INTERNATIONAL ISO
STANDARD 80601-2-85

First edition
2021-03

Medical electrical equipment —

Part 2-85:
Particular requirements for the basic
safety and essential performance|of
cerebral tissuedoximeter equipment

Appareils électromédicaux —

Partie 2-85: Exigences particuliéres pour la sécurité de base ¢t les
performances gssentielles des oxymétres pour tissu cérébral

Reference number
ISO 80601-2-85:2021(E)

©1S0 2021



https://standardsiso.com/api/?name=5dae964e4dc19c0fb9bba26c6e070ec2

ISO 80601-2-85:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2021

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=5dae964e4dc19c0fb9bba26c6e070ec2

ISO 80601-2-85:2021(E)

Contents Page
0 ) vi
03 0 000 1 L0 e ) ¢ vii
201.1 Scope, object and related StANAArdS........cuiririssmssrsssisrssessrsmsssssssssssssssssssssasssssassmsssssssssesssssssessassassassassasss 1
7 0 s s i o0 o Y S F, 1
2 1 0 T 0] ) 1 o T 7 N 2
201.1.3 Collateral StaNAards.......ccuurrrerissrrsrsssissmsssssssssssssssssssssssssssassssssssssssssnsssnssssssssssnsssnsssnssspsnssdsdensanssaduassssnssansen 2
201.1.4 Particular Standards ... s sessoley e ssssssssssss feassessnssnses 3
201.2 NOIrMAtiVe IefEIEIICES ..uvvrrerrersersarsmsssmsssssssssmsssssssssssssassnsssssssssssssssssssssnssnssassnsssssnnss e onsansmsnassassanssedassansassnsse 4
201.3 Terms and definitionNS....ccirierisiisiesrssrssssssssssssssssssssssssssssssssssnsssnsedefasionssnsssnssssssssssasssassssduasssssssaness 5
201.4 General reqUIremMents.......coommmmmmnssmmsssssss s ok 10
201.4.3.101 * Additional requirements for essential performance ..., 11
201.4.102 Additional requirements for acceptance Criteria ... ——— 11
201.4.103 Additional requirements for cerebral tissue oximeter equipment, parts and

L Lo =00 o T = O S 11
201.5 General requirements for testing of ME eqQUIPIIENAL .........covoveririnisessssssssssssssssssssssssssssssssssssssdesssssssens 12
201.6 Classification of ME equipment and ME SYSEEIMIS .......couvsmsssmsmsmsmssssssssssssssssssssssssssssssssssssssasssdessssssnss 12
201.7 ME equipment identification, marking and documents ... 12
201.7.1.101 Information to be supplied By tR& MANUFACLUTET ......rvevrvireresssnsesssssessssssssmsssssssssssssssdesssssssens 12
201.7.2.3 Consult accompanying dOCUMENLS .......ccousisesmsmsmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasgeassssssess 12
201.7.2.9.101 IP clasSifiCatioN . .iicuiriserisfesdersasmssmmssssssssassssssssssssssasssasssassssssssssnsssnsssnssssssssssnsssnssssssssssasssasssadusansassns 12
201.7.2.101 Additional requirements for marking on the outside of ME equipment parts|........... 13
201.7.4.3 UNitS Of M EaASUT CINEIIE. i iiiuerrerrersasssssssrssssersssssssassssssssnssssssssssssssssssassassassassssssssssssssssssessassnssassasduussnsansss 13
201.7.9.2 INSEIUCIONS fOI US@.uuuiiviirsrerssrsnsrsnsssssssssssssssssssssssssssssssssasssassssssssssnsssnsssnssssssssssnsssasssnssssssasssasssadussnsssnsns 13
201.7.9.2.1.101 Additional.general reqUIrements.........msmmmmm—————————— 13
201.7.9.2.2.101 Additional requirements for warnings and safety notices ........commmmnmssssdsesesnnas 15
201.7.9.2.9.101 Additional requirements for operating inStructions........uuudn. 15
201.7.9.2.14.101 Additional requirements for accessories, supplementary equipment, used

10T <) 1 1 N 15
201.7.9.3.1.101 *%Additional general reqUIremMents.........ccurmrmsmsmnmmsmsmsmsmsssmsssssssssssssssssss s 16
201.8 Protéction against electrical hazards from ME eqUIPMENT ..........ovvevesmsssssssisesmsmsmsmsssssssssssdisssesenens 16
201.8.3.101 Additional requirements for classification of applied parts...........crcressmsssssnssfisnsesenens 16
201.8.5:5.1.101 Defibrillation protection ... 16
201.8:7.4.7.101 Additional requirements for measurement of the patient leakage current......... 16
201.9 Protection against mechanical hazards of ME equipment and ME SYSteMS........ccovusesssssssssnsess 17
201.10 Protection against unwanted and excessive radiation Razards ...........nm———", 17
A 0 T 0 R I ) 17
201.11 Protection against excessive temperatures and other hazards..........n. 17
201.11.1.2.2 Applied parts not intended to supply heat to a patient...........coumnrsssssssssss. 17
201.11.6.5.101 * Additional requirements for ingress of water or particulate matter into

the ME equipMeENt OF ME SYSTOM.c.uuiusssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasasasssssssssssssssssassssasasass 18
201.11.6.7 Sterilization of ME equipment OF ME SYSEEIM .......cocvcvssnmsmsmsmsmssssssssssssssssssssssssssssssssssssasssassssssssss 18
201.11.8.101 Additional requirements for interruption of the power supply/supply mains

O ME @QUIPIMEIL .....cvurnisessssmssssssssmsssssssssssssssssssssssssssssssssssssssessssssssess s sssmsss seassss s smsss sesssassssssss sesssnssnsnssssnssnass 18

© IS0 2021 - All rights reserved iii


https://standardsiso.com/api/?name=5dae964e4dc19c0fb9bba26c6e070ec2

ISO 80601-2-85:2021(E)

201.11.8.101.1 Technical alarm condition for power supply failure .......———— 18
201.11.8.101.2 Settings and data storage following short interruptions or automatic

L L] (T3] 19
201.11.8.101.3 Operation following long INterruUPtions ..o —— 19
201.12 Accuracy of controls and instruments and protection against hazardous outputs............ 19
201.12.1.101 * StO; accuracy of cerebral tissue oximeter eqUIPMENE ........ucuvsiisssssssssssssssssssssssssnsasasns 19
201.12.1.101.1 * SPeCIfiCaAtioN ....cococvrrsmsmsmsmsmsmssssssssissssssssssss s s s sssssssasas s s s s s s s s smsasasasas 19
201.12.1.101.2 * Data collection for determination of St0z ACCUTACY ......ccovrssssisisssssssssssisssssssnsnsnsnsns 21
201.12.1.101.3 * Data analysis for determination of St02 ACCUIACY ........cuuerrsrsnsssessssesssssassssssssssssssnssns 22
201.12.1.101.4 Characteristics of the study used for determination of $t0; accuracy .............e...hv 23
201.12.4 Protection against hazardous OULPUL ... T 23
201.12.4.101 * DaAta UPAALE PETTIOd.......coueversrrrssismsmsmsnsnssssssssssssssssssssssssssssssssssssssssssssss s ssssssssssss s sassdpseneaes 23
201.12.4.102 * Signal iINAdeqUACY .....ccocvmsmsmnmsmsmsmsmsmssssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssobassirseesenes 23
201.13 Hazardous situations and fault conditions for ME eqUIPMENL .........cuveveressnsespressnionnmnsenenssnsens 24
201.13.101 Detection of probe faults and probe cable extender faults ..o feiyumnnnnnmnmnmsmsnsnsnsans 24
201.14 Programmable electrical medical SyStems (PEMS)......c.ccuosmsmssssssssssssssiisindesssssssssssssssssssssssssnns 24
201.15 Construction of ME qUIPIMENE .......cocvvsesesissssssssnsssssssssssssssssssssssssssssssssssgsisuasdasssssssssssssssssssssssssssssssssases 24
201.15.3.5.101 * Additional requirements for rough handling...........iii————————— 35
201.15.3.5.101.1 * Shock and vibration (robustness)........unbdimm———— 35
201.15.3.5.101.2 * Shock and vibration for a transit-operable cerébral tissue oximeter

o) 0720 073 o 100 o L 40 36

A VT W RS (00 LY (0T F 0 0 01 = U0 ) O S 37
201.16 ME SYSLOIMS...cccvurursermsnssssmsmsssssssssssssnsssssssssssssssssssssssssssssssssdadennnssnsssssssssssssnssssesssas e sms s se s s s m e e e a R s e R AR e R RS 37
201.17 Electromagnetic compatibility of ME equipment and ME SYSEEMS.......ccocovunsesesessssssssssesesssssesens 37
201.101| * Cerebral tissue oximeter probes and probe cable exXtenders......... 37
0 0T T = o Y S, 37
201.101|2 LaDEIlNG ..ccoccruresesrsrsnsssssasssssssssssssssisbuassesssssssssssssssssssssasssssssssssssssssssssssssssssssasassssssssssssassssssssssssssassssssanses 28
201.102| FUNCLIONAI CONNECEION wuvreerereslonsiiissmsssssssssssssssssssssssssssssssssssssssssssssssssss s ssasassss s asasssssss s s assnsaes 218
00 T 780 R ) 1T T . 28
201.102|2 * Connection to an electronic health record or integrated clinical environment........... 28
201.102|3 Connection to a distributed alarm SYSLEM ... ———— 28
202 Ele¢tromagnetic disturbances — Requirements and tests.......ummms 29
202.4.3.1 CONfigUIAtiONS iitiniinesnsmsnsassssssssssssssssss s ss s R R s SRS AR R R AR AR SRS AR AR AR AR R R AR R R R R AR AR 29
202.5.2.2.1 Requiremeénts applicable to all ME equipment and ME SYSEEMS ........cccoussresesesesssesnsnsasasns 29
202.8.1.101 Additional general reqUIr€mMEeNts ... ——— 29
202.8.2 |Patient physiological SIMUIAtioN........vss s ————————— 29
206 L1 0] 13 30
208 eneral requirements, tests and guidance for alarm systems in medical electrical

equipment and medical electrical systems.........ccovnnnnnnsnss———— 0
208.6.1.2.101 * Additional requirements for alarm condition priority ... ———— 30
208.6.5.4.101 * Additional requirements for default alarm preset.............———— 31
208.6.8.5.101 Additional requirements for alarm signal inactivation states, indication and

T o L 31
211 Requirements for medical electrical equipment and medical electrical systems used

in the home healthcare enVIiroNmMeNt ... ———————————————— 31
212 Requirements for medical electrical equipment and medical electrical systems used

in the emergency medical services eNVIrONMEeNT........coommmsisissmsssssmsssssssssssssssssssssssssns 31

iv © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=5dae964e4dc19c0fb9bba26c6e070ec2

ISO 80601-2-85:2021(E)

Annex C (informative) Guide to marking and labelling requirements for ME equipment and

F DRy A 3 11 32
Annex D (informative) Symbols on MarKing........sssssssssssssssss 36
Annex AA (informative) Particular guidance and rationale .........———. 37
Annex BB (informative) Skin temperature at the cerebral tissue oximeter probe ... 48
Annex CC (informative) Determination of ACCUIACY ... 50
Annex DD (informative) Characteristics of a tissue haemoglobin phantom for the verification

of the accuracy of cerebral tissue oximeter eqQUIPMENT..........ouuuinisesmsmssssssssssssssssssssssjussdusnsasasans 56
Apnex EE (informative) Guideline for evaluating and documenting St0: accuracy in human

L1 0] [ o D S . A N 66
Annex FF (informative) Functional testers for cerebral tissue oximeter eqUIPMENt........c.cvevesfesssrsnsnns 72
Apnex GG (informative) Concepts of ME equipment reSponse time ... 75
Apnex HH (normative) Data interface requUirements.......o s smriasbensssssssssssssssssssssssssssssssdussssssses 80
Anpnex II (informative) Comparison of methods of performance evaluation.........oummdiesa: 84
Apnex JJ (informative) Reference to the IMDRF essential principles and labelling guidances........ 89
Apnex KK (informative) Reference to the essential principles ... dussssssnns 92
Apnex LL (informative) Reference to the general safety‘and performance requirements...{........... 95
Apnex MM (informative) Terminology — alphabetized index of defined terms........c.ocunevescfrursenenes 98
133100 U 07 ) 0] 1 S 102

© IS0 2021 - All rights reserved \Y


https://standardsiso.com/api/?name=5dae964e4dc19c0fb9bba26c6e070ec2

ISO 80601-2-85:2021(E)

Foreword

ISO (the
standard

International Organization for Standardization) is a worldwide federation of national
s 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

The prog
describe
different
editorial

Attentioy
patent ri
any pate
on the IS

Any trad
constitut]

f electrotechnical standardization.

edures used to develop this document and those intended for its further maintenfance are
1 in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for tﬂ:e
types of ISO documents should be noted. This document was drafted in accordance with the
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

is drawn to the possibility that some of the elements of this document'may be the subject pf
bhts. ISO shall not be held responsible for identifying any or all suchypatent rights. Details pf
nt rights identified during the development of the document will bé it the Introduction and/pr
D list of patent declarations received (see www.iso.org/patents).

e name used in this document is information given for th€ convenience of users and does npt
e an endorsement.

For an {

World

www.isolorg/iso /foreword.html.

expressi’Tns related to conformity assessment, as well:ds*information about ISO's adherence to the

xplanation of the voluntary nature of standards, the meaning of ISO specific terms and

rade Organization (WTO) principles in the Technical Barriers to Trade (TBT), sg¢e

This docpment was prepared jointly by Technical Committee ISO/TC 121, Anaesthetic and respiratoly
equipment, Subcommittee SC 3, Respiratery:devices and related equipment used for patient care, and

Technic

Electrompdical equipment, in collaberation with the European Committee for Standardization (CEI)

Technic
Agreeme

A list of 3

Any feed
complets

Committee IEC/TC 62, Electrical equipment in medical practice, Subcommittee 62D

Committee CEN/TC 215, Respiratory and anaesthetic equipment, in accordance with the
nt on technical cooperation between ISO and CEN (Vienna Agreement).

1l parts in the ISO-ahd IEC 80601 series can be found on the ISO and IEC websites.

pback or questions on this document should be directed to the user’s national standards body.[A
listing ofthese bodies can be found at www.iso.org/members.html.
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Introduction

The estimation of blood oxygen saturation in the brain tissue by cerebral tissue oximetry equipment is
increasingly used in many areas of medicine. This document covers basic safety and essential
performance requirements achievable within the limits of existing technology.

Annex AA contains a rationale for some of the requirements. It is included to provide additional insight
. = 4l . el i =l R | o - . 1 - . =l L L

1nto—tire ICASUIIIg O UIT CUHLIIHITCTS - Uldl ITU U 4 TTUUITTIHITHU  dITU - IHLO - UIT 7T Zurus that the
rgquirement addresses.

Annex BB is a literature review and provides recommendations relevant to determining the rhaximum
sgfe temperature of the interface between a cerebral tissue oximeter probe and a patient's tissug.

Apnex CC discusses both the formulae used to evaluate the StO. accuracy;oficerebral tissue|oximeter
equipment measurements, and the names that are assigned to those formulae.

Annex DD presents guidance on using in-vitro methods (phantoms)-for verification of StO, acguracy of
cgrebral tissue oximeter equipment.

Annex EE presents a guideline for an in-vivo (human subjeets) controlled desaturation study for the
varification of StO; accuracy of cerebral tissue oximeter equipment.

Annex FF is a description of functional testers for useWwith cerebral tissue oximeter equipment.
Ahnex GG describes concepts of cerebral tissuéloximeter equipment response time.
Apnex HH describes data interface requiréments.

Annex Il is a comparison between human desaturations (in-vivo) and tissue haemoglobin [phantom
desaturations (in-vitro) for assessing StO; accuracy.

I} this document, the following print types are used:
— requirementsand‘definitions: roman type;

— Instructions;-test specifications and terms defined in Clause 3 of the general standard, in this document
or as noted: italic type;

— infermative material appearing outside of tables, such as notes, examples and references: in smaller
type; normative text of tables is also in a smaller type.

In referring to the structure of this document, the term

— “clause” means one of the numbered divisions within the table of contents, inclusive of all
subdivisions (e.g. Clause 201.7 includes subclauses 201.7.1, 201.7.2) and

— “subclause” means a numbered subdivision of a clause (e.g. 201.7.1, 7.2 and 201.7.2.1 are all
subclauses of Clause 201.7).

References to clauses within this document are preceded by the term “Clause” followed by the clause
number. References to subclauses within this document are by number only.

© IS0 2021 - All rights reserved vii
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In this document, the conjunctive “or” is used as an “inclusive or” so a statement is true if any
combination of the conditions is true.

For the purposes of this document, the auxiliary verb:

“shall” means that conformance with a requirement or a test is mandatory for conformance with
this document;

— “should” means that conformance with a requirement or a test is recommended but is not
manf{iatory for conformance with this document; and

« ”

— “maj” is used to describe permission (e.g. a permissible way to achieve conformance, \with|a
requiirement or test);

— "canl is used to describe a possibility or capability; and

— "must" is used to express an external constraint.

Annex C fontains a guide to the marking and labelling requirements in this do¢ument.
Annex D ontains a summary of the symbols referenced in this documént:

An asterisk (*) as the first character of a title or at the beginning of a paragraph or table title indicates
that therg is guidance or rationale related to that item in AA.
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Medical electrical equipment —

P

art 2-85:

Particular requirements for the basic safety and essential
performance of cerebral tissue oximeter equipment

T
th
h
ti.
tg
u
m

N

liferature.

N

01.1 Scope, object and related standards

ause 1 of the general standard applies, except as follows.

DTE The general standard is IEC 60601-1:2005+AMD1:2012+AMD2:2020.
P1.1.1 * Scope

eplacement:

his document applies to basic safety and essential performance of cerebral tissue oximeter eg
at employs light at multiple wavelengths to derive a\guantitative measure of oxygen satu
hemoglobin within the volume of tissue sampled under the probe attached to the head. Thd
bsue oximeter equipment can be based on continuous light, frequency domain or timg
chnologies. This document applies to ME equipnient used in a hospital environment as well
ed outside the hospital environment, such @s in ambulances and air transport. Additional
ay apply to ME equipment for those environments of use.

DTE 1  Cerebral tissue oximeters are sometimes referred to as near infrared spectroscopy equipment

pt included within the scope of this document are:

- invasive tissue or vascular oximeters;
- oximeters that require a blood sample from the patient;
- equipmenfmeasuring dissolved oxygen;

- ME equipment, or part thereof, that measures path-length-dependent haemoglobin chg
requirements for functional near-infrared spectroscopy equipment are found in ISO 80601

uipment,
ration of
cerebral
domain
as when
tandards

n medical

nge. The
-2-7114;

— MEequipment, or part thereof, that measures arteriat saturation based om pulsatite ¢t

tissue optical properties (Sp0;). The requirements for pulse oximeter equipment are
ISO 80601-2-61131;

head.

anges in
found in

ME equipment, or any part thereof, that claims to monitor tissue in parts of the body other than the

This document also applies to cerebral tissue oximeter equipment, including cerebral tissue oximeter
monitors, cerebral tissue oximeter probes and probe cable extenders, that have been remanufactured.

©
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If a clause or subclause is specifically intended to be applicable to ME equipment only, or to ME systems

only, the

title and content of that clause or subclause will say so. If that is not the case, the clause or

subclause applies both to ME equipment and to ME systems, as relevant.

Hazards

inherent in the intended physiological function of ME equipment or ME systems within the

scope of this document are not covered by specific requirements in this document except in 201.11 and
in 201.7.2.13 and 201.8.4.1 of the general standard.

NOTE 2

See also 4.2 of the general standard.

This doc
alleviatig

This doc

that are located outside of the patient environment.

NOTE 3
the requiry

201.1.2

Replacen

The obj
requiren

NOTE 1
accessorie
performa

NOTE 2
(IMDRF) e

NOTE 3
ISO 16142

NOTE 4
European

201.1.3

Addition:

This doc
standard]

hment can also be applied to ME equipment and their accessories used for compensation.pr
n of disease, injury or disability.

iment is not applicable to remote or slave (secondary) equipment that displaystSt0, valugs

IME equipment that provides selection between diagnostic and monitoring functions is expected to meet
ements of the appropriate document when configured for that function.

Object
ent:

ect of this document is to establish particular basic safety and essential performange
ents for cerebral tissue oximeter equipment [as definedin 201.3.202] and its accessories.

Accessories are included because the combination ‘ef the cerebral tissue oximeter monitor and the
s needs to be adequately safe. Accessories can hayea significant impact on the basic safety or essential
ce of cerebral tissue oximeter equipment.

This document has been prepared to address-the relevant International Medical Device Regulators Forym
ksential principles and labelling guidances,as;indicated in Annex J].

This document has been prepared to address the relevant essential principles of safety and performance |of
-1:2016 as indicated in Annex KK,

This document has been prepared to address the relevant general safety and performance requirements [of
regulation (EU) 2017 /745297 3s"indicated in Annex LL.

Collateral standards

iment . refers to those applicable collateral standards that are listed in Clause 2 of the generjal
and Clause 201.2 of this document.

IEC 606
IEC 6060
IEC 6060

1-1-2:2014+AMD1:2020, [EC 60601-1-6:2010+AMD1:2013+AMD2:2020,
1-1-8:2006+AMD1:2012+AMD2:2020, IEC 60601-1-11:2015+AMD1:2020 and
1-1-12:2014+AMD1:2020 apply as modified in Clauses 202, 206, 208, 211 and 212

respectively. [IEC 60601-1-3 does not apply. All other published collateral standards in the IEC 60601-1
series apply as published.

© IS0 2021 - All rights reserved
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201.1.4 Particular standards

Replacement:

In the IEC60601 series, particular standards define basic safety and essential performance
requirements, and may modify, replace or delete requirements contained in the general standard,
including the collateral standards, as appropriate for the particular ME equipment under consideration.

A reaguirement-of 9 narticular standard takes nrioritv aover the goeneral standard or the Nollateral
o et T—c—peercret Oty v-S+—ttt HEet+ar & +—ttt L

.....................

standards.

For brevity, IEC 60601-1:2005+AMD1:2012+AMD2:2020 is referred to in this document’as the general
standard. Collateral standards are referred to by their document number.

The numbering of clauses and subclauses of this document corresponds.to those of the general
standard with the prefix “201” (e.g. 201.1 in this document addresses the)content of Clause 1 of the
géneral standard) or applicable collateral standard with the prefix “2xx”‘where xx is the final digits of
the collateral standard document number (e.g. 202.4 in this document-addresses the content of Clause 4
of the IEC 60601-1-2 collateral standard, 208.4 in this documentiaddresses the content of Clause 4 of
the IEC 60601-1-8 collateral standard, etc.). The changes to the text of the general standard are
specified by the use of the following words:

"Replacement” means that the clause or subclause ofythe general standard or applicable ollateral
standard is replaced completely by the text of this dogument.

"Addition" means that the text of this document is additional to the requirements of the general
standard or applicable collateral standard.

"Amendment" means that the clausetor subclause of the general standard or applicable follateral
standard is amended as indicated by the text of this document.

Clauses, subclauses or figuresithat are additional to those of the general standard are numbered starting
from 201.101. However,cdire to the fact that definitions in the general standard are numbered 3.1
tHrough 3.147, additional definitions in this document are numbered beginning from 201.3.201.
Adlditional annexes dre lettered AA, BB, etc., and additional items aa), bb), etc.

Stibclauses ordfigures that are additional to those of a collateral standard are numbered starting from
2xx, where~“x”is the number of the collateral standard, e.g. 202 for IEC 60601-1-2, 203 for IEC p0601-1-
3)etc.

Théterm "this document” is used to make reference to the general standard, any applicable tollateral
standards and this particular document taken together.

Where there is no corresponding clause or subclause in this particular document, the section, clause or
subclause of the general standard or applicable collateral standard, although possibly not relevant,
applies without modification; where it is intended that any part of the general standard or applicable
collateral standard, although possibly relevant, is not to be applied, a statement to that effect is given in
this particular document.
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201.2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

Clause 2 of the general standard applies, except as follows:

Replacement:

ISO 15223-1:—1, Medical devices— Symbols to be used with medical device labels, labelling"ar
information to be supplied — Part 1: General requirements

Addition:

ISO 14155:2020, Clinical investigation of medical devices for human subjects — Goddclinical practice
ISO 16142-1:2016, Medical devices — Recognized essential principles of (safety and performance
medical dlevices — Part 1: General essential principles and additional spécific essential principles for

non-1VD

ISO 1766
manufac

ISO 2041

IEC 6006
primaril)

IEC 6006
broadbatr

IEC 6060
requirem

IEC 6060
basic saf

medical devices and guidance on the selection of standards

4:2017, Processing of health care products — Information-to be provided by the medical devi
urer for the processing of medical devices

7:2020, Medical devices — Information to be supplied by the manufacturer

for equipment-type specimens

8-2-64:2008+AMD1:2019, Environmental testing — Part 2-64: Tests — Test Fh: Vibratidg
d random and guidance

1-1:2005+AMD1:2012+AMD2:2020, Medical electrical equipment— Part1: Genen
ents for basic safety dund essential performance

1-1-11:2015+AMD1:2020, Medical electrical equipment — Part 1-11: General requirements f
ety and essetitial performance — Collateral Standard: Requirements for medical electrid

equipme

IEC 60601-1212:2014+AMD1:2020, Medical electrical equipment — Part 1-12: General requirements f|
basic safety’ and essential performance — Collateral Standard: Requirements for medical electrid

t and medical electrical systems used in the home healthcare environment

8-2-31:2008, Environmental testing — Part2-31: Tests — Test Ec: Rough handling shock.

hd

of
i1l

re

Dr
al

pr

al

equipment and medical electrical systems intended for use in the emergency medical services environment

IS0 80601-2-61:2017, Medical electrical equipment — Part 2-61: Particular requirements for basic safety
and essential performance of pulse oximeter equipment

IEC 6247

1:2006, Photobiological safety of lamps and lamp systems

1 Under preparation. Stage at the time of publication: ISO/DIS 15223-1:2020.
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AAMI 2700-1:20192, Medical devices and medical systems — Essential safety requirements for equipment
comprising the patient-centric integrated clinical environment (ICE) — Part 1: General requirements and

conceptual model

201.3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 16142-1:2016,
ISO 17664:2017,1S0 20417:2020, IEC 60601-1:2005+AMD1:2012+AMD2:2020,
IEC 60601-1-2:2014+AMD1:2020, IEC 60601-1-6:2010+AMD1:2013+AMD?2:2020,

IHC 60601-1-8:2006+AMD1:2012+AMD2:2020, IEC 60601-1-11:2015+AMD1:2020,

IS0 and IEC maintain terminological databases for use in standardization at the following addr¢
— ISO Online browsing platform: available at https://www.iso.org/obp
— IEC Electropedia: available at http://www.electropedia.org/

NPTE  An alphabetized index of defined terms is found in Annex MM.

201.3.201

a¢curacy

A ms

clpseness of agreement between a test result and the trué.wvalue

Npte 1 to entry: 201.12.1.101.2 contains methods for estimating the StO: accuracy of cerebral tissug
equipment.

bte 2 to entry: Additional information is found in Annexes CC, DD, EE and II.

N
Npte 3 to entry: In this document, accuracy (Aiins) is stated in terms of the root mean square diffe
201.12.1.101.3.

[SOURCE: ISO 3534-2:200616] 3.3.1, modified — Notes to entry replaced.]

201.3.202

cerebral tissue oximeter

ce¢rebral tissue oximeter.equipment

ME equipment for the_hon-invasive estimation of functional oxygen saturation of haemo
cgrebral tissue below the probe (StO: or rS0:), based on light interacting with tissue

Npte 1 to entry:/Cerebral tissue oximeter equipment comprises a cerebral tissue oximeter monitor, a p
etender, if provided, and a cerebral tissue oximeter probe, which can be combined in a single assembly.

Npte 2 to—entry: Light is more technically referred to as electromagnetic radiation (optical radiat
dgcumentuses the common term.

IHC 60601-1-12:2014+AMD2:2020, ISO 80601-2-61:2017, AAMI 2700-1:2019 and the following apply.

pSSes:

oximeter

rence. See

blobin in

robe cable

ion). This

Npte.3 to entry: Measurements are based upon light interacting with all tissue under the probe to detern

ine St0:.

201.3.203
cerebral tissue oximeter monitor
monitor

part of the cerebral tissue oximeter equipment that encompasses the measurement electronics, display

and operator interface, excluding the cerebral tissue oximeter probe and probe cable extender

2 Formerly ASTM F2761-09.
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Note 1 to entry: A cerebral tissue oximeter monitor can consist of multiple pieces of hardware in separate locations,
e.g. a telemetry system in which the applied part and primary display are physically separated.

201.3.204

cerebral
probe

tissue oximeter probe

part of the cerebral tissue oximeter equipment that includes the applied part

Note 1 to entry: The terms sensor and transducer have also been used for cerebral tissue oximeter probe.

Note 2 to

nteve A raflactanca nroho dacion ic tho tunical configuration
BRH--AFeHectace-pi e SHIRHS-tHe-typieat RHEHHO R

201.3.2(
controll

hypoxaeinia induced in a group of human subjects performed under laboratory conditions

Note 1 to
Annex EE

[SOURCE

201.3.2(

CO-oximleter

multiwav
concentr,

Note 1 to
and jugul3

Note 2 to

measurements methods on human tissue.

[SOURCE

201.3.2(
data upd
interval

display o the functional connection

Note 1 to
order of 1

[SOURCE

201.3.2¢
declared
range of]

5
bd desaturation study

entry: This can also be referred to as a controlled hypoxaemia study. Additional information is found [in

:1SO0 80601-2-61:201713], 201.3.202]

6

relength, optical analyser that measures total haemiaglobin concentration and the
htions of various haemoglobin derivatives via direct measurement of a blood specimen

entry: The relevant CO-oximetry values for this document are functional oxygen saturation of arterfal
r venous blood, Sa0, and SjvO:..

entry: This excludes indirect measurements that are performed by pulse oximetry and other optidal

: CLSI C46-A2: 2009, 4.1.9171]

7
ate period
n which the cerebral tissuévoximeter equipment algorithm provides new valid data to the

entry: This definition doés not refer to the regular refresh period of the display, which is typically on the
s, but rather to the (typically longer) interval defined above.

:1S0 80601-2+61:2017131, 201.3.204, modified.]

8

range
the, reference haemoglobin oxygen saturation (Sg) over which there is specified accuragy
nce

performg

[SOURCE: ISO 80601-2-61:201713], 201.3.202]

201.3.209
displayed range
range of St0, values that can be displayed by the cerebral tissue oximeter equipment

Note 1 to entry: The displayed range can extend beyond the declared range.
[SOURCE: ISO 80601-2-61:2017131, 201.3.206, modified.]

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=5dae964e4dc19c0fb9bba26c6e070ec2

ISO 80601-2-85:2021(E)

201.3.210
functional oxygen saturation

saturation given by the oxyhaemoglobin concentration (cO,Hb) divided by the sum of the

oxyhaemoglobin concentration and the deoxyhaemoglobin concentration (cHHb)

c0zHb
cO2Hb+ cHHb

Note 1 to entry: The CLSI[”] term for this ratio is haemoglobin oxygen saturation, and its notation is SO,.

[JOURCE: CLSI C46-A2: 2009, 4.1.10.217]]

201.3.211

fynctional tester

tgst equipment that presents the cerebral tissue oximeter equipment with a tissue analogue rep
predictable value of tissue haemoglobin saturation so that the operator can observe the
splayed value of St0» and compare it to the expected value.

hte 2 to entry: Not all functional testers and cerebral tissue oximeter equipment are compatible.

D1.3.212

a
d
Npte 1 to entry: Additional information is found in Annex FF.
N
2
Idcal bias

fference between the expectation of the results (St0;).ahd a reference value

bte 2 to entry: For phantom desaturation studies, the reference values are obtained from a

b
d
Npte 1 to entry: For human desaturation studies, the reference is SavO..
N
mieasurement.

N

bte 3 to entry: For cerebral tissue oximeter equipment, this is, at a given value of the reference oxygen s
thle difference between the y-value of theregression line at that coordinate and the y-value of the line d
in|a plot of St0z versus Sk, or given by

bi=StOzfit,i — Swr,i

[JOURCE: ISO 80601-2-61: 201781, 201.3.211, modified.]

201.3.213
mean bias
B

where St0O,; is the value ofithe curve fitted to the test data at the ith reference oxygen saturation value, Sg..

Npte 4 to entry: Additiohal information is found with the term mean bias and in the discussion in Annex (

resenting
resulting

reference

aturation,
f identity,

liff | ] | ref | L

n
> (St02i—Ski)

B= i=1
n
where
n is the number of data pairs in the sample;

St0,; is the ith St0, datum; and
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Swi s the ith reference oxygen saturation value.
Note 1 to entry: Additional information also is found with the term local bias and in the discussion in Annex CC.

Note 2 to entry: When defined in this way, mean bias is the average of all local bias values, b;.

[SOURCE: ISO 80601-2-61:201713], 201.3.211]

201.3.214
operator settings
current state of any cerebral tissue oximeter monitor controls, including alarm settings

[SOURCH: ISO 80601-2-61:201781, 201.3.213, modified.]

201.3.215
precision
closenes$ of agreement between independent test results obtained under stipulated conditions

D" (St02i— St0z2u,i)’

| i=1

Sres |

n-2

where

n is the number of data pairs in the sample within the range of interest;

(St04; - StO0,q, ;) s the difference between the ith St0, datum and the value of the fitted curve
corresponding to the ith reference oxygen saturation value, Sy,

Note 1 to gntry: Additional information is found in Annex GG

Note 2 to ntry: srs is the sample standard deviation of-the residuals.

[SOURCEH: ISO 80601-2-61:201713], 201.3.214, modified.]

201.3.216
probe cable extender
cable thaft connects a cerebral tissue-oximeter monitor to a cerebral tissue oximeter probe

Note 1 to entry: Not every cerebraltissue oximeter equipment utilizes a probe cable extender.

Note 2 to gntry: A probe cable-extender can be an applied part.
[SOURCH: ISO 80601<2-61:2017131, 201.3.215, modified.]

201.3.217
probe fault
abnormall ‘eondition of the cerebral tissue oximeter probe or probe cable extender which, if not detected,
could cause patient harm

Note 1 to entry: Patient harm can be caused by providing incorrect values, by exposing the patient to high cerebral
tissue oximeter probe temperatures or by introducing a risk of electric shock.

[SOURCE: ISO 80601-2-61:2017131, 201.3.216, modified.]

201.3.218

* remanufacturing

DEPRECATED: reprocessing

any activity, which is not specified in the accompanying document, that renders a product suitable for
use or reuse
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Note 1 to entry: Such activities are often referred to as refinishing, restoring, recycling, refurbishing or repairing.
Note 2 to entry: Such activities can occur in healthcare facilities.

Note 3 to entry: The term “remanufactured” is used to designate the corresponding status.

[SOURCE: 1SO80601-2-61:20178Bl, 201.3.221, modified — Replaced ‘reprocessed’ with
‘remanufactured’.]

201.3.219

SaOZ

frpction of functional haemoglobin in arterial blood that is saturated with oxygen
Npte 1 to entry: Sa0O, is functional oxygen saturation in arterial blood. Additional informatien”is|found in
201.3.211.

Npte 2 to entry: Sa0, is normally expressed as a percentage (by multiplying the fraction by~100 %).

[JOURCE: CLSI C46-A2: 2009, 4.1.10.217]]

201.3.220
SleOz

cgmposite of the oxygenation state of the arterial and jugular venous blood to derive a refefence for
S40;, as described by

Sav0; =R x Sa0; + (1 - R) x §jv0;
here R is the fraction of arterial blood and (1-R) is thefraction of jugular venous blood
hte 2 to entry: SavO, is normally reported as a pereentage (multiplying the fraction by 100 %). R is the relative

pighting of the sampled arterial blood and jugular venous blood oxygenation, and is based on thg assumed
anterial:venous blood volumes in the cerebral ¢issue beneath the probe.

W
Npte 1 to entry: 201.12.1.101.2 contains requirementsfor'collection of data from controlled desaturation|studies.
N
\

201.3.221
S}VOZ
fraction of functional haemoglabin in jugular venous blood that is saturated with oxygen

Npte 1 to entry: 201.12.1.101 .2 Contains requirements for collection of data from controlled desaturation|studies.
Npte 2 to entry: Sjv0: isnormally expressed as a percentage (multiplying the fraction by 100 %).
201.3.222

SpOz
egtimate of $¢0, made by pulse oximeter equipment

Npte 1 torentry: Two-wavelength pulse oximeter equipment cannot compensate for the interference caused by the
piesence of dyshaemoglobins in their estimation of Sa0>.

Note 2 to entry: Sp0, is normally reported as a percentage (multiplying the fraction by 100 %).

[SOURCE: ISO 80601-2-61:201713], 201.3.223]

201.3.223
SphanO0;
functional haemoglobin oxygen saturation in the tissue haemoglobin phantom liquid

Note 1 to entry: Additional information is found in Annex DD.

Note 2 to entry: SphanO: is normally expressed as a percentage (by multiplying the fraction by 100 %).
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201.3.224
Sr
reference haemoglobin oxygen saturation

Note 1 to entry: For verification based on a controlled desaturation study, Sy is replaced with SavOz; for verification
based on phantoms, with SphanO:.

Note 2 to entry: Sy is normally expressed as a percentage (by multiplying the fraction by 100 %).

201.3.225
StO;
I SOz
cerebral tissue oxygenation
estimate|of functional oxygen saturation of haemoglobin in cerebral tissue below the probe . made by
cerebral {issue oximeter equipment

Note 1 to entry: StO: is often expressed in the medical literature as rSO:2 (regional oxygen saturation) and both
notationsjare considered interchangeable in this document.

Note 2 to entry: St0: is normally expressed as a percentage (multiplying the fraction by 100 %).

201.3.226

tissue hgemoglobin phantom
artificial [physical model that exhibits optical properties approximdting in-vivo biological conditions
which in¢ludes turbid media and haemoglobin, blood or other haemeglobin-simulating material

Note 1 to gntry: Additional information is found in Annex DD.

201.3.237

total ha¢moglobin concentration
ctHb
sum of |concentrations of all haemoglobin species in a medium including, but not limited ftpo,
oxyhaemfoglobin (cO,Hb), methaemoglobin. (cMetHb), deoxyhaemoglobin (cHHb), sulfhaemoglobjn

(cSHb) and carboxyhaemoglobin (cCOHb)["

Note 1 to entry: CLSI denotes “concentration” by a prefixed letter c, while in the past the convention of squafe
brackets, £.g. [02Hb], was used.

Note 2 to entry: CLSI (Clinical and Labératory Standards Institute)[”] uses the following notations:
— oxyhaemoglobif (02Hb);

— deoxyhaemoglobin (HHb);

— carboxyhaemoglobin (COHb);

— methaemeoglobin (MetHb);

— sulfhgemoglobin (SuHb); and

— tetalhaemoglobin (tHb).

Note 3 to|entry:’When total haemoglobin concentration is used in the context of tissue or a tissue haemoglobjin
phantom, |it>refers to the concentration per tissue volume (spatial average) or per volume of turbid liquid,
M /1Y T 41 oyt of CN)

t' s cnally givzamm 10 s s Al e e Tiben [ ] n n saimaatira of vwahoala h A3t £,
respectively—usuallygiveninmieromolespertitre (pM/ A 1nthe-contextof CO-oximetryof-whele bleod it refers

to the concentration per volume of blood, usually given in g/dl.

[SOURCE: CLSI C46-A2: 2009, 4.1.9171]

201.4 General requirements

Clause 4 of the general standard applies, except as follows:

Addition:
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201.4.3.101 * Additional requirements for essential performance
Additional essential performance requirements are found in the subclauses listed in Table 201.101.

Table 201.101 — Distributed essential performance requirements

Requirement Subclause

For cerebral tissue oximeter equipment provided with an alarm system
that includes the capability to detect a physiological glarm condition:

[St0z accuracy and limit alarm conditions] 201.12.1.101
208.6.1.2.10%

or generation of a technical alarm condition? 201.118401.1

201.124
201.13.101

For cerebral tissue oximeter equipment not provided with an alarm

system that includes the capability to detect a physiological alarm

condition:

St0z accuracy? 201.12.1.101

e . 201.12.4
a
or indication of abnormal operation 20113101

a Subclause 202.8.2 indicates methods of evaluating the performance of cerebral tissue oximeters
as acceptance criteria following specific tests required by this document.

2D1.4.102 Additional requirements for acceptance criteria

Many of the clauses and subclauses within this document establish acceptance criteria for performance
agpects. These acceptance criteria shall always be met.

When the manufacturerspecifies in the accompanying document performance levels better than those
specified within this‘document, these manufacturer-specified levels become the acceptance levels.

For a manufacturer-specified (declared) level of StO, accuracy of 10 %, the cerebral tissue|oximeter
equipment isy,still required to exhibit less than 4 % StO: deviation during immunity tests (see
202.8.1.101)d)). If the cerebral tissue oximeter equipment has a manufacturer-specified (¢leclared)
agcuracy~of 3 % then it shall have less than +3 % StO, deviation for all requirements (e.g. during
immunity tests).

201.4.103 Additional requirements for cerebral tissue oximeter equipment, parts and
accessories

a) The cerebral tissue oximeter equipment, as well as all individual parts and accessories specified for
use with a cerebral tissue oximeter monitor, shall conform with all requirements specified in this
document. This includes all combinations of parts or accessories that are specified by a
manufacturer for use in cerebral tissue oximeter equipment.

NOTE 1 This requirement ensures basic safety and essential performance of parts and accessories of the
cerebral tissue oximeter equipment, in combination with their intended cerebral tissue oximeter monitors.
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NOTE 2 Cerebral tissue oximeter monitors are sometimes used with cerebral tissue oximeter probes and cables
from different manufacturers. This requirement ensures the compatibility of such combinations.

b) All specified combinations of cerebral tissue oximeter equipment, as well as all individual parts and
accessories specified for use with a cerebral tissue oximeter monitor, shall be disclosed in the
instructions for use.

NOTE 3 Additional information is found in 201.7.9.2.1.101 g) and 201.7.9.2.14.101 a) and b).

201.5 General requirements for testing of ME equipment

Clause 5 pf the general standard applies.

201.6 Classification of ME equipment and ME systems

Clause 6 pf the general standard applies.
201.7 ME equipment identification, marking and documents

201.7.1.101 Information to be supplied by the manufacturer

The infotmation supplied by the manufacturer of cerebral tissue oximéter equipment and its accessoriges
shall conform with ISO 20417:2020.

In  applying  1SO 20417:2020, the terms in &this document and  those in
IEC 60601-1:2005+AMD1:2012+A2:2020 shall be used as follows.

a) The term "accompanying information" shall assume'the same meaning as accompanying documents.
b) The term "medical device" shall assume the same meaning as ME equipment.
c) The term "user" shall assume the same ineaning as operator.

d) The term "patient” shall include animals.

Check copformance by application-ef ISO 20417:2020.

Clause 7 pf the general standard applies, except as follows:

201.7.2{3 Consult.accompanying documents

Replacement:

The cerebral tissue oximeter equipment shall be marked with the sajety sign for the mandatory action:
'follow instructions for use', 1SO7010-M002 (see IEC60601-1:2005 and IEC 60601-
1:2005/AMD1:2012/COR1:2014, Table D.2, Number 10).

Addition:
201.7.2.9.101 IP classification

a) Notwithstanding the requirements of IEC 60601-1:2005+AMD1:2012+AMD 2:2020, 7.2.9, the
enclosure of ME equipment shall be marked with the IP classification required by 201.11.6.5.101.
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b) If some or all of the protection against the ingress of water or particulate matter is provided by a

IH

carrying case, then

1) the degree of protection provided by the enclosure shall be marked on the enclosure; and

2) the degree of protection provided by the carrying case shall be marked on the carrying case.

EXAMPLE If for portable ME equipment, the enclosure provides the protection against the ingress of
particulate matter and the carrying case provides the protection against the ingress of water, the enclosure of

the ME equipment would be marked [P2X and the carrving case would be marked IPX2

An enclosure or a carrying case that is classified IPX0 need not be marked as such.
If an enclosure does not provide the minimum required degree of protection against the i

Symbol 2).

neck conformance by inspection and by application of the~ tests and cri
C 60601-1:2005+AMD1:2012, 7.1.2 and 7.1.3.

01.7.2.101 Additional requirements for marking on theoutside of ME equipmen

the effect “No StO, Alarms” or Symbol IEC 6041725319 (DB-2002-10) (see Table 201
Symbol 3).

For a remanufactured cerebral tissue oximetet,probe, marked as such.

neck conformance by inspection.

01.7.4.3 Units of measurement
C 60601-1:2005+AMD1:20%:2,'7.4.3 applies, except as follows:

mendment (add to the'bottom as a new row in Table 1):

brebral tissue oxygenation shall be expressed in percent and shall be marked as %.

01.7.9.2_Instructions for use

C 60601-1:2005+AMD1:2012+AMD2:2020, 7.9.2 applies, except as follows:

ngress of

water, it shall be marked 'keep dry' or with Symbol ISO 7000-0626 (see” Table 201.D.1.101,

teria  of

t parts

If a cerebral tissue oximeter monitor is not provided withna low St0, alarm condition, a statement to

.D.1.101,

Addition:

201.7.9.2.1.101 Additional general requirements

The instructions for use shall indicate the following:

a) for each cerebral tissue oximeter equipment and cerebral tissue oximeter probe, the specified use of

©

the cerebral tissue oximeter equipment and cerebral tissue oximeter probe regarding:

1) whether cerebral tissue oximeter probe replacement or repositioning requires re-establishment

of baseline;

ISO 2021 - All rights reserved
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b) that the cerebral tissue oximeter equipment displays StO; or rS0z;

c) the range of the peak wavelengths of the light emitted by the cerebral tissue oximeter probe;

d) the maximum optical output power of the light emitted by the cerebral tissue oximeter probe;

e) description of the effect on displayed and transmitted StO. data values by:

1) the data averaging and other signal processing,

2) the data update period,

3) the alarm condition delay,

4) the alarm signal generation delay, and

5) the effects of any selectable operating mode on the previous 4 list items;

NOTE/1 Annex GG provides an example of how to assess and describe response time graphically.

f) the dfsplayed ranges of StO;;

g) if nofalarm system that includes the capability to detect an StOz physiological alarm condition [is
provided, a statement to that effect and Symbol I[EC60417-5319 (DB-2002-10) (s¢e
Tabl¢ 201.D.1.101, Symbol 3) may be used for this indication;

h) for cerebral tissue oximeter monitors, the list of cerebral tissue oximeter probe(s) and probe cable
extenders with which the cerebral tissue oximeter-monitor has been verified and tested fpr
confgrmance with this document. This may be made available by electronic means;

NOTE 2 Additional information is found in 201.4103.

i) the verification method used to assess the accuracy;

j) a stafement to the effect that performance assessment based on in-vivo and in-vitro methods are
not euivalent;

NOTE B In-vivo verification involves testing on a variety of human subjects in a clinical setting and captures
inter-gubject variability. In=vitro verification involves testing with reproducible tissue phantom(s) in|a
controfled, non-clinical laboratory setting. Both methods can differ in the level of uncertainty and its sources.

k) information to indicate that StO, values from different cerebral tissue oximeters might not be directlly
complarable;

1) accunacy, Awms;

m) mean-bias,B;

n) = standard deviation of the bias; and

NOTE 4 Standard deviation refers to the differences between the test and reference values, StOz and Sr. Refer
to Annex CC.

o) iftrend accuracy is provided, the method used to determine trend accuracy.

Check conformance by inspection of the instructions for use.

14
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201.7.9.2.2.101 Additional requirements for warnings and safety notices

For each cerebral tissue oximeter probe and probe cable extender, the instructions for use shall include:

a) awarning to the effect that probes and cables are designed for use with specific monitors;

b) a warning statement to the effect that the responsible organization or operator needs to confirm the

compatibility of the monitor, probe and cable before use, or patient injury can result; and

neck conformance by inspection of the instructions for use.

01.7.9.2.9.101 Additional requirements for operating instructions

he instructions for use shall indicate the following:

a Warning statement to the effect that misappiication of a probe Witll exXCessSIVE pre
prolonged periods can induce pressure injury.

a description of the signal inadequacy indicator and its function;if applicable;

the recommended maximum application time for each type of cerebral tissue oximeter p
single site;

the IP classification of the cerebral tissue oximeter equipment enclosure;

1) If applicable, the IP classification on any' carrying case provided with the cereb
oximeter equipment.

2) Abrief description of the meaningof any IP classification.

EXAMPLE IPX2 means thiscérébral tissue oximeter is protected against harmful effects o
water when tilted at 15° according to IEC 60529.

if the cerebral tissue oximeter equipment is provided with a capability such that the cereb
oximeter probe can operate at a temperature greater than 41 °C, specific instructions emj
the importance of(proper cerebral tissue oximeter probe application, without excessive
and

1) In additien, specific instructions for any changes in recommended maximum applica
whenusing temperatures greater than 41 °C.

Thedeclared range of alarm limit adjustment.

=y

bsure for

robe at a

ral tissue

f dripping

ral tissue
bhasizing
pressure;

tion time
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The instructions for use shall include the following:

1ent,

a) for cerebral tissue oximeter probes, the cerebral tissue oximeter monitor(s) and probe cable extenders
with which the cerebral tissue oximeter probes have been verified and tested for conformance with

this document;

NOTE 1 Additional information is found in 201.4.103.

1) The list may be made available by electronic means.

© IS0 2021 - All rights reserved
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b) for probe cable extenders, the cerebral tissue oximeter monitor(s) and cerebral tissue oximeter probes

with

which the probe cable extenders have been verified and tested for conformance with this

document.

NOTE

2 Additional information is found in 201.4.103.

1) The list may be made available by electronic means.

Check conformance by inspection of the instructions for use and inspection of the risk management file for

the ident

ification of any residual risks and any adverse effect of any recommended accessory.

201.7.9

The tech
to assess

NOTE

Check comformance by inspection.

201.8 1
Clause 8

Addition:

201.8.3

Applied p

Check copformance by inspection.

201.8.5

Applied iarts of cerebral tissue“oximeter equipment expected to be used in an environment whefe

defibrill

3.1.101 * Additional general requirements

hical description shall include a statement to the effect that a functional tester cannot be us¢d
the accuracy of a cerebral tissue oximeter probe or a cerebral tissue oximeter monitor.

Additional information is found in Annex FF.

Protection against electrical hazards from ME equipment

pf the general standard applies, except as follows:

101 Additional requirements for classification of applied parts

arts of cerebral tissue oximeter equipment shall be type BF or type CF applied parts.

5.1.101 Defibrillation protection

ors are common, shall'be classified as defibrillation-proof applied parts.

Check conformance by-inspection and inspection of the risk management file for assessment of a need fpr
the applied part to be,classified as defibrillation-proof applied part.

NOTE Some_&xamples of environments where defibrillators are common include the operating room,
emergencly depatrtment, cardiac catheterization laboratory, and intensive care units.

201.8.7 47101 -Additienal requirementsformeasurement-of the patientleakage
current

Cerebral tissue oximeter probes marked for temporary immersion shall:

a) conform to IPX7 of IEC 60529:1989+AMD1:1999+AMD2:2013;

b) be tested for patient leakage current according to 8.7.4.7 f) of the general standard.

Check conformance by the relevant tests of the general standard.

16

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=5dae964e4dc19c0fb9bba26c6e070ec2

ISO 80601-2-85:2021(E)

201.9 Protection against mechanical hazards of ME equipment and ME systems

Clause 9 of the general standard applies.

201.10 Protection against unwanted and excessive radiation hazards

Clause 10 of the general standard applies, except as follows:

201.10.4 Lasers

Replacement:

aa) Depending on the light source used in a cerebral tissue oximeter probe, the relevantrequirgments of
IEC 60825-1:2014 or IEC 62471:2006 shall apply to a cerebral tissue oximeterprobe.

bb) In the case of laser fibre optics, the requirements of IEC 60825-2:2004+AMD1:2006+AMD2:2010
shall apply.

NPTE IEC 60601-2-57121 does not apply because there are no intended photobiological effects.

Check conformance by application of the requirements of IEC 60825-1:2014, IEC 60823-2:2004+
AMD1:2006+AMD2:2010, and IEC 62471:2006 as applicable.
2

01.11 Protection against excessive temperatures and other hazards

Clause 11 of the general standard applies, except as-follows:

2D1.11.1.2.2 Applied parts not intended to supply heat to a patient

Amendment (add at the end of 11.1.2.2):

aa) The cerebral tissue oximeter probe-tissue interface shall be evaluated when the skin tempgrature is
initially at 35°C for each\\cerebral tissue oximeter monitor and cerebral tissue oximeter probe
indicated in the instructions for use.

NOTE Additionalinformation is found in Annex BB.

If the surfacestemperature of the cerebral tissue oximeter probe at the tissue interface is cppable of
exceeding41°C, then

bb) the eerebral tissue oximeter equipment shall have an operator-adjustable control for activating any
elevated temperature mode that exceeds 41 °C;

1) Adetiberate sequence of operatoractions shail be required to activate thismode.
2) The instructions for use shall describe this sequence of operator actions.

cc) the cerebral tissue oximeter equipment shall provide a means to limit the duration of an elevated
temperature mode in excess of 41 °C;

1) The duration of the elevated temperature mode shall not exceed 4 h at 43 °C or 8 h at 42 °C.
dd) the instructions for use shall include a statement to the effect that the use of temperature settings

greater than 41 °C requires special attention in patients with susceptible skin, such as neonates,
geriatric patients or burn victims;
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ee) the cerebral tissue oximeter equipment shall indicate when it is in the elevated temperature mode;

and

ff) the technical description shall describe the test method used to measure the maximum temperature
at the cerebral tissue oximeter probe-tissue interface.

1) When performing the temperature measurements for the cerebral tissue oximeter probe-tissue
interface, as specified in IEC 60601-1:2005+AMD1:2012+AMD2:2020, 11.1.3, the test method
disclosed in the technical description may be utilized.

NOTE

Addition:

201.11.
the ME ¢

a) The
harm

b) The
protg

1)

—

NOTE 1
oximeter ¢
emergenc)

NOTE 2

Check co
placed in
that basi

201.11.

Amendm
NOTE

Addition:

Additional information is found in BB.3.

6.5.101 * Additional requirements for ingress of water or particulate'matter into
pquipment or ME system

bnclosure of a cerebral tissue oximeter equipment shall provide a degree of protection to the
ful ingress of water of at least an IPX1 for cerebral tissue oximeter equipment.

enclosure of transportable cerebral tissue oximeter equipmeént shall provide a degree pf
ction to the harmful ingress of water of at least an IPX2 for,eetebral tissue oximeter equipment.

For portable ME equipment that is only intended to:be used within a protective case, this
pquirement may be met while the ME equipment is inside the case.

Additional requirements for ingress of water or particulate matter into the enclosure of cerebral tissyie
quipment intended for use in the home healthcare environment are found in IEC 60601-1-11 and in the
by medical services environment are found in IEG.60601-1-12.

See also0 201.8.7.4.7.

1formance according to the testsfIEC 60529:2013 with the cerebral tissue oximeter equipmeht
the least favourable position of normal use and by inspection. After these procedures, confirm
C safety and essential performance are maintained.

.7 Sterilization of ME equipment or ME system

bnt (add note before conformance test):

Additional requirements are found in 11.6.6 of IEC 60601-1:2005+AMD1:2012.

201.11.

.10t Additiomal requirermrents forimterruptionrof the power

supply/supply mains to ME equipment

201.11.8.101.1 Technical alarm condition for power supply failure

a) If cerebral tissue oximeter equipment is equipped with an alarm system that detects a physiological
alarm condition, the alarm system shall provide at least a medium priority technical alarm condition
to indicate when the power supply falls outside the values specified for normal operation.

NOTE After the loss of power, the alarm system is not expected to repeat alarm signals indefinitely.

18
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b) If the function of the cerebral tissue oximeter equipment is maintained by the switchover to an
internal electrical power source, the supply failure medium priority technical alarm condition shall

not be activated.

1) Any such switchover to an internal electrical power source shall be indicated by an information

signal or a low priority technical alarm condition.

Check conformance by functional testing.

2P1.11.8.101.2 Settings and data storage following short interruptions or autom
syitchover

When the supply mains to the cerebral tissue oximeter equipment is interrupted for,Jess tha
ayitomatic switchover to an internal electrical power source occurs:

a] no change of clinical operator settings shall occur, including the mode of operation; and
b) all stored patient data shall remain available.

NPTE 1 The cerebral tissue oximeter equipment does not have to contiiiue to operate during the inter
thle supply mains.

NPTE 2 Settings include operator settings, responsible organization)settings, and the mode of operation
Check conformance by observing the cerebral tissue oximeter equipment settings and stored pat

and then interrupting the supply mains for a period of between 25 s and 30 s by disconnecting ¢
supply cord. After reestablishment of power, the abave settings and stored data shall be the same.

2P1.11.8.101.3 Operation following long interruptions

a] The instructions for use shall disclese the operation of the cerebral tissue oximeter equipn
the supply mains has been interripted when the “on-off” switch remains in the "on" positi
restored after a period of time\longer than 30 s.

b) A cerebral tissue oximeter:shall provide a technical alarm condition at least 5 min prior to|

that it can no longer(function in accordance with the manufacturer’s specification when
from the internal elegtrical power source.

Check conformance by inspection of the instructions for use.

201.12 Accuracy of controls and instruments and protection against hazar
outputs

htic

n 30s or

ruption of

ient data
he power

ent after
on and is

the time
powered

dous

Clause 12 of the general standard applies, except as follows:

Addition:

201.12.1.101 * StO:z accuracy of cerebral tissue oximeter equipment

201.12.1.101.1 * Specification

a) The St0, accuracy of cerebral tissue oximeter equipment shall be determined as a root-mean-square

difference over the declared range of 50 % to 85 % of the reference haemoglobin oxygen saturation,

Sk.

© IS0 2021 - All rights reserved
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b) StO0, accuracy shall be less than or equal to 10,0 % StO, over the declared range of 50 % to 85 % Sk.

d)

g)

h)

20

1) StO; accuracy specifications over additional ranges may be provided as long as the range is

greater than 20 %.

EXAMPLE A specified StOz accuracy of 8 % for 50 % to 85 % Srand 7 % for 50 % to 80 % Sk.

The instructions for use of cerebral tissue oximeter equipment shall disclose:

1)

2)

C+0)
J

a P LCOCA L A
TCOoTOacturacy, ot

its declared range.

St0, laccuracy information shall be accompanied by a note reminding the reader_ that, becau

cerelral tissue oximeter equipment measurements are statistically distributed, only,abotuit two-thir

of ce

referpnce measurement over the declared range.

The ipstructions for use may additionally disclose StO, trend accuracy.

1)

f provided, the St0O; trend accuracy shall be reported over the declared range of 50 % to 85

Dr.

When a cerebral tissue oximeter monitor is suitable for use.with a variety of cerebral tissue oximet]
probgs, St0, accuracy information shall be made available for each type of cerebral tissue oximet|

probg¢ indicated in the instructions for use.

The following results of the accuracy performance studies shall be provided in the instruction f

use:

1)

2)

a|scatter plot, i.e. StO, versus Sk, and:the parameters (slope, intercept, correlation coefficient)

o)

regression line calculated withinthe limits of the declared range;
1) The plot should contain/grid lines and a line of identity (y=x);

a[Bland and Altman plotTi.e., (5t0, - Sg) versus (StO: + Sr)/2].

In cake of in-vivo-perification, population mean bias (), between-subject variance (o,2), withi
subjdct variance-(o2), and upper 95 % and lower 95 % limits of agreement shall be provided
outlined in Section 3 of Reference [28].

1)

rebral tissue oximeter equipment measurements can be expected to fall within +4,, . of the

Se
s

er
er

pr

AS

IT cdse the plots show noticeable outliers, the following shall be provided:

i) a discussion of the state of health, subject characteristics, test setup, test procedure, and

any other factors that might have affected these data points; and

ii)  a discussion of how the outlier(s) do not raise safety and performance concerns regarding

the accuracy of the cerebral tissue oximeter.

Three statistical metrics (accuracy, Arms, mean bias, B, + standard deviation of the bias) and the plots
shall be provided:

iy

for all subjects pooled (in case of verification by a controlled desaturation study); and

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=5dae964e4dc19c0fb9bba26c6e070ec2

j)

ISO 80601-2-85:2021(E)

2) for all required ctHb values pooled (in case of phantom desaturation).

The accuracy statements (accuracy, Arms, mean bias, B, *+ standard deviation of the bias) and the plots
shall be provided for each combination of cerebral tissue oximeter probe and cerebral tissue oximeter
monitor listed in the instructions for use.

Check conformance by following the requirements of 201.12.1.101.2 and by inspection of the
accompanying document as well as the information that is available to the responsible organization upon

request.

2P1.12.1.101.2 * Data collection for determination of St0: accuracy

a] The claims of StO, accuracy and trend accuracy, if provided, shall be supported by a dontrolled
desaturation study or tissue haemoglobin phantom measurements taken over the full declafed range
of the reference Sk or between +3 % of the lower value and -3 % of the upper value for which St0,
accuracy is claimed.
NOTE 1 In a controlled desaturation study, the Sav0; is not controlled directly, so for a desaturatior] of 100 %
to 70 % Sa0:, the Sav0, range will vary from subject to subject.
1) The range of human demographics represented in the Controlled desaturation study shall be

disclosed, including anatomy, physiology and pathophySiology.

2) Data points should be recorded with comparable density over the full declared range.
EXAMPLE 1 A controlled desaturation studyssupporting a declared range of StO, accunacy from
55 % Sav0, to 80 % Sav0, can be supported with Sav0, data collected over the range of 58 % Sav@, to 77 %
SaVOZ.

b) The controlled desaturation study shall-conform with the requirements of ISO 14155:2020.

c) The residual risk inherent in acontrolled hypoxia study on healthy adult volunteers, can bg¢ reduced
to a non-significant level by following recommended additional procedures(30l.

d) The accuracy of cerebral-tissue oximeter equipment for paediatric patients shall be supported via:
1) aconveniencesample study on the intended population; or
2) a desaturation study on a tissue haemoglobin phantom constructed to represent the|targeted

paediatric population.

NOTE:2 The accuracy of cerebral tissue oximeter equipment for paediatric patients cannot be suppqrted via a
controlled desaturation study of adult subjects.
NOTE 3 Additional information is found in Annexes AA, DD and EE

e) Any types of interference known to influence or affect the St0, accuracy:

1) need not be stated as part of the St0, accuracy specification; but

2) shall be disclosed in the instructions for use.

EXAMPLE 2 Ambient light (including photodynamic therapy); physical movement (patient and imposed
motion); diagnostic testing; electromagnetic interference; HF surgical equipment; dysfunctional
haemoglobin; presence of certain dyes; inappropriate positioning of the cerebral tissue oximeter probe; low
total haemoglobin concentration; excessive thickness of extracerebral tissue.
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f) A summary of the test methods used to establish the St0, accuracy claims shall be disclosed:

1) in the technical description; and

2) the instructions of use.

201.12.1.101.3 * Data analysis for determination of St0: accuracy

a) For each declared range specified, StO; accuracy of the cerebral tissue oximeter equipment shall be

b)

d)

22

state
refer

Atmg

For ¢
equip

NOTE

NOTE
repre
based
on th

equip
NOTE

documents of ISO/TC 69, Applications of statistical méthods, for determination of accuracy and precision.

In ca
accur

from

1) T

i In terms of the root-mean-square (rms) diiference between measured values (5t0z),and
ence values (Sy;), as given by Formula (1), for the number of paired samples (n).

n

Z (85¢0,; —Sg; )2
=\ = (1)

n

ach declared range specified, StO; trend accuracy, if provided, of th€\cerebral tissue oximetpr
ment shall be disclosed by the manufacturer along with the method-of determination.

1 Atthe time of this document, there is no consensus on the methodsfor reporting trend accuracy.

2 The concepts of bias and precision as given in ISO 3534-2:2006/¢ and ambiguity(8% also have value fin
enting the accuracy of ME equipment. The decision to require the form of St0: accuracy stated above|is
on the belief that it will be more widely understood by the general community of clinical operators and
b recognition that in some cases it represents the overall StO: accuracy of cerebral tissue oximeter
nent better than do bias and precision.

3 Attention is also drawn to ISO/IEC Guide 99 (VIM)[! and ISO/IEC Guide 98-3 (GUM)[1% as well as the

be of in-vivo verification by a controlled-desaturation study, the standard reference for the St0;
acy as read by cerebral tissue oximeter equipment shall be traceable to SavO, values obtaingd

CO-oximeter analysis of simultaneously drawn arterial and jugular venous blood.

he assumption on the ratio,of arterial and venous compartment sizes, R, shall be disclosed n

=t

NPTE 4 See definition’201.3.220, Note 2 to entry.

2)

the range for $a0, and Sjv0, blood draws.

3)

performance that are required in laboratories reporting clinical data shall be utilized for the C0-
okimeter.

e instructions for use.

1
—

e CO-oximeter-shall have a specified performance of 1 % (1 standard deviation) or better ov

uality <;assurance, including maintenance and procedures for assessing CO-oximetpr

NOTE 5 Additional information is found in Annex EE.

In case of in-vitro verification (phantom), the reference method for the assessment of St0O, accuracy

shall

1) T

be disclosed in the instructions for use.

he performance of the reference method shall be appropriately verified.

NOTE 6 Additional information on phantoms is found in Annex DD.
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201.12.1.101.4 Characteristics of the study used for determination of St0: accuracy

a)

If in-vivo methods are used, the summary of the clinical study report used to assess StO; accuracy
shall:

1) state whether the test subjects were sick or healthy;

2) describe their skin colour, age and gender; and

a

hao dicelacadinth I -t
o

If in-vitro methods are used, the summary of the phantom study used to assess St0zac¢uracy shall
state the main characteristics of the experiment as listed in DD.4.2.

heck conformance by inspection of the accompanying document.

01.12.4 Protection against hazardous output

{dition:
01.12.4.101 * Data update period

There shall be an indication that St0;is not current when the data update period is greater than 30 s.

NOTE The data update period can be shorter than 30 's:

If the cerebral tissue oximeter equipment is equipped with an alarm system that detects any
physiological alarm conditions, the alarm system shall provide at least a low priority alarm pondition
to indicate when the data update period exceeds 30 s.

Cerebral tissue oximeter equipment_that is not equipped with an alarm system that defects any
physiological alarm condition shallindicate when the data update period exceeds 30 s.

1) The indication shall be'described in the instructions for use.

If the cerebral tissue 6ximeter equipment is equipped with a functional connection (see 201.102), an
indication that theldata update period exceeds 30 s shall be included in the data stream.

neck conformance by inspection.
01.12.4<102 * Signal inadequacy

An indicator of signal inadequacy shall be provided to the operator when the displayed StQ; value is
potentially incorrect.

©

1) Symbol ISO 7000-0435 (see Table 201.D.1.101, Symbol 1) may be used for this indication.
2) The accompanying document shall include a description:

i)  ofthe indicator; and

ii) ofits function.

EXAMPLE Signal inadequacy indicated by a visual information signal or a low priority alarm signal.
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b) If the cerebral tissue oximeter equipment is equipped with a functional connection (see 201.102),

then

signal inadequacy shall be included in the data stream (see Table HH.201).

Check conformance by inspection.

201.13

Hazardous situations and fault conditions for ME equipment

Clause 13 of the general standard applies, except as follows:

Addition:

201.13.

a) If the cerebral tissue oximeter equipment is equipped with an alarm system (to detect a
physiplogical alarm conditions, the alarm system shall provide a technical alarm condition to indica
wher} any wire in the cerebral tissue oximeter probe cable or probe cable extender is opened
shorfed to any other wire in the cerebral tissue oximeter probe cable; that compromises basic safety
or essential performance.

b) Cerel

1) The indication shall be described in the instructions for use:

EXAMPLE Indication of abnormal operation by blank displayz

Check comformance with the following test:

c) Discannect the cerebral tissue oximeter probe.from the cerebral tissue oximeter equipment and place
in setties with a circuit with which each cerebral tissue oximeter probe wire can be opened or short
to any other cerebral tissue oximeter-probe wire. Do not test unused wires in the cerebral tiss

oxim

d) Repe

e) Confirm either that a probe fault is indicated by the cerebral tissue oximeter monitor or that t
cerelral tissue oximeter‘equipment continues normal operation.

201.14

Clause 14 of the'general standard applies.

201.15

101 Detection of probe faults and probe cable extender faults

bter probe cable or probe cable extender.

1t for any probe cable extender.

Programmable electrical medical systems (PEMS)

ral tissue oximeter equipment that is not equipped with an dlarm system that detects any
physiplogical alarm conditions shall visually indicate the presence®f probe faults.

y
e

pr

it
d
e

ne

Construction of ME equipment

Clause 15 of the general standard applies, except as follows:

Addition:

24
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201.15.3.5.101 * Additional requirements for rough handling

201.15.3.5.101.1 * Shock and vibration (robustness)

a) Cerebral tissue oximeter equipment or its parts shall have adequate mechanical strength when
subjected to mechanical stress caused by normal use, pushing, impact, dropping and rough handling.

b) Stationary equipment is exempt from the requirements of this subclause.

cJAfterthe following tests, the cerebrai tissue oximeter siatl:
1) maintain basic safety and essential performance; and
2) conform with the requirements of 201.12.1 and 201.12.4.

NOTE 1 A cerebral tissue oximeter tested and conforming with a more severe nequirement is considered to
conform with the corresponding requirement of this subclause.

Check conformance with the following tests:
d) Shock test in accordance with IEC 60068-2-27:20081), using theYfollowing conditions:

NOTE 2 This represents IEC/TR 60721-4-7:2001111, Class 7M2.
1) testtype: Type 1, or

— peak acceleration: 150 m/s? (15 g),

— duration: 11 ms,

— pulse shape: half-sine,

— number of shocks: 3 shacks per direction per axis (18 total);

or

2) testtype: Type 2
— peak acceleration: 300 m/s? (30 g),
— dutation: 6 ms,
=< )pulse shape: half-sine,

— number of shocks: 3 shocks per direction per axis (18 total).

e) Broad-band random vibration test in accordance with IEC 60068-2-64:2008+AMD1:2019, using the
following conditions:

NOTE 3 This represents IEC/TR 60721-4-7:2001+ AMD1:200311), Classes 7M1 and 7M2.

1) acceleration amplitude:

— 10Hzto 100 Hz: 1,0 (m/s?)?/Hz;
— 100 Hz to 200 Hz: -3 dB per octave;

2) duration: 10 min per perpendicular axis (3 total).
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f]  Confirm that basic safety and essential performance are maintained following the tests.

201.15.3.5.101.2 * Shock and vibration for a transit-operable cerebral tissue oximeter
during operation

a) A ce

rebral tissue oximeter and its parts, including applicable accessories, intended for transit-

operable use (during patient transport inside a healthcare facility) shall have adequate mechanical
strength when subjected to mechanical stress caused by normal use, pushing, impact, dropping and

neakrabino

rough-han

b) For
usin

NOTH
requi

NOTH
confo

c) Duri
perfd
devi
duril

d) Duri

Check co

e) Shoc

1) te

f) Broq
follo

1) aq

his test, the cerebral tissue oximeter and its parts, and applicable accessories, shall be miounted
b the mounting accessories indicated in the accompanying documents.

1 If more than one mounting system is described in the accompanying documents, multiple tests afre
red.

2 A cerebral tissue oximeter tested and conforming with a more severe requirement is considered fo
rm with the corresponding requirement of this subclause.

hg the following test, a cerebral tissue oximeter shall maintain”basic safety and essential
rmance and shall not exhibit an St0, deviation greater than *#4:%. Do not confuse maximum
htion with accuracy, Arms, of the cerebral tissue oximeter. The’maximum deviation allowed
1g this test is usually considerably smaller than the value of Ays.

hg this testing, alarm limits for StO; shall be set to theirleast sensitive levels.

iformance by performing the following tests:

¢ test in accordance with IEC 60068-2-27:20081), using the following conditions:
st type: Type 1,

— peak acceleration: 50 m/s? (5.g);

— duration: 6 ms;

— pulse shape: half-§ine;

— number of shacks: 3 shocks per direction per axis (18 total);

dband random vibration test in accordance with IEC 60068-2-64:2008+AMD1:2019, using the
wing conditions:

rceleration amplitude:

— 10Hzto100Hz: 0,33 (m/s?)?/Hz;

— 100 Hz to 500 Hz: —6 dB per octave;

2) duration: 30 min per perpendicular axis (3 total).

g) Free fall in accordance with IEC 60068-2-31:2008, using Procedure 1 and the following conditions:

1) fall height:

i) formass<1kg 025m

26
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ii) formass>1kgand<10kg, 0,1 m
iii) for mass >10 kg and <50 kg, 0,05 m
iv) for mass>50kg, 0,01 m
2) number of falls: 2 in each specified attitude.

h) Confirm that following these tests, basic safety and essential performance are maintained.

2P1.15.101 Mode of operation

Ce¢rebral tissue oximeter equipment shall be suitable for continuous operation.

NPTE1 Moving the cerebral tissue oximeter probe to a new site on the body is normaluse and is
cdntinuous operation.

NPTE 2 Intermittent use of cerebral tissue oximeter equipment on one patient.6ryamong patients is n
and is considered continuous operation.

Check conformance by functional testing.

201.16 ME systems

Clause 16 of the general standard applies.

201.17 Electromagnetic compatibility of ME equipment and ME systems
Clause 17 of the general standard applies.

Adlditional clauses:
201.101 * Cerebral tissue oximeter probes and probe cable extenders
2p1.101.1 General

a) All cerebral tissue.oximeter probes and probe cable extenders shall conform with the requirs
this document,“"whether they are produced by the manufacturer of the cerebral tissue
monitor, by~ another entity (“third party manufacturer” or healthcare provider)
remanufactured.

b] Manufacturers of remanufactured cerebral tissue oximeter probes and probe cable extend
perform testing to ensure that all cerebral tissue oximeter equipment specifications are
each model of cerebral tissue oximeter monitor with which the cerebral tissue oximeter

onsidered

ormal use

ments of
oximeter
or are

Jers shall
met with

probe or

probe cable extender 1s 1ntended to be used.

c) The accompanying document of remanufactured cerebral tissue oximeter probes and probe cable

extenders shall list all cerebral tissue oximeter monitors with which compatibility is claimed

d) It is the responsibility of the manufacturer to validate their processes to ensure that any new or

remanufactured product conforms with the requirements of this document.

Check conformance by the tests of this document.

© IS0 2021 - All rights reserved
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201.101

.2 Labelling

a) The model or type reference of at least one cerebral tissue oximeter monitor shall be included in the
accompanying document provided with each cerebral tissue oximeter probe, conforming with
201.101.1.

b) Statements shall be included in the accompanying document of each cerebral tissue oximeter probe
or probe cable extender to the effect that:

) p

2) the responsible organization and operator are responsible for checking the compatibility of the
mlonitor, probe and cable before use; and

3) irjcompatible components can result in degraded performance.
NOTE Additional information is found in 201.101.1.

Check copformance by inspection of the accompanying document.

201.102 Functional connection

201.10%

Basic safety and essential performance shall be maintained:

a) during failure of equipment connected to the cerebral\issue oximeter equipment; or

b) becapse of disruptions to the functional connection of cerebral tissue oximeter equipment.

Check copformance by functional testing.

201.10%

a) Cerebral tissue oximeter equipment should be equipped with a functional connection that permis

data
integ

1) If

b) The

accolrdance with AAMI 2700-1.

201.10%2

1o | H J_£, a4+l +£s it
UuUCS dI'T \ACDISIICU IUL UST VWILIT D}JCLIIIL HIVUIIILUL S,

.1 General

.2 * Connection to an electronic health record or integrated clinical environmer

transmission from the .cerebral tissue oximeter equipment to an electronic health record
rated clinical environjrent.

so equipped,the transmission shall conform with Annex HH.

data transmission should be capable of being provided with a network/data coupling

t

pIr

1n

3“Connection to a distributed alarm system

a) For cerebral tissue oximeter equipment that is equipped with an alarm system that detects a
physiological alarm condition, the alarm system should be equipped with a functional connection
that permits connection to a distributed alarm system.

b) The data transmission should be capable of being provided with a network/data coupling in
accordance with AAMI 2700-1:2019.
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202 Electromagnetic disturbances — Requirements and tests

IEC 60601-1-2:2014+AMD1:2020 applies except as follows:

202.4.3.1 Configurations

Amendment (replace the second dash of 4.3.1 with):

aa) setting the St0- within the declared range, to be at least the St0. accuracy different from

bb) The St0;signal may be derived from a functional tester (Annex FF) for these'tésts.

2p2.5.2.2.1 Requirements applicable to all ME equipment and ME’systems

mendment (add note to list element b) ):

A
NPTE The requirements of this document are not considered deviations or allowances.
Addition:

2p2.8.1.101 Additional general requirements

that of a

noise-induced value (and within display range and at least the StO, accuracy away from the

boundaries of the cerebral tissue oximeter equipment display range).

1) This shall apply to immunity testing of cerebral tissue oximeter equipment.

Under the immunity test levels specifiediin IEC 60601-1-2:2014, 8.9, cerebral tissue
equipment shall be able to provide basic safety and essential performance.

The following degradations, if associated with basic safety or essential performance sh3
allowed:

1) component failure(s),

2) change(s) in programmable parameters or settings,
3) reset to default’settings, and

4) changelof'operating mode.

The cerebral tissue oximeter equipment may exhibit temporary degradation of performs

deviation from the performance indicated in the instructions for use during immunity tes
does not affect basic safety or essential performance providing the cerebral tissue

d)

eguipment Tecovers fronrany distuptiomrwithim 30s without operatorintervemntiomn:

Cerebral tissue oximeter equipment shall not exhibit an StO; deviation greater than +4 %.

202.8.2 Patient physiological simulation

Replace the third paragraph with the following:

a)

The StO; signal may be derived from a functional tester for these tests.

© IS0 2021 - All rights reserved
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b) The amplitude of the simulated patient signal provided by a functional tester, shall be
representative of the signal characteristics which trigger the signal inadequacy indicator, yet high
enough so that the outcome of the test is not penalized by the statistics of detection and the noise
floor of the detection circuitry.

Replace the NOTE with:

NOTE 100  Current technology of solid phantoms used for functional testers during EMC testing does not provide
precise signal characteristics. Based upon this limitation, this document does not specify exact levels for the
required J ;ulu}atcd yutl’cut a;sua}a.

NOTE 101 See Annex FF for more information.

206 Usability
[EC 606011-1-6:2006+AMD1:2012+AMD2:2020 applies except as follows:
For cerefral tissue oximeter equipment, the following shall be considered primary©perating functions:
a) settipg the operator-adjustable controls:
1) saqtting alarm limits if applicable;
2) inactivating alarm signals if applicable;
3) switching between different modes;
b) observing monitored parameters;
c) applying the cerebral tissue oximeter probe ta the patient;
d) startling the cerebral tissue oximeter equipment from power off; and

e) conrecting and disconnecting the'distributed alarm system, if provided.

208 (eneral requirements, tests and guidance for alarm systems in medical
electrical equipment and medical electrical systems

IEC 6060/1-1-8:2006+AMD1:2012+AMD2:2020 applies except as follows:

Addition:

208.6.112.101 * Additional requirements for alarm condition priority

If the cerebral tissue oximeter equipment is equipped with an alarm system that detects a physiological
alarm condition, the alarm system shall provide at least a medium priority alarm condition for low StO;
level.

Check conformance by inspection.
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208.6.5.4.101 * Additional requirements for default alarm preset

Unless the low StO; alarm limit is displayed continuously, if the cerebral tissue oximeter monitor is
equipped with an alarm system to detect a low St0;level physiological alarm condition, the alarm limit in
the operator-configured alarm preset for the St0O:level physiological alarm condition shall not be less the

m

anufacturer-specified low alarm limit.

Check conformance by functional testing.

A

T
IH
ol

A

T
IH

08.6.8.5.101 Additional requirements for alarm signal inactivation states, indic
nd access

he manufacturer-configured default audio paused or alarm paused interval of cerebral tissue
juipment shall not exceed 2 min.

heck conformance by functional testing.

systems used in the home healthcare environment

br cerebral tissue oximeter equipment intended for “dse in the home healthcare env
C60601-1-11:2015+AMD1:2020 applies except as follows:

Idition:

he tests of IEC 60601-1-11:2015+AMD1:2020, Clause 10, and
C60601-1:2005+AMD1:2012+AMD2:2020, 15.3, shall be performed on the same sample of t}
rebral tissue oximeter equipment following any remanufacturing established for this equipme

systems used in the emergency medical services environment

br cerebral tissue oximeéter equipment intended for use in the emergency medical services env
C60601-1-12:2014+AMD1:2020 applies except as follows:

Idition:

he tests-of Clause 10 of IEC 60601-1-12:2014, and 15.3 of
&60601-1:2005+AMD1:2012+AMD2:2020 shall be performed on the same sample of the cer:

11 Requirements for medical electrical equipment.and medical electrical

12 Requirements for medical electrical equipment and medical electrical

ation

oximeter

ronment,

ne
nt.

ronment,

ebral

. L " . 11 : L. 4 . + 1.1 1 1 C i L +
tiSstue oxtmeter equiprricrit 100OWIIIg dily rerrrdridjuaciuring ©StdisSIIed 1010 LIS € UIpPIITCIIt.

Annexes of the general standard apply, except as follows.
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Annex C
(informative)

Guide to marking and labelling requirements
for ME equipment and ME systems

Annex C pfIEC 60601-1:2005+AMD1:2012+AMD2:2020 applies, except as follows:

Addition:

201.C.1 Marking on the outside of ME equipment, ME systems or their parts

Additiongl requirements for marking on the outside of cerebral tissue oximeter equipment or their parts
or accesspries are found in Table 201.C.101.

Table 201.C.101 — Marking on the outside of cerebral tissue oximeter equipment or its parts oy

accessories
Description of marking Subclause
Follow infstructions for use of safety sign 201.7.2.3
If applicaple for a remanufactured cerebral tissue oximeter probg,'so indicated 201.7.2.101 b)
If applica})le, IP classification of carrying case 201.7.2.9b) 2)
Ifapplicat)le, keep dry 201.7.2.94d)
If not provided with a low StO2 limit alarm condition, so indicated 201.7.2.101 a)
IP classifjcation of the enclosure 201.7.2.9 a)
201.7.29b) 1)
Units of measure of oxygen saturation 201.7.4.3

201.C.2 Accompanying documents, general

Additiongl requirements for general information to be included in the accompanying documents pf
cerebral {issue oximeter equipment or its parts or accessories are found in Table 201.C.102.
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Table 201.C.102 — Accompanying documents, general

Description of disclosure

Subclause

Description of signal inadequacy indicator and its function

201.12.4.102 a)

For cerebral tissue oximeter probes or probe cable extenders, incompatible components can
result in degraded performance

201.101.2 b) 3)

For cerebral tissue oximeter probes or probe cable extenders, probes are designed for use with
specific monitors

201.101.2b) 1)

For cerebral tissue oximeter probes or probe cable extenders, the responsible organization and
operator are responsible for checking compatibility prior to use

201.101:2b) 2)

or cerebral tissue oximeter probes, a compatible cerebral tissue oximeter monitor

201.101.2a)

F
Fr in-vitro verification, the summary of the phantom study including the main
characteristics of the experiment as listed in DD.4.2

201.12.1.101.4 b)

or in-vivo verification, summary of the clinical study report

201.12.1.101.4 a)

F
For remanufactured cerebral tissue oximeter probes or probe cable extenders, list of
cpmpatible cerebral tissue oximeter monitors

201.101.1 c)

201.C.3 Accompanying documents, instructions,for use

oximeter equipment, its parts or accessories are found/in Table 201.C.103.

Table 201.C.103 — Accompanying documents, instructions for use

Agdditional requirements for information to be included'in the instructions for use of cerebfal tissue

Description of disclosure Subclause
#standard deviation of the bias 201.7.9.2.1J101 n)
A statement to the effect that performance assessment based on in-vivo and in-vitro 201.7.9.2.1/1017j)
nphethods are not equivalent
Accuracy 201.7.9.2.10011)
Bland and Altman plot 201.12.1.101.1 g) 2)
Range of alarm limitadjustment 201.7.9.2.9101 e)
Declared rangés/ot' StO: accuracy of cerebral tissue oximeter equipment 201.12.1.101.1 ¢c) 2)
Descriptien of the meaning of any IP classification 201.7.9.2.9101 c) 2)
Description of the signal adequacy indicator 201.7.9.2.9101 a)
Displayed ranges of St0. 201.7.9.2.1.001 1)
Effect of any selectable operating mode on 1) to 4) 201.7.9.2.1.101e) 5)
Effect of data averaging on displayed and transmitted St0: values 201.7.9.2.1.101e) 1)
Effect of the alarm condition delay on displayed and transmitted StO: values 201.7.9.2.1.101¢) 3)
Effect of the alarm signal generation delay on displayed and transmitted StO: values 201.7.9.2.1.101¢) 4)
Effect of the data update period on displayed and transmitted St0; values 201.7.9.2.1.101¢) 2)
For cerebral tissue oximeter equipment not provided with an alarm system that includes the | 201.13.101 b) 1)
capability to detect physiological alarm conditions, means of indicating a probe fault
For cerebral tissue oximeter probes or probe cable extenders, a warning that probes are 201.7.9.2.2.101 a)
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Description of disclosure

Subclause

designed for use with specific monitors

For cerebral tissue oximeter probes or probe cable extenders, a warning that the responsible
organization or operator is responsible for checking compatibility prior to use

201.7.9.2.2.101 b)

For cerebral tissue oximeter probes or probe cable extenders, a warning that misapplication
of a probe with excessive pressure for prolonged periods can induce pressure injury

201.7.9.2.2.101 ¢)

For cerebral tissue oximeter probes, the list of compatible cerebral tissue oximeter monitors

cable extenders

201.7.9.2.14.101 a)

and prob

For each ferebral tissue oximeter equipment and cerebral tissue oximeter probe, whether
replacemlent or repositioning requires baseline re-establishment

201.7.9.2.1.1012a)

For each ferebral tissue oximeter equipment and cerebral tissue oximeter probe, the
specifiedfuse

201.7.92.12101 a) 1)

For each ferebral tissue oximeter monitor, the list of compatible cerebral tissue oximeter
probes or|probe cable extenders

201.7.9.2.1.101 h)

For each ferebral tissue oximeter probe, optical output power

201.7.9.2.1.101 d)

For each ferebral tissue oximeter probe, range of peak wavelengths

201.7.9.2.1.101 ¢)

For in-vifro verification, the reference method for the assessment of St0: accuraey

201.12.1.101.3 d)

For in-viyo verification where the scatter plot St0: vs. Sk has outliers, a discussion of the
state of hpalth, subject characteristics, test setup, test procedure, and any other factors that
may havq affected these data points

201.12.1.101.1h) 1
i)

For in-viyo verification where the scatter plot St0:vs. Sk has outli€rs, a discussion of how
the outligqr(s) do not raise safety and performance concerns regarding the accuracy of the
cerebral fissue oximeter

201.12.1.101.1 h) 1
ii)

For in-viyo verification, population mean bias

201.12.1.101.1 h)

For in-viyo verification, the assumption on the ratio-of arterial and venous compartment
sizes

201.12.1.101.3 ¢) 2]

For prob¢ cable extenders, the list of compatible cerebral tissue oximeter monitors and
cerebral fissue oximeter equipment

201.7.9.2.14.101 b)

If no StO4alarm conditions, so indicatéd

201.7.9.2.1.101 g)

If not eqyipped with an alarm&ystem that includes the capability to detect physiological
alarm conditions, descriptiafi-0f the indication that the data update period exceeds 30 s

201.12.4.101 c) 1)

If the apglied part temperature can exceed 41 °C, instructions emphasizing the importance
of proper| application

201.7.9.2.9.101 d)

If the apglied parttemperature can exceed 41 °C, specific instructions for any changes in
recommended maximum application time

201.7.9.2.9.101 d) 1)

If the ap,
with susceptible skin requires special attention

lied. parttemperature can exceed 41 °C 3 statementto the effect thata paﬁanf

')01111’)’)dd)

If the applied part temperature can exceed 41 °C, the sequence of operator actions needed
to activate

201.11.1.2.2 bb)

Information to indicate that StO: values from different cerebral tissue oximeters might not
be directly comparable

201.7.9.2.1.101 k)

Interference known to influence the St0: accuracy

201.12.1.101.2 €) 2)

IP classification and its meaning for the carrying case, if applicable

201.7.9.2.9.101 ¢) 1)

IP classification and its meaning for the enclosure

201.7.9.2.9.101 ¢)
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Description of disclosure

Subclause

Mean bias

201.7.9.2.1.101 m)

0

peration of cerebral tissue oximeter equipment following supply mains interruption longer

than 30s

201.11.8.101.3

Recommended maximum application time for each type of cerebral tissue oximeter probe
at a single site

201.7.9.2.9.101 b)

Specified combinations of cerebral tissue oximeter equipment

201.4.103 b)

i

Sltatistical metrics information provided for each type of probe indicated in the

structions for use

201.12.1401.1 )

fatistical metrics of accuracy, Arms, mean bias, B, + standard deviation of the bias, and the
lots

201.12.1.101.11)

10, accuracy information provided for each type of probe indicated in the instructionsfor
Se

201.12.1.101.1 1)

10, accuracy of cerebral tissue oximeter equipment

201.12.1.101.1¢) 1)

10 trend accuracy shall be reported over the declared range of 50 % to 85 %-Sk, if
rovided

201.12.1.101.1 ) 1)

t0: versus Sg scatter plot

201.12.1.141.1 g) 1)

ummary of the test methods used to establish the StO: accuracy

201.12.1.141.2 ) 2)

hat the cerebral tissue oximeter equipment displays functional'oxygen saturation

201.7.9.2.1J101 b)

he method used to determine trend accuracy, if provided

201.7.9.2.1.401 o)

he verification method used to assess the accuracy,

201.7.9.2.1101 i)

S
P
N
uj
N
S|
b
S|
S
T
T
T
V
a

Vithin the declared range only 2/3 of measurements are expected to fall within the St0:
ccuracy

201.12.1.101.1 d)

A
0}

01.C.4 Accompanying documents, technical description

accessories are found-in Table 201.C.104.

Table 201.C.104 — Accompanying documents, technical description

ditional requirements for-the technical description of cerebral tissue oximeter equipment o] its parts

Description of disclosure

Subclause

unctionial-tester cannot be used to assess accuracy

201.7.9.3.1j101

et

the applied part temperature can exceed 41 °C, the method used to measure applied part

201.11.1.2[ ff)

)mpnrnhwp

S

ummary of methods used to establish StOz accuracy

201.12.1.101.2 g) 1)
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Annex D
(informative)

Symbols on marking

Annex D of IEC 60601-1:2005+AMD1:2012+AMD2:2020 applies, except as follows:

Addition:
Table 201.D.1.101 — Additional symbols on marking
No Symbol Reference Title and description
r i Assistance; query
(Malfunction)
1 150 7000-0435 To indicate malfunction or to identify
the control by which the operator can
L ° N ask.for assistance (help button).
Keep away from rain
I p 1 d
¢ K
« ‘'), (Keep dry)

2 IS0 7000-0626 On transport packaging. To indicate
that the package must be kept in dry
conditions. Indicates a medical device

L N that needs to be protected from
moisture.
Alarm inhibit
To identify the alarm inhibit on contrql
equipment.
On medical alarm systems this
graphical symbol is used as follows:
When used with a negation cross of
solid lines:
alarm off

3 IEC 60417-5319 To identify the control for alarm off oy
to indicate that the alarm system is in
the alarm off state.

NOTE T The alarm condition may be
indicated inside, below, or beside the
triangle.
NOTE 2 As far as there is no danger of
confusion, this symbol may also be
used to identify equipment that has no
alarm system.

Additional Annexes:
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Annex AA
(informative)

Particular guidance and rationale

AA.1 General guidance

Cerebral tissue oximetry has been commercially available since the 1990s, with initial\clini
o¢curring mainly in the cardiac anaesthesia arena. With improvements in cerebral .tissue
tgchnology and cost, coupled with data from clinical research, usage has spread toinclude m
during vascular, trauma and neurosurgery, along with surgery in the beach chair position 4
areas where brain perfusion can be at risk.[431[49115711591[63] Guidelines from learned societies hal
td recommend use or consideration of cerebral tissue oximetry monitoring\where brain perfu

firm recommendations.

It| was considered by the committees that information to_support clinicians in making

characteristics and comparative differences would be clinically valuable and enhance the
cgrebral tissue oximeters. Information should be readily~accessible to the operator at point of
printed on probe packaging or laminated card, accessible via a link or button on the operator
QR [Quick Response] code).

Information for clinicians which is relevant to-appropriate use and cerebral tissue oximeter sele
include:

— the approximate typical tissue depth which the probe is expected to interrogate;

relation to patient age and-weight;

— appropriate probe(application to minimize the risk of erroneous values or tissue damage
or thermal injury) resulting from excess pressure over the probe (e.g. from surgical drap
equipment, patient lying on probe or cable);

— the potential for artefactual values to be generated when probe-to-skin application is insufi

— known limitations for use in both paediatric and adult populations (e.g. potential for e

ral usage
oximeter
bnitoring
nd other
ve begun
sion is at

rigk, although a number of them have taken an equivocal stance whilst awaiting further data t¢ support

nformed

decisions about how and when to use cerebral tissue oxingeters based on manufacturers' equipment

utility of
care (e.g.
interface,

ction can

— sufficient information forithe operator to determine if the cerebral tissue oximeter is suitable in

pressure
es, other
icient;

Froneous
lighting,

values in the presence of anaemia, some types of skin pigmentation and intense ambient

nnnnnnnnnnnnnn bhraocninal £1...4 4 bl Hicciin lenacc).
)

And 1 1 1 PN EZIPeLE 20k PoVoVolliPoC ZIP-N 02 = e PaWaPat 2o 2 € 2Pa] +ha
AU CACT SSTV O CCTC OTOUSPITTAT TUTO,dll SIHITUST S, UT CAT attTToTAT OSSO CTIICIKTICSS

— duration of probe use as dictated by probe adhesive or gel properties, physiological or mechanical

limitations, or programmed time limits;

— the response time or averaging time required before St0; values are updated on the cerebral tissue

oximeter monitor display;

— information to indicate that StO; values from different cerebral tissue oximeters cannot be directly

comparable. Possible reasons for this difference can include algorithm difference
construction, and differences in calibration methods.

© IS0 2021 - All rights reserved
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— trend accuracy has been associated with positive clinical outcomes and represents clinical use and
interventions based on a patient’s change in StO; from baseline level. Because definitions of trend
accuracy can be different between manufacturers, clinicians should be cautioned against comparing
the trend accuracy results from one manufacturer to another.

Information which is desirable and, where available, should be included.

— Methods of accuracy performance verification for displayed StO. values and trends thereof (e.g.
phantom, clinical trials, controlled desaturation study).

— Known potential bias of the displayed cerebral tissue oxygenation value (St0;) due to contaminatign
by ektracerebral tissue (e.g. skin, skull) which can result where a substantial difference exists
between patient cerebral tissue and scalp oxygen saturations. This is important fer-“clinidal
situgtions where one tissue layer can be subject to ischaemia not affecting the other, Some clinidal
stud]es have assessed artefactual changes which occur in displayed cerebral tissue oximetry valugs
during application of a scalp tourniquet; if mathematical modelling using.the manufacturer’s

cerebpral tissue oximeter algorithms could predict these effects it can be of(value in determining

suitgbility for an extended range of clinical situations.

— If there are known interactions with other equipment, which can be used on adjacent tissue (efg.
depth of consciousness monitoring electrodes or pulse oximeter probe).

— Any ppecific uses for which regulatory clearance has been granted or professional medical sociefy
guidglines exist (country- or region-specific).

— The fypical range of StO. values expected in healthy subjects for a specific manufacturer’s cerebral
tissup oximeter. This information is requested .in”acknowledgement of the situation whete
occapional users of the technology encounter different manufacturers’ cerebral tissue oximeters jn
clini¢al practice but cannot be aware of the known bias, which has been found in clinical studigs
comparing different manufacturers' cerebraltissue oximeters.

— Appropriate placement of the cerebral,tissue oximeter probe on the upper forehead to avoid as far
as pgssible the presence of air sinuses, sagittal sinus, birthmarks, hair, or tattoos beneath the prob

m©

This doctiment allows two methadologies for the assessment of accuracy performance of cerebral tissyie
oximeter$, namely desaturation measurements on tissue haemoglobin phantoms (in vitro, see Annex D)
and contfolled desaturation studies on healthy adult subjects (in vivo, see Annex EE). The latter rely an
taking afterial and jugular'venous blood samples and determining Sa0; and SjvO; by means of a CD-
oximeter| Accuracy performance verification against a cerebral tissue oximeter (St0O:) instead of|a
CO-oximgter (SaQOz\and Sjv0;) during spontaneous and possibly pathological variation of StO; |is
theoretidally pessible. For certain patient groups and certain populations (e.g. children) non-invasiye
and nontinterventionist methods can provide more applicable results than verification based upgn
healthy gdult subjects and are much less constrained by ethical concerns than a controlled desaturation
study. As of this writing, no standard procedures for such experiments have been proposed to address
accuracy; such studies can be of value to demonstrate the similarity of cerebral tissue oximeters. Such
studies can also demonstrate the plausibility of the direction and magnitude of changes in StO; given
changes in other physiological variables or in patient state.

The methods for performance assessment described in this document do not allow the selectivity with
which the measurement of a given cerebral tissue oximeter records StO; from the brain to be evaluated.
This selectivity depends, among other factors, on the source-detector separation, the extracerebral
tissue thickness and the algorithm implemented in the device. From a clinical perspective, the following
example of a physiological plausibility test of responsiveness to a modulation of the blood flow in the
brain was suggested. A stimulus known to change cerebral blood flow to a certain degree (i.e. a 15 %
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change in EtCO; [from hyper- to hypo-ventilation around a normal baseline of 40 mmHg]) should be
reflected by parallel changes in (cerebral) StO,. The degree to which extent StO. changes upon this
stimulus might be determined from reference oximeters.

AA.2 Rationale for particular clauses and subclauses

Subclause 201.1 — Scope

Equipment used in research applications is often experimental or intended primarily for non-medical
uses. Imposition of the requirements of this document on equipment used for research might unduly
limit development of beneficial new techniques or equipment.

Stibclause 201.3.218 — Remanufacturing

The term remanufacturing was chosen, instead of terms such as reprocessing or refurbishing| because
the committees were looking for the widest possible term. Any activity, outside the instructigns given
by the manufacturer, for subsequent reuse is considered remanufacturing-"This includes cleaning and
rquse of a single use cerebral tissue oximeter probe, as well as taking a)used single use cerebjal tissue
oximeter probe as the raw material for a remanufacturing processfo create a “new” cerebfal tissue
oximeter probe for use. The term reprocessing is a deprecated termfor this definition.

Suibclause 201.4.3.101 - Additional requirements for essential performance

Sufficient accuracies of StO: are necessary for cerebral tissue oximeter equipment to be suitaljle for its
intended purpose and are required to prevent adverse patient events, as is expected by the|essential
principles of safety and performance. When limjt alarm conditions are provided, operators rely on the
proper operation of limit alarm conditions to “alert them to take appropriate actions based on the
condition of the patient.

C¢rebral tissue oximeter equipment is@xpected to maintain these capabilities or indicate to the|operator
that it cannot perform these tasks. The general standard requires that the risk associated with loss or
d¢gradation of essential performance be reduced to acceptable levels in both normal condition 3dnd single
fdult condition. This includes-any failure, e.g. of any component or power source. This document
identifies some specific(risk control measures that address this issue, but in general fit is the
rgsponsibility of the manufacturer to ensure adequate risk control measures in single fault ¢ondition.
The most common-risk control measure for the risk associated with loss or degradation of|essential
performance is to-generate an alarm condition, which also includes alarm conditions not specifi¢d by this
dpcument, to dotify the operator that the expected essential performance might not be maintdined. See
413 and 4.7-ofthe general standard.

Stibclause 201.7.9.3.1.101 — Additional general requirements

The appropriate application of functional testers has been misunderstood by some operators or
responsible organizations. See Annex FF for a discussion of this issue.

Subclause 201.11.6.5.101 — Additional requirements for ingress of water or particulate
matter into the ME equipment or ME system

Fluids commonly found in the care environment include saline, blood and body fluids. Maintaining basic
safety and essential performance following reasonably foreseeable encounters with fluids protects
operators and patients from unacceptable risks.
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Subclause 201.12.1.101 — St0:z accuracy of cerebral tissue oximeter equipment

St0; accuracy is affected by the combination of the cerebral tissue oximeter monitor, any cable, the
cerebral tissue oximeter probe and human tissue.

Subclause 201.12.1.101.1 — Specification

There was considerable discussion about the minimum acceptable StO; accuracy specification of
cerebral tissue oximeter equipment. Ideally, cerebral tissue oximeter equipment would deliver high St0.
accuracy| (<4 %) with all cerebral tissue oximeter probes and application sites. However, due to_well-
known limitations in current cerebral tissue oximetry technology and the uncertainty inherentyin the
referenc¢ measurements, that level of StO; accuracy is not routinely achievablel31l,

Thereforg, the committees had to consider the following question: “What is the minimum acceptabjle
St0; accuracy for safe and effective use of cerebral tissue oximeter equipment?”

Due to [the diverse applications of cerebral tissue oximeter equipment, minimum performange
requirenjents are not universal. Two general categories of use can be deseribed as monitoring and
diagnosis.

— Monjtoring utilizes temporal changes in St0;, e.g., through alarm-limits for StO; or trends in St0..

— Diaghosis — or diagnostic use — can be defined as measurement of St0, as an estimate pf

functional oxygen saturation of haemoglobin under the-probe to facilitate diagnosis or guide
therapy.

Regardless of the specified St0; accuracy, arterial and jugular bulb venous blood samples can still be
needed.

Based o1 clinical experience and the historical use of cerebral tissue oximeter equipment, StO; accuragy
better (numerically less) than 10 % is aceeptable for many monitoring applications. Clinicians on tle
committ¢es expressed concern that.cerebral tissue oximeter equipment specified with StO; accuracy jn
excess off 10,0 % at 1 standard deviation (20,0 % at 2 standard deviations) might lead to mistreatmept
in clinical practice. Even though better (numerically lower) StO; accuracy is usually more desirable, and
frequently attainable, this figure represents a clinically acceptable trade-off.

The committees agreed.that it is important to provide a uniform basis for comparing different cerebml
tissue ox]meter equipment. After reviewing the controlled desaturation study resultsi3l], the minimum
declared [range was)put at 50 % to 85 % SaO0; since the data for a human controlled desaturation study
from 70 P4 to 100" % Sa0; will give an approximately equal density of measurements across this rang
Outside of this range the density of data decreases significantly.

®

For some clinical applications, trend performance can be insufficient. For emergency care, and
whenever the first cerebral tissue oxygenation reading is obtained in a diseased state, the value that is
obtained needs to be trustworthy and operators need to be able to interpret this value in a context of
‘normality’ and of risk of brain injury or neurological damage. In some clinical applications, this is not
necessary. For cerebral monitoring during elective anaesthesia and surgery, and whenever the probe is
placed at a time when the patient is in their normal state, any subsequent change of value needs to be
trustworthy (i.e. trend accuracy is necessary) and the operator needs to be able to interpret this change
in a context of ‘normality’ and of risk of brain injury or neurological damage. For prediction of brain
injury and neurological damage either clinical studies that relate values of cerebral tissue oxygenation in
relevant patients directly to those pathologies, or a broader pathophysiological framework including
animal research with direct measures of tissue oxygenation can be used.
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Subclause 201.12.1.101.2 — Data collection for determination of St0:z accuracy

Both the in-vivo and in-vitro accuracy verification methods proposed for inclusion in this document are
imperfect. In-vitro (phantom) testing is a laboratory approach that provides high quality StO;
referencing, enables testing over physiological ranges that would be unethical in human studies, and
enables evaluation of biological variables (e.g. ctHb, thickness of extracerebral layers) to estimate inter-
patient variations in a controlled manner. However, phantoms are simplified models that lack many
biological details and, at present, only simulate the most basic aspects of human anatomy.

The in-vivo controlled desaturation study captures inter-subject variability, but is limited t0 healthy
adlult volunteers, is restricted to narrow ctHb and StO: ranges, cannot identify interference from
extracerebral tissues, and a gold standard reference for StO; is not available. Convenienee sampling of
arterial and venous blood specimens from infants and children can complement-the results of a
cantrolled desaturation study but lack the distribution range of ctHb and referencé for St0, valyes. Users
should be aware of these differences in the verification of cerebral tissue oximeter |accuracy
performance. A comparison of the two assessment methods is provided in Anirex II. See 201.7.9.2.1.101
i)land j).

Dpring a controlled desaturation study, it is often difficult to achieve-a target SavO,, particulafly at the
lgwer end of the Sav0, range. Attempts should be made at least té_achieve a measured Sav0O, wijithin 3 %

S10, of the stated range of St0, accuracy, the sample size should be statistically justified with at least
200 data pointsl7sl. The StO, accuracy of cerebral tissue _oximeter equipment depends strongly on the

optical interaction of the cerebral tissue oximeter probe’s emitted and collected light with the| patient’s
blood-perfused tissues. The correlation of the measured change in light transmission through blood-
perfused tissues and the underlying tissue oxygeénation depends, among other things, on thg spectral
content of the cerebral tissue oximeter probe’s emitted light and on the interaction between the cerebral
tifsue oximeter probe optics and the skin surface. Since these complex wavelength-dependent
interactions are not assessed nor reproduced by cerebral tissue oximeter equipment functionpl testers
and simulators, such equipment doesnet currently characterize or validate the accuracy of the cerebral
tiksue oximeter probe/cerebral tissue:oximeter monitor combinations. Functional testers can bg used to
confirm the basic safety and essential performance of cerebral tissue oximeter monitors and| cerebral
tiksue oximeter probes. (See also*Annex FF.)

Oyer the last 30 years;public and private laboratories have conducted hypoxia studies on more than
19 000 subjects with’zero serious adverse events from either the hypoxia procedure or the arterial lines.
Based on these data; the risk of even minor adverse events is less than 0,03 %. Data from thes¢ hypoxia
laboratories corroborate this information. Studies measuring cerebral venous blood from the jugular
byulb showed>no abnormally low brain saturationsl5Z]; studies evaluating neurologic functign during
burologic
he above
ollow-up

Based on evidence presented and discussed at its meetings, the committees felt that more detail in the
recommended methods (EE2.3) regarding use of hypoxia and arterial/venous lines in healthy adult
volunteers will support continued safety. These are:

a) Time in low Sa0; saturation plateaus (i.e., 60 % - 70 %, 70 % - 80 %, and 80 % - 90 %) should be
limited to the minimum amount of time required to obtain stable test/reference data as tolerated by
the subject. The committees recommend that saturation plateaus be limited in duration, as
indicated in (EE.2.3.3, i)).

b) Inclusion: Age 18 y to 50 y, ASA category 1 and positive Allen’s Test.
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c) Exclusion: pregnancy.

d) Monitoring and observation with arterial pressure, ECG, heart rate, EtCO,, respiratory rate and
Fi0[30],

e) Arterial and venous lines should be placed by a clinician using jurisdictional guidelines for blood
vessel puncture.

f) Aftercare should include 5 min to 15 min pressure, pressure bandage >1 h, instructions for limited
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rences [30] [31] and experience of laboratories that have done tissue oximetry performange
nt studies shows that the risks inherent in a controlled hypoxia study and arterial and jugular
htheter placement in healthy adult volunteers can be mitigated to a safe levell301(78],

se 201.12.1.101.3 — Data analysis for determination of StO: accuracy

ters have an inherent uncertainty that will influence St0. accuracycassessmentl4sl. To reduge
tissue oximeter equipment uncertainty, the uncertainty of the) reference CO-oximeter's
ment of Sa0, and Sjv0, needs to be controlled.

le organization to confirm the SO, accuracy of a CO-oximeéter. To minimize the influence of tﬂ:e
ter uncertainty in the 4,,,; measurement, careful attention should be paid to ensure that the
ter is performing within its specified performanée capability. Verification of correct operatign
the CO-oximeter manufacturer’s recommendedmaintenance procedures is necessary, but is npt
to ensure a traceable, accurate measuremeént. Further quality assurance procedures for the
bn of CO-oximeter accuracy are needed.

Sources of quality assurance procedurescan be found in References [7] and [14].

se 201.12.4.101 — Data update period

tissue oximeter equipment.is required to provide an indication that the displayed StO. value|is
ent if the data update-period of StO; exceeds 30s. Subclause 201.7.9.2.1.101 includes|a
ent to disclose theZdata update period in the accompanying documents. However, there is no
ent that limits the 'duration of the data update period. The additional requirement that “there

shall be

patient
reflect c
activates

potentiaé}y significant'delays that can occur between an event that activates an alarm condition (such as

in indication-that the displayed value is not current” was added by the committees based ¢n

saturation), and the actual generation of the alarm signals. The displayed StO; value does npt
anges,in the measured StO; value until completion of each update period. If an event that

significa

an ‘alarm condition, such as patient desaturation, occurs just after the display is updated,| a
. . . d

create a hazardous situation for the patient if the data update period is long.

To mitigate this potentially hazardous situation, the committees believe it is important for the cerebral
tissue oximeter equipment to provide an indication to the operator when the displayed StO, value has
not been updated in the last 30 s and as such, can be invalid. This provides the operator timely
information to assess the patient’s condition and take appropriate action, if necessary.
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Subclause 201.12.4.102 — Signal inadequacy

Clinicians assume that StO; accuracy degrades under various physiological (e.g. anaemia, tissue
oedema) and environmental conditions, and they wish to see an indicator of performance degradation.

In fact, many factors contribute to degradation of signal adequacy with potential loss of accuracy.
Changes can be sensitive to noise and changes in signal strength. These factors can include, but are not
limited to: signal strength, noise frequency and amplitude, ambient light intensity, probe positioning

and alignment

Ideally, it would be beneficial to provide a means for assessment of signal adequacy_as, it 1
géneral performance, including confidence in measurement accuracy. This could best be“acco
by a comprehensive real-time assessment of signal adequacy and a visual indication‘gf'said stat

Stibclause 201.15.3.5.101 — Additional requirements for rough handling

ME equipment, including cerebral tissue oximeter equipment, in normal use, used for prg
transport of a patient outside a professional healthcare facility will-be’subjected to these m
stresses (e.g. vibration, shock, bump, and drop) and could randomly be subjected to additional
Therefore, ME equipment intended to be used for professiofal transport of a patient (¢
professional healthcare facility needs to be robust enough to-withstand the mechanical strengf
described by IEC 60721-3-7, class 7M3I15l. [EC 60721-3-7 indicates that in addition to the ¢
covered by class 7M2, class 7M3 applies to use at and direct transfer between locations with s
V:I?rations, or with high-level shocks. Rough handling and transfer of ME equipment is expecteq
environments.

There are no established generalized test programmes that exactly reproduce the variety of
and shock conditions that ME equipmeng,can meet when installed in a range of land veh
aircraft. Therefore, the dynamic tests” specified in this subclause have been chosen

elates to
mplished
us.

fessional
bchanical
stresses.
utside a
h testing
bnditions
gnificant
| in these

vibration
cles and
because

equipment tested to these levels.are likely to withstand the dynamic disturbances routinely seen

during use in the range of vehicles’and aircraft (including helicopters) likely to be used to {
pditients.

The use of ME equipment‘in’'road ambulances, fixed-wing and rotary wing aircraft, naval vessel
rgquire additional tests.and verification of safety when used in these different environments.

For free-fall testing described in IEC 60068-2-31, the committees used the rationale for th

portable ME'equipment was portable cases. The committees agreed that cerebral tissue
equipment” should be required to meet a level of drop testing for the professional
emvironment. The committees also agreed that much cerebral tissue oximeter equipment can be

ransport

5, etc. can

b various

levels to gaugé. the severity of the test based on Table AA.1. The category of the test level chosen for

oximeter
ransport
supplied

ith“a protective or carryving case for use in transport environments. The committees agre

pd that it

would be an adequate test for portable ME equipment to be dropped while in their carrying cases, as this

would be most like the real-world environment. For mobile ME equipment, a less severe |
chosen since wheeled ME equipment is typically heavier.
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Table AA.1—Qualitative assessment of cerebral tissue oximeter equipment shock and
vibration environment

Location
ME equipment . .
Standard environments Transport vehicles
category
Home Healthcare facility Wheels Wings/Rotary
Mobile D1 S1 V1 D1 S2 V1 D1 S3 V2 D1 S3 V3
Portable D1 S2 Vo0 D1 S2 \A D1 S3 V2 D1 S3 V3
Hand-helfd D3 S1 Vo D3 S2 V1 D3 S3 V2 D3 S3 V3
Stationary None None Not applicable
S: shock

V: vibration

D: drop

Rating: 0= no test, 1 = least severe or 7M14; 2 = moderate severity or 7M2; 3 = most sevére or 7M3

4 The TMx designations are defined in IEC 60721-3-7:2002[15]

Confirmipg that the ME equipment is functioning within the manufacturer's specifications while the
vibratior] (random and sinusoidal) tests are being conducted was,not believed necessary. This line pf
thought [was considered, and it was decided that the test done in this manner would be overly
burdens¢me and would only add a minimum additional levekof safety to the ME equipment that would
not outweigh the costs. Confirming proper functioning (@fter completion of the tests is believed
adequats.

Subclause 201.15.3.5.101.1 — Shock and vibration

ME equigment, including cerebral tissue oximeter equipment, in normal use, used within a professional
healthcare facility will be subjected to (these mechanical stresses (e.g. vibration, shock) and could
randomly be subjected to additional, stresses. Therefore, ME equipment intended to be used in tie
professidnal healthcare facility needs:to be robust enough to withstand the vibration and shock testing
describedl by IEC 60721-3-7 level 7M21151, [EC 60721-3-7 indicates that this class applies to use at, and
direct transfer between, locations with only low-level vibrations, or with medium-level shocks. Careful
handlingland transfer of products is expected in these environments.

Subclause 201.101~/Cerebral tissue oximeter probes and probe cable extenders

Cerebral tissue oximeter probes and probe cable extenders are as important in establishing the safety and
accuracy|of the~complete cerebral tissue oximeter equipment as is the cerebral tissue oximeter monitpr
itself. 20[L201 establishes that the manufacturer of the cerebral tissue oximeter probe or probe cable
extender (inctuding a rrranufacturer—of a rermanufactured cerebral tissue oxireter probe or probe cable
extender) is responsible for the separately testable properties (e.g. biocompatibility) of their
components as well as for the affected combined properties. This manufacturer is responsible for
testing the affected combined properties for their cerebral tissue oximeter probe or probe cable extender
when used with any cerebral tissue oximeter equipment they have specified as compatible. The affected
combined properties include at least accuracy, electromagnetic compatibility (EMC), electrical safety,
and protection against excessive temperature at the cerebral tissue oximeter probe-tissue interface. As
an example of a possible effect of processing on biocompatibility, some surface-cleaning agents can
result in impregnation of the material with solvent that, if not sufficiently removed by subsequent
processing, can cause a chemical burn when that process is not described (and therefore validated) in
the accompanying documents.
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Subclause 201.102.2 — Connection to an electronic health record or integrated clinical
environment

The Society for Technology in Anesthesia (STA) proposed the following horizontal guidance:

A medical device electronic data interface (EDI) shall be capable of communicating the following.

— Medical device identification data including manufacturer, model number, serial number and
software/firmware version number.

— All data available for display to the operator, including numeric values, waveforms,apnd alarm
conditions.

— The mode of operation and the state of operator-configurable equipment, séttings (g.g. signal
filters, signal averaging time, alarm limits).

— Medical device clock time and last clock time update, time zone.

— Patient ID if stored in the medical device.

This document applies these general requirements to cerebraltissue oximeter equipment.

Cé¢rebral tissue oximeter equipment should be equipped“with a functional connection thaf permits
integration into an integrated clinical environment. If thexcerebral tissue oximeter equipment is equipped
wiith data transmission, Annex HH contains requirentents regarding the data transmission.

The transmission of cerebral tissue oximeter>equipment data to other ME equipment, ME systems or
he¢alth software systems for purposes including decision support, control and data logging is
problematic due to the use of proprietary‘interfaces and protocols. It is the intent of this document, as a
sgfety and performance standard, to-define a minimum set of measured parameters, equipment
identification parameters and equipment settings that should be available for transmissipn if the
cgrebral tissue oximeter equipment’s external data interface is intended to be incorporated into an
ritegrated clinical environment\(ICE). The standardization of a minimum set of parameters and settings

~.

allows greater interoperability between cerebral tissue oximeter equipment and ME systgms, thus
emabling new applicatiensand paradigms that can increase patient safety and improve patient ¢are such
ag part of an infusion‘delivery system.

It|is not intended/to define a specific device information model for cerebral tissue oximeter equipment
c¢mmunication. The ISO/IEEE 11073 seriesll¢] defines one such model and includes foy specific
euipment, such as pulse oximeter equipment, a device specialization document (ISO/IEEE 11073-
E Patient
language
edl devices
into the healthcare enterprlse AAMI 2700 1: 2019 on the mtegrated clmlcal envzronment (ICE)

3 IHE - Integrating the Healthcare Enterprise, available at https://www.ihe.net/Patient_Care_Devices/

4 HL7® is a trademark of Health Level Seven International. This information is given for the convenience of users of this
document and does not constitute an endorsement by ISO.

5 LOINC® is the registered trademark of Regenstrief Institute, Inc. This information is given for the convenience of users of this
document and does not constitute an endorsement by ISO.

6 Logical Observation Identifiers Names and Codes, https://loinc.org/
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describes the need for an “ICE” model to take into consideration interactions with the connected
ME equipment, workflow and patient state to support the coordinated use of medical devices for
improved patient safety.

Cerebral tissue oximeter equipment in clinical use has provided parameters, identification data and
settings through the functional connection. However, these data have been transmitted primarily using
proprietary interfaces and protocols. To help foster interoperability of cerebral tissue oximeter
equipment in the medical device ecosystem, increased standardization of this interface is desirable. This
document has sought logically to categorize the data that can be transmitted or received as parameters,
identificdtion data, settings data, configuration data, specification data, service monitoring data,and
alarm system-related data. In addition to these categories and types of data, manufacturers, are
encouraged to leverage the functional connection to allow the cerebral tissue oximeter equipment greater
capabilitles, including the use of intelligent algorithms that can reside in the cerebral tissue oximeter
equipment and which can adjust their algorithm or display settings based upon information received
externally. This includes, for example, location, status and data from other sensors.

With theproliferation of cerebral tissue oximeter equipment with varying performance and features, it|is
becoming increasing important for clinical care to determine the cerebral tissue oximeter equipment's
suitability for a particular clinical application. At the present time, this)is solely determined by
caregivers based on their knowledge of the equipment and requirements of the application. Given that
the requjrements for an application such as closed-loop control (whether it be autonomous or with|a
clinician | providing the titration) depend on cerebral tissue oximeter equipment specifics such as
averaging time, accuracy of attached cerebral tissue oximeter probe, time response and delays in the
cerebral tissue oximeter equipment, the determination of applicability of the cerebral tissue oximetger
equipment can be challenging for the average caregiver’”’ However, if the cerebral tissue oximetpr
equipment provides this information through the functional connection, the determination pf
applicab{lity can be made by querying the equipmentsettings, configuration and specifications.

Subclause 208.6.1.2.101 — Additional requirements for alarm condition priority

The committee members and their advisors had discussions as to just what were the circumstances n
which lgw StO; do not require physiological alarm conditions at all. The committees agreed thpat
operator§ and responsible organizations should know when they require a cerebral tissue oximeter
monitor §o have physiological algrm-conditions, so that a useful contribution of this document would be
to ensure that cerebral tissuesoximeter monitors having no physiological alarm conditions are labelled
appropriptely (see 201.7.2.101"and 201.7.9.2.1.101 f) ), and that if such alarm conditions are included,
there is gn alarm conditionfor the parameter that is usually most important, i.e. low St0;.

Some ceflebral tissue’oximeter monitors can have technical alarm conditions for cerebral tissue oximeter
equipment-relatédwariables, such as low battery, but no physiological alarm conditions. Such cerebral
tissue oximeter;monitors are not required to have a low St0; level alarm condition.

Subclause208.6.5-4-101 - Additienalre

There is an unacceptably low StO; for most clinical situations where a low alarm limit should be set;
however, lower alarm limits can be desirable in particular clinical conditions[54155], The operator is
permitted to set lower alarm limits during normal use.

The committees recognize that there are competing clinical requirements when selecting the lower
alarm limit. One requirement was that cerebral tissue oximeter equipment should act as an early
indicator of distress in a patient with relatively normal oxygenation. The second requirement is to avoid
frequent alarm signals not necessarily requiring clinical intervention, which might “desensitize”
caregivers to alarm signals (i.e., cause ‘alarm fatigue’). In this case, one might argue for a default alarm
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limit low enough to guarantee that most alarm conditions would be meaningful by anyone’s measure. It
was recognized that in both clinical situations, many, if not most, operators were likely to rely on the
default low St0; alarm limit.

Another factor that the committees considered is that many examples of cerebral tissue oximeter
equipment intended for continuous monitoring allow responsible organization-configured or operator-
configured default alarm limits and that for specific monitoring settings, default alarm limits that were
more closely tailored to the needs of the patient and operator in that the setting could be selected.
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of 42 °C

BB.2

See ISO/

since both technologies use light-emitting equipment that can generate heatat-the skin interface.

BB.3 T

This dochiment does not require a particular method of measuring the skin temperature beneath the

cerebral
measurir

Annex BB
(informative)

SKkin temperature at the cerebral tissue oximeter probe

limits

re review relating to temperature requirements leads to the conclusion that it is approprialﬁe
rvative to retain the 41 °C limit for infants (patients up to 1 year of age) and to apply-the limits
r 8 h and 43 °C for 4 h for older patients.

iterature review

EC 80601-2-6103!l. The committees feel the references related to pulse oximetry are applicablle

est methods

tissue oximeter probe. There are many different widely known and accepted methods pf
g surface temperatures. Different cerebral tissue gximeter probe manufacturers have evolved

their owh methods of measuring temperature, using either human test subjects or thermo-mechanidal
simulators. It would be impractical today to find a single universally acceptable test method, and the

excellent]

tissue oximeter probe designers who wish to take;advantage of the higher temperatures should keep the

following

— Meaj
accu
temf

— Tem
large
0,5n
temy

— The

significant>amount of heat away from the measurement region. Thus, it would usually

inap

thermal safety record of pulse oximetry suggests that such a method is not necessary. Cerebral

cautions in mind.

urement tolerances are required to be evaluated carefully. The manufacturer should know the
racy of temperature measurement when designing cerebral tissue oximeter probes for use pt
eratures above 41 °C singe-a-higher temperature reduces the margin of safety.

perature sensors are required to be small enough so as not to distort the measurement. The
st temperature sensors that have been found acceptable have characteristic dimensions near
im (e.g. the bead of a thermocouple welded from 0,25 mm wire). Often still smaller
erature sensors are used.

femperature sensor is required to not reduce the measured peak temperature by conducting a

inves >

propriate to use the copper-constantan type T thermocouples that are common in medidal

temperature measurement.

— Experimental methods are required to be adequate to ensure that recommended temperature

limit

s are met under “reasonable worst case” conditions. As an example, reasonable worst case for

neonatal cerebral tissue oximeter probes might include the following conditions:

— The light-emitting diodes (LEDs) in the cerebral tissue oximeter probe are driven at the

maximum current which the cerebral tissue oximeter monitor is capable of providing
during normal operation (this condition can occur when the patient has very dark skin).

— An active heat source is in use to artificially raise the baby's temperature.
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It is not the intention to require that every model of cerebral tissue oximeter probe be tested directly on
“worst-case” patients. The manufacturer should select methods for evaluation of the thermal

performance of the cerebral tissue oximeter probe that lead to confident prediction of thermal safety on
such patients.
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Annex CC
(informative)

Determination of accuracy

CC.1 General

This annex discusses both the formulas used to evaluate the quality of cerebral tissue .ximeter
equipment measurements, and the names that are assigned to those formulas. This information has
been adgqpted and modified from ISO 80601-2-61:20173! (pulse oximeters) for use on cerebral tissyie
oximeterlequipment.

It has bgen common for the StO; accuracy and StO; trend accuracy specifications of cerebral tisstie
oximeter|equipment to be stated in terms such as “10,0 %, one standard deviatioh, respectively.” In tHis
document, the committees have chosen a different name for the recommended StO; accuracy measuie,
while refaining essentially the same formula (a value of n- 1 is replaced with n) that has been |n
common|use. Definitions are recommended for local bias, mean bias, and precision that are consistent
with conjmon engineering usage, but slightly different from the meanings of these terms, as they haye
sometimps been used in the cerebral tissue oximetry literature. The reasons for these recommendations
are explained in this annex.

CC.2 Accuracy, bias and precision

CC.21 efinitions from other standards

The ternjs accuracy, bias and precision have alkbeen used in a variety of ways. The committees haye
chosen |[specific definitions that are consistent with the general definitions appearing [n
ISO 3534-2:2006!6!:

CC.2.1.1| Accuracy

The definition of accuracy from ‘ISO 3534-2:2006 is: closeness of agreement between a test result pr
measurement result and the-true value.
NOTE 1 [In practice, thejacéepted reference value is substituted for the true value.

NOTE 2 [The term “aecuracy”, when applied to a set of test or measurement results, involves a combination fof
random cpmponents.and a common systematic error or bias component.

NOTE 3 [Accuracy refers to a combination of trueness and precision.

CC.2.1.2L Bias

The definition of bias from 1SO 3534-2:2006 is: difference between the expectation of a test result or
measurement result and a true value.

NOTE 1 Bias is the total systematic error as contrasted to random error. There might be one or more systematic
error components contributing to the bias. A larger systematic difference from the true value is reflected by a
larger bias value.

NOTE 2 The bias of a measuring instrument is normally estimated by averaging the error of indication over an
appropriate number of repeated measurements. The error of indication is the “indication of a measuring
instrument minus a true value of the corresponding input quantity”.

NOTE 3 In practice, the accepted reference value is substituted for the true value.
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CC.2.1.3 Precision
The definition of precision from ISO 3534-2:2006 is: closeness of agreement between independent
test/measurement results obtained under stipulated conditions.

NOTE 1 Precision depends only on the distribution of random errors and does not relate to the true value or the
specified value.

NOTE 2 The measure of precision is usually expressed in terms of imprecision and computed as a standard
deviation of the test results or measurement results. Less precision is reflected by a larger standard deviation.

NOTE 3 Quantitative measures of precision depend critically on the stipulated conditions. Repeatability
cqnditions and reproducibility conditions are particular sets of extreme stipulated conditions.

C.2.2 Effects of offset and linearity errors

ight have resulted from a controlled desaturation study, and can be referenced in ISO B0601-2-

C

The committees’ choice of definitions was influenced by considering three synthesized data sets, which
m

61:20178] (pulse oximeters) for an explanation of these effects of offset and lin€arity errors.

C(C.2.3 Bias (see Figures CC.1 and CC.2)

Local bias (indicated here by b) at a given value of x, is the difference between the y-valtie of the
rggression line at that coordinate and the y-value of the line of identity, and is calculated by|Formula
(¢C.1). See Figure CC.1.

Mean bias is a single number (indicated here by. BY)/ representing the whole data set. It is the mean
difference of the test and reference values, preserving sign, and is calculated by Formula ((C.2). See
Figure CC.2.

> (St02i — Sw)
B =izt (CC.2)
n
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St02
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St0:2 oxygen saturation displayed by the cerebral tissue oximeter
Sk refergnce oxygen saturation
regregsion line
local bias
line of identity
Figure CC.1 — Graphical representation for the definition of local bias
(Test probe StO: as a function of reference Sg)
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Figure CC.2 — Graphical representation for the definition of local bias and mean bias
(Test probe St0; as a function of reference Sg)
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When defined in this way, mean bias is, as it should be, the average of all local bias values, as shown in
Formula CC.3.

n

n
Z(StOZi —Sgi ) Z[(Stozi —5t0, 5, ; )+(St045; ; —Sg; )} Zbi
p_i=1 _i=1 —o+17t (CC.3)
n n n

The zero term on the right-hand side results from the regression that defines StOz;, and the second

tdrm simply recognizes the definition of b; in Formula CC.1.

C(C.2.4 Precision

The committees support defining precision as the standard deviation of the residuals (sr),|given by
Formula CC.4[291

n

> (8105 = 5105 4y, )2
Sres = _ (CC.4)

(n-2)

where

n is the number of data pairs in the sample;

St0z; - St0zg, ; is the difference between the ith S20, datum and the value of the fitted curve
corresponding to the it reference value, S,.

Srts can intuitively be recognized as the scatter of data points about the best-fit calibration curve. It is a
measure of the scatter to be expected inUmultiple measurements made with the same cerebyal tissue
oximeter equipment at a given oxygen!saturation, taking into account both variations among patients
and repeatability of the ME equipmeént electronics and software.

CC.2.5 Accuracy

Ap suggested by the definition that appears in ISO 3534-2:2006¢], the committees wish ac¢uracy to
rgpresent a combination of the systematic and random components of error. The definition which has
lang been used by-many manufacturers is the root-mean-square (rms) difference between measured
values (5t0;;) andreference values (Sg,), as given by Formula (CC.5):

n

> (StO2 — Sw)’

Arms = =1 (CCS)
n

A, is a way of averaging the absolute values of errors over the declared range(s).

NOTE The use of n in the denominator of the expression for 4,,,, rather than n — 1, which would be used if 4,,,,
were a standard deviation. The difference in the numerical value is typically trivial. The appearance of n — 1 in the
definition of standard deviation arises from the fact that only n — 1 of the samples that comprise the standard
deviation can be freely chosen (statisticians say that there are “n—1 degrees of freedom”). The nth sample is
constrained in value because the definition of standard deviation includes the difference from a mean, implying
that the nth sample is chosen so that the mean has the known value. There is no such constraint on the calculation
of A, because the expression does not include any predetermined parameter, such as a mean.
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Understanding that A4,,

oximeter St0; accuracy. If one were to create a spreadsheet column containing all the differences,
St02;— Sp;, and instruct the spreadsheet software to calculate the standard deviation of the data, the

s Is not a standard deviation is important in avoiding error in calculating

result would not be A, ¢ (in fact, as noted below, it would be P, a measure of precision(®). Standard

rms
deviation, for any variable x, is indicated in Formula CC.6.

n
Z(Xi -x)
g = A= (CC6)

V' n-1

where X | is the mean of all the values of xi.

Comparihg this to the expression for 4, ., one can see that in 4,,,, there is no subtractien of a megn

rms’
value. A,} . does not measure scatter about a mean value. It measures the difference beétween test valugs

and referjence values. 4,,,, is affected both by random scatter and by mean bias and.local bias.

CC.2.6 |Analysis

The relationship between the definitions used above and the terms used-by two respected sources that
have begn influential in the clinical literature of pulse oximetry(is discussed. Bland and Altman(}*!
campaigmned effectively against the misuse of correlation coeffieients in comparing two methods pf
measurement and introduced a useful graphical method pf\examining the data from comparison
experimgnts. Severinghaus et al.[80] introduced definitions of bias and precision that were based on the
Bland anf Altman method, and also defined the new term,‘ambiguity, as the sum of precision and bias.

In the following paragraphs, the same symbols B_ and-P_ are used for the definitions of bias and precisign

that wer¢ used by Severinghaus. He defined bias @s the mean difference of the test and reference value
preservinmg signl80l as indicated in Formula CC.7:

wn
~

Z(StOZi —Sgi)
Bg 421 cc.y)

n

By no cojncidence, this is-identical to our definition of mean bias. We adopted Severinghaus’ language
for the definition, with the additional recognition that cerebral tissue oximeter equipment studiges
sometimps exhibit variation of bias with saturation, so that it is useful to distinguish between local bifis
and mean bias.

Severinghaus et all’?l. defined precision as the “standard deviation of the bias” Formula CC.8:

n

2
Z(StOZi ~Sp;—Bs)
p=\"=2 — (CC.8)

This measure is different from our recommended definition of precision. One perspective is that Pg is

the root-mean-square (rms) deviation of differences from mean bias, while s is the rms deviation of

differences from local bias. Formula CC.8 is presented as it relates to the Bland and Altman plot in its
measure of precision of the mean bias and has been historically included in published cerebral tissue
oximeter equipment studies as “precision”. The committees believe however, precision as defined in
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Formula CC.4 remains accurate as defined for pulse oximetry. Clinical accuracy results can still be
presented as widely accepted in terms of B; # P; but the second term should be identified as “standard
deviation of the bias” or “standard deviation of the error”.

CC.2.7 Trend accuracy

There is no consensus on the definition of the term trend accuracy.

CC.2.8 Statistical Considerations

There is no gold standard for tissue oximetry. Any in-vivo calibration or verification depends on
comparison to another imperfect measure of ‘tissue oxygenation’. Tissue oxygenatioh,is p ‘latent’
variable, i.e. a concept that can be meaningful, and clearly described in terms of predicted relationships
td other physiological and pathophysiologic variables. To the degree that indivect and imperfect
measures of tissue oxygenation have been proved to ‘behave’ as the latent variable/should beh3gve, these
measures can be relevant in clinical monitoring.

If] the situation of verification in the healthy adult during controlled hypoxaemia, the measurement of
rdgference is a weighted average of the haemoglobin-oxygen saturation/in blood drawn from fan artery
amnd from the superior jugular bulb and measured by CO-oximetry.~-While the uncertainty of the CO-
oximeter is negligible in this context, and arterial oxygen saturation is a well-defined physiological
qliantity in normal healthy persons, jugular venous blood cantot accurately represent the local venous
blood in the brain tissue that is ‘seen’ by the probe. Furthermore, the standard weighting factor of the
rglative contributions of arterial and venous blood to the.tissue oxygenation signal (the a/v-jatio) can
b¢ dynamic.

Il providing additional statistical assessmentwof cerebral tissue oximeter accuracy, the committees
rgcommend the following points should be censidered. Standard linear regression fit should bg initially
péerformed. Further analyses should take into consideration the longitudinal correlation of data within
tgst subjects (repeated measurement.data are not independent within test subjects) and error in the
rdgference (independent) variable. However, the standard linear regression can be inappropriate on its
oyn, as the unaccounted-for error_in the independent variable will lead to a bias towards zefo on the
rggression coefficient. It is recommended to consider error in variables analysis to account for this
limitation.
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Annex DD
(informative)

Characteristics of a tissue haemoglobin phantom for the verification of the

accuracy of cerebral tissue oximeter equipment
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bx is provided as a guideline for the construction and use of phantoms that can be‘applied by
furers to assess the performance and, in particular, the verification of StO; accurqcy of cerebral
meter equipment in a standardized and reproducible manner. For a detailed gomparison of ip-
phantom-based verification approaches see Annex II.

pbin-containing turbid phantoms have been used by a number ofresearch laboratories fpr
to validate equipment and algorithms in diffuse optical spectréscopy, in particular in the
f tissue oximetryl451i541(58](60][85], Such phantom measurements have also been part of evidenge
atory considerations of cerebral tissue oximeters in Europe,Japan and the US. The majn
nt of a tissue haemoglobin phantom is a turbid liquid that‘contains, in particular, erythrocytes
attering material. The level of haemoglobin oxygen. saturation in the tissue haemoglobjn
SphanO;, can be adjusted over a wide range, in prineiple from 0 to 100 %. Oxygen saturatidn
concentration of haemoglobin in the phantom canghbe accurately known. Anyone who uses the
pscribed in clause DD.2 can reproducibly build: a tissue haemoglobin phantom with equfal
ristics.

e haemoglobin phantom is a simplified model of the human head in terms of diffuse light

scattering coefficient (1), absorption coefficient ([a), and refractive index (n).

hetry: Two possible implementations of a homogenous semi-infinite tissue haemoglobjin
tom are described in this Annex: one implementation with the probe of the cerebral tisstie
eter equipment immersed in the liquid, originally based on Reference [84], and a more recent
hdvanced implementation with a thin solid turbid interface layer between probe and liqujd
d on Reference{54]. The homogeneous phantom with or without a thin (i.e. 2,5 mm)
rficial layer canybe considered a reasonably adequate model for the head of very preter

ates (gestational age <28 weeks). Applying such a homogeneous phantom for tests of probes

for infants (€xtracerebral tissue thickness 4 mm to 10 mm) or adults (extracerebral tissye

thicK

ness 8mm to 20 mm) can be regarded as a basic test, mimicking a situation where total

haemoglobin concentration (related to relative blood volume) and oxygenation are the same in the
cere,T)ral and extracerebral compartments. This condition resembles the situation during controllg¢d

desaturation studies, where oxygenation of each tissue layer is changed synchronously. Current
research towards more realistic phantoms with complex geometries that are not yet included in the

prop

osed implementation is discussed in this Section further below.

b) Optical properties: The scattering coefficient and the total haemoglobin concentration of the
homogeneous liquid can be adapted in a wide range to specific target values for the various patient
populations.

Potential

ly, the phantom approach provides the flexibility to modify geometry and optical properties to

optimally estimate performance for major patient groups, including neonates, children and adults, and

high and

56

low skin pigmentation. It would be desirable to build a model that simulates the layered tissue
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structure and optical properties in the individual tissue compartments of the head with more detail.
Such a model would enable assessment of the impact of the superficial compartment on measured
signals attributed to the cerebral compartment — an issue that previous clinical studies have
reported38li8ll. However, a model with oxygenation and concentration of haemoglobin changing
separately in two or more compartments is a substantial technical challenge and presently the subject
of active research studies. Additionally, there are many more degrees of freedom compared to a
homogeneous phantom to adjust the properties of the individual layers. To date there is no adequate in-
vivo database available regarding the details of the dependence of blood volume and oxygenation in the
individual compartments (scalp, brain) during hypoxia. Nevertheless, a simple test case to help assess

ether cerebral hypoxia is being missed would be brain at normal ctHb and [ow oxygenation] but skin
af normal ctHb and normal oxygenation.

eanwhile, the influence of superficial tissue compartments on the measurement’of StO; has been
investigated with hybrid solid-liquid phantoms. The impact of a superficial fat)layer in the case of

uscle oximetry was studied with a solid turbid interface layer of varying thicknéss between grobe and
liquidlé”l. An advanced type of phantom for cerebral oximetry that-relies on a 3D-printed
cgrebrovascular module with channels containing whole blood with tuneable oxygenation has several
adlvantages over liquid phantomsl(22l. This phantom has also been equipped with superficial layers, here
mimicking skull/scalp and cerebrospinal fluid layer, and various commercial cerebral tissue pximeters
and probes have been tested[22]. Such tests can provide valuable insights into the capability of ajdevice to
rgach the brain through a certain thickness of extracerebral tissues. Both studies found, for some
devices, a substantial decrease of sensitivity to changes infoxygenation in the lower liquid layer with
increasing superficial thickness in the lower liquid layer: This finding is supported by simulatjons for a
similar situation(’3. However, at the time of writing of this document, such types of hybrid ghantoms
cgnnot be recommended in general for accuracy determination due to the lack of a final, well-yalidated
approach. The aforementioned two studies used ¢arbon-based absorbers in the superficial layer which
does not allow full haemoglobin (Hb) spectra to'be mimicked in this layer. Ideally, the simulated optical
property values should more accurately represent the oxygenation and ctHb of superficial |perfused
tigsues.

Ahother element of more realisticcphantoms is the impact of skin pigmentation, which has be¢n shown
td have an effect on measurements of some oximeters[3133], First tests of cerebral tissue oximeters have
bgen reported with a thinypigmented superficial layer on a channel array tissue haefmoglobin
phantom!23]. Both the aforementioned clinical and phantom tests tend to show a negative bias in StO; for
high pigmentation levels,

It| should also be‘meéntioned that valuable insights into the dependence of measurement results on
various factors)fer complex geometries and sets of optical properties can be obtained efficiently from
cogmputer sifnulations of light propagation in tissue (e.g. Reference [78]). However, knowledge of the
amalysis algorithm of the particular cerebral tissue oximeter equipment under consideration is rjeeded to
cgnvertithe simulated light intensities into estimates of haemoglobin oxygenation and other parameters
Serh as total haemoglobin concentration.

DD.2 Features of the tissue haemoglobin phantom

DD.2.1 General

Near infrared light emitted from the source of the cerebral tissue oximeter probe reaches the detector
with its intensity reduced owing to scattering in the living tissue and absorption by haemoglobin and
other chromophores such as water, cytochrome oxidase, fat, melanin and myoglobin (in muscles). The
main functional component of the tissue haemoglobin phantom is a turbid liquid that simulates major
characteristics of light scattering and absorption in the living tissue. It contains natural haemoglobin,
for which the oxygen saturation can be controlled over a clinically relevant range.
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DD.2.2 Safety precautions regarding blood or blood components

Personnel handling blood are at risk for occupational exposure to bloodborne pathogens, including
hepatitis B virus (HBV), hepatitis C virus (HCV), and human immunodeficiency virus (HIV). Personnel
working with blood should follow simple rules to assure safety and minimize the risk of exposure to
pathogens. Gloves, a lab coat, and safety glasses should be worn to prevent any contamination. When
taking blood from a blood bag or any recipient, if syringes and needles are required, one should use
blunt tip needles. This prevents hazard from sharp needles. Lastly, the clean and dirty (contaminated)
areas in the lab should be kept separated and no equipment should be touched by gloves that have been
in contagt-with-bleod: Rcscu dius the diopuoql of-the bluud, adisinfeetantsteh=as
should bg added to the waste blood for an appropriate time before pouring it to a drain. Moreover, all
equipment needs to be thoroughly cleaned with a disinfectant and/or 70 % alcohol (usually industrial
methylated spirit (IMS) or methanol). Finally, blood containers, gloves, tissues, or any matérial jn
contact With blood should be disposed of in dedicated clinical waste bags, apart from the needles and
other sharp items which should be disposed of in sharps bins. For further information see regulations
such as|Human Tissue Act (UK, 2004), Bloodborne Pathogens Standard (29“\CFR 1910.103[0,
Occupatipnal Safety and Health Administration - OSHA, US), European Directive~2002/98/EC setting
standards of quality and safety for the collection, testing, processing, storage anddistribution of human
blood angl blood components (2003).

(! )
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DD.2.3 |Composition of the tissue haemoglobin phantom liquid

The turbid liquid of the tissue haemoglobin phantom consists of thefellowing materials.

a) Haemoglobin component: Erythrocyte concentrate from a:blood bank or blood taken from veins pf
healthy volunteers. The total haemoglobin concentration’(in g/dl) in the blood or in the erythrocyte
concéntrate is measured before preparing the tissue haemoglobin phantom by means of a blood gas
analyser which makes it possible to exactly determine the total haemoglobin concentration aftgr
dilutfon with scattering materials and physiolagical buffered saline as described below. The total
haemoglobin concentration (in pmol/l, or M) in the tissue haemoglobin phantom should mat¢h
typicpl values for the target tissue type and-patient population (e.g. neonates, children, adolescents,
adults) under consideration for which>a cerebral tissue oximeter monitor-probe combination |is
intended. To assess the capability of the cerebral tissue oximeter to measure accurately when this
paraineter varies, at least two different total haemoglobin concentrations (including a normal and a
low value) should be used. If venous blood sampled from a healthy volunteer is used, care is need¢d
to prevent clotting by using, e:g. a heparinized syringe.

NOTH he-abserptionefthe-tissre-haemogiobinphantomas-deseribed-herein
range is given primarily by the absorption of oxy- and deoxyhaemoglobin and of water.

b) Scattering component: Commercially available fat emulsions for intravenous nutrition based on
soybean oil [871(661144] to adjust the reduced scattering coefficient to be typical for the living tissue
under consideration. As these emulsions are designed for intravenous use, they are designed to mix
with blood. The relationship between the (wavelength-dependent) reduced scattering coefficient
and concentration should be determined in advance for the particular fat emulsion chosen. Most
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commonly, Intralipid®7 is used!82]. Intralipid 20 % was shown to exhibit high stability over years
when kept in the original closed containers and small batch-to-batch variations (observed
deviations from average max. 2.2 %)B%. The intrinsic reduced scattering coefficient of Intralipid
20 % was also determined in a multi-centre study with an uncertainty of about 2 % or betteri82l. The
wavelength dependence of scattering of Intralipid[3° and of the relevant tissues in adults[®5] as well
as neonates(?5l is in reasonable agreement. Since there are reports about the degradation of
Intralipid scattering when used in a tissue haemoglobin phantom, it is recommended to keep the
total duration of an experiment below 2 h and to monitor periodically the stability of the scattering
coefficient because of the propensity of lipid aggregation. A deviation in ps' of up to about 15 % can
be toteratedt™:

NOTE4  For target s’ values, see Table DD.1.
NOTES5  Erythrocytes or whole blood provide a minor contribution to scattering.

c)] Diluting agent: Physiological buffered saline for diluting the blood or erythrocyte concentrate to
adjust the total haemoglobin concentration to a typical value forDOthe living tissye under
consideration and to maintain the stability of the erythrocytes!*d. Its‘@smotic pressure and pH have
been so adjusted as to prevent haemolysis and to maintain a pH of ~7.4, respectively(#0l. A pH range
of 6.8<pH<8 of the phantom seems acceptable. Stricter criteria’can apply in case the feference
method is pH-dependent.

DE.2.4 Design of the tissue haemoglobin phantom setup

DP.2.4.1 Liquid-probe interface

The tissue haemoglobin phantom is based on a homogeneous liquid that resembles the in-vivo|situation
in terms of scattering, total Hb concentration and water content and the opportunity| to vary
oxygenation. The semi-infinite geometry (half-space with a flat air-tissue boundary) is adopted. Several
tgchnical solutions for the interface betiveen the probe and liquid are feasible. In the preferred
implementations, the probe is eithertimmersed in the liquid8450132] or attached to a thin turbid
interface layer!54l. Usually source and detector are embedded in a flat black pad which is subptantially
larger than the source-detector separation. Then, itis irrelevant from point of view of light prqgpagation
ether there is air or liquidon the back (averted from tissue) of the probe, so the semi-infinite
geometry is also valid in this.case. If a material is used in between the probe and turbid liquid such as a
ap to avoid liquid ingress, it has to be checked that this material does not alter the readipg of the
cgrebral tissue oximeter-(e.g. due to a light-guiding effect). It has been shown that transparent|adhesive
embrane dressifighis suitable. The most advanced technical solution of probe attachmlent uses
indows in the‘container that are made of a turbid silicone layer with optical properties resembling
tHose of neonatal skulll54l. From experiments in which the thickness of the first layer was varied![67], it
c3n be inférved that the influence of a thin first layer (2,5 mm) is negligible.

DPD.2:4.2 Container

The container should have black walls and the probe of the cerebral tissue oximeter under test should be
placed far from any boundaries to avoid their influence on light propagation from the source to detector
optodes. The container needs to be large enough to fulfil the following criterion: The distance between
boundaries and source as well as between boundaries and detector should be greater than or equal to
the largest source-detector separation that is realized in the cerebral tissue oximeter probe under test.
This requirement applies to both lateral directions, while in depth direction the homogeneous liquid
should extend to at least twice the source-detector separation.

7 Intralipid® is a registered trademark of Fresenius Kabi AB. This information is given for the convenience of users of this
document and does not constitute an endorsement by ISO of the product named.
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The temperature in the container should be kept at a constant level in the range (37 % 2)°C.
Temperature should be monitored at least at the beginning and end of each oxygenation-deoxygenation
cycle. Temperature stabilization can be achieved by a heater plate in thermal contact with the liquid(54],
a heating sheet wrapped around the container/s¢l or a water bath(841171],

A magnetic stirrer ensures the homogeneity of the solution, in particular when changing oxygenation, as
well as temperature homogeneity. The homogeneity of oxygenation should be tested by a pO- sensor or
any other sensor measuring oxygenation locally in a volume <1 cm3 that can be moved to various
locations in all directions inside the liquid.

—r

It is recqmmended that a lid be used to shield the liquid from ambient air. In this way, atmospheric
oxygen exchange can be minimized and SphanO: values down to zero can be achieved. For, maximum
desaturation effect, it is advantageous to flush the space above the liquid with nitrogen dmmediatelly
after rea¢hing the high target SphanO;.

DD.2.4.3] Probe arrangement

DD.2.4.3.1 Immersed probe

The cerebral tissue oximeter probe is held in the container so that its measuring side is in contact with
the liquid and not faced to the wall of the container.

a) Preqaution in the case of separated probes

Some of the cerebral tissue oximeter probes are separated into illuminating and receiving elements.
These separated probes are properly unified with the holder when attached on the surface of the
patignt. Separated probes should be thus inserted into the tissue haemoglobin phantom in this
unified state specified by the instructions for use.of the cerebral tissue oximeter.

b) Waterproofing of the probe including extension cable

Some of the cerebral tissue oximeter probes consist of only optical components while others incluge
electironics on the probe. The former-can be inserted in the tissue haemoglobin phantom as they ate,
but the latter can be waterproofed if deemed necessary. Methods such as following have been used.

— Adhesive waterproof sheet: The cerebral tissue oximeter probe is covered with an adhesiye
waterproof sheet where needed. It should be confirmed in advance that there is 1o
significantdifference (compared with the range of data fluctuation) in the measuremept
data betteen when covered with sheet and not covered by using an appropriate meth¢d
(e.g. measurement on a solid phantom).

— Waterproof jelly: The cerebral tissue oximeter probe is coated with waterproof jelly. It should e
confirmed in advance that there is no significant difference in the measurement dafa
betweenr witelr coated witlt jetly and ot coated by USINg dail appropriate metiod (e.g.
measurement on a solid phantom).

The direction from source to detector should be arranged horizontally to avoid the influence of a
possible (vertical) oxygenation gradient in the liquid. The tissue oximeter probe and the reference probe
should be mounted at the same vertical height (within about 1 cm).

DD.2.4.3.2 Probe attached to turbid window

All parts of the probe should be in tight contact with the turbid silicone window material which is
achieved in the following way: The mount is spring-loaded or contains an elastic element (e.g. a layer of
soft silicone), which is compressed during the mounting process and applies a gentle force on the probe
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pointing towards the window boundary to avoid an air gap between the probe and window material.
This is intensified by the fluid pressure bending the windows outwards in case they are made from
elastic material (e.g. from turbid silicone) as well. The shape of the mounting element might have to be
adapted to the rear shape of the source-detector pad to obtain a flat probe-window interface.

The direction from source to detector should be arranged horizontally to avoid the influence of a
possible (vertical) oxygenation gradient in the liquid. The tissue oximeter probe and the reference probe
should be mounted at the same vertical height (within about 1 cm).

DD.2.5 Methods to change oxygenation

The measurement is started at complete oxygenation, i.e. Sphan0O.= 100 %. The |verification
measurement, i.e. recording of oxygenation by the cerebral tissue oximeter to be verified anld by the
regference instrument is performed while slowly decreasing saturation. The control-ofloxygenption can
b¢ performed in different ways:

Okygenation as well as deoxygenation of the phantom liquid can be indu¢ed by an extra¢orporeal
membrane oxygenator (artificial lung)l50l. The tissue haemoglobin phantom is circulated with a pump
b¢tween the container and an oxygenator. A mixture of Oz, N2 and CO4 (5 %) gases is delivered into the
oxygenator. To change the SphanO: (i.e., haemoglobin oxygemn. Saturation of tissue haemoglobin
phantom), the ratio of 0O; and N; contents in a mixed gas is changed while keeping the COp content
nearly constant (5 %) to maintain pCO; of the tissue haemoglobin phantom around 40 mmHg which is a
typical condition in living tissues. With this method, Sphan0; can be changed precisely over a wide
rgnge. However, the equipment is expensive, and deoxygenation is rather slow.

If|this option is chosen, special care has to be taken“to ensure homogeneity of the tissue haefnoglobin
phantom liquid. The outlet tube of the artificial lung should be placed far away from the cerebral tissue
oximeter probe and the reference instrument;probe, in order to minimize the influence of thle related
lgcal inhomogeneity. Homogeneity of the liquid should be verified in at least two states aff which a
gradient is most likely: (i) at high SpharniOz = 100 %, within the first 5 minutes after having started the
deoxygenation at the maximum intended deoxygenation speed and (ii) when the lower targetl SphanO;
(dee Table DD.1) is reached. The(hgmogeneity test is to be performed with a pO; sensor or another
instrument capable of determining small volume (<1 cm3) differences in SphanO; in real time. The
measurement locations should-be representative of the volume probed by the tissue oximeter and by the
rgference instrument. Thehemogeneity test should be repeated as soon as the speed of stirring or other
rglevant parameters arexchanged.

ithout use of arartificial lung, complete oxygenation can be achieved by exposing the |liquid to
bient air or’bitbbling oxygen gas into the liquid. The latter option enables a much faster injcrease of
hanO,. Withthe gas bubbling approach, it is advantageous to use a fine bubble diffuser to minimize
e bubble size, haemolysis and mechanical stress to the components of the suspension.

cos <

Dpéxygenation can be performed by bubbling nitrogen gas through the liquid[s3li¢0]l of adding
yeastie4[4s]160],

When bubbling nitrogen, the homogeneity of SphanO; should be verified by measurements at
representative positions within the liquid, once per experiment, at high Sphan0O. where the gradient is
expected to be highest. One needs to ensure that the measurement is not compromised by gas bubbles
running through the volume sampled by the cerebral tissue oximeter under test as well as reference
instrument probes, e.g. by repeatedly turning off the gas flow and observing changes in readings. Also,
one needs to ensure that no gas bubbles adhere to the probe-liquid interface, by testing in clear liquid
and, if necessary, wiping off bubbles from the interface before the measurement.
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When yeast is used for deoxygenation, its respiration (i.e., metabolism) consumes oxygen thereby
decreasing the oxygen concentration and thus SphanO;. Yeast is a single-celled fungus that uses cellular
respiration, which converts glucose and oxygen into carbon dioxide and adenosine triphosphate (ATP).
Dry and fresh yeast are equally suitable. The method based on yeast is preferable because oxygen is
extracted homogenously within the liquid, improving homogeneity of SphanO;. Further advantages
compared to deoxygenation by nitrogen gas are increased and adjustable speed of the experiments and
improved phantom stability, in particular of the lipid component. A disadvantage of deoxygenation by
yeast is that the liquid becomes acidic with time due to production and accumulation of CO,. The drift
towards acidity can be slowed down by adding more buffer (e.g. solution of sodium bicarbonate) to the
liquid (s¢e DD.3.2Z.Z) but can still be an issue in case of a pH-sensitive reference method. It should be
noted thpt deoxygenation by yeast is a continuous process that does not easily allow targeting pf
multiple [plateau levels of SphanO.. It should be ensured that the speed of deoxygenation is slow)enough
to enablg the liquid to deoxygenate homogeneously and the recordings by the cerebral tissiieyoximeter
and the reference equipment to be performed synchronously.

DD.2.6 [Reference measurement for Sphan0O;

Reference measurement values S of the Hb oxygen saturation of the tissue haemoglobin phantom can e
obtained|in different ways. However, at present none of the methods described-below represents a gold
standard|without restrictions.

The most desirable method would be the use of a blood gas analyser{88l*8l or CO-oximeter!>°. However,
not all spuch equipment is capable of reliably measuring SphanQ; in the given liquid mixture with
relatively low concentrations of haemoglobin and high turbidity.compared to human whole blood.

Several glternative options that are based on diffuse optical spectroscopy exist. One option is visible
light spdctroscopy (VLS) at short source-detector séparation that makes use of different distinct
maxima |n the absorption spectra of oxy- and deoxyhaemoglobinl2sl#8][54][¢8], Several algorithms wefe
comparefl in a phantoml[®l. To date, there is no cammercial VLS equipment available.

Another [ option is the use of frequency-domain or time-domain near infrared spectroscopy
instrumegntation that is capable of separating absorption and scattering. Hb concentrations and
oxygenatlion can be derived from the absorption coefficients measured at various wavelengths. These
methods|have the additional adyantage of allowing the reduced scattering coefficient to be monitorg¢d
during the experiment as an indicator of stability of the scattering component.

In principle, StO:; of the)“tissue haemoglobin phantom can also be determined exploiting tﬂ:e
haemoglpbin-oxygen dissociation curve. SphanO; can be calculated from the measured values of the
partial (), pressure~and pH of the tissue haemoglobin phantom!71179134, There are even mofe
sophisticated approaches to calculating SphanO; from simultaneous measurements of pO;, pH, pCQ,,
temperafure and concentration of 2,3-diphosphoglycerate (DPG)37). If any of the variables cannot be
measure
the stabi CCULACY G der phanto : 0ns alds S
might be feasible to conduct intermittent measurements or continuous measurements with more
suitable probes.

For any of the methods chosen, the uncertainty of the measured reference values should be estimated
and disclosed.
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DD.3 Procedures for verification of cerebral tissue oximeter equipment with the
tissue haemoglobin phantom

DD.3.1 Purpose of the verification

The primary purpose of the verification of the cerebral tissue oximeter equipment with the tissue
haemoglobin phantom is for the verification of the measurement accuracy of the cerebral tissue oximeter
equipment regarding the measurand StO..

rq

al

DP3-2—Testprocedure-oftheverification
3- tion

The test measurement is performed while decreasing Sphan0O.. The following steps of thectest g
fer to deoxygenation by yeast. If other means of deoxygenation are used (see DD.2.4),the p
should be adapted accordingly.

rocedure
rocedure

The experiment is started with pre-tempered saline buffer solution Nn the contaiper with

temperature control and stirring.
Intralipid is added by a syringe.
Erythrocyte concentrate or blood is added.

The initial state with complete oxygenation (Sphan0; of 100 %) is prepared by bubbling o3
through the liquid for a period of a few minutes.

The measurement is started.

Yeast dissolved in a small quantity of saline buffer is added to the liquid. Respiration
gradually reduces SphanO..

NOTE 1 Glucose solution with a relative-concentration (mass ratio) of <1 % can be added to in
speed of deoxygenation without increasing the amount of yeast. The limit of 1 % to set to avoid an|
on scattering and refractive indeX of the turbid liquid.

ygen gas

of yeast

rease the
influence

During the following desaturation, the oxygen saturation of the tissue haemoglobin phantom,
Sphan0;, is measured simultaneously with the reference equipment (Sphan0Oz,wr) and with the ME

equipment (Sphan03).) The measurements should either be performed continu
intermittently in_steps of 5 % or the maximum practically achievable rate, whichever i
SphanO; should'be/decreased to at least the lower limit of the declared range of accuracy.

NOTE 2 The’phantom can allow SphanO:to decrease down to 20 % or lower.

The required accuracy of synchronization between both measurements (including sampl
and“delays) depends on the speed of deoxygenation. The recommended duratio1
desaturation phase is between 10 min and 30 min. It can be adjusted by the amount of y
glucose added.

h)

usly or
s higher.

ng times
n of the
reast and

When a plateau at the low saturation limit is reached, further cycles of oxygenation and

deoxygenation can be performed, either repeating the measurement with the same

phantom

composition or increasing ctHb by adding further erythrocyte concentrate or blood. Repeat steps d)

to g).
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DD.4 Specifications of the tissue haemoglobin phantom

DD.4.1 Target parameters of the tissue haemoglobin phantom

Depending on the target population of the particular probe under test, different values of ctHb and ps’
should be used in the tissue haemoglobin phantom. The performance of the ME equipment should be
evaluated not only at normal, but also at low ctHb that can be present in critically ill patients.

The concentration of the components in Table DD.1 was defined based on the following considerations:

1) Ttal haemoglobin concentration of the tissue haemoglobin phantom: The measuremeént pf
brebral blood volume (CBV) has been studied in the human brain tissue using near<infrared
bectroscopy or positron emission tomography (PET). The values of CBV (blood_ volume pgr
tissue mass) lie in the range of 2 to 5 ml/(100 g)[33], but lower values were also reported(>il. The
cfHb can be inferred from these values and typical Hb concentrations in blogd. "Alternatively,
literature data are available for ctHb derived from measurements of near-infrared absorption
pefficients for neonates(511421125] and infants[72.

wn O

Q

2) Sgatterer concentrations of the tissue haemoglobin phantom: The redueed scattering coefficient
f brain tissue in-vivo has been measured by time domain or frequency domain diffuse optidal
pectroscopy methods(511i851(25], for neonates[511(901(25] and adults[82K471(41],

[Ze)

NOTE  The values given in Table DD.1 represent average values abtained from a comprehensive literatufe
surve. The literature values are spread over a substantial range,.e;g. extreme values of s’ for neonates of 2.3
and 1P cm-! were found.

Table DD.1 — Target parameters of the tissue haemoglobin phantom

Target population
Property Quantity , Unit

Neonates Adults
Target tota'l haemo.glo.bIn “tHb uM 25, 45, 70 50, 70
concentration (brain tissue)
Target reduced scattering
coefficient (brain tissue).at us’ cm! 6 10
800 nm
;F;;gzt Hb oxygepation SphanO; | % 20t0 95 20 to 95

To illustifate the practical implementation, two examples of tissue haemoglobin phantoms that have be¢n
employeql to testsdnd compare tissue oximeter equipment are presented. Note that the ps' and ctH{b
values r¢alized in these previous implementations were not exactly the same as the values given |n
Table DD).

Phantom A, based on earlier work published inl84, was realized with a black cylindrical container in
which the probe was immersed. For temperature control, the container was surrounded by a water
bath. The ctHb and ps’ values were chosen to represent typical values of adults, i.e. 70 uM and 11 cm-!
(at 800 nm), respectively. The liquid consisted of 1,811 of saline buffer solution (PBS), 130 ml of
Intralipid 20 %, and 60 ml of fresh human blood (Hb concentration 150 g/1). Oxygenation was achieved
by Oz bubbling, deoxygenation by adding 2,7 g of dry yeast. SphanO; varied from 95 % down to 40 %.

Phantom B[54 was realized with a dedicated 3D-printed container with 4 windows, a gas-tight lid and a
bottom heater plate for temperature control. The us’ value was chosen to be typical of neonates, i.e.
5,5 cm'!, while ctHb was varied to cover the range that occurs in patients, i.e. 25, 45 and 70 uM. The
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liquid consisted of 2.51 of saline buffer solution (PBS) and 15, 25, and 35 ml, respectively, of sodium
bicarbonate buffer, 74 ml of Intralipid 20 %, and 20, 33,5 and 53,5 ml, respectively, of erythrocyte
concentrate from a blood bank (Hb concentration 220 g/1). Oxygenation was achieved by O, bubbling,
deoxygenation by adding 3 g of fresh yeast. Sphan0; varied from approximately 100 % down to nearly
0 %.

DD.4.2 Properties of the tissue haemoglobin phantom to be disclosed

Apart from the target parameters chosen according to DD.4.1, the test results should be accompanied by
tHe following disclosures:

— type and amount of haemoglobin component and its total Hb concentration;
— type and amount of scattering component;

— type and amount of diluting agent;

— other chemicals added;

— type of container;

— volume of liquid;

— probe arrangement (probe-liquid interface: immersed.or turbid window);
— probe-liquid interface layer (thickness and optical properties);

— method of oxygenation;

— method of deoxygenation (in case ofyeast: type and amount);

— reference method for determining SphanO;.
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Annex EE
(informative)

Guideline for evaluating and documenting St0O: accuracy in human subjects

EE.1 General

This annex is provided as a guideline for evaluating and documenting the StO; accuracy of-cerebral

tissue ox
tissue ox
testing is

201.12.1
oximeter

This anrlex describes testing methods for assessing the StO. accuraéy of cerebral tissue oximeter
equipment. It does not prescribe medical practice. Proper safety procedures, institutional review boafd
(IRB), and ethics committee (EC) processes should be appropriately observed. All subjects should
consent tjo participate in the study.

EE.2 Brocedure for laboratory testing on healthy volunteers

EE.2.1

The gengral purpose of a controlled desaturation study is for the verification of the StO; accuracy pf

cerebral

oxygenatjon saturation measurements Sa0zand Sjv0; by a CO-oximeter. This is achieved through pair¢d

observat

tissue oximeter equipment on a group of healthy adult volunteers. The fraction of inspired oxygen (FiO)
delivered to test subjects is varied\'to achieve a series of targeted steady-state saturation periods.
Arterial and jugular venous blodd)samples are periodically taken from indwelling arterial and jugular

venous c
pressure
controlle
measure
verificati

specimer.

The met
Subjects
oxygen C
protocol

meter equipment. The methods described in this annex are applicable to both new .cerebral
meter equipment and modified cerebral tissue oximeter equipment or parts whenever humgn
performed.

101.2 requires that any human study conducted to evaluate the StO; acciiracy of cerebral tissyie
equipment conforms with ISO 14155:2020. See discussion of safety aspeets in Reference [30]

[Purpose of a controlled desaturation study.

tissue oximeter equipment in comparison to Sav0; values obtained on the basis of functional

ons of St0; and SavO; values ovep a specified range (e.g. 70 % to 100 % Sa0:) of the cerebrul

htheters for use in thé comparison. Maintaining the subject in a normocarbic state (i.e., a partigal
of COz in arterial blood (PaCO;) between 35 to 45mmHg, 4,7 to 6,0kPa) is important during the
] desaturation-study to reduce variability in the subject’s cerebral blood flow. Continuotis
ment of endtidal carbon dioxide (EtCO:) can help assess for a normocarbic state bput
bn that the(PaCO; is within the normocarbic range should happen with each arterial blogd

o6d) described below involves procedures that need to be supervised by qualified personnel.
have an artery cannulated and jugular venous bulb catheter and then are exposed to inspired
oncentrations lower and higher than room air. Accordingly, this study method always requires
approval by an IRB or EC, including informed consent of the subjects.

EE.2.2 Scope of a controlled desaturation study

This controlled desaturation study method is used for the verification of the St0; accuracy of cerebral
tissue oximeter equipment under well controlled, optimal laboratory conditions on healthy adult

subjects.
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EE.2.3 Methods
EE.2.3.1 Study population

The following parameters should be considered.

1) Number and source of subjects

The study should include a sufficient number of subjects to attain the statistical significance
necessary to demonstrate a specified St0. accuracy.

— Subijects should be healthy adult volunteers.

— For the broadest application to the largest group of patients, the subjects should vary in their
physical characteristics to the greatest extent possible.

NOTE The characteristics of the subjects can be limited due to safety reasons of availability.

2] Subjectinclusion and exclusion criteria
— The study protocol should define the inclusion/exclusion criferia.
— Subijects participate in the study on a voluntary basis.

— All subjects should be in good health at the time 6fthe study. Unless specified otherwjse in the
protocol, the following values could be applied: COHb < 3 %, MetHb < 2 %, ctHb 3 10 g/dl;
these values are not intended to be a comprehensive determination of “good health”.

— Inclusion criteria should serve the purpose of the study. (Examples are not intended to be
comprehensive.)

EXAMPLE 1 Both male and female stibjects.
EXAMPLE 2 Differing skin pignentation.

EXAMPLE 3 Healthy adult subjects capable of undergoing controlled hypoxaemia to the levels|called for
in the protocol with-minimal medical risk.

— Examples ofrexelusion criteria (not intended to be comprehensive).

EXAMPEE4"Smokers or individuals exposed to high levels of carbon monoxide that result i elevated
carboxyhaemoglobin levels, unless specific dyshaemoglobins are called for in the study protocdl.

EXAMPLE 5 Individuals subject to conditions that result in elevated levels of methaemogloHin, unless
specific dyshaemoglobins are called for in the study protocol.

PV AMBPLLED  C 1o 4. 1 111 1 pa | 4 pa | i 1 el Hy i | 3=l L lld
LAANT LILO ‘)UUJCLLD wilU wouIlu Ut pla\,cu dlU UlluutcT IIITUICdl TISA d35ULIdlTU VWILIT dll_y PI oceaures calle

for in the protocol (e.g. blood vessel cannulation and hypoxia).

EXAMPLE 7 Age.
3) Criteria for study termination

— Study protocol should define circumstances and/or subject response to the procedure that
becomes grounds for study termination.

EXAMPLE 8 The subject is discovered to meet one of the pre-defined exclusion criteria (e.g. elevated
methaemoglobin level).
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EE.2.3.2.
oximeter

EE.2.3.2.

EE.2.3.2.

EE.2.3.2
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Apparatus

1 CO-oximeter for measuring Sa0,, Sjv0O, and procedures and supplies recommended by the CO-
manufacturer.

2 Materials for arterial catheterization, jugular venous bulb catheter and blood sampling.
3 Means for recording StO; values (device under test), which can be manual or automated.

4 Cerebral tissue oximeter equipment to be tested. See also EE.2.3.4 ¢)

EE.2.3.2
subject (

EE.2.3.3
To perfol
a) The

cond

b) After
to thg

NOTH
areb
c) Theq
tissug

EXAMPLE 1 A stable plateau on the cerebral tissue-oximeter equipment under test.
EXAMPLE 2 A stable plateau on a reference gerebral tissue oximeter equipment.

EXAMPLE 3 A real-time measurement:of expired respiratory gases.

d) The
nitro
dioxi

e) FiO, i
(e.g.

(peri
acceq

plate

f) When combined across subjects, these M plateaus should result in a distribution of collected and

poolg

5 Means for delivering a medical grade oxygen-nitrogen mixture of varying FiO, levels to-the
p.g. pre-mixed high-pressure cylinders or gas-mixing equipment).

Procedure

'm a controlled desaturation study:
study protocol should describe the specific conditions of the test (€.g. optimal laboratory
tions).

the catheters are placed in the artery and jugular bulb, the probes to be evaluated are attachg¢d
p subject’s forehead.

1 Further detail of the proper techniques and maintenance of‘the‘arterial line and jugular bulb catheter
byond the scope of this document. The radial artery is typically used.

rotocol should specify criteria and methods for determining stability of the StO; at the cerebral
oximeter probe site.

preathing circuit is fitted to,the subject and the subject breathes a mixture of oxygen and
ben. Carbon dioxide can bevadded to the inspired gas mixture to maintain normal carbgn
e levels and to preventrespiratory alkalosis secondary to hyperventilation caused by hypoxi

o

5 reduced or increased to bring the subject near target levels. Desaturation to the lowest leviel
70 % Sa0,) is conducted in a stepwise process targeting a number of saturation plateayis

bds in whichythe saturation is relatively stable). The number of saturation plateaus finally
ted as valid-is represented by a value M. Sp0O; can be used to monitor the settling of ea¢h
hu as it iS\@continuous estimate of Sa0..

d’data pairs spanning the specified SavO, range. See also EE.2.3.4 b) and EE.2.3.4 f).

g) Within each saturation plateau level, draw N samples of the arterial and jugular venous blood and
pair with the corresponding StO; values.

It is important to have the jugular venous blood sampled over a slow period of at least 30s. If the jugular
draw is done faster there is a risk of pulling superficial blood from other areas. The arterial blood should

be taken
EXAMPLE

within the same interval as the jugular sample.

4  Astudy design is shown in Table EE.1 and Figure EE.1. In this example, M =5 and N = 2. The values

in this example are not intended to be limiting in the number of plateaus or numbers of samples per plateau.
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Table EE.1 — Example of target plateaus and ranges

5p02 plat(;)au range Target number of samples
100 to 97 2
96 to 92 2
91 to 85 2
84 t0 78 2
77 to 70 2
Total 10

L iy
100 [ L] ’ . N g
* /:\ /:\ 1 1
95 | S : E\i * Y \'l,
Sp0z i : % A A \f
90 - ' ] 4 : 5 S
85_ 1 1 | 1 1 1 1 ! 1 : 1 1

Key

SH0:2 measured in per cent

time interval where SpO0: is stable for>90Seconds

SpO0: Plateau

sample arterial specimen (deadspace purge and sampling can be rapid) - solid arrow

sample venous specimen (deadspace purge and sampling needs to be at least 30 s each) - dashed arrow

Ul B W N

desaturation

Axrow points are when blood is sampled.
Figure EE.1 — Example of desaturation-time profile

h) For eaeh(subject, M x N blood draws provide (Sa0,, Sjv0;, StO;) data triplets for analysis [see
EE.2.3:41)]. These data triplets are either acquired simultaneously or correlated in| time to
accommodate physiological and cerebral tissue oximeter equipment delays.

NOTE 2 The values of M and N can vary by subject, given the ability to reach and maintain th¢ targeted
plateau levels.

i) When the reference system’s blood saturation stabilizes (for example, by visually assessing the
display of Sp0; and St0;) at an acceptable plateau level, blood sampling can begin. After a change in
plateau level, readings should be allowed to stabilize between 90 s and 180 s to allow Sa0, to reach
equilibrium at the cerebral tissue oximeter probe sampling site.

j) Care should be taken for the sampling, handling and analysis of blood to ensure the Sa0, and SjvO,
accuracy of the CO-oximeter measurement. Procedures for the sampling, handling and analysis of
blood are found elsewherel21l.

k) The protocol should define the time interval between successive samples within a plateau to ensure
that samples are independent. In determining this interval, consideration should be given to
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allowing the blood circulation to flush and replace the haemoglobin at the cerebral tissue oximeter
probe site and to the averaging time of the cerebral tissue oximeter equipment.

EE.2.3.4 Data analysis

A controlled desaturation study data analysis is performed as follows.

a)

b)

d)

g)

EE.3

Paired StO; and Sav0; data points are pooled for all subjects and the A is calculated using the

formula given in 201.12.1.101.3.

Pooled data values are required to include SavO; levels within 3 % of the endpoints of the StO.

arcuracy range, e.g. 55 % to 80 %. StO; accuracy calculations are required to include data pai
ith Sav0; values that span at least 58 % to 77 % (per 201.12.1.101.2.).

Fpr cerebral tissue oximeter equipment that places an upper limit on displayed StO: (e.g795 ¢
the data analysis should ensure that Arms is not influenced by cutting measured values)

HXAMPLE 1 Include only observations where StO; readings are less than the upper display limit.

el

XAMPLE 2 Statistically down-weight those values with St0z=95 % (e.g. treatobservations of 95 %
ensored, as is done in the analysis of survival data).

(@]

HXAMPLE 3  Configure the data-collection system to record values of St0>>95 %.

=z

OTE Ayms describes the combined bias and precision of StO: readings, and by limiting display valu¢

ot

e assumptions of a normal distribution are violated.

e

ata pairs can be rejected if, determined retrospectively, they were taken during conditions th
rere outside of the scope of the testing as defined.in¢he protocol.

S

EXAMPLE 4 An unstable StO: plateau.

o5

XKAMPLE 5 If the clinical study record indicated that there were difficulties with the blood draw (e
Kcessive bubbles).

o]

EXAMPLE 6  The CO-oximeter experienced error conditions.

—

he total number of acceptable data pairs acquired during the study needs to be sufficient
demonstrate statisticallythe’specified StO: accuracy.

e distribution of($av0, values in the pooled data set needs to be made with comparablle

density over the dull declared range. For example, approximately 1/4 of the data should f3
ithin each of.the following ranges: 55 % to 60 %, 61 % to 66 %, 67 % to 72 % and 73 %
80 % SavO0,.

If sufficient statistical power can be achieved using study inclusion criteria, then a multiple

regression is performed to determine influence of skin pigmentation, sex and age of the subjed
ondneasured variables.

'S

AS

kS,

Lo

11
Lo

ts

Testing on patients

EE.3.1 Procedure

The St0; accuracy of cerebral tissue oximeter equipment is measured by comparing StO; readings of the
cerebral tissue oximeter equipment to functional oxygenation values of SavO, determined by a CO-

oximeter.

In a clinical environment, the primary responsibility is patient care. StO, measurements from patients in
that environment when compared to measurements from a CO-oximeter in that environment can be
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degraded because data collection cannot always be well controlled. Both measurements are better
controlled under laboratory conditions.

In a clinical environment, measurements from cerebral tissue oximeter equipment and CO-oximeters are
often subject to non-optimal conditions and are difficult to match reliably due to circulatory instabilities
or dynamics.

The patient’s clinical condition should be considered when placing any cerebral tissue oximeter probe in
relation to the arterial and jugular venous sampling site. Whenever possible, the cerebral tissue oximeter

p
V§

N
st

T
i
d
th
ta

'obe should be observing blood that is part of the same circulatory stream as the artery an
in from which blood is taken.

DTE Blood samples can be withdrawn either as a needed part of clinical care or solely forthe purp
Lidy, as specified in an approved study protocol.

he total number of acceptable data pairs acquired during the study mneeds to be suff
atistically demonstrate the specified StO2 accuracy which can require a latge number of patj
stribution of reference values in the pooled data set needs to be made with comparable den
e full declared range. Specific numbers of samples and subjects as well as the analysis techni
be justified using statistical methods.

d jugular

ses of the

icient to
ents. The
sity over
que need
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Annex FF
(informative)

Functional testers for cerebral tissue oximeter equipment

of equipment and methods can be used to test cerebral tissue oximeter equipment butthere
be a distinction between equipment and methods used to assess the accuracy of cerebral tisstie
equipment versus equipment and methods that are limited to testing only the functionality pf
ral tissue oximeter equipment. While functional testers are useful in various applications, they
lesigned to be fully representative of cerebral tissue oximeter equipment uSe on patients and
e used to assess the accuracy of cerebral tissue oximeter equipment.

pt was very limited. Functional testers were not commercially available from independent
furers. These functional testers were being used primarily by‘the manufacturers of cerebrl
meter equipment and by research laboratories. However,dt\is assumed that functional testeys
ral tissue oximeter equipment will become more available/and the committees recognized that
nsible organizations need to be informed of their possible limitations.

.1.101 requires the instruction manuals of cerebral tissue oximeter equipment to state that
I testers cannot in general be used to measure the StO, accuracy of cerebral tissue oximeter
hd cerebral tissue oximeter monitors. Thishannex is intended to clarify the reasons for thlis
ent as well as semantic issues. Terms@uch as simulator, calibrator and tester have several
meanings, which can contribute tosmisunderstanding of the actual capability of a particular
have recommended specific uses\of the term “functional tester” when this term applies to
tissue oximetry. This annex explains the possible limitations of functional testers and suggests
ppriate use of functional testers. It also explains why it is inappropriate to use measuremenits

Lissue oximeter monitors:

Vhat is a simulator?

ntional usages.a simulator is test equipment that stands in for the human patient. For example,
s for invasive and non-invasive blood pressure and for electrocardiograph signals are w¢ll
substitutes for a patient. The measurement accuracy for testing ME equipment using|a
- can be expected to be comparable to that seen monitoring patients. A finite possibility pf

some adq

litienal uncertainty exists due to errors in the simulator.

There is,

at the time of writing, no simulator for cerebral tissue oximeter equipment that reproduces the

optical properties of a broad range of patients well enough to warrant its use by the responsible
organization in determining the StO; accuracy of any cerebral tissue oximeter monitor and cerebral tissue

oximeter

probe combination.

FF.3 Whatis a functional tester?

At the time of writing, there are no commercially available functional testers for cerebral tissue oximeter
equipment. However, manufacturers and researchers use functional testers for specific engineering
purposes related to development and testing of cerebral tissue oximeter equipment. Additionally,
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manufacturers can specify or sell functional testers to responsible organizations for their use in
confirming the functionality of their cerebral tissue oximeter equipment. Two principal characteristics of
functional testers are as follows.

An appropriate functional tester allows the responsible organization to determine whether the cerebral
tissue oximeter equipment is performing as the manufacturer designed it to perform, without in any way
determining whether the design was correct.

An accurate reading of StO, on a functional tester never implies that the cerebral tissue oximeter

equipment is accurate on human beings. All that is being evaluated by the tester is the cereb
oximeter equipment’s ability to reproduce the calibration curve or mathematical medel

ral tissue
that the

manufacturer designed into it; this calibration curve or mathematical model might not belaccurate.

FF.4 Types of functional testers and their uses

Current functional testers cannot test all aspects of cerebral tissue oximeter equipment. The
and responsible organizations that use a functional tester need)to be aware of its capabilities and
limitations to ensure it is appropriate for its intended use (see.Table FF.1).

Table FF.1 — Limitations of functional testers-for use with cerebral tissue oximetes

Some functional testers can be designed to connect to a cerebral tissue oximeter probe. In this type of
design, the functional tester is providing a simulation of some characteristics of the patient.

bperators

IS

Characteristic of
Functional tester

Possible Limitation

Possible Concern

Probe to patient
interface

Is light shunting (allowing light to
pass directly from the probe emitter
to the probe detector without
passing through the functional
tester) prevented in a manner,
similar to use on a patient?

Excessive light shunting can affect
the ability to obtain an StOz readin
or the stability or value of the
reading.

=)

D

Is‘ambient light prevented from
reaching the probe photo-detectors,
similar to use on a patient?

Excessive ambient light can affect
ability to obtain an StO2 reading or

the stability or value of the reading.

he

Does the surface of the functional
tester allow the light to enter and
exit the functional tester, similar to
probe use on a patient?

The surface of the functional tester

This can cause a reduction in signa
strength received at the cerebral
tissue oximeter probe, resulting in a
inability to obtain an StO2 reading,
affecting the stability or value of th
reading.

=]

cammotadequately simmutate patient
skin, resulting in probe light output
not entering the functional tester or
light output from the functional
tester not reaching the probe photo-
detectors.
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Characteristic of
Functional tester

Possible Limitation

Possible Concern

Patient superficial
layer

Does the functional tester simulate
the superficial layer of a patient?

Homogeneous light absorption and
scattering does not test how well the
cerebral tissue oximeter equipment
measures the oxygenation of the
brain tissue, rejecting the effects of
oxygenation of the superficial layer
and the effect of the skull.

Leyel and/or range
of pptical
abporbance and
scjttering

Does the functional tester simulate
the full range of absorbance and
scattering, resulting in signal
strength, similar to use on a patient?

If the signal strength is higher than a
patient’s signal strength the cerebral
tissue oximeter equipment can
operate on the functional tester-but
performance on a patient can)be
inadequate.

Ralnge of simulated
StQ):

A functional tester can simulate only
a single StOzvalue or a limited range
of St0zvalues.

The functional testermight not
provide simulation across the
declared rangéefthe cerebral tissue
oximeter equipment.

Abiility to test the
effects of the probe’s
light output power,
its|spectral
characteristics, or
its|photo-detector
senqsitivity.

A functional tester can be designed
in a manner such that the probe’s
light output is not returned to the
probe’s photo-detector. This type of
functional tester uses the probe’s
light output for triggering purposes
and generates light at the
appropriate timing to send\tothe
probe’s photo-detector,

Charaeteristic of the cerebral tissue
oximmeter probe related to light output
power, optical sensitivity and spectra
affect its performance but are not
tested with this type of functional
tester.

Some functional testers can be designed tg connect to the cerebral tissue oximeter monitor in place of 'ﬁe
cerebral [tissue oximeter probe. In this design the functional tester is providing a simulation of sonme
characteristics of the cerebral tissuefoximeter probe and some characteristic of the patient. This type pf
functiongl tester only tests the cerebral tissue oximeter monitor, as the probe is not included in the test.

While this type of functiondl tester can appear to be testing all aspects of the cerebral tissue oximeter
his cannot be thie“case. The operators and responsible organizations that use functional testeys
need to lpe aware of their capabilities and limitations to ensure they are appropriate for their intende¢d

monitor

use.

While functional-testers have limitations, they are appropriate for some uses such as:

A manufacturer can need the cerebral tissue oximeter equipment to be operating for development
purposes or during environment tests such as temperature and EMC testing. During these tests the
manufacturer should only be concerned that the functional tester simulates some characteristics of
patient signals at predictable levels. The characteristics of the simulated signals (i.e. repeatability,
reproducibility, stability, low signal amplitude, specific StO; value, etc.) can be optimized for the specific

test being performed.

The responsible organization can need the cerebral tissue oximeter equipment to be operating during
functional and safety testing performed by a biomedical engineer.
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Annex GG
(informative)

Concepts of ME equipment response time

GG-1 _General

There can be trade-offs between accurately tracking the magnitude of changes in St0;.and"m
the effects of noise. In general, faster response times can cause cerebral tissue oximeter.equipm
more vulnerable to noise but can allow them to follow the actual physiological change more g
The response of some cerebral tissue oximeters can be optimized for particular clinical situatio
are two important concepts in describing cerebral tissue oximeter equipment response. O
fiflelity in tracking StO; changes. The other is the delay from the time that-an event occurs (t

changes at the measurement site) until the display indicates the change or the generation
signals. “Fidelity” and “delay” are influenced by cerebral tissue oximeter’'equipment design and

amd data transmission delays. Adjustable controls (e.g. averaging time and alarm signal g
d¢lay) can be set.

Cerebral transit time as well as the response time of.cerebral vessels to change to stimuli a
order of several seconds. Furthermore, the deleterious effects of hypoxia develop over
Therefore, a response time/time resolution of less-than 10 s is not relevant for clinical purp|
cgrebrovascular research faster response timesy/time resolution can be relevant. For research
fast responses, it is important for the researcher to know the origin of the instantaneous value
displayed/stored/measured as a time range of the optical signal and/or any applied filter funct

GG.2 Fidelity

Fidelity can be described graphically by showing the range of responses of the cerebral tissue
equipment to a change in ‘saturation. Figure GG.1 illustrates a simulated response of cereb
oximeter equipment to.-a change in saturation. Figure GG.2 illustrates the simulated effect of
ayeraging times on the;résponse of the cerebral tissue oximeter equipment.
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Figure GG.1 — Illustration of fidelity of cerebral tissue oximeter equipment performance
in tracking saturation changeés
s
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2 displayed St0O:, faster averaging
3 displayed StOz, normal averaging
4

displayed StOz, slower averaging

Figure GG.2 — Illustration of effect of different averaging times on fidelity

The symbols 6 and 4 in Figure GG.1 do not refer to any particular requirement in this document. They
are illustrated here as possible points of interest, in that these are the likely areas of StO; accuracy that
can be affected by different averaging or filtering techniques response curves. The span depicted by the
symbol J represents a time lag before changes in saturation are reflected in the processed St0; value.
This lag can be caused by, for example, the time required for data acquisition, signal conditioning, and
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algorithm processing. The deviation denoted by A illustrates a lack of fidelity in reproducing the degree
of change in a transient desaturation. 4 is generally affected by, for example, signal averaging or the
data update period.

The importance of the errors, & and A, introduced by the processing of the StO; parameter as well as the
detection of alarm conditions and the subsequent generation of alarm signals that the purchasers of
cerebral tissue oximeter equipment need to consider for the applications in their clinical practice [see
201.7.9.2.1.101 €)], are well illustrated in Reference [621.

GG.3 Effects of delays

D
0
fr]

A
of

elays can be described graphically, for example, by showing the response of the icereb
rimeter equipment using Figure GG.3. The time from t; to t; is the alarm condition)delay and
pm t; to t3 is the alarm signal generation delay.

possible procedure to measure the sum of the alarm condition delay and alarm signal generat
cerebral tissue oximeter equipment is described below.

A functional tester is set to start at a saturation level of e.g. 70 %.

This level should be simulated for a period of time that{s sufficient to allow stabilizati
cerebral tissue oximeter equipment under test.

The functional tester then changes the saturationdevel in a linear ramp function with a p1
slope (or any other predefined function) down t@a given end value (e.g. 5 % below the alar

The sum of the alarm condition delay and.glarm signal generation delay is defined as the t
having the simulated saturation passing-the alarm limit (e.g. 50 % or the default low s
alarm limit) to the time the alarm system generates the appropriate alarm signal.

Figure GG.3 illustrates the compouents of alarm signal generation delay.
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Figure GG.3 — Graphic representation of coniponents of alarm system delay

The delay due to the cerebral tissue oximeter equipment processing and averaging is t; — t1, the alarm
condition] delay. The interval t; — t, the alarm signal generation delay, is attributed to the alarm system
strategy aind the communication time to the alarni signal generation communicator or distributed alarm
system (d.g. patient monitor or central station): Thus, the overall alarm system delay time is t3 — t1.

Figure G(i.4 represents a faster desaturation slope and a more realistic, noisier saturation signal.
Curves 3|and 4 underestimate the(depth of the fall in saturation. Curve 2, faster averaging, can cross|a
low saturation alarm limit soonér than curve 3, normal averaging, or curve 4, slower averaging, whi¢h
might not cause an alarm condition at all. The benefit of normal and slower averaging is to smooth ofat
the otherjwise noisy signal-and reduce the number of false positive alarm conditions.
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Figure GG.4 — Illustration of the effects of different’averaging times on a more rapjid
and noisier desaturation signal
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Annex HH
(normative)

Data interface requirements

ackground and purpose

tissue oximeter equipment in clinical use has typically provided data transmitted using
iry interfaces and protocols. To help foster interoperability of cerebral tissue- oximeter
it in the medical device ecosystem, increased standardization of this interface is desirable. This
t has sought to logically categorize the data that can be transmitted or received,as parameters,
tion data, settings data, configuration data, specification data, service monitoring data and
tem data via a functional connection.

wing categories of data are defined.

meters and units of measurement: Parameters and units,of measurement used within the
pral tissue oximeter equipment.

— Equ

— Equipment settings: Settings relating to the controland operation of the cerebral tissue oximeter
equipment.

— Equipment configuration: operator settings that can be remotely configured.

— Equipment specifications: Relevant specifications to be transmitted.

— Ser
tissu

All cereb
enable i
Table HH

HH.2 D

If cerebr

pment identification: Information identifying the cerebral tissue oximeter equipment.

ice monitoring: Indicators relating to preventative or corrective maintenance of the cerebral
e oximeter equipment and its-accessories.

Fal tissue oximeter equipment with a functional connection should provide the information fo
Hentification of the) cerebral tissue oximeter equipment and the required parameters [n
d.

ata definition

1l tissue oximeter equipment parameter data are transmitted via a functional connection, t

cerebral
required

tissye oximeter equipment parameter data shall include at a minimum the parameters listed as

indicators and manufacturer-spec1ﬁc indices, should be transmitted.
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Table HH.1 — Parameters and units of measurement

Parameter Required Description Type
St0: Yes St02 value as determined by the cerebral Value: (%)
tissue oximeter equipment (see 201.3.225)
Signal Yes Signal when the displayed StO: is As described by
inadequacy potentially incorrect (see 201.12.4.102) manufacturer
Signal quality Optional A measure of the signal quality (e.g. noise | As described by

of:
T
Sq

(U

Cq

E

g3y
S¢

TIrerreortoT

THrerreort

imdicatar)
7

Tt (reCoTC7

cerebral tissue oximeter equipment identification data are transmitted via a functional conne
rebral tissue oximeter equipment identification data shall include the parameters listed,in Table HH.2.

ction, the

Juipnmient specifications for settings that are not operator-adjustable should be made availab
rictional connection.

hese data can be provided by the combination of the model or type reference, seridPnumber and the
ftware unique identifier of the cerebral tissue oximeter equipment, or by a unique device jdentifier
IDI).
Table HH.2 — Equipment identification
Parameter Required Description Type
Manufacturer Yes Identification of the manufacturer of the Text
equipment string
Model Yes Identification of the product or model Text
number of the‘equipment string
Serial number Optional The identification number of the equipment | Text
string
Software or Optional Identification of the software version Text
Firmware implemented in the equipment string
versiond
a More than one software or firmware version can need to be communicated from the equipment.
NOTE The United States Food-and Drug Administration UDI, consisting of a device identifier (DI) and a
production identifier satisfies the requirements of Table HH.202.
cerebral tissue oximetér,equipment settings data are transmitted via a functional connegtion, the
rebral tissue oximeter equipment settings data shall include the parameters listed in Table HH.3.
Huipment settings’ can be made available through a functional connection continually or through a

lery-response--If equipment settings are communicated by query-response, a change to equipment
ttings shallbe immediately indicated via the functional connection.

e via the

© IS0 2021 - All rights reserved

81


https://standardsiso.com/api/?name=5dae964e4dc19c0fb9bba26c6e070ec2

ISO 80601-2-85:2021(E)

Table HH.3 — Operator-adjustable equipment settings

Parameter Required Description Type
Data update Optional Interval in which the cerebral tissue Value: (s)
period oximeter equipment algorithm provides
new valid data to the display or the
functional connection (see 201.3.204)
Averaging Time | Yes Operator settable or preset averaging List of text strings
window used to calculate a parameter (manufacturer-
defined)
Alarm signal Optional List of text strings (alarm off, alarm List of text strings
inactivatign paused, audio off, audio paused,
state present acknowledged)
High StOzjalarm | Optional Setting of the high St0: alarm limit Value: (%)
condition
Low StO: glarm Optional Setting of the low St0: alarm limit Value: (%)
condition
Active technical | Optional Currently active alarm conditions List ofitext strings
alarm conditions e manufacturer-
Examples of alarm conditions include the ( a ufactu
, ; : defined)
cerebral tissue oximeter probe is not
connected to the cerebral tissue oximeter
equipment, the cerebral tissue oximeter
probe is not detected, detection ofan
artefact, no signal detected, low(@uality of
signal, display error, cerebraltissue
oximeter equipment inoperative, low
battery, defective cerebral' tissue oximeter
probe or probe cable-extender,
unrecognized cerebral tissue oximeter
probe, incompatible probe cable extender,
line frequency interference, ambient light
interference, inadequate display
Probe locdtion Optional Location of the probes Text string
If cerebrdl tissue oximeter equipment configuration data can be queried through a functional connectidn,
the cerebral tissue oximetér equipment configuration data should include the parameters listed |n
Table HH.4.
Table HH.4 — Equipment configuration
Parameter Required Description Type
cerebral tissue oximeter probe type | Optional | Type of cerebral tissue oximeter probe can | Text string
connected or cerebral tissue imply applicable patient group (e.g.
oximeter probe model number neonate, paediatric, adult) or other
connected cerebral tissue oximeter probe information
(large or small area), including methods of
securing, e.g. adhesive v. non-adhesive, or
usage type, e.g. do not reuse v. reusable.
cerebral tissue oximeter probe lot Optional | If applicable, the specific cerebral tissue Text string
or serial number oximeter probe lot or serial number
connected to the cerebral tissue oximeter
equipment
Active probe channels Optional | Number of the channel of the active probe | Text string
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If cerebral tissue oximeter equipment specifications data are transmitted via a functional connection, the
cerebral tissue oximeter equipment specifications data should include at least the parameters listed in

Table HH.5.
Table HH.5 — Equipment specifications
Parameter Required Description Type
StOz accuracy Optional | StO:z accuracy, Arms, as defined in Value: (%)
201.12.1.101.1 of this document
Declared ranges | Optional | Declared range of StOz and StOz accuracy | Value triple [upper dimit,
of 5t0; and St0: over the declared range, as defined in lower limit, accuracy] (%)
accuracy 201.12.1.101.1 of this document
St0z accuracy Optional | StO: accuracy under conditions of low Value: (%)
under signal as defined in 201.12.1.103 of this
conditions of document
low signal
Method for Optional | Whether the performance was Text
performance determined based on a phantom or in-
specification vivo testing

parameters listed in Table HH.6.

Table HH.6 — Servicé. monitoring indicators

Parameter Required Description Type
Remaining Optional | (Remaining cerebral tissue Value: (e.g. hours,
cerebral tissue oximeter probe life days)

oximeter probe life

Next periodic Optional | Date service is required ISO 8601 Date
maintenance date (YYYY-MM-DD)

Check conformance by inspettion.

HH.3 Clinical context

cgrebral tiSsue below the probe. Oxygen saturation is used alone for patient assessment and ca
ag an input to open-loop and closed-loop systems relating to oxygenation and ventilation.

If|cerebral tissue oximeter equipment service monitoring indjeators data are transmitted via a functional
cannection, the cerebral tissue oximeter equipment service fnonitoring indicators data should infclude the

The 5t0; measurement is a non-invasive estimate of functional oxygen saturation of haemoglobin in

h be used
There is

significant clinical value to providing data from cerebral tissue oximeter equipment for use ir| systems
S\Fch as_an _integrated clinical environment. Annex B of AAMI 2700-1 provides examples of| detailed

clinical scenarios that illustrate adverse events that could have been averted with the use of such
integrated ME systems. These scenarios include the use of safety interlocks (with and without
ME equipment synchronization), process control, smart alarm systems, clinical decision support, and

physiological closed-loop controll7l.
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Annex II
(informative)

Comparison of methods of performance evaluation

eneral

tissue oximetry is aimed at measuring haemoglobin oxygen saturation in cerebral tisstyie
the probe. This document allows manufacturers of cerebral tissue oximeter equipment.to repc:t‘t
acy performance of their cerebral tissue oximeter using either human desaturationstudies (ip-
ng, see Annex EE for details) or phantom desaturation testing (in-vitro testing, see Annex 0D
Is). Regulatory bodies of particular countries can require a specific méthod of accuragfy
nce verification for the manufacturer to substantiate their cerebral tissueoXimeter’s claims.

iment requires that manufacturers specify the method used for theverification of the accuragy
nce of their cerebral tissue oximeter and the method for estimating accuracy. This Annex|is
to review the advantages and limitations of the in-vivo and in-vitro testing methods.

tissue oximeter equipment from differing manufacturers. have claimed similar accuracy, ypt
b measurements could be substantially different in patients. For the clinician or the responsible
tion to understand how a particular cerebral tissue oximeter can perform on patients, it |is
y to understand how the cerebral tissue oximeter-was validated, the limitations of the chos¢n

Tables 11.501 and 11.502 list some advantagés-and limitations of both methods.

ral tissue oximeter equipment and nmi€thods for accuracy performance verification continue to
h goal for cerebral tissue oximeter~performance should include accurate readings over tie
range of use for the declared patient population. This goal should be independent of the
1sed for accuracy verification.

ationale for multiple methods of accuracy performance verification

br accuracy verification. Some expressed concern about human desaturation testing being the

most appropriate method and whether such testing was safe or ethical. In some countries, humgn
fion studies were not allowed for the purpose of cerebral tissue oximeter verification.

desatura
Conversq
the cereb

preterm

the data obtained from healthy human adults are not considered representative of paediatric patients.

For these reasons both methods were included in this document.

I1.3 Desire for improvement of methods for accuracy performance verification

Manufacturers of cerebral tissue oximeter equipment have accuracy claims for their cerebral tissue

oximeter.

cerebral
situation

84

While these accuracy claims from differing manufacturers are typically very similar, their
tissue oximeters can produce quite different St0; measurements on the same patient. This
can cause the clinician to question which cerebral tissue oximeter is most accurate on a
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