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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechn

ical

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@lures used to develop this document and those intended for its further maintenanee
described |n the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed
the differept types of document should be noted. This document was drafted in accordance ‘with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention fs drawn to the possibility that some of the elements of this document ma§ be the sub
of patent rights. ISO and IEC shall not be held responsible for identifying any™or all such pa
rights. Detpils of any patent rights identified during the development of the docttment will be in
Introducti¢n and/or on the ISO list of patent declarations received (see www.iso:-erg/patents) or the
list of patent declarations received (see http://patents.iec.ch).

Any trade hame used in this document is information given for the conwvenience of users and does
constitute pn endorsement.

For an explanation of the voluntary nature of standards, theymeaning of ISO specific terms
expressionls related to conformity assessment, as well as information about ISO's adherence to
World Tradle Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www
.org/iso/foreword.html.

This docurhent was prepared jointly by Technical Committee ISO/TC 121, Anaesthetic and respira
equipment,| Subcommittee SC 3, Respiratory devices and related equipment used for patient g
and Technjcal Committee IEC/TC 62, Electrigal-equipment in medical practice, Subcommittee S
Electromedical equipment.

This third| edition cancels and replaées the second edition (ISO 81060-2:2013), which has b
technically revised.

The main dhanges compared tothe previous edition are as follows:
— same arm simultaneous method has been deleted;

— nu$1erous clarifications have been added and kPa equivalent values for the mmHg values h
been includled.

Alist of all[parts-in the ISO/IEC 81060 series can be found on the ISO website.
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Any feedbdcKor questions on this document should be directed to the user’s national standards bod

y. A

complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Determining BLOOD PRESSURE is an important PROCEDURE that is clinically used to assess the status of
a PATIENT.

BLOOD PRESSURE serves as aid to control the drug titration and fluid management and to provide
warning about the changes in PATIENT’S state of health.

Frequently determining BLOOD PRESSURE is routine during anaesthesia. BLOOD PRESSURE serves to
aid to control drug titration and fluid management and to provide warning about the changes in the
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ENT S STate of healti.
his document, the following print types are used:
requirements, compliance with which can be verified, and definitions: roman tyjpe;

informative material appearing outside of tables, such as notes, examples @nd references
roman type. Normative text of tables is also in a smaller roman type;

test methods: italic type; and

TERMS DEFINED IN CLAUSE 3 OF THE GENERAL STANDARD, IN THIS DOCUMENT OR AS NO/
CAPITALS TYPE.

his document, the conjunctive “or” is used as an “inc¢lusive or” so a statement is {
bination of the conditions is true.

verbal forms used in this document conform:to usage described in Annex H of t
ectives, Part 2. For the purposes of this document, the auxiliary verb:

“shall” means that compliance with a requirement or a test is mandatory for compliang
document;

“should” means that compliance with a requirement or a test is recommended but is not
for compliance with this documerit;

in smaller

"ED: SMALL

rue if any

he 1SO/IEC

e with this

mandatory

hsterisk (*) as the first character of a title or at the beginning of a paragraph or table ti
there is guidance prrationale related to that item in Annex A.

ex B maps theZ¢lauses and subclauses of this document with the ESSENTIAL PRI
16142-1:2016

“may” is used to describe dpermissible way to achieve compliance with a requirement T test.
t

e indicates
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Scope

D
EQUIPMENT used for the INTERMITTENT non-invasive automated estimation of the arte
SSURE by utilizing a CUFF.

5 document is applicable to all SPHYGMOMANOMETERS that sense (on display pulsatiol
hds for the estimation, display or recording of BLOOD PRESSURE. Thése SPHYGMOMANOMI
have automatic CUFF inflation.

5 document covers SPHYGMOMANOMETERS intended for usednyall PATIENT populations (e.g
bht ranges), and all conditions of use (e.g. ambulatory BLOOD PRESSURE monitoring, str
0D PRESSURE monitoring and BLOOD PRESSURE monitors for the HOME HEALTHCARE ENY
belf-measurement as well as use in a professional healthcare facility).

MPLE AUTOMATED SPHYGMOMANOMETER as givén'in IEC 80601-2-30 undergoing CLINICAL IN
rding to this document.

5 document specifies additional disclosure requirements for the ACCOMPANYING DOC
YGMOMANOMETERS that have passed a GLINICAL INVESTIGATION according to this documg

5 document is not applicable to @LINICAL INVESTIGATIONS of NON-AUTOMATED SPHYGMOM
iven in [SO 81060-1 or INVASIVE BLOOD PRESSURE MONITORING EQUIPMENT as given in [EC €

Normative references

following documénts are referred to in the text in such a way that some or all of th
Ktitutes requirefrents of this document. For dated references, only the edition cited 3
ated referenees,/the latest edition of the referenced document (including any amendmen

E1 The'way in which these referenced documents are cited in normative requirements det
nt (in whaele or in part) to which they apply.

E-2.~ Informative references are listed in the Bibliography.

document specifies the requirements and methods for the CLINICAL UNVESTIGATION of

rial BLOOD

s, flow or
TERS need

all age and
ess testing
[IRONMENT

ESTIGATION

UMENTS of
nt.

NOMETERS
0601-2-34.

Pir content
pplies. For
[s) applies.

brmines the

[SO 14155:2011, Clinical investigation of medical devices for human subjects — Good clinical practice

ISO

14971:2007, Medical devices — Application of risk management to medical devices

ISO 16142-1:2016, Medical devices — Recognized essential principles of safety and performance of medical
devices — Part 1: General essential principles and additional specific essential principles for all non-1VD
medical devices and guidance on the selection of standards

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

IEC 60601-1:2005+Amendment 1:2012, Medical electrical equipment — Part 1: General requirements for
basic safety and essential performance
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[EC 60601-1-11:2015, Medical electrical equipment — Part 1-11: General requirements for basic safety and
essential performance — Collateral standard: Requirements for medical electrical equipment and medical
electrical systems used in home care applications

IEC 60601-2-34:2011, Medical electrical equipment — Part 2-34: Particular requirements for the basic
safety and essential performance of invasive blood pressure monitoring equipment

[EC 80601-2-30:2018, Medical electrical equipment — Part 2-30: Particular requirements for basic safety
and essential performance of automated non-invasive sphygmomanometers

3 Termpanmddefimnitions

For the pui
ISO 16142-
34:2011 an

ISO and IE
ISO On

IEC Elg

NOTE j

3.1
intermittg
<non-invag
a single set

3.2
reference
ref
establisheq

3.3
sphygmon

poses of this document, the terms and definitions given in ISO 14155:2011, ISO 1497%1:2
1:2016, 1SO 81060-1:2007, IEC 60601-1:2005+AMD1:2012, IEC 60601-1-11:2015, JEC6060
d IEC 80601-2-30:2018, and the following apply.

[ maintain terminological databases for use in standardization at the following addresse

line browsing platform: available at https://www.iso.org/obp

ctropedia: available at http://www.electropedia.org/

or convenience, an alphabetized index of defined terms is found.infAnnex C.

nt
ive SPHYGMOMANOMETER> utilizing a PROCESS of estimating BLOOD PRESSURE that prov
of pressure values from a number of heart beats

| accuracy used for the CLINICAL INVESTIGATION of other instruments

lanometer

ME EQUIPMENT for non-invasive estimation of systemic arterial BLOOD PRESSURE

3.4
sphygmon
sut

AUTOMATE

4 Gene

hanometer-under-test

D SPHYGMOMANOMETER undergoing CLINICAL INVESTIGATION

ral requirements for CLINICAL INVESTIGATIONS

D07,
1-2-

122}

des

4.1 CLiy

IGAL INVESTIGATION methods

a) AUTOMATED SPHYGMOMANOMETERS shall undergo CLINICAL INVESTIGATION according to this
document in each mode of operation by either using:

1) anon-invasive auscultatory REFERENCE SPHYGMOMANOMETER at the upper arm; or

2) a REFERENCE INVASIVE BLOOD PRESSURE MONITORING EQUIPMENT.

EXAMPLE 1

EXAMPLE 2

Adult and neonatal modes.

Slow and fast cUFF deflation rate modes.

b) A clinical investigation shall be considered a type test.

© ISO 2018 - All rights reserved
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c) An automated sphygmomanometer intending to display central or aortic blood pressure shall

utilize a central or aortic invasive reference site for clinical investigation (see 6.2.2).

NOTE Such an automated SPHYGMOMANOMETER is investigated according to Clause 6.

Consider compliance with the requirements of this subclause to exist when the criteria of the relevant
inspections and tests in this document are met.

4.2

a)
b)

Che

4.3

Thd
invg
nee|

4.4

Thd
RES

5.1

5.1
a)

b)

Good clinical practice

All CLINICAL INVESTIGATIONS shall comply with the requirements of ISO 14155:2011.

not be used for PATIENTS or subjects solely for the purpose of investigating SPHYGMOM
performance.

NOTE Some authorities having jurisdiction have additional requirements.
of [SO 14155:2011, shall prevail.
ck compliance by application of the requirements of ISO 14155:2011.

Status of previous CLINICAL INVESTIGATIONS

bstigated according to previous versions of ISO 81060-2 remain valid and a CLINICAL INV
d not be repeated to comply with this document;

Disclosure of summary of CLINICAL INVESTIGATION

CLINICAL INVESTIGATION with an auscultatory REFERENCE SPHYGMOMAN

Subject requirements

1 *Number

An auscultatory REFERENCE SPHYGMOMANOMETER CLINICAL INVESTIGATION shall cq
minimuim)of 85 subjects.

If Hot otherwise specified, at least three valid paired BLOOD PRESSURE values shall b

CLINICAL INVESTIGATION with REFERENCE INVASIVE BLOOD PRESSURE MONITORING EQUIPMIENT should

ANOMETER

The requirements of this document, which are more specific than the ecorresponding requirements

CLINICAL INVESTIGATION results for SPHYGMOMANQMETERS that have been successfully clinically

ESTIGATION

technical description of a SPHYGMOMANOMETER shall contain contact information perIlitting the
PONSIBLE ORGANIZATION to acquire @copy of the summary of the CLINICAL INVESTIGATION.

DMETER

nsist of a

b taken for

éach subject [see 5.2.4.1.1 0)].

)

There shall be a minimum of 255 valid paired BLOOD PRESSURE values.

Check compliance by inspection of the CLINICAL INVESTIGATION REPORT.

5.1.2 * Gender distribution

a)
b)

At least 30 % of the subjects shall be male.

At least 30 % of the subjects shall be female.

Check compliance by inspection of the CLINICAL INVESTIGATION REPORT.

© ISO 2018 - All rights reserved
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5.1.3

a)

* Age distribution

For a SPHYGMOMANOMETER intended for use on adults or adolescent PATIENTS, the age of every
subject included in the CLINICAL INVESTIGATION shall be greater than 12 years.

NOTE1 Minimum total of 85 subjects.

b) ForasPHYGMOMANOMETER additionally intended for use in children, 35 child subjects aged between
3 years and 12 years shall be included in the CLINICAL INVESTIGATION.
NOTE 2  Minimum total of 85 subjects (35 children aged 3-12 years and 50 subjects older than 12 years).
c¢) If the |SPHYGMOMANOMETER has a special mode for children, in that mode, children shall be
considered a special PATIENT population (see 5.1.6). In such a study, children are exemptfrom|the
BLOOD|PRESSURE distribution requirements of 5.1.5.
d) Children aged less than 3 years shall not be included in a CLINICAL INVESTIGATION utilizing
ausculfatory REFERENCE readings by observers with a REFERENCE SPHYGMOMANOMETER.
Check compliance by inspection of the ACCOMPANYING DOCUMENT and the CLINICAL INVESTIGATION REPOR]T.
5.1.4 * Limb size distribution
a) ForaspPHYGMOMANOMETER intended for use with a single CUFF size!
1) atlleast 40 % of the subjects shall have a limb circumference which lies within the upper half of
the specified range of use of the CUFF;
2) at|least 40 % of the subjects shall have a limb ‘circumference within the lower half of|the
specified range of use of the CUFF;
3) atfleast 20 % of the subjects shall have a*limb circumference which lies within the ugper
qularter of the specified range of use of the-CUFF;
4) atfleast 20 % of the subjects shall have a limb circumference within the lower quarter of|{the
specified range of use of the CUFE; and
5) atfleast 10 % of the subjectsshall have a limb circumference which lies within the upper ofctal
of the specified range of uSeyof the CUFF; and
6) atfleast 10 % of theGybjects shall have a limb circumference within the lower octal of|the
specified range of ase of the CUFF.
b) Fora SPHYGMOMAN@METER intended for use with multiple CUFF sizes:
1
1) eafrh curEsize shall be tested on at least xn of the total number of subjects, where n is|the
Xxn
nl.l:mber of CUFF sizes; and
2) atleast 40 % of the subjects shall have a limb circumference which lies within the upper half of
the specified range of use of the CUFF; and
3) at least 40 % of the subjects shall have a limb circumference within the lower half of the

Sp

ecified range of use of the CUFF.

Check compliance by inspection of the ACCOMPANYING DOCUMENT and the CLINICAL INVESTIGATION REPORT.

5.1.5 Blood pressure distribution

a) Atleast 5 % of the REFERENCE BLOOD PRESSURE readings shall have a SYSTOLIC BLOOD PRESSURE
<100 mmHg (13,33 kPa).

© ISO 2018 - All rights reserved
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b) Atleast 5 % of the REFERENCE BLOOD PRESSURE readings shall have a SYSTOLIC BLOOD PRESSURE

2160 mmHg (21,33 kPa).

c) Atleast 20 % of the REFERENCE BLOOD PRESSURE readings shall have a SYSTOLIC BLOOD PRESSURE

2140 mmHg (18,66 kPa).

d) Atleast5 % of the REFERENCE BLOOD PRESSURE readings shall have a DIASTOLIC BLOOD PRESSURE

<60 mmHg (8,0 kPa).

e) Atleast5 % of the REFERENCE BLOOD PRESSURE readings shall have a DIASTOLIC BLOOD PRESSURE

f)

Che

5.1

b)

d)

Che

2100 mmHg (13,33 kPa).

At least 20 % of the REFERENCE BLOOD PRESSURE readings shall have a DIASTOLIC BLOOJ]
285 mmHg (11,33 kPa).

rk compliance by inspection of the CLINICAL INVESTIGATION REPORT.

6 * Special PATIENT populations

A SPHYGMOMANOMETER that is intended for use in special PATIENT populations whe|
OBJECTIVE EVIDENCE that the accuracy of the SPHYGMOMANOMETER might be problema
PATIENT populations, shall undergo CLINICAL INVESTIGATION in-those PATIENT populatio

PRESSURE

re there is
ic in those
hs.

If the SPHYGMOMANOMETER has passed CLINICAL INMESTIGATION according to the re
of 5.1.1 and 5.2, it shall then undergo CLINICAL INVESTIGATION in at least an additional
population subjects.

If the SPHYGMOMANOMETER has not successflilly undergone CLINICAL INVESTIGATION a

of 5.1.1 and 5.2 shall consist only of subjects from the special PATIENT population.

The special PATIENT population shall'be defined in clear terms and address the following
1) gender (see 5.1.2);

2) age (see 5.1.3);

3) limb size (see 5.14); and

4) BLOOD PRESSURE (see 5.1.5).

A summary‘efthe definition of the special PATIENT population information shall be disc]
instructioens for use.

ck compliance by inspection of the instructions for use and the CLINICAL INVESTIGATION REPO

5.2

5.2.

NOTE Clause 7 has a specific example of a special PATIENTp@pulation with specific require]:-nents.

uirements
35 special

cording to

the requirements of 5.1.1 and 5.2, the CLINIEAL INVESTIGATION in accordance with the requirements

attributes:

osed in the

—CILINTCAL INVESTIGATION Tiethod Wit a REFERENCE SPHYGMOMANOMETER —

1 *Subject preparation

a) Unless otherwise indicated by the instructions for use of the SPHYGMOMANOMETER-UNDER-TEST,

position the subject such that the subject:
1) is comfortable;
EXAMPLE Comfortably seated with legs uncrossed and feet flat on the floor.

2) has the back, elbow and forearm supported;

© ISO 2018 - All rights reserved
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b)

c)

d)

NOTE Additional details can be found in Reference [16].

Check compliance by inspection of the instructions for use and the CLINICAL INVESTIGATION REPQRT.

5.2.2 * (Qbserver preparation

a)

b)

d)

f)

Check compliance by inspection of the CLINICAL INVESTIGATION REPORT.

5.2.3 * REFERENCEreadings

a)

b)

3) hasthe measurement site at the level of the left ventricle of the heart.
[t is recommended that:

1) the subject be as relaxed as possible; and

2) the subject avoids talking during the entire PROCEDURE.

The cuUFF shall be applied on the bare arm and there shall be no arm compression proximal to
the CUFF.

Before the first REFERENCE reading is taken 5 min should elapse

Obseryers shall be trained in using a proper methodology for performing a resting BLPpOD
PRESSURE reading by utilizing an accepted clinical protocol for BLOOD(PRESSURE measuremgent.
Referepces [15], [16], and [25] contain additional information.

Observers shall have sufficient practice in performing BLOOD PRESSURE readings.

Each gbserver's recording of observations of the REFERENGE ‘SPHYGMOMANOMETER shall not be
visible|to the other observer.

The DHTERMINATIONS of the SPHYGMOMANOMETER-UNDER-TEST shall not be visible to either of these
obseryers.

EXAMHLE 1  Utilizing a third observer for recording the DETERMINATIONS of the SPHYGMOMANOMETER-
UNDERA{TEST.

EXAMHLE 2 Utilizingan electronic means foyrecording the DETERMINATIONS of the SPHYGMOMANOMETER-
UNDERA{TEST.

The Kprotkoff sound [fifth phase\(K5)] shall be used by the observers for determining [the
REFERENCE DIASTOLIC BLOOD PRESSURE.

If the Korotkoff sound [fifth phase (K5)] for determining REFERENCE DIASTOLIC BLOOD PRESSURE is
not auglible, the subject shdll be excluded.

Two obpservers shall simultaneously determine the SYSTOLIC BLOOD PRESSURE and DIASTOLIC BLPOD
PRESSPRE)on each subject using a double stethoscope.

Unless the SPHYGMOMANOMETER-UNDER-TEST is intended for use during significantly irregular
heart rhythm, if either observer detects significantly irregular heart rhythm, that reading shall be
excluded.

EXAMPLE Bigeminy, trigeminy, isolated ventricular premature beat (VPB), atrial fibrillation.
NOTE1  Although CLINICAL INVESTIGATION of BLOOD PRESSURE in PATIENTS with atrial fibrillation is
clinically important, there are currently no generally accepted guidelines for determining the BLOOD

PRESSURE in such individuals.

Any pair of observers' SYSTOLIC BLOOD PRESSURE VALUE or DIASTOLIC BLOOD PRESSURE VALUE with
a difference greater than 4 mmHg (0,53 kPa) shall be excluded.

© ISO 2018 - All rights reserved
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d) The observers' individual values of each reading shall be averaged according to Formula (1) to

create the REFERENCE BLOOD PRESSURE value.

Prer, , T PREF,
Prer, = 2

where

)

g)

h)

is the BLOOD PRESSURE determined by observer 1 for the ith reading;

(D

PREF, |

PRrer is the BLOOD PRESSURE determined by observer 2 for the ith reading;
i2

PREF. is the REFERENCE BLOOD PRESSURE value for the ith reading.
1

The observer-to-observer differences shall be reviewed after completing a set of palirs of test-

REFERENCE values.

1) If any readings are excluded, additional pair(s) of readings.shall be taken to ensufre that the

required number of valid test-REFERENCE pairs are available,
2) A maximum of eight pairs of readings per subject shall-be taken.

Use a REFERENCE SPHYGMOMANOMETER that complies-xith the requirements of ISO 8106
that the maximum permissible error shall be +1 mmHg (0,13 kPa).

1) Reading of the values on the REFERENCE SPHY¥GMOMANOMETER should be as accurate

2) When reading the value on the REFERENCE SPHYGMOMANOMETER, the observers sh
parallax errors and rounding.

NOTE 2 Rounding has a negative effect on the results of the CLINICAL INVESTIGATION.
Measurement of the upper arm ‘citcumference:

1) The upper arm midppintis first determined by marking the arm posteriorly at a po
between the acromipn and olecranon, measured while the arm is flexed 90 deg
elbow with the palmi facing up.

2) The subject’s’upper arm circumference shall be determined by measuring at the 1
the upper/arm while the elbow is relaxed and the arm is dangling freely to the side.

*CUFFS for\the reference SPHYGMOMANOMETER shall have:

1) abladder length of 75 % to 100 % of the upper arm circumference; and

0-1, except

hs possible.

ould avoid

nt halfway
Fees at the

hidpoint of

2Y) abladder width of 37 % to 50 % of the upper arm circumference.

Check compliance by inspection of the CLINICAL INVESTIGATION REPORT.

5.2.4  CLINICAL INVESTIGATION methods

5.2.4.1 Same arm sequential method

5.2.4.1.1 * PROCEDURE

a)

Either arm may be utilized.

© ISO 2018 - All rights reserved
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Perform the following:

b) Using the REFERENCE SPHYGMOMANOMETER, have the observers determine the subject's BLOOD PRESSURE
(see Figure 1).

c) Interchange cUFFs and wait at least 60 s.
d) Use the SPHYGMOMANOMETER-UNDER-TEST to determine the subject’'s BLOOD PRESSURE.

e) Clear the SPHYGMOMANOMETER-UNDER-TEST memory of the previous DETERMINATION and then wait at
least 60 s.

EXAMPLES| Switching the power off and on, removing the BLOOD PRESSURE module and reinstalling it or isSuing a
reset commqnd are methods to clear the memory of the previous DETERMINATION.

) .

[l

1
2
3

Key
1  doublestethoscope
2 REFERENCE SPHYGMOMANOMETER display
3 REFERENCE SPHYGMOMANOMETER hand pump
4  SPHYGMOMANOMETER-UNDERZEEST

NOTE nly one CUFF is{connected to the SPHYGMOMANOMETER-UNDER-TEST.
Figure 1 — Illustration of the same arm sequential method

f) Do notluse,the data points obtained in b) and d) in the calculation of accuracy.

g) Using the REFERENCE SPHYGMOMANOMETER, have the observers determine the subject's BLOOD PRESSURE.
h) Interchange cUFFs and wait at least 60 s.

i)  Use the SPHYGMOMANOMETER-UNDER-TEST to determine the subject's BLOOD PRESSURE.

j)  Interchange cUFFs and wait at least 60 s.

k) Have the observers use the REFERENCE SPHYGMOMANOMETER to determine the subject's BLOOD PRESSURE
REFERENCE reading.

1) Interchange cUFFS and wait at least 60 s.

8 © ISO 2018 - All rights reserved
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m) Repeat i) to 1) until the required number of valid REFERENCE readings and DETERMINATIONS have been

n)

performed.

All data from a subject shall be excluded if:

1) any two REFERENCE SYSTOLIC BLOOD PRESSURE VALUES differ by more than 12 mmHg (1,60 kPa); or

2) any two REFERENCE DIASTOLIC BLOOD PRESSURE VALUES differ by more than 8 mmHg (1,07 kPa).

0) Notwithstanding the requirement in n), if the REFERENCE BLOOD PRESSURE of an individual subject does

not meet these criteria during the period of the test, two compliant consecutive pairs of

e pagrnramyanzc £ os

REFERENCE

1y

2)

Che

5.2
Thd

whg

s I + 4L N I L -
Treaatig S aita D TCRIVMITIVA T T0IVS tritac iieet e Seericeratiray-oetusea:

In this case, additional subjects shall be used to complete the minimum numbercof re
DETERMINATIONS.

No more than 10 % of the subjects shall have fewer than three valid pairs of-REFERENCE 1
DETERMINATION.

ck compliance by inspection of the CLINICAL INVESTIGATION REPORT.

4.1.2 Data analysis
SPHYGMOMANOMETER-UNDER-TEST shall meet the following\two criteria.
Criterion 1

1) The differences of the n individual paired DETERMINATIONS of the SPHYGMOMANOMET
TEST and of the observers' readings with the REFERENCE SPHYGMOMANOMETER for 4
calculated separately for SYSTOLIC BLOOD:PRESSURE and DIASTOLIC BLOOD PRESSURE,

i) according to Formula (2), have the mean value of the differences, )7n , be within
+5,0 mmHg (£0,67 kPa); and

ii) according to Formula((3), have a standard deviation, s,, no greater than
(1,07 kPa).
n
- 1
Xp = ;XZ(pSUTi TPREF-sq, )
i=1
2
1 N -
Sn: n_1XZ(Xi—Xn)

i=1

adings and

eading and

ER-UNDER-
11 subjects,
shall:

or equal to

8,0 mmHg

(2)

3

isthe mean value of the diffprpnrpc;

p —p is the difference between the ith paired BLOOD PRESSURE values (DETERMINA-
SUT;  PREF-sq; 110N of the SPHYGMOMANOMETER-UNDER-TEST — REFERENCE BLOOD PRESSURE);

i is the index for the individual element;

n is the number of DETERMINATIONS;

is the REFERENCE BLOOD PRESSURE for the ith value as calculated according to

PREF-sq, Formula (4).
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iii) x, and s, shall be calculated and expressed to at least 0,1 mmHg (0,01 kPa).

2) The REFERENCE BLOOD PRESSURE value, pgg; ¢, , shall be the average of the observers' readings

with the REFERENCE SPHYGMOMANOMETER preceding and following the SPHYGMOMANOMETER-
UNDER-TEST DETERMINATION.

1y, . by @
pREF—sq,. - 4 \FREF,; ' PREF, " PREF,;; ' FREE,, ]
where
DPrer is the BLOOD PRESSURE determined by observer 1 for the ith reading;
i1

Prer, | is the BLOOD PRESSURE determined by observer 2 for the ith reading.

EXAMPLE 1l n = 255 for a SPHYGMOMANOMETER intended for use in adults or“adolescent PATIENTS (af 85
subject study).

EXAMPLE 2] n = 255 for a SPHYGMOMANOMETER intended for use in adults or adolescents and children 3ged
between 3 yjears and 12 years (an 85 subject study).

EXAMPLE 3] n =105 for a SPHYGMOMANOMETER intended for a special INTENDED USE (a 35 subject study), when
the SPHYGMPMANOMETER has passed a CLINICAL INVESTIGATION in @separate 85 subject study according to $.1.1
and 5.2.

b) Criterion 2

1) For the SYSTOLIC BLOOD PRESSURE and*DYASTOLIC BLOOD PRESSURE for each of m subjdcts,
the standard deviation s, of the, averaged paired DETERMINATIONS per subject of [the

SPHYGMOMANOMETER-UNDER-TEST/"and of the observers' readings with the REFERENCE
SPHYGMOMANOMETER shall meet the criteria listed:

i) | in Table 1; or
ii)| in Table 2
when calculated accerding to Formula (5).

1 & R
S =\/-mx2(x,- =X,) (5)

% is the mean value of the differences as calculated according to Formula (2);

m is the number of subjects;
j  isthe index for the individual element;

Xj is SPHYGMOMANOMETER-UNDER-TEST error as calculated according to Formula (6);

d
X;= %sz_;(psmj,k B pREF*SqJ’”‘ ) ’

where
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d is the number of DETERMINATIONS per subject;
k is the index for the individual element;
Prer—sq is the REFERENCE BLOOD PRESSURE calculated according to Formula (7).
~sd,
1
Prep-sq;;, = ZX(pREFj,,('1 +Drer,,, ¥ Prer,,,,, + PR, , ) (7)
Talklao 1 GO aculicack P PP taonca L 'y 2O h - Py
TAUIC L TAVCI GSC“ D“U,Cbl— udaila ab\'ClJLalle [\'l ILCT IVUIX Hl 11X lllllllls
Maximum permissible standard deviation, s, as function of, x,
x, mmHg
0,0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
=P, 6,95 6,95 6,95 6,95 6,93 6,92 6,91 6,90 6,89 6,88
1, 6,87 6,86 6,84 6,82 6,80 6,78 6,76 6,73 6,71 6,68
P, 6,65 6,62 6,58 6,55 6,51 6,47 6,43 6,39 6,34 6,30
+B, 6,25 6,20 6,14 6,09 6,03 5,97 5,89 5,83 5,77 5,70
", 5,64 5,56 5,49 5,41 5,33 5,25 5,16 5,08 5,01 4,90
+5, 4,79 — — — — — — — — —
EXAMPLE For mean of +4,2 mmHg, the maximum permissible standaxd deviation is 5,49 mmHg.
Table 2 — Averaged subject dataa€éceptance (criterion 2) in kPa
Maximum permissible.standard deviation, s, as function of, x,
X, kPa
0,000 0,010 0,020 0,030 0,040 0,050 0,060 0,070 0,080 0,090
(0,0 | 09266 | 09266 | 09266 | 09266 | 09266 | 09246 | 09233 | 09223 | 09213|| 09203
(0,1 | 09193 | 09183 | 09173 09163 | 09152 | 09138 | 09119 | 0,9099 | 0,9079|| 0,9059
+0,2 | 09039 | 09007 | 0,8989 | 0,8970 | 0,8946 | 0,8906 | 0,8878 | 0,8855 | 0,8826|| 0,8785
+0,3 | 0,8756 | 0,8723 |,0,8679 | 0,8641 | 0,8601 | 0,8562 | 0,8519 | 0,8471 | 0,8414|| 0,837 4
+(),4 | 0,8333 | 0,828 3 0,8226 | 0,8169 | 0,8119 | 0,8059 | 0,7999 | 0,793 3 | 0,7853|| 0,779 3
+(,5 | 0,7739 | 0,7669 | 0,7599 | 0,7531 | 0,7463 | 0,7388 | 0,7319 | 0,7237 | 0,7157|| 0,707 7
*(,6 | 0,6999 | 06891 | 0,6802 | 0,6723 | 0,6670 | 0,6595 | 0,6488 | 0,6386 — —
EXAMPLE For méafrof +0,520 kPa, the maximum permissible standard deviation is 0,759 9 kPa.
EXAMPLE 4\>»m = 85 for a SPHYGMOMANOMETER intended for use in adults or adolescent PATIENTS (an 85
subject study).
EXAMPLES5 m = 85 for a SPHYGMOMANOMETER intended for use in adults or adolescents and cHildren aged

between 3 years and 12 years (an 85 subject study).

EXAMPLE 6

EXAMPLE 7

m = 35 for a SPHYGMOMANOMETER intended for (an additional) special INTENDED USE (a 35 subject
study), when the SPHYGMOMANOMETER has passed a CLINICAL INVESTIGATION in a separate 85 subject study
according to 5.1.1 and 5.2.

m = 85 for a SPHYGMOMANOMETER intended only for a special INTENDED USE (an 85 subject study).

Check compliance by inspection of the CLINICAL INVESTIGATION REPORT.

© ISO 2018 - All rights reserved

11


https://standardsiso.com/api/?name=70ab017f0b9e68fe2f5d0079b371b12b

ISO 81060-2:2018(E)

5.2.4.2 * Opposite limb simultaneous method

5.2.4.2.1 Procedure

a) The starting arm side of the SPHYGMOMANOMETER-UNDER-TEST DETERMINATION and the REFERENCE
SPHYGMOMANOMETER reading shall be alternated between subjects.

Perform the following:

b) Have the observers using the REFERENCE SPHYGMOMANOMETER and the SPHYGMOMANOMETER-UNDER-
TEST simultaneously determine the subject’s BLOOD PRESSURE in o i

c) These dlata points are not used in the calculation of accuracy.
d) Clear the SPHYGMOMANOMETER-UNDER-TEST memory of the previous DETERMINATION.

EXAMHLES Switching the power off and on, removing the BLOOD PRESSURE module and-reinstalling [t or
issuing ja reset command are methods to clear the memory of the previous DETERMINATION,

e) IntercHange arm sides of the REFERENCE SPHYGMOMANOMETER and the SPHYGMOMANOMETER-UNDER-T|EST.
f)  Wait af least 60 s from the completion of the previous REFERENCE reading, 0r"DETERMINATION.

g) Have the observers using the REFERENCE SPHYGMOMANOMETER and‘the SPHYGMOMANOMETER-UNDER-
TEST sifnultaneously determine the subject's BLOOD PRESSURE in oppesite arms.

h) If the reading by the observers with the REFERENCE SPHYGMOMANOMETER or the DETERMINATION b)| the
SPHYGMOMANOMETER-UNDER-TEST is not successfully completed, wait at least 60 s and repeat on|the
same drm (i.e. without interchanging sides).

i) Repeatle) to g) until six paired REFERENCE readings-and DETERMINATIONS have been performed.

i) Repea b) to i) until the required number of valid Subjects and DETERMINATIONS have been obtained)|

12 © ISO 2018 - All rights reserved
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og) *

a

J

0

double stethoscope

Key]

REFERENCE SPHYGMOMANOMETER display
REFERENCE SPHYGMOMANOMETER hand pump

BOwWw N R

SPHYGMOMANOMETER-UNDER-TEST

NOTE Only one CUFF is connected to the SPHYGMOMANOMETER-UNDER-TEST.
Figure 2 — Illustration of opposite arm simultaneous method

k) |All data from a subject shall be excluded if:

1) any two REFERENCE SYSTOLI¢ BLOOD PRESSURE VALUES on the same arm differ by|more than
12 mmHg (1,60 kPa);

2) any two REFERENGE DIASTOLIC BLOOD PRESSURE VALUES on the same arm differ by|more than
8 mmHg (1,07 kPa);

3) the lateraldifference of the REFERENCE SYSTOLIC BLOOD PRESSURE VALUES is more than
15 mmHg(2;00 kPa); or

4) the latéral difference of the REFERENCE DIASTOLIC BLOOD PRESSURE VALUES is more than
10’mmHg (1,33 kPa).

1) |The.lateral difference, LD, is calculated separately for SYSTOLIC BLOOD PRESSURE and| DIASTOLIC
BLOOD PRESSURE, according to Formula (8)

1 (& 3
LD= Ex XpREF_Ri _ZpREF_Lj (8)
i=1 j=1

where pper . and pgpgr . are REFERENCE BLOOD PRESSURES in the right (R) arm and left (L) arm,
R, L,
respectively.

Check compliance by inspection of the CLINICAL INVESTIGATION REPORT.
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5.2.4.2.2 * Data analysis

a) The SPHYGMOMANOMETER-UNDER-TEST error, x, is calculated by taking the difference between the
SPHYGMOMANOMETER-UNDER-TEST BLOOD PRESSURE and the REFERENCE SPHYGMOMANOMETER
BLOOD PRESSURE and by adding the lateral difference, LD, as calculated according to Formula (9) if
the SPHYGMOMANOMETER-UNDER-TEST BLOOD PRESSURE was taken in the left arm or by subtracting
the lateral difference, LD, as calculated according to Formula (10) if the SPHYGMOMANOMETER-
UNDER-TEST BLOOD PRESSURE was taken in the right arm.

X=Pgyr 1 —Prer g +LD 9

X =Pgyt g ~Prep_t, — LD 10)
where pgt p and pg;; | are SPHYGMOMANOMETER-UNDER-TEST BLOOD PRESSURES in right (R) arm pnd
left (L) arm,irespectively.

b) The SPAHYGMOMANOMETER-UNDER-TEST shall meet both:

1) criterion 1; and

2) criterion 2.

c) Criterion 1

1) THhe differences, )?n, of the n individual paired DETERMINATIONS of the SPHYGMOMANOMETER-

UNDER-TEST and of the observers' readings with th&“REFERENCE SPHYGMOMANOMETER for all
supjects shall:

c

i) | according to Formula (11), have the mean-value of the differences, )7,1, be within or equal
to +5,0 mmHg (+0,67 kPa);

ii)[ according to Formula (12), havera standard deviation, s, , not greater than 8,0 mmHg

(1,07 kPa).
1 n
X =— . (11
Xn n ;‘X' [11)
1 z _ 2
= 4= — 12
s, \/r_lx;(x, ) )

X; is the SPHYGMOMANOMETER-UNDER-TEST error as calculated according to Formula (9) and
Folrmala (10):

n is the number of DETERMINATIONS;

i isthe index for the individual element.

EXAMPLE1 n = 510 for a SPHYGMOMANOMETER intended for use in adults or adolescent PATIENTS (an 85
subject study).

EXAMPLE2 n =510 for a SPHYGMOMANOMETER intended for use in adults or adolescents and children aged
between 3 years and 12 years (an 85 subject study).

EXAMPLE3 n = 210 for a SPHYGMOMANOMETER intended for (an additional) special INTENDED USE (a 35
subject study), when the SPHYGMOMANOMETER has passed a CLINICAL INVESTIGATION in a separate 85 subject
study according to 5.1.1 and 5.2.
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d) Criterion 2

1)

For the average of the SYSTOLIC BLOOD PRESSURE and the average of the DIASTOLIC BLOOD
PRESSURE for each subject, the standard deviation, s;,;, of the m averaged paired DETERMINATIONS
of the SPHYGMOMANOMETER-UNDER-TEST and of the observers' readings with the REFERENCE
SPHYGMOMANOMETER, per subject, shall meet the criteria listed:

i) inTable 1; or
ii) in Table 2

I A

where

whére

Xk

k

1N 1 losad = H s 1o (1
wWITCIT Cart UTatC U at COTUTITE  CO T OT IO (L0 -

=S () (13)

is the mean value of the differences over all subjects as calculated according to Forjmula (11);
is the number of subjects;
is the index for the individual element;

is the mean value of the differences per subject calculated according to Formula (14).

1 6
:gxzxk (14)

is the SPHYGMOMANOMETER-UNDER-TEST error for each subject as calculated according to
Formula (9) and Formula (18}

is the index for the individual element.

EXAMPLE4 m = 85 for a SPHYGMOMANOMETER intended for use in adults or adolescent PATIENTS (an 85

subject study).

EXAMPLES5 m = 85.for’a SPHYGMOMANOMETER intended for use in adults or adolescents and cljildren aged

betyeen 3 years and~l2/years (an 85 subject study).

EXAMPLE 6  m.=35 for a SPHYGMOMANOMETER intended for (an additional) special INTENDED USE (a 35 subject
study), when{the SPHYGMOMANOMETER has passed a CLINICAL INVESTIGATION in a separate 85 sybject study

accqrding to-5.1.1 and 5.2.

EXAMBLE7  m =85 for a SPHYGMOMANOMETER intended only for a special INTENDED USE (an 85 supject study).

Check compliance by inspection of the CLINICAL INVESTIGATION REPORT.

5.2.5

* Additional requirements for a SPHYGMOMANOMETER intended for use in exercise stress

testing environments

a) For a SPHYGMOMANOMETER intended for use in exercise stress testing, an additional CLINICAL
INVESTIGATION shall be performed.

1y

2)

During this CLINICAL INVESTIGATION, the subjects shall be stressed by dynamic (aerobic)
exercise on a bicycle ergometer so as to increase their heart rate to at least 30 % above their
resting heart rate.

The resting heart rate shall be recorded.

© IS0 2018 - All rights reserved 15
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3) The heart rate for each DETERMINATION shall be recorded.

4) Any arm used for the REFERENCE reading and DETERMINATION shall be supported.

5) The cuUFrF shall be at the level of the left ventricle during the REFERENCE reading and
DETERMINATION of BLOOD PRESSURE.

b) Any one of the CLINICAL INVESTIGATION methods described in 5.2.4 may be used.

1) The CLINICAL INVESTIGATION shall consist of a minimum of 35 subjects.

2) A stress testing studv shall he exempt from the requirements of 511 513514and818

3) At
(1

4) Ar
5.]

least 10 % of the subjects shall have a resting SYSTOLIC BLOOD PRESSURE 2140"n
B,66 kPa).

exercise stress monitoring study need not be evaluated with acceptancecriterion
p.4.1.2 or 5.2.4.2.2.

c¢) Forth
exclus

1) D4g
i)
ii)

2) Th

re

3) TH

p same arm sequential method of 5.2.4.1 replace the REFERENCE BLOOD_PRESSURE varia
on criteria of 5.2.4.1.1 n) with the following:

ta from the subject shall be excluded, if any two sequential:
REFERENCE SYSTOLIC BLOOD PRESSURE readings differ by(more than 8 mmHg (1,07 kPa]

any two sequential REFERENCE DIASTOLIC BLOOD PRESSURE readings differ by more t
6 mmHg (0,80 kPa).

e subject need not be excluded from the CLINICALINVESTIGATION, but the series of REFERE
hdings and DETERMINATIONS may be continued:

e initial resting REFERENCE reading and-DETERMINATION need not be repeated.

Check com

liance by inspection of the CLINICAL INVESTIGATION REPORT.

5.2.6 * Additional requirements for,a SPHYGMOMANOMETER intended for use in ambulatory

monitori

a) For a
INVES'

1) Dy
ex
re

2) TH

IGATION shall be performed.

ring this CLINMICAL INVESTIGATION, the subjects shall be stressed by dynamic (aerg
brcise on a hieycle ergometer so as to increase their heart rate to at least 15 % above t
sting heart vate.

e resting heart rate shall be recorded.

nHg

P of

fion

; or

han

INCE

SPHYGMOMANOMETER-intended for use in ambulatory monitoring, an additional CLINJCAL

bic)
heir

3) TH

e¢'heart rate for each DETERMINATION shall be recorded.

4) During the REFERENCE reading and the SUT DETERMINATION any elbow and forearm shall be
supported.

5) The cufF shall be at the level of the left ventricle during the REFERENCE reading and
DETERMINATION of BLOOD PRESSURE.

b) Any one of the CLINICAL INVESTIGATION methods described in 5.2.4 may be used.

1) The CLINICAL INVESTIGATION shall consist of a minimum of 35 subjects.

2) An ambulatory monitoring study shall be exempt from the requirements of 5.1.1, 5.1.3, 5.1.4

an

16

d 5.1.5.
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6

6.1 PATIENT requirements

6.1

Che

6.1

Thd measuremerits shall be made from:

a)
b)
Che

IS0 81060-2:2018(E)

3) At least 30 % of the subjects shall have a resting SYSTOLIC BLOOD PRESSURE >140 mmHg

(18,66 kPa).

4) Anambulatory monitoring study shall be exempt from the acceptance criterion 2 of 5.2.4.1.2 or

5.2.4.2.2,

For the same arm sequential method of 5.2.4.1, replace the REFERENCE BLOOD PRESSURE variation

exclusion criteria of 5.2.4.2.1 with the following:

1) Data from the subject shall be excluded, if any two sequential:

ii) REFERENCE DIASTOLIC BLOOD PRESSURE readings differ by more than 6 mmHg (

2) The subject need not be excluded from the CLINICAL INVESTIGATION, but thefseries of
readings and DETERMINATIONS may be continued.

3) The initial resting REFERENCE reading and DETERMINATION need not'be repeated.

1 Number

A REFERENCE INVASIVE BLOOD PRESSUREMMONITORING EQUIPMENT CLINICAL INVESTIG/
consist of a minimum of 15 PATIENTS.

For each PATIENT, no more than 10.valid BLOOD PRESSURE measurements shall be taken.

There shall be a minimum -of 150 valid BLOOD PRESSURE measurements in th
INVESTIGATION.

ck compliance by inspection of the CLINICAL INVESTIGATION REPORT.

2 * Gender distribution

at least'30 % male PATIENTS; and

atleast 30 % female PATIENTS.

h

ck compliance by inspection of the CLINICAL INVESTIGATION REPORT.

6.1.3 * Age distribution

6.1.3.1 SPHYGMOMANOMETERS intended for use in adults, adolescents or children

a)

b)

07 kPa); or
D,80 kPa).

REFERENCE

CLINICAL INVESTIGATION with REFERENCE INVASIVE BLOOD PRESSURE MONITORING
EQUIPMENT

ATION shall

CLINICAL

For a SPHYGMOMANOMETER intended for use in adult or adolescent PATIENTS, the age of every

PATIENT included in the CLINICAL INVESTIGATION shall be greater than 12 years.

NOTE1 Minimum total of 15 subjects and 150 DETERMINATIONS.

For a SPHYGMOMANOMETER additionally intended for use in children, at least an additional 5
children aged between 3 years and 12 years shall be included in the CLINICAL INVESTIGATION.

© ISO 2018 - All rights reserved
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NOTE 2  Minimum total of 20 subjects and 200 DETERMINATIONS.

c) ForasPHYGMOMANOMETER additionally intended for use in children, the data analysis (see 6.2.6) of
adults, adolescents and children shall be pooled.

d) Children are exempt from the BLOOD PRESSURE distribution requirements of 6.1.5.

Check compliance by inspection of the ACCOMPANYING DOCUMENT and the CLINICAL INVESTIGATION REPORT.

6.1.3.2

a) A SPHY
age, sh

b) The fo

iy
2)
3)
4)
5)
6)

c¢) Neona

1y
2)
3)

Check compliance by inspectionzgfthe ACCOMPANYING DOCUMENT and the CLINICAL INVESTIGATION REPOR

6.1.4 Li

SPHYGMOMANOMETER for neonatal or infant populations

At
At
At
At
At

TH
co

N(

N(

th
th
th

GMOMANOMETER Intended for USe in Neonates, infants and children of 1€ss than 3 yea
all be investigated in those PATIENT populations.

lowing age or weight ranges are required for a neonatal mode CLINICAL INVESTIGAPION.
least 3 PATIENTS shall be <1 000 g in weight.

least 3 PATIENTS shall be 1 000 gto 2 000 g in weight.

least 3 PATIENTS shall be >2 000 g in weight.

least 3 PATIENTS shall be 229 days and <1 year of age.

least 3 PATIENTS shall be 21 year and <3 years of age.

e remaining PATIENTS may be from any of the above age or weight groups in orde
mplete the sample size of 18.

TE1 Minimum total of 18 PATIENTS and 180 DETERMINATIONS.

TE 2  APATIENT can be in more than one catégory simultaneously.

Les, infants and children of less than 3 years of age are exempt from:
b BLOOD PRESSURE distribution yequirements of 6.1.5;

e gender distribution requiréments of 6.1.2; and

e limb size distribution fequirements of 6.1.4.

b size distribution

a) For a SPHYGMOMANOMETER intended for use with a single CUFF size,

1y

2)

atlleast'40 % of the subjects shall have a limb circumference that lies within the upper ha

the specified range of use of the CUFF; and

s of

" to

f of

atleast 40 % shall have a limb circumference within the lower half of the specified range of use

of

the CUFF.

. . . : 1
b) For a SPHYGMOMANOMETER intended for use with multiple CUFF sizes, at least —— of the total

2Xn

number of subjects shall be tested with each CUFF size, where n is the number of CUFF sizes.

Check compliance by inspection of the ACCOMPANYING DOCUMENT and the CLINICAL INVESTIGATION REPORT.

6.1.5

BLOOD PRESSURE distribution

a) At least 10 % of the readings shall have a REFERENCE SYSTOLIC BLOOD PRESSURE <100 mmHg
(13,33 kPa).

18
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Chefrk compliance by inspection of the CLINICAL INVESTIGATION REPORT.

6.1

b)

Che

6.2
MO

6.2

b)

d)

IS0 81060-2:2018(E)

At least 10 % of the readings shall have a REFERENCE SYSTOLIC BLOOD PRESSURE 2160 mmHg
(21,33 kPa).

At least 10 % of the readings shall have a REFERENCE DIASTOLIC BLOOD PRESSURE <70 mmHg
(9,33 kPa).

At least 10 % of the readings shall have a REFERENCE DIASTOLIC BLOOD PRESSURE =85 mmHg
(11,33 kPa).

Additional REFERENCE measurements may be taken prior to the study to aid in determining
inclusion criteria.

6 Special PATIENT populations

A SPHYGMOMANOMETER that is intended for use in special PATIENT populations whefe there is
OBJECTIVE EVIDENCE that the accuracy of the SPHYGMOMANOMETER might be problematic shall
undergo CLINICAL INVESTIGATION in those PATIENT populations.

NOTE Clause 7 has a specific example of a special PATIENT population.

If the SPHYGMOMANOMETER has passed CLINICAL INVESTIGATION according to the requirements
of 6.1.1, then only seven additional special population PATIENTS need be included in tHe CLINICAL
INVESTIGATION.

NOTE Minimum total of 22 PATIENTS and 220 DETERMINATIONS.

Otherwise, the CLINICAL INVESTIGATION in accordance with the requirements of 6.1.1 shall consist
only of PATIENTS from the special population.

ck compliance by inspection of the ACCOMPANYING DOCUMENT and the CLINICAL INVESTIGATION REPORT.

CLINICAL INVESTIGATION methods with REFERENCE INVASIVE BLOOD PRESSURE
NITORING EQUIPMENT

1 * REFERENCE measurement

REFERENCE INVASIVE BLOOD PRESSURE MONITORING EQUIPMENT shall comply with the requirements
of IEC 60601-2-34:2011, except that the maximum allowable error shall be +2 mmHg (0,27 kPa).

The resonanf\frequency and damping coefficient of the REFERENCE INVASIVE BLOOD| PRESSURE
MONITORINGEQUIPMENT shall be characterized.

NOTE 4" References [9] and [23] contain additional information regarding characterization [of INVASIVE
BLQOR PRESSURE MONITORING EQUIPMENT.

Thotrancdicny for.
TIre-trarnstuate o

1) the intra-arterial catheter; and
2) the SPHYGMOMANOMETER-UNDER-TEST CUFF
should both be kept at the level of the left ventricle of the heart.

Unless the SPHYGMOMANOMETER-UNDER-TEST is intended for use during a clinically significant
irregular heart rhythm or if the REFERENCE intra-arterial recording indicates the presence of
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a significantly irregular heart rhythm, that intra-arterial BLOOD PRESSURE recording and its
associated SPHYGMOMANOMETER-UNDER-TEST BLOOD PRESSURE DETERMINATION shall be excluded.

1y

2)

3)

6.2.2

The intra-arterial BLOOD PRESSURE recordings shall be checked for the occurrence of
dysrhythmias against the MANUFACTURER'S exclusion criteria for the SPHYGMOMANOMETER-
UNDER-TEST.

The instructions for use shall indicate that the effectiveness of this SPHYGMOMANOMETER has
not been established in the presence of any dysrhythmias included in the exclusion criteria.

The effect of isolated premature ventricular beats (VPBs) may be addressed by removing the
prgssure pulse associated with the VPB and the following compensatory beat.

EXIAMPLES Bigeminy, trigeminy, isolated VPB, atrial fibrillation.
NQTE 2  Although CLINICAL INVESTIGATION of BLOOD PRESSURE in PATIENTS with atrial fibrillati¢n is

clipically important, there are currently no generally accepted guidelines for determining the BlJooD
PRESSURE in such individuals.

* Arterial REFERENCE site

a) No artprial site is excluded, but the instructions for use of the SPHYGMOMANOMETER shall disclose

the arflerial site used as the REFERENCE site.

NOTE Different sites produce different results due to the pressufe difference between the central aprta

and otHer arteries.

b) Sites :ﬁ«l the same limb, a central, subclavian or femoral REFERENCE may be used for simultandous
comp
BLOOD|PRESSURE DETERMINATION.

1
2)
3)
4)
5)

6)
7)

ison of intra-arterial BLOOD PRESSURE recordings and SPHYGMOMANOMETER-UNDER-T[EST

The arterial transducer should be at the level'of the left ventricle of the heart.

The REFERENCE site may be on the opposite limb.

If the opposite limb is used, the results shall be corrected for the lateral difference.
FTmula (A.1) provides an example of a non-invasive correction method.

Simultaneous non-invasive’auscultatory readings performed by observers may be used to

deftermine the lateral-difference.

The lateral differenee in BLOOD PRESSURE shall be calculated prior to taking the invasive ddta.
Al data from'a-subject shall be excluded from the CLINICAL INVESTIGATION if:

i) | thelateral difference of the REFERENCE SYSTOLIC BLOOD PRESSURE readings is more than
15.mmHg (2,00 kPa); or

ii) —the tateral difference of the REFERENCE DIASTOLIC BLOOD PRESSURE Teadings 15 mMore than
10 mmHg (1,33 kPa).

NOTE For a SPHYGMOMANOMETER-UNDER-TEST that utilizes a measurement site other than a
limb, it might be possible to ignore the lateral difference considerations in this subclause. However,
at present the Committee does not have enough information to draw this conclusion for all future
SPHYGMOMANOMETERS-UNDER-TEST.

Check compliance by inspection of the ACCOMPANYING DOCUMENT and CLINICAL INVESTIGATION REPORT.

6.2.3

PROCEDURE

a) Appropriate measures should be taken to remove air bubbles and clots from the system prior to
taking the REFERENCE measurements.

20

© ISO 2018 - All rights reserved


https://standardsiso.com/api/?name=70ab017f0b9e68fe2f5d0079b371b12b

IS0 81060-2:2018(E)

NOTE The ability to accurately measure arterial BLOOD PRESSURE can be degraded by the presence of
air bubbles or blood clots in the catheter/transducer system.

Perform the following:

b)
‘)

d)

f)
g)

6.2

b)

d)

Have the observers using the SPHYGMOMANOMETER-UNDER-TEST determine the subject’s BLOOD PRESSURE.

Clear the SPHYGMOMANOMETER-UNDER-TEST memory of the previous DETERMINATION and wait at
least 3 min.

EXAMPLE Switching the power off and on, removing the BLOOD PRESSURE module and reinstalling it or
issuing a reset command are methods to clear the memory of the previous DETERMINATION.

Do not use the data points obtained in b) in the calculation of accuracy.

In each measurement session of interest, start recording the REFERENCE INVASIVEVBLOOD PRESSURE
MONITORING EQUIPMENT at least 40 s before the SPHYGMOMANOMETER-UNDER-TEST startf to inflate
the CUFF for the DETERMINATION. Stop the recording of the REFERENCE INVASIVE BLOOD PRESSURE
MONITORING EQUIPMENT when at least 40 s have elapsed after the SPHYGMOMANOMETER-{/NDER-TEST
CUFF has deflated.

NOTE It is acceptable for the REFERENCE INVASIVE BLOOD PRESSURE_MONITORING EQUIPMENT|to continue
recording the subject’s BLOOD PRESSURE for the entire study.

Wait at least 60 s between DETERMINATIONS or, for neonatallPATIENTS, 3 min.

Repeat e) and f) until the required number of recordings-and DETERMINATIONS have been peyformed.

4 * Determining the REFERENCE BLOOD PRESSURE

The invasive SYSTOLIC BLOOD PRESSURE.VALUE and DIASTOLIC BLOOD PRESSURE VALUYE shall be
determined from the recordings of 6.2.3. Determine the mean and experimental standarfl deviation
of the SYSTOLIC BLOOD PRESSURE and BIASTOLIC BLOOD PRESSURE from the recordings.

In those cases, where the recording

1) is not interrupted dueto.CUFF inflation, the REFERENCE BLOOD PRESSURE ranggs shall be
determined from thexecording of the invasive BLOOD PRESSURE for a duration of af least 30 s
that includes the peried of the DETERMINATION of the SPHYGMOMANOMETER-UNDER-TEST;

2) is interrupted-due to CUFF inflation, the REFERENCE BLOOD PRESSURE ranges shall be
determined-{rom the recording of the invasive BLOOD PRESSURE for a duration of af least 30 s
(e.g. approximately from 40 s to 10 s) before the CUFF inflation starts.

The REEERENCE SYSTOLIC BLOOD PRESSURE is defined as the range of *1 experimentdl standard
deviatioh/around the mean value of the invasive BLOOD PRESSURE values obtained |during the
DETERMINATION performed by the SPHYGMOMANOMETER-UNDER-TEST. The REFERENCE| DIASTOLIC
BLOOD PRESSURE is defined in the same way.

NOTE These ranges of BLOOD PRESSURES (*1 experimental standard deviation around the mean
value) represent the actual BLOOD PRESSURE variations while the SPHYGMOMANOMETER-UNDER-TEST has
determined the PATIENT'S BLOOD PRESSURE. As a result, the SPHYGMOMANOMETER-UNDER-TEST error is
considered to be 0 mmHg (0 kPa) when a DETERMINATION is within these ranges.

Unless the SPHYGMOMANOMETER-UNDER-TEST is intended for use during significantly irregular
heart rhythm and no exclusion criteria for irregular heart rhythm is disclosed in the instructions
for use, during the recording:

1) all data from a subject shall be excluded if the invasive REFERENCE SYSTOLIC BLOOD PRESSURE
range is more than 20 mmHg (2,67 kPa) or if the invasive REFERENCE DIASTOLIC BLOOD
PRESSURE range is more than 12 mmHg (1,6 kPa) during or before a DETERMINATION by the
SPHYGMOMANOMETER-UNDER-TEST; and
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2) isolated premature ventricular beats (VPBs) shall be addressed by removing the pressure
pulse associated with the VPB and the following compensatory beat.

e) As the calculation of the MEAN ARTERIAL PRESSURE (MAP) from the recording requires a special
algorithm, the REFERENCE MEAN ARTERIAL PRESSURE range may:

1) be read from the values displayed on the REFERENCE INVASIVE BLOOD PRESSURE MONITORING
EQUIPMENT; Oor

2) be manually calculated for each individual beat by using the area under the BLOOD PRESSURE
curve divided by the duration of the heartbeat.

f) Recorg
BLOOD
Check comj
6.2.5 De
a) If the
range
to this
b) If the
the ra

of the
DETER

EXAMH
(10,93
76 mm

EXAMH
(10,93
70 mm

c¢) Calcul

| the range of the REFERENCE BLOOD PRESSURE for all three BLOOD PRESSURE values (SYST
PRESSURE, DIASTOLIC BLOOD PRESSURE, MAP) as determined by this subclause.

liance by inspection of the ACCOMPANYING DOCUMENT and the CLINICAL INVESTIGATION REPOR

termining the error of the BLOOD PRESSURE measurement

Value obtained from the SPHYGMOMANOMETER-UNDER-TEST DETERMINATION lies within
hf the REFERENCE BLOOD PRESSURE as determined in 6.2.4, assign ariérror of 0 mmHg (0 }
DETERMINATION.

value obtained from the SPHYGMOMANOMETER-UNDER-FEST DETERMINATION lies out
nge of the REFERENCE BLOOD PRESSURE as determined 1 6.2.4, subtract the adjacent |
REFERENCE BLOOD PRESSURE from the value of thé SPHYGMOMANOMETER-UNDER-T
MINATION. That difference represents the error for thiS DETERMINATION.

kPa). The DIASTOLIC BLOOD PRESSURE VALUE determined by the SPHYGMOMANOMETER-UNDER-TE
Hg (10,13 kPa). The error for this DETERMINATION is 0 mmHg (0 kPa).

kPa). The DIASTOLIC BLOOD PRESSURE VALUE determined by the SPHYGMOMANOMETER-UNDER-TE
Hg (9,33 kPa). The error for this DETERMINATION is -3 mmHg (-0,40 kPa).

ite the arithmetic mean of the.error and its experimental standard deviation from the er

of eac{‘: DETERMINATION for each)PATIENT and for each BLOOD PRESSURE value (SYSTOLIC BL

PRESS

RE, DIASTOLIC BLOOD PRESSURE, MAP).

6.2.6 Data analysis

For sysToL
individual
all subjects
Sp, NO greaf

IC BLOOD PRESSURE and DIASTOLIC BLOOD PRESSURE, the mean value of the errorsx, of t

shall héwwithin or equal to 5,0 mmHg (+0,67 kPa), with an experimental standard deviaf
er than'8,0 mmHg (1,07 kPa) when calculated according to Formula (15) and Formula (1

paired DETERMINATIONS of the SPHYGMOMANOMETER-UNDER-TEST as determined in 6.2.5

DLIC

the
(Pa)

side
mit
EST

LE1  The range of the REFERENCE DIASTOLIC BLQOD PRESSURE is 73 mmHg (9,73 kPa) to 82 mmHg

T is

LE2  The range of the REFERENCE DIASTOLIC BLOOD PRESSURE is 73 mmHg (9,73 kPa) to 82 mmHg

T is

[Or'S
DOD

he n
for
ion,
b).

1 n
X, ==X X,
n 53

(15)

s = \/Lx V' (x,-%, ) (16)

x; isthe error of the ith individual DETERMINATION as determined in 6.2.5;

n isthe total number of DETERMINATIONS;

i istheindex for the individual DETERMINATION.
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EXAMPLE1 n = 150 for a SPHYGMOMANOMETER intended for use in adults or adolescent PATIENTS (a 15
subject study).

EXAMPLE2 n =200 for a SPHYGMOMANOMETER intended for use in adults or adolescents and children aged
between 3 years and 12 years (a 20 subject study).

6.2.7 MEAN ARTERIAL PRESSURE (MAP)

If a SPHYGMOMANOMETER displays a value for MEAN ARTERIAL PRESSURE (MAP), the ACCOMPANYING
DOCUMENT shall disclose the method used to determine and verify the MEAN ARTERIAL PRESSURE [see
6.2.4 €)].

Chefk compliance by inspection of the ACCOMPANYING DOCUMENT and the CLINICAL INVESTIGATION REPORT.

7 |* Pregnant PATIENT populations

a) |A SPHYGMOMANOMETER that is intended for use in pregnant PATIENTS.shall undergp CLINICAL
INVESTIGATION in that PATIENT population.

b) |[If the SPHYGMOMANOMETER has passed the CLINICAL INVESTIGATION)according to the requirements
given in 5.1 and 5.2, then it shall undergo CLINICAL INVESTIGATION according to 5.2 in|at least an
additional 45 pregnant PATIENTS.

c) |Ifthe SPHYGMOMANOMETER has passed the CLINICAL INVESTIGATION according to the requirements
given in 6.1 and 6.2, then it shall undergo CLINICAL INVESTIGATION according to 6.2 in|at least an
additional 15 pregnant PATIENTS.

d) |If the SPHYGMOMANOMETER has not successfulljxundergone a CLINICAL INVESTIGATION described in
either 5.1 and 5.2 or 6.1 and 6.2, then a CLINIEAL INVESTIGATION according to either 5.1.1 and 5.2 or
6.1.1 and 6.2 shall be performed consisting-of pregnant PATIENTS only.

e) |For any CLINICAL INVESTIGATION for, pregnant PATIENTS, the PATIENT population shall|be equally
distributed, +1 PATIENT, into the following three subgroups:

1) normotensive pregnant PATTENTS beyond the first trimester with SYSTOLIC BLOO] PRESSURE
<140 mmHg (18,66 kPa)\and DIASTOLIC BLOOD PRESSURE <90 mmHg (12 kPa);

2) hypertensive preghant PATIENTS beyond the first trimester:

i) without proteinuria >300 mg in 24 h; and

v

ii) withSySTOLIC BLOOD PRESSURE 2140 mmHg (18,66 kPa) or DIASTOLIC BLOOD HRESSURE
90.mmHg (12 kPa);

3) pre=eclampsia PATIENTS

i) with proteinuria >300 mg in 24 h; and

ii) with sysToLIC BLOOD PRESSURE 2140 mmHg (18,66 kPa) or DIASTOLIC BLOOD PRESSURE
90 mmHg (12,00 kPa).

v

f) The PATIENT'S responsible healthcare provider needs to determine whether or not it is safe for a
particular PATIENT to participate in a CLINICAL INVESTIGATION.

g) Perform data analysis according to 5.2.4.1.2 or 5.2.4.2.2, using Criterion 1, or 6.2.6, as appropriate,
with the three subgroups pooled.

h) The instructions for use of a SPHYGMOMANOMETER that has been investigated to operate with
pregnant PATIENTS may indicate that the SPHYGMOMANOMETER is suitable for use with pregnant
(including pre-eclamptic) PATIENTS.
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i) The instructions for use of a SPHYGMOMANOMETER, which has not been investigated for use on
pregnant PATIENTS, shall indicate that the effectiveness of this SPHYGMOMANOMETER has not been
established in pregnant (including pre-eclamptic) PATIENTS.

Check compliance by inspection of the instructions for use and the CLINICAL INVESTIGATION REPORT.
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Annex A
(informative)

Rationale and guidance

A.1l

Thi
wh
An

the
rati

Thd
int

5.1
Thd
NO'I

A9
req
pre

NOT
Add

General
=enera:

5 annex provides rationale for some of the 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 rationale underlying these requirements is considered to 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.

numbering of the following rationale corresponds to the numbering-of the clauses and
his document. The numbering is, therefore, not consecutive.

1 Number
sample size of 85 was determined from the statistics for-asnormal distribution.
E1l

Reference [4] contains additional information.

B % confidence interval (« = 0,02) and a statistical power of 95 % (S = 0,05) yield a s
lirement of 85 subjects. This requirement griginated from the early work of the Al

Esure committee dating from 1987.
E2 Reference [3] contains additional information.

itionally, a sample size of 85 can-be determined from the statistics for a t-distributi

d for those
velopment.
sential for
bved that a

subclauses

ample size
AMI blood

n. A 95 %

confidence interval (¢ =0,05) and a statistical power 0of 98 % (= 0,02) yield a sample size of §5 subjects.
5.12 Gender distribution

While there is no definitive‘evidence that a SPHYGMOMANOMETER performs differently on male and
femlale PATIENTS, some-studies indicate that there might be a bias.

NOTE References{21] and [22] contain additional information.

If bjas exists, itds likely caused by differences in limb circumference and body fat distribution. This

doc
cird
wit

ument alreéady requires that the SPHYGMOMANOMETER-UNDER-TEST be tested over a ra
umferemnces. The requirement for gender distribution allows for investigation of gender
hout.being difficult to implement.

hge of arm
Hifferences

5.1.

S5 Age distribution

The division between children and adults at the age of 12 years was based upon the only known
publication that compares the utility of the use of either K4 or K5 as the auscultatory estimate of
arterial DIASTOLIC BLOOD PRESSURE. In 1963, Moss and Adams[14] studied whether K4 or K5 was a better
estimate of aortic BLOOD PRESSURE measured during cardiac catheterization. The data demonstrated
that, up to the age of 13 (<12) years old, K4 was superior. In 1987, the Task Force on Blood Pressure
Control in Childrenlé] changed its recommendation to state that K5 could be used in individuals older
than 3 years of age. Unfortunately, this recommendation was made in the absence of supporting data.

During the growth period from age 3 years to age 12 years, the average child (50th percentile) increases
in height from 93 cm to 96 cm (at age 3 years) to 150 cm to 152 cm (at age 12 years). Within the range
from the 3rd to the 97th percentiles there can be as much as a 30 cm difference (at age 12 years). Normal
growth is remarkably linear during this age range, although there are many different body builds in
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children, and thus arm circumferences vary significantly. ISO/TC 121 and IEC/TC 62 were not aware
of any longitudinal study of children's arm circumferences from age 3 years to age 12 years. Since non-
invasive BLOOD PRESSURE accuracy is more strongly influenced by arm circumference than by subject
height, ISO/TC 121 and IEC/TC 62 believed that the inclusion of each CUFF size was more important
than children of arbitrary ages. For example, a “large” 6 year old can have a significantly greater arm
circumference than a “small” 9 year old or 10 year old.

The upper normal SYSTOLIC BLOOD PRESSURE/DIASTOLIC BLOOD PRESSURE in children increases from
about 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 children analysed.

NOTE )

For this re
as can be
in young

extremely
PRESSURE
SPHYGMOM|
this BLOOD
require hy
the data fr

5.1.6 Sp¢

In certain }
caused by

affect artel
characteris
of both th
include atr

Although ¢
important,
PATIENTS.

with atria
SPHYGMOM

Reference [5] contains additional information.

ason, it would not be practical to specify exact “hypertensive” BLOOD PRESSURE)val

Children is very low, making CLINICAL INVESTIGATIONS requiring hypertensive child
difficult to perform. Further, the SYSTOLIC BLOOD PRESSURE VALUE and~DIASTOLIC BL
VALUE in a hypertensive infant are at about the average for normotengive-adults. Thus,
ANOMETER-UNDER-TEST would not be significantly “challenged” with-réspect to accurac
PRESSURE range. Thus, ISO/TC 121 and IEC/TC 62 believed there'was no valid reaso
pertensive children in any CLINICAL INVESTIGATION of individuals'€12 years of age and

bcial PATIENT populations

PATIENT populations, the accuracy of a SPHYGMOMANOMETER can be problematic. This cai
PATIENT characteristics, such as diabetes, peripheral artery disease or other conditions
ial compliance. Similar problems can occur duritig'a CLINICAL INVESTIGATION where PATI
tics that increase the variability of the subjeet’s BLOOD PRESSURE could affect the accuj
e SPHYGMOMANOMETER-UNDER-TEST and the REFERENCE SPHYGMOMANOMETER. Exam
ial and ventricular arrhythmias.

LINICAL INVESTIGATION of BLOOD PRESSURE in PATIENTS with atrial fibrillation is clinid
there are currently no generally accepted guidelines to measure BLOOD PRESSURE in §
bince the accuracy of the auscultatory method for the value of BLOOD PRESSURE in PATIE
fibrillation is not known,\it is desirable to establish another REFERENCE method
ANOMETERS for PATIENTS(with atrial fibrillation.

5.2.1 Subject preparation

Sinceitise

5sential to reducde-a'subject's BLOOD PRESSURE variability during the CLINICAL INVESTIGAT

factors thaf can cause changes in stability of BLOOD PRESSURE should be controlled.

EXAMPLES
older peoplg

5.2.2 Ob

The PATIENTS should be asked to empty their bladders prior to taking data and, particular
, measurements should be done at least 2 h after a meal.

Ser'ver preparation

done in adults for investigations. In addition, the prevalence of essential hypeértens

bm children >12 years of age should be pooled with those from @dults in the data analysi$

LiEeS,
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DOD
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—
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for

[ON,

y in

There is general consensus that the fifth phase should be used for determining the DIASTOLIC BLOOD

PRESSURE.

NOTE 1

The rationale to 5.1.3 and Reference [16] contain additional information.

In the past, there had been some question as to whether the fourth (K4) or fifth (K5) Korotkoff sound
should be used for determining the DIASTOLIC BLOOD PRESSURE during pregnancy. The International
Society for the Study of Hypertension in Pregnancy currently recommends using K5 for determining
DIASTOLIC BLOOD PRESSURE during pregnancy.

NOTE 2  References [13] and [16] contain additional information.
5.2.3 REFERENCE reading
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It was felt that if more than eight pairs of readings are required to get valid values for a subject then
either the observers or the subject were presenting particular problems.

Research demonstrates significant error in auscultatory measurement when the CUFF employed is too
wide or too narrow for the subject’s arm circumference, as compared to an invasive REFERENCE [10].
This phenomenon is widely recognized by experts, and is acknowledged as a leading cause of inaccurate
BLOOD PRESSURE measurement worldwide. The data demonstrates good CUFF performance when the
width of the cUFF bladder is in the range of 37 % to 50 % of the circumference of the subject’s upper
arm, as measured at the mid-point of the upper arm. Beyond those upper and lower limits, the data

shows increasingly significant error.

Res
pro
the
ran

earch demonstrates that an arm circumference to cUFF bladder length ratio of <75 %-is
vide proper occlusion to the subject arm, and that a ratio of >100 % potentially introdug
auscultatory reading. The committees conclude that the bladder length ratio néeds tg
e of 75 % to 100 % to ensure accurate REFERENCE readings.

5.214.1.1 PROCEDURE

0D PRESSURE is variable beat to beat, and minute to minute. Therefore, the same arm
hod is subject to significant temporal BLOOD PRESSURE variability. /This phenomenon
gated in the opposite-arm, simultaneous method. For this reasom, the consensus view i3
rance for temporal variability is acceptable in the same arm, s¢quential method to acg
n variability.

BLd
metf

advantage of the same arm sequential method is thatdinvestigation results are not 3
lateral difference, LD, in BLOOD PRESSURE. However,\in this method, BLOOD PRESSURE
) is added to the SPHYGMOMANOMETER-UNDER-TEST ‘error and therefore the standard d
SPHYGMOMANOMETER-UNDER-TEST error could be o¥erestimated. This hypothesis was expe
supported by ISO/TC 121/SC 3 and IEC/SC 62D's multiple-centre, independently performed s
on 120 subjects, which showed significant pgsitive correlation between REFERENCE BLOOD
and|intra-subject standard deviation of SPHYGMOMANOMETER-UNDER-TEST €ITOT.

ISOfTC 121/SC 3 and IEC/SC 62D carefully considered the various possible methodologies
be gmployed to perform sequential inyestigations. Since the REFERENCE readings and DETER
are|carried out in temporal succession, it is important that haemodynamically stable cond
durjing the testing period. There has been some concern that this condition could be difficull

in Hypertensive PATIENTS. As a)result of this concern, up to 10 % of the subjects are permitf

only two measurements if they meet the stability criteria. The following three examples ill

too low to
es error in
fall in the

sequential
is greatly
that some
ommodate

\ffected by
variability
eviation of
rimentally
tudy based
PRESSURE

that could
MINATIONS
tions exist
to achieve
ed to have
Istrate the

REFERENCE
URE reading
dings is less

REFERENCE
URE reading

than or equal to 12 mmHg, all readlngs are excludedfrom the study V

EXAMPLE 3

brences less

The first REFERENCE SYSTOLIC BLOOD PRESSURE reading equals 119 mmHg. The second REFERENCE

SYSTOLIC BLOOD PRESSURE reading equals 121 mmHg. The third REFERENCE SYSTOLIC BLOOD PRESSURE reading
equals 134 mmHg. Result: The difference between the first and third REFERENCE readings is greater than
12 mmHg; all REFERENCE readings can be excluded from the study. Alternatively, the first and second readings
can be used in the study and the data from the 3rd reading can be excluded and an additional PATIENT will need
to be recruited.

The use of smaller differences (4 mmHg and 6 mmHg) (0,53 kPa and 0,80 kPa) between consecutive
REFERENCE readings as stability criteria was also discussed, but there was concern that this would
cause too many exclusions.
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The existing protocols and possible sources of bias and error were reviewed. It was concluded that
allowing the choosing of either the preceding or following REFERENCE reading based on which one
was closer to the value from the SPHYGMOMANOMETER-UNDER-TEST was not scientifically justified.
Furthermore, it was concluded that averaging the preceding and following REFERENCE readings
provides a more accurate indication of the subject’s BLOOD PRESSURE. Temporal changes in a subject’s
BLOOD PRESSURE are normal and prove problematic when utilizing a sequential investigation method.
ISO/TC 121 and IEC/TC 62 considered using the previous or the following REFERENCE readings alone
as the REFERENCE value; however, it was determined that the average of the previous and the following
REFERENCE readings more accurately estimates the subject’s BLOOD PRESSURE during the time that the
SPHYGMOMANOMETER-UNDER-TEST makes its DETERMINATION.

This is sypported by an analysis of the multiple-centre, independently performed 120 subjject
study where the middle observer readings were treated as the SPHYGMOMANOMETER-UNDER-TEST

DETERMINATION.

The data show that the mean errors in Table A.1 are reduced (and have approached 0,0’ mmHg) when
the mean Yalue of the preceding and following average is used as the REFERENCE Value and that|the
standard ¢leviation was reduced. The resulting standard deviation reflects observer differences
(including pbserver reading error) and subject’s temporal BLOOD PRESSURE varjations.

The initial| REFERENCE BLOOD PRESSURE reading and DETERMINATION, whicli"are not included in|the
data analypis, are intended to mitigate the “alerting” or “alarm” resporise in the subject, which |can
temporarily increase the initial values in many individuals[12].

Table A.1 — Committees’ multiple-centre'study results

Prior REFERENCE BLOOD Following REEERENCE BLOOD ?:erl;a;gl;g;ﬁ&o;fgg])le;(‘vsv_-
PRESSURE used as REFER- PRESSURE {ised as REFER- 8 i
SURES used as REFEREN(E
ENCE BLOOD PRESSURE ENCE BLOOD PRESSURE
BLOOD PRESSURE
. Diastolic . Diastolic . Diastolif
Systolic blood blood Systolic blood blood Systolic blood blood
pressure pressure pressure
pressure pressure pressure
Mean error -0,8 0,2 0,6 -0,2 -0,1 0,0
(mmHg)
Standard dpvi- 5,7 39 5,5 4,0 4,7 3,3
ation (mmHg)
Number of 234 234 234 234 234 234
comparisoms

5.2.4.2 Opposite limb.simultaneous method

The oppos]te arm Simultaneous method is used when the SPHYGMOMANOMETER-UNDER-TEST operfites
in a manner that'does not allow simultaneous REFERENCE reading and DETERMINATION on the same
limb. This ¢anrbe due to the use of a CUFF deflation rate by the SPHYGMOMANOMETER-UNDER-TEST thft is
outside thg allowable range for a manual auscultatory reading, the use of a measurement method [e.g.
DETERMINATION on inflation) that does not support auscultation or the use of a measurement site that
does not support auscultation (e.g. the wrist).

5.2.4.2.2 Data analysis

Standards, such as Reference [1], employ the opposite arm simultaneous method with lateral difference
compensation based on three lateral difference measurements prior to, and another three lateral
difference measurements after, a series of comparisons using the REFERENCE SPHYGMOMANOMETER
and the SPHYGMOMANOMETER-UNDER-TEST. However, via an experiment by ISO/TC 121 and IEC/
TC 62, it was demonstrated that the lateral difference compensation in this method was not precise
enough. The inaccuracy in the lateral difference compensation could at least be partially explained
by long-time lags between lateral difference measurements and REFERENCE SPHYGMOMANOMETER to
SPHYGMOMANOMETER-UNDER-TEST comparisons.
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This new opposite arm simultaneous method in this document was developed to overcome these
shortcomings of the currently used methods. Because it compares the REFERENCE SPHYGMOMANOMETER
to the SPHYGMOMANOMETER-UNDER-TEST DETERMINATIONS simultaneously, its results are largely
immune to BPV. The accuracy of lateral difference compensation is improved by using REFERENCE
readings taken simultaneously with SPHYGMOMANOMETER-UNDER-TEST DETERMINATIONS (i.e. essentially
no time lag between the lateral difference measurement and REFERENCE SPHYGMOMANOMETER to
SPHYGMOMANOMETER-UNDER-TEST comparison).

Additional advantages of this new opposite arm simultaneous method are:

the time required per subject is considerably shorter in comparison with the conventional opposite
arm simultaneous method (six versus nine DETERMINATIONS except preparatory measufement);

more paired comparison data are available (six versus three points per subject).

confirmed
[his might

Modlification of the number of repetitions per subject could be attempted. However, it was
that the lateral difference compensation was not successful with only four (repetitions.

be |
the
diff}
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The
SPH
rest
wit
a he

NOT

Although any equipment for exercise tan be used in exercise stress testing, the majority of |

and
SPH
of t
cau
Nnois

5.2
mo

pecause an insufficient number of REFERENCE readings (only two per side) were used {
lateral difference. If the number of repetitions would be increased to eight, the accurad
brence might also be reduced because of prolonged time lag and resulting BPV betwe
ERMINATION and the last DETERMINATION. Thus, six repetitions seems to be more appy
method.

5 Additional requirements for a SPHYGMOMANOMETER intended for use in exer¢
ing environments

additional CLINICAL INVESTIGATION requirements for€xercise stress testing were chosen
[YGMOMANOMETER during activity and motion. Achiéving a heartrate of atleast 30 % above
ing heart rate allows an exercise level that can’be sustained for the duration of the 3
hout subjecting the subject to undue medicabrisk. Furthermore, the exercise required to
art rate should not result in a motion artefact so severe as to render the data unacceptah

E Reference [8] contains additionalfinformation.

IEC/TC 62 experts believe that a bicycle ergometer rather than a treadmill is more s
[YGMOMANOMETER CLINICAEINVESTIGATIONS. This is mainly because the arm can be held

Kes motion artefact imoscillometric measurement and auscultation is often difficult due
e from stepping ardithe motor of the treadmill.

6 Additional requirements for a SPHYGMOMANOMETER intended for use in aj
hitoring

bulatory.monitoring (e.g. for 24 h or longer) has great value in the diagnosis of hy
bciallywith the white coat effect and masked hypertension. While doing normal dail

0 estimate
y of lateral
bn the first
opriate for

Fise stress

to assess a
asubject's
issessment
cause such
le.

SO/TC 121
uitable for
at the level

he left ventricle more securely. Besides, in exercise with a treadmill, vibration from stepping often

to audible

mbulatory

bertension,
7 activities

PATIENT’S BLOOD PRESSURE is taken accordmg toa programmed schedule stored in the

UTOMATED

very 15 min

durmg the day and somewhat less often at night so that the PATIENT'’S sleep is not 1nterrupted The
daytime heart rate and BLOOD PRESSURE values during ambulatory monitoring are elevated in
comparison to baseline resting values. For this reason these additional requirements are designed to
evaluate AUTOMATED SPHYGMOMANOMETER performance at mildly elevated heart rates, such as those
that would occur during non-strenuous activities. In addition, the bicycle ergometer provides some
minor motion artefact that is intended to show that the AUTOMATED SPHYGMOMANOMETER is able to
take accurate BLOOD PRESSURE estimates with a minimal level of motion as would be encountered in
ambulatory use.

From a clinical basis, ambulatory monitoring is most often done for the diagnosis and management
of hypertension. It is for this reason that the requirements call for a percentage of subjects with
hypertension at rest.
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