IEEE STANDARDS ASSOCIATION

IEEE Standard for Wearable, Cuffless @
Blood Pressure Measuring Devices Q)

IEEE Engineering in Medicine@B&ology Society
&

Sponsored by the \

Standards Committee @

o @

EEEQ\%9 P IEEE Std 1708™-2014

3 nue
rk, NY 10016-5997

)



https://www.stdhive.com/standards/ieee-1708-2014-pdf/



https://www.stdhive.com/standards/ieee-1708-2014-pdf/

IEEE Std 1708 ™-2014

IEEE Standard for Wearable, Cuffless
Blood Pressure Measuring Devices

Sponsor

Standards Committee

of the

IEEE Engineering in Medicine and Biology Society
Approved 21 August 2014

IEEE-SA Standards Board


https://www.stdhive.com/standards/ieee-1708-2014-pdf/

Abstract: |IEEE Std 1708™ establishes a normative definition of wearable cuffless blood
pressure (BP) measuring devices and the objective performance evaluation of this kind of device.
The standard is independent of the form of the device or the vehicle to which the device is
attached or in which it is embedded. The standard is applicable to all types of wearable BP
measurement devices including epidermal and unobtrusive BP devices that have different modes
of operation (e.g., to measure short-term, long-term, snapshot, continuous, beat(s)-to-beat(s) BP,
or BP variability). This standard is, however, limited to evaluation of devices that do not use a cuff
during measurement and do not cover evaluation of all sphygmomanometers that are used with
an occluding or inflatable cuff for the indirect determination of BP on the upper arm or wrist. This
standard provides guidelines for manufacturers to qualify and validate their products, potential
purchasers or users to evaluate and select prospective products, and health care professionals to
understand the manufacturing practices on wearable BP devices.

Keywords: blood pressure measuring devices, cuffless, epidermal, hypertension, IEEE 1,28
performance evaluation, unobtrusive, wearable
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-usc. arc
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Sta:dail's
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standarcs t.roug: a
consensus development process, approved by the American National Standards Institute (“AI+3I”), “ nich
brings together volunteers representing varied viewpoints and interests to achieve the final product.
Volunteers are not necessarily members of the Institute and participate without compensa.ion from IEEE.
While IEEE administers the process and establishes rules to promote fairness in the cansenc s development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the infor mation or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material co.taired in its standards, and
expressly disclaims all warranties (express, implied and statutory) nnt included in this or any other
document relating to the standard, including, but not limited to, the wor ~nties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, <iiecti.2ness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relc‘ing .0: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITh AL. FAULTS.”

Use of an IEEE standard is wholly voluntary. The existerice of «a IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, m. ke, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about thr. ugh developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards a ai'able, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any persc» o1 >»%ty nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. An_’ pe.-on utilizing any IEEE Standards document, should rely upon his
or her own independent judgmen. it the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL .5EE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR “4ONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMELT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUCINE.'S II'TERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHEK IN" CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
K7GARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardles. of
membership affiliation with IEEE. However, IEEE does not provide consulting information or a'vicc
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in “e tcxm of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards 1 ~oresent a
consensus of concerned interests, it is important that any responses to comments and quest ons also receive
the concurrence of a balance of interests. For this reason, IEEE and the members € it societies and
Standards Coordinating Committees are not able to provide an instant response to co.nment’ or questions
except in those cases where the matter has previously been addressed. For the samc reasun, iEEE does not
respond to interpretation requests. Any person who would like to particinite n revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should.cousu® all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards deczumen* does not imply compliance to any applicable regulatory
requirements. Implementers of the stanc27d ¢re responsible for observing or referring to the applicable
regulatory requirements. IEEE does no. by we publication of its standards, intend to urge action that is not
in compliance with applicable laws, a1d tl.ese documents may not be construed as doing so.

Copyrights

IEEE draft and approved stadards are copyrighted by IEEE under U.S. and international copyright laws.
They are made availale by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by rewcrence, in laws and regulations, and use in private self-regulation, standardization,
and the prom<tioi. of engineering practices and methods. By making these documents available for use and
adoption kv puoblic authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Phetacopies

Jubject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission
to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.
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Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been ame.dea
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Webs'*te ot
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previous'y. i'or 1.ore
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE-S:x Weucice at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website u* thie following URL:
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged tc check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this sta..42°d may require use of subject matter
covered by patent rights. By publication of this standard, no posi.'on is taken by the IEEE with respect to
the existence or validity of any patent rights in connecticu cthere vith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Lettei of ~issurance, then the statement is listed on the
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or u. willing to grant licenses under patent rights without
compensation or under reasonable rates, with re sariable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desixing “<, obtain such licenses.

Essential Patent Claims may exist for vhich.« Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essentia. Pa.»nt Claims for which a license may be required, for conducting
inquiries into the legal validity o1 v~0)»e of Patents Claims, or determining whether any licensing terms or
conditions provided in connecti~n with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonablc ¢. non-discriminatory. Users of this standard are expressly advised that
determination of the valid: v of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibi'ity. 1 irtner information may be obtained from the IEEE Standards Association.
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Introduction

This introduction is not part of IEEE Std 1708™-2014, IEEE Standard for Wearable, Cuffless Blood Pressure
Measuring Devices.

Hypertension is an important public-health challenge worldwide [B12]. In 2000, the estimated global
number of adults with hypertension was 972 million, 26.4% of the adult population [B12]. Hypertension is
important not only because of its high frequency but also because it is a major modifiable risk factor for
cardiovascular and kidney disease [B12]. It was reported by WHO report 2002 [B2] that about 62% of
strokes and 49% of heart attacks are caused by hypertension; 7.1 million die from hypertension, which is
about 13% of the global fatality in total [B35].

Despite the risk people with hypertension may face, lack of awareness makes the situation difficu't to
control. The Joint National Committee 7th report (JNC 7) [BS5] stated that the percentage « ”~ peitors in
whom hypertension is properly controlled (BP < 140 mmHG/90 mmHg) is limited; more than 5% of the
hypertensive populations are still unaware of their condition and are therefore not receiving treatment.

BP measured in a clinical setting by a trained physician using the auscultative techniq e wit the mercury
column has been used as the standard parameter for clinical diagnosis for over 00 years [B25]. It is,
however, becoming increasingly clear that this reading is often inadequate ¢ :ver. misleading to represent
a patient’s true BP status [B25]. On the other hand, ambulatory BP measuren.>n* (ABPM) and home (or
self) BP measurement (HBPM) are shown to be superior to clinic BR® nizasurement (CBPM) in predicting
cardiovascular mortality [B6]. Comparing to CBPM, ABPM, and HE™ I tave the following advantages
[B5], [B10], and [B16]: (1) eliminate the white-coat effect; (2) heiprul to the assessment of clinic effects,
drug effects, and work influence on BP; (3) better predict cardiava.~ul-r events and mortality; and (4) cost

effective.

Therefore, in 2008, the American Heart Association (AH. ), A nerican Society of Hypertension (ASH), and
Preventive Cardiovascular Nurses Association (PCNA) published a joint scientific statement that
recommended using HBPM and further stated t:at HBPM should become a routine component of BP
measurement in the majority of patients with kr.', =t or suspected hypertension [B25].

Current devices employed for ABPM an¢ H5PM are usually developed based on the oscillometric method,
which has to be used with an inflatab’» c.f 4uring measurement. Those systems have several drawbacks
which hinder their popularizing in ti ¢ bi>ad masses. One of the major problems is the employment of an
inflatable cuff during the measurc...2n . Patients find the cuff pressure is intolerable, particularly those with
very high BP and who need fear.ently repeated readings; petechiae of the upper arm and bruising under the
inflating cuff may occur; s’eep dis‘arbance is fairly common.

Moreover, to have 2 ac urate measurement, an appropriate cuff size must be selected according to the
upper-arm circumferer.~eof users [B7]. Applying a cuff that is inappropriately small or large against the
upper-arm cirranference will contribute a substantially false elevation or reduction to the BP readings
[B7]. Educati g pi.ctitioners about appropriate sized cuffs for out-of-office BP measurement is necessary
[B7] but inceascs the workload of the nurses.

Last bu* not least, the readings by conventional devices may be insufficient indicators for hypertension.
Siace ouly intermittent measurements of single snapshot readings are provided, current devices are
inca, ablc of recording the time varying BP or capturing the dynamic state of the cardiovascular system
thooughout the day [B15]. In addition, study of pathogenesis of hypertension reveals that the systolic
aypertension is dependent on a series of changes in the vasculature, the most important of which is
increased central arterial stiffness [B8]. Those signals are diffused by the relative imprecision in the
techniques utilized by current devices [BS8].

vii
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In the past few years, there was an emerging interest in developing non-invasive BP measuring devices
without an occluding cuff. Leading investigators in this field suggest that BP can be estimated indirectly
from pulse transit time (PTT), which is a time period taken for the pulse wave to travel along the artery and
arrive at the periphery, or parameters such as pulse arrival time (PAT), pulse wave velocity (PWV), pre-
ejection period (PEP), etc., or their combinations. Models that relate BP, PTT, and other physiological
parameters have been developed based on biological and mechanical properties of the cardiovascular
system, e.g., elastic modulus, dimensions and stiffness of the intervening vessels. Based on these models,
systems that use electrocardiographic, photoplethysmographic, and/or phonocardiographic sensors have
been proposed for the cuffless and continuous measurement of BP [B15], [B8], [B4], [B28], [B27], and
[B18].

Cuffless BP measuring devices successfully release the users from the cuffs and are therefore more snitac'e
to be implemented into the HBPM or ABPM systems, where frequent measurements are usually nee'ed.
When they are designed as wearable devices, e.g., a shirt [B40] or watch [B26] and [B29], or inte ratc!
with furniture at home, e.g., a chair [B36] or bed [B9] for unobtrusive BP monitoring, or ( nidc mal 3P
devices based on flexible-stretchable-printable electronics, the long-term and out-of-office nonuoring
becomes more comfortable and thus more attractive to the patients.

In addition, those devices have the great advantage of being not only capable of pruviding a snapshot of
BP, but also potentially being usable for continuous BP monitoring. This spec’al fcoture makes them
superior to CBPM for the prompt identification of cardiovascular risk. A'so/ siace cignals (e.g., arterial
stiffness) are implemented into the estimation model, the cuffless devices arc note atially more capable of
providing informative indication of the patient’s health condition.

Nevertheless, since the physiology coefficients employed for -ZP ¢ timation are subject-dependent,
calibration is crucial to ensure the accuracy of the cuffless dcvice . A najor challenge is to find a simple
and accurate way to calibrate the device individually ¢ esimawc BP directly without a calibration
procedure.

To date, there is no defined and independent standard for v.zarable cuffless devices. Existing standards for
evaluating sphygmomanometers are intended only for devices that are used with an occluding cuff and,
therefore, do not cover all aspects needed for 1re ewmerging cuffless devices. As a result, validating
approaches of the cuffless techniques or devices a1, largely from study to study.

Since cuffless approaches have become i1 -horfant in hypertension research in recent years, a section of this
standard is devoted to the assessmer 't pi>cess. It is crucial for the clinicians and engineers to join efforts in
establishing an evaluation standad. ; Ithough existing standards for evaluating sphygmomanometers were
developed for devices with un occiuding or inflatable cuff, parts of them are still applicable to the
evaluation of cuffless devices ‘the experiences of these current standards need to be carefully appreciated
during the development o1 ‘he new standard.

In typical settings ot vearable cuffless devices, biosignals such as biopotentials and body motion signals
are acquired bv. wearablc sensors attached to a patient’s body (or epidermal sensors on the skin) and sent to
a nearby.intermed ate terminal for processing and/or relaying to a remote terminal. The wearable sensors
may be cruipped with a sensor of optical transmitter and detector, accelerometer, pulse meter,
thermometer, oressure sensor, and galvanic skin reflex (GSR) electrodes to monitor the user’s health
conditiyns and/or movements. The signals collected from the sensors may also communicate with the
parsonas server, which in turn connects to a mobile gateway for further signal processing and storage.
Ceiular - ommunication capability may be added to expand service coverage to outdoors. Wireless body
«7ea networks (BSN) have great potential to be implemented into the settings.

For compatibility and convenience, the standard is organized to cover all of the following aspects: 1) device

accuracy, 2) wearable sensors, 3) network with communication protocols if used, 4) electrical safety, and 5)
stability.

viii
Copyright © 2014 IEEE. All rights reserved.


https://www.stdhive.com/standards/ieee-1708-2014-pdf/

Contents

L. OVEIVIEW ..ttt et ettt e ettt ettt e et e et e e stbeeetbeeeabeesabeesaseesabeesabeesabeesasaesaseesasaesaseesasaaaaseesesaesasessasaesnsessaseenssenan 1
L BT eTe) oL OO O OO TSPRTRPPPROP 1
LL2 PUIPOSE ettt ettt ettt ettt et e b e st e bt e s et e e bt e s ab e e bt e e st e ettt e sab e e bt e e sabeebbeesabeenbteennbeeaes 1

2. NOIMALIVE TEIETENCES. .. .eeiiiviiiieiiie ettt et e et e e e et e e e et ae e e eetaeeeeetaeeeeentaeeeeesseeeesaseseeaseeeeanaes 2

3. Definitions, acronyms, and abDIEVIATIONS .........cccveervierieriieenieesiteesteesieeesteeeteeesaeeesseeesseesssaeesseessssessseesnes 2
3.1 DETINITIONS ...ttt et e e et e e ettt e e e eaae e e e ete e e e etaeeeeeateeeeeateeeeetaaeeenteeeeanteeeeaanaeas 2
3.2 Acronyms and abDIEVIALIONS ........cccvieriieiriieeriieeiieeiteeteeeitteeieeetee s teeebeessseeesbeesnseeesseesnsaeesseesseeenseens 3

4. Performance EVAIUAION ..........cccouiiiiiiiie et ceeee ettt ettt e ettt e e e et e e e et e e e eetaeeeeetaeeeeentaeeeeeaseeeesaseseeaseeeeenes 4
4.1 SUIMIMIATY ... teetveeeteeetieeeteeeteesteeseteesteessseeasseeasseesssaeassaesssaeasseessseeasssesssesasseesssaensseessssensseessseensseenssesnsses 4
4.2 Observer training and MEASUTCINICNL ...........ccvervieruierereertiereenseeseeaeseesseesseeseessesssesseesseesesssesssesssesses 5
4.3 SUDJECE SCLECTION ... uviveieietietieie ettt sttt e et ettt e e ste et e e se e beessesseesaaesseeseanseanseessesssenseenseensennsesnnenees 6
4.4 Validation PIOCEAULIE .......ccuvertiertieieeteeteseesteestteteeetessaesseesseeseessesssesaeesseesseenseasseessesssesseenseensesnsesnsesnes 7
4.5 ValIdAtiON CTIEETIA ....vvieiurieeerieiieeetteeeteeeiteeeveeeteesbeeetseestseeetseessseeesseessseessseessseensseessseessseessseenssesssseensss 8
R D 1 (<) 010 ) 14 =TSSR 10

S W EATADIE SCISOT......uiiiiiieiieetie ettt ette et e et e et e etee e tee e bt e etaeeseeebeeeaseeessaeensesensaeeasessnbeesnsessnsaeenseesnsasenseeans 12

6. COMIMUIICALION ....eoiuetiieeeitiieeeitee e ettt e eete e e e ettt e e eetteeeeeateeeeeaeeeeeeaseeeeesseeseessseeeesseseeessseseeseseeensseeeeasseeeeanees 13

T L1 SRRSO 13

B SHADIIIEY .veeuvieeie ittt ettt ettt ettt et e et ae b e et b e etbeetbeete e b e e beesbeerbeereeeaeeetee bt enbeenbeenteesaeareens 13

Annex A (informative) Statistical CONSIAETALIONS.........ccuiiriieriiieriierieertie ettt sre e st e sreesereesaeesereessaeensseas 14
A.1 Distribution model CONSIAETATIONS ..........ccuuiiiiiuiiiiiiiii ettt ee e e et e e eeae e e e eaaeeeeareeeenns 14
A.2 Parameter selection CONSIACTATIONS ........c.eeevuiiiiiiieiiieieiieeieecreeereeete e et e eveeebeeebeeeasesereeearesereesnrenans 18

Annex B (informative) ODSEIVEr tralNiNg.........ccveeieruieriieriieieeteeieseesteeseesteseeseeesseeseesseessesssesseesseessesssesnns 20

Annex C (informative) BiblIOZraphy........cccveiiiiiiiiiiiieiieie ettt ettt e e sse e e e nseennes 22

X
Copyright © 2014 IEEE. All rights reserved.






IEEE Standard for Wearable, Cuffless
Blood Pressure Measuring Devices

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, health,
or environmental protection, or ensure against interference with or from other devices or networks.
Implementers of IEEE Standards documents are responsible for determining and complying with all
appropriate safety, security, environmental, health, and interference protection practices and all
applicable laws and regulations.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.ieee.org/IPR/disclaimers. html.

1. Overview

1.1 Scope

The intent of this standard is to establish objective performance evaluation of wearable, cuffless blood
pressure (BP) measuring devices. The standard is independent of the form of the device or the vehicle to
which the device is attached or in which it is embedded. The standard is applicable to all types of wearable
BP measurement devices that have different modes of operation (e.g., to measure short-term, long-term,
snapshot, continuous, beat(s)-to-beat(s) BP, or BP variability). This standard is, however, limited to
evaluation of devices that do not use a cuff during measurement and does not cover evaluation of all
sphygmomanometers that are used with an occluding or inflatable cuff for the indirect determination of BP
on the upper arm or wrist.

1.2 Purpose

There is currently no defined, independent standard for wearable cuffless BP measurement devices, which
have drawn growing interest in recent years. Existing standards for evaluating sphygmomanometers are
intended only for devices that are used with an occluding cuff and, therefore, do not cover all aspects
needed for the emerging wearable devices. This standard provides guidelines for manufacturers to qualify
and validate their products, potential purchasers or users to evaluate and select prospective products, and
health care professionals to understand the manufacturing practices on wearable BP devices.
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