxjod shal equal DN SET
CHANGE INTERVAL if there is sufficient Huid ingy. ‘ ion|of the
test period by dividing the total fluid volu : e test
period T.

For VOLUMETRIC INFUSION PY . pat the test at the INTERMEDIATE RATE
for a period of 120 min at (100 mm Hg).

For VOLUMETRIC INFUSI 3 est at the INTERMEDIATE RATE for a pefiod of
120 min at a bac@

The manufacturer“sh ie maximum deviation between the results under normal
condifions and unde 3 ditions, if applicable.

For VDLUMETR PS repeat the test at the INTERMEDIATE RATE for a perjod of
120 min with\the taingr below the pump mechanism at a distance of 0,5 m with the
same [ADMIN

The manufasture disclose the maximum deviation between the results under normal
condition and'urrder condition of negative head-height, if applicable.

If the EQUIPMENT incorporates a BOLUS facility carry out the tests specified in 50.106.

If the test of 50.102 cannot be applied because of design features within the EQUIPMENT, apply
the most appropriate test from 50.103 to 50.108.

Calculate the actual flow Q; for each sample interval for the analysis period Ty(min) from
equation (1) (see figure 103).

Calculate Ej(max.) and E,(min.) for the 2, 5, 11, 19 and 31 min observation windows from
equations (2) and (3) over the analysis period T, (min) of the second hour of the test period.

Except for SYRINGE PUMPS calculate Ej(max.) and Ey(min.) for the 2, 5, 11, 19 and 31 min
observation windows from equations (2) and (3) over the analysis period T, (min) of the last
hour of the test period.

Plot the following graphs using a linear scale with scale ratios as follows (see Rationale),
where ris the set rate (see figures AA.3.1 and AA.3.2):
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For start-up graph, flow axis is:

maximum =2 r
minimum =-0,2 r
scale increment =0,2 r

time = 0 min to 120 min (10 min intervals)

For trumpet graph, flow axis is:
maximum = 15 %
minimum = —-15 %

scple increment =5 %

tinpe = 0 min to 31 min (1 min intervals)

Plot flow Q; (ml/h) against time T, (min) for the first 2 h of the test p
105. Indicate the rate by means of a broken line. Indicate flow Qb

w|figure

Plot percentage variation Ej(max.) and E,(min.) against observa , (min)
and the overall mean percentage error A (derived from : br the
analysis period T; (min) of the second hour of the test péri i

Indicate Ej(max.) and E,(min.) and the overall me S ; . solid
line. Indicate the zero error by means of-a dotted|line.

Plot percentage variation E,(max.) and
and the overall mean percentage errg
analysis period T, (min) of the last houf of t

(min)
er the
See ekample in figure 10%

 solid
RINGE

Indicate E,(max.) and
line. Ipndicate the zero
PUMPY. 6
FORMULAE

Calculate flo

60 (W - W)
Qi =——— (ml/h) (1)
Sd

i=1,p .. TofS

where

W; is the th mass sample from the analysis period T, (g) (corrected for evaporative loss);
Ty is the analysis period (min);

S is the sample interval (min);

d is the density of water (0,998 g/ml at 20 °C).

Calculate E,(max.) and E,(min.) using the trumpet algorithm as follows:

For observation windows of duration P = 2, 5, 11, 19 and 31 min, within the analysis period Ty,
there are a maximum of m observation windows, such that:

ty - P
C_-P)
S
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where

is the maximum number of observation windows;
P
S
T,

X

is the observation window duration;
is the sample interval (min);
is the analysis period (min).

The maximum Ej,(max.) and minimum E,(min.) percentage variations within an observation
window of duration period P min are given by:

O P O
I 0, - (¥
E (max.) = MAXE=x Y 100 x B—’ (%) (2)
p /=1 EF i r %
=
O P
" ogg s .
Ep(min.) = MINGS x 3 100 x [ (3)
j=1 P i=j
g
where
6p (W; —W,_
Q= Wi = Wiy) (ml/h)
Sd
W; is the th mass sample from the anal gorrected for evaporative loss);
r is the rate (ml/h);
S is the sample intery,
P is the observation
d isthe densit
Calculate the over e Ais
measlired over the
1 _
where
60 (W W, )
Q=—=Z—= (mih)
llu

r is the rate (ml/h);

W; is the mass sample at the end of the analysis period T, (g) (j = 240);
W, is the mass sample at the start of the analysis period T, (g) (k = 120);
T, is the analysis period (min);

d is the density of water (0,998 g/ml at 20 °C).

Calculate the overall mean percentage flow error B using the following expression where B is
measured over the analysis period T, (the last hour of the test period):

B (%)

_100(Q-1)
- 106 (5)
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60 (W - W )

lh
T,d (ml/h)

r is the rate (ml/h);

W; is the mass sample at the end of the test period T, (g) (corrected for evaporative loss);

Wy is the mass sample at the start of the analysis period T, (g) (corrected for evaporative loss);
T, is the analysis period (min);

d is the density of water (0,998 g/ml at 20 °C).

Analysis
penod To
' Analysis
i P period T, o

Bl P

Flow

A

>

Test time t (mlin)

T = ADMINISTRATION SET CHANGE INTERVAL
IEC 2%5/98

Figure LUs — Analysis periods
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Liquid level

Liquid container (vented or collapsible bag)

/Drip chamber (if included)

A/\DMINISTRATION SET / Needle
/ \‘ / (18\:, FH2-mmseet5SS 78\.}4)

/

N Input
Z———-——EUT — 1T o <

hy L

Computer N\ G balance

IEC 256/98

TRIC INFUSION PUMPS
ONTROLLERS

Needle
(18G, 1,2 mm, see ISO 7864)
] ATION SET\l

Same level
|
TN ===t -

0,0000 g

Electronic
balance

Computer

IEC 257/98

Figure 104 b — Test apparatus for SYRINGE PUMPS

NOTE — A balance accurate to five decimal places is required for PUMPS with low MINIMUM RATES.

Set height h; (collapsible bag, vented container) in accordance with the manufacturer’s instructions for use. The
needle (18G, 1,2 mm, ISO 7864) shall be positioned below the liquid surface.

The mean centre line of the pumping chamber to be at the same height as the tip of the needle (18G, 1,2 mm,
ISO 7864).
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A
Flow (ml/h)

Set rate
1,5
1,0
0,5
0,0
-0,5 T >

' _ 12
Time (min) > s
Fighre 105 — Start-up graph plotted from data gathered during the figst 2 hetest perl

Percentage error
of flow a

10 +

Okgervation window (min) (EC 259/98

Figurg

Set rate (r)

data gathered during the second hour of the test period

S+ Overall percentage error (B)

Ep(min)

| | | | | >
T I I I I =

2 5 11 19 31

Observation window (min)
IEC 260/98

Figure 107 — Trumpet curve plotted from data gathered during the last hour
of the ADMINISTRATION SET CHANGE INTERVAL
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50.103* Accuracy tests for DRIP-RATE INFUSION CONTROLLERS and DRIP-RATE INFUSION P

UMPS

The test apparatus shown in figure 108 is used. Carry out the tests using a test solution of ISO
class Ill water for medical use and installing an unused ADMINISTRATION SET. Set up the
EQUIPMENT with the test solution in accordance with the manufacturer's instructions for use. Set
the required drip rate according to table 102. Set the sample interval to 1 min.

Begin

the test period simultaneously with starting the EQUIPMENT.

Determine the test period T. If there is sufficient fluid in the container, this test period shall
equal the recommended ADMINISTRATION SET CHANGE INTERVAL. If there is insufficient fluid, the

duratipn of the test period shall be calculated by dividing the total fluid me by the rate.

Allow the EQUIPMENT to run for the test period T.

For DRIP-RATE INFUSION CONTROLLERS repeat the tests at the INTERMEDM iod of

120 min against a back pressure of —13,33 kPa (—100 mm Hg).

Comppre the results obtained under back pressure conditions previolisly. If

the repults show a significant deviation outside the tolerande_i IENTS,

then dheck that a warning statement is included in the A«

Calculate the actual drip rate Q,; at each sampie from

equation (1) (see figure 103).

Calcujate E,(max.) and Ey(min.) for the 5 from

equations (2) and (3) over the analysis period hd.

Calcujate E,(max.) and 5 from

equations (2) and (3) over

For DRIP-RATE INFUSIO iod of

120 mlin against pre

Plot the following

a) Drjp rate @ ample
in [figure Q; by
means o

b) Pdrcenta variati Eo(max.) and Ey(min.) against observation window duration A (min)
and the o an percentage error A (derived from equation (4)) measured over the
anfalysissperiot\J,/(min) of the second hour of the test period. See example in figurge 106.
Indicate JE,(max.) and E,(min.) and the overall mean percentage error A by meanp of a
soliddine. Indicate the zero error by means of a dotted line.

c) Percentage variation Ej(max.) and E,(min.) against observation window duration P (min)
and the overall mean percentage error B (derived from equation (5)) measured over the
analysis period T, of the last hour of the test period. See example in figure 107. Indicate
E,(max.) and Ey(min.) and the overall mean percentage error B by means of a solid line.
Indicate the zero error by means of a dotted line.
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b

Liquid container

Level of liquid

Drop sensor

—29

Independent drop sensor

F

g

Set heifjht hy (collapsible bag or vented containe

height

an indgpendent drop detector on the drop champer.

circumg

IEC 261/98

tances.

<

op
6

¥

7

Set drip rate = 1 drop/min

hy S .
[ /Level of liquid (inside drip chamber)
ADMINISTRATION SET\ Needle
| inpu / SutpeiAl « (18G, 1,2 mm, see ISO 7864)
7 EUT —— ¢

Same level
Same level as *~Collegt
output of ve

Output signal / b equipment

of drop sensor under test

a Digital

counter Comgplte \

RS

ith the manufacturer’s instructions for us¢. Mean
eedleNUse configuration (a) if it is possible fo place

n other

3 120

Time after start (min) [EC 262/98

Figure 109 — Start-up graph plotted from data gathered during the first 2 h of the test period
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FORMULAE
Calculate the drip rate using the expression:

Q :w (drops/min) (6)

where
N; is the " total drop count sample from the test period;
S is the sample interval (min).

Calcujate E,(max.) and E,(min.) using the trumpet algorithm as follows:

For observation windows of duration P =1, 2, 5, 11, 19 and 31 mi
T,, there are a maximum of m observation windows, such that:

period

where|

m is fthe maximum number of observatjon wind

P is the observation window duration\min)
S is the sample interval (min);
Ty is the analysis period (min).

The n
windo

\vation

(7)
O . O
Mmoo st i
min) = MINC2 x5 100 x EQB—’ T () 8)
=L P i r %
B =
where
N; = N;_
Qi =—"—-"" S i-1) (drops/min)
N; is the it total drop count sample from the analysis period Ty;
r is the drip rate (drops/min);
S is the sample interval (min);
P is the observation window duration (min).

Calculate the overall mean percentage drip rate error A using the following expression where A
is measured over the analysis period T, (the second hour of the test period):
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100 -r

a=1B020 (g ©)

where
(Nj = Ng)
=1 X (drops/min)
n
r is the drip rate (drops/min);
N; is the total drop count at the end of the analysis period T, (j = 120);
Ny is the total drop count at the start of the analysis period T, (k = 60);
T, is [ne analysis period (min).
Calculate the overall mean percentage drip rate error B using the follow Qnh where B
is measured over the analysis period T, (the last hour of the test per;
100 -r

B = # (%) (10)

where
(v - ) .
Q = +——— (drops/min)
T,

r is the drip rate (drops/min);
N; is fhe total drop count at the end of
N, is the total drop count at the start of\the
T, is the analysis period
50.104* Accuracy teg
The test apparatié ) | ion of
ISO class Il water f0 di ¢ quid which can be expected to give similar test flesults
and installing andun ON SET. Set up the EQUIPMENT in accordance with the
manufacturer's \ —Prime the ADMINISTRATION SET and set the EQUIPMENT for
the INTERMERIAT ) e EQUIPMENT. Set the sample interval S to 15 min. Allgw the
EQUIPME 3 e eguivalent to half the container volume, or 24 h, whichever|is the
shortgr & Xatl eriod T; (min). Continue the test without stopping the EQUIPMENT for
a further e liquid container is depleted. Measure the mass of infusate W;
delivefed at eachk samle interval. Repeat the test at the MINIMUM RATE.
Calculate’the mean flow from equation (6) for every two successive samples over the sta1biliza—
tion pered—r

Calculate E,(max.) and Ey(min.) for the 15, 60, 150, 330, 570 and 930 min observation
windows from equations (7) and (8) over the analysis period T, (min) starting from the end of

the stabilization period to the end of the test.

Plot the following graphs:

a) Flow Q; (ul/h) against time (min) over the stabilization period T, at 30 min increments.
Indicate the rate r (ul/h) by means of a broken line. Indicate flow Q; by means of a solid line.

See figure 110 as an example.

b) Percentage variation E,(max.) and E,(min.) against observation window duration over the
analysis period T, and the overall mean percentage error A (derived from equation (9).
Indicate the zero error by means of a broken line. Indicate E,(max.) and E,(min.) and the
overall mean percentage error A by means of solid lines. See figure 111 as an example.
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Fig

Figure 110 — Start-up graph over the stabiliz

Percentage error

of flow A

/ ! l 5>

I I CC
45 90 (min)

< /

Overall percentage error (A)

ru

Observation interval (min) Type 1 pump

IEC 264/98

curve plotted from data at the end of the stabilization period
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Flow 4

(Hi/h)

Set rate

/ 1 ] D)

I I CC

Elapsed time

Figure 112 — Start-up curve over the stabilization period for quasi-6Q

Percentage error
of flow A

mte aw
bselatidn interval Type 2 pump
IEC 266/98

Figur plotted from data at the end of the stabilization period
for quasi-continuous pumps

FORMULA

Calculate flow usin e expression:

COLIAL

\ojv) \VV2I' Ill‘vlz(l'_l) )

Q= (ul7h) (11)
: 2dS
where
i 1,2.T,12S;
W; is the th mass sample from the stabilization period T, (mg) (corrected for evaporative loss);

T, is the stabilization period (min) (=24 h);
S is the sample interval (min) (15 min);
d is the density of test liquid at 20 °C (g/ml).
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Calculate E,(max.) and E,(min.) using the trumpet algorithm as follows:

For observation windows of duration P = 15, 60, 150, 330, 570 and 930 min, within the analysis
period T,, there are a maximum of m observation windows, such that:

(T2 -P) |

1
S

m =

where

m is the maximum number of observation windows;

P is fheobservatiom window duratior (TiT);

T, is the analysis period (min);
S is the sample interval (min) (15 min).

The maximum Ej(max.) and minimum Ey(min.) percentage va vation

window of duration period P (min), are given by;

(12)

(13)

lysis period T, (mg) (corrected for evaporative 10s$);

r

S
p
d

Calculate (the overall percentage flow error A using the following expression, wherg A is
measnpred over the analysis period T, :

_100(Q@-r)

A (%) (14)

where
60 (W; - W )
= ——F—— (u/h
T,d (i7h)
r is the set rate (ul/h);
W; is the mass sample at the end of the analysis period T, (mg);

W, is the mass sample at the start of the analysis period T, (mg);
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T, is the analysis period (min);
d is the density of test liquid at the test temperature (g/ml).

50.105* Accuracy tests for INFUSION PUMPS FOR AMBULATORY USE type 2

The test apparatus shown in figure 104b is used. Carry out the tests using a test solution of
ISO class Il water for medical use or a liquid which can be expected to give similar test results
and installing an unused ADMINISTRATION SET. Set up the EQUIPMENT in accordance with the
manufacturer's instructions for use. Prime the ADMINISTRATION SET.

Determirre-the—shotpatternof-thepumpottr =rive-the—she sycte—veastre-the—time taken
(in miputes) for 20 successive shot cycles at the INTERMEDIATE RATE ere is
sufficient liquid in the container for the subsequent 100 shots after the stah period).

Calculate the mean duration of the shot cycle / (min).

Derive sample interval S corresponding to the INTERMEDIATE RATE

If the ghot cycle /is greater than 0,5 min, then:

S =

where
S is the sample interval,

I is the shot cycle;

k is the integer constant >

If the ghot cycle /is lesg th

ki

where]
S is
I is
k is ant giving k/ approximately equal to 0,5 min.

Synch
seque)

yequipment to measure the mass of infusate delivered in succgssive

Set the EQUIPMENT for the INTERMEDIATE RATE.

Start the EQUIPMENT. Allow the EQUIPMENT to run for a time equivalent to half the container
volume or 24 h, whichever is the shorter, as a stabilization period T; (min). Continue the test
without stopping the EQUIPMENT for a further 100 sample intervals.

Measure the mass of infusate W, delivered at each sample interval.
Choose any integer n so that:

nS = 30 (min)

where
S is the sample interval (k/) (min);
n is the integer constant.
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Calculate the mean flow from equation (15) for every successive nS samples, over the

stabilization period T;.

Calculate Ej(max.) and Ey(min.) for P= S, 25, 55, 115, 195 and 315 min observation windows
from equations (16) and (17) over the analysis period T, starting from the end of the stabiliza-

tion period to the end of the test.

Plot flow as a function of elapsed time over the stabilization period T, defined above. Indicate

the rate on the graph by means of a broken line. See figure 112 as an example.

Plot percentage variation E (max.) and E,(min.) against observation window duration, over the

analysis period T, and the overall mean percentage error A (derived from egu

Indicate the zero error by means of a broken line. Indicate E,(max{ ahd
overall mean percentage error A by means of solid lines. See figure 5

FORMULAE

Calculate flow using the expression:

60 (Wi — Whgify )
- nd

u@
i =1,2. TnS;
W; is the i mass sample from the sta'lizaer'
T, is the stabilization period (mi ;

S is the sample interva

n is the integer cansta in);
d isthe densit;@ perature (g/ml).

Calculate E (max,y’and i e trumpet algorithm as follows:

For cgnsecutive vhservation dows P= S, 25, 5S, 1185, 19S and 31S min, within the ar

period T, , imoxy'of m successive samples such that:

where

ation (18)).

g) (corrected for evaporative

(15)

loss);

alysis

m is the maximum number of observation Windows;
P is the observation window duration (min);

T, is the analysis period (min);

S is the sample interval (min).

The maximum Ej(max.) and minimum Ej(min.) percentage variations, within an observation

window of duration period P (min), are given by:

O P |:J
0e /ts7t

S
E ) = MAX G- 100 %)
p(max.) A EP x Z x B—% ()

m

(16)


https://iecnorm.com/api/?name=91fbeba7e5d797a1aeff81ed0dbeb1ed

60601-2-24 © IEC:1998(E) - 37 -

n D Rl 0
Ep(min.):h/jllll\IEFx Z 100x5—% (%) (17)
i
where
g = LW ZWin) iy

Sd
W; is the th mass sample from the analysis period T, (mg) (corrected for evaporative loss);

is the set rate (!_I'/h);

is the sample interval (min);

r
S

P is the observation window duration (min);

d is the density of test liquid at the test temperature (g/ml).

Calculate the overall percentage flow error A using the fol herg A is
measyired over the analysis period T,:
100 -r
A= 10@-n (18)

r

where
0= EO—(W;Zd W) iy
r is the set rate (ul/h);
W is the total mass (mg)
W; is the mass sample/a
W, is fhe mass san pI
T, is the analys

d is the density o

50.106*

The tgsKapparatu in fi i i i blution
of 1S( \ [ i i imilar test
results an unused ADMINISTRATION SET. Set up the EQUIPMENT with the

reconimendeé AD RATION SET in accordance with the manufacturer's instructions fgr use.
Set the EQUIPMENT to supply a BOLUS at the minimum setting. Start the EQUIPMENT and |weigh
25 su*cessive BoLUS deliveries either demanded manually or by programme.

Calculate the mean and the percentage deviation from the set value. Select the deliveries with
the maximum positive and maximum negative deviations from the set value. Express these as
percentage deviations from the set value. Repeat the test with the EQUIPMENT at the maximum
BOLUS setting.

50.107* Accuracy tests for pumps type 4

Pumps type 4 shall be tested according to 50.104, 50.105 and 50.106 as appropriate.

NOTE — Correction factors may be applicable to PUMPS FOR AMBULATORY USE type 4 where a continuous or quasi-
continuous flow is maintained throughout the BoLUS delivery. These factors are disclosed in the ACCOMPANYING
DOCUMENTS.
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Accuracy tests for pumps type 5
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Pumps type 5 shall be tested according to 50.102 to 50.106, as appropriate.

Table 102 — Set rates, BoLus volumes and test apparatus for the accuracy tests
of 50.102 to 50.108

Set rates Bolus Test
EQUIPMENT Minimum Inter- Minimum |Maximum Apparatus Sub-
mediate (figure) clause
DRIP-RAFEINFEUSION-CONTFROLLER * * 108 (=4 103
DRIP-RATE INFUSION PUMP * * ( EN 50.103
VOLUMHTRIC INFUSION CONTROLLER * * N 4a)) 50.102
/\ 04
VOLUMHTRIC INFUSION PUMP * * * * 104%9), >5 D.102,
/\ 204b) 40.106)
SYRINGE PUMP * * * * \ 104 50.102,
\ 40.106)
INFUSION PUMP FOR AMBULATORY USE \
Type 1 * * ( (7 \) 104b) 50.104
Type 2 * (\\/ / 104b) 50.105
BN= /NS
DRIP-RATE, VOLUMETRIC, INFUSION PUMP,
Or SYRINGE PUMP Or INFUSION PUMP FOR U
AMBULATORY USE
Type 3 * * 104a), 50.106
104b)
Type 4 * * * 104a), 50.104 and
~ 104b) 50.106
Type 5 * * 104a), 50.104 and
104b), 50.106
108
51 H
This g neraNStandard applies except as follows:
51.1
Additipit:

An example would be the priming/purge control of the EQUIPMENT.

Compliance is checked by inspection.

51.5

Repla

a) Protection against overinfusion

Incorrect output

cement:

Means shall be provided to prevent overinfusion under SINGLE FAULT CONDITIONS. An audible
alarm shall be initiated in the event of overinfusion and the EQUIPMENT shall either cease
delivery of infusion liquid or reduce the delivery rate to the KEEP OPEN RATE or less.

Compliance is checked by inspection and functional tests.
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b)* Protection against overinfusion FREE FLOW conditions

Means shall be provided to protect the PATIENT from overinfusion as a result of FREE FLOW
conditions. This requirement applies as soon as the ADMINISTRATION SET is installed in the
EQUIPMENT in accordance with the manufacturer's instructions for use.

Remark: Refer also to 54.102 and 54.103.

Compliance is checked by inspection and functional tests, including, but not limited to, allowing
the flow to stabilize the quick lowering of the collecting vessel by 50 cm and checking for
evidence of FREE FLOW.

Additipns:

51.101

a) maximum infusion pressure

The EQUIPMENT shall not produce a MAXIMUM INFUSION PRES
or a lgak in the ADMINISTRATION SET.

causing a rupture

Complfiance is checked by inspection and functional
b)* Prptection against BOLUS volumes a

Means shall be provided to protect the
occlugion following activation of the occlu

d underinfusion resulting from

NOTE + An acceptable method of complylng wi i 1 e 0 activate an audible alarm and terminate the
infusion liquid flow at the ocCcLU&ZIONA

Complfiance is checked™

This test app/ie : OLUMETRIC INFUSION PUMPS, DRIP-RATE INFUSION
PUMPS, SPECIAL USE’EQ% ;

The tgst apparat ‘ ] 4 js used. Carry out the tests using a test solution pf ISO
class |l wate ] Perform the test under normal conditions (20 °C + 2 °C, g5 % =+
5 % RH). Operate~the (BQUIRMENT in NORMAL USE according to the manufacturer's instryctions
for use. Prin N TRATION SET and the tubing connected to the pressure transducer.

Select the IN A\TE RATE and the OCCLUSION ALARM THRESHOLD (PRESSURE) speciffed by
the manufaeturer)Nf the OCCLUSION ALARM THRESHOLD (PRESSURE) can be selected, sqt it to
minimum. Connect the PATIENT END of the PATIENT LINE to the stopcock. Open the stopcock to
the callecting vessel. Start the EQUIPMENT and allow the flow to become constant. Switch the
SstopcOCK and detect the OCCLUSION ALARM THRESHOLD (PRESSURE). Measuare ihe nme taken
from switching the stopcock to activation of the occlusion alarm.

Inspect the ADMINISTRATION SET for ruptures or leaks. Empty the collecting vessel. Switch the
stopcock and collect the BOLUS volume generated as a result of the occlusion until the pressure
is reduced to atmospheric.

If the OCCLUSION ALARM THRESHOLD (PRESSURE) can be selected, repeat the test with it set to
maximum.

If any OPERATOR action is given for 6.8.2 a) 12, a test shall be conducted of the means provided
by the EQUIPMENT to release the BOLUS. This consists of performing the release as described
before measuring the amount of the BOLUS remaining.
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Verify by volume or mass that the result of the test is in accordance with the requirements of
51.5 a) and 51.5 b) and the disclosure statement in the ACCOMPANYING DOCUMENTS required by

6.8.2a)9) t06.8.2a)12).

For INFUSION PUMPS FOR AMBULATORY USE carry out the following test:

The test apparatus shown in figure 114 is used. Carry out the tests using a test solution of ISO
class Ill water for medical use. Perform the test under normal condition (20 °C = 2 °C, 65 %
5 % RH). Operate the EQUIPMENT in NORMAL USE according to the manufacturer's instructions
for use. Prime the ADMINISTRATION SET and the tubing connected to the pressure transducer.

Select the INTERMEDIATE RATE. Connect the PATIENT END oOf the PATIENT LJ
measlring system. Start the EQUIPMENT and detect the occLUSIO
(PRESBURE).

Inspecgt the ADMINISTRATION SET for ruptures or leaks.

Stop the EQUIPMENT and disconnect the pressure measurings

SET tp atmosphere. Close the PATIENT END of the PA QCCLUSION
THREYHOLD (PRESSURE) can be selected, set it to mipimum, F QUIPMENT an|

until dn occlusion alarm occurs or the EQUIPMENT stofs.
a resylt of the occlusion. If the OCCLUSION ALARM THR

repeaf the test with it set to maximum.
shall lbe conducted of the means pfovid : ME) 0 release the
consigts of performing the release as’x ibe efore/xgeasuring the amount
remaihing. Verify by volume or mass

5, volume genera
can be selected

requir [ osure statement in the ACCOMP/

DOCUN

SET varies

Pressure monitor

O O

Pressure
transducer

Rigid tubing

L

D—[>|"

Three-way tap ===7 collecting vessel

IEC 267/98

pssure
ISHOLD

RATION
ALARM
d wait
ted as
, then
a test

This
BOLUS
th the
NYING

Figure 114 — Test apparatus to determine the = OCCLUSION ALARM THRESHOLD (PRESSURE)

and BoLus volumes

51.102 Reverse delivery

During NORMAL USE and/or SINGLE FAULT CONDITION of the EQUIPMENT, continuous reverse

delivery, which may cause a SAFETY HAZARD, shall not be possible.

Compliance is checked by inspection.
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51.103 EQUIPMENT and drop sensor orientation

Safe operation of the EQUIPMENT shall not be affected by:

— the mispositioning or removal of a drop sensor, and

— operating the EQUIPMENT with a tilted or incorrectly filled drip chamber.

Under these conditions the EQUIPMENT shall either:

— maintain the accuracy of delivery, or

— stop the flow and generate an audible alarm.

Comp

Operyg
Selec
planes.
mispo|

51.10

Thisr

iance is checked by the following functional test:

sitioning, removal or overfilling of a drip chamber

a

equirement does not apply to SYRINGE PUMP

* Protection against air infusion

The ERQUIPMENT shall protect the PATIE flay cause a SAFETY HAZARD
due tq air embolism.

Compliance is checked by /nspeCIon 1l tests in accordance with the
manuftacturer’s specificatig 5-8

After the initiation of liquid
deliveyy by a singli act

Compliance is cheekge

51.10%

Should the ¢ the use of a range of ADMINISTRATION SETS with different
operatiofal then automatic means shall be provided or manual action(s) shall
be negessa orrect output

Compfiancgeis checkéd by inspection and functional test.

51.106—Audibteand—visuatatarms

Unless specified elsewhere, the alarms required by this Particular Standard shall be so
arranged that an audible alarm shall occur in all alarm situations.

This requirement does not apply to INFUSION PUMPS FOR AMBULATORY USE.

Compliance is checked by inspection and functional test.

51.107 Alarms required by clause 51 of this Particular Standard shall comply with the
following. This requirement does not apply to INFUSION PUMPS FOR AMBULATORY USE:

a) the audible alarm shall be able to produce a sound-pressure level (or,

if adjustable a

maximum level) of at least 65 dB(A) at 1 m, and shall not be by the OPERATOR externally
adjustable below 45 dB(A) at 1 m;
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b) the audible alarm silence period of the EQUIPMENT in stand-alone operation shall not exc
2 min;

c) the visual alarm shall continue to operate during the audible alarm silence period;

d) means shall be provided to enable the OPERATOR to check the operation of audible
visual alarms.

eed

and

Compliance is checked by measuring the A-weighted sound pressure level, with an instrument
complying with the requirements for a type 1 instrument laid down in IEC 60651 or IEC 60804,

as follows.

The pump and the microphone are placed in free-field conditions (according to ISO 3744),

at a

height of 1,5 m from the reflecting plane. The distance between the pump and_the mierophone

shall be 1 m. The background noise level shall be at least 10 dB(A) bela Qunéopressure

level o be measured. During the test, microphone orientation shoulg in the

lowest horizontal sound power direction from, the pump.

51.108 |INFUSION PUMPS FOR AMBULATORY USE shall additio if the

EQUIPMENT is switched to a standby mode of operation for mo

Complfiance is checked by inspection and functional test.

51.109 Alarms required by 51.108, 51.110 and 49

a) the¢ audible alarm shall produce a §

b) the¢ audible alarm output shall not be |Sta i g or by
special means (e.g. pressing a sequence of swit ;

c) means shall be providedito enable the

Compliance is checkeq suri 9 ument

complying with the require dment laid down in IEC 60651 or IEC 60804,

as follows. :

The pump and the mi , ata

height of 1,5 m from phone

shall pe 1 m. Th W, pssure

level to be , mi ] ] , in the

lowes| horizo ta/s d QOWS

51.110

This requirergent do

Complanrce—+s-ehecked-by-inrspectionanrd-by-functonaltest

51.111 An audible warning shall be provided prior to the end of the infusion alarm.

This requirement applies only to SYRINGE PUMPS.

SECTION TEN — CONSTRUCTIONAL REQUIREMENTS

The clauses and subclauses of this section of the General Standard apply except as follows:

54 General

This clause of the General Standard applies, except as follows:
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54.3

Repla

Inadvertent changing of settings

cement:

Means shall be provided to prevent accidental or unintended changes in rate settings.

Comp

liance is checked by inspection.

If manual means for priming/purging are provided, no single action by the orPERATOR shall
initiate priming/purging to comply with the requirement of 51.1.

Comp
Additi
54.10

Meanj
plungy

In the

Mean

PUMP

EQUIP
force

Comp|
54.10

Wherd
into th

An alg
pump

EQUIP

iance is checked by inspection and functional test.
bNns:
| Fitting of the syringe
5 shall be provided to ensure correct clamping a el and
br in the SYRINGE PUMP.
event of incorrect location of the plunger the
5 shall be provided to prevent syp
An alarm shall be activated, if an atte RINGE
S running.
MENT shall be so bulling
DN the PATIENT LI
iance is c@
D
e applisable Ns'shall be provided to ensure correct fitting of the ADMINISTRATIQN SET
e
rm sha d, if an attempt is made to remove the ADMINISTRATION SET whjle the
is running.
MENT shall be so designed that no SAFETY HAZARD to the PATIENT can occur due to pulling

force

Comp

nthe PATIENT LINE.

liance is checked by inspection.

54.103* Human errors

At least two distinctive and separate actions shall be required before FREE FLOW can occur in
NORMAL USE. The first action shall stop the flow and initiate an audible alarm. This requirement
does not apply to SYRINGE PUMPS and INFUSION PUMPS FOR AMBULATORY USE which use syringes.

Rema

Comp

rk: Refer also to 51.5 b).

liance is checked by inspection and functional test.
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54.104 EQUIPMENT shall be so designed that, if it is accidentally switched off and then
switched on again by means of a functional control, the safety of the PATIENT shall be
maintained.

Compliance is checked by inspection and functional test.
56 Components and general assembly
This clause of the General Standard applies, except as follows:

56.8 Hhdicaters

Additipn:

An indicator lamp (or means other than marking) shall be provided dis a qJUPPLY

@%

Compliance is checked by inspection.

o
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The appendices of the General Standard apply, except as follows:

Appendix L

References — Publications mentioned in this standard

Appendix L of the General Standard applies, except as follows:

Additipn:

IEC 60521:1988, Class 0.5, 1 and 2 alternating-current watthour meter.

IEC 60601-1:1988, Medical electrical equipment — Part 1: Geners r
Amenfdment 1 (1991)
Amengdment 2 (1995)

IEC 6Pp601-1-2:1993, Medical electrical equipment —
2. Cofateral Standard: Electromagnetic compatibility

IEC 60651:1979, Sound level meters
Amenfment 1 (1993)

IEC 60801-1:1984, Electromagnetic
contrgl equipment — Part 1: General intkod

IEC 60801-2:1991, E
contrql equipment — Pg

IEC 60804:1985,
Amenfment 1 (1989
Amenfgment 2 (199

IEC 6[L000
techniques

IEC 6[L000-
technlques —Sewstjon 4

ISO 3696:1987, Water for analytical laboratory use — Specification and test methods

1y

fety —

t and

t and

ement

ement

ISO 3744:1994, Acoustics — Determination of sound power levels of noise sources using sound

pressure — Engineering method in an essentially free field over a reflecting plane

ISO 7864:1993, Sterile hypodermic needles for single use

ISO 7886-2:1996, Sterile hypodermic syringes for single use — Part 2: Syringes for use with

power-driven syringe pumps

ISO 8536-4:1987, Infusion equipment for medical use — Part 4: Infusion sets for single use
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The following Collateral Standards quoted in Amendment 2 of IEC 60601-1 do not apply:

IEC 60601-1-1:1992, Medical electrical equipment — Part 1: General requirements for safety —
1. Collateral Standard: Safety requirements for medical electrical systems
Amendment 1 (1995)

IEC 60601-1-3:1994, Medical electrical equipment — Part 1: General requirements for safety —
3. Collateral Standard: General requirements for radiation protection in diagnostic X-ray
equipment

IEC 60601-1-4:1996, Medical electrical equipment — Part 1: General requirements for safety —
4. Cofateral Standard: Programmable electrical medical systems

@%

o
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AA.l

1.1

Annex AA
(informative)

General guidance and rationale

Rationale for the requirements of this Particular Standard

ADMHIHSTFRATHON-SEFS—atre—hRot fnll\l tested hu this—PartictHar—Standard—because

3.6

6.8.2 h)49)

5 and
used
ed by
such
use of
rer to
cts.

In order to protect the PATIENT from £ F z e’ to failure pf the
protective systems specified in clayse S 3 .6 of this stgndard
requires that SINGLE FAULT CONDI curri in theSe protective sylstems
become immediately ohvious 0 TORNWhile the EQUIPMENT is
operational.

Lously
FAULT
ht this
efore,
; {check
Qg or after the infusion. Example 1 alloys the
Mteractive procedure by following a safety |check
{YING DOCUMENTS.

hever method is employed, all primary sensors |in the
hodld be included so that a true functional check is garried

speel jethagturacy include short time periods, unusual infusion liquid chafacter-
i e use of excessively fine bore needles, inadequate protection ggainst
the extremes of environmental conditions, occlusion of the ADMINISTRATION SET
upstream of the EQUIPMENT.

6.8.2 a) 20)

6.8.2 a) 28)

44 .4

Examples of a SAFETY HAZARD associated with interconnection of the infusion
system or ACCESSORIES to the PATIENT LINE include the possible change in
infusion rate due to such interconnections and the increased possibility of air
infusion to the PATIENT, especially with gravity feed systems.

The maximum infusion that may occur under SINGLE FAULT CONDITIONS may be
declared as a percentage of the set rate or the BoLUS volume delivered before
the EQUIPMENT stops.

Attention is drawn to the fact that leakage may occur from liquid reservoirs,
ADMINISTRATION SETS and connectors above and in the EQUIPMENT, and that the
liguid may be a viscous 50 % dextrose solution. Impairment of safety features
due to leakage of this liquid may only occur after a period of time as the solution
dries.
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The ability of the EQUIPMENT to maintain the manufacturer's stated accuracy is
the essential safety component of this requirement. This requirement for the
EQUIPMENT does not take into account clinical criteria of the PATIENT, for

example, age, weight, drugs used, etc.

Accuracy of these devices may be affected by extremes of back pressure.

to 50.108 Accuracy tests for INFUSION PUMPS and INFUSION CONTROLLERS

Data on performance following the start of infusion is important and m
shown by an unambiguous method so that the OPERATOR can sele
appropriate EQUIPMENT to suit the clinical application, Graphs of the type

ust be
ct the
hown

in figures 105, 109 and 110 should be included in the INgT

continuous, cyclical or otherwise. It is a ma
in a reasonable time. OPERATORS will wis
and whether there are long periods of
pumping cycle.

Delays following start-up

a) correct priming;
b) backlash in the mech
c) the point z

N> establishing the accuracy of various pumps, the flow over a given pe
timesis”measured. Parameters have been set to provide a safe stand
which the EQUIPMENT should comply. However, when the time interva
which the accuracy is measured is shortened, all pumps show consid

E USE.
n flow

.102 to

art-up
5, dis-
starts
art-up
ng the

nt for
ay be
0.102

would
b, and

iod of
ard to

over
rable

variations of flow pattern, for instance, on a minute-to-minute basis. This applies

to all currently available EQUIPMENT: rotary and linear peristaltic, diaphrag
piston types, and even SYRINGE PUMPS. With certain EQUIPMENT it is poss

m and
ible to

show errors of flow of £75 % over a 1 min cycle, and errors of £30 % over a

5 min cycle are not uncommon.

At the present time, certain drugs infused by such EQUIPMENT have a phar

maco-

logical and biological half-life of less than 5 min. For example, one of the agents

commonly used to support the cardiac output in a severely ill PATIENT

has a

half-life of approximately 2,5 min. It is obvious that the use of such agents in

concentrations which require low rates and where such demonstrated fl

uctua-

tions occur, may lead to alarming and potentially dangerous responses by the
PATIENT. It is therefore of vital importance that the OPERATOR is made aware that
such fluctuations can occur so that he can make the necessary adjustments in

both concentration and set delivery rate.
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DRIP-RATE INFUSION CONTROLLERS are used only for intravenous infusions. They
operate because the pressure created by the height of the liquid level in the
container above the infusion site (usually about 90 cm H,0 = 8,83 kPa) is
greater than the maximum venous pressure likely to be encountered in clinical
practice (approximately 2,67 kPa (20 mm Hg)).

The maximum drip rate available with these devices is usually 100 drops per
minute which, when using a 20 drops/ml set, is equivalent to a set rate of
300 ml/h. With an 18G, 1,2 mm needle 40 mm long, the pressure drop across
the needle at 300 ml/h using water is approximately 3,33 kPa (2,5 mm Hg). With
higher viscosity liquids, such as dextrose (50 %), these figures increase to
0,43 kPa (32 mm Hg) (with an 18G_1 .2 mm needle 40 mm Innm and 2 86 kPa
(21,4 mm Hg) (with a ZlG 0,8 mm needle 40 mm long) respe er.

In clinical practice, it would be inadvisable to attemp i vigcosity
liquids or smaller gauge needles. Thus, the tests ifhe ilVallow\tgalistic
testing of the performance of the EQUIPMENT.

With DRIP-RATE INFUSION PUMPS it iS necessa i st e effects ofl liquid
viscosities on drip-rate accuracy as DRIP-RATE s ected
to pump a range of fluids of differing viseoSities:~ TR i SI fluid,
dextrose 50 %, will be pumped at drip’ rate 5 t flow
of 150 ml/h. If a 20 drops per ml AB SR/ SET is™Used, this is a drip-rate
of 50 drops per min. In order to s if dure and obviate the use
of different infusion liquids, {_h¢ ¢ 6i gproduce the additiongl back
pressure that high viscosity Iiqui § S rose 50 %) would prodyce by
the use of fine gauge neeetes. thg | ied out at the two extremes of back
pressures, —13,33 kPa (-10 dghand\+13,33 kPa (+100 mm Hg). A 18G

produces no significant additional back
pncountered) is used at -13,33 kPa
needle 40 mm long, at +13,33 kPa
, 0,8 mm needle 40 mm long produces
an be calculated by the Hagen-Poiseuille fomula.

CONTROLLERS are similar to DRIP-RATE INRUSION

ey use gravity to supply the required infusion pregssure.

g are calibrated in volumetric units, for example, millilitres

and, although they count drops, they attempt to convert drpps to

be accomplished by the use of a special drop-forming prifice

chamber and/or the use of liquid codes (programmed hy the

take account of the different characteristics of various solutions

dsed I intravenous therapy. The volume of a drop is dependent on a number of

factors pwhich include drip rate, temperature, pressure, the materigl and

condition of the drop-forming orifice, viscosity and surface tension of the| liquid

used However as the purpose of the test is to ensure that the infusion oufput is

er for

medical use and at the extremes of back pressure (negative back pressure only)
are satisfactory.

VOLUMETRIC INFUSION PUMPS are designed to deliver precise volumes of liquids
at medium and high set rates and shall be capable of pumping intravenously
and using various sizes of needle and all types of liquids.

Variants of these pumps to cater for paediatric applications are designed to
deliver precise volumes at low set rates (between 1 ml/h and 10 ml/h) and are
calibrated in 0,1 ml/h increments. It is not considered necessary to test these
pumps for accuracy of delivery below 1 ml/h because clinical applications would
call for the use of a SYRINGE PUMP in these circumstances.
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Because high-viscosity liquids may be used, these pumps are tested over the
full range of set rates using water at a test back pressure of +13,33 kPa
(+100 mm Hg) with a 21G, 0,8 mm needle 40 mm long to simulate the additional
back pressure caused by the use of a high viscosity liquid such as dextrose
50 % (see Hagen-Poiseuille formula and calculations). Testing at —13,33 kPa
(=100 mm Hg) is to simulate the negative back pressures that are sometimes
encountered in clinical usage.

PATIENT movement has been known to cause FREE FLOW. During testing this
may be investigated by allowing the flow to stabilize, then quickly lowering the
collecting vessel 50 cm and checking for evidence of FREE FLOwW. The above
simulates PATIENT movement

d

| b)

ZARD.

ither to maintdin the
b cease delivefy and

d to either start or stop infusiop, and
ats switch.

clauses 17, 19, 20 and sub¢lause

g electromagnetic fields can interfere with ele¢tronic

’S and CONTROLLERS are known to be affected|in the

, there have been reports of interference from| radio
bulances and from electromagnetic fields generated by
IENT. The increased use of mobile telephones, partigularly
. at frequencies of 450 MHz and 900 MHz, has likewise| been
to \cause problems with the operation of INFUSION PUMP$ and

As the“use of automatic INFUSION PUMPS escalates in new environments |which

are often alien to the sensitive electronic circuitry employed, it is important for
the OPERATOR to be aware of the possible hazards which may arise. Exjmples

of such SAFETY HAZzARDS include unpredictable cessation of infusion and
reversion to a purge mode of operation.

It is also important that the manufacturer is aware that external interference may
also change or destroy internal or external feedback loops that regulate various
physical variables within the EQUIPMENT. A known example of this is an oscil-
lating action of the infusion mechanism due to such external interference.
Generally, the EQUIPMENT reacts in an unpredictable manner.

It is important to realise that for emissions not only CISPR 11 is required by the
Collateral Standard IEC 60601-1-2, but also CISPR 14. CISPR 14 is mandatory
because it is mentioned in the list with normative references in annex BBB of
the Collateral Standard.
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