INTERNATIONAL ISO
STANDARD 81060-3

First edition
2022-12

Non-invasive sphygmomanometers —

Part 3:
Clinical investigationof continuqus
automated measurement type

Sphygmomanomeétres non jinvasifs —

Partie 3: Investigation linique pour type a mesurage automatique
continu

Reference number
1SO 81060-3:2022(E)

© IS0 2022


https://standardsiso.com/api/?name=8af4a86209fd0d73042ac028b95af56c

ISO 81060-3:2022(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2022

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 © 1S0 2022 - All rights reserved


https://www.iso.org
https://standardsiso.com/api/?name=8af4a86209fd0d73042ac028b95af56c

IS0 81060-3:2022(E)

Contents Page
FFOT@WOTM.........cccocveveveesesee st iv
IIMEIOMUICTION ...t v
1 SCOPI@ ... 1
2 NOIIMATIVE FEFEI@IICES ... 1
3 Terms and defiMITIONS ... 2
4' Gcllcl a} ) C\iu;l Clllclltﬂ fUl thc Ll'l.llllbul' l.ll vcotiyutl.uu.. 4
41 Good clinical practice ... 4
4.2 General 4
4.3 Reference MEthod ...y e e e 5
4.3.1 Reference invasive blood pressure monitoring equipment ....... e 5
4.3.2 Subject requirements w5
4.3.3  Blood pressure distribution ... O e e 7
4.3.4  Arterial reference Site........eeeee e e | 8
4.4 Lateral difference........ccoouueen 9
441 General ... 9
4.4.2 Sequential procedure
4.4.3 Simultaneous procedure...........
4.4.4 Application of lateral difference
4.5  Statistical CONSIAEIATIONS ... A i
4.5.1  General ... SO s
4.5.2 Intra-class correlation coefficient and number of
INEASUTCIMEIITS ..o i
4.5.3  Procedure to derive the nugiber of subjects and number of repeated pajred
MeasuremMents PEI SUDJECE T ... | s 12
5 Methods for clinical INVeStIGALION:-.................iiieieseeseseeeee s
5.1 Method for the accuracy ef:blood pressure determination ....
TR 00 €1 4 ) | SO
50,2 PFOCEAUT ...t
5.1.3 Data analysis.............
5.14 Acceptance criteria..
5.2 Method for stability................
521 Gehneral.....
5.2.2 Procedure........
5.2. 3 DAt@ ANALYSIS i
5.2 ACCEPLANCE CTTLOTTA oo
5.3 Method for blood pressure changes
5.3.1 Change evaluation interval..
5.3.2  General ...
5.3.3  Procedure........ccsiseei
534—Pataanalysis———r—
5.3.5  ACCEPTANCE CTTEOTIA oo
Annex A (informative) Rationale and gUidancCe................se s 23
BIDLEOGIAPIY ...ttt 35
Terminology — alphabetized index of defined teIrmS ... 36

© 1S0 2022 - All rights reserved iii


https://standardsiso.com/api/?name=8af4a86209fd0d73042ac028b95af56c

ISO 81060-3:2022(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.
The proce‘Eures used to develop this document and those intended for its further maintend
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Introduction

The number of continuously measuring non-invasive automated sphygmomanometers has increased
significantly in the last 10 years. This document is intended to provide the necessary requirements
for clinical investigation to ensure that the essential performance of these sphygmomanometers is at an
adequate level, similar to those standards on intermittent automated non-invasive sphygmomanometer.
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Non-invasive sphygmomanometers —

Part 3:
Clinical investigation of continuous automated
measurement type

1
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Scope

5 document specifies the requirements and methods for the clinical investigation of

5 document does not cover usability aspects such as the form and manner of the datal
but. This document does not specify anumerical threshold on the minifmym output period. Al
bmated non-invasive sphygmomanometer providing blood pressure’parameters (e.g., Sy4
isure, diastolic blood pressure or mean arterial pressure) with an.output period consider]

5 document covers both trending continuous automated” non-invasive sphygmomanor
blute accuracy continuous automated non-invasive sphygmomanometers and focuses
1lirements for the clinical investigation. Representation of output is not covered by this dg

E1 IEC62366-1 provides requirements on the application of usability engineering to medical

usability engineering process can be used to clarify for the intended user whether the displayed d3

abs

The
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con,

NOT

NOT
inve
sup

Thi
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Thi

lute accurate values or trending values.

requirements and methods for the “clinical investigation of continuous automated n
bgmomanometers provided in thisdocument are applicable to any subject populatio
dition of use of the continuous automated non-invasive sphygmomanometers.

E2  Subject populations can,for example, be represented by age or weight ranges.

E3 This document dées not provide a method to assess the effect of artefacts during
stigation (e.g. motion artefacts induced by the movement of the subject or the movement of t
borting the subject),

5 document _specifies additional disclosure requirements for the accompanying do
Finuous automated non-invasive sphygmomanometers that have undergone clinical in
rding ta‘this document.

5 dociment is not applicable to:

h 30 s is not typically considered a continuous automated nontinvasive sphygmomanometey.

continuous

bmated non-invasive sphygmomanometers used for the measurement of the blgad pressure ¢f a patient.

display or
continuous
tolic blood
pbly larger
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solely on
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2

the clinical investigation of a non-automated cphvgmnmnnnmprpr as given in IS0 81060-1

the clinical investigation of an intermittent automated non-invasive sphygmomanometer
ISO 81060-2,

an automated non-invasive sphygmomanometer as given in [EC 80601-2-30, or

invasive blood pressure monitoring equipment as given in I[EC 60601-2-34.

Normative references

as given in

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.

©IS

02022 - All rights reserved

1


https://standardsiso.com/api/?name=8af4a86209fd0d73042ac028b95af56c

ISO 81060-3:2022(E)

[SO 14155:2020, Clinical investigation of medical devices for human subjects — Good clinical practice

[SO 14971:2019, Medical devices — Application of risk management to medical devices

ISO 81060-1:2007, Non-invasive sphygmomanometers — Part 1: Requirements and test methods for non-

automated

measurement type

[SO 81060-2:2018+Amd 1:2020, Non-invasive sphygmomanometers — Part 2: Clinical investigation of
intermittent automated measurement type

[EC 60601-1:2005+AMD1:2012+AMD2:2020, Medical electrical equipment — Part 1: General requirements

Lo4 £

for basic s

IEC 60601
including e

IEC 80601+
and essenti

2 r ] £
CUy Ui CSSCIreTutr PeT JOTTITUTict

2-34:2011, Medical electrical equipment — Part 2-34: Particular requirements for thelsaj
bsential performance of invasive blood pressure monitoring equipment

2-30:2018, Medical electrical equipment — Part 2-30: Particular requirements\for basic sq
al performance of automated non-invasive sphygmomanometers

3 Terms and definitions

For the put
[SO 8106
IEC 60601+

ISO and IE
ISO On

IEC El¢

31
change ev

poses of this document, the terms and definitions given in ISO(14155:2020, ISO 14971:2
D-1:2007, ISO 81060-2:2018+Amd 1:2020, IEC 60601-132005+AMD1:2012+AMD?2:2
2-34:2011, IEC 80601-2-30:2018, and the following applyz

[ maintain terminology databases for use in standardization at the following addresses:

line browsing platform: available at https://www.i50.0rg/obp

ctropedia: available at https://www.electrapedia.org/

nluation interval

time periogl for which a continuous automated-nen-invasive sphygmomanometer is demonstrated to t1

changes in

3.2

blood pressure

continuo

automated non-invasive sphygmomanometer

ME equiprhent estimating blogd, pressure from each cardiac cycle without arterial puncture
providing 4 continual series of-blood pressure parameters

Note 1 to erftry: While the continuous automated non-invasive sphygmomanometer analyses each heart cycle,
does not mean the contintious automated non-invasive sphygmomanometer always uses data from each heart g
to estimate[the blood preSsure. Not using data from a specific heart cycle can be useful, for example, to omit
from premajture ventricular contractions.

Note 2 to eptrys The only blood pressure parameters considered in this document are systolic blood press
diastolic blopd'pressure and mean arterial pressure.

fety,

fety

D19,
20,

ack

and

this
ycle
Hata

ure,

Note 3 to entry: This document does not cover usability aspects such as the form and manner of the data display
or output. Hence, this document does not specify a numerical threshold on the minimum output period. However,
a continuous automated non-invasive sphygmomanometer providing blood pressure parameters (e.g. systolic blood
pressure, diastolic blood pressure or mean arterial pressure) with an output period considerably larger than 30 s
are not typically considered a continuous automated non-invasive sphygmomanometer.

Note 4 to entry: There is guidance or rationale for this definition contained in Clause A.2.

© IS0 2022 - All rights reserved
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3.3

determination

determination value

result of the process of estimating blood pressure by the continuous automated non-invasive
sphygmomanometer

[SOURCE: IEC 80601-2-30:2018, 201.3.203; modified: replaced automated sphygmomanometer by
continuous automated non-invasive sphygmomanometer|

3.4
initialization
re-fnitialization
progess of the continuous automated non-invasive sphygmomanometer to determine subject o1 condition-
spefific parameters needed to estimate blood pressure

Note 1 to entry: In this document, the term initialization is used for the initial initialization; re-initialization is
usedl for the repeated initialization process during the measurement period.

3.5
int¢rmittent automated non-invasive sphygmomanometer
ME equipment estimating blood pressure from a number of cardiac cycles without arterial puncture and
proyiding a single set of blood pressure parameters

Note 1 to entry: The only blood pressure parameters considered in’this document are systolic blopd pressure,
diasftolic blood pressure and mean arterial pressure.

Note¢ 2 to entry: There is guidance or rationale for this definition contained in Clause A.2.

3.6
output period
perjod of time after which a specific continuols’ automated non-invasive sphygmomanometgr provides
updated values for blood pressure parameters (e.g. systolic blood pressure, diastolic blood pressure or
meqn arterial pressure)

Note 1 to entry: The output period may(be constituted by a number of heart beats.

3.7
paired measurements
twd measurements of a subject’s blood pressure, one of which is recorded with the continuous|automated
nontinvasive sphygmomanometer and the other with the reference method from the same cargliac cycles

Not¢ 1 to entry: The-two measurements of blood pressure can be two measurements of systolic blood pressure,
two|measurements of diastolic blood pressure or two measurements of mean arterial pressure.

3.8
paired values
pair ofblood pressure values as a result of a paired measurement

Notettoentry T he pairof bfood pressure values Calr be a pair of Systolic biood pressure, a pair ot ditastolic blood
pressure or a pair of mean arterial pressure values.

3.9

reference measurement

procedure with established accuracy used for the clinical investigation of a continuous automated non-
invasive sphygmomanometer

3.10
reference reading
result of the process of measuring blood pressure using a reference method

Note 1 to entry: The result can be a systolic blood pressure, a diastolic blood pressure or a mean arterial pressure.

©1S0 2022 - All rights reserved 3
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4 General requirements for the clinical investigation

4.1 Good clinical practice

The clinical investigation shall conform with the requirements of ISO 14155.

NOTE

Some authorities having jurisdiction can have additional requirements.

Check conformance by application of the requirements of [SO 14155.

4.2 Gen

NOTE 1

a) The c
condit

1y

b) Forthe
if they

1y

c) Setup
use.

d) Contin
provide accurate blood,pressure determinations are classified as Type A.

e) In con
and n

’

If
iny

N(
ref
in

Sp
pr
pa
Th
tal

If
sp
po

1
C1dl
'here is guidance or rationale for this subclause contained in Clause A.2.

nditions of the clinical investigation shall represent as closely as possible the inten|
ons of use of the continuous automated non-invasive sphygmomanometers.

a target population is specified in the instructions for use, the subjects of the clin
restigation shall represent that target population as closely as possible,

TE 2 Since a clinical investigation as described in this documient requires an inva
erence, reference invasive blood pressure monitoring equipment will be@nserted in all subjects incly
Lhe clinical investigation. However, some target populations for thécontinuous automated non-invg
hygmomanometers can include patients who would not be monitored by reference invasive b
ssure monitoring equipment (e.g. invasive monitoring is contrdindicated or not recommended for
fient’s critical care due to local infection at site, prior surgery/stents in intended vasculature, ¢
erefore, there is a limit as to how representative the subjects of the clinical investigation can be for
get population.

affect the performance of the continuous atitomated non-invasive sphygmomanometer.

different postures affect the performance of the continuous automated non-inva
hygmomanometer, any clinical investigation shall be performed with all subjects in the s
sture.

the continuous automated-fion:invasive sphygmomanometer according to the instructions

lous automated npn-invasive sphygmomanometers that continuously and non-invasi

frast to Typ€Ay continuous automated non-invasive sphygmomanometers that continuo

NOTE

non-invasive sphygmomanometers) provide blood pressure values that are not intended to be absoly
accurate. However, since these blood pressure values have an unknown constant subject-specific offset, t

Type T continuous automated non-invasive sphygmomanometers (trending continuous autom

ded

ical

sive
ded
sive
Jood
the
tc.).
the

clinical investigation, different postures (e.g.supine or sitting) shall be evaluated to deternpine

sive
hme

for

Uely

1sly

n-invasiyely-~provide blood pressure values that can have an unknown constant subject-
specific offset'are classified as Type T.

ted
tely

nese

continuous automated non-invasive sphygmomanometers enable representations of accurate blood pressure
changes over time.

NOTE 4

Since the blood pressure values provided by Type T continuous automated non-invasive

sphygmomanometers (trending continuous automated non-invasive sphygmomanometers) have an unknown
constant subject-specific offset, users of the continuous automated non-invasive sphygmomanometers could
be misled to think the values displayed on the screen are intended to be absolutely accurate, when in reality
they are not. This document does not cover usability study that would be used to address this matter.

f) Continuous automated non-invasive sphygmomanometer tests shall be performed according to
Table 1.

© IS0 2022 - All rights rese
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If initialization of the continuous automated non-invasive sphygmomanometer is necessary, the

reference device may not be used for this initialization during the clinical investigation.

Table 1 provides different sets of tests for Type A and Type T continuous automated non-invasive
sphygmomanometers.

Table 1 — Applicable testing depending on functionality

Type A Type T
5.1 Method for the accuracy of blood .
nrescure determination appllcable _
B
Performance o : :
assessments 5.2 Method for stability applicable applicabl¢
5.3 Method for blood pressure applicable abdlicabld
changes pp PR

4.3| Reference method

4.3{1 Reference invasive blood pressure monitoring equipment

NOTE1 Thereis guidance or rationale for this subclause contained in Elause A.2.

a) |A continuous automated non-invasive sphygmomanometer/shall be clinically investigatdd by using
reference invasive blood pressure monitoring equipment.

b) |Reference invasive blood pressure monitoring equipiment shall conform with the requifements of
[EC 60601-2-34.

c) |The natural frequency and damping coefficient of the reference invasive blood pressure |monitoring
equipment shall be examined and optimised to meet dynamic requirements for each subject. See
Reference [1].

d) |The reference invasive blood pressure monitoring equipment shall be referenced to the level of the
right atrium.

e) |Appropriate measures shall\be taken to remove air bubbles and clots from the systgdm prior to
taking the reference meaSurements.

NOTE 2  The ability(tojdccurately measure blood pressure could be degraded by the presence of air bubbles
or blood clots in the'catheter/transducer system.

f) |Reference invasive blood pressure monitoring equipment that does not directly output the blood
pressure waveform or beat-to-beat data may be modified to permit such data collection.

Chelck confermance by inspection of the clinical investigation report.

4.312-0 Subject requirements

4.3.2.1 Number

NOTE There is guidance or rationale for this subclause contained in Clause A.2.

a) Aclinical investigation shall consist of repeated measurements performed on test subjects.

b) The number of repeated measurements per subject shall be determined according to the procedure
in 4.5.3.

c¢) The number of subjects shall be determined according to the procedure in 4.5.3.

Check conformance by inspection of the clinical investigation report.

© IS0 2022 - All rights reserved
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4.3.2.2 Gender distribution

NOTE
a) Atleas
b) Atleas

There is guidance or rationale for this subclause contained in Clause A.2.

t 30 % of the subjects shall be male.

t 30 % of the subjects shall be female.

Check conformance by inspection of the clinical investigation report.

4.3.2.3 Age distribution

NOTE '

4.3.2.3.1
If a continy

age groups
separately,

4.3.2.3.2

For a conti
than 12 ye
12 years, W

a) 40%s
b) 25%s
c) 10%s

Check conformance by inspection of the accompanying document and the clinical investigation reporf.

4.3.2.3.3
a) Fora
betwe
betwe
b) Subjec

1) th
2) th

here is guidance or rationale for this subclause contained in Clause A.2.

General

ous automated non-invasive sphygmomanometer is intended for use in morgthan one of
defined in 4.3.2.3.2, 4.3.2.3.3 and 4.3.2.3.4, each applicable age group shall be investigs

Sphygmomanometers intended for use in subjects aged greater than 12 years

huous automated non-invasive sphygmomanometer intended-for use in subjects aged gre
bars, the age of every subject included in the clinical dnvestigation shall be greater
rith the following age distribution:

hall be at least 50 years of age;
hall be at least 60 years of age; and

hall be at least 70 years of age.

Sphygmomanometers intended for use in subjects aged between 1 year and 12 yeaj

the
ted

hter
han

S

continuous automated nofitinvasive sphygmomanometer intended for use in subjects
bn 1 year and 12 years, the age of every subject included in the clinical investigation sh
bn 1 year and 12 years.

Ls aged betweenClhyear and 12 years are exempt from
e gender distribution requirements of 4.3.2.2, and

e blood pressure distribution requirements of 4.3.3.

Check conflormance by inspection of the accompanying document and the clinical investigation report.

aaﬂl be

ged

4.3.2.3.4

Sphygmomanometers intended for use in subjects of less than 1 year of age

a) A continuous automated non-invasive sphygmomanometer intended for use in subjects of less than

of age, shall be investigated in that subject population.

non-invasive sphygmomanometers intended for use in subjects of less than 1 year of age:

1 year
b)

1) at

2) at

3) at
6

least 20 % of the subjects shall be less than 2 000 g in weight;
least 20 % of the subjects shall be 2 000 g to 3 000 g in weight;

least 20 % of the subjects shall be more than 3 000 g in weight; and

© IS0 2022 - All rights rese
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4) atleast 20 % of the subjects shall be at least 29 days of age.

c¢) The remaining subjects may be from any of the above age or weight groups in order to fulfil the

sample size requirement.

NOTE A subject can be in more than one category simultaneously.

d) Subjects of less than 1 year of age are exempt from
1) the gender distribution requirements of 4.3.2.2, and
2) _the blood pressure distribution requirements of 4.3 3

Check conformance by inspection of the accompanying document and the clinical investigatioh report.

4.3{2.4 Special subject populations

NOTE There is guidance or rationale for this subclause contained in Clause A.2.

a) |When there is evidence that a certain subject characteristic might, affect the performance of a
continuous automated non-invasive sphygmomanometer, and if this-is’within its intendgd use, that
population (which is well defined by such subject characteristics) shall be considerefl a special
subject population.

b) |The continuous automated non-invasive sphygmomanometer shall be investigated across$ the range
of the subject characteristics that is within its intended.use.

c) |Unless otherwise justified, each special subject population identified shall be ipvestigated
separately.

d) [The instructions for use of the continuous atttomated non-invasive sphygmomanometer shpll disclose
a summary of the definition of all special'subject populations identified per clause 4.3.2}4 a).

Chéelck conformance by inspection of the\decompanying document and the clinical investigatiop report.

4.313 Blood pressure distribution

For|the data included in the ahalysis of the method for the accuracy of blood pressure determination (see

5.1) the following requiremienits apply.

a) |If the continuous.a@utomated non-invasive sphygmomanometer is intended to output sy§tolic blood

pressure, the following shall be fulfilled.

1) Atleast'S % of the reference readings shall have a systolic blood pressure less than pr equal to
90 mimHg (12,00 kPa).

2) « Atleast 20 % of the reference readings shall have a systolic blood pressure less than pr equal to
110 mmHg (14,67 kPa).

3) At least 20 % of the reference readings shall have a systolic blood pressure greater than
110 mmHg (14,67 kPa) and less than 140 mmHg (18,67 kPa).

4) Atleast 20 % of the reference readings shall have a systolic blood pressure greater than or equal

to 140 mmHg (18,67 kPa).

© IS0 2022 - All rights reserved
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b)

Check conformance by inspection of the clinical investigation report.

4.3.4 Arterial reference(site

NOTE1  There is guidance or rationale for this subclause contained in Clause A.2.

a)

b)

5) Atleast5 % of the reference readings shall have a systolic blood pressure greater than or equal to
160 mmHg (21,33 kPa).

If the continuous automated non-invasive sphygmomanometer is intended to output diastolic blood
pressure, the following shall be fulfilled.

1) Atleast5 % of the reference readings shall have a diastolic blood pressure less than or equal to
50 mmHg (6,67 kPa).

2) Atleast 20 % of the reference readings shall have a diastolic blood pressure less than or equal to
60 mmHg (8,00 kPa).

3) At[least 20 % of the reference readings shall have a diastolic blood pressure greater |than
60 mmHg (8,00 kPa) and less than 80 mmHg (10,67 kPa).

4) At|least 20 % of the reference readings shall have a diastolic blood pressure greater than or equal
to[80 mmHg (10,67 kPa).

5) Atl|least 5 % of the reference readings shall have a diastolic blood pressure greater than or equal
to[90 mmHg (12,00 kPa).

If the fontinuous automated non-invasive sphygmomanometer is intended to output mean artdrial
pressure, the following shall be fulfilled.

1) Atjleast 5 % of the reference readings shall have a mean arterial pressure less than or equdl to
65 mmHg (8,67 kPa).

2) Atlleast 20 % of the reference readings shall have a mean arterial pressure less than or equgl to
75 mmHg (10,00 kPa).

3) Atleast 20 % of the reference readings shall haveéa mean arterial pressure greater than 75 mrhHg
(19,00 kPa) and less than 100 mmHg (13,33 kPa).

4) Atlleast 20 % of the reference readings shall have a mean arterial pressure greater than or equal
to[100 mmHg (13,33 kPa).

5) At|least 5 % of the reference readings shall have a mean arterial pressure greater than or equal
to[115 mmHg (15,33 kPa).

Any r¢ference~site may be used for simultaneous comparison of intra-arterial blood presfure
inigs and’continuous automated non-invasive sphygmomanometer blood pressure determinatipns.

NOTE 2 Differen edtral

aorta and other arteries.

The instructions for use of the continuous automated non-invasive sphygmomanometer shall disclose
the arterial site used as the reference site;

NOTE 3  While this document does not address technical requirements, it is expected that any values
output by the continuous automated non-invasive sphygmomanometer always correspond to the reference site
chosen. This does, however, not mean that the continuous automated non-invasive sphygmomanometer blood
pressure determinations need to be taken at the same site as the reference site.

The lateral difference in blood pressure may be established.

1) Ifthe lateral difference is determined, it shall be determined in accordance with 4.4.
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2) Ifthe lateral difference is determined, subjects shall be excluded if:

i) the average lateral difference of the auscultatory systolic blood pressure readings is more

than 15 mmHg (2,00 kPa), or

ii) the average lateral difference of the auscultatory diastolic blood pressure readings is more

than 10 mmHg (1,33 kPa).

NOTE 4 High lateral differences are an indication that this subject might have a stenosis in one

artery.

ApplicationoHateral differcence foradjustment ol dalainaccordancewith — —mav be

1sed.

Che
4.4

4.4

b)

PP A2 > e Tory

1) However, as described in 4.4.1 a), if adjustments for the lateral difference are-mad
procedure shall be applied to all subjects for which the continuous automated n
sphygmomanometer determinations are intended to be an estimate of the ‘opposite
reference site.

NOTE 5 There is no method in this document to adjust for lateralndifference of m
pressure.

ck conformance by inspection of the accompanying document.
Lateral difference

1 General
Any lateral differences shall be determined by nowi<invasive auscultatory readings.

1) The reference sphygmomanometer us€d in this procedure shall be in accord
ISO 81060-1, except that the maximum‘permissible error shall be #1 mmHg (0,13 kE

If the reference readings and continuous automated non-invasive sphygmomanometer detd
are representing opposite arms, thelateral difference may be:

1) calculated for each subject; and
2) used to adjust the differences x; in 5.1.3 as well as the differences x; and x;,T in 5.2.3.

i) If adjustments’ for the lateral difference are made, the same procedure shall
to all subjects for which reference readings and continuous automated n
sphygmiaimanometer determinations are representing opposite arms.

Ifthe lateraldifference is determined, either the sequential procedure (see 4.4.2) or the siy
procedute)(see 4.4.3) shall be applied in accordance with the following procedure.

1) £ Méasurement of the upper mid-arm circumference.

b, the same
on-invasive
[imb of the

ean arterial

ance with

a).

rminations

be applied
on-invasive

hultaneous

HaY

Tl A | - £3 £ dot 3 Jd 1 1z £l i H 1
lJ IIIC LllJIJCl dl 111 llllulJUlllL IS TITOU UCTLUTIIIITIICU Uy 111011\1115 LIIC dAariIir PUDLCI IU11

at a point

halfway between the acromion and olecranon, measured while the arm is flexed 90 ° at the

elbow with the palm facing up.

ii) The subject's upper mid-arm circumference shall be determined by measuring at the
midpoint of the upper arm while the elbow is relaxed and the arm is dangling freely to the

side.

2) Cuffs for the sphygmomanometer used to determine the auscultatory readings shall have:

i) abladderlength of 75 % to 100 % of the upper mid-arm circumference, and

ii) abladder width of 37 % to 50 % of the upper mid-arm circumference.

3) Before the first auscultatory reading is taken, the subject should rest for at least 5 min.
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4) Two observers shall simultaneously determine the blood pressure on each subject using
a stethoscope that allows listening simultaneously to the Korotkoff sounds (e.g. a double
stethoscope).

5) Any pair of observers' individual values of an auscultatory measurement with a difference
greater than 4 mmHg (0,53 kPa) shall be excluded.

6) Theobservers'individual values of each auscultatory measurement shall be averaged according

to

Formula (1) to create the auscultatory reading.
Py . +P

_ aus; 1 aus; o

P

a

where

N

N

7) W
re

N(
d) Calcul

us; —

! 2

is; ; 1S the blood pressure determined by observer 1 for the ith measurement;

is; , 1S the blood pressure determined by observer 2 for the ith measurement; and
is;  is the auscultatory reading for the ith measurement.

hen reading the value on the sphygmomanometer used to ‘determine the auscultaf
hdings, the observers should avoid parallax errors and rounding.

TE Rounding has a negative effect on the results of the clinisal investigation.

te the lateral difference, d, separately for systolicblood pressure or diastolic blood press

according to Formula (2).

3 3
(Zm=1 Paus_Rm _zn=1 Paus_Ln )

R, and Paus_L,, are auscultatoryreadings in the right (R) arm and left (L) arm, respectiy

quential procedure

hte the starting arm side between subjects.

wo observers determine the subject's blood pressure in the starting arm.
[ least 60 s fromthe completion of the previous measurement.

wo observers determine the subject's blood pressure in the opposite arm.

f least.60 s from the completion of the previous measurement.

@)

ory

ure,

(2)

rely.

b)to e) until 3 auscultatory readings on the rightarm P,,. r and 3 auscultatory read

ngs

a=3
where P, 4
44.2 Se
a) Altern
b) Havet
c) Waita
d) Havet
e) Waita
f) Repeaf

on the

leftarm P, |, have been gathered.

4.4.3 Simultaneous procedure

a) Determine the subject's blood pressure simultaneously in both arms with two observers per arm.

b) Waitatleast 60 s from the completion of the previous measurement.

c) Repeata)andb) until 3 auscultatory readings on the right arm Paus_Rm and 3 auscultatory readings

on the

10

leftarm P,

aus_L, nave been gathered.
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4 Application of lateral difference

a) Depending on from which arm the reference reading was taken, the correction of Formula (3) or

Formula (4) is carried out for the difference of the individual paired values separately
blood pressure or diastolic blood pressure.

for systolic

b) Calculate the continuous automated non-invasive sphygmomanometer error, x, by taking the
difference between the continuous automated non-invasive sphygmomanometer blood pressure
and the reference sphygmomanometer blood pressure and by adding the lateral difference, dj, as
calculated according to Formula (3) if the continuous automated non-invasive sphygmomanometer

blood pressure was taken in the left arm or by subtracting the lateral difference, d,, as calculated
according to Formula (4) if the continuous automated non-invasive sphygmomanometer blood
pressure was taken in the right arm.
X=Foyr 1~ Prer_r T4 (3)
X:Psut_R_Pref_L_dl (4)
wheére
Pgy pand Py, |, are continuous automated non-invasivesphygmomanometer blood gressures in
the right (R) arm and the left (L) arng; vespectively; and
Pief gand Ppgg |, are reference readings in the righty(R) arm and the left (L) arm, respectively.
4.5 Statistical considerations
4.5]1 General
a) |The method for the accuracy of blood pressure determination of the continuous autopated non-
invasive sphygmomanometer shall be based on r repeated paired measurements perfdrmed on k
subjects.
1) For the method for the.accuracy of blood pressure determination in 5.1, r and k shal| be chosen
so that N;, 4 = 278 _[see Formula (6)].
2) For the method for stability in 5.2 the number of:
i) repeatédypaired measurements per subject shall be the same rasin 5.1; and
ii) subjécts shall be at least k.
3) Farthe method for blood pressure changes in 5.3 the number of subjects shall be at Ipast k.
NOTE 1 Measurements performed on different subjects are generally completely independent.
NOTE 2 Continuous automated non-invasive sphygmomanometers are able to perform repeated
measurements on the same subject. Repeated measurements on the same subject are never completely
independent, but are usually also not completely dependent.
b) The following additional requirements shall be met by the clinical investigation:

1) the number of repeated paired measurements per subject, r, shall be equal for each subject;

2) the number of repeated paired measurements per subject, r, shall be lower than the
subjects, k; and

3) the number of subjects, k, shall be at least 30.

© IS0 2022 - All rights reserved
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4.5.2

The intra-class correlation coefficient, I

Intra-class correlation coefficient and number of independent measurements

y fee

compares the between subject and within subject variances,

thus quantifying the distribution of errors that are sampled by measuring on multiple subjects versus
repeated measures on the same subject as shown by Formula (5).

Hsp — Hsw
fa
Iec = (5)
Msp — Hsw
+ Hsw
fRA
where

faA is a Bland-Altman factor calculated according to Formula (10);

Usp is the mean of the squares between subjects calculated according to Formula (11); and

Usw is the mean of the squares within subjects calculated according to Forntula (12).

The numbgr of independent measurements, N;, 4, obtained by performing r repedated measurementy on
k subjects With a continuous automated non-invasive sphygmomanometer with\an intra-class correlation
coefficient|is given by Formula (6).

Ning =k (1+(1-Icc)(r-1)) (6)

where

Iec is the intra-class correlation coefficient according to Formula (5);

r is the number of repeated paired measurements per subject; and

k is the number of subjects.

4.5.3 Procedure to derive the number of subjects and number of repeated paired

measuremnients per subject

a) To detprmine the number of repeated paired measurements and subjects, the following procedure
shall be performed.

1) Estimate the intrazelass correlation coefficient for the continuous automated non-invdsive
sphygmomanometer for each blood pressure parameter to be investigated (e.g. systolic blood
pressure, diastolic blood pressure or mean arterial pressure);

NQTE 1 The intra-class correlation coefficient is usually estimated based on prior knowledge,
e.g avdilable data, or based on results from clinical investigations performed on similar technology.
NCTE 2 FUI T_y}JU T LUllLl'IlMUblb (lLlLUlIl(lLCU’ llUIl'l’llVUbl‘VU D[Jl'l_yylllUIHUHUIHCLCIb, UbLillldLiUll Ul the
intra-class correlation coefficient, I . ., based on prior knowledge and calculation of the intra-class
correlation coefficient, I, is done without subtracting any subject-specific offsets.

2) Choose the maximum intra-class correlation coefficient, I, ., from all intra-class correlation
coefficients estimated in 1).

3) Determine the number of repeated paired measurements per subject, .

4) Determine the number of subjects, k, for the maximum intra-class correlation coefficient
chosen in 2) from:

i) Formula (6); or
ii) Table 2,
12 © IS0 2022 - All rights reserved
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such that N; 4 > 278.

Table 2 — Relationship between r and the minimum k depending on the estimated intra-class
correlation coefficient

0,6 < 0,7 < 0,8 < 09< 0,95 < 0,98 < 0,99 <
Icc_est s Icc_est s Icc_est s Icc_est s Icc_est s Icc_est s Icc_est s Icc_est s
0,6 0,7 0,8 0,9 0,95 0,98 0,99 1,0
r k r k r k r k r k r k r k r k
1 278 1 278 1 278 1 278 1 278 1 278 1 278 1 278
1¢ 60 10 75 10 59 10 1746 10 192 10 236 10 255 10 278
2 32 20 41 20 58 20 96 20 143 20 201 20 234 20 278
2 30 29 30 30 41 30 71 30 113 30 176 30 216 30 278

- 35 36 40 57 40 94 40 156 40 200 40 278
- - - - - - 48 49 50 81 50 140 50 187 50 278
- - - - - - - - 60 70 60 128 60 175 60 278
- - - - - 65 66 70 117 70 164 70 278
- - 80 108 80 155 80 278
- - 90 100 90 147 90 278
- - 95 97 100 140 100 278
- - - - - - - - - 5 - - 110 133 (10 278
- - - - 120 127 120 278
5 - - - 124 | 125 |30 278

5 |Methods for clinical investigation
5.1 Method for the accuracy of blood pressure determination

5.1]1 General

a) |Set up the continuous automated non-invasive sphygmomanometer according to the instrjuctions for
use.

b) |Select the control settings of the continuous automated non-invasive sphygmomanometef reflecting
the worst case for-the accuracy of blood pressure determination. The worst case contiol settings
shall include selection of the minimum output period.

c) |The numbéer-of repeated paired measurements, r, and the number of subjects, k, shall be determined
in accordance with 4.5.

5.1)2~. Procedure

a) For each subject, the following procedure shall be performed:

b) For each blood pressure parameter to be investigated (e.g. systolic blood pressure, diastolic blood
pressure or mean arterial pressure) simultaneously record beat-to-beat data obtained with the
reference invasive blood pressure monitoring equipment and the output values of the continuous
automated non-invasive sphygmomanometer at the minimum output period.

NOTE The intent is to simultaneously record data from the same cardiac cycles.

5.1.3 Data analysis

NOTE1 There is guidance or rationale for this subclause contained in Clause A.2.
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For the dat

a of each subject, perform the following procedure:

a) Divide the data recorded from the reference invasive blood pressure monitoring equipment into non-
overlapping segments of approximately equal duration.

1) he segment duration shall match the minimum output period specific to the continuous

au

tomated non-invasive sphygmomanometer as closely as possible.

2) The end time of each segment shall match as closely as possible the initial time the respective

ou

tput value is provided by the continuous automated non-invasive sphygmomanometer.

T La P

NG
au

b) For eq
pressu

1) I
se

N(Q
eq

2) M
auyl
pa

c¢) Withot
select

d) Nore-]

e) Forea

blood pressure, diastolic blood pressure or mean arterial pressure), calculate the difference, x;, of

paired

f) For ea
arterid
the acq
and th
blood {

NOTE4 1
close to the

2| R | £ addd il s L 43 dal £ e
T Z TTIITS UOCTUIITCITC O TS TTU T aUaUT TS ST USAaUTITCy - aSPTLTS, SUCTIT a5 tIITC UTTay S, OT CUTICTIT

Ffomated non-invasive sphygmomanometers.

ch blood pressure parameter to be investigated (e.g. systolic blood pressure, diastolic b
e or mean arterial pressure), perform the following:

he segment contains more than one reference reading, average the referencereadings of ¢
bment.
=]

hates to one cardiac cycle which makes averaging unnecessary.

itch the (averaged) reference reading with the output value provided by the contint
tomated non-invasive sphygmomanometer at the end of the'segment. This results in one s¢
jred values of (averaged) reference reading and output valte for each segment.

it considering values provided by the continuous automated non-invasive sphygmomanom
" non-overlapping segments for analysis such that'the reference readings conform with 4.}

hitialization shall occur within the r non-overlapping segments.

Ch selected segment, j, and for each blood,pressure parameter to be investigated (e.g. sys

values as given by Formula (7):

ut; - Prefj
Ch blood pressure parameter (i.e., systolic blood pressure, diastolic blood pressure, and ni
I pressure), the clinical investigation report shall include a scatter plot for the data include
uracy analysis, where the Y axis shows all reference blood pressure values (in mmHg or |
b X axis shows thietime elapsed (in s) between the re-initialization and the time the referd
ressure valués.-were measured at.

hese plets help to visualize whether certain ranges of reference blood pressure values were ch
initialization time of the continuous automated non-invasive sphygmomanometer.

5.14 Ac

HOUS

ood

ach

TE 3 In some continuous automated non-invasive sphygmomanometers the segment durdtion

ous
t of

eter
B.3.

olic
the

(7)

ean
d in
(Pa)
nce

sen

eptance criteria

NOTE1 There is guidance or rationale for this subclause contained in Clause A.2.

a) For each blood pressure parameter to be investigated (e.g. systolic blood pressure, diastolic blood
pressure or mean arterial pressure) and over the totality of subjects, calculate

1) the mean value of the differences of the paired values, X, using Formula (8); and

2) the corrected experimental standard deviation, s

3) the intra-class correlation coefficient, I

corr’

cc’

Formula (5); and

14
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the number of independent measurements, N4, using Formula (6).

b) It is important to calculate /.. from the data of the clinical investigation using Formula (10) to
Formula (12) and not to use I . for the following calculations.

1
“;2"1

(8)
Jj=1
where
I ib L}le LULdi uum‘ucx Ufpuired MMeusSUurcirricritsy dell bu‘UjULLb,
j  is the index of each individual paired measurement;
x; s the difference of the jth paired values; and
HsB — Hsw
Scorr = \/—+MSW )
fea
where
fBA is a Bland-Altman factor calculated according to Eormula (10);
Usp is the mean of the squares between subjects.calculated according to Formula (11); and
Usw is the mean of the squares within a subjeet calculated according to Formula (12).
NOTE 2

fBa

NOTE 3

Hsp

In the case where subjects each provide _more than one data pair for the analysis (ije. repeated
megsurements per subject which are by definitiomw,interrelated and therefore not independent),|this fact is
accqunted for by Formula (9)[2],

n? -y m?
= =7

(k—=1)-n

fga =r since all k subjects contribute equally.
1 k Lo_n2 1 k _ 2
=T ,-=1mi'(xi_x) =1 izlr-(x,-—x)

k k
1 2_ 1 2
= ¢ E m;-1)-0f =——- E r—1)-o;
Hsw n—k i:1( i ) i n—k 1-21( ) i

(10)

(11)

(12)

NOTE 4 wmp='r, since all k subjects contribute equally.
wheére

k  is the total number of subjects;

r  is the number of repeated paired measurements of each subject;

m; is the number of repeated paired measurements of the ith individual subject;

X; isthe mean of the differences of all paired values of the ith individual subject;

X is the mean of the differences of all paired values of all subjects; and

Giz is the variance of the differences of the paired values of the ith individual subject.
NOTES5 The variance is defined as the square of the standard deviation.

© IS0 2022 - All rights reserved
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a) The mean value of the differences of the paired values, x, shall be within or equal to
+6,0 mmHg (+0,80 kPa).
b) The corrected experimental standard deviation, s, shall be less than or equal to 10,0 mmHg

(1,33 kPa).

c) Nj,q4shall be greater than or equal to 278.

d) If ¢) and d) are fulfilled, but N; 4 is below 278, additional subjects may be added, if afterwards the
requirements of c), d) and e) are fulfilled.

5.2 Method for stability

NOTE There is guidance or rationale for this subclause contained in Clause A.2.

5.2.1 Geperal

a) The method for stability is designed to repeatedly perform the procedure for@ccuracy in the s
numbagr of subjects.

1) For Type A continuous automated non-invasive sphygmomanometers.the number of:

i) | subjects shall be at least k (see 4.5); and
ii)| repeated paired measurements per subject shall be the same r as used in 5.1.

2) Fofr Type T continuous automated non-invasive sphygmomanometers, based on the estimd
infra-class correlation coefficient, I .4, in accordance with 4.5 without subtracting
supject-specific offsets, determine:

i) | the number of repeated paired measurements, r; and
ii)| the number of subjects, k.
b) Setup|the continuous automated non-invasive sphygmomanometer according to the instructiong
use.
c) Selectthe control settings of the dontinuous automated non-invasive sphygmomanometer reflec

the wdrst case for the accuracy-of blood pressure determination.

1) THe worst-case controlsettings shall include selection of the minimum output period.

2) The re-initialization process described in the instructions for use of the continuous automdted
nop-invasive sphygmomanometer shall be used in the clinical investigation.

d) If the|continuous automated non-invasive sphygmomanometer allows variable re-initializq
periodss, the'ise the maximum re-initialization period.

NOTE ttisassumed-that thistepresents theworst tase for theverificatiorrof the stabitity:

e) If the continuous automated non-invasive sphygmomanometer needs re-initialization, the maximum
re-initialization period shall be disclosed in the instructions for use.

f) If the continuous automated non-invasive sphygmomanometer does not need re-initialization, the
maximum time of application shall be disclosed in the instructions for use.

16
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5.2.2 Procedure

For each subject, perform the following procedure:

a) Depending on the need for re-initialization of the continuous automated non-invasive
sphygmomanometer as defined in the instructions for use, perform the procedure of the test method
for the accuracy of blood pressure determination according to 5.1.2 at the following times.

h, perform
5 min each

h, perform
5 min each

1) For any maximum re-initialization period up to 1,5 h, perform 5.1.2 over one test period with a
duration equal to the maximum re-initialization period.
) n H Ly K i H | 4= 4] 4 11 4= 4= b= 41 il
LJ I'Ul Cllly HIdATIITUILIL TCITIICIUITIZULIUTI pCl 1UU Sl Cd4dlcl Ulidll 1,0 11 DUt 11Ut 51 CdlCl Ulidll J
5.1.2 ata minimum of 6 (approximately) equally distributed test periods of at least|1
over the maximum re-initialization period.
3) For any maximum re-initialization period greater than 5 h but not greater than 24
5.1.2 at aminimum of 5 (approximately) equally distributed test periods.ef at least 1
in the first 5 h, plus once at the end of the maximum re-initializationyperiod.
4) For any maximum re-initialization period greater than 24 h, do the following.

b) |If the continuous_automated non-invasive sphygmomanometer does not need a re-initiali3
the maximum time of application as specified in the instructions for use shall be used
instead of'the re-initialization period.

5.2{3

Data analysis

i) Perform 5.1.2 at a minimum of 5 (approximately) equaly distributed test pe
least 15 min each in the first 5 h.

ii) Afterwards, up to the end of the maximum re-initialization period, perform
minimum of two test periods of at least 15 min each:

[) onday 2; and
II) day3.
Any two consecutive test periods shall be at least 6 h apart.

iii) Afterwards, perform 5.1.2 at a ' minimum of one test period of at least 15 min ey
to the end of the maximum-re-initialization period.

riods of at

5.1.2 at a

ery day up

iv) If5.1.2 has not been performed at the end of the maximum re-initialization peri¢d in either

ii) or iii), perform-5:1.2 at the end of the maximum re-initialization period.

NOTE It is typically-not feasible to use an invasive reference for longer than a few days
challenging to perform the stability test for maximum re-initialization periods longer than g

It could be
few days.

ation, then
for 1) to 4)

a) Fotr each test pprind, divide the data recorded from the rpfprpnrp invasive blaood pressure

equipment into non-overlapping segments of approximately equal duration.

monitoring

1) The segment duration shall match the minimum output period specific to the continuous

2)

automated non-invasive sphygmomanometer as closely as possible.

The end time of each segment shall match as closely as possible the initial time the

respective

output value is provided by the continuous automated non-invasive sphygmomanometer.

NOTE 1 This document does not address usability aspects, such as time delays, of continuous

automated non-invasive sphygmomanometers.

© IS0 2022 - All rights reserved
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b)

f)

18

For each blood pressure parameter to be investigated (e.g. systolic blood pressure, diastolic blood

pressure or mean arterial pressure), perform the following:

1) Ifthe segment contains more than one reference reading, average the reference readings of each

segment.

NOTE 2 In some continuous automated non-invasive sphygmomanometers the segment duration

equates to one cardiac cycle which makes averaging unnecessary.

2) Match the (averaged) reference reading with the output value provided by the continuous
automated non-invasive sphygmomanometer at the end of the segment. This results in one set of

Divide|each test period into as many non-overlapping analysis periods as possible such that ¢
analysjs period consists of r consecutive data pairs per subject.

A histpgram of the reference readings of the analysis periods of all the test periods which
segmepted in accordance with a) and averaged over the minimum output pefiod in accorda
with H) shall be included in the clinical investigation report for each blood)pressure param
investigated.

NOTE3 The method for stability does not include a blood pressure distribution requirement.

For a lype A continuous automated non-invasive sphygmomanometerperform the following for ¢
paramieter to be investigated (e.g. systolic blood pressure, diastolie’blood pressure or mean arte
pressufe):

1) For each data pair, j, within each analysis period fronpeach test period calculate the differe
Xj, of the paired values as given in Formula (13)

X =Psut]~ _Prefj
NQTE 4 Formula (13) is identicalsto. Formula (7) and is only repeated here to improve

reqdability of the document.

For a Type T continuous automated non-invasive sphygmomanometer perform the following for g
paramieter to be investigated (e.gisystolic blood pressure, diastolic blood pressure or mean arte
pressufe):

1) For each data pair, j~0f’each subject i, within each analysis period from each test per
caculate the difference of the paired values, x;, using Formula (13);

2) Fofr each analysis'period from each test period calculate over the totality of subjects:

ach

are
nce
pter

ach

rial

[1ce,

13)

the

ach
rial

iod,

i) | the intxarclass correlation coefficient, /.., using Formula (10) to Formula (12) followed by

y» feer

Formula (5); and

ii)[ “he number of independent measurements, N, 4, using Formula (6).

It is important to calculate I . from the data of the clinical investigation using Formula (10) to

Formula (12) and not to use I ., for the following calculations.

3) Foreach subject, i, calculate the subject-specific offset o; according to Formula (14) by taking the
average of the differences between the reference readings and the blood pressure determinations

from the first analysis period of the subject's first test period according to 5.2.2;

Ior
oi _;ijl(Psuti,j _Prefi_j )

(14)
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where
sut; is the jth blood pressure determination from the first analysis period of the first test
/" period of the ith subject;
Peet is the jth reference reading from the first analysis period of the first test period of the

i,j . .
7 jth subject; and

4) For each data pair, j, of each subject i, within each analysis period from each test period,

calculate the offset corrected difference of the paired values, x; 1, using Formula (15) donsidering
the subject-specific offset o; as calculated in Formula (14) as
Xj,szsut]- _Pref]- —0; (15)
5) For each analysis period from each test period calculate over the totality of subjectd:
i) the mean value of the differences of the paired values, X, using Formula (8), but feplacing x;
with Xpr in all related formulae; and
ii) the corrected experimental standard deviation, s_4.,\sing Formula (9) to Formula (12),
but replacing x; with x; r in all related formulae.
5.2/4 Acceptance criteria
a) |For a Type A continuous automated non-invasive spiygmomanometer, confirm that the cifiteria 5.1.4
b), ¢), d) and e) are met for the differences of the paired values, x;, pooled over all subjefts, of each
analysis period from each test period.
NOTE For the Type A continuous automated non-invasive sphygmomanometer this ensures thhat accuracy
is maintained until the next re-initialization or the maximum time of application.
b) |[For a Type T continuous automiated non-invasive sphygmomanometer, confirm that th¢ following
criteria are met for each analysis period from each test period:
1) The corrected experimeéntal standard deviation, s, shall be less than or equal to|6,0 mmHg
(1,33 kPa);
2) Nj,q shall be gréater than or equal to 278; and
3) If 1) is fulfilled, but N, 4 is below 278, additional subjects may be added, if aftefwards the
requirements of 1) and 2) are fulfilled.
5.3| Method for blood pressure changes
5-3-1 Chuuyc cvul’uut;uu l.lltcl Vul'
NOTE There is guidance or rationale for this subclause contained in Clause A.2.

a) The validation of the ability of the continuous automated non-invasive sphygmomanometer to track
blood pressure changes is performed by analysing a number of blood pressure changes as defined in

b)

5.3.2.

1) The blood pressure changes used to validate the ability to track changes shall occur within time

intervals shorter than or equal to the change evaluation interval.

2) This change evaluation interval shall be disclosed in the instructions for use based on the

intended use of the automated sphygmomanometer.

The specified change evaluation interval shall be disclosed in the instructions for use.
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<)

d)

The instructions for use shall disclose a justification for the intended specified change evaluation
interval.

The specified change evaluation interval shall not be longer than the maximum re-initialization
period.

5.3.2 General

NOTE1 There is guidance or rationale for this subclause contained in Clause A.2.

a)

b)

f)

g)
h)

i)

The continuous automated non-invasive sphygmomanometer shall be set up according to the
instrug¢tions for use.

A modg of the continuous automated non-invasive sphygmomanometer reflecting the worst.casq for
measufring blood pressure changes shall be selected.

1) THe worst-case control settings shall include selection of the minimum output period.
The nymber of subjects shall be at least k (see 4.5).
The m{nimum number of changes included for each individual subject shathbe 50.

If a subject provides fewer than 50 changes that subject shall be exclided for the method for blood
pressufe changes and replaced with another subject until at least ksubjects with atleast 50 charges
each are included in the analysis.

The distribution of reference blood pressure changes should\be such that at least 30 % of changes
should| be increases in blood pressure and at least 30 %)of changes shall be decreases in blood
pressufe.

The reguired absolute changes for systolic blood préssure shall be at least 15 mmHg (2,00 kPa).
The required absolute changes for diastolic blepd pressure shall be at least 10 mmHg (1,33 kPa).

The required absolute changes for mean‘arterial pressure shall be at least 12 mmHg (1,60 kPa).

NOTE 2  The limits for the required absolute changes defined in h), i) and j) refer to both the invasive refergnce
blood pressyre and the blood pressure determined with the continuous automated non-invasive sphygmomanomgter.

For further details on data analysis, sge 53.4.

5.3.3 Propcedure

For each subject, the following procedure shall be performed:

a)

b)

For a minimum-daration of 30 min, simultaneously record for each blood pressure parametefr to
be investigated.(e.g. systolic blood pressure, diastolic blood pressure or mean arterial pressure)|the
beat-tq-beatdata obtained with the reference invasive blood pressure monitoring equipment and|the
output] values of the continuous automated non-invasive sphygmomanometer at the minimum oufput
period.

If the maximum re-initialization period of the continuous automated non-invasive sphygmomanometer
is at least 30 min, ensure that no re-initialization of the continuous automated non-invasive
sphygmomanometer occurs during the test.

If the maximum re-initialization period of the continuous automated non-invasive sphygmomanometer
is less than 30 min, select the maximum re-initialization period for the continuous automated non-
invasive sphygmomanometer.

5.3.4 Data analysis

NOTE1 There is guidance or rationale for this subclause contained in Clause A.2.
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For the data of each subject, perform the following procedure:

a) Divide the data recorded from the reference invasive blood pressure monitoring equipment into non-
overlapping segments of approximately equal duration.

1) Match the segment duration of the minimum output period specific to the continuous automated
non-invasive sphygmomanometer as closely as possible.

2) Match the end time of each segment to the initial time the respective output value provided by
the continuous automated non-invasive sphygmomanometer as closely as possible.

NAOTL D Tl < S| £add Lalis i L 43 dal t
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automated non-invasive sphygmomanometers.

b) |For each blood pressure parameter to be investigated (e.g. systolic blood pressure,”diastolic blood
pressure or mean arterial pressure), perform the following:

1) Ifthe segment contains more than one reference reading, average thereference readings of each
segment.

NOTE 3 In some continuous automated non-invasive sphygmomanometers the segmgnt duration
equates to one cardiac cycle which makes averaging unnecessary.

2) Match the (averaged) reference reading with the output value provided by the |continuous
automated non-invasive sphygmomanometer at the erid of the segment. This resulty in one set
of paired values of (averaged) reference reading and‘output value for each segment| The set of
paired values is assigned the time stamp t representing the time at which the output value is
produced by the continuous automated non-inyasive sphygmomanometer.

3) For each set of paired values perform the following:
i) Each set of paired values is considered a starting point for change analysis.

ii) For each starting point for change analysis with time stamp ¢, .., determine alllend points
for change analysis based.eh their time stamps t, 4 where t,,4 > t.,« and thg difference
tend — Ctstart IS less than) or equal to the change evaluation interval, I.g, as|shown by

Formula (16).

Lend ~Cstart SICE (16)
where

tende < Ts the time stamp at the end of the blood pressure change;
temart IS the time stamp at the start of blood pressure change; and

Icg is the change evaluation interval.

iii) Discard any changes for which a re-initialization has occurred between t_, .. and t. 4.

NOTE 4 iii) does only apply to the continuous automated non-invasive sphygmomanometer
with a maximum re-initialization period of less than 30 min, since no re-initialization is permitted for
continuous automated non-invasive sphygmomanometer with a maximum re-initialization period of at
least 30 min. See also 5.3.3.

iv) Calculate the change in blood pressure AP for the reference sphygmomanometer, AP,
and the continuous automated non-invasive sphygmomanometer, AP, according to

Formula (17).
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AP = Pend — Pstart (17)
where
AP is the change in blood pressure for the reference sphygmomanometer (AP,..¢) or the con-
tinuous automated non-invasive sphygmomanometer (APg,,);
Pond is the blood pressure at t, 4; and
P... isthe blood pressure att.,. ...
v)| If either AP, or AP, fulfil the corresponding requirements of 5.3.2 h) to j),calc¢ulate|the
absolute error, E . ccp, according to Formula (18).
AP, —AP,
Epercent — | sut ref| . 100 % :18)
max(|APsut |'|APref |)
where
AP..s isthe change in blood pressure for the reference sphygmomanometer; and
AP« is the change in blood pressure for the continuos.automated non-invasive sphygmoma-
nometer.
4) After pooling all E,,q, . values of each subject, calculate the 50" percentile of all the E o} ent

vallues per subject.

5) Affer pooling all Ep,, ., values of each subject, calculate the 85t percentile of all the Ey}cent
vallues per subject.

c) For each blood pressure parameter to besinvestigated (e.g. systolic blood pressure, diastolic blood
pressute or mean arterial pressure) a histogram of all reference readings P,..; included in the analsis
shall b included in the clinical investigation report.

d) For earh blood pressure parameter to be investigated (e.g. systolic blood pressure, diastolic blood
pressufe or mean arterial préssure) a histogram of all AP values included in the analysis shalll be
included in the clinical investigation report.

NOTES5  The method forblgod pressure changes does not include a blood pressure distribution requirement.

5.3.5 Acfeptance criteria

For each blpodpressure parameter to be investigated (e.g. systolic blood pressure, diastolic blood pres§ure
or mean artértal pressure), confirm separately that the following criteria are fulfilled:

a) After averaging the calculated 50th percentiles over all subjects, this average shall be less than or
equal to 25 %.

b) After averaging the calculated 85th percentiles over all subjects, this average shall be less than or
equal to 50 %.
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Annex A
(informative)

Rationale and guidance
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5 Annex provides a rationale for some requirements of this document and is intende
are familiar with the subject of this document but who have not participated in its de
understanding of the rationales underlying these requirements is consideredto be es
r proper application. Furthermore, as clinical practice and technology change, it is beli
pnale will facilitate any revision of this document necessitated by those developments.

Rationale for particular clauses and subclauses

following are rationales for specific clauses and subclause‘in this document, with
clause numbers parallel to those in the body of the docunient. The numbering is, the
Secutive.

3.2 - Continuous automated non-invasive sphygmomanometer and
3.5 - Intermittent automated non-invasive spliygmomanometer

The definition of continuous automated non~invasive sphygmomanometers is not based o
numerical threshold for the time resolution of the series of blood pressure parameters |
blood pressure, diastolic blood pressure’er' mean arterial pressure) which are provided by a
automated non-invasive sphygmomanometer. For example, a continuous automated n
sphygmomanometers does not meed to provide blood pressure parameters for every
for it to be considered a contifnuous automated non-invasive sphygmomanometer. Hoj
standard provides specifiecations to compare the output of the continuous automated n
sphygmomanometer with\an invasive reference, which provides blood pressure parametel
heartbeat.

An invasive reference also provides blood pressure (in mmHg or kPa) waveform as a
time, using timé-discretization that is much smaller than the duration of a single hear
<< 1), and<hat is only limited by the sampling frequency of the continuous automated n
sphygmomanometers. However, this standard does not provide test methods to validate
pressyre-waveform outputs of non-invasive continuous automated non-invasive sphygmon

A “continuous automated non-invasive sphygmomanometer would typically be dg

l for those
velopment.
sential for
bved that a

clause and
refore, not

h a specific
p.g. systolic
continuous
on-invasive

heartbeat
vever, this
on-invasive
s for every

Ffunction of
cycle (i.e.,
on-invasive
such blood
anometers.

signed to

continuously collect physiological data from the patient; however, a continuous auto

mated non-

invasive sphygmomanometer could also have short temporal interruptions of physiological data
collection if those are clinically insignificant for the intended use. But, in all cases, the clinical
investigation of a continuous automated non-invasive sphygmomanometer involves an uninterrupted
comparison of the time series output of the continuous automated non-invasive sphygmomanometer
with the time series output of the invasive reference. Typically, long temporal interruptions in

physiological data collection would make it harder for the continuous automated n
sphygmomanometer to demonstrate its performance supporting its intended use.

on-invasive

Whereas, an intermittent automated non-invasive sphygmomanometer is not intended to continuously
monitor the patient’s blood pressure variations over time. It is only intended to provide accurate
snapshot of the patient's blood pressure upon a single request. A clinical investigation of intermittent
automated non-invasive sphygmomanometer only supports the accuracy of a single requested output
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at a specific time. On the other hand, a clinical investigation of continuous automated non-invasive
sphygmomanometer supports the use of the time-series output for monitoring the patient over time.

[tis important to validate a continuous automated non-invasive sphygmomanometer under conditions
that are representative of the intended use. For example, continuous automated non-invasive
sphygmomanometers that are intended to be used in the OR would be tested in the OR when the
patient’s blood pressure variations are recorded by both the reference and the continuous automated
non-invasive sphygmomanometer simultaneously.

4.2 - General

A novdIty of this document is the Introduction of two types oI continuous automated non-invasive
sphygmomanometers: Type A and Type T. The committees have observed new trends incglinfical
practi¢e and new technological solutions that have motivated this decision.

As desribed in 4.2, Type A continuous automated non-invasive sphygmomanometers-are’ continjous
automfted non-invasive sphygmomanometers that provide blood pressure determinations expregsed
in mmHg or kPa, as did medical electrical equipment (ME equipment) investigated following
ISO 81p60-2.

For Type A continuous automated non-invasive sphygmomanometers it is the€vefore necessary to fhlfil
the requirements of all three methods for the clinical investigation provided in Clause 5: method for
the ac¢uracy of blood pressure determination, method for blood pressiure changes and method for
stability.

Alternptively, Type T continuous automated non-invasive-~sphygmomanometers are continjous
automfted non-invasive sphygmomanometers that provide blood pressure determinations expregsed
in mmHg or kPa but for which an unknown subject-specific offset can be present. This is typidally
the cape for cuffless continuous automated sphygmomanometers that are not initialized priof to
their first use. Although these continuous automated non-invasive sphygmomanometers are not able
to proyide “absolute” blood pressure determinations, they are accurate in tracking blood pres§ure
changés and can be relevant for therapeutic applications.

For Type T continuous automated non-ipvasive sphygmomanometers it is only necessary to fulfillthe
requirgments of two methods for the clinical investigation as provided in Clause 5: method for blood
pressufe changes and method for stability.

NOTE The method for stapility applicable to Type T continuous automated non-invgsive
sphygmlomanometers introduces, an offset-correction algorithm that allows uniform analysis of data yith
that of [[ype A continuous autemated non-invasive sphygmomanometers.

4.3.1 { Reference invasive blood pressure monitoring equipment

The igLra—arterial pressure can be measured with a saline-filled catheter and external presqure
transducer orwith a catheter-tip transducer. A catheter-tip transducer is rarely used in clinical
practi¢e, but;provides an improved dynamic response compared to catheter transducer systemys.

The ag¢curate measurement of the intra-arterial reference blood pressure requires the use pf a
computerized data collection system (DCS). The values displayed on the invasive blood pressure
(IBP) channel of a subject monitoring system are subject to filtering and do not represent true beat-
to-beat values. In addition, the recording of the intra-arterial waveform allows for the recognition
of significant arrhythmias or artefacts, which distort the intra-arterial values.

The frequency response and damping coefficient pair should meet the dynamic requirements
proposed by Gardnerlll. The use of short, stiff tubing and the removal of air bubbles from the
catheter-transducer system will improve the frequency response characteristics. During the
study, any deterioration in the waveform recorded by the intra-arterial catheter should be noted
and appropriate corrective measures (e.g. flushing or adjusting the position of the catheter) taken
immediately.
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During each measurement by the continuous automated non-invasive sphygmomanometer, the DCS
should be recording the intra-arterial pressures and the analogue signals from the continuous
automated non-invasive sphygmomanometer (if these are available).

4.3.2.1 -Number

Mean error of the continuous automated non-invasive sphygmomanometer must be estimated to
within an acceptable standard error. The Bland-Altman[3] formulation for the standard error, Eg
[see Formula (A.1)], of the estimate of the mean error, which assumes a normal distribution and

95 % confidence, is applicable:

2

S

<o (A1)
n
where
Scorp 1S the corrected standard deviation, and
n is the number of independent measurements.

[SO 81060-2 with auscultation reference provides a benchmark'to determine an acc
ISO 81060-2 with auscultation reference prescribes 85 subjects’'with 3 measurements f
The 3 measurements per subject are neither perfectly independent nor perfectly
However, if perfectly independent, then 255 independent measurements, and a
acceptable standard deviation of 8 mmHg are assuined the lower limit on the accep
0,5 mmHg. 0,5 mmHg is 10 % of the minimum Mean Error allowed by ISO 81060-2. 0,
10 % of the minimum Mean Error allowed by this'document, so an Eg of 0,6 mmHg is u
document.

This document allows a maximum (worsticase) acceptable corrected standard deviatig
10 mmHg. Then, the required numbenrgdfindependent measurements is 278.

eptable Ej.
er subject.
Hependent.
worst-case
table Eg is
Hb mmHg is
sed for this

nof s. .. =

This document seeks to give cleairahd simple-to-apply directions to determine the nunjber of test

subjects required, while taking ddvantage of the additional power that can be gainecd
many repeated measurements on a single subject.

The effective number of independent measurements obtained by performing r repeated
on k subjects must pe determined. The intra-class correlation coefficient compares th
subject and withimsubject variances, thus quantifying the distribution of errors that a
by measuring ofi-multiple subjects versus repeated measures on the same subject[4] an
the calculation Jof the effective number of independent measurements obtained by p¢d
repeated measures on k subjects [see Formula (A.2)]:

n=kL(1-Icc)(r-1))

by taking

| measures
e between
e sampled
d allowing
rforming r

(A.2)

The absolute agreement, one-way random effects model /... is given by Formula (A.3):

) Hsp — Hsw
Sp. _ r
Sy2+S5,2  Msp—Hsw

Iec =
+ Usw

(A.3)

assumes there is no prescribed pattern to the within-subject measurements. The one-way random
effects model /. has the advantage that it is calculated from the same Mean Squares Between ( tgg

) and Mean Squares Within (ugy ) already used by this document to calculate the corrected
standard deviation.

Continuous automated non-invasive sphygmomanometers covered by this document perform an

initialization followed by continuous measurement. Drift in the information obtained during the
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initialization will introduce a time dependence to the measured errors. Thus, the /.. can depend
upon both the sample interval (time between measurements) and sample duration (time over which
measurements are performed). This is acceptable as long as the same test conditions - sample
interval and sample duration - used to determine the number of subjects and number of repeated
measures per subjects are used for the clinical investigation. In other words, the I... is a characteristic
of the testing conditions as well as the continuous automated non-invasive sphygmomanometer.

Furthermore, the power of the test is verified by calculating the I . of the test data and confirming
that it is less than or equal to the I.. assumed when calculating the number of subjects.

Type T continuous automated non-invasive sphygmomanometers provide blood pressure values that
are nof intended to be absolutely accurate, thus when assessing the stability of Type T contingous
automg@ited non-invasive sphygmomanometers, it is correct to remove constant subject{spégific
offsety. However, when calculating /- absolute blood pressure values must be used in ordey to asgess
the relative contributions of between and within subject errors. Due to the unknown consfant
subjecf-specific offsets Type T continuous automated non-invasive sphygmomanémeters will in
generdl have larger between subject errors and larger I.’s than Type A continuotis-automated pon-
invasive sphygmomanometers.

If a Type T continuous automated non-invasive sphygmomanometer only;-eutputs relative blood
pressufe values, e.g. the value at t = 0 is 0 mmHg and subsequent values aie only relative increases
or decreases from that initial 0 mmHg, those relative blood pressure,valies shall be used as absojute
blood pressure values when calculating /.

4.3.2.2- Gender distribution

While [there is no definitive evidence that a sphygmomanemeter performs differently on male pand
femald subjects, some studies indicate that there mightbe a bias.

NOTE References [5] and [6] contain additional infermation.
4.3.2.3 - Age distribution

The age classifications of subjects were suggested by the committees considering the exclusive|use
of the [invasive reference in this document. FDA guidance documents (see Reference [7] and [[8])
provide age ranges of paediatric subgroups.

As stated in ISO 81060-2, the upper normal systolic/diastolic blood pressure in paediatrics incregses
from apout 114/66 mmHg (15,20/8,80 kPa) at age 1 year to 135/91 mmHg (18,00/12,13 kPa) at|age
12 years for the tallest paediatrics analysed. Reference [9] contains additional information.

For this reason, it weuld not be practical to specify exact “hypertensive” blood pressure valueg, as
done in addlts’for investigations. In addition, the prevalence of essential hypertensiop in
young [children is very low, making clinical investigations requiring hypertensive children extremely
difficullt to pexform. Further, the systolic blood pressure and diastolic blood pressure valuef in
a hyp¢rtensive infant are at about the average for normotensive adults. Thus, the contingous
automfted ‘non-invasive sphygmomanometer would not be significantly “challenged” with respect
to acclraey 5 Sz crange—Thts—thereisno—valdreasontorequirehypertensive
children paediatrics in any clinical investigation of individuals less than 12 years of age.

4.3.2.4 - Special subject populations

In certain subject populations, the accuracy of a sphygmomanometer can be problematic. This can
be caused by subject characteristics such as age, pregnancy, vasoactive drug therapy, diabetes,
peripheral artery disease or other conditions that affect arterial compliance. Similar problems can
occur during a clinical investigation where subject characteristics that increase the variability of
the subject’s blood pressure could affect the accuracy of both the continuous automated non-invasive
sphygmomanometer and the reference sphygmomanometer. Examples include atrial or ventricular
arrhythmias.
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Although clinical investigation of blood pressure in subjects with atrial fibrillation is clinically
important, there are currently no generally accepted guidelines to measure blood pressure in such
subjects.

4.3.4 - Arterial reference site

Arterial pressure is not constant throughout the arterial tree; although diastolic blood pressure and
mean arterial pressure will be lower at more distal sites from the heart as compared to sites more
proximal to the heart, the same does not always apply to systolic blood pressure. The cause for this
so-called pulse amplification can be found in the vascular properties of the arterial treell0. This
means that systolic blood pressure, diastolic blood pressure and mean arterial pressure are different

in the central aorta, brachial artery and radial artery. Hence, for the user it is importapt to know

the reference site in order to interpret the measurements correctly.
4.4 - Lateral difference

It is assumed that in a normal situation, the blood pressure in both arms is the §
having a mirrored physiology with respect to the heart. However, there-might be sul
an anatomical variance (e.g. arterial stenosis) which might cause a ‘difference in bloq
between the two arms. Therefore, in cases where reference readings.and continuous auto
invasive sphygmomanometer determinations are representing opposite arms the user is
correct for a lateral difference.

5.1.3 - Data analysis

Within the recorded data used for determining accuragy, theoretically a difference betw
taken from each beat cycle (i.e. systolic blood pressure, diastolic blood pressure and mq
pressure) of the invasive reference waveform and-\the time-corresponding output of the
automated non-invasive sphygmomanometer can be obtained. Data from the same subject]
beat-to-beat data, are intrinsically highly @orrelated. In order to reduce this correlat
account for the fact that most continuous automated non-invasive sphygmomanomse
values with a device-specific averaging’over a window of, for example, 5 s to 10 s, th

@ame, arms
pjects with
d pressure
mated non-
allowed to

reen values
an arterial
continuous
especially
ion and to
ter output

recorded

t duration
on-invasive

data is divided into segments for which the reference values are averaged. The segme
is selected to match the minimum output period specific to the continuous automated n
sphygmomanometer as closely.aspossible.

NOTE For instance, if the,continuous automated non-invasive sphygmomanometer provides o
every 10 heart beats, thefi the segment duration can be selected as 10 s.

itput values

5.1.4 - Acceptance-criteria

The intention{of this document is that continuous automated non-invasive sphygmomamnometers as
clinically tested according to this document have a level of performance and safety comparable to
an intermittent non-invasive sphygmomanometer as clinically tested according to ISO 81060-2. The
statistical methods to calculate the standard deviation of error are different for the twd categories
of sphiygmomanometesr:

060 sets—3 or—d S Lo —aubome Hon-invasive
sphygmomanometer estimates and reference measurements that are within one standard

deviation to 0 mmHg. This document does not set any error differences to zero.

b)

Within this document, the calculation of the experimental standard deviation of error
differences takes into account that multiple measurements are taken in each patient, because
data are partly dependent, and the experimental standard deviation of error is widened
accordingly. For more information see Reference [11].

Thus, the statistical methods used by this document produce standard deviations of error larger
than those produced by ISO 81060-2 when applied to identical data sets. Therefore, the criteria
limits of this document (+6 mmHg mean error and 10 mmHg corrected standard deviation of error)
are substituted for the criteria limits of ISO 81060-2 (+5 mmHg mean error and 8 mmHg standard
deviation of error).
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5.2 - Method for stability

Figure A.1 provides a graphical representation of the procedure for the stability method given in
5.2.2. The first line of Figure A.1 relates to 5.2.2 b), the second line to 5.2.2 c), the third line to 5.2.2

d) and the last line to 5.2.2 e).

0h
1
0h a
2]
gh 5h a
3
gh 5h 2d 3d 4d 5d a
#
>6 h >6h
Key
1  maximym re-initialization period of up 1,5 h a  Maximum-ye-initialization period.
2 maximIm re-initialization period greater than 1,5 h
and nof greater than 5 h
3 maxim@im re-initialization period greater than 5 h
and nof greater than 24 h
4  maximQ@m re-initialization period greater than 24 h
Figure A.1 — Graphical representation oftest periods at which the stability procedure needg to
be carried out according to 5.2.2
Figure| A.2 provides a graphical representation of the data analysis for the stability method
described in 5.2.3. Figure A2 emphasizes that the data from one test period is analysed over ll k
subjecfs. The detailed data-analysis for each test period can be found in 5.2.3 c) to f).
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Figure A.2 — Graphical representation of data analysis according to 5.2.3

— |5.3.1 - Change evaluation interval

The committees-considered specifying a maximum value for the choice of the change| evaluation
interval; in particular, the committees considered various potential maximum values guch as the
minimum gutput period of the continuous automated non-invasive sphygmomanometer, 30 s, 2 min,
etc. However, there is no consensus regarding the time over which a blood pressurq change is
clinieally significant. Therefore, a framework was developed whereby the manufactuner sets the
clifically relevant time scale by declaring the change evaluation interval and performjng clinical
tests according to this document to validate the change tracking ability within that intdrval. Thus,
this document is applicable to as wide a range of use cases and clinical settings as possible.

In general, choice of a short or long change evaluation interval could affect the result of the change
analysis. There could also be uncertainties about the correct interpretation of the change evaluation
interval that is disclosed in the instructions for use. This document does not provide methods to be
used to demonstrate the appropriateness of the disclosed change evaluation interval for the intended
use of the continuous automated non-invasive sphygmomanometer.

— 5.3.2 - General

The continuous automated non-invasive sphygmomanometers to be investigated according to this
document are typically intended to measure continuous blood pressure changes in clinical settings
where changes in blood pressure have therapeutic consequences. Thus, this document requires
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