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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEDICAL ELECTRICAL EQUIPMENT -

Part 2-12: Particular requirements for the safety of lung ventilators —

Critical care ventilators
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IEC (International Electrotechnical Commission) is a worldwide organization for standardization|, con
hational electrotechnical committees (IEC National Committees). The object of the IEC~is)to {
rnational cooperation on all questions concerning standardization in the electrical and electronic fiqg
end and in addition to other activities, the IEC publishes International Standards. [[heir prepar.

icipate in this preparatory work. International, governmental and non-governmental lerganizations
the IEC also participate in this preparation. The IEC collaborates closely with the International Orga
Standardization (ISO) in accordance with conditions determined by agreement between t
hnizations.

formal decisions or agreements of the IEC on technical matters, express as nearly as possi
Frnational consensus of opinion on the relevant subjects since each technical committee has represg
h all interested National Committees.

documents produced have the form of recommendations for international use and are published in t
tandards, technical specifications, technical reports or guides, and they are accepted by the N
hmittees in that sense.

rder to promote international unification, IEC National €ommittees undertake to apply IEC Inter
hdards transparently to the maximum extent possible in their national and regional standarg
rgence between the IEC Standard and the corresponding national standard shall be clearly indicate
BT

IEC provides no marking procedure to indicate'its approval and cannot be rendered responsible
pment declared to be in conformity with one of its standards.

ntion is drawn to the possibility that some of the elements of this International Standard may be the
atent rights. IEC shall not be held responsible for identifying any such patent rights.

htional Standard IEC 60601=2-12 has been prepared by subcommittee 62D: E
al equipment, of IEC teehnical committee 62: Electrical equipment in medical practi

C 121/SC 3, Lung«entilators and related equipment, also participated in the prep4
standard.

second edifion replaces the first edition of IEC 60601-2-12:1988, Medical elég
ment — Part 2: Particular requirements for the safety of lung ventilators for medic4
O 106549-1:1993, Lung ventilators for medical use — Part 1: Requirements.
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FDIS Report on voting
62D/414/FDIS 62D/440/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting

indicated in the above table.

Annex BB forms an integral part of this standard.

Annexes AA and CC are for information only.
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In this Particular Standard, the following print types are used:

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

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

— test specifications: italic type;

— TERMS DEFINED IN CLAUSE 2 OF THE GENERAL STANDARD IEC 60601-1 OR IN THIS PARTICULAR
STANDARD: SMALL CAPITALS.

The committee has decided that the contents of this publication will remain unchanged until
2004. At this date, the publication will be:

* reg¢onfirmed;
* withdrawn;
« replaced by a revised edition, or

* anpended.

NOTE |[IEC 60601-1-8, Medical electrical equipment — Part 1-8: General requiréments for safety — Collateral
Standald: General requirements and guidelines for the application of alarms ingmedical electrical equipment is
currently under development. This Standard will require maintenance to conform to that Collateral Standard.
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INTRODUCTION

Critical care VENTILATORS are an essential medical device in every intensive care unit (ICU).
Approximately half of all PATIENTS in ICUs receive partial to full ventilatory support with this
EQUIPMENT. Given the vulnerable status of these PATIENTS, EQUIPMENT safety is of fundamental
importance. Accordingly, this Particular Standard, by building on other standards and
specifically on IEC 60601-1: Medical electrical equipment — Part 1: General requirements for
safety, herein referred to as the “General Standard”, sets the minimum requirements that
should be met by every critical care VENTILATOR that is designed after the publication of this
Particular Standard.

A ratignale Tor the most important requirements 1s given in ANNex AA.

Continuous positive airway pressure (CPAP) devices, sleep apnea therapy devices, sypport-
care (ENTILATORS, anaesthesia, emergency and transport VENTILATORS, jet andchigh frequency
VENTIJATOR and oscillators are not covered by this Particular Standard, nor are devicgs that
may be used within hospitals, intended solely to augment the ventilation lof spontangously
breathing PATIENTS.
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MEDICAL ELECTRICAL EQUIPMENT -

Part 2-12: Particular requirements for the safety of lung ventilators —

The c

Critical care ventilators

SECTION ONE — GENERAL

auses and subclauses of this section of the General Standard apply except as follo

1 S
This d

1.1

Additi

This
2.1.12

Contin
care
and o
used
PATIEN
ventild

Requi

1.2

Additi

The d

cope and object
lause of the General Standard applies, except as follows:

Scope

DN

5, intended for use in critical care settings.

uous positive airway pressure (CPAP) devices/ sleep apnea therapy devices, sU
ENTILATORS, emergency and transport VENTILATORS, jet and high frequency VENTIL
scillators are outside the scope of this Particular Standard, nor are devices that n
within hospitals, intended solely to augmént the ventilation of spontaneously bre|

bject of this 'standard is to specify particular safety requirements for VENTIL

intended for use in-critical care settings.

1.3

Particular standards

Additi

Particular Standard specifies the safety requirements. for VENTILATORS, as defiped in

pport-
ATORS

ay be
athing

-2-13.

TS. Standards for other types of VENTILATORSs, e.g. high frequency jet and osclillation
tors, are under consideration.

rements for VENTILATORS intendéd for anaesthetic applications are given in IEC 60601
Object

DN

ATORS

DA

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 its amendment 2
(1995), herein referred to as the “General Standard”.

The General Standard takes into account a set of Collateral Standards:

IEC 60601-1-1:2000, Medical electrical equipment — Part 1-1: General requirements for safety,
Collateral standard: Safety requirements for medical electrical systems

IEC 60601-1-2:2001, Medical electrical equipment — Part 1-2: General requirements for safety
— Collateral standard: Electromagnetic compatibility — Requirements and tests
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IEC 60601-1-4:1996, Medical electrical equipment — Part 1: General requirements for safety, 4.
Collateral standard: Programmable electrical medical systems
Amendment 11

The term “this Standard” covers this Particular Standard, used together with the General
Standard and the Collateral Standards.

The numbering of sections, clauses, and subclauses of this Particular Standard corresponds
with that of the General Standard. The changes to the text of the General Standard are
specified by the use of the following words:

ing

Subcl
startin
etc.

Claus
ration

Annex

additipnal information; they can never be the subjects of testing.

Wherg¢ there is no corresponding section, clause or subclause in this Particular Standal

sectio
withoy

Wherg it is intended that any part.of the General Standard or Collateral Standard, alt

possil]
Stand

A req
Stand
requir

2 T

¢ General Standard.

dition” means that the text of this Particular Standard is additional to the requiremg

mendment” means that the clause or subclause of the General Standard ‘is ameng
icated by the text of this Particular Standard.

huses or figures that are additional to those of the General-Standard are nuni
g from 101, additional annexes are lettered AA, BB, etc., an@yadditional items aa

bs and subclauses to which there is a rationale are/marked with an asterisk *.
bles can be found in an informative Annex AA.

es AA and CC are not normative parts of.this Particular Standard and only p

h, clause or subclause of the General' Standard or specified Collateral Standard 4
t modification.

ly relevant, is not to beapplied, a statement to that effect is given in this Par
ard.

lirement of this Particular Standard replacing or modifying requirements of the G
ard or a Collatéeral Standard takes precedence over the corresponding g
ement(s).

erminology and definitions

bered
, bb),

These

rovide

d, the
pplies

hough
ticular

eneral
eneral

This d

lause of the General Standard applies _excent as follows:
Ll o Y ™

*2.1.5
applied part

Addition:

or any part of the VENTILATOR intended to be connected to the breathing system

1 There exists a consolidated edition 1.1 (2000) that includes IEC 60601-1-4 (1996) and its amendment 1 (1999).
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Additional definitions:

2.1.101
bacterial filter
device that removes bacteria and particulate matter from the gas stream

[ISO 4135:1995, definition 4.1.7 modified]

2.1.102
clearly legible
visual attribute of information displayed by the EQUIPMENT that allows the OPERATOR to d

iscern

(or identify) qualitative or quantitative values or functions under a specific set of environmental

condifjons

2.1.103

emergency air intake port

dedicated intake port through which ambient air may be drawn when the supply of FRESH
insufficient or absent

[ISO 4135:1995, definition 4.2.2 modified]

2.1.104

flow-direction-sensitive component

VENTIJATOR component through which the gas flow has torbe-in one direction only for its
functipning and/or PATIENT safety

[ISO 4135:1995, definition 4.1.13]

2.1.145
freshgas

gas sUyipplied to the VENTILATOR BREATHINGSYSTEM. It excludes the following:

— aif drawn through the EMERGENGY(AIR INTAKE PORT;
— aindrawn through leaks in the-VENTILATOR BREATHING SYSTEM;
— expired gas from the PATIENT

2.1.106
fresh[gas intake port

intake| port, other_than the EMERGENCY AIR INTAKE PORT, through which FRESH GAS m
drawn|into the VENTILATOR BREATHING SYSTEM

[1SO 4135:19956; definition 4.2.6 modified]

GAS is

broper

ay be

2.1.107

gas exhaust port
that port of a VENTILATOR from which gas is discharged to the atmosphere either directly
a gas scavenging system

[ISO 4135:1995, definition 4.2.7]

2.1.108
gas intake port
port through which gas is drawn into the VENTILATOR BREATHING SYSTEM

or via
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2.1.109

gas output port
port through which gas is delivered at RESPIRATORY PRESSURES via the inspiratory limb to the
PATIENT CONNECTION PORT

[ISO 4135:1995, definition 4.2.8 modified]

2.1.11

0

gas return port
port through which gas is returned at RESPIRATORY PRESSURES via the expiratory limb from the
PATIENT CONNECTION PORT

[1SO 4

2.1.11

high pressure gas input port

input
[ISO 4

2.1.11

inflating gas

FRESH

2.1.11

inflating gas input port

input
[ISO 4

NOTE
by this

2.1.11
inhibi
(disa
state i

NOTE
system

NOTE }
when n

NOTE
EQUIPM
revoke

2.1.11

135:1995, definition 4.2.9 modified]

1

port to which gas may be supplied at a pressure greater than 100 kPa
135:1995, definition 4.2.10 modified]

2

GAsS that may also power the VENTILATOR

3

bort to which INFLATING GAS is supplied
135:1995, definition 4.2.11]

An input port is a port to which gas is supplied\Under positive pressure and through which the gas i
pressure. The gas may be supplied either at a,controlled pressure or at a controlled flow.

4
ion
led)

INHIBITION may apply to an individual alarm condition, to a group of alarm conditions, or to the entir|
of the EQUIPMENT.

INHIBITION may be _invoked by the OPERATOR or by the EQUIPMENT (for instance, in a warm-up n
b PATIENT is connectéd).

The duration-of INHIBITION is always indefinite. Only direct action by the OPERATOR or a chang{
ENT caused_ by-the OPERATOR (for instance, the end of a warm-up mode or when a PATIENT is connec
INHIBITION,

5

driven

n which an alarm system“or part of an alarm system can not annunciate alarm signals

e alarm

hode or

in the
ed) will

low-p

Fessure-gas-input-port

input port to which gas is supplied at a pressure not exceeding 100 kPa
[ISO 4135:1995, definition 4.2.14]

21.1
manu

6
al ventilation port

port to which a device may be connected for manual inflation of the lungs
[ISO 4135:1995, definition 4.2.15 modified]

2.1.11

7

maximum limited pressure (P, max)
Highest pressure at the PATIENT CONNECTION PORT during NORMAL USE and under a SINGLE

FAULT

CONDITION
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2.1.118

maximum working pressure (P, max)

highest pressure at the PATIENT CONNECTION PORT during NORMAL USE, irrespective of the
setting of controls, other than the control intended to adjust this pressure

NOTE Even if not adjustable, this maximum is equal to or less than the MAXIMUM LIMITED PRESSURE.

2.1.119

minimum limited pressure (P, min)

lowest pressure at the PATIENT CONNECTION PORT during NORMAL USE and under a SINGLE FAULT
CONDITION

NOTE This pressure may be sub-atmospheric.

2.1.120

minut volume (V)
volume of gas per minute entering or leaving the lungs of the PATIENT

21171
operator’s position
intended location and orientation of the OPERATOR with respect tocthe EQUIPMENT for NDRMAL
USE ag¢cording to the instructions for use

2.1.122
patient connection port (of the VENTILATOR BREATHING SYSTEM)
port of the VENTILATOR BREATHING SYSTEM to which the PATIENT can be connected

[ISO 4135:1995, definition 4.2.16]

NOTE | Interface between the VENTILATOR BREATHING SYSTEM 'and the PATIENT.

21123
respifatory pressure
presslire at the PATIENT CONNECTION PORT

2.1.124
suspegnded
state pf an alarm system where OPERATOR action has temporarily caused an otherwise epabled
alarm|system to disable allrauditory or all auditory and visual alarm signals for a fixed intgrval

2.1.125
ventilator
automlatic EQUIRMENT that is intended to augment or provide ventilation of the lungs jof the
PATIENT wheniconnected to the airway of the PATIENT

2.1.126
ventilator breathing system (VBS)

breathing system bounded by the LOW PRESSURE GAS INPUT PORT(S), the GAS INTAKE PORT(S)
and the PATIENT CONNECTION PORT, together with the FRESH GAS INTAKE and EXHAUST PORT(S), if
these are provided

[ISO 4135:1995, definition 4.1.6 modified]
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Addition:
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Any fault that can lead to a hazard and that is not detected by intrinsic means or by periodic
inspection (e.g. an oxidant leak, software defect) shall be regarded as a NORMAL CONDITION and

not a

3.4

Additi

An e(
accor

S5INGLE FAULT CONDITION.

DN

jlance with ISO 14971.

4 General requirements for tests

This dlause of the General Standard applies.

5 C

assification

This dlause of the General Standard applies,»€xcept as follows:

5.2

Additi

NOTE

DN

A VENTILATOR may have APREIED-PARTS of different types.

6 Identification, marking and documents

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

6.1

e) In

Marking.on the outside of EQUIPMENT or EQUIPMENT parts

pication of origin

juivalent degree of safety may be demonstrated by means_0f, a risk analygis, in

Addition (after the existing sentence):

The name and address of the manufacturer or authorized representative, as applicable,

sh

all also be marked.

k) Mains power output

Repla

cement:

If provided, AUXILIARY MAINS SOCKET OUTLET(S) of EQUIPMENT shall be marked with the
maximum allowed output in amperes or volt-amperes.

q) Physiological effects

Addition (between the first and second paragraphs)

If applicable, a warning that latex is used.
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Addition:

aa) Any HIGH PRESSURE GAS INPUT PORT shall be marked with the name or symbol of gas in
accordance with 1ISO 5359 and with the supply pressure range and the nominal maximum
flow requirements. If gas-specific color-coding of flow control or flexible hoses is
provided, it shall be in accordance with ISO 32.

bb) If OPERATOR accessible ports are provided, they shall be marked. The following terms
should be used.

— INFLATING GAS INPUT PORT: 'Inflating Gas Input'
— MANUAL VENTILATION PORT: 'Bag’

- GAS OUTPUT PORT: 'Gas Output'
— GAS RETURN PORT: 'Gas Return'
—  GAS EXHAUST PORT: 'Exhaust’

Alternatively, other terms or symbols may be used in the above and’explained|in the
instructions for use.

— EMERGENCY AIR INTAKE PORT: 'WARNING: Emergency Air Intake™— Do Not Obstryct'
cc) |Any particular storage and/or handling instructions.

dd) JAny particular warnings and/or precautions relevant to {he”"immediate operation [of the
ENTILATOR.

ee) Where appropriate, an indication of the date by which the EQUIPMENT or ACCESSORY shall
be used expressed as the year and month.

NOTE | Symbol 3.12 from 1ISO 15223:2000 may be used.

ff) Packages containing breathing attachments’ intended for single use shall be ¢learly
marked with the following, as far as applicable:

— A description of the contents.

- The words "SINGLE USE", “DO"NOT REUSE”, Symbol 1051 from ISO 7000:1989 or
Symbol 3.2 from ISO 15223:2000.

- The word "STERILE," Sif-applicable”, or one of Symbols 3.20 to 3.24 from ISO
15223:2000.

- The name or trademark and address of the manufacturer, supplier, or authjorized
representative;

- An identification reference to the type, or Symbol 3.15 from ISO 15223:2000.

— An identification reference to the batch or serial number or Symbol 3.14 or 3.16 from
ISO 45223:2000.

— Packages containing latex shall be clearly marked with the word ‘LATEX’.

gg) [Packages containing breathing attachments intended for reuse shall be clearly marked

amith-thao followwina:
VIt S TOTTOwWITtg™

— A description of the contents.

- The name or trademark and address of the manufacturer, supplier, or authorized
representative.

- An identification reference to the type, or Symbol 3.13 from ISO 15223:2000.

- An identification reference to the batch or serial number or Symbols 3.14 or 3.16 from
ISO 15223:2000.

- Recommended methods of cleaning, disinfection and sterilization.

NOTE Some breathing attachments may contain recommended methods for cleaning, disinfection and
sterilization in the instructions for use. See also 6.8.2 d).

- Packages containing latex shall be clearly marked with the word ‘LATEX’.
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hh ) All FLOW-DIRECTION-SENSITIVE COMPONENTS that are OPERATOR-removable without the use
of a tool shall be durably marked with a CLEARLY LEGIBLE arrow indicating the direction of

hders,

isable
hen a

bducts
ff) 3.

the flow.
6.3 g)
Addition:
— Pressure:

e c¢mH,0
6.6 Identification of medical gas cylinders and connections
Replagement:
a) If gas-specific color-coding is used (e.g., for flow controls, flexible hoses~gas cyli
et¢.) it shall be in accordance with ISO 32. See also 56.3 a).

6.8.2 | Instructions for use
6.8.2 d) Cleaning, disinfection and sterilization of parts in contact.with the PATIENT
Additipn (as a second paragraph):
If applicable, the instructions for use shall contain:

* information about cleaning and sterilization prior to first use;

e information about cleaning, disinfection *and sterilization and any restriction
concerning re-use;

e instructions which indicate the maximum number of processes for each re
component or visual functional pass/fail criteria to be used in determining W
component needs replacement;

Device¢ packaging and/or labelling shall differentiate between the same or similar pr
placed on the market by the same manufacturer, both sterile and non-sterile. See also 6.1
Addition:

aa) |Additional generalinformation

The instructions_for use shall include the following:

1. * A statement to the effect that antistatic or electrically conductive hoses or
shalhnot be used.

ELECTRICAL POWER SOURCE, the manufacturer shall disclose in the apprd

tubing

2. ~f" the VENTILATOR has provisions for an INTERNAL and/or external re¢serve

priate

documentation at least the following data (see also 49.101 and 49.102):

» the ampere-hour rating;
» the voltage requirement;

» the current requirement;

» the operational time from the power source after it has become fully charged;

* the means for determining the status of the reserve power source; and

» the means by which the reserve power source can be tested.

3. If the VENTILATOR is provided with a reserve power supply, the functioning after a

switchover to the reserve power supply shall be described.

4. If the VENTILATOR is designed to operate with high-pressure gas(es), the supply

pressure and flow range(s) shall be stated.
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NOTE | The accuracy should be expressed in the form of maximum zero error quoted)in appropriate units
sensiti\{ity error quoted, e.g., as a percentage of reading.

NOTE | Critical care VENTILATORS are intended for hospital use and\no such specification is expected.

5. A statement as to whether any portion of the gas supplied to a HIGH PRESSURE GAS

INPUT PORT is used as FRESH GAS.

6. A method for testing the function of the ALARM SYSTEM for each of the ALARM

CONDITIONS specified in this Standard.
The intended use of the VENTILATOR.

A statement to the effect that, while the VENTILATOR is in use, an alternative means

of ventilation should always be available.

9. If ports are non-conical, this information shall be given with the instructions for use,

or a marking shall be made. See also 56.3 dd) 2 ii).
10. Instructions and information necessary to ensure that the VENTILATOR is in

talled

correctly and is in safe and correct working order.

11. Specifications about the nature and frequency of maintenance operations necq
to ensure continuing safe and correct operation. This requirement also app
ACCESSORY components.

12. For each control and measured variable provided on the VENTILATOR, a listing
applicable range, resolution and accuracy. See also 51.107.

beyond those specified in 10.2.1 of this Standard“and performance is affec
this, the manufacturer shall disclose the extended-limits and how the VENTILAT
respond.

14. The means of accomplishing automatic. record keeping or, if applicablg
automatic record keeping is not supported.

also 49.101.

16. Warning statement to the effect that the VENTILATOR shall not be covel
positioned in such a way that the operation or performance of the VENTILA
adversely affected (e.g., positioned next to a curtain that blocks the flow of G
air, thereby causing the;EQUIPMENT to overheat).

17.1f an alarm limit is\sét automatically, the alarm limit(s) algorithm or default v4
shall be disclosed.

18. The inspiratory’and expiratory pressure drop measured at the PATIENT CONNH
PORT at 60_I/min for VENTILATORS intended for providing tidal volumes greate
300 mk.0r°30 I/min for tidal volumes between 300 ml and 30 ml, or 5 I/min fq
volumes' less than 30 ml, when the recommended breathing system is in us
normal ventilation is compromised by the total or partial loss of power suppl
49.103.

19/A statement to the effect that when adding attachments or other components g

15. The ranges of any supply that is.reéquired for NORMAL USE of the VENTILATOR.

pssary
ies to

of the

plus a

13. * If the VENTILATOR is specified to be used in environmental conditions which ¢xtend

ed by
DR will

, that
See

ed or
TOR is
ooling

lue(s)

CTION
r than
r tidal
e and
. See

r sub-

assemplies 10 the VENTILATOR BREATHING SYSTEM, The pressure dgradient acro

s the

VENTILATOR BREATHING SYSTEM, measured with respect to the PATIENT CONNECTION

PORT, may increase.

6.8.3 Technical description

a) * General

Addition:

for all measured and/or computed variables that are displayed or used for control, a

general description of the filtering and/or smoothing techniques, as applicable;

if there is a facility for sub-atmospheric pressure in the expiratory phase, the li
pressure and generated pressure, if applicable, shall be listed for the inspirator
expiratory phase;

miting
y and
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— a technical description of the means of triggering shall be provided if applicable;

— the conditions under which any measured or displayed flow, volume or ventilation is to be
expressed, e.g., Ambient Temperature and Pressure Dry (ATPD), Body Temperature and
Pressure Saturated (BTPS) etc.;

— the principle by which each VENTILATOR alarm condition, essential for the safe operation of
the VENTILATOR, is detected, their priority level(s), and the algorithms that cause the
annunciation of a given priority level. If priority levels escalate and de-escalate, those
algorithms shall also be disclosed. See 49.101, 49.102, 50.101.2, 51.106, 51.107, 51.108,

an

d 56.104;

- the performance characteristics necessary for safe operation of the VENTILATOR with

VH
as
m

NOTE

- i
BR

- int

7 P

This d

NTILATOR BREATHING SYSTEM(S), breathing attachments, and other components, o
semblies (e.g., breathing tubes, humidifier, filter, etc.) recommended b
hnufacturer for inclusion in the VENTILATOR BREATHING SYSTEM,;

Such characteristics may include pressure-flow relationships, compliance and internal volume.

brovided, disclosure of the characteristics of the bacterial filter;

pneumatic diagram of the VENTILATOR including a diagram for each VENT
EATHING SYSTEM either supplied or recommended by the manufacturer;

bclosure of any restrictions on the sequence of components placed within the VENT
EATHING SYSTEM, e.g., where such components are /£ LOW-DIRECTION SENSITIVE;

erdependence of controls, if applicable;

isting of the following pressures:

MAXIMUM LIMITED PRESSURE (Pjimmax);
range of values to which the MAXIMUM WORKING PRESSURE (P, max)can be set a

pressure generation);
a statement whether negative (sub-atmospheric) pressure is available in the exp

phase.

pwer input

lause of the_General Standard applies.

SECTION TWO — ENVIRONMENTAL CONDITIONS

I sub-
y the

LATOR

LATOR

hd the

means by which the maximum is assured (e.g., pressure cycling, pressure lifiting,

ratory

8 Basic safety categories

This ¢

lause of the General Standard applies.

9 Removable protective means

This ¢

lause of the General Standard applies.

10 Environmental conditions

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

Addition (add before the semicolon):

or any extension of these conditions as specified by the manufacturer in the ACCOMPANYING
DOCUMENTS. See also 6.8.2 aa) 13.

10.2.2

Power Supply

Addition:

aa)Th
ex

10.10

If the
ISO 7
280 k
gas fl
I/min
Furthd

NOTE
11

Not ug

12

Not ug

q

v

€ VENTICATOR shall comply with this standard throughout the range of INTERN
ternal ELECTRICAL POWER SOURCE variation stated by the manufacturer.

| Pneumatic driving power supplies

VENTILATOR is intended to be connected to a medical gas pipeline system complyin
396, it shall operate and meet the requirements of this standardcthroughout a ra
Pa to 600 kPa and shall cause no safety hazard with inlet pressures up to 1 000 kP
bw measured at the VENTILATOR’S HIGH PRESSURE GAS INPUT/RORT shall not exce
time weighted average over 10 s) at a pressure of 280 kPa, under NORMAL CONDI

r, the transient flow requirement shall not exceed the equivalent of 200 I/min for 3 §.
Flow values are expressed under ATPD conditions.

ed.

ed.

SECTION THREE — PROTECTION AGAINST ELECTRIC SHOCK HAZARDS

13 Geeneral

This d

14 R

lause of thexGeneral Standard applies.

equirements related to classification

AL or

g with
nge of
h. The
ed 60
TIONS.

D

This ¢

I bl o [ Y ] ol IH
1aUStT UT UTT UTTITTdl otlaliudiu appylico.

15 Limitation of voltage and/or energy

This ¢

lause of the General Standard applies.

16 ENCLOSURES and PROTECTIVE COVERS

This ¢

lause of the General Standard applies.
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17 Separation

This clause of the General Standard applies.

18 Protective earthing, functional earthing and potential equalization

This clause of the General Standard applies.

19 Continuous LEAKAGE CURRENTS and PATIENT AUXILIARY CURRENTS

This dlause of the General Standard applies

19.4 % Tests
h) Megasurement of the PATIENT LEAKAGE CURRENT

Additipn:

101)| The PATIENT LEAKAGE CURRENT shall be measured from all(parts that are defined as
APPLIED PARTS for the purpose of this Particular Standard.) All parts of the same type
shall be connected together electrically with the exception of parts connected [to the
protective earth terminal that shall be tested separately.from parts not so connectgd.

20 Djelectric strength

This dlause of the General Standard applies.

SECTION FOUR — PROTECTION"AGAINST MECHANICAL HAZARDS

21 Mechanical strength

This dlause of the General Standard applies.

22 Moving parts

This dlause of the General Standard applies.

23 Sprfaces, corners and edges

This dlause of the General Standard applies

24 Stability in NORMAL USE

This clause of the General Standard applies.

25 Expelled parts

This clause of the General Standard applies.

26 Vibration and noise

This clause of the General Standard applies.
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27 Pneumatic and hydraulic power

This clause of the General Standard applies.

28 Suspended masses

This clause of the General Standard applies.

SECTION FIVE — PROTECTION AGAINST HAZARDS FROM UNWANTED OR
EXCESSIVE RADIATION

29 Xfradiation

This dlause of the General Standard applies.

30 A]pha, beta, gamma, neutron radiation and other particle'radiation

This dlause of the General Standard applies.

31 Microwave radiation

This dlause of the General Standard applies.

32 Light radiation (including lasers)

This dlause of the General Standard applies.

33 Infra-red radiation

This dlause of the General'Standard applies.

34 Ultra-violet.radiation

This dlause_of‘the General Standard applies.

35 Acoustical energy (including ultrasonics)

This clause of the General Standard applies.

36 Electromagnetic compatibility

This clause of the General Standard applies.
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SECTION SIX — PROTECTION AGAINST HAZARDS OF IGNITION OF
FLAMMABLE ANAESTHETIC MIXTURES

37 Locations and basic requirements

This clause of the General Standard applies.

38 Marking, ACCOMPANYING DOCUMENTS

H ! il o QL ! ! n
ThIS grausStT oT tTe STTIeTdlr Starddra appires:

39 Common requirements for CATEGORY AP and CATEGORY APG EQUIPMENT

This dlause of the General Standard applies.

40 Requirements and tests for CATEGORY AP EQUIPMENT, parts and
components thereof

This dlause of the General Standard applies.

41 Requirements and tests for CATEGORY APG EQUIPMENT, parts and compornents
thereof

This dlause of the General Standard applies.

SECTION SEVEN — PROTECTION AGAINST EXCESSIVE TEMPERATURES AND
OTHER SAFETY HAZARDS

42 Excessive temperatures

This dlause of the Genéral Standard applies.

43 * Fire prevention

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

Addition:

In order to reduce the risk to PATIENTS, to other persons or to the surroundings due to fire,
ignitable material, under NORMAL and SINGLE FAULT CONDITIONS, shall not at the same time be
subjected to conditions in which:

« the temperature of the material is raised to its minimum ignition temperature, and

e an oxidant is present.

NOTE Air mixtures with a volume fraction of less than 25 % oxygen are not considered to be an oxidant.

The minimum ignition temperature is determined in accordance with IEC 60079-4 using the
oxidizing conditions present under NORMAL and SINGLE FAULT CONDITIONS.
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Compliance is checked by determining the temperature to which the material is raised under
the NORMAL and SINGLE FAULT CONDITIONS.

If sparking can occur under NORMAL or SINGLE FAULT CONDITIONS, the material subjected to the
energy dissipation of the spark shall not ignite under the oxidizing conditions present.

Compliance is checked by observing if ignition occurs under the most unfavourable
combination of NORMAL CONDITIONS with a SINGLE FAULT CONDITION.

44 Overflow, spillage, leakage, humidity, ingress of liquids, cleaning,

HIH FH P H H £ FH ol F- - HOY
S CT«allivll, UToImeLiliivil difu Luliipativiiiy

This dlause of the General Standard applies.

44.3 | Spillage

Additipn:
The VENTILATOR shall be so constructed that the spillage does not cause a safety hazard.

44.7 | Cleaning, sterilization and disinfection

Additipn:

VENTILATOR BREATHING SYSTEM attachments and sub-assemblies intended for reuse shall{be so
constjucted that they can be dismantled for cleaning, disinfection or sterilization.

If a claim is made in the labelling that a product is sterile, it shall have been sterilized usjng an
appropriate, validated method as describedin ISO 11134, ISO 11137 and ISO 11138, parts 1-
3: Sterilization of health care products~and ISO 11135, Medical Devices — Validation and
routine control of ethylene oxide sterilization

Non-sterile device packaging systems shall be designed to maintain products that are intended
to be|sterilized before use, at'their intended level of cleanliness and shall be designed to
minimjize the risk of microbial contamination.

44.8 Compatibility with substances used with the EQUIPMENT

Additipn:

The VENTILATOR and parts thereof shall be designed and manufactured to minimize health risks
due t
attentt
gases with which they enter into contact during NORMAL USE or routine procedures.

Compliance is checked by inspection of the information provided by the manufacturer.

45 Pressure vessels and parts subject to pressure
This clause of the General Standard applies except as follows:

The requirements given in Clause 45 of the General Standard do not apply to the VENTILATOR
BREATHING SYSTEM.
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uman errors

lause of the General Standard applies.

IEC 60601-1-6, Medical electrical equipment — Part 1-6: General requirements for safety — Collateral
Standard: Usability: Analysis, test and validation of human factors compatibility is currently under development.

47 Electrostatic charges

This ¢

lause of the General Standard applies.

48 B

This d

49 In
This d
Additi

49.10

The v
with G
supply
VENTIL
alarm

ocompatibility

lause of the General Standard applies.

terruption of the power supply
lause of the General Standard applies, except as follows:
DN

| Power failure alarm system

ENTILATOR shall have a supply failure high priority alarm condition whose signals ¢
lause 50.101, or that annunciate an auditory. alarm signal of at least 120 s duratior
power falls below the values specified, by the manufacturer. If the function
ATOR is maintained by the switchover,to~an INTERNAL ELECTRICAL POWER SOURCE

signals shall not annunciate.

Any such switchover to an INTERNAL ELECTRICAL POWER SOURCE shall be indicated

inform

NOTE

Comp
instru

49.10

If the
mean

ation signal or a low-priority alarm signal complying with Clause 50.101.
Risk analysis will determing-which signal is appropriate.

iance is checked by simulating a drop below the supply ratings as indicated
Ctions for use. See-also 6.8.2 aa) 2.

P INTERNAL.ELECTRICAL POWER SOURCE

VENTILATOR has an INTERNAL ELECTRICAL POWER SOURCE, it shall be equipped
5 of détermining the state of this power source.

omply
if the
of the
these

by an

in the

with a

AS th h INTEDNAL CieoTnical Do eD ontinee danlatac  hiat neiae 0 tha lacc Af Al Sower the
C—rre=riry oTroAT T oW ET o OUT PO —tO— M e—ToSS—OT—a—powel,

o OTPTCTCo,T— oo

VENTILATOR shall have an impending supply failure warning medium priority alarm condition that
annunciates alarm signals complying with Clause 50.101. See also 6.8.3 a) seventh dash.

NOTE The alarm priority may escalate to high priority as the INTERNAL ELECTRICAL POWER SOURCE depletes.

Compliance is checked by reducing the power source(s) to values below the minimum value(s)

specif

ied by the manufacturer (electric and/or pneumatic) required for the intended use.

49.103 Spontaneous breathing during power failure

The VENTILATOR shall be designed so as to enable spontaneous breathing when normal
ventilation is compromised as a result of electrical or pneumatic supply power being outside
the values specified by the manufacturer. See 6.8.2 aa) 15. Resistance values during SINGLE

FAULT

CONDITION shall be disclosed in the ACCOMPANYING DOCUMENTS. See 6.8.2 aa) 18.
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NOTE This requirement is to enable the PATIENT to breathe spontaneously under “power failure conditions” of the
VENTILATOR.

Compliance is checked by simulating supply power conditions outside those specified for
NORMAL CONDITIONS and measurement of flow, pressure, and resistance at the PATIENT
CONNECTION PORT and comparing them to the values in the ACCOMPANYING DOCUMENTS.

49.104 Inadvertent operation of the on/off-switch

Means shall be provided to prevent accidental operation of the on/off-switch.

SECTION EIGHT — ACCURACY OF OPERATING DATA
AND PROTECTION AGAINS T HAZARDOUS OUTPFUI

50 Arcuracy of operating data
This dlause of the General Standard applies, except as follows:
Additipn:

50.101 Alarms system
50.101.1 Alarm categories

The dlarm signals for alarm conditions specified in this Particular Standard, shall haye the
characteristics specified in ISO 9703-1, ISO 9703-2;and ISO 9703-3.

NOTE | IEC 60601-1-8, Medical electrical equipment — Part 1-8: General requirements for safety — Collateral

Standafd: General requirements and guidelines for the.'@pplication of alarms in medical electrical equipnent is
currently under development.

50.101.2 * Alarm system structures

The alarm system structure shall beseither conventional, i.e., each alarm condition annunciates
at a specified priority, or intelligent, e.g., alarm conditions annunciate at one priority then
escalate and de-escalate as risk to the PATIENT increases or decreases. See Annex CC and
6.8.3 a) seventh dash.

50.101.3  Priority

When| an alarm_ ssignal is initially annunciated, it shall have the priority specified by the
manufacturer bt can be subsequently changed.

50.101.4 INHIBITION

Lok ! H 1 1 } 4l 4 I el H [ 3~ H
If an dUUnory aiariin siyrial Lall VT TNAIDTTED Uy UIC UFERATUR, NCTT STidll VT d vioudadl 11U bat'on

that it is in INHIBITION.

50.101.5 SILENCING and SUSPENDED alarm systems

If auditory alarm signals are provided with means for SILENCING or to be SUSPENDED by the
OPERATOR, the SILENCING or SUSPENDED period shall not exceed 120 s. SILENCING shall not
prevent the auditory alarm signal from annunciating a new or different alarm condition.

NOTE The auditory alarm signal should allow disabling automatically or by the OPERATOR until the VENTILATOR is
connected to the PATIENT, to prevent nuisance alarm signals.

50.101.6 Alarm Settings

The settings of adjustable alarm settings shall be indicated either continuously or by OPERATOR
action.
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50.101.7 High priority alarm signals

When a high priority alarm signal has annunciated and when the alarm condition causing the
auditory signal has cleared, there shall remain a visual signal indicating the previous alarm
condition. If the auditory alarm signal is reset automatically, it shall not reset before one burst
is completed.

The maximum time for which an auditory high-priority alarm signal can be silenced or
SUSPENDED shall be 120 s.

NOTE The auditory alarm signal at minimum volume should be discernible to a person with normal hearing,
above the background white noise level of 55 dB(A), at a distance of 3 m from the front of the VENTILATOR.

50.101.8 Medium-priority alarm signals

If the| auditory alarm signal is reset automatically, it shall not reset before .‘one buyrst is
completed.

The maximum time for which an auditory medium-priority alarm signal\Can be sileng¢ed or
SUSPENDED shall be 120 s.

50.101.9 Remote alarm signal capability
If an interface to a remote alarm signal extension is provided“on a VENTILATOR, the interface

shall be so designed that a failure in the remote circuit does not affect the correct functioning
of the|alarm system on the VENTILATOR.

51 Protection against hazardous output
This dlause of the General Standard applies, except as follows:
Addition:

51.101 Failure of one gas in anjair oxygen mixing system

For g failure of one gas.supply in an air-oxygen mixing system, the VENTILATOR| shall
automlatically switch to the.rémaining gas, and otherwise maintain NORMAL USE. This shall be
accompanied by at least\a low priority alarm signal with an auditory component complying with
Clausge 50.101.1.

51.102 Protection against inadvertent adjustments

Means of (protection against inadvertent adjustment of controls that can create a hazgrdous
outpui shall’be provided.

NOTE Mechanical control techniques such as locks, shielding, friction-loading and detents are considered as
suitable. For pressure-sensitive finger pads, capacitive finger switches and microprocessor-oriented “soft” controls,
a specific sequence of key or switch operations is considered suitable.

Compliance is checked by visual inspection following the instructions for use.

51.103 Pneumatic pressure relief devices (maximum pressure limitation)

A means shall be provided to prevent the pressure at the PATIENT CONNECTION PORT from
exceeding 125 hPa (125 cm H,0O) under NORMAL USE and SINGLE FAULT CONDITION.
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51.104 Measurement of RESPIRATORY PRESSURE
The RESPIRATORY PRESSURE at the PATIENT CONNECTION PORT shall be indicated. The site(s) of
actual measurement may be anywhere in the VENTILATOR BREATHING SYSTEM, but the displayed

value shall be referenced to that at the PATIENT CONNECTION PORT. The value read by the
OPERATOR shall be accurate within + (2 % of the full scale reading + 4 % of the actual reading).

Compliance is checked by visual inspection and verification of accuracy.

51.105 Adjustable pressure limitation

A medns shall be provided to prevent pressure in the breathing system in excess of thelactive
limit value(s).

NOTE | Depending on the types of breaths being delivered by the VENTILATOR, there may be more than on¢ active
pressute limit (e.g., during SIMV ventilation, volume control and pressure support may coexist, each with [its own
high pressure limit values).

Pressure limits shall be OPERATOR adjustable or specified by (within)."an active brejathing
algorifhm or a combination of both. If limit values are not directly adjustable by the OPERATOR,
the algorithm(s) that determines the limit value(s) shall be described in’the instructions fqr use.
See a|so 6.8.3 a) seventh dash.

Each time an active limit value is reached, the VENTILATOR shall act to reduce the presgure in
the breathing system to a level at or below the active’,PEEP value. The interval from the
momgnt that the breathing system pressure equals _the“limit value to the moment that the
presslire starts to decline shall not exceed 200 ms.

51.106 High-pressure alarm condition

The MENTILATOR shall annunciate a high priority alarm signal if a preset pressure limit is
reached. The alarm limit may be independently adjustable or connected to the adjustable
pressiire limitation, as defined in 51.105."If independently adjustable it shall not be possjble to
set the alarm limit to a value higherithan that of the adjustable pressure limitation.

NOTE | PATIENT generated transient.pressures (e.g. a cough) should not cause the alarm condition.
51.10f Measurement of expiratory volume and low-volume alarm condition

VENTIYATORS intended.to deliver tidal volumes above 100 ml shall be provided with a megns for
measliring expiratory._tidal volume or expiratory MINUTE VOLUME. The accuracy of the¢ tidal
volumies greater_than 100 ml or MINUTE VOLUMES greater than 3 I/min shall be £15 % of their
actuall volumes.

A means shall be provided to annunciate a low volume alarm condition when the monitored
volumg\Yiolates the alarm limit. This alarm signal shall comply with Clause 50.101.1[ This
alarm Siglhal shiall De at least Imedlurmn priority.

NOTE 1 A VENTILATOR may have an alarm system that in a low volume alarm condition first annunciates at low
priority and if this state continues, escalates to higher priority. See 6.8.3 a) seventh dash.

If volume measurement for tidal volumes below 100 ml is provided, a means shall be included
to annunciate a low volume alarm condition when monitored volume violates the alarm limit.
This alarm signal shall comply with Clause 50.101, and shall be at least low priority. Accuracy
below 100 ml or 3 I/min shall be disclosed in the instructions for use. See also 6.8.2 aa) 12.

A low limit value shall be adjustable or pre-adjusted.

NOTE 2 The low alarm limit may be set by the OPERATOR or may be specified by the active breathing algorithm or
a combination of both. If limit values are not directly adjustable by the OPERATOR, the algorithm that determines the
alarm limit values should be disclosed in the technical description. See also 6.8.3 a) seventh dash.
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Compliance is checked by visual inspection and verification of accuracy using an apparatus
described in Table 101.

NOTE 3 Depending on the types of ventilation patterns being delivered, there may be more than one active alarm
limit.

Table 101 — Test conditions for expiratory volume tests

Test condition

Adjustable parameter For VENTILATORS intended to deliver tidal volumes:
Vr > 300 ml 300 ml > Vr > 30 ml Vr <30 ml

Tidal vgtome—vrtm=s
messuba by means of 30
lung (Vf = C X Pmax)
Frequefcy F (min™") 10 20 30
I:E Rat{o 1:2 1:2 1:2
Resistdnce R (kPa/(l/s)) 0,5 kPa (I/s)™ + 10 % 2 kPa (I/s)™" + 10 % 5kPa (I/s)™" + 10 %
mtrllgrégﬁ; compliance C 500 ml kPa™' +5 % 200 ml kPa™' +5 % 10mlkPa™'+4 %

NOTE | The accuracy for C and R applies over the ranges of the measured parameters.

51.108 Continuing pressure alarm condition

A means of annunciating a high priority alarm signal shall be provided, complying with Clause
50.101, when the pressure in the VBS exceeds a‘\limit for continuing positive pressurg¢. The
maxinmum delay before annunciation shall be 17s.

NOTE | Examples are alarm conditions to warn of an obstructed or partially obstructed return tube or excgssively
high CRAP or PEEP.

The means by which this alarm condition is detected and the structure of the defection
algorifhm shall be described in the technical description. See also 6.8.3 a) seventh dash.

Compliance is checked by using the method described in the technical description. Seg also
6.8.2 aa) 6.

SECTION NINE — ABNORMAL OPERATION AND FAULT CONDITIONS
ENVIRONMENTAL TESTS

52 Abnormal operation and fault conditions

This clause of the General Standard applies except as follows:

52.5

Addition:

* A SINGLE FAULT CONDITION shall not cause a monitoring or alarm system and the
corresponding ventilation control function to fail in such a way that the monitoring function
becomes simultaneously ineffective, and thus fails to detect the loss of the monitored
VENTILATOR function.

53 Environmental tests

This clause of the General Standard applies.
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SECTION TEN — CONSTRUCTIONAL REQUIREMENTS

54 General

This clause of the General Standard applies.

55 ENCLOSURES and covers

This clause of the General Standard applies.

56 Components and general assembly
This dlause of the General Standard applies, except as follows:

56.3 Connections — General
Additipn:

aa) [ Gas leakage from connections

1. Means shall be provided to limit reverse gas flow from gas input ports into the
supply system of the same gas to 100 ml/min under NORMAL USE.

2. The cross flow of gases from one to another HIGH PRESSURE INPUT PORT of a
different gas type shall not exceed 100. ml/h under NORMAL USE or SINGLE [FAULT
CONDITIONS.

If under SINGLE FAULT CONDITIONS the’cross flow of gases from one to another can
exceed 100 ml/h the ventilator shall*be equipped with an auditory alarm signal. This
cross flow shall not exceed 100-ml/min.

Compliance is checked by" inspection of the information provided by the
manufacturer.

bb) High pressure gas input. ports

The gas input port_tonnector provided for the input of high pressure respjratory
gases shall be either the body of an NIST fitting complying with the requiremgnts of
ISO 5359 orthe' male part of a quick connection complying with the requiremgnts of
ISO 5359.

cc) Connection to' the medical gas supply system

If amOPERATOR detachable hose assembly is provided for connection betweg¢n the
VENTILATOR and the medical gas supply system, it shall comply with ISO 5359.

dd) yBS-connectors

4 o 1
T. ITTITT al

- VBS connectors, if conical, shall be either a 15 mm or a 22 mm connector
complying with 1ISO 5356-1.

- Non-conical connectors shall not engage with conical connectors complying with
ISO 5356-1 unless they comply with the engagement, disengagement and leakage
requirements of that standard.

2. Statements specific to named ports
i) FRESH GAS INTAKE PORT

A FRESH GAS INTAKE PORT, if provided, shall not be compatible with connectors
complying with ISO 5356-1 and ISO 5356-2.
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i) Gas output, GAS RETURN PORT, and PATIENT CONNECTION PORT connectors

The gas output, GAS RETURN PORT, and PATIENT CONNECTION PORT shall, if conical
(see also 6.8.2 aa) 9), be one of the following:

e a 22 mm conical connector complying with ISO 5356-1 or ISO 5356-2;
* a 15 mm conical connector complying with ISO 5356-1;

e a coaxial 15 mm/22 mm conical connector complying with ISO 5356-1 or ISO
5356-2.

iii) MANUAL VENTILATION PORT

If a MANUAL VENTILATION PORT is provided, it shall be either a 22 mm conical
connector complying with 1ISOU 5356-1T or a male cylindrical connector that will
accept a breathing tube complying with ISO 5367.

iv) EMERGENCY AIR INTAKE PORT

An EMERGENCY AIR INTAKE PORT shall be provided and shallrnoet accept any
connector complying with ISO 5356-1 or 5356-2.

NOTE | An EMERGENCY AIR INTAKE PORT should be designed to prevent obstruction when-the VENTILATOR is i use.

v) FLOW-DIRECTION-SENSITIVE COMPONENT connectors

Any FLOW-DIRECTION SENSITIVE, OPERATOR detachable component df the
VENTILATOR BREATHING SYSTEM shall be so designed that it cannot be fifted in
such a way that it presents a hazard to the PATIENT.

vi) ACCESSORY port

If an ACCESSORY port is provided, it shall not be compatible with conngectors
specified in ISO 5356-1 or 5356-2 and shall be provided with a means to secure
engagement and closure.

NOTE | This port is generally used for sampling of gases(or for introduction of therapeutic aerosols.
vii) Monitoring probe port

If a port is provided for.lintroduction of a monitoring probe, it shall not be
compatible with connectors as specified in ISO 5356-1 or 5356-2, and shall be
provided with a means-to secure the probe in position and a means to gecure
closure after remoyal-of the probe.

viii) GAS EXHAUST PORT

If a 30 mm connector is provided complying with ISO 5356-1, it shall be suitable
for connection to anaesthesia gas scavenging systems (AGSS) complying with
ISO 8835-3.

Compliance is checked by inspection.
56.8 Indicators

Additipn¢

Visual displays shall be clearly visible and legible.

Compliance with the requirements of 6.3 of the General Standard is checked by inspection and
application of the durability test of 6.1 and the visibility and legibility test of Annex BB.

Addition:

56.101 Reservoir bags and breathing tubes

a) Any reservoir bags intended for use in the VENTILATOR BREATHING SYSTEM shall comply
with 1ISO 5362.

b) Breathing tubes intended for use in the VENTILATOR BREATHING SYSTEM shall comply with
ISO 5367.
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56.102 Humidifiers and heat and moisture exchangers
Any humidifier or heat and moisture exchanger, either incorporated into the VENTILATOR or

recommended for use with the VENTILATOR, shall comply with ISO 8185 or ISO 9360
respectively.

56.103 Pulse oximeters and capnometers

Any pulse oximeter or capnometer, either incorporated into the VENTILATOR or recommended
for use with the VENTILATOR, shall comply with ISO 9919 or ISO 9918, respectively.

56.104 Oxygen monitor and alarm condition

The VENTILATOR shall be equipped with an oxygen monitor for the measurement gf.inspjratory
oxygeph concentration, e.g., in the inspiratory limb or at the PATIENT CONNECHON’PORT. The
oxygen monitor shall comply with ISO 7767 and shall, in addition, be provided with a high|alarm
limit. The high alarm limit shall have at least a medium priority complying with Clause 50.101.

NOTE The alarm limits may be set by the OPERATOR or may be derived from the set_oxygen concentration or a
combinption of both. If limit values are not directly adjustable by the OPERATOR, the~algorithm that determipes the
alarm limit values should be disclosed in the technical description.

NOTE 2 If the oxygen monitor fails, it may be disabled, provided that a visual information signal is displayed.
56.109 Integrated monitoring

Any monitoring devices integrated into the VENTILATOR™hot referenced in this standard shall
comply with the relevant Particular Standard.

56.106 Gas mixing system

Any ghs mixing system, either incorporated, into the VENTILATOR or recommended for use with
the VENTILATOR, shall be in accordance with'the relevant requirements of ISO 11195.

56.10Y Leakage from complete VBS

The Igakage from the vBs shall:not exceed 200 ml/min at 50 hPa for VENTILATORS inten@ed to
provide tidal volumes greatersthan 300 ml, or 100 mI/min at 40 hPa for tidal volumes bdtween
300 ml and 30 ml, or 50 mi/min at 20 hPa for tidal volumes less than 30 ml.

Compliance is determined by the following test:

Set up the vBs.for the intended application as recommended by the manufacturer. Sgal all
ports.|Connget-the pressure measuring device and introduce the air into the breathing gystem
until g pressure of 50 hPa (50 cm H,0O) for vBs intended to provide tidal volumes greatdgr than
300 ml;540 hPa (40 cm H,O) for vBs for tidal volumes between 300 ml and 30 ml, or 20 hPa
(20 cm ::zC) ts—reached—forvBs—for—tidatvotumes—tess—tham—36—mt- Adjuot the—ftow—of air to

stabilize the pressure and record the leakage flow.

57 MAINS PARTS, components and layout
This clause of the General Standard applies, except as follows:

57.2 * MAINS CONNECTORS, APPLIANCE INLETS and the like
e) AUXILIARY MAINS SOCKET OUTLETS

Amendment (add in the second paragraph, following TROLLEYS):

or ventilators
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Addition:

The VENTILATOR and, if provided, each individual AUXILIARY MAINS SOCKET OUTLET or the group
of AUXILIARY MAINS SOCKET OUTLETS shall be provided with separate fuses or over-current

releas

NOTE

es, as required for EQUIPMENT in 57.6 of the General Standard,.

The requirements in IEC 60601-1-1 also apply to AUXILIARY MAINS SOCKET OUTLETS.

Replacement (replace the compliance test):

Compliance is checked by inspection and by loading all individual AUXILIARY MAINS SOCKET
OUTLETS up to the maximum of their rating or the group rating. Each individual AUXILIARY MAINS

SOCKH
VENTIL

57.3
a) Ap
Ad

58 P

This d

T OUTLET shall in turn additionally be overloaded by a factor of between 5 andpl
ATOR shall maintain its normal function.
* Power Supply Cords
plication
dition:
The mains supply cord of an electrically powered VENTILATOR shall be non-deta
or shall be protected against accidental disconnection from-the VENTILATOR.
Compliance shall be checked by inspection and, for a VENTILATOR when provide
an appliance coupler, by the following test:
Subject the detachable cord for 1 min to an axial pull of force as shown in Table 1
During the test, the mains connector shall nottbecome disconnected from the app
inlet.
Table 102 — Axial pull force
Mass of EQUIPMENT Pull
kg N
Up to and including™ 30
Over 1, up.teland including 4 60
Over 4 100
rotective earthing — Terminals and connections

lause“ofithe General Standard applies.

. The

thable

d with

D2.

liance

59 Construction and layout

This ¢

lause of the General Standard applies.
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Annexes

The appendices of the General Standard apply except as follows:

This

Appendix L

References — Publications mentioned in this standard

nnendix of the General Standard applies_excent as follows:
™1 L g T ™

Additi

The f

constifute provisions of this International Standard. For dated referénces, subseé

amen
agree
of apq
refere
and IS

IEC S
Additi

IEC 6

for ignjition temperature

Amen

IEC 6

test fgr ignition temperature —First supplement

Amen
Repla

IEC 6
Amen
Amen

DN

bllowing normative documents contain provisions that, through reference in thig

iments to, or revisions of, any of these publications do not apply."However, par
ments based on this International Standard are encouraged to ifvestigate the pos
lying the most recent editions of the normative documents indicated below. For uf
hces, the latest edition of the normative document referred to"applies. Members
O maintain registers of currently valid International Standards.

fandards:
DN

D079-4:1975, Electrical apparatus forexplosive gas atmospheres — Part 4: Method

dment 1, 1995

PD079-4A:1970, Electricalnapparatus for explosive gas atmospheres — Part 4: Met

Himent:
ce the existing references to the following publications:

D601-1:1988, Medical electrical equipment — Part 1: General requirements for safety
dment/1, 1991

text,
quent
ies to
sibility
dated
pf IEC

of test

hod of

dment 2, 1995

IEC 60601-1-1:2000, Medical electrical equipment — Part 1-1: General requirements for
safety — Collateral standard: Safety requirements for medical electrical systems

IEC 60601-1-2:2001, Medical electrical equipment — Part 1-2: General requirements for
safety — Collateral standard — Electromagnetic compatibility — Requirements and tests

IEC 60601-1-4:1996

safety — 4. Collateral standard: Programmable electrical medical systems

Amen

dment 1, 1999.

, Medical electrical equipment — Part 1-4: General requirements for
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Amendment:

Replace the reference to IEC 60417 by the following:

IEC 60417-1:2000, Graphical symbols for use on equipment — Part 1: Overview and application

IEC 60417-2: 1998, Graphical symbols for use on equipment — Part 2: Symbol originals
Amendment 1, 2000

ISO Standards

Addition:

ISO 4[135: 1995, Anaesthesiology — Vocabulary

ISO 5B56-1:1996, Anaesthetic and respiratory equipment — Conical conneetors — Part 1:
and sockets

ISO §356-2:1987, Anaesthetic and respiratory equipment — Gonical connectors — H
Screw-threaded, weight-bearing connectors

ISO 5B59:2000, Low-pressure hose assemblies for use with medical gas systems

ISO 5B62:2000, Anaesthetic reservoir bags

ISO 5B67:2000, Breathing tubes intended for use,with anaesthetic apparatus and ventilat
ISO 7D00:1989, Graphical symbols for use-on equipment — Index and synopsis

ISO 7B96:1987, Non-flammable medical gas pipeline systems

ISO y767:1997, Oxygen monitors for monitoring patient breathing mixtures -
requirements

ISO 8835-3:1997, Inhalational anaesthesia systems — Part 3: Anaesthetic gas scave
systems — Transfer.and receiving systems

ISO 9B360-1:2000, Anaesthetic and respiratory equipment — Heat and moisture exchangs

use in
with m

humidifying respired gases in humans, Part 1: Heat and moisture exchangers f
inimum tidal volumes of 250 ml

Cones

art 2:

prs

Safety

bnging

prs for
br use

ISO 9360-2:2001, Anaesthetic and respiratory equipment — Heat and moisture exchangers for
use in humidifying respired gases in humans—Part 2: Heat and moisture exchangers for use
with tracheostomized patients having tidal volumes of 250 ml or greater

ISO 9703-1:1992, Anaesthesia and respiratory care alarm signals — Part 1: Visual alarm
signals

ISO 9703-2:1994, Anaesthesia and respiratory care alarm signals — Part 1: Auditory alarm
signals

ISO 9703-3:1998, Anaesthesia and respiratory care alarm signals — Part 3: Guidance on
application of alarms
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ISO 9918:1993, Capnometers for use with humans — Requirements

ISO 9919:1992, Pulse oximeters for medical use — Requirements

ISO 11134:1994, Sterilization of health care products — Requirements for validation and routine
control — Industrial moist heat sterilization

ISO 11135:1994, Medical devices — Validation and routine control of ethylene oxide sterilization

ISO 11137:1995, Sterilization of health care products — Requirements for validation and routine

contrgi—Radfatfom steriffzation

ISO 11138-1:1994, Sterilization of health care products — Biological indicators~* H
Genernal

ISO 11138-2:1994, Sterilization of health care products — Biological ,indicators — H

Biolog

ISO 1

indicafors for moist heat sterilization

ISO 14971:2000, Medical devices — Risk management — ‘Application of risk managem
medical devices

ISO 1H6223:2000, Medical devices — Symbols to be\used with medical device labels, la

and in

Amenfment:
Replage the reference to ISO 8185 by.the following:

ISO 8(185:1997, Humidifiers for.medical use — General requirements for humidification sy

ical indicators for ethylene oxide sterilization

1138-3:1995, Sterilization of health care products — Biological indicators — Bio

formation to be supplied

art 1:

art 2:

ogical

ent to

belling

tems
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Annex AA
(informative)

Rationale

This annex provides a rationale for some requirements of this Particular Standard and is
intended for those who are familiar with the subject of this Particular Standard but who have
not participated in its development. An understanding of the rationale underlying these
requirements is considered to be essential for their proper application. Furthermore, as clinical
practife and technology change, It Is believed that a rationale will Tacilitate any revision pf this
Particular Standard necessitated by those developments.

The numbering of the following rationale corresponds to the numbering of thectlauses jn this
Particplar Standard. The numbering is, therefore, not consecutive.

AA.2.1.5 APPLIED PART

The definition of APPLIED PART in this Particular Standard is thebasis for clarificatjon of
requirements for, and measurement of, PATIENT LEAKAGE CURRENT.

In error, it is possible that antistatic tubing or other tubing that is conductive could be used in
the breathing system of a VENTILATOR.

It is npt possible however, to include in this Particular Standard any requirements on LEAKAGE
CURRENTS from electrically operated attachments).such as humidifiers and heating elements,
that may be connected in the breathing systeny, because the types of such attachmenis that
will bg used in clinical work with a type of VENTILATOR cannot be anticipated by a manufgcturer
or a tgst house.

Howeyer, parts integrated with theVENTILATORs, such as temperature and carbon dioxide
sensors, that are intended to comg into contact with the PATIENT and that are connected|to the
VENTIYATOR, are considered as.(parts for which requirements on LEAKAGE CURRENTS can be
speciffed in this Particular Standard. Such parts are therefore included in the definitions |of the
APPLIED PART.

AA.3.1) EQUIPMENT

Software errors;) should they occur, should not cause a safety hazard to the PATIENT,
OPERATOR, or the USER.

This requirement, however, is equivalent to that of 3.1 of the General Standard that effeftively
states| that all devices shall cause no safety hazard under NORMAL CONDITIONS and a $INGLE
FAULT CONDITION.

It is, therefore, not only logical but also prudent to handle an undetected software defect that
leads to a hazardous condition as a NORMAL CONDITION in order to amply accommodate
software controlled devices within the framework of the General Standard and IEC 60601-1-4.

This approach is advisable, especially with respect to a failure mode effect analysis, to prove
compliance with 3.1 of the General Standard.

A fault that is not detected can exist for a long time. Under these circumstances it is not
acceptable to regard a further fault as a second fault that can be disregarded. Such a first fault
must be regarded as a NORMAL CONDITION.
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An undetected oxygen leak is an important example. It should be considered as a NORMAL
CONDITION if it is not detected by an alarm system or by periodic inspection or unless the
system is considered infallible.

AA.6.8.2 aa) 1
The use of antistatic and/or electrically conductive materials in the breathing system of

VENTILATORS is not considered as contributing to any higher degree of safety. On the contrary,
the use of such material increases the hazard of electrical shock to the PATIENT.

AA.6.8.2 aa) 2

The dgperating time may vary considerably and be affected by temperature and_both the
charging and the discharge rate of the battery.

AA.6/8.2 Instructions for Use

aa) 13

The General Standard specifies a set of ambient conditions (temperature, relative humidity,
baronletric pressure, power supply, etc.) under which EQUIPMENT shall comply with the
requirements of the standard. These conditions represent, thé/typical environment within a
hospital but the manufacturer may specify an extension of these conditions.

If the |manufacturer specifies that the EQUIPMENT mayybe used in a wider range of conditions
than those specified in Clause 10.2.1 of this Standard, then that EQUIPMENT shall not cquse a
safety| hazard to the PATIENT or OPERATOR if used.Qutside the environmental conditions, ile., all
safetyl mechanisms shall remain functional, but the performance parameters may degrade
below|their specified values.

AA.6.I.3 a) General

No mention of PATIENT parameter orsmachine parameter is given here because this distinction
exists|in the General Standard,

Examples of machine parameters are "stroke volume" rather than "tidal volume", "gengrated
press:ﬂre" rather than ‘fairway pressure", "set ventilation" rather than "expired ventilation",
"returm-port pressure™ rather than "airway pressure" (as, in this last instance, it is esppcially
important to distinguish between these in some VENTILATORS intended to deliver tidal vglumes
equalor less than~30 ml).

Some| faultsconditions, e.g., obstruction or leaks, can cause serious differences bgtween
volumesrsand pressures in the VENTILATOR and the corresponding volumes and pressures|in the
PATIErFT; but other fault conditions, e.g., excessive secretions or the accumulation of
condensation in a pressure line, can cause serious errors in directly measured PATIENT
parameters.

AA.6.8.3 a) 4" dash

Some changes in the conditions and composition of the gas at the sensor can alter the flow or
volume-sensitivity of some types of sensor. Also, changes in the conditions in the sensor may
alter the correction required to express the flow, volume or ventilation under some standard
conditions. For example, a volume-displacement-type meter, whenever it is operating normally,
will indicate the volume that has passed through it, expressed in terms of the conditions within
it, irrespective of those conditions or of the composition of the gas. However, if a
pneumotachograph sensor at the expiratory port is used to drive a display of "expired tidal
volume" expressed at BTPS on the assumption that typical expired air, saturated at 30 °C, is
passing through the pneumotachograph, then, if the temperature of the gas is less than 30 °C,
the indication will be less than the true expired volume at BTPS.
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Also, if the composition of the gas changes, the indication will change in proportion to the
viscosity of the mixture (-8 % for a change from a mixture consisting of 50 percentage by
volume of nitrogen and 50 percentage by volume of oxygen to 50 percentage by volume of
nitrous oxide and 50 percentage by volume of oxygen). Conversely, if a display of volume is
derived from an inherently mass-flow-sensitive device, the indicated volume will change in
proportion to the density of the mixture in the sensor (+27 % for a change from a mixture
consisting of 50 percentage by volume of nitrogen and 50 percentage by volume of oxygen to
50 percentage by volume of nitrous oxide and 50 percentage by volume of oxygen).

AA.19.4 h) Tests

See tfe Tationale for AA.Z.T.5.

AA.43 Fire prevention

Repornts of fire caused by EQUIPMENT are unusual. However, when suchcfires occur [in the
hospitial environment they can have tragic consequences.

The rigk of a fire is fundamentally determined by the three elementsthat are necessary in order
to start a fire:

« ignitable material (fuel),

e temperature equal to or above the minimum ignition temperature of the material, or $parks
with energy dissipation equal to or above the minimdm“ignition energy of the materialg, and

¢ anloxidant.

Therefore, following the basic safety concepts-of the General Standard, the objective [in the
design of the EQUIPMENT must be to ensute that under both NORMAL and SINGLE [FAULT
CONDITIONS and under the oxidizing conditions to which the material may be exposed, the
tempdrature of any material is not raised to its minimum ignition temperature or the|[spark
energy does not exceed the material ignition energy level. Alternatively, contained ignition may
occur|provided it is self-limiting so that no hazard is created, to the PATIENT, to other perspns or
to the[surroundings, because its effect is limited by limitation of the supply of oxidant or fuel or
by thg use of fire extinguishing materials, and that the PATIENT is not exposed to any toxic
produgts resulting from the ignition.

Minimum ignition temperatures for a large number of specific materials are well established in
published literature, \although usually only for ambient air and pure oxygen environments.
The nfinimum ignition temperature may be critically dependent upon the concentratjon of
oxidamt presentidf-ignition temperatures for other materials or different oxygen concentrations
are re¢quiredy\these may be determined using the methods and apparatus described in
IEC 60079=4:

In considerimgtheTgnitable mmateriats; particutarattentiomrshoutdbepaidtommaterats—that may
accumulate during prolonged use, e.g., airborne particles of paper or cotton.

The effect of sparks in environments containing oxidants is quite different from that in
explosive gas mixtures. Spark energy is the most potent form of energy in igniting explosive
gas mixtures, while in environments containing oxidants thermal energy is more fundamental. It
is possible that at higher power levels sufficient spark energy can be dissipated in the interface
between sparking conductors to allow their temperature to be raised above the minimum
ignition temperatures of the conductors or their surroundings, so that sustained burning occurs,
but there is at present no documented evidence as to the power level at which this might occur
for different materials and environments. Where the potential spark power dissipation deviates
from well established safe practice, therefore, specific spark tests should be conducted
simulating the most unfavourable environment that can be reasonably foreseen.
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