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Risks leading to death

high blood pressure

uar

smoking pregnancy & birth

high cholesteral @ — medical complications

.— murder

illicit drug use

~obesity transport accidents
non-transport accidents
infections

alcohol

physical inactrity

lowe fruit and vegetables




Leading 20 risk factors contributing to the global
risk-attributable YLLs in 2040

High blood pressure

High body-mass index

High fasting plasma glucose

v omega-3

100
YLLs (millions)

Foreman KJ, et al. Lancet. 2018 Nov 10;392(10159):2052-2090



The unmet need in managing hypertension

o0,
35/’ 1 IN 3 ADULTS HAVE HTN

Treated and

Controlled

PEOPLE
35% 1B WORLDWIDE
Treated but

1 [ 6 B BY 2025

Uncontrolled®

Kearney PM, et al. Lancet. 2005 Jan 15-21,365(9455):217-23
Messerli FH et al. The Lancet. 2007;370:591-603
WHO Report 2002: Reducing risks, promoting healthy life



Awareness, treatment and control of :IE

hypertension in EMENO and MMM studies

® Untreated Unaware O Untreated Aware

O Treated Uncontrolled§ O Treated Controlled

Menti A, et al; J Hum Hypertens. 2021 Apr 9. Epub ahead of print
Stergiou GS, et al; Eur Heart J Suppl. 2021 May 20;23



Current strategy is failing to improve HTN
control

Fraya et al. NCHS Data Brief. 2017; 289: 1-8



Adherence

For every 100
prescriptions written:

30%—-50% never make it
to the pharmacy

34%—-52% are filled but
never picked up
70%—75% are not
taken as prescribed

15-20% are refiled
as prescribed

Strauch

Jung
(2013)

Tomaszewski

partial non-adherence

m total non-adherence

Brinker Hamdidouche Schmieder
(2015) (2016)

Berra E, et al. Hypertension. 2016 Aug;68(2):297-306



Prefer SPCs
at any step

Step 1

Dual combination

Step 2

Triple combination

Step 3
Add further drugs

Start with Dual Combination
Therapy in most patients

-4 up to ~ 60% controlled ©

ACEi or ARB + CCB + TﬁLDiuretic
':__---__';] Increase to fulldose if well tolerated

—4 up to ~ 90% controlled ©

True resistant Hypertension ¢
— up to ~ 5%

Consider to consult hypertension
specialist in patients who are still
not controlled

"'\.\\l

Start with Monotherapy only in selected patients:
& Low risk hypertension and BP <150/95 mmHg
# or high-normal BP and very high CV risk

# or frail patients and/or advanced age

BBP
Can be used
as monotherapy
or at any step
of combination
therapy

ESH 2023




“Medicine is an art

The Good Doctor based on science”

1. Diagnosis ’

2. Treatment




AL of MEDICINE

A Cluster-Randomized Trial of Blood-
Pressure Reduction in Black Barbershops

SV i , c -
'\,‘f\- — - 7 m : .

(Y L

Intervention Group  Control Group
R & ’ Outcome (N=132) (N=171) Intervention Effect P Valuej
# Blood pressure

B - . -
:X/ Systolic blood pressure — mm Hgi

seline 152.8+10.3 154.6+£12.0

-

125.8+11.0 145.4+15.2

-2

7.0£13.7 -9.3x16.0 -21.6 (-28.4 to -14.

92.2+11.5
74.7£8.3
o -17.5+£11.0 43+11.8 -14.9 (-19.6 to -10.
Hypertension control at 6 mo — no. (%)
. Blood pressure <140/90 mm Hg 118 (89.4) 55 (32.2) 3.4 (25t04.6)9 <0.001
‘ 8 Blood pressure <135/85 mm Hg 109 (82.6) 32 (18.7) 5.5 (2.61t011.7)9 <0.001
’l ' Blood pressure <130/80 mm Hg 84 (63.6) 20 (11.7) 5.7 (2.5t012.8)" <0.001

Victor RG, et al. N Engl J Med. 2018 Apr 5;378(14):1291-1301



" Resources and Policies

The Modern Model of chronic disease management

The Chronic Care Model

_~Community

Health Systems

Organization of Health Care

Clinical
Information

Self- Delivery
Management System

Support Design

Decision
Support

Informed, ™ ~~ Prepared,

N\ Productive /

. acti o\ X st
v ‘M Practice Team

. L ants N
Activated Proactive

Patient

Improved Outcomes

4 1

Systems

According to a modern model of HTN
management,

in collaboration with the
physician, family, and community, each
other interacting in different ways to
influence and support health decision.

An individualized or personalized
approach is required, according to a
modern medical model often referred to

o V24
as .
Carter BL, et al. J Clin Hypertens 2012 14:51-65
Melville S, Byrd JB. Curr Hypertens Rep 2019 21:13



The revolution

The explosive growth of the Internet economy
and the reform of medical treatment systems
have accelerated the growing mHealth market.

At present, the mHealth APP market is
explosively growing due to the popularization

of smartphones

The smartphone revolution is under-hyped, more
people have access to phones than access to
running water. We've never had anything like this
before since the beginning of the planet.

(Marc Andreessen)



Transition from “all medicalized devices” to medical
sensors adapted to usual used app and systems




How digital technology may fit into future models

of care

USUAL CARE

Screening

Blood pressure measurement is recommended at least 5
yearly among normotensive adults '
Hypertension is largely identified in a primary care clinic
setting by routine or opportunistic BP measurement.

Diagnosis

Ambulatory blood pressure monitoring (ABPM) is
regarded as the most accurate way to confirm a
diagnosis of I"]';.';::&r‘t&nsi-:Ir"l.1 Ambulatery BP monitors are
typically portable, automated cuffs that inflate at regular
intervals.

Alternatively, home blood pressure monitering (HEFM)
may be used to confirm a diagnosis of hypertension. This
requires tvo consecutive measures at least one minute
apart, morning and evening for at least four -:Ia-_.fs.‘

Management an onitering

Hypertensicn is commonly managed in primary health care
clinics. The physician revi blood pressure, assesses risk
of cardiovascular disease, offers lifestyle advice, and may
commence antihypearte treatmeant. Patients may bring in
home readings if monitoring BP at home.

iznt is on antihypertensive treatment, this is titrated

chronic kidney disease.’
r-..1anagemenl also involve sr:rEE_lning renal, retinal and
cardiovascular function for signs of target organ damage.’

POTENTIAL ROLE FOR DIGITAL TECHNOLOGY

Self-screening with automated BP cuffs
Use of automated blood pressure cuffs externally to
ian consults, at home or in public, to screen
normotensive individuals.

Self-screening with smartphone apps

Variety of health apps available that monitor BP.
and may alert user if abnormal

Self-monitoring with automated EP cuffs
Traditional HBEPM for diagnestic purposes may also
incorporate newer digital technologies, such as
Bluetooth, to enable readings to be uploaded onto a
davice, such as a smartphonea.

Self monitoring with cuff-less BP
maonitoring devices
earable devices, such as wris tches, can
moniter BP by utilising ECG and PPG signals.
Additionally, smartphone apps have been developed with
similar technologies to monitor BP and aid diagno

Self-monitoring and management with
automated BP cuffs

. readings out of offic h automa
o Bluetooth to a

titration

Telemonitoring
Data from salf-monitoring readings is automatically
transferred to t ian/ Ith ¢ er. Transf
tm ]

Virtual clinics
Clinic appointment is conductad through online interaction.
The patient my enter information and blood pressure
readings then utilized by the physician to adjust
managemeant.

Kitt J, et al. J Cardiol and Cardiovasc Sciences. 2020;4(1):18-23



Telemedicine

e Can reinforce and empower the physician-patient
relationship, may even try to individualize it Ambulatory B

* Patients to easily and rapidly communicate to their
doctors the occurrence of acute symptoms or sudden
BP raises

-2.45

p<0.001

e Can reduce patients’ stress

* May help empowering hypertensive patients,
influencing their attitudes and behaviors, and _
improving their medical condition 471

p<0.001
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-3.48
p<0.001

* Physicians can provide services to an increased number
of patients

Omboni S, et al. High Blood Press Cardiovasc Prev. 2016 Sep;23(3):187-96



Telehealth Services

7 million patients are managed by
telehealth solutions around the world

In US there are 200 telemedicine
networks with 3,500 service sites and
over half of all US hospitals have
adopted some form of e- health

In Europe, 83% of countries have
telemedicine services implemented,
the main being teleconsultation (73%),
followed by telediagnosis and
telemonitoring (67%)

m-health apps can provide automatic
patient-directed feedbacks or
overcoming of preset thresholds and
have the function of positive
reinforcement of doctor’s prescription
and recommendation

PATIENT

SETTING
» Hospital EF 15
Hub li

* Primary care clinic
» Outpatient clinic
* Community pharmacy

CASE MANAGER

» Primary care physician
« Hypertension specialist
* Nurse

» Pharmacist

« Others

INTERNET OF
MEDICAL
THINGS
(IoMT)

TRANSMISSION | J§

» Desktop computer
» Laptop computer
Smartphone

SOLUTION

« EHR

* Drug management

« Remote consultation Z =%
+ Medical imaging & diagnostic
* E-learning

+ Telemonitoring & tracking

* Videocamera
* Mic & speakers
« Sensors

+ Tablet

@ o

Personal area network interface

Omboni S. Front Cardiovasc Med. 2019 Jun 13;6:76



Consensus Document

Virtual management of h\'p(‘rt cnsion: lessons from
the COVID- lfJ pandemic: International Society of
Hypertension position paper endorsed by the World
Hypertension League and European 50(1(_1}

of Hypertension

Nadia A. Khan® George S. Stergiou®, Stefano Omboni®9, Kazuomi Kario®, Nicolas Rennaf,

Niamh Chapman?, Richard J. McManus", Bryan Williams', Gianfranco Parati!, Aleksandra Konradi¥,
Shariful M. Islam', Hiroshi Itoh™, Ching S. Mooi", Beverly B. Green®, Myeong-Chan ChoP,
and Maciej Tomaszewski9"

Recommendations

e The initial evaluation should be conducted in person.

o If not possible or preferred, then video based medical consultation is
preferred to telephone (see Table 1 resource section for strategies to

optimize the virtual healthcare visit)

e O O
~ ~
| by

Hypertension Pharmacist Lifestyle Dieticlan Community worker/
specialist coach lay supporter

J Hypertens. 2022 Aug 1;40(8):1435-1448



oBpP HTN
CV risk DIAGNOSIS

assessment

Lifestyle
interventions

nw =200 7w

DRUG
THERAPY D. Konstantinidis

v Appropriate follow-up and monitoring enable assessment of:
1. adverse responses
2. response to therapy
3. adherence

5. progress toward treatment goals

ACC/AHA Hypertension Guidelines2017



A Telecommunications System for Monitoring

and Counseling Patients With Hypertension

Impact on Medication Adherence and Blood Pressure Control

Robert H. Friedman, Lewis E. Kazis, Alan Jette, Mary Beth Smith, John Stollerman,
Jeanne Torgerson, and Kathleen Carey Am J Hypertens. 1996 Apr;9(4 Pt 1):285-92

e )67 patients TABLE 3. CHANGE IN SYSTOLIC AND DIASTOLIC

* > 60 yrs

* Weekly, subjects in the
telephone group reported
self-measured BP, knowledge Total study populationt 115 6.8 20

BLOOD PRESSURES BY STUDY GROUP*
TL.C Usual Care P

Adjusted mean systolic blood pressure changet (mm Hg)

Nonadherent subjects§ 12.8 0.9 .09

and adherence to Adherent subjects§ 10.3 12.8 29

antihypertensive medication
re gimensl and med ication Adjusted mean diastolic blood pressure changet (mm Hg)
side-effects to a computer- Total study population} 5.2 0.8 .02

controlled telephone system Nonadherent subjects§ 6.0 ~2.8 01
Adherent subjects§ 4.5 4.4 97




Systems for adherence
(Mobile Telephone Text Messaging)

Statistics for Each Study Favors | Favors Text
Source Odds Ratio  (95%Cl) P Value Control | Message

Marquez Contreras et al,** 2004  1.508 (0.631-3.605) 36 B

da Costa et al,29 2012 2.571 (0.371-17.831) 34 =
Hardy et al,30 201123 21.131 (3.161-141.237) .002 ’
Khonsari et al,31 20152 12.273 (3.405-44.236) <.001
Lester et al,32 2010 1.612 (1.144-2.271) .006
Lvetal,21 2012 2.074 (0.686-6.251) 20
Lua and Neni,33 2013 0.985 (0.535-1.812) 96
Maduka and Tobin-West, 342013 2.644 (1.135-6.160) .02
Mbuagbaw et al,3> 2012 1.026 (0.519-2.026) .94
Park et al,3® 2014 0.610 (0.236-1.585) 31
Pop-Eleches et al,?” 2011 1.330 (0.882-2.005) 17
Quilici et al,38 2013 2.705 (1.109-6.596) .03
Strandbygaard et al,>® 2010 6.018 (1.368-26.466) .02
Vervloetet al,*9 2012 2.959 (1.448-6.046) .003
Wald etal,*1 2014 3.267 (1.686-6.331) <.001
Wang et al,*2 2014 3.857 (1.180-12.606) .03

* The text message intervention
significantly improved adherence
(odds ratio, 2.11; 95% Cl, 1.52-2.93;

i P < .001). The effect remained

Overall 2,107 (1.517-2.926) <001 significant after excluding 2 studies

. . . . . with extreme outcomes (Hardy
0.1 0.2 05 1 2 et al*° and Kohnsari et al*") (odds
Odds Ratio (95% Cl) ratio, 1.78; 95% Cl, 1.35-2.35;
P < .001).

Thakkar J, et al. JAMA Intern Med. 2016 Mar;176(3):340-9



There's No Place Like Home to Diagnose
Hypertension

* The BP-CHECK study was a 3-group, office, home, and kiosk BP
monitoring for diagnosing hypertension.

* 510 adults with elevated BP without diagnosed hypertension

* Adherence to the monitoring regimen was:

2. clinic group (87.2%),
3. kiosk group (67.9%)

* From a patient-centered perspective, home BP monitoring is the
most acceptable method for diagnosing hypertension

AHA. Hypertension Scientific Sessions 2021: Presentation 50. Presented September 29, 2021



HBP vs OBP for BP control

Author, year

Fuchs 2012 H B P M :

Godwin 2010
r ) L] ’
e evaluate the patients’ BP,
Madsen 2008
McKinstry 2013

Noumann 201 * the antihypertensive effects,

Parati 2009

Rirtot 2009 * the seasonable and day-to-day

Rogers 2001

BP variation during treatment
-3.64 [-5.04, -2.23) -2.16 [-3.18, -1.14] .
7=5.07, P<0.0001 Z=4.14, P<0.0001 N the |Ong term;

-10 -5 0 ) -10 -5 0 5

wd

Total

Difference in ambulatory systolic BP change Difference in ambulatory diastolic BP change

between intervention and control groups between intervention and control groups i CO n S I d e red U S efu I fO r

(95% confidence interval) (95% corfidence interval)

-— Home BP based Clinic BP based -— Home BP based Clinic BP based_} i m p rOVi n g p at i e ntS’ a d h e re n Ce

treatment befter treatment better treatment better treatment better

Heterogeneity Heterogeneity
P=0%, ¥?=6.51, df=8 (P=0.59) P=0%, ¥?=7.01, df=8 (P=0.54)

Satoh M, et al. Hypertens Res. 2019 Jun;42(6):807-816



Total R of uncontrolied %

’ e e Intervention and Study  population Control  Intervention BP (85% CI) Weight
It's @ matter of intervention s

TASMINH1 401 2 189 0.95 (D80, 1.52) 5.36

Godwin et al., 458 209 249 0.85 (0.57, 1.28) 5.74

HOMERLS 434 208 e 1.33(0.90, 1.98) 5.66

AUPRES 407 210 197 1.37 (0.88, 2.11) 559

TEYB - Convs. Int 1 234 122 112 0.42 (018, 0.53) 338

. Subtotal 1804 a61 a7 0.95 (0.72, 1.37) 2554

“ (l-squared = 56.0%, p = 0.058)
| Hospital, primary care clinic, community phamacy ] Selt-monitoring with web/phone feedback

TelaBPhat 178 a7 122 0.83 (0.38, 1.78) 387

Karry of al, 334 167 187

Automated BP monitors
|Oﬁice BP measurement, 24-hour ABPM | @ Self HBPM ®BF - Con vs. Int 1 493 47T 8

1.06 (0,68, 170) 53
077 (053, 113) 585
1,07 (0.56, 204) 420
0.90 (0,69, 1.15)  19.02

Wakefield - Conwvs. Int 1 183 102 a1
Subtatal 118% 573 &16
{l-squaned = 0.0%, p=0T13)

I_D 0 T»

| Personal area network interface |

[ B & _ _

User's interface Self-monitoring with web/phone feedback & education

TASMINHZ 480 248 s 0.56 (0.33, 0.82) 5.98
| Desktop or laptop computer |
— ! | TASMINH-SR 450 230 ) 0.37 (0.25, 0.55) 5.82
l l CAMTCH 631 385 325 0.79 (0.57, 1.10) 6.28
X K Leiva etal, 214 103 111 0.45 (0.23, 0.94 3.87
| Landline broadband network ‘ Mobile network ] ! N

HNTS = Con va. Irt 1 264 137 127 0.67 (0.38, 1.16) 4,75
Wakefield - Convs, Int 2 180 102 T8 0.81 (0,31, 1.1%) 410
Secure encrypted transmission protocols (S-FTP, S-HTTP) Subtatal 2279 1184 1095 0.57 (D44, 0.73) 30.80

{l-squared = 45.2%, p = 0.104)

Central server

9 (Telemedicine center)

Self-monitoring with counsellingtelecounselling

::@ Hyperiink 388 181 197 0.35(0.22, 058 530
TCYE - Canvs, Int 2 238 122 118 0.72(0.34,15% 380
I HINTS - Conve. Imt2 269 137 1R 0.56 (0,32, 099) 472
HINTS -Convs.Int3 264 137 127 0.60(0.33,1.08) 483
@BP - Convs. Int 2 484 247 237 0.37 (0.25, 0.53) 598
l l l Subtetal 1506 g87 809 0.44 (0.34, 0.57) 2397
Hypertension Patient Primary care (eacpiomel = 12405, p = 0.597)
m specialist physician m .
Hatercgeneity between groups: P < 0,001
Case manager @ Other healthcare Crwverall G200 2B0T 3483 0.70 (0.56, 0.88) 100,00
(nurse or pharmacist) professionals (laquared = G7.8%, P <0.01)

Py T T I
O 5 1.5 25
-@ é Favaurs inlervention Favours coniral

Pellegrini D, et al. Hypertens Res. 2020 Jul;43(7):621-628




The long term effect

A | Systolic BP from research clinic measurements B | Diastolic BP from research clinic measurements

1504 90
1454
140+

135+

(=8
(s a]
()
=
-
LA
-
un

Diastolic BP
[ ]
T

1304

1254

30 36 18 24 30 36

Time From Baseline, mo Time From Baseline, mo

Margolis KL, et al. JAMA Netw Open. 2018 Sep 7;1(5):e181617



Telemedicine Improves BP Variability

* 803 hypertensive patients
* Meanage 67 £12 yrs
e Reduction of 8 mmHg for the SBP and 5 mmHg for the DBP

13 12.8

Systolic pressure variability (SD, mmHg)

ki 2 =0.8357
5.
NS,
109 TH:0-
L Tl 18 10.7 10.7 10.7
T
1 “‘1 4 10.4 10.4 10.4 10.4
I ' II I“I“u'h1 “i' '

1 2 3 4 5 6 7 8 9 10 11 12 17 18 20 21 22 23 24

Months in program

Milani RV, et al. Am J Med. 2020 Jul;133(7):e355-e359



s it safe?

* Telemedicine group used a 3G network—attached HBP monitoring device,
consulted hypertension specialists from an academic hospital through web-based

video visits

Table 3. Home blood pressure change from baseline till the end of the 1-vyear study period.

Usual care group Telemedicine group

Change in systolic blood pressure (mmHg). mean (SD) —5.4(11.3) -9.2(14.3)

Fy -

Change in diastolic blood pressure (mmHg). mean (SD) —3.5(8.1) —5.5(8.7)

» Rate of SBP control (135 mmHg) was better in the telemedicine group (85.3% vs
70.0%; P=.01)

* Significant adverse events were not observed

Yatabe J, et al. IMIR Cardio. 2021 Aug 31;5(2):e27347



W h at a b O u t CV eve nts ? _ Intervention (n=228) Usual Care (n=222)

Type of Event Patients, N (%0) Patients, N (%0)
ECH I I T B
e [ [T [

Cardiovascular Outcomes During 5-Year Follow-up

[T T I R R
[T T N

Intervention costs were $1,511 per
patient.

Over 5 years, estimated event costs
were $758,000 in the Tl group and
$1,538,000 in the UC group for a return
on investment of and a net cost
savings of about $1,900 per patient.

o)
o
c
Y
=
()
£

Primary CV Endpoint Secondary CV Endpoint

u Telemonitoring Intevention Usual Care

Margolis KL, et al. Hypertension. 2020 Oct;76(4):1097-1103



The Apps m-health in HTN

Functionalities

Self-monitoring Use of prompt/cues  Educational Communication Automatic feedback  Stress management
. . . . R (reminder and alert)  information  with others
A Main services provided by B Main features of BP monitoring .
hypertension m-health apps (n=107) m-health apps (n=184) Anglada-Marti'nez etal [39] v/ v v v v —
Bengtsson et al [36] v v — — vy _
Logbooks | 10 Web access :l 5
Bengtsson et al [37] v v — — v —
Notifications | 10
Data st loud 10
) ata storage (cloud) :l Hallberg et al [38] v v — — v —
Reminders I 20
Posture during meas | 14 : —
Medication adherence : 22 o Carrera et al [40] v v v v v
Assistance [] 4 BP upload from the device | 15 McGillicuddy et al [25] v v - - v -
Alternative treatments :| 4 Side of the meas. | 15 McGillicuddy et al [26] v v _ o v o
: Davidson et al [24 — — —
Diet :I 8 Password protection I 23 4] d g Y
General information 33 McGillicuddy et al [27] v v — — v —
_ Reminder function | 29
Education | 37 Bloss et al [28] v v v v v —
Salt intake :l 3 Personal data :l >4 Patel et al [29] v v v — — —
Calorie intake :l 5 Data export ‘ 85 Or and Tao [42] v v v — v —
Body weight | 27 P | 86 Logan et al [33] v v — — v _
Pulse rate | 62 Petrella et al [34] v v — — — —
Date and time of the meas. |99 .
Blood pressure | 69 Albini et al [41] v v v — — —
Tracking function | 72 Data storage (local) I a8 Mao et al [31] v v v v — —
0 10 20 30 40 50 60 70 80 0 20 40 B0 80 100 Moore et al [30] v — — v v -
Frequency (%) Frequency (%) Mendelson et al [35] v — v — — —
Omboni S. Front Cardiovasc Med. 2019 Jun 13;6:76 Kang etal [+4] Y Y Y
Sun et al [43] v
Banerjee et al [32] v

Alessa T, et al. IMIR Mhealth Uhealth. 2018 Jul 23;6(7):e10723



The mHealth intervention on BP

I.II:
ar
n

WAL (95% O Weighi
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Avrtinian, M. T{2007 A0 (=S 11,01y 423
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Green, B, B{2008 L 40 (-5.71, 1 rtinian, B 12000 R0 (344, 1.84) 1

Carrasco, M, P{2008) 360 {—T.63, 043 437 Girecn, B. RBUH0E) =080 (=236, 0.76) 1965
Hoswaorth, H, B(2011) 2RO (=K 9%, T TH) 0] Larrasen, M, PLAOS Pl i=341, 1.217 12.1&
Piette, J{2012) =4 30 (—4.95, Haosweorth, H, Bi20011) =1 40 [=5,14,

hlcKainstiry, B2 3) JED(—hA0T, 11034 MeKinsiry, B{2013) 260 (—4.52.

bla K. L{2013) =660 (—

hargoelia, K. L{2013) 320
Salishury, C{2016) 2100459, .
: i Salishary, C{2016) LA [
Bobrow, K ) 180 {—4.08, 048y
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7.70(—16.14, 0.74) 1.08 SIS

0.226) { 3.85 (—4.74, ~2.96) 100.00 219 [-3.186,

random effiects an:

3.85 o — 2.19

Met Change in 5y ¢ Blood Pressure, mmHg Mt Change in Dhastolic Blo

Lu X, Hypertension. 2019 Sep;74(3):697-704



21.6 Use of telemedicine and tele-health technologies

The advent of new technologies has allowed use of internet-based interactive digital interventions (tele-health) and health-
related mobile applications that can also be installed on smartphones. This enables, at least in perspective, virtual care of
hypertension [139]. The COVID-19 pandemic highlighted the role of remote management of chronic conditions and greatly
contributed to the familiarization of both patients and physicians with these new technologies [17,139].

Interactive digital interventions include behavioral aids and promotional material for hypertension self-management.
Several studies and meta-analyses suggest that these interventions are associated with better patient education, greater BP
reduction and even reduced CV outcomes [1695-1697]. Mobile applications include the assessment of heart rate, thereby
recognizing AF, sleep quality, physical activity and even cuff-less BP measurement [62,1698]. Transmission of HBPM, or
even additional data obtained by physician are under investigation by many studies, including those promoted by ESH
[1699,1700]. At present, it is premature to reach a conclusion on the benefits of these technologies, and the virtual
management approach in general. Nevertheless, favorable data on home BP telemonitoring have been obtained. A meta-
analysis of 46 RCT's in about 14 000 hypertensive patients revealed that home BP telemonitoring is associated with significant
BP reduction and improved BP control [1701]. Similar results were reported by others[139,1702] including a study during the
COVID-19 pandemic [1621].

Recommendation

1. Telehealth strategies can be useful
adjuncts to interventions shown to
reduce BP for adults with
hypertensiﬂn.812.3.2-1—512.3.2-5




Hypertension management in the COVID era

B Face-to-face M Home M Telephone Video M e-consultation
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Murphy M, et al. Br J Gen Pract. 2021 Feb 25;71(704):e166-e177



(Napoleon):
COVID has changed our prespectives

American Heart Associlation
Invites Applications tor Health

Equity Research Network on
Prevention of Hypertension

April 13, 2021
Deadline: May 13, 2021







BP control with the ESH CARE App

Usual Care OBP

Systolic OBP Diastolic OBP Systolic ABPM Diastolic ABPM

I -GJE -5’4
-10,9
-12,4 = Controlled Uncontrolled = Controlled Uncontrolled
-18,9
-25,1

-16,3

Usual Care ABPM App ABPM

p<0.001 p<0.001

Usual Care

u Controlled Uncontrolled u Controlled Uncontrolled

Konstantinidis D, et al. Eur J Prev Cardiol. 2025 Apr 24:zwaf240



The patients’ perception

. Author, year NHBPT/NUC Ql.:lﬂllty‘ oflife {PCS} Weighted mean Weiaht (%
* In 10 studies difference (95% CI) ght (%)
’ Goulis, 2004 45177 ' 2,00 (-4.13, 8.13) 7.0
. . Madsen, 2008 105/ 118 4.40 (-2.05, 10.85) 63
including 1,120 e e tray 158 ! 040 (6.64.5.84 o5
. 0 Green, 2008 155/ 158 2,90 (-3.10 ,8.90) 7.4
patients, 87.1% of Carrasco, 2008 131/ 142 i: 3.00(1.09, 4.90) 72.5
Total 609/ 653 2.78 (1.15, 4.41) 100.0

the participants Heterogensiy: 1=0.0% p=0 853 — : —
regarded the BPT Favors UC —
technique as

Author, year N HBPT /N UC Quality of life (MCS) Weighted mean
useful to manage | afference(ssncy  Welaht(%)
. .. Goulis, 2004 45177 -0.90 (-5.16, 3.36) 13.0
the 18 Cond |t|0n . Madsen, 2008 105/ 118 -1.00(-6.72,4.72) 7.2

Green, 2008 1737158 0.60 (-3.12,4.32) 171
Green, 2008 155/ 158 0.20 (-3.95,4.35) 13.7
Carrasco, 2008 1317142 -0.10(-2.29, 2.09) 49.0
Total 609/ 853 -0.10(1.65, 1.43) 100.0

Heterogeneity: 12=0.0%, p=0.384

-10 - 10
Favors UC Favars HBPT

Omboni S, et al. Curr Hypertens Rep. 2015 Apr;17(4):535



The physicians’ perception

* Only 25% of doctors recommend the use of m-health

* 42% of doctors worry that m-health apps will make patients too
independent

* 58% believe that telemedicine will play a significantly greater role in
the future

* Allows to reach distant patients and increase the number of served
patients

* There are no standardized methods for the quality evaluation of m-
health apps

* The lack of adequate infrastructures, lack of reimbursement

Omboni S. Front Cardiovasc Med. 2019 Jun 13;6:76



Clinical

Al applications and new technology
for HTN management

Applications Al Techniques Benefits

[Prediction: ]

Classification tree'?, Artificial neural network Precision diagnosis

(ANN)ﬁ. k-nearest neighbors algorithm (KN N]‘Hr

1) Identification of hypertension

Data mining with Bayesian Network'®, Extreme Timely intervention

gradient boosting (XGBoost)'*"’

2) Incidence prediction

3) Clinical outcome prediction Random Forest'®, XGBoost™’

[Management: ]

Ensemble Model ?8, X-Learner’, Support Vector
Regression (SVR)>°

1) Treatment effectiveness

Deep neural network with gated recurrent unit>?,
K-means clustering®?

2) Blood pressure variability

people

Convolutional Neural Network (CN N)34, Random

Forest™>, Long short-term memory {LSTM]%'B?.
recurrent neural (RNN)*?, Advance machine

learning algori’chmsdri

New technology for blood pressure
measurement

Demographic

| Regression

Treatment plan adjustment

Personalized treatment plan

Labs Imaging

Data Integration

MACHINE LEARNING

Clustering

Pre-emptive interventions (eg lifestyle
modifications) for normotensive

Self BP monitoring for hypertension

©®OUODWOIY

Metabolomics Genomics
Proteomics

Classification

Tsoi K, et al. J Clin Hypertens (Greenwich). 2021 Mar;23(3):568-574



Prediction of BP Variability using Artificial
Intelligence (Al)

Data collection for training
data in PREDICT study

Day-by-day home SBP

l."r(ll
150

140

30

7
=

06-15 07-01 07-15 08-01 08-15
Date (Month-Day)

56 days X 176,146 sets by 280 pts.

Demographic data

Prescription Drug Type
Age, Sex, Height, Weight, ...

Development of the algorithm

-

by using Al

Deep Neural Networks

.

=

Prediction of future BP
level and variability

Prediction in
following 4 weeks

Week1 Week2 Week3 Week4
I
1

Current day

msmmm  Prediction of mean SBP

Prediction of BP variability
based confidence interval

Koshimizu, et al. Intern J Medical Inform 2020; 126: 104067



Anticipation medicine of CV disease

Population-
domain

Population

big data
genome
risk factor
organ damage

Big Data

Perfect individualized
medicine
for zero CV event

Precision Medicine

Chronic risk
factor

Anticipation
medicine

Individual time-domain big data ‘
behavior / environment Tnme-.
| risk factors / biomarkers / surrogate markers domain

Kario K, et al. Prog Cardiovasc Dis. 2017 Nov-Dec;60(3):435-449



Support to GP and patients...

* This study evaluates the effectiveness of the newly developed PIA (Pc supported case
management of hypertensive patients to implement guideline-based hypertension therapy using a
physician-defined and -supervised, patient-specific therapeutic algorithm) intervention with PIA-
ICT and eLearning for general practices.

All (N = 525) Intervention group Usual care group
(n = 265) (n = 260)
SBP (mmHg), M1, mean (5D) 138.6 (17.3) 136.0 (16.4) 141.3 (17.8) <0.001
Controlled SBP (mmHg), M1, N (%) 28 3.7%) 173 (65.3%) 109 (41.9%) =0.001
DBP (mmHg), M1, mean (SD) 84.5 (11.0) 84.1 (10.9) 84.9 (11.1) 0.40
Controlled DBEP (mmHg), M1, N (%) 361 (68.8%) %) 167 (64.2%) 0.03
SBP (mmHg), M2, mean (SD) 136.0 (15.1) 1343 (14.5) 137.8 (15.5) 0.01
Controlled SPB (mmHg), M2, N (%) 323 (61.5%) 192 (72.5%) 131 (50.4%) =0.001
DBP (mmHg), M2, mean (SD) 83.3 (10.1) 83.1 (9.7) 83-4 (10.6) 0.73
Controlled DBP (mmHg), M2, N (%) 387 (73.7%) %) 181 (69.6%) 0.04
BP, M1, N (%) 242 (46.1%) 149 (56 93 (35.8%) <0.001
Primary endpoint: BP M2, N (%) 282 (53.7%) 166 (62.6%) 116 (44.6%) =0.001

BP M1 = first measurement after 5 min rest; BP M 2 = second measurement after 1 min; DBP = Diastolic blood pressure; SBP = Systolic blood pressure. “z-Test.

Leupold F, et al. EClinicalMedicine. 2022 Nov 3;55:101712



Blood pressure measurement

“The measurement of BP is likely
the clinical procedure of greatest
importance that is performed in
the sloppiest manner”

William Harvey

An Anatomical Exercise Carl Ludwig
on the Motion of the Kuuatovpdd)oc < I Siegfried Karl
Heart and Blood in amuel slegiried Rar Nikolai Korotkoff
enrinifil e Norman Kaplan 1998
1733 1855 1896 1974

1628 1847 1881 1905

Reverend Stephen Hales Karl Vierordt L i

Mé ' A -

€Tpnon tn¢ nieong (aAoyo) T

Panasonic

iAsl/An = 0.55
{Aoi/Am = 0.85

A ipy

1

Time [sec]



When’ Where’ HOW? Individual’s profile

Age

Weight - height o
, o
Smoking "
o -
Nutrition 5
’ brea |
Exercise =3 PSR == S
’ Disease Y K\'"/’-\“}‘/j}“[i\’(&'[”\"
q - e : : "
) -Dg_: D:]I j) EC’ @ Drug use Fos
ﬁ W " S Environment % % i K %e‘f’
NO SMOKING, QUIET COMFORTABLE 3-5 MIN NO TALKING Stress N N
CAFFEINE, FOOD, ROOM TEMPERATURE REST DURING OR 7z
EXERCISE 30MIN BETWEEN
BEFORE MEASUREMENTS

BP = f(space)

Cuff to fit arm size Ababbsana S pa ce
Back (small, usual, large) .
supported Aorta
Micarmat hoartlevel N Within subject ,
il \ Carotid
- - . e e . ops o . .
[ ;‘\t\((\ spatio-temporal BP variability Brachial
| | z .
o° Radial
Validated electronic ’
upper-arm cuff device Between arms
(www.stridebp.org) 3
Time Other arteries

Take 3 measurements
at 1 min intervals

and use the average
of the last two

Beat-to-beat
Circadian rhythm

Feet flat
on floor

Visit-to-visit
Seasonal

Stergiou GS, et al. ] Hypertens. 2021 Mar 11 Papaioannou TG, et al. Curr Pharm Des. 2015;21(6):697-9



M) Check for updates

REVIEW ARTICLE
Wearable blood pressure measurement devices and new

approaches in hypertension management: the digital era

1

D. Konstantinidis 1[:'3, P. lliakis', F. Tatakis', K. Thomopoulos(®?, K. Dimitriadis', D. Tousoulis' and K. Tsioufis

BPro, HealthSTATS
HEM-6410T International

CareUpR
smartwatch

Portapres InstaBP
application

Finometer

J Hum Hypertens. 2022 Mar 23:1-7



Uses and utilities that wearable BP monitors have
the potential to support

Clinical use Office BP Home BP Ambulatory BP Pharmacy BP Wearable Persistent BP

Screening $448 4a .a e

Initial diagnosis 42 A

Initial phenotyping
Individual scale

o Treatment titration
l.l based on thresholds

I l Treatment titration
based on individual
dynamic phenotyping

Follow-up

Screening of
Population scale communities

e & @ Phenotyping of
[ typing
I..I.U? communities
N

Titration of public
health interventions

Sola J, et al. Sci Rep. 2021 Oct 19;11(1):20644



Wearable devices for HTN management

Automated office BP HBPM ABPM

measurement
Wearable BP monitoring

Time series out-of-office BP measurement

RN

Increase in sensitivity and specificity Various BP surges with different time phases
of average BP-based hypertension (trigger event-induced, diurnal,

diagnosis and target BP ICT-based platform

\ processing big data /

Guideline-based medicine Anticipation medicine
(estimate risk level) \ / (predict time and place of event onset)

day-by-day, seasonal)

Individualized medicine

Kario K. Hypertension. 2020 Sep;76(3):640-650



Wearable devices

e Wrist-cuff devices
e Cuffless (wrist band)

e Oscillometry (wrist cuff)

* Applanation tonometry, photoplethysmography, pulse transit time,
other



ORIGINAL PAPER WILEY

Validation of a wrist-type home nocturnal blood pressure
monitor in the sitting and supine position according to the
ANSI/AAMI/1SO81060-2:2013 guidelines: Omron HEM-9600T

supine wit
HEM-2600T|in the sitting position fulfilled the validation criteriajof the ANSI/AAMI/
ISO81060-2:2013 guidelines. On the other hand, the accuracies of HEM-3600T in
the@u pine position differed depending on the positioning of the palm)’vith only the
J Clin Hypertens (Greenwich). 2019 Apr;21(4):463-469 [l palm-position measurement fulfilling both validation criteria of the ANSI/

AAMI/ISO81060-2:2013 guidelines.

downwards palm position, respectively. In conclusion, the Omron

Mitsuo Kuwabara PhD*? | Kanako Harada MPH? | Yukiko Hishiki BAZ |
Kazuomi Kario MD, PhD!

Validation of two watch-type wearable blood pressure monitors
according to the ANSI/AAMI/ISO81060-2:2013 guidelines: Omron
HEM-6410T-ZM and HEM-6410T-ZL

Mitsuo Kuwabara PhD, Kanako Harada MPH, Yukiko Hishiki BA, Kazuomi Kario MD, PhD 2

LT o $IE e e (L J Clin Hypertens (Greenwich). 2019 Jun;21(6):853-858

Validation for HEM-6410T-ZM

Difference of SBP for criterion 1, mm Hg -09+7.6 24+73

(passed) (passed) Auto positioning sensor of HeartGuide

Difference of SBP for criterion 2, mm Hg -0.9+6.8 2.4 +6.46

(passed) (passed) b+
b

watch-type BP monitor has the limitation that patients

height |
=L-sing

Difference of DBP for criterion 1, mm Hg -1.1+6.1 07+7.0

h

must set their wrist at their heart level for a precise reading. Some

(passed) (passed)

Difference of DBP for criterion 2, mm Hg -1.1+55 0.7+6.5

(passed) (passed)



Comparison of simultaneous monitoring with a
wearable device and ABPM

Teleconference Stairs Nighttime (sleep)
Nervous Walk fast
PC operation A
Tespphone |
Reading
[ e atior rting

86-year-old man with
hypertension & hyperlipidemia

Time of day

Kario K. Hypertension. 2020 Sep;76(3):640-650



Problems of the cuff-based BP measurement

Intermittent rather than continuous measurements
Unable to evaluate very-short-term BP variability

Only in static conditions

Effect of cuff inflation and vascular occlusion



Y

N 7
Wearable BP devices o

EXPECTATIONS

Non-invasive and cuffless measurements

BP record comfortably

Multiple or even continuous, rather than a small sample of measurements
Unaffected by body position and movements?

Detailed and unbiased information regarding circadian BP patterns and
variability?

Complete picture of BP profile?



Wearable cuffless BP devices: Can they improve
HTN awareness and management?

e Reliable measurements?

e Schedule? Thresholds?

* Type of intervention?




Wearable in clinical practice...

* In order to recommend something for clinical use, it has to be able to
provide reliable information on which to base patient decisions.

* For something new to be useful in medicine, it need only do
something a little bit better by certain criteria — maybe patients

prefer it, maybe it improves outcome — but we need it to show some
benefit on top of what we have.

 We don't just add new things because they provide information. We
have to prove that the information is reliable and can improve how
we provide care.




The economic and

130+
120

scientific burden ‘ ‘"
Leaetllutlil |

70—

Global Wearable Blood Pressure Monitors Market,
Forecast Market Size, 2020 - 2025, S Billion
Publications

1.80
1.00 ||
0.86
I I I ” -llllllllllIII I

2020 2021 2022 2023 2024 2025 Citations
Source: The Business Research Company 0 |

1-3"33 E'L':lz 2004 zJC‘b EC-lJ-:“:- 2313 amz2 2014 2016 zcm cL‘IEIJ ?CJ?
Year

Stergiou GS, et al. J Hypertens. 2022 Aug 1;40(8):1449-1460




(@) Pulse transit time

Cuffless BP technologies

Consensus Document

Cuflless blood pressure measuring devices: review
and statement by the European Society of

Hypertension Working Group on Blood Pressure
Monitoring and Cardiovascular Variability

(d) Oscillometric finger
pressing
e

Jal,wj_i;\f

Category

Method

Advantages

Disadvantages

Evidence

Requiring
user cuff
calibration
(Estimate BP
changes)

PTT (a)

Facial video
processing (c)

Supporting
theory

Continuous;
without user
action;
not
disturbing

Single
sensor

Widely available
device
(smartphone)

Two
measurements
Calibration sites

via periodic Little
cuff BP theory (may
measurement | not work well
or by in many
demographic | individuals)

data input Insufficient
waveform
Quality

Many published
studies

Regulatory-approved,
cuff-calibrated,
contact monitors

Little published data
on intra-individual
BP change tracking

Not requiring
user cuff
calibration
(Estimate BP
values)

Oscillometric
finger pressing

(d)

Ultrasound (e)

Volume
control (f)

Potential widely
available device
(smartphone)

Calibration
not needed:;
solid theory

User action

Central PP
measurement

(could work
in many

Difficult probe placement
(operator required)

individuals) Continuous

Disturbing

(finger numbness)

Few
published
studies

(b) Pulse wave analysis

(e} Ultrasound

(¢} Facial video processing

Stergiou GS, et al. J Hypertens. 2022 Aug 1;40(8):1449-1460



Photoplethysmography

1 Cardiac Cycle

-
~—*Systolic

Peak *SBP

Dicrotic

ABP (Invasive) 0 ‘\\ Nc‘>tch

\\ _—~_* Diastolic

L7 "\ Peak - /
\

Mean Arterial
1Pressure (MAP)

|

ABP (mmHg)

\ / ™\
Wi
/ VvV  \ /
\

/

/

I/ . .
~—< Systolic Phasq Diastolic Phase
7 ST — | —————p—r—
PPG (Non-invasive) - 10 2 % p3 p T r

Samples Samples

-== |deal Fit === |deal Fit
Linear Regression p ) Linear Regression

o
Predicted DBP value (mmHg)

Predicted SBP value (mmHg)

60 80 100 120 140 160 180 200 220 20 40 60 80 100 120 140
Actual SBP value (mmHg) Actual DBP value (mmHg)

Athaya T, et al. Sensors (Basel). 2021 Mar 7;21(5):1867



They predict changes of BP

o Need to be Calibrated Initialization session

* Calibration usually performed
e Ut e
oscillometric upper arm cuff )L Lo

device

e Often employ a mathematical
model that combines
demographics with a cuffless
measurement from the
individual as inputs to ‘predict’

Y

p A4

wy A -
4

["\.

f'-_"‘-h“

—
]
v

Measurement session

. VA Algorithms of » SBP: 135 mmHg |
Aktiia Bracelet . DBP:93 mmHg |
optical signals

P 2 | .=
/& . Calibration !
B P - value of subject |

Vybornova A, et al. Blood Press Monit. 2021 Mar 4



o0 02
Aktiia 24/7 @ ..
.‘ . Unfortunately, this information is

01 Aktiia goes beyond a heart rate obscured by noise.

PPG Sensor monitor: insteqd.of cout\ring 03 After 15 years of research and
pulses, we examine their shape validation, Aktiia is able to

BPM Algorithm is i i

The Aktiia bracelet shines a green O go extract this information fo

" . provide you with accurate blood

light to analyse how the arteries )

The pulse shape of your skin pressure values around the

arteries contains information on clock,

below the skin surface pulsate. This

is the same sensing principle as

our actual blood pressure.
most other optical heart rate ¥ P

monitors at the wrist.

Table 2 Mean and SD of the differences between reference and
the Aktiia Bracelet

63 Today, Dec 13,2019

127/82

Criterion 1° Criterion 2"

Systolic blood pressure (mmHg) 0.46 + 7.75 mmHg 3.9 mmHg
Diastolic blood pressure (mmHg) 0.39 + 6.86 mmHg 3.6 mmHg

DBP, diastolic blood pressure; SBF, systolic blood pressure.
“Passing if SBP and DBP: <5 + 8 mmHg.
“Passing if <6.91 mmHg for SBP, and <6.93 for DBP.

Initialize Table 3 Percentage of absolute blood pressure differences

_ - Use the Aktiia app fo calibrate your between reference and the Aktiia Bracelet within 5, 10 and
R T Aktiia bracelet with the included 15 mmHg
cuff. Store the cuff until re-

Trends

initialization in a month.

AIS————— =5 mmHg =10 mmHg <15 mmHg
_/ s within the normal range ..pl;ll\ Ilr-':lt] r"-:u't] {U'ij]

Tips & Tricks

Systolic blood pressure (mmHg) 58.7 83.2 92.3

Diastolic blood pressure (mmHg) 59.0 83.5 94.5

Vybornova A, et al. Blood Press Monit. 2021 Mar 4



[ ] [ ] o [ ]
Posture 'Hl | Oumm | Oumn 'Hl

[ N [} [} 5 min 5 min 25min |25 min 5 min 2.5 min 2.5 min
l ] r
Posture change

Auscultation

body positions

Volume-clamp

[ ] [ ]
Posture Illl

5 min 2.5 min 5 min 2.5 min 2.5 min

r 1

Posture change

’ Posture change

D Double-auscultation

measurement
Auscultation Exercise

DAY 93, 18+3, 29+3

\ktiia Bracelet

Volume-clamp

Sitting—wrist at
heart level

Acceptance rate (%)

Sitting—wrist at
lap level

Lying

Standing

All positions

Sitting - Sitting - Standing
hand at heart hand at
level lap level

Sola J, et al. Sci Rep. 2021 Oct 19;11(1):20644



ADMINISTRATION

| U.S. FOOD & DRUG
&

August 22, 2019

Intended Use / Indications for Use:

The BB-613WP is a wrist-worn or skin attached device indicated for use in measuring and displaying
functional oxygen saturation of arterial hemoglobin (%Sp0O,) and pulse rate.

The BB-613WP can also track changes in blood pressure based on Pulse Wave Transit Time
(PWTT) which is obtained utilizing pulse measurements from the integrated SpO, sensor, following a
calibration process using oscillometric blood pressure monitor.

@ )

Blood Continuous Pulse
Saturation Blood Pressure Rate

@ 8% 0 [
Respiratory Stroke Cardiac One Lead ECG
Rate Volume Output *Patch only

81350418512
etails %8 6452 | 8 95%

< January9,2020 >

Alerts

June 10, 2020

Suspected patie:

Exceeding vitals

Exceedingvitals  Temperature

.
o = J @ @ ©
Pulse Systemic Vascular ~ Temperature Heart Rate Mean Arterial Cardiac
Pressure Resistance Variability Pressure Index

June 09, 2020

Cust

EWS (4) - Suspected deterior

June 08, 2020

Suspected Pneumonia

bb5543

Mufti-p{e vitals gr;plw |I " " |
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Monitoring
n progress.




Hypertension

AHA Journals Journal Information All Issues Subjects Features Resources & Ed

Home > Hypertension > Vol. 75, No. 6 > Nonvalidated Home Blood Pressure Devices Dominate the Online Marketplace in Australia

of’ FREE ACCESS Nonvalidated Home Blood Pressure Devices Dominate the Online
RESEARCH ARTICLE Marketplace in Australia

Major Implications for Cardiovascular Risk Management

Dean S. Picone, Rewati A. Deshpande, Martin G. Schultz, Ricardo Fonseca, Norm R.C. Campbell, Christian Delles, Mich
Aletta E. Schutte, George Stergiou, Raj Padwal, Xin-Hua Zhang, James E. Sharman =]

BP Devices Available for Online Purchase

TR \

278

Upper Arm Cuff Wrist Cuff Wristband Wearable
Devices Devices Devices

! ! !

51 13
(18.3%) (8.0%)

Proven Accurate According 1o

International VValidation Standards, n
Picone DS, et al. Hypertension. 2020 Jun;75(6):1593-1599



Validation

 When you calibrate a cuffless device, you essentially tell the device
your BP measurement, and it uses this as a reference. The cuffless
device will pass the universal validation protocol because it
repeatedly shows the calibrated BP...

* A cuffless device must prove that it can track BP changes using an
established protocol — this is the most important as well as the

trickiest part of evaluating cuffless BP devices.

* There are two types of tests we need to assess any kind of
technology: |lab tests and clinical field tests. You may have a device
that is accurate under sterilized research conditions, but | also need a
clinical field test to see whether it works for my needs.




\ﬂ Reference Mercury

Sphygmomanometer

Validation
IEEE Standard for Wearable, Cuffless BP Measuring Devices jigs

Concerning the special feature of the cuffless BP measuring devices, where the calibration efficacy would )
greatly influence the device accuracy. the validation procedures are considerably different from that of the
cuft-based devices. For each subject, the procedure 1s broken down into three levels1static test2test with
BP change from the calibration point, and%est after a certain period of time from calibration. Practitioners
should properly design their validation protocol to cover the validation from each of the three levels.

Posture of subject during validation test

Posture of test subjects largely affect the level and accuracy of BP measurements and thus become a crucial
factor for device validation test. In this version, the standard provides the test procedure only based on the
static condition (see 4.2.2). This standard does not provide recommendations or test methods for
performance evaluation of wearable cuffless BP measurement devices during postures other than sitting. If
a manufacturer intends for their device to be used in postures other than sitting. the performance during
those postures may need to be evaluated in addition to the requirements in this standard. Although the
cuffless BP monitoring devices may provide measurements in dynamic conditions such as working and
exercises, there 1s currently no recognized method for stable and accurate measurements for reference
devices (cuffed BP monitors) in the dynamic conditions. Therefore, the dynamic test conditions will be
covered 1n a later version of standard.
Wearable Cuffless BP Monitors Working Group: IEEE Standard for Wearable, Cuffless Blood Pressure Measuring Devices —Amendment 1, New York, IEEE, 2019




Consensus Document

ESH

2021 European Society of Hypertension practice
ouidelines for otfice and out-of-oftice blood

pressure measurement
SECTION 8: CUFFLESS WEARABLE BP
MONITORS [18]

A large number of cuffless wearable (wrist-band) devices
are available on the mzlu‘k-z:l claiming that 11‘1(;}-' accurately
measure BP. These devices have a sensor, which evaluates

the pulsation of arterioles and estimate BP based on pulse
wave velocity, or other technologies. Cuffless wearable
devices have great potential as they can obtain multiple
or even continuous BP measurements for days or weeks
without the disturbance of cuff-induced limb compression.
The assessment of the accuracy of cuffless devices requires
the use of a validation protocol, which is specific for these
devices and includes procedures additional to those used
for conventional cuff-devices. At present, the accuracy and
usefulness of cuffless devices are uncertain. Therefore, they
should not be used for diagnostic or treatment decisions.
Stergiou GS, et al. ] Hypertens. 2021 Mar 11

COR LOE RECOMMENDATION

1. In adults, the use of cuffless BP de-
3: No Benefit  C-LD vices is not recommended for the

diagnosis or management of high
BP."

ACC/AHA 2025



The Apple Watch

* The Apple Watch (Series 9/10/11, Ultra
2/3) features a hypertension notification

: Possible

system with a and a Hypertension
specificity of 92.3%. Patterns related to

. Thic imd e : hypertension have
ThIS |nd|§ates a low sensitivity, meaning been iddliifiod in the
it may miss about 60% of cases, while last 30 days of your
the high specificity results in few false ~heart data.
alarms. You should discuss

e |ti i i “his with vour doctor
t.IS de5|.gned for screening, not \ -
diagnosis.

w"m %«* 5
LB,



Prognostic value?

* It might take 20 years of research to know what a new
measurement meant in terms of clinical outcomes

* We had been working with the auscultatory method for
many yvears, when oscillometry appeared. The developers
realized that in order to be successful, they had to replicate
the numbers that auscultation gives



Perspectives

* A 24/7 BP device would be an excellent candidate to not only
provide an alternative to HBPM/ABPM in terms of cost-
efficiency and patient adherence but also to extend existing
use-cases by providing insights into individual daily, monthly
and yearly BP rhythms.

* This would enable the first-ever large-scale phenotyping of
populations in addition to driving personalized approaches
for the diagnosis and the management of HTN.




Conclusion

* We are at a momentum of change in healthcare due to
* Improvement of informatics performance and algorithm effectiveness
Better acceptation from patients and professionals
Interest of regulatory authorities
Change from randomized to real life studies
Change of payment modalities (from pay for therapy / pay for effective service)
* Need of distancing due to COVID

* The question of reorganization of healthcare is crucial.

* Digitalization should not be defined only by it’s medical dimension but with
a 360° approach (patient/pathways/costs/datascience/effectiveness).

* Digitalization is mandatory but has to be support by national authorities.



There is no limit...

measure records chart more

Auscultatory sounds strength (used by doctors)
+ '

Cutf pressure oscillation (used by most auto BPMs)
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Technology is not the panacea for the healthcare
industry... but it is part of the solution!
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