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Comparison of normal and replantation digital blood flow using
photo-plethysmography
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Abstract - Up to the present, digital replantation patients has appealed different symptoms due to blood circulatory
failure. But, the level of blood circulatory failure has been evaluated only by clinical symptoms, or angiography.
According to the cases of digit replantation is increasing, then objective evaluation methods of the level of blood
circulatory failure is needed other than patient’s subjective symptoms and complaints. Although angiography, doppler,
electromagnetic flowmeter, laser blood flowmeter, mechanical blood flowmeter has been used for the evaluation of the
blood circulatory failure, the result was affected by time, place, surrounding temperature, patient’s body temperature, and
even emotion. Therefore, it is pointed out with lack of availability, feasibility and reproducibility. Thus, we compared
digital blood flow of dominant hand to non dominant hand, and replanted fingers to opposite normal fingers from
developed photo-plethysmography. The average digital blood flow showed no difference in normal digits each other, but,
replanted digits showed average of 53% (9 - 100 %) compare to opposit normal digits. As it measure relative blood flow
for circulatory failure of tissue such as fingers and toes more sensitively, reliably. In conclusion, it is expected that
photo- plethysmography will be very useful for diagnosis, curative effect, prognosis of blood circulatory failure in digital
replantation patient.

Key Words : blood circulatory failure, digital blood flow, digital replantation, photo-plethysmography.

1. B AARsE d7F gou, F o AV ¥FF FF Yol
879},

Aoz #2 # E29 ¥ &89 FeiE Yehde old B Ao B a7 o8 Aty FEF F
#o]x #4H(Raynaud’'s  phenomenon)o} 1t WA AN 7}(photo-plethysmography: PPG)& ol g3l AP AHF
(Burger's disease), D=4 EEAY EE 42 AWy ¥ FA L w39 B Fxe RIL vla B
(replantation) ©]%¢ FAEL o 28 Voo @ g ARTE £ €F FA I=E AYVHoz2 Fs1, A

% 24 2 FAS T4BH1-4) B EFe #A3 oF @ =& Fua U
BAAA $2 2 A9 BF Fold dF A= %
&3 =8 (ultrasound doppler), ¥ #%3 < (angiogram), 2. 23419 PPG(photo-plethysmography)

A7) 8% 7l (electromagnetic flowmeter), #lojd SHF2A7),
71AA iEAR7 ol ALEEHel o A, FA, F9 2o 4H5FS A2, FHY 22 &5 AqF agn 4
SE, @xo AL, Bate] AR L AANAH 5 2L 896 Aol BAAAE FFEL e £ gevz @Y Hr
ojsle} ¢S wormy FEA4, HPYAY P HEXHo] BE3  YFU 2AL 4A ¥l wN FIF SAVIE o188
o Ao AAUTH5-7). o A EFFY &4 HoEs AU ¥FFL =3
A4 fevetdds Adadge #F0) FFsa APA = Rol 9ust qirh

ol 2% £x Hg 27} god £32 AHY F $£A9 2 AY9e 93 2 Ad PPG(photo-plethysmography)& 3
e Trzli’f}" AHHE 7ol EF Fold 9% F 718 Asted FF £ F WIE FA FAHsACH
E% 343t A7 9k o2 BAECAM EF Aol AR ¥HEse dday ZA, dY¥ dd, 2= S
Az} I FFL FRe FHAAHA F4H T Fstd qzslA wslele, 23 Aeld @% Wstel Fgazte 3
o]& Zol7] 98 ¥F FAZ T A 1 AHE
‘“—13}11} 3ot
A2 PPG #=slojt LEDS #AMZ 749 PPG 44, A4
* ﬂﬂltﬂﬂfﬂ A oehFetad T5 2 Ao 7 FEZ72 FAEYCHE] AP HegA
o QAR gRd gAFLEE A % LEDE Ims F7]2 500us ¢ 2oz 7TEIEA A%
wor AAUSE o Hoyet QG Tetwa = -

& FAMZ Pol BT} AlEE AAM ZESHE NELLCOR

322



(DS-100, Durasensor)Ake] AAXE3E 44 M9 585
T EZReHom, 7t AMe HAFE KNG AL z+
Zr 660nm3} 940nmeoltt. dHolg FAHAHE (DAQ-board ;
PCI-6020E, National Instrument, USA)E 58} otdza 2
3E 12bit UAE HoH R W@se PCE 4asta #48
ok B4 2398 LabVIEW 6i (National Instrument,
USA)E <l &3

3. HEyy ¥ 24

HE

EA& 2004d 498E 594R FARY @7 444 (o)
4361224, AF654+88kg, AH1652+7.0cm, ¥E125:11.3
AL)E dadezd Ag A 27 H4¢ BEad YA
oo AW REE BT AUWEEE Y dHeln, sl
GOl E 71287 A #aA gL AAAN HA 5B F¢
o k& FHaA ¢ H, & PR v} FF A 15ARH
A 5FA AR F Ay BF 5¥le] 2L Emm 11 154
B oAA, Al 28AE AR, 4 3FAE FX], 4 45As o
A, Al 5FA = A7 FxE on g},

del8E H4 30 T AFSdan, A4FE dolsoqA
SAHE 102 FUe] AEso] Aoz, 7 wuk F7]
vit} ¥H9 &itﬂak»} aﬂ ~ghe] ZeolE Y 13 el EFH
watgko 2 wokuh wdlofEle) ¥4 19y 29 geol Melg
10 ?%‘j ol A @% st Wuteg o] Az
o FFE Ha ¢4 £(dominant hand) =¥ HA &
o 2 Qv Astape] g ¥% A9 dUHY gg ¥AH
vt Aehpe dolHE Fug P90 HEAA 29
Ey Poog FAFATELRE AsHt

Blood\flow

DT

% 1 PPGO|Mel HRE

2% 2 MuSKe WE S YRY Y ¢ 24

4. HEEn

41, HAex et Y X0 @R vl

Z 4% 9 44078 £33 FAM A F4 204F A9
R0ACEER R 71, BAGR 34978)e) it HE EH
2& &3¢ A=ke # 13 gk 3¥ ¥25%F9 dde
arbitrary unit, [au] ot}

B A% 47 £A9 gAY FUE #4581
98] SPSS 80 (SPSS Inc. )& ©)-&% 2-way ANOVA %
AE Agsgrh 2 4% KYEE p < 010 HA F£A
OEF A F£A 28 759 p = 00022 FY 4
282 BH ol A4 £ 2§ ¥RF B0 f95A &
ow zt £x9) FFd wWE YFF el p = 002622
frestA @A Vet Y 3.

HAF [aul, n = 420)

Aol WE HFek
) A 7 Bl A A
: 4% A | 554
17406 | 2.3¢0.8 | 25+1.0| 2.6+0.9 | 2.0£0.8
(n=77) | (n=65) | (n=65) | (n=69) | (n=73)

B4R
(n=349)

2.2+09
(n=349)

B34
(n=T71)

0.9+06 | 1.420.9|09+0.5 | 1.1x0.8
(n=10) | (n=15) | (n=16) | {n=17)

1.4£1.0
(n=13)

1.1£08
(n=71)

25

el 2R 2&

WS X KM2RX M 3SK W ARX SR

=X

O% 3 HMetn HE xe £RY g7 gRY
42 7elef XY HREEY £ BY
¥ AUY & 2 EoA oAl AY FAg A 4 £39
5% ¥¥ g AUEA goz dshdr] A HELE
AN AHe ® 2% 24
& oA HEEE BAE AN +At HE $49
F%F ol p = 0000, 4 £ FHA WHE HY Ao
= 00058 p < 01N HosA vEgt Y FA7%
FA vy gRwel A vewz, Z FA FRA
wet dFge] Aelg BAh ALY 7 £x9 VFRFS
oA o] i vgE FiE gead £1d UF £X
o} apolzt FosiA vhEbwtth 2 %‘3?& FA9 BE¥ %
A FAgE e BEE Rolud, ol &4 g2 ¥y
Ao HAE BF vtay] gielch wekM e A

.wH> o

323



¥7Fd 4dH

qu

49 QAEE oA Ax 82

Ee ¥RAN A, dF AzEn 94 2 FAEF 2R
2. XY HEY BE (WILEZHA [%], n = 420) A= &3 o848 & A& Aox JdEH.
A EHFF EX
A Al A B Al
1A | 29K | 354 | 454 | 557 ¥ AFE 238XY 2Ad8r|eAFAY FuUE
k'
FA 18969 23.3+53|238+45(24.8154(205:58(22.1:6.1 A z7]7] ALAE e Aol o3 o]Fod AY
(n = [ (n=77) | (n=65) | (n=65) | (n=69) | (n=73) | (n=349) N
349) (FHA) 259 5 0405-ER0O1-0304-0001)
A
#2) |11.4:72|158+82[11.9¢57)|14.027.3|150:4.4|13.7:67
(’1711)= (n=10) | (n=15) | (n=16) | (n=17) | (n=13) | (n=71)
# 2o2 8
43 ®F bl 1l %3, A4, 94T, gBzYed FHE £

g# vle ¥% 49 ¥RE BlaL?'f}GPk juz, ¥ %
olftE AuHAY 4% EF FEred ¢ A9 A48
Az ¥ 2024 FAHAJL. o F 7é*& FA e Aol
138%, A% sA% 34 FA9 %ol 6440l At FE &
A BE QY e Hge] g AY FANY 43 ¢+
Ak B Az gelMe WF HE ANY AP E 3

I 2. A FA 4F v G 2 F e FAF
o2 fog Aeojrk AU
E 3 A4 £A @57 v A 2 847 vy vm
3% -r7<4 %% H | Hd #A9 8F 4
(n = 64)
B 1.04 053
BEEUA 0.16 0.26
Hojgk 1.50 1.00
EAE-2 40 0.42 0.09
gk p = 0.000

5.3 FHAFE

¥ 4794 BEF 5H71E o188 A9 ¥FE &
A% @AY £A9 BT HFE A 454, A 347,
A 2597, A 5574, Al 1429 oA, Yo A 1
FA9) BE RFo /MY BE AR dEHIoY 4u
| 438 EAFA

AQY FA9 dFFL v & AN F£20 vago H
29%0A Hd100%714], BT 53%9] F7F SAHUL o
g e e HAHE A9 YFHL V&9 Wyoz
ZA% 27480 Agstn APl Gl oA £
g APY Fo 737 wdg aFsed w48y A

¥ ¢ AFd FHE ¢ & gk

3 FA9 8RS 8249 A A, da 4%, £
¥ ¥d9 F 53 duo] A Aoz ARAY. =F A
F A Mg 3 gf) e AL &9 9%, 3 ¥R
Zo A% &R §F, ¥, AY 5 AF 4 9%
& € A2 dFZsdov e el dY A&e e
FAHolnE FA%Y oeg 2AY & AU

£ A7 98 £x9 8% vE o)&d £ Y A

324

Buerger’'s 9 444 n@”, UYL nstsA, 23,
#1449, pp. 211-218, 1987. 4.

[2] Cherniack M, Brammer A, Meyer ], Morse T,
Peterson D, Fu R, “Skin temperature recovery from
cold provocation in workers exposed to vibration: a
longitudinal study”, Occup Environ Med, vol. 60, no.
12, pp. 962-968, Dec 2003.

[3] Koman LA, Nunley JA, Goldner JL, Seaber AV,
Urbaniak JR.. “Isolated cold stress testing in the
assessment of symptoms in the upper extremity:
preliminary communication”, J Hand Surg, vol. 9, no.
3, pp. 305-313, May 1984.

[4] Hahn M, Hahn C, Junger M, Steins A, Zuder D,
Klyscz T, Buchtemann A, Rassner G, Blazek V,
"Local cold exposure test with a new arterial
photoplethysmographic sensor in healthy controls and

patients with secondary Raynaud’s phenomenon”,
Microvasc Res, vol. 57, no. 2, pp. 187-198, March
1999.

[5] Lau CS, Khan F, Brown R, McCallum P, Belch JJ,
"Digital blood flow response to body warming,
cooling, and rewarming in patients with Raynaud’'s
phenomenon”, Angiology, vol. 46, no. 1, pp. 1-10, Jan
1995.

[6] Hahn M, Klyscz T, Bohnenberger G, Junger M, "A
new technique for controlling the finger skin
temperature in microcirculatory research demonstrated
in a local cold stress test in healthy controls and
patients with Raynaud’s phenomenon”, Int J Microcirc
Clin Exp, vol. 16, no. 1, pp. 16-22, Jan~Feb 1996.

{71 Allen ], Frame JR, Murray A, "Microvascular blood
flow and skin temperature changes in- the fingers
following a deep nspiratory gasp”, Physiol Meas, vol.
23, no. 2, pp. 365-373, May 2002.

[8] Wukitsch MW, Petterson MT, Tobler DR, Pologe JA,
"Pulse oximetry: analysis of theory, technology, and
practice”, J Clin Monit, vol. 4, no. 4, pp. 290-301, Oct
1988.



