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( Comparison of peripheral vascular compliance between normal and
diabetic groups using the second derivative of photoplethysmogram )
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Abstract

Recently, the prevalence rate of diabetes in Korea has heen increasing rapidly due to high growth of economy and
changes in dietary lifestyle. Vascular complication is one of diabetic complications which have frequently occurred by
obesity, hyperglycemia and impaired glucose metabolism. Photoplethysmogram(PPG) measured from finger and toe is very
useful for evaluation of vascular aging and sclerosis level since the PPG signal represents characteristics of peripheral
vascular. Several researchers have reported that second derivative of the finger PPG waveform was useful to evaluate
vascular compliance and developed various analysis methods for vascular compliance. However, peripheral vascular
compliance study for diabetic patient was never evaluated by using second derivative of PPG. Therefore, we aimed to
objectively compare and to assess normal(n=50) and diabetic(n=H0) groups vascular compliance using the second derivative
of PPG waveform in this study. The evaluated factors of the second derivative of PPG are 'a’, 'b’, 'c’, 'd’, ‘e’ and b/a
represents vascular compliance. This study found out that when vascular compliance is decreased, the absolute value of
b/a is decreased. The average vascular compliance of 50 diabetic patients with neuropathy, ~1.09£0.14, is statistically lower
than the normal group, -0.8110.09 (p<0.05). In conclusion, we suggest an objective evaluation of peripheral vascular
compliance for diabetic patients and prevention of vascular complication.

Keywords : vascular compliance, vascular complication of diabetes, second derivative of photoplethysmogram

* AR, dAYE e gty AAFTERE AR (Graduate Program in Biomedical Engineering, Yonsei University)
* “3*351%4_, National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba, Japan
A, A A HESAREY Y
(Graduate school of Bio & Information Technology, Hankyung National University)
R, FEOEe gAde g3z
(Dept. of Biomedical Engineering, College of Medicine, Chungbuk National University)
gAY, AN o et a A -DAAF
(Dept. of Medical Engineering, College of Medicine, Yonsei University)
¥ o] EEE HARAR RUEVEIFAY FUE FeXE77] ALAE Yo sty AFHULS
(FATFEE 0 A040032).
Hrdab: 200734927, =Y LB Y 200736€4Y

(250)



16 PPG 2%} 128 018% BANIT Thy BRS YR BHE I 242 9
I.M &8 o4 ¥

A f2vel g FHEELS FA 343 2 1. 48 oY U oa
Aata A go] AT ue WE £E2 F713) AES A HANF HAFE o8 4 A FY
I gk e FHIIe] ALE 4F ol T 4718 Mo, Addy Gy 3z
2t og A4 A vebsd 2 F ougk g TxEW RF HSE FASAT gxAAY R
2¥E, QAR Qe FuHA AFETY 2 2L Nz Ba FY 25 339 AL, A 7
ZE 3 A3o] ol stz Y Aoyl 2R AAYH 5 BE 229 ) 4LE BE 5

4 W ERF 4 dF £59 24 UidE 28 ReBz T FA A ofef, dAHE dE &7
% =Z#(ultrasound doppler), ¥ %23 % (angiogram), 2 3 A3 wrtet 3 A4S SAd 2Fste] AUl
387 3749 (photo-plethysmography: PPG), A7 gEgae =A39).
& 7 Al (electromagnetic flowmeter), #o1A d{F&A7) H@ZA e A& ARdad Faddeds 3y
(laser flowmeter), 1A% {FEZFA7| Fo| ALgH o SF WY AT ZudA 50 B e 2 AH
oy dEEe 7 SRV AHEHol Edslx 7} of AFdls AR 50 Ho2 Budalte] Hi d¥e
Aol 37k el glrh 65.1 = BOAl, AR BF 93 543 + 1024 o)k

olo] ¥l BVF =A(photo-plethysmography:  Ao] wla} Yol w5 9 ARe) BYES} Dot
PPG)2 BAME o] §FoEZN A& oz FAZ 1) e A Jdd duda FJde AHRE 25
#dEHY FHo] 7hedta, Ay AR "o ol dgstgleon & HHPAEY Abd 59E Pof Al
3tA gemz AMg¥ol wW$ zhgsit w3 FEF & Ardznd ZodAdEdA A9E A Psan
F 5371 Bz €8 BEH e 82 24 SR AN A 259 9FE 1yt BT AUeEE
AR, F2EHE(Sp02) FAVIZA AHE3EH fle FAFRL, HHzE %73 A WA T AA A

§ 24718 A7e T4 F Yenz e A

£ 44 FIRIEPG) 24
2xPUe PUAY GBS 2
$H9 YEHL, BF W 5
g_ Seh7) gl 9ol sy 5
he frgsh

[e]

l‘
]
g
oy

o?.:

FE
_?L

¢

(> o
H
1o mn fm

}:_
\__
i} ok

2

4 W= i A
Be a7t

24 gl /)

Ul A= PPG A& 23} nl&
¥ gxe] 228 BHE 477}

Y
ok
N
op |o il
e T%
[od

L]

e

W o2 XF7HA
“1 geE neR B
].zl

o
2
i3

X

oo R
L2 o

E

x40 o 0 i o

L of Mk

] .9_

S3YE olgst] FA
Aozl PPG #3 9 23 nj2E
Mg B A 5087 A& Ardadd GaH4A
HERE Fxyos #39 5049 2xy
Hl st ARy oz Hrislnat stk

aTANE BEHT
el 9 e

3l

\__
O AL

(251

F, 28 409 BURF 23
2 @ AR A A @ s Wi A
FA 289

HESREE

2. R 53 AM2H

PPGE Beer-Lambert lawol] 7]%3te] @x1u} 32
ol YA Fo] miFE T3 F dA ) HrI
299 93 5 2 A=Ee Fo 4= d3lE g9
9 58& A 2239 I5Y 23 N2ge
a9 13 Zo| HFriol 2 =(light emitting diode: LED)
¢} ZAA (photodiode) 2 TAE PPG AAM, A ++%
2 Aol 3=, FEVZ FA= ot

EIolHE R
SFHMA
(28)
HNIE | HBER |y
2 s = A/D PC
Mo HEHY
Sl =t
EJWA
(2x1)
O . UZTEY HEY S AMAY RME
Fig. 1. Block diagram of peripheral vascular blood
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Fig. 2. Photo of PPG measurement with its sensors,
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Fig. 3 Blood flow in PPG waveform.
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Fig. 4. Analysis of finger blood flow.

&71=te] PPG 2xt n|& 24
PPG second derivative analysis of finger.
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Table 1. Results of PPG second derivative analysis
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