B TEXRF HEJKRIN)

FITREPO

eI O JFRIBALERIM TR AT LRREME —BEHREL
Title IREBEERAVAR) 12— L0520 TERICE T ST HBIARMED
REERICET S FIRRE —

Author(s) [Z Z0tW

Citation BEIRXRKXFRESMREBARARA®R %25 PI9-P103

Issue Date |2020-2

URI http://hdl.handle.net/11478/1490
Right
Type Departmental Bulletin Paper

Textversion |Publisher

Fukuoka Institute of Technology



http://hdl.handle.net/11478/1490

] TEERFWFIEFTET R (2019)

e D HER EAYEREI LRI S 2 T LB S
—EEMREIREAERZ AR Y 2 — 47 T RSB 5 SR O
RTETE RS 2 TRy —

B (R AR S AT D TR

Development of the Ring-type Non-invasive Continuous Blood Pressure Monitoring System
— A Pilot Study on the Determination Method of Mean Arterial Pressure Based on the Volume Clamp
Method Using the Modified Normalized Pulse Volume —

Jihyoung LEE (Department of Information and Systems Engineering, Faculty of Information Engineering)

Abstract

Along with the development of non-invasive techniques for the high accuracy measurement of blood pressure on the finger, the

investigation of finger pulse volume (PV) variability has been attracted considerable interest. Modified normalized pulse volume

(mNPV) has the potential to be a practical index for the determination method of mean arterial pressure (MAP) based on the

volume clamp method due to its very sensitive to vasoconstrictor stimuli on the finger. However, MAP derived by mNPV has not

yet been investigated. Therefore, we compared MAP measured by sphygmomanometer as a reference, with MAP derived by the

PV and mNPV using the developed prototype system during baseline in ten young subjects. The results gave mean differences in
Bland-Altman plots between the measured MAP and MAP derived by PV and mNPV of 1.86 + 6.49 (standard deviation) and
—2.54 + 8.12, respectively. mNPV is discussed in terms of the availability for determination of MAP based on VCM. In

conclusion, mNPV is a valid approach, which might be useful for the calibration index of MAP derived by PV.

Keywords : modified normalized pulse volume, pulse volume, mean arterial pressure, finger photo-photoplethysmogram

1. XC®IZ

FHBIRO MK & O LB % Yo CHHl L mE 2 FH5 %
FHETHBHHRY 2—2457 77k (volume clamp method;
VCM) 1% @2, 1 442 & ORRENC G do8 CHkEAIC fiLE D
ZALRFHARRETH VD, BRRCWFE B L OVE #AETG I
B 5 IR BER L 0 FHRIVE & LT Portapres (Finapres
Medical Systems BV, Netherlands) ©% + CNAP Monitor
500 (CNSystems, Austria) 7 72 E D 27 Mi#H &
TWp ®, —J5, FHRERO MAFEEME (ARICITmE
JRER X OUMENMEIZ L > ThE 2> T I TV AB LW
MEBRPZTES D Z LI2X - T, TRIEHEROEF A
F = X LS MATENRE Z il TI2ERD) 18 X A RER T3 #
HENTEY W, Ko RFHBREICRT D IMERH O
B ECRIEIEIZRE LR E E > TV 5,

VCM (2817 2 FHEhRIME (mean arterial pressure;
MAP) ¥, FHEBIRICE T 2 HEEHFENKIE (photo-
plethysmogram; PPG) DfJk&E#RIE (pulse volume; PV) %
#4%20 (alternating current; ac) %% (PPGac) DIEHE
BECRIZIR DR DO TR 7 ENETRO TN D @, Zo

AR A FHIFELICRE U CRGRIZ R WS, FHIl R T A
(281 5 PPGac 132t 0B DO(F 5% 100 {5 0L _EHEIE
LT 5 7o Do 7 M O RAEZ I 5 U THURIC A B &
bo EBIT, MABIHEIC XY PPGac DIE B RS 13 D72 7
> T (RIETEO PV IEA), HKIRIRIZ 72 2 W 2 BRI i
HT 20088 LSR5, 20k RFHHBREICL-TAED
5 &I 72 & o E REDZ LA VEM 1235 1T 5 MAP &
M7 —OFRE 722 OW, 22 TAREFFETIE, MAP #ih
FREETN B2 T, M IREE A 58 L7z MAP BRitiEIZ D\ T
TR EAT 272,

ARFFECTHH L= TER, a7 RLF U U X 2 RIS
BOREOE L L Clibil b E1E & iz LIRS 2 5
(modified normalized pulse volume; mNPV) 12 % JL#E b
L7z MAP #:H1E5CTH 5, mNPV %, PPG 22645415 PV
L M7 & OO psy Th D PPGde DHEIV RHIC KV &
20T, VAT LOWIERIZEDZEN DR 2D
EBRE SN TWS, £/, PV X0 2ORR M BT & R
<, MBI L BRI OSSR Ch D, T/
PbH, mNPV ZHWAEZ LI Ty AT LADOMIERIZ L
LT 7 =2 L, FHEEE & mERHEC X 2 mEE

- 99 -



&

BAHeR =4, MAP MIBEREICRATREZ & B2 b
B, L LN D, 2N E TOMIET mNPV % /- MAP
BB OV TR SR T2 Aad oz, £ 2 TRIFET
1%, PV & mNPV ##% L L THEI L MAP & bt
& LCEHAIL 72 MAP D&% 558 LC, MAP Iz}
LRAARMEE WO BREN O BEEITo T,

2. mNPV

mNPV % 12, £5F 774 R+ Z2~UL k « R— )LDk
A (BGEL O 8 2 BRI A Lz A & R 2 %R Lt;‘c
B HEA) & HICH S PPG (2 361T 2RO IAELIC
% PPGac & 17 &% Otz £ 5 PPGde OBfRAR (1)
L LD SITV S,

mNPV = APPGac/PPGde 6Y)

A (1) @ APPGac % PPGac »ZE#E &, I 7% PPGac
O (LaZ L omEEE L KIEEDE) ThY, PV L[H
UE%TH 5, FiC, MAEINHFEIC X 2WEEORED 1T PPGac
WiE DA & PPGde DI (K - B S Do
o &7y, X () IZfRAT D E mNPV 28 PV LY Mm%
WHRICBUK T D 2 L3 B 1218 (i VEEIE 2 BUR 2 e
T 6%5@%753‘@%*@?5%%5%: FTIERL, HoOMEn%
EHIBhARDS & 2 BBALIC % mNPV (25} LT 24050
FEEHTVWA, 6T, y‘mﬁﬁﬂ%%ﬁbk%—?774’ N
T UYL ks R L OIERNZ RSV TV S 720, PPG ICE
7% LED & PD Ot R EICE D ST TRETH
v, TOFAESVTHLH LIRS TND 12,

8. BHAIZRE L EBRGE

AE AT A (K1 (a) I228R) (2ix 1419 W - R
FOBHEER <~ 7 o7 o7 (MZB304, WAHEET) &
BR#h K< 1 »N— (LT3572, Linear Technology Corp.) K&
vy RENE Y (2SMPP-02, A 20 ) RE#H S
TWb, £72, PPG 0= E LY (K1 (b)
Z M . light emitting diode (LED) & photodiode (PD)) |
e L LT %A (LED & PD TEZ2#LNTH
D, fea i L CH A HELE A LED ORCHICdH 5 PD T
%) 617 Y AF=) (PD % HE#E L U CHIEIC LED
PRET LA THY, AENTROER I EHA L D EW)
a8 T4ty (PD & LED %[ —Fifi EicfidiEd 52X Th
D, EEANSEELEIN DN E EERE DK S b
% PD TH%) ICEREINTND

3.1 ERBmE

ARERRIE, BABME 104 (P @ 22.58 £ 3.82 S.D.5%)
WXL T, RFRICHET 2o EREFHAZITD, &
MA~OAEBEMEZ CERBLOOEICTRAL, ERICCHE
R ETCER LT, £, ~ VU ESORBMICHIY

(a) system block diagram

micro-blower 1.5V
driver re3fl?1]tor_; battery
—  (LT3572) & A
PWM A
micro-controller
ir-ouft (dsPICW33EPSIZMCB06) | £ | )
ADC i |convertor
I} | pressure (ESZIT)

L > notch

8 ﬂ T 2smpp-02) filter =
hotodiode (€[ LED driver | |
photodiode v PPe +

filter ] P
Jrep T > 1
(b) finger sensor module transmission
configration

finger air-cuff & photo sensor
(LED, photodiode)

side-incident
configration

reflection
configration

1 R AT o077 my 7 (a) ROUGEL - F03#
N TV 7BV RV 2= EZORE (b).
Fig. 1. The block diagram for prototype system (a), Finger
cuff sensor module with the position of LED and PD (b).

B TERFOEMMHHEFEEZESNLKR IR TND
(No.4 , 2018. 3, KFHEBEDI=DO DWEEFEA TV ~—:/7 v
AT B OFFGERRFE B OFTH)

3.2 IR E

ARFEERIT, RIE AT AL MEMOFERE L L CARKE®R
F=4 (MR TM-2571, =— - 7> K« TA0R) =M
WT PPG K MILEFHIIER 21T o 72, BIET 2T 20
ThHIEN 7 DJEEET) (finger cuff pressure; FCP),
PPGac, PPGdc ®»7 7 rZ71E51% 16 £'> b AD Z#ids

(PCIe-6321, National Instruments Corp.) ZMHW\TT
HNAGHNCER LT, Vo7V T EE L 1kHz TH Y,
HFH LRI PC 2N L TCERECRFEIND

(LabVIEW 2018, National Instruments Corp.), AA&IH
WE=X1L, EBECIT D MAP 25 C%, FidkL7,

3.3. ZBTFIE

FHHFEER L, M T3R5 B 7050 OZEHFETITo 72,
WEREIXFEREICAEL, MTHICER L%, 2hfho
T 7 EEEE LT, ARERE=ZON 73D BRI SN
TEEITV, BIEV AT ADES 7134 FHRISE W TE
WMEITo7-, 610, RIEVAT LDOERD 7OMBEIL, &
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e o> 1R BRI

JEFHRIS 27 WBRFERTSE

WIERT =X ORI 7OMELFEUESITRD LISl
ehAT -T2, FHAEEE Z3EE%, 5 oMoKE LR T,
L LT RRE © 2 B o R EH 21T - 7=,

3.4 T — XMt

BIEV AT JMZBTF LT XK LT, W2 RO
[RA > 7L 2)5% (infinite impulse response; IIR) T 3 ¥
T 4 VI (FCP 7 —# 121X 0.1 Hz m— /827 4 L4,
PPGacT — #1212 0.5 ~30 Hz X K 82X 7 ¢ L4, PPGdc
F—HZZ21205 Hz u—/ A7 4 V%) #Li-, £7-, 11
Z &L PV & PPGde £ HWT mNPV #8H L, BEMH
T D FCP #JEMEIZHE LT |, #E oo R 2
\Z FCP O EZ{T o7z,

HH L7 PV & mNPV 225, PV 23 K& T mNPV 723
/R DO FCP % MAP L L CEH L, &6i, B
H L7 MAP & JEHEL UCEHII L 72 MAPIZXF LT, Z%K
DIEHE(FZE (standard deviation; S.D.) fl& il L, 47
IohriE & U C Bland-Altman f#dT 19 247577,

4. FER

4.1 FHAIPE

21%, RIET 2T AI2ET D FCP, PPGde, PPGac @
BUHY 72 0% 38 2 3l - 7 FHANE T R OV O TE D bR L7z
mNPV OB TH D, BANIEWVEETH 7 Z2MEL, FCP
23%) 20 mmHg M2 RSN HITNEE o B LIH
SOMENLZEIND LS 3 WM 7 EhEMFT5, £
D%, —ERMEEE T FCP % EiF 5 L PPGac $RIEA &
AMELKEL Y (30 BLHETOHEE), FCP 3 MAP % #
Z2% & PPGac IRIEN EA EA/NEL 725 (30 FLIBEDW
). PPGdc i, 20 ®LAKES FCP LRI U L 5L <
BY, PPGac & BT DNRE S bR TE D, —F, #
IER @ PPGace 13 (150 %), 20 B IXHIX 26 XM D
WA EN L 5 IR B X 12 b BURIC KIS T2 D¢, MAP
BHOTI7—DRREERDGELH D,

42 PV & mNPV Z#E¥EL UCHEI L7z MAP

31, RIEV AT AIZEBITSH PV & mNPV & HHEL
LCHEH L MAP &bl L UCEHIIL 72 MAP (12%f
9% Bland-Altman 7' 7 v N &ZNERT, 2hb O

BT DT Y o OMBRKIE, £hEi r=0.89, 0.87,
\H B2 MBEBRIR D bk o7z,

PV # A4 L UCTHE L7z MAP &5 L 72 MAP @ %#k
FRFE (—EOMIN & F£f o 723875 722D 1Y) 75 1.86 mmHg,
BRRAE FRAEDFTARMM ; 7220 S.D.0 1.96 fi7) 13+ 12.71
mmHg TH Y (Z?D SD.2N+ 6.49 mmHg), [the
Medical
Instrumentation criteria for sphygmomanometers| D7F
REMTH D ZOFEH 5 mmHg, 20 S.D.72%+ 8 mmHg
A ) A2 LTV, —J, mNPV 258 E LCRIHL

Association for the Advancement of

typical recordings

’ sub. 08, male, 21years |

150 —
o :measured MAP (TM-2571)
5~ i : 82 mmHg
5 2201001
S %o icalculated MAP
@rE <1 77.85 mmHg oo
s & : !
5= 507 i i
° 0 < VAR 20 mmHg
800 T 0.5 Hz low pass ﬁlterfed PPGdc
SE g A1 i
:E I'QE) % 600
3 2 5 400 1
=
08 =
&7F S 200
0
800 T~ 0 5 ~30Hz band pass filtered PPGac
555 40+ | h R
£33 f |
=2E d AN i \Juul\}wlvl;
& -é < W UWUUU
& @ 8 -400 4= maximum PV
-800 -
-1200 + i
| R R R S
I N I IR B SR N
0 5 10 15 20 25 30 35 40 45
time (s)
3 ﬁ % -4 000000000@00000000
> g ED -5 WOMO"“OM ] bb\q
% ﬂé ‘g 6 maximum mNPV y
£% 3 = b
. -7
2 FAETRT LITIIT B MU 220t 2 5 o 72 FHIE

KOV 141Z L @ mNPV.
Fig. 2. Typical recordings measured by prototype system.
mNPV=modified normalized pulse volume,

a.u.=arbitrary unit.

7= MAP &3l L7= MAP O A#i8#23- 2.54 mmHg, 1
RIAZEN: 1592 mmHg TH Y (EZD S.D.23+ 812
mmHg), FFEFMFEMIZ SRV LAV

mNPV %z 2E# L UCHH L7z MAP 2° 5 PV wHEMEL L
THH L7z MAP %31\ /= fEid— 4.39 mmHg TH Y, =D
S.D.I3+ 5.27 mmHg 72~ 7=,

5. EBE

AWFZEE, FHREBIRO Mk & DL 46 TR L Tl
JEA T 2 VCMIZ I8 2 M8 I 2 Sk L 72 MAP #i
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(a) calculated MAP based on PV

2 g 30

g § bias 1.86 £ 12.71 (1.96 S.D.)

g &8

§% E IS4 s P +1.96 S.D.
$2 8 2h%e . o

235 ol —aie e
SZ5 o

o . -1.96 S.D
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s &
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o2

s ettt

|
50 75 100 125 150
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calculated MAP
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(b) calculated MAP based on mNPV

2oy 30T

£ 5 bias -2.54 £ 15.92 (1.96 S.D.)

E &

172) [} 15 —

828 U e . +1.96 S.D.

§§ % ° ‘6069 Ooc? ° [}

DA 4 o 0o o

<§C %é 0 o &— mean

G § = go S ¢ &

°o'x © °°

3 TR e T -1.96 S.D.
Q

g g S.D. error = 8.12

% Y30 | | | |

| 1
50 75 100 125 150

average of MAP values (mmHg)
calculated MAP
and maesured MAP as a reference

3 PV (a) & mNPV (b) #HAHEL L THHLIEICE
75 MAP & bb#g e L UCEHAIL 72 Bz 3517 2 MAP @
Bland-Altman N7 & FRZE0HT.

Fig. 3. S.D. error and Bland-Altman plots; the calculated
MAP based on the PV (a) and mNPV (b) derived from the
finger PPG versus the MAP measured from the arm
using a sphygmomanometer (TM-2571). MAP= mean
arterial pressure, PPG= photoplethysmogram, PV= pulse
volume, mNPV= modified normalized pulse volume,

S.D.= standard deviation.

FEEOYEZ AT, mNPV 2554 E L7z MAP fHikickt
L CPiffRat 217 o 7o, i EHETH 23 L7 MAP &b
T, #H#ED SD.3+ 8.12 mmHg THY (M3 (b) I
M), mMJEFOFFRSM (S.D.23+ 8 mmHg Kiii) #4 L.k
[l2 2 ERNahotz, LL, ZOFEN-2.54 mmHg T
HY (X3 (b) M), PV 2L LCHE L MAP

LEHH L 72 MAP O ZEDO A 1.86 mmHg Th 5 (1K 3(a)
ICBM) Z &5, VCMIZEBIT 5 MAP MH O EEE L
THRIHAFEECTH DL Z R EXLND, Thbb, MmEIE
IZE > T mNPV %L Lz MAP i3IBS N R 2 5
DT, PV ZIEHEL LI MAP B OBN E L IEATRESS & &
ZoN5, 2L, REBRTITLH L TSR T MAP %
AL CRY, EEFERER I LD MERHRIL T
MAP #: HifE BRI H2MT R TORYY, AEBROFERT
1%, VCM » MAP #iEic B 5 mNPV oF fAtEico»
TWIETHONREE LV, mNPV ZHHEL L7z MAP #iH
FBICITMENFEA MR ENTEBY, Z0XH%RZ b
VCM (28} B ik ML E 72 & o i [ERE O IERE & L TH
MRt t+ad o B2 6D,

PV 22V OREUANOENIZH DD (K 2128H), &%
HRRIL T VCM (281 5 MAP MiidEsE L L CIE#ET&
DIEETHDHZ ENHD (D S.D.3+ 6.49 mmHg),
2MOMERTES L 91T, 20+ 26+ 32+ 37T HOXRET PV
DEMRLHAD T DL ENE LD, 20k ) hiEs &
MR 70 SRS & B 2 HivD, BRSNS E VW PPGac 13,
R EDOT —F 777 b (A RO~ CEEE
ZFRTWVWL, T4 X =R EDEBFRBIC LD /) A XbR
ELRARH D ZERWESNTNDE 19, Z X5 ekk
B, ERDLTIZ VCM I231F 5 MAP kg JhvE &
LTI PVRHEYITHD EEX DD,

mNPV Z 8L UCHHE L= MAP 28 PV 2k L LT
BH L7 MAP LV 4.39 mmHg EVWMETH 7=, 2Dk
2 IpAERIE, mNPV B3I INHEIZ PV KV BUETH L0 5
TH5H, mNPV I, MENGHEIZ X > TPV OB 7T Tk
72<, PPGde #1925 DT, MERBEDZALITHT DK
IEABIRTH Y R AN D 12 KERT, LEHIRET
Fhi L7z 72 8, FIZ PV OFRKIE E mNPV O A E2FE U
B bR EN, MAP IZENRLNRD -T2, —H#f
DOYWERE D> 51E 16.16 mmHg OENHGR SNz, 2D &)
IERNG, AEAENTIEIA P L ARLREEIC L > T
BRENET 20T, XOBERV MAP 2319572
DIZmNPV 25T A2 b —oDFHLIZEEZEx LD,

SHOFRTIX, FHFIEMRELR & B IHESE T 55
BT CTPVSmNPV ZH# L LTCHI LA MAP, X561
B MU & e e 2 IR E ™ 2 FIEIC OV T h RT3
LEZoND,

6. fE

AWFFETIZ, mNPV # K%L L7z VCM 281575 MAP
DEEIEIZ OO T PG 21T > 7, £ ORER, kD)
HEEDIC PV 2L L TR L. MAP ORENE <,
mNPV % HAE L U TR Lz MAP I3EHE L U723HII MAP
L DRBRENRENoTe, LMLARN DL, mNPV Z#5#EL L
7= MAP (3 I 7 & EREEA K S TR Y, VCM
(281 % MAP SR O Eo70), BIEFRIE L LTHIA
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