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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

The development of a standard for PEAK EXPIRATORY FLOWRATE (PEF) measurement is considered
important for clinicians to use in diagnosing and monitoring lung and airway conditions by ensuring
that all MEDICAL DEVICES for such purposes meet minimum levels for safety and performance. An
agreed standard means that a PEAK EXPIRATORY FLOW METER (PEFM) can be tested to meet the same
requirements with the latest accepted methods. Clinicians and patients can then be confident that a
PEFM is fit for the purposes for which it is intended.

The American Thoracic Society has been foremost in proposing initial standards for testing a PEFM (see

T

Refe
for c]

The

have
dem
Resp|

This
and v

Thro
by af

In th
— 1

.

copmoa 1010 baou oo oo P2 o VA TTE-CTIN - Tro akalla foo- & i ooo caobiol oo X3
CIICC o - T HCy rav e propostOZ0vwWav CTOT TS SUTCAaDTCTOT COSTIITS T o, vl ar COCTT

necking that a PEFM can correctly measure PEF.

work of Miller et al. (see Reference [18]) first showed the problem of PEFM inaccurq
subsequently defined the population characteristics of the PEF profile (see ‘Referen
nstrated limitations of pump systems for testing a PEFM (see Reference [20]). Th
iratory Society has published a comprehensive statement on PEF (see Reference [21]).

International Standard is based on the best currently available evidence concerning {
vaveforms suited for testing a PEFM (see Reference [17]).

ughout this International Standard, text for which a rationalé is provided in Annex A,
| asterisk (*).

s International Standard, the following print types are-used:
Requirements and definitions: roman type.
[est specifications: italic type.

nformative material appearing outside.6fitables, such as notes, examples and reference
ype. Normative text of tables is alsoifi-a smaller type.

[ERMS DEFINED IN THIS PARTICULAR STANDARD OR AS NOTED: SMALL CAPITALS TYPE.
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INTERNATIONAL STANDARD

ISO 23747:2015(E)

Anaesthetic and respiratory equipment — Peak expiratory
flow meters for the assessment of pulmonary function in
spontaneously breathing humans

1 Scope

This
fort

This
spon
stan

Plan

imp4dct from the product during its life cycle. Environmental aspectsare-addressed in Anne

i

nternational Standard specifies requirements for a PEAK EXPIRATORY FLOW METER (BEH
e assessment of pulmonary function in spontaneously breathing humans.

International Standard covers all MEDICAL DEVICES that measure PEAK EXPIRATORY F
faneously breathing humans either as part of an integrated lung functiom\MEDICAL DH
1-alone MEDICAL DEVICE.

hingand design of products applyingto this International Standard arete consider the en

M) intended

LOWRATE in
VICE or as a

yironmental
x E.

NOTH Additional aspects of environmental impact are addressed iwv1SO 14971.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this docunjent and are
indigpensable for its application. For dated references, only the edition cited applies. For undated
referfences, the latest edition of the referenced deeiiment (including any amendments) applies.

IS0 10993-1:2009, Biological evaluation of médical devices — Part 1: Evaluation and testing within a risk
mandggement process

1SO 14937:20009, Sterilization of health care products — General requirements for characterization af a sterilizing
agent and the development, validatien and routine control of a sterilization process for medical depices

[SO [15223-1:2012, Medical devices — Symbols to be used with medical device labels, labelling and
information to be supplied — Part 1: General requirements

IEC 40601-1:2005+A1:2012, Medical electrical equipment — Part 1: General requirements for basic safety
and ¢ssential performance

3 Terms-and definitions

For the purposes of this document, the following terms and definitions apply.

NOTE An alphabetized index of defined terms is found in Annex G.

3.1

BTPS

body temperature (37 °C), at the measured pressure when saturated with water vapour

3.2

DWELL TIME

DT

time for which the expiratory flowrate is in excess of 90 % of the achieved PEF

© IS0 2015 - All rights reserved 1
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3.3

MANUFACTURER

natural or legal person with responsibility for the design, manufacture, packaging, or labelling of a
MEDICAL DEVICE, assembling a system, or adapting a MEDICAL DEVICE before it is placed on the market
or put into service, regardless of whether these operations are carried out by that person or on that
person’s behalf by a third party

Note 1 to entry: Attention is drawn to the fact that the provisions of national or regional regulations can apply to

the definition of manufacturer.

Note 2 to entry: For a definition of labelling, see ISO 13485:2003, definition 3.6. [11]

[SOURCE: IS

3.4

MEDICAL DE
any instrun
software, m|
alone orin g

diagnog
diagnog
investig
support
control
disinfed

providil
from th

and which d

immunological, or metabolic means, but which may be assisted in its function by such means.

Note 1 to er]
Reference [1}

[SOURCE: IS

3.5
MODEL OR T]
combination|

[SOURCE: IH

0 14971:2007, definition 2.8]

VICE

nent, apparatus, implement, machine, appliance, implant, in vitro reagent*or calibj
aterial, or other similar or related article, intended by the MANUFACTURER (3.3) to be
ombination, for human beings for one or more of the specific purpose(s)‘of

is, prevention, monitoring, treatment or alleviation of disease,

is, monitoring, treatment, alleviation of or compensation forian injury,

ation, replacement, modification, or support of the anatomy or of a physiological procsg
ing or sustaining life,

of conception,

tion of MEDICAL DEVICES,

g information for medical purposes bysmeans of in vitro examination of specimens de
e human body,

oes not achieve its primary intended action in or on the human body by pharmacolo

.
0 13485:2003, definition 3.7]

YPE REFERENCE
of figures)letters, or both used toidentify a particular model of MEDICAL DEVICE (3.4)or acce

C60601-1:2005, definition 3.66, modified: ‘equipment’ was replaced by ‘MEDICAL DEVI

try: This definition has(been developed by the Global Harmonization Task Force (GHTF].

ator,
1sed,

rived

bical,

See

ESory

CE’]

3.6

PEAK EXPIRATORY FLOWRATE

PEF

maximum flowrate measured at the mouth during an expiration delivered with maximal force starting
immediately after achieving maximum lung inflation

3.7

PEAK EXPIRATORY FLOW METER

PEFM

MEDICAL DEVICE (3.4) for measurement of PEAK EXPIRATORY FLOWRATE (3.6)

© ISO 2015 - All rights reserved
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RESPONSIBLE ORGANIZATION
entity accountable for the use and maintenance of a MEDICAL DEVICE (3.4)

Note 1 to entry: The accountable entity can be, for example, a hospital, an individual clinician, or a layperson. In
home use applications, the patient, operator, and RESPONSIBLE ORGANIZATION can be one and the same person.

Note

2 to entry: Education and training is included in “use.”

[SOURCE: IEC 60601-1:2005, definition 3.101, modified: ‘an ME EQUIPMENT or an ME SYSTEM' was
replaced by ‘a MEDICAL DEVICE'.]

39
RISE
RT
time

4

4.1

A PE
addit

NOT]H
elect

NOTH

NOTH
IEC 6

NOTH
comp

Chec

4.2

Roug
Parti

Chec

5 1

TIME

taken for flowrate to rise from 10 % to 90 % of the achieved PEF (3.6)

eneral requirements

Safety for a PEFM that utilizes electricity

FM that utilizes electrical power shall meet the requirements of IEC 60601-1:20054
ion to the requirements in this International Standard.

1 IEC 60601-1 requires a PEFM to comply with IEG60601-1-2 to control the risks asj
fomagnetic compatibility.

2 1EC60601-1requiresaPEFM to comply with IEC 60601-1-6 to control the risks associated y

3 IEC 60601-1 requires a PEFM intended-fot use in the home healthcare environment to
0601-1-11.

4 IEC 60601-1 requires a PEFM+nténded for use in the emergency medical services en
ly with [EC 60601-1-12.

k compliance by application.ef'the tests of IEC 60601-1:2005+A1:2012.

Mechanical basicsafety for all PEFMS

cular attentiof shall be paid to flange or frame edges and the removal of burrs.

k complignce by inspection.

déntification, marking and documents

A1:2012, in

ociated with

vith usability.

comply with

vironment to

h surfaces, sharpeorners, and edges, which can cause injury or damage shall be avoided or covered.

5.1

Marking of the scale or display

The scale or display of the PEFM shall be marked clearly and legibly as follows.

a) The scale or display shall be marked in units of litres per second or litres per minute.

b) For a PEFM with a graduated scale, the increment between adjacent graduations shall represent a
difference in peak flowrate no greater than 10 1/min (0,17 1/s) at flowrates of 700 1/min (11,67 1/s)
or below, and 20 1/min (0,33 1/s) at flowrates above 700 1/min (11,67 1/s). For a PEFM with a digital
display, the incremental steps shall be no greater than 51/min or 0,08 1/s.

NOTE

usually register to three decimal places.

© ISO
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c¢) The numbering and graduation lines on a scale or digital display shall be clearly legible with normal
vision [i.e. readable by an observer with a visual acuity of 0 on the log Minimum Angle of Resolution
(log MAR) scale or 6/6 (20/20) and able to read N6 of the Jaeger test card, corrected if necessary, at
a distance of 0,5 m and at an ambient luminance in the range 100 Ix to 1 500 lx].

d) Thenumbering onascale shall appear atintervals no greater than 501/min (0,831/s) up to 7001/min
(11,67 1/s) and 100 1/min (1,67 1/s) above 700 1/min (11,67 1/s).

e) The numbering on a scale or digital display shall not exceed the measurement range.

NOTE Clause 6 contains additional requirements.

Check com[:]'ance by inspection and functional testing.
5.2 Marking of the PEFM or packaging

5.2.1 Marking of the PEFM

The PEFM and/or its components shall be marked clearly and legibly with the following:

a)

b)

c)

d)

Check compliance by inspection.

5.2.2 Marking of the PEFM packaging

The following shall be marked.on the packaging:

a)
b)

‘)
d)

e)
f)
g)

an arroy showing the direction of flow for any user-detachable componghts that are flow-diredtion-
sensitive unless designed in such a way that prevents incorrect assembly;

the nanje or trade name and address of
— the|[MANUFACTURER, and

— where the MANUFACTURER does not have an address within the locale, an authofized
representative within the locale, to which the RESPONSIBLE ORGANIZATION can refer;

where gppropriate, an identification reference to the batch code, preceded by the word ‘LO", or
serial nhimber, or symbol 5.1.5 or 5.1.7 from 1S0:15223-1:2012;

indicatipns with regard to proper disposal,as appropriate.

details o enable theyser to identify the PEFM and the contents of the packaging;

for a ste¢rile PEFM;\the word “STERILE” or the appropriate symbol 5.2.1, 5.2.2, 5.2.3, 5.2.4 or 5.2.5
from ISP 15223-172012;

for a PEFMwith an expiration date, symbol 5.1.4 from ISO 15223-1:2012;

for a single use PEFM, the words “single use only” or “do not re-use” or symbol 5.4.2 from
ISO 15223-1:2012 (for a specific MODEL OR TYPE REFERENCE, the indication of single use shall be
consistent for the MODEL OR TYPE REFERENCE);

any special storage and/or handling instructions;
any special operating instructions;

the intended purpose of the PEFM.

Check compliance by inspection.

© ISO 2015 - All rights reserved
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Instructions for use

The accompanying documentations shall include the following:

a)
b)

j)
k)
D

the intended purpose of the PEFM including any restrictions on its use;
the name or trade name and address of
— the MANUFACTURER, and

— where the MANUFACTURER does not have an address within the locale, an

authorized

representative within the locale, to which the RESPONSIBLE ORGANIZATION can refer;

statement, if applicable, that the performance of the PEFM can be affected by thejpat
r coughing into the PEFM or by extremes of temperature, humidity and altitude;

if the PEFM is intended to be dismantled by the user, the correct method of réassembly
etails of what the user should do if unusual readings are obtained;
ecommended storage conditions;

etails about cleaning and disinfection or cleaning and steriljzation methods that can
list of the applicable parameters such as temperature, pressure, humidity, time limits
f cycles that the PEFM parts can tolerate;

the highest resistance to flow within the measurement range of the PEFM and the
which this occurs;

dletails of the nature and frequency of any maintenance and/or calibration needed to en:
PEFM operates properly and safely;

grror of the measured value (see 7.1);
information concerning the disposal-of the PEFM and its components (e.g. a battery);

3 unique version identifier such as the date of issue.

Check compliance by inspection:

5.4

Technical description

The technical descfiption shall include the following:

a)
b)

c)

gpecificatien of the signal input/output part, if applicable;

4 statemient to the effect that the values displayed by the instrument are expressed as |

ient spitting

be used and
and number

flowrate at

ure that the

BTPS values;

anycorrection factors to be applied for changes in ambient conditions.

Check compliance by inspection.

6

PEFM measurement range

The measurement range shall, as a minimum, be marked from 60 1/min (1,00 1/s) to 800 1/min (13,33 1/s)
and shall be expressed at BTPS conditions. The marked measurement range may be wider than the
minimum required range.

Check compliance by inspection.

© ISO 2015 - All rights reserved
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7 Performance requirements

7.1 Error of measurement

The maximum permissible error for flowrate in the measurement range shall be #10 1/min (0,17 1/s) or
+10 % of the reading, whichever is greater. This applies under the following environmental conditions:

— ambient temperature from 10 °C to 35 °C;

— relative

humidity from 30 % RH to 75 % RH;

altitud

Check compl

7.2 Line3g

The differeq
exceed 5 %

Under ambi
vary by mor|

Check compl

7.3 Resistance to flow

The resista
(0,006 kPa/

Check compl

rad ray 1 WaWal L. 1 . £ Ay o1 1D Fa¥-Nath et
ITOIITI'U TIT LU 1 FUU I ([4alIIIOSPIICTIC PIEsSSUrc Idiigc ITOll 1 UOU 1Id tO 60U 11 d ).

iance by the tests of Annex B.

rity

ce between the mean error at any two consecutive test flowrates (see/Annex B) sha
bf the larger of the two test flowrates.

bnt conditions, the PEFM reading at any peak flowrate in the me&asurement range sha
e than 10 1/min (0,17 1/s) or 5 % of the mean of the readingsy/whichever is greater.

iance by the tests of Annex B.

hce to flow across the measurement range.of the PEFM shall not exceed 0,36 kP
/min).

iance by the tests of Annex B.

7.4 Freq

The differenjce between the indicated PEE value of the PEFM for profiles A and B (see B.2.1, C.2.1, C.2.2
Figure C.1) shall, for an identical referece PEF, not exceed 151/min (0,251/s), or 12 %, whichever is gr¢

Check compliance by the tests of Anhex C.

8 Dismantling and-reassembly

8.1

Check compliance by inspection.

ency response

I not

I not

a/l/s

, and

pater.

If intended fordismantling by the user, the PEFM shall be designed or marked to indicate correct
reassembly whemall parts are mated.

8.2 After dismantling and reassembly in accordance with the instructions for use, the PEFM shall meet
the requirements of Clause 7 and its readings shall not have changed by more than 10 % or 10 1/min
(0,17 1/s), whichever is greater.

Check compliance by the tests of Annex D.

9 Effects of mechanical ageing

If the PEFM has moving parts as part of the flowrate sensing/indicating means, then after being tested
in accordance with Annex D, the PEFM shall meet the requirements of Clause 7 and its readings shall not
have changed by more than 10 % or 10 1/min (0,17 1/s), whichever is greater.

© ISO 2015 - All rights reserved
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10 Effects of dropping a hand-held PEFM

7:2015(E)

A hand-held PEFM shall meet the requirements of Clause 7 and its readings shall not have changed by
more than 10 % or 10 1/min (0,17 1/s), whichever is greater, following the 1 m drop test of IEC 60601-
1:2005 + A1:2012, 15.3.4.1.

Check compliance by the tests of Annex D.

11 Cleaning, sterilization, and disinfection

11.9

All cq
the p

Compliance is checked by a review of the accompanying documentations forsmethods of ¢
fection or cleaning and sterilization [see 5.3, f)] and by inspection of the‘relevant valida

disin

11.2

A PEJ
as dg

Compliance is checked by inspection of the relevant validationyreports.

12 (

A PEJ
leach
by th

Partj
and §
by th

Compliance is checked by inspection of the relevant validation reports.

13 1]

APEH
gase

FM or accessories labelled “sterile” shall have been sterilized.ising an appropriate, valid

Compatibility with substances

FM and parts thereof shall be designed and manufactured to minimize health risks due t

Reusable PEFM and parts

PEFM and parts delivered sterile

scribed in ISO 14937.

ed from the PEFM or its components during operation, including routine inspection and
e user, in accordance with the instrudtions for use.

cular attention should be paid te.the toxicity of materials and their compatibility with
rases with which they come into contact during use, including routine inspection and
e user, in accordance withrthe instructions for use.

Biocompatibility

Mand partsthereofintended to comeinto contact with biological tissues, cells, body fluids,
5 shall beassessed and documented according to the guidance and principles given in IS

Com;rliance is checked by inspection of the relevant validation reports.

mponents specified in the accompanying documentations for reuse and which come into contact with
atient or breathing gases shall be capable of being cleaned and disinfected or clearied ar

d sterilized.

leaning and
fion reports.

hted method

substances
hdjustments

substances
hdjustments

orbreathing
10993-1.
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Annex A
(informative)

Rationale for tests and examples of test apparatus

A.1 Test Profiles

See also Amllexes B and C. The reason for using test profiles is to ensure that a PEFM can record.th

accurately f
population)
PEFM. Howe
of PEFM cha
in alarge p
For the who
and DT are S

From these
in the inten
Internationd
characterist
DT at the up
intended pa

Where poss
required to

br a defined group of patients who are likely to use these instruments (the intended p4
The 26 ATS profiles were chosen to be “representative” profiles that should be\uséd to {
ver, there is no evidence supplied with these profiles to show that they trulyreflect the 1
racteristics found in the intended patient population. The RT and DT characteristics for
pulation of normal subjects and patients with airflow limitation have béen published
le population of 912 subjects (normal and those with airflow limitatien) the centiles fj
hown in Table A.1.

Table A.1 — Centiles for RT and DT.

Values in milliseconds

Centile RT DT
2,5th 24 11
5 th 29 14
50 th 62 35
95 th 128 106
97,5 th 155 138

lata it was evident that the.26 ATS profiles do not cover the full range of PEF character
Hed patient population and there can be some redundancy when testing with all 26.
11 Standard tests a PEEM with profiles that span the 90 % confidence limits for the def
ics relating to PEE\mMeasurement using just two profiles. Profile A (Figure C.1) has R1
per 95th centil€ amd profile B has RT and DT at the lower 5th centile so they cover 90 % ¢
fient population characteristics.

ible, thisvinternational Standard takes steps to reduce the number of individual
ensufie-that the PEFM has been adequately tested.

b PEF
tient
esta
ange
PEFS
| [21].
DI RT

stics
This
ning
" and
fthe

tests

The profiles|

have been derived from a single subject’s recorded flowrate time profile. The segment

rom

the start of the blow (start of expiration) to PEF is adjusted in the time domain to derive the desired RT,
and the segment after PEF is then similarly adjusted to give the desired DT. If the resulting profile lasts
longer than 0,8 s, the flowrate is linearly reduced to zero flowrate at 1,0 s. Since the shape of the profile at
this point is not relevant to measuring PEF, the profiles are capped at 1 000 data points at 1 ms intervals.

Profile A has RT and DT at the upper 95th centile for a population including normal subjects and patients
with airflow limitation. Profile B has RT and DT at the 5th centile for such a population. The range of RT
and DT specified allows for possible error in producing output profiles with these shapes.
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A.2 Performance

A.2.1 General

The performance of a PEFM involves three aspects:

A.2.]

Erro
95th
SMoq

An a
This
mea
(12,0
for e
alloy
to def
true

Key

B wWw N R

A.2.3

error, linearity and repeatability;
frequency response;

resistance.

A

Error, linearity, and repeatability

, linearity, and repeatability can be tested using a simple profile that has an RT.ahd DT
centile. Pump systems can produce such a profile very accurately. Profile A is such
th and without artefact.

pparatus suitable for this purpose (see Figure A.1) could be a mechanical syringe or g
type of apparatus can be manufactured with sufficient accuracy thdat¢an be verified by
urement. The motor and drive to the piston should be sufficient to deliver a PEF d
01/s) within 50 ms. The motor should incorporate an independent means for verifying
kample by the use of an optical shaft encoder or similar apparatus. The seal to the p
' a chamber pressure of 8 kPa with a leak of less than 3 {/min. Such equipment should
liver profiles with a short RT or a short DT since complexinteractions within the chamb
putput flowrate.

1

A
\

q

yringe or piston pump

at the upper
W profile, i.e.

iston pump.
ndependent
f 720 1/min
its position,
ston should
not be used
er affect the

motor
profile

computer

Figure A.1 — Schematic diagram of test apparatus

Frequency response

The frequency response is more difficult to test since many PEFMS do not have an analogue waveform
output for recording. For a PEFM to have adequate frequency response, it should be able to record a
given PEF to the same parameters whether it is from a profile with a short RT and a long DT (profile A)
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or from a profile with a short RT and a short DT (profile B). It is thus proposed that this aspect of PEFM
performance be tested using profiles A and B at the same delivered flowrate, and the readings from the
PEFM be compared. They should agree within the accuracy limits in this International Standard.

A2.4 Resistance

For reflecting the real use of a PEFM, a dynamic test is more appropriate than a test using steady flow
conditions. A concurrent test of linearity, accuracy, and repeatability using profile A and the test method
described in Annex B is utilized. Under these conditions, all aspects of the profile’s delivery can be
ensured so that the resistance can be accurately determined across the measurement range of the PEFM.

A3  App

Pump syste
Reference [4
their output
drive mechg
relates to th
shaft encod
recently, thg
extent, a shg

Recent devy
producing p
equipment i

output cannlot be traced back to a standard without the use of @n independent flow meter. Howevg

testing freq
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decompress
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An explosiv,
dissipates d|
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profile will
its effect on
RT and DT 3
driving prej
cycle of the

If profiles Al

%\eded only to verify that the shape-of the profiles delivered by the apparatus matcheg
required. The frequency response of such flew meters, which have a continuous waveform outpuf

aratus

s of differing design (see Reference [17]) and an explosive decompression apparatug
2]) have all been proposed for the testing of a PEFM. Pump systems have the ddvantagg
can be traced back to a standard. The relevant components such as the pisto, the cha
nism, and the performance of the motor can all be verified. The timingef'movement, v
e accuracy of oscillations and the pump position in relation to time, can-be’checked by o
brs. Pump systems have been used to test PEFMS with a wide range of profiles but
ir output did not accurately follow the input when profiles with a‘short DT and, to a |
rt RT, were delivered without the use of an independent flowmeter (see Reference [20

tlopments by some pump manufacturers 1 have overgome these restrictions ang
ump systems that are able to deliver short RT and shortDT profiles. Explosive decompre
s able to deliver short RT and short DT profiles. Onélimitation in this context is that

lency response, it is not necessary for the outputiof this type of apparatus to be accur
he only requirement is that the output is the same for the two types of profile. An expl
ion apparatus fitted with a fast response s@lénoid whose position can be varied in real
he same output to a given PEFM if the discharge pressure and solenoid opening apertur
e. An independent flow meter with adequate frequency response of its analogue wave

ndependently using a step test (see Reference [23]).

e decompression apparattis can be one of fixed volume primed to a certain pressurg
uring discharge so that.the chamber of the apparatus returns to ambient pressure. U
hstances, the driving ptressure declines throughout discharge so that the DT of the deliy
liffer from the input signal to the solenoid. The relationship between decay in pressur
DT can be determined. The input signal to the solenoid is then adjusted so that the de
re achieved,An alternative is to have a much larger chamber or reservoir at the de
sure and have a fast response compressor to maintain this pressure through the opg
bolenpfd:

and'B are discharged from an explosive decompression apparatus with identical dr
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d.If

the difference is greater than that allowed in this International Standard, then the frequency response
characteristics of the PEFM are inadequate.

Whilst the exact apparatus used to test a PEFM is not defined by this International Standard, it is
suggested that one test method is to use a pump apparatus to undertake testing in Annex B and an
adapted explosive decompression apparatus for the tests in Annex C. It is, however, recognized that
recent developments in pump technology now make it possible to use some pump systems for testing
frequency response.

1) Suitable test equipment is commercially available: The Series 1120 flow / volume simulator from Hans
Rudolph, Inc., http://www.rudolphkc.com/ or the pulmonary waveform generator from Piston Medical, http://
www.pistonmedical.com/. This information is given for the convenience of users of this document and does not
constitute an endorsement by ISO of this product.
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Annex B
(normative)

Determination of error, repeatability, and resistance to PEFM output

B.1 Principle

A waveform of known peak flowrate is discharged through the PEFM and the output compafred with the
set r¢ference peak flowrate.

B.2 | Apparatus

B.2.1 An air flow source, capable of producing a peak flowrate accurateto within +3 % ¢f maximum
flowrate or £3 1/min, a repeatability tolerance within +2 % or +3 1/min(0,05 1/s) whichever is greater,
and a linearity tolerance not exceeding +2 % when producing flowrate profile A, having an{RT between
120 fns and 140 ms and a DT between 100 ms and 120 ms. (see Figure C.1).

B.2.2 Rigid, smoothbore coupling, not more than 100 ,mhvin length.

B.3 | Procedure

B.3.1 Carry out the procedure with the apparatus equilibrated to ambient conditiony within the
templerature range 15 °C to 25 °C using gas delivered at the same ambient temperature.

B.3.2 Connect the airflow source (B.2.L) to the outside of the PEFM mouthpiece using the rigid coupling
(B.2.2), ensuring that the PEFM is oxientated in accordance with the instructions for use.

B.3.3 Prepare the PEFM for(use according to the instructions for use.

B.3.4 Using profile A'(see Figure C.1) discharge gas at the chosen ambient conditions, throygh the PEFM
and record the PEF and-peak pressure at 100 [/min, 150 l/min, 200 I/min, 300 l/min, 450 l/mih, 600 l/min,
720 |/min and at 450 l/min intervals thereafter (1,67 l/s; 2,50 l/s; 3,33 l/s; 5,00 l/s; 7,50 lfs; 10,00 l/s;
12,00 /s and at 250 l/s intervals thereafter) up to the maximum indicated peak flowrate.

B.3.3 Repeat B.3.3 and B.3.4 four more times (i.e. a total of five times), at each flowrate.

NOTT faT nor 1 I | PR | . no4c 1 £
W SICP D.o. JUdITMUT LA TICTU UULUUTTITE B. 5.5 TUT TAUIIn WdVTTUT TITL

B.3.6 Repeat steps B.3.3 and B.3.4 five times at 300 I/min and 600 l/min (5,00 l/s and 10,00 l/s), but this
time using gas at a temperature of 34 °C + 2 °C and a relative humidity above 90 % with air conditions at BTPS.

B.4 Calculations

B.4.1 General
If the technical description includes a warning that the output of the PEFM is known to vary with changes

in ambient conditions and/or the characteristics of the gas flowing through it, adjust all results using the
appropriate correction factors indicated in the technical description (with removal of BTPS correction
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for tests in B.3.4, where appropriate) to account for the set of ambient conditions and the different test

gas conditions in B.3.4 and B.3.6.

B.4.2 Error of measurement

Calculate the error of the PEFM for each reference peak flowrate, n, which is expressed as the error, ey,
from Formula (B.1):

€n=4qn—

where

Qref n

(B.1)

qn
Arefn

B.4.3 Out
Calculate th

Sn = qma

where
@max,nis 1
Gmin,nis §
B.4.4 Res
Calculate th
R, =pn
where
pn s
qref,nis
B.4.5 Ling

Calculate th

is tlLe mean of five recorded PEF for reference flowrate n;

is the reference PEF for flowrate n.

put reading repeatability

e span, s, of PEFM readings for each reference peak flowrate, n, ising Formula (B.2):

,n ~ dmin,n

he maximum PEFM reading for reference flowrate 13

he minimum PEFM reading for reference flowrate'n.

istance to flow

e resistance, R, to flow for each geference flowrate, n, using Formula (B.3):

q ref,n

'he peak pressure‘for reference flowrate n;

the reference’flowrate for flowrate n.

parity.

if @y WGy

12

(B.2)

(B.3)

e difference, d, (in %) for each of the reference flowrates, gref,n, using one of the B.4 forrx1ulae:

(e, —€,41)x100

C_ln+1

d=

(B.4 a)
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(e, —e,41)x100
n

if g, ug,;: d= (B4 b)

where
en isthe error of the PEFM at peak flowrate n;
en+1 is the error of the PEFM at peak flowrate one increment above peak flowrate n;

an is the mean of five recorded PEFS for reference flowrate n;

7 is the mean of five recorded PEFS for a reference flowrate one increment above®eference
flowrate n.

B.5 | Test report

The test report shall include a reference to this test and the following infermdtion:
a) For the data from B.3.4 and B.3.5:

1) the five readings for each of the flowrates tested;

2) the span of these five readings (repeatability);

3) the error for each of the five readings for each flowrate tested and their mean (accfyiracy);

N
e
L

the error for each of the five readings expressed as a percentage of the reference [flowrate for
each of the flowrates tested, and their mean (accuracy);

3) the difference in percent (linearity) for each pair of consecutive flowrates tested (I8.3.4) across
the measurement range;

6) the peak pressure reading in Kilopascals, and the derived resistance, at each of the flowrates
tested (resistance);

b) For the data from B.3.6:
1) the five readings(for-each of the two flowrates tested;

2) the error forleach of the five readings for the two test flowrates and their mean (agcuracy).

B.6 | Pass/fail criteria

Conslidep any deviation of the PEFM reading less than the sum of the stated permissible efrors in this
Interjnational Standard and the known error of the test apparatus (which is required to b¢ equal to or

1 B P D ISI IE TN o Mo 5\
€SS tirantiat statcaiir oz asa pass:
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Annex C
(normative)

Determination of frequency response

C.1 Principle

Two special

frequency r

NOTE M
the frequenc

accurately re

population. Tlhese two artificial profiles are chosen to span the 90 % confidence limits forthe RT and DT fo
Y 10p A 5 A
8p - \\\\
iy Y
QLY. L
20 /I ™ P
p [~ M e >
0 100 200 300 400 500 600 700,800 900 1000 1100 1200 1300 1400
X
Key
X  time in milliseconds
Y confidence limit as a percentage
A profile Alflowrate
B  profile B|flowrate
NOTE Profiles are available if-digital format from the European Respiratory Society?)

c2 * Ap]raratus

ly chosen artificial profiles (see Figure C.1) are delivered to the PEFM to determit
bSsponse.

hny PEFMS do not have a signal input/output part that gives an analogue waveformxsignal to
y response to be measured by spectral analysis. It is therefore necessary tocheck that a
ads PEFS from flowrate profiles that span the range of frequencies found in the intended p

Figure C.1<2=Examples of flowrate versus time plot for profiles A and B

e its

hllow
PEFM
htient
r PEF.

C.2.1 An airflow source, capable of delivering profile A (see B.2.1) and profile B (see C.2.2) with a
flowrate reproducibility of +3 %. See Figure C.1. See also Annex A for a description of such an apparatus.

C.2.2 Profile B, having an RT of between 24 ms and 36 ms and a DT of between 12 ms and 18 ms.

C.2.3 Arigid, smoothbore coupling, not more than 100 mm in length, if required.

2) http:

14

www.ersnet.or
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Procedure

C.3.1 Using the mouthpiece and rigid, smoothbore coupling (C.2.3), if required, attach the PEFM to the
airflow source (C.2.1).

C.3.2 Measure the PEF at three different flowrates (approximately 25 %, 50 %, and 75 % of the top of the

meas

C4

urement range) using profiles A (B.2.1) and B (C.2.2) five times.

Calculations for frequency response

Calc1lllate at each flowrate, the mean difference in reading between profiles A and B and ex

a peq

C.5
The {
a)
b)

c) {

C.6

Cons
Inter
less

centage of the reading for profile A.

Test report
est report shall include the following information for each of the three flowrates:
he mean of the readings for profiles A and B;
he difference between the mean readings for profile A and profile B;

he difference expressed as a percentage of the reading fot profile A.

Pass/fail criteria

ider any deviation of the PEFM reading lessthan the sum of the stated permissible e
national Standard and the known error of\the test apparatus (which is required to b¢
han that stated in B.2) as a pass.

bress this as

rrors in this
t equal to or
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Annex D
(normative)
Test methods for determination of the effectsof dismantling,

ageing and dropping

D.1 Pring
To assess th
a) disman
b) mechan

c) droppin

D.2 App4

D.2.1 An3g
DT of no mor]

D.2.2 Arif

D.3 Proc

D.3.1 Pro

Dismantle a
carry out th
assembly in

D.3.2 Pro

Carry out th

a) Using t

Ciple

e effects of:

ling and reassembling a PEFM;

ical ageing, by simulating two years of usage;

g a hand-held PEFM.

ratus

irflow source, that supplies, at ambient conditions, a praofile with an RT of 24 ms to 36 ms
e than 140 ms at a flowrate of 90 % * 5 % at the maxindum of the measurement range of the §

sid smoothbore coupling, of not more than 400 mm in length, if required.

pdures

nd re-assemble the PEFM (if-applicable) according to the manufacturer’s instructions and|
e procedures described (inyAnnex B and Annex C. Calculate the effects of dismantling a
iccordance with D.4.

cedure for testing the effects of mechanical ageing
e following stéps.

e mouthpiece and rigid, smoothbore coupling (D.2.2), if required, attach the PEFM,

hnd a
PEFM.

cedure for testing a PEFM that/can be dismantled and re-assembled by the gser

then
hdre-

It its

recommiended;working orientation, to the outlet of the test apparatus. Ensure that the peak flowrate
from the airflow source (D.2.1) does not exceed the measurement range of the PEFM.

b) Prepare the PEFM according to the instructions for use.

c) Actuate the airflow source (D.2.1).

d) Repeat D.3.2 b) and D.3.2 c) 2 000 times.

e) Carry out the procedures described in Annex B and Annex C after a period of at least 1 h after the last
repeat of D.3.2 d). Calculate the effects of mechanical ageing in accordance with D.4.

D.3.3 Procedure for testing the effects of dropping a hand-held PEFM

Drop the hand-held PEFM in accordance with the test described in IEC 60601-1:2005+A1, 15.3.4.1, and then carry
out the procedures described in Annex B and Annex C. Calculate the effects of dropping in accordance with D.4.

16

© ISO 2015 - All rights reserved


https://standardsiso.com/api/?name=625d2cc56d3b74afe5c459b1cf52278c

ISO 23747:2015(E)

D.4 Calculation of effects
Calculate the percentage difference, d,g, before and after dismantling and re-assembling, mechanical

ageing or dropping using Equation D.1:

dnog = Gpost n "fpre n 4 (D.1)
Apre n

where

dpostn = post (dismantling/ageing/dropping) reading for reference flowrate n;

qpren = pre (dismantling/ageing/dropping) reading for reference flowrate n.

D.5 | Test report
The test report shall include the following information:
a) theinformation listed in B.5 and C.5;

b) themean PEFreadingsateach flowrate (astested in Annex B) befdre and after dismantling, ageing and
dropping, their difference and that difference expressed as a-percentage of the reference flowrate;

c) feference to this test method.
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Annex E
(informative)

Environmental aspects

The environmental impact generated by PEAK EXPIRATORY FLOW METERS performing an analysis of

respiratory

— impact
user, ac

— use, cle

ases is mainly isolated to the following occurrences:

Fording to the instructions for use or routine procedures;

adjustmjents by the user, according to the instructions for use or routine procedures;

— scrappi

To highlight
requiremen

ng at the end of the life cycle.

the importance of reducing the environmental burden, this Interrdational Standard addr
[s or recommendations intended to decrease environmental impact caused during diff

stages of the life span of the PEAK EXPIRATORY FLOW METERS.

Table E.1sh

Taple E.1 — Environmental aspects addressed by.{Sub)clauses of this standard

it local environment during operation, including routine inspection and adjustments-by the

hning, and disposal of consumables during operation, including routine inspection and

PSSES
brent

ws amapping of thelife cycle of PEAK EXPIRATORY FLOWMETERS in terms of the environiment.

Product life cycle
. Distribution
Production and . . .
Envirgnmental aspects preproduction (including Use End of life
(inpyts and outputs) packaging)
Stagé A Stage B Stage C Stage D
Addressed in (sub)clause
1 1
1 |Resourde use 1 1 5.3 5.21
11 5.3
1
2 |Energy ponsumption 1 1 n —
1
1
41
3 |Emission to air 1 1 521
5.3
0.
11
1 1
4.1 5.2.1
4 |Emission to water 1 1
53 53
11 11
1 1
4.1 5.2.1
5 |Waste 1 1
53 53
11 11

18
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Table E.1 (continued)
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Product life cycle
. Distribution
Production and . . .
Environmental aspects preproduction (including Use End of life
(inputs and outputs) packaging)
Stage A Stage B Stage C Stage D
Addressed in (sub)clause
1
6 |Noise — — —
41
1
1
1 5.2.1
7 Migration of hazardous sub- 1 . 53 S
stances 53
11
11
12
1
5.3
5.2.1
8 |[lmpacts on soil — — 11
5.3
12
11
1
4.1 1
9 RIS!(S to the environment from 1 . 53 53
accidents or misuse
11 11
12
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Annex F
(informative)

Reference to the Essential Principles

This International Standard has been prepared to support the essential principles of safety and
performance of a PEAK EXPIRATORY FLOW METER as a MEDICAL DEVICE in accordance with ISO/TR 16142.
This Interngdtional Standard is intended to be acceptable for conformity assessment purposes.

Compliance[with this International Standard provides one means of demonstrating conformance[with
the specific|essential principles of ISO/TR 16142. Other means are possible. Table F.1 map5.the clguses
and subclauges of this document with the essential principles of ISO/TR 16142:2006.

NOTE Wlhen an essential principle does notappearin Table E.1, it means thatitis notaddressed by this document.

20 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=625d2cc56d3b74afe5c459b1cf52278c

ISO 23747:2015(E)

Table F.1 — Correspondence between this International Standard and the essential
principles (1 of 3)

Corresponding essential

Clause(s)/sub-clause(s)

principle of this International Stand- Qualifying remarks/Notes
of ISO/TR 16142:2006 ard
Al,A2,A3 all And via IEC 60601-1:2005+A1:2012
A4 8,9 10,11, 12 And via IEC 60601-1:2005+A1:2012, Clauses 4, 15
and 7.9
And via IEC 60601-1:2005+A1:2012, Clause 4,
A5 > and 723727931 153 7 162
A.6 — And viaIEC 60601-1:2005+A1:201.2/4.2
A71 12 13 And via IEC 60601-1:2005+A1:2012, Clause 9, and
o ’ 11.2,11.3,11.4,11.5,11.6.8,111.7, 15.2
A7 . And via IEC 60601-1:2005+A1:2012, 11.6.6,
o 11.6.7,11.7,15.3.7, 16.2
And via IEC 60601=1:2005+A1:2012, Clause 4, and
A7.3 11,12 11.2,11.4,11.5,14.6, 11.7
A7S 12 And via IEC60601-1:2005+A1:2012,11.3, 11.6.8,
o 13.1.2,1342.6
A76 . Via IEC 60601-1:2005+A1:2012, 11.3,(11.6.8,
o 13432, 13.2.6
And via IEC 60601-1:2005+A1:2012, 11.6.1,
A8.] 2.31),111 11.6.7,11.6.8, 16.2
A.8.3 11.2 And viaIEC 60601-1:2005+A1:2012, 11.6.7
A.84 111 And viaIEC 60601-1:2005+A1:2012, [11.6.7
A.8.9 — And viaIEC 60601-1:2005+A1:2012, 11.6.7
A.8.4 5.2.2b) And via IEC 60601-1:2005+A1:2012, 4nd 7.2.17
And via IEC 60601-1:2005+A1:2012, Clauses 4, 14,
A9.] 5.2.1a),5.4 a) 16,and 8.2, 8.3, 8.5.2, 8.5.5, 8.6.6, 8.1(.3, 8.10.4,
9,11.2.2,11.4,11.5
And via IEC 60601-1:2005+A1:2012, Clauses 4, 5,
A9.2 $1,4.2,8,9,10 9,and 8.9.1.5,12.2, 15.2
A9 3 . And via IEC 60601-1:2005+A1:2012, Clause 4, and
e 8.11.6,11.2,11.3,11.4,11.5,13.1.2, 13.4.3.5
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