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rHypertension

o Hypertension(high blood pressure)
; an important public-health challenge worldwide
® In 2000, the estimated number of hypertensive was 972 million
(26.4% of the adult population)*

® Importance

High frequency
A major modifiable risk factor for cardiovascular and kidney disease

- about 62% of strokes and 49% of heart attacks caused by

hypertension**
- 7.1million/year die from hypertension
(about 13% of the total fatality)**
® Called “the silent killer” because most people have no signs or
symptoms
More than 30% of hypertensive are still unaware

* Kearney RM., et al., "Global burden of hypertension : analysis of worldwide data’ Lancet 2005.
** WHO, “"Preventing chronic diseases. a vital investment’, World Health Organization, 2005.




O Auscultatory method(manual)
© Regarded as the gold standard for BP measurement since 1905
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O Auscultatory method(manual)
© Korotkoff sound
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NIBP measuring method

O Oscillometric method(automatic)

® The observation of oscillations in the cuff pressure which are
caused by the oscillations of blood flow, i.e. the pulse

® Using electronic pressure sensor(transducer) to observe cuff
pressure oscillations

® Automatic inflation deflation of the cuff.
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CBPM vs HBPM and ABPM

ABPM(Ambulatory BPM)
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CBPM(Clinical BPM) HBPM(Home BPM)
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3 Oscillometric method

Auscultation method

o Often inadequate(even misleading) o Eliminate the white coat effect

to represent a patient’s true BP o Helpful to the assessment of clinic
status effects, drug effects, and work

® White coat effect influence on BP

© Single snapshot reading O Better predict cardiovascular

events and mortality

Imai Y., “"Prognostic significance of ambulatory blood pressure’, Blood Press Monit, 1999
McGrath B.R, "Ambulatory blood pressure monitoring’, Med J Aust, 2002. 7

Drawbacks of HBPM(ABPM)/Overcoming

/ \ © Small cuff based NIBP
icﬂethod Do%-ed Mon!!

CharmCare co., H2 uMedix co.

S

Omron, Project zero

o Cuffless NIBP
- PTT(PAT, PWV) based
Need=salibration!!

© With an inflatable cuff during
measurement
© Intolerable the cuff pressure, particularly
those who very high BP and who need
frequently repeated readings
© Bruising under the inflating cuff may occur

© Sleep disturbance
Qcapable of recording the time varying
B
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UMEDIX Co. Ltd

© Non-invasive continuous blood pressure monitoring

a 24-hour ambulatory blood pressure monitoring
Wireless Raw Wireless BP
Data Transfer Data Transfer
(Bluetooth) (Cellular/WiFi)
1. Raw data gathering 2. BP data extraction 3. 24-hour BP records

[watch-type BP module] ‘ [smartphone] [Network server]

b

Readout Circuits

Bluetooth Module BP Sen®®

Voltage Regulator Band

S.H. Woo, et. al, "Tissue-Informative Mechanism for wearable non-invasive continuous blood pressure
mon/tor/ng, Scientific Reports, 2014

UMEDIX Co. Ltd
o Principle of tissue-informative blood-pressure measurement

a = TransferFu Transfer Functions: Hew

Subcutaneous
Tissue.

Amplifiers | Analog-to- | |
+ Digital
I Filters. Converter I

Sensor Module

D2(p)
Spring & Dashpot Model
Figure 1| Principle of tissue-i ive blood-p: (a) view of tissue-informative inblood pressure (BP)
of the radial artery. X is radial artery’s pressure, P is pressure input to the pressure sensor, and Y is the final digitized output of the measurement module.
(b) Vertical view from the skin to the radial artery. Sub us tissue is sand; d in-b the radial artery’s blood pressure and external 10

atmospheric pressure. (c) Spring and dashpot model to mimic the BP measurement.
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o Experimental proofs of tissue-informative mechanism
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O Recursive tracking of blood-pressure measurement

AY
Recursive Tracking
for Slope(X,.,,) Extraction
Poress
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Absolute Blood Pressure
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Sensor Data Reading
(Ppress, Paum, Y)

Slope Calculation of AY-Pg,... Curve
AY = HsmHst AX, Hst = Hsto+ K Xavg (Ppress+Patm=Po)
(Experimental constants : k=1.88x10'5, Po=807)
Slope = Hew (k Xag) AX

Extraction of Xays from AY-Ppess Curve Slope
Xavg = (Slope / AXpre Hsm)/ k- (AXpre: previous AX)

Extraction of AX from Measured AY
AX = AY / [ Hsm (Hsto + K Xavg (Ppress+Patm=Po)]

Decision of Xmax & Xmin from AX & Xavg
Xmax = Xavg+ AX B/(ct+B)
Xemin = Xavg = AX a/(a+B)

Display of Measured Blood Pressure
(Xmax, Xmin & Xave)

No

C END D)
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AY

Recursive tracking of blood-pressure measurement

Recursive Tracking
for Slope(X,,,;) Extraction

Reconstruction of
Absolute Blood Pressure
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Ppress

UMEDIX Co. Ltd.
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‘ START )
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Sensor Data Reading /
(Ppress, Parm, Y) /

Slope Calculation of AY-P,.. Curve
AY = HsmHsr AX, Hst = Hsro+ K Xavg (Ppress*+Patm-Po)
(Experimental constants : k=1.88x10 =k Po=807)
Slope = Hom (K Xayg)AX

Xavg = (Slope / AXpre Hsm)/ k  (AXpre: previous AX)

Extraction of Xays from AY-Ppesc Curve Slope ‘

Extraction of AX from Measured AY
AX = AY / [ Hsm (Hsto+ K Xavg (Poress*+Patm-Po)]

Xmax = Xavg + AX B/(ct+B)

Decision of Xmax & Xmin from AX & Xavg
Xunin = Xavg - AX a/(a+B)

Display of Measured Blood Pressure /
(Xmaxy Xemin & Xavg) /

Continue?

e
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Last Connert Device Other Device

Bluetooth connect

Device Choice

UMEDIX Co. Ltd.
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Small cuff wearable NIBP example

o HZ? Care o Project zero 2.0, Omron
®The wearable blood pressure ®Conventional wrist BPM+Smart
monitor watch

BP, HR, AT(activity tracker)

” MATERIAL OF BAND
siicone
- @ EMBOSSING BAND
Improve woaring sensation
Anti-swoat
,,,,,,

£20 X9 X 180 mm / 210mm / 240mm.
(Slevel, Smm eachy Glevel / Glevel

y

Inflatable Cuff
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Cuffless NIBP (Freescan)

>

O Freescan, Maisense

® PTT based : ECG and Pulse(no PPG)
ECG : RA(Al), LA(B), RL(A2, Driven Right Leg ; noise suppression)
Pulse : Pressure sensor(w/o PPG)

X ECG WJW

® Pulse . J

Pulse indicator

ECG sensor A1/

l

Pulse sensor

Start button ECG sensor B
LED Display ECG sensor A2
Power / Set button
Up button Micro USB port /
Reset hole

Down button
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Cuffless NIBP (Scout™)

O Scanadu, Scout

© A scanner packed with sensors that enables subjects to capture
various physiological data

Blood pressure using PTT, HR, Temp., SpO2

Acrylic Window

SPO2 Sensors
Red LED & IRLED

Photodiode A 3
Temperature Sensor_—
IR Thermometer
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Cuffless NIBP_smart devices

© Only PPG(photoplethysmograph)

Directly applicable to smart watches or smartphones +App
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Kengo A., et al., YCuffless blood pressure estimation based on data-oriented continuous health monitoring system?’, Comp Math meth

in Med, 2017 18




Validation of the NIBP devices

N
Standard

o ANSI/AAMI SP10
® 2002 and Amendment 1:2003

® Manual, electronic or automated sphygmomanometers e
amendment)

© Two observer(average)
©® Direct or Auscultatory as Reference

UNBER STATIC STATE

© SBP: 10%<100mmHg, 10%>160mmHg
© DBP: 10%<60mmHg, 10%>100mmHg

® Accuracy :
©® Mean Error: <+5mmHg
® Standard deviation: < 8mmHg

o ESH(2002, IP-2(2010))
® 33 subjects/99pairs of data / Auscultatory as reference
sequential(4 auscultatory, 3 test device)
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Validation of the NIBP devices

o IEEE Std 1708™ - 2014
© IEEE Standard for Wearable, Cuffless BP measuring devices
® Auscultatory as reference
® Subjects

Number of subjects: 45 (20 subjects for Phase 1; 25 subjects for Phase 2)
Blood pressure ranges:

Blood pressure Systolic blood Diastolic blood Subjects in Subjects in

classification pressure (mmHg) pressure (mmHg) Phase 1 Phase 2

Normal <120 and =80 S =6
Prehypertension 120-139 or 80-89 5 =6
Stage 1 hypertension 140-160 or 90-100 5 =6
Stage 2 hypertension =160 or =100 5 =6
Gender:
At least 22 males and 22 females
Age:
All subjects should be aged between 18 and 65 years old.

IEEFE Std 1708-2014, IEEE Standard for Wearable, Cuffless Blood Pressure Monitoring Devices, 2014

20




Validation of the NIBP devices

o IEEE Std 1708™ - 2014
© Validation procedure
> Static test(N=45*3times=135 pairs)
© Test with blood pressure change(N=45*3times=135pairs)

Changes of blood pressure from the point of calibration (mmHg)

(at least)

Systolic blood pressure -30—-15 -15-0 0-15 15-30
Diastolic blood pressure -20--10 -10-0 0-10 10 -20
Required percentage of samples 13.6% 34.1% 34.1% 13.6%

calibration point.

© Test after a certain period of time(N=45*3times=135pairs)
® Cover a sufficient period of time
© Before next time of calibration

“Blood pressure change refers to the reference reading measured by the observers minus the value of at the
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Auscultatory method : Limitations

o Gold standard

© As reference in AAMI SP10 & IEEE Std 1708™
O Limitations

® Only trained observer

® Subjective Assessment

® Very strict conditions

® Accuracy: correlated with hearing loss of observer
ey EXG@Mple

1‘3* -6mmHg = The auscultatory method is known to

o If the error of blood pressure measure

+16mmHg

underestimate SBP and overestimate DBP
than in relation to intra-arterial pressure.

ment

occurring by hearing loss is added, error due
to intra-arterial pressure can be magnified.

Hunyor SN, et. al. "Comparison of performance of various sphygmomanometers with intra-arterial blood-pressure Readings”. Br Med J. 1978 22




Hearing loss of observer

€ Hearing loss simulator

| 7273dB I -72.73dB &
In1 Outt 1
_1:0§°_Test_De§toums09_le (4330.12) '{0.00023094} CD
: 9000 Hz, 1

bit. monsc 1 | dB Gain dB Gaint
Hearing Loss Simulator

From Multmedia File

Stop Simulation

Manual Switch To Workspace

Change Input Soun:el Modify Hearing Lossl

dB SPL Hearing Loss
o K-sound data was attenuated to hearing loss of -
5dB per unit from 0dB to -25dB. -
© 5 normal hearing observers measured attenuated .
BP data. w
30
T 20 250 500 750 ‘w 15k 2 3 4 5
"Tz: = B
i

J.S. Lee, et. al, "Does the accuracy of blood pressure measurement correlate with hearing loss of the
observer?” BPM, 2014 23

Hearing loss of observer

o Data set A: BHS BP educational video

B o Socioy o 32 recorded K-sound and pressure

= video clips for the interactive tutorials
on auscultatory technique (average
SBP 164 £ 37 mmHg, average DBP
101 + 17 mmHg)

materiale

The corroct anwer - 194 64.96 .
The usject 1 sun

o Data set B: DS-I(Digital Spygmocorder I)
® Digital sphygmocorder developed in Hanyang University
Total 28 subjects (16 males, 12 females, average age 51 + 16
SBP 132 + 29 mmHg, average DBP 82 + 20 mmHQ)

24




O Results

® Data set A: BHS BP educational video
SBP (Data setA) DBP (Data setA)
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® Data set B: DS-I(Digital Spygmocorder I)
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Hearing loss of observer

O Discussion

® ISO standardization normal hearing
: under 25dB hearing loss(500Hz, 1kHz, 2kHz)

® 40 dB hearing loss is called as socially serviceable hearing level for
normal social life.

=>» These guides mean that hearing level test and standards are
determined for speech perception; therefore, that is inappropriate
standards for peculiar sounds in low frequency bands like Korotkoff
sound.

® Under 25dB hearing loss level is classified as normal hearing and
shows no problem in daily life,
but, it can lead to wrong BP assessment in auscultatory method

26




basic components
(A)

K

2,

sleeve

orotkoff sounds

Additional components for DS-II validation
(B)
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(mercury type)

headset 1

/
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cuff pressure
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inflating
pump.
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valve

pressure
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a
CODEC

‘microcontroller }-—{

analog-digital
converter
(ADC)

digital signal processor
(DSP)

Mercury Sleeve
hygmomanometer i i Digital Sphygmocorder I main system Kootk
i (C)
Aneroid )
(] (]
headphone
BP_ACQprogram: | personal | BP_Player program:
data scquisition m"'l';"'" Korotkoff sound M
software ®) player software
—— —

J.5. Lee, et. al, "Digital recording system of sphygmomanometry”, BPM, 2009

24 & sphy

J.5. Lee, et. al, "High fidelity digital recording and p

VY

- Device description and proof of concept”, BPM, 2015
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Blood Pressure Acquisition

Device Validation :
International validation Protocol(IP-2, 2010)
Cooperation with ESH

T
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Seconds ~ Mercury Column Display \—/30 =
Korotkoff Sound Player
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Table 1. Mean and absolute blood pressure differences between observers and between methods

Systolic BP Diastolic BP

mean+SD (mmHg) mean+SD (mmHg)
Difference bemee”ﬂ;’i’émfi‘xi_“gb?g 03213 03218
Absolute difference betweelx;lo—bosgrs‘:r_s;:;igag] 0.7+1.1 13413
Difference between obszvg;;ssxsinf- g:;g 0.1%0.9 _0.3+1.4
Absolute difference between ob]s;otg;)r::s_u:il))bssg 0.320.9 0.8+12
Difference betwe:ll :::;h:;;s_ix; _a:;:aAg; 05422 _0.4+2.0
Absolute difference between methods in average 13419 15413

|m_avgAB —s_avgAB|

BP: blood pressure, m_: measurements using the mercury sphygmomanometer on-site (Hg). s_:
measurements using the DS-II, ObsA: observer A. ObsB: observer B. avgAB: mean of the observers’

measurements.
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Simulator for Validation of NIBP
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Cuf pressure and oscillometric pulses generated by the simulator during the validation of NIBP devices. NIBP, noninvasive blood pressure.

30

63




Sound Pressure Level(dB)

Sound Pressure Level(dB)
o 8 &8 8 8 & 8 %

Korotkoff sounds

Pressure(mmig)
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1st revision: J.S. Lee, et al., "Automatic assessment of blood pressure for Korotkoff Sounds based on Human Hearing threshold’] BPM
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