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Photoplethysmographic Assessment of Blood Flow after Reanastomosis of the
Femoral Artery in Rabbits

Duk Yong Lee, M.D., Moon Sang Chung, M.D., In Ho Chei, M.D., Phil Hyun Chung, M.D.
and Chin Youb Chung, M.D.

Department of Orthopedic Surgery, College of Medicine, Seoul National University, Seoul, Korea

Photoplethysmography(PPG) employs an infrared light-emitting diode to transmit light into the skin
noninvasively. Light reflected from blood cells is received by a photocell or phototrotransistor which
permits recording of the pulsatile cutaneous microcirculation.

The use of PPG for vascular measurements in extremities is not new. Since Hertzmann, in 1938, fi-
rst described the technique to measure skin blood flow, a few investigators have used PPG for clinical
application. However, experimental reports on the photoplethysmographic assessment of blood flow af-
ter arterial reanastomosis are rare.

We assessed the changes of blood flow after reanastomosis of the femoral artery in rabbits using
photoplethysmography. We divided 20 rabbits into 3 experimental groups. In Group I, the femoral
artery was surgically exposed and clamped for 60 minutes. In Group I, the femoral artery was sur-
gically exposed and clamped, as in Group I, and then severed and anastomosed crudely in order to
creat thrombus formation. In Group I, the femoral artery was prepared as Group II and then anas-
tomosed carefully to ensure patency. Blood flow was measured by photoplethysmography on the ante-
romedial aspect of the right hind leg, every 15 minutes for the fisrt 2 hours, at the 3rd day, 1 week,
and I weeks post-operatively.

The following results were obtained

1. After the removal of vascular clamp, the mean time for the pulse wave to return to normal form
was 63+ 24.0 minutes in Group I and 63+ 18.7 minutes in Group Ill. There was no statistically
significant difference beween the two groups. When the wave form was normalized, it remained
so continuously.

2. After the removal of vascular clamp, the mean time for the wave amplitude to return to normal
was 108+ 11.2 minutes in Group I and 102+ 16.4 minutes in Group II. There was no statisti-
cally significant difference between the two groups.

3. The thrombosis which obstructed blood flow was formed within the first 60 minutes(mean time:
49+ 12.4 minutes) in all the animals in Group II. When the thrombosis was formed, it was rea-
dily detected by the change of wave form and by decrease in amplitude.

4. It is concluded from this experiments the changes of blood flow after reanastomosis of the femo-
ral artery in rabbits were accurately assessed by PPG.
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It is suggested that PPG can be used clinically in monitoring blood flow after arterial reanastomosis.

Key Words:Photoplethysmography, Arterial reanastomosis.

NoB

vl g TP Folle TEESNY P HAd
€ A3 spersloel 3o, ukek YR/ A4
AgollE F71el LAt BAA 4] 7 (critical pe-
riod) el F24<ql +¢4 HiE & 5 g7 H3
de dAEYE F AL AL AL 8
et o2t RANE A3 UygoRe o
A3 ol o] FrA A4} ol E A4 VPYFAE
(conventional angiography)o] ¢lt}. Zedl= o] &
YA A WA JAtE 2 & F e 9
A E4494 Y3 X% (radionuclide angiograp-
hy) =1 digital substraction angiography (DSA)~}
Tz ¥ YFANRE shedshe J1EAA AR
wyjo g A ARSI et T o] it
%144 9] u}y (invasive method) 52 Zlxjo] o} g}
A7k, AAAQ B3t o] FiwE2e, A4
7 A (routine scteening)o]v}, Wty EF2 9stA
A2gel 24 Bl Agatrlole AYAiskE
HA=2e Wy Eolch.

SebA olelq BAL R Hekel EEe
% 8-3}7](Doppler ultrasound), ) E-&5 23 7| (tem-
perature gauge), |4 X% (thermography), 7] =)
AL A M olZ M (percutaneous oxygen-tension moni-
tor) 3} & 24| (plethysmography) &3 & wlAl 54
(non-invasive) Wl Eo| 9lr}. o]F FolAT ¥
A ole], zate] Reksla, ALAQ EHo] 7H5
e, HE7L ohitigl: A AsE A5 5
goal, JEEst el Fa Al (photoplethys-
mography, PPG)7} Az 44§ HAE szt
2 gon, oes o & dalsbs4ol sle Wy
o2 AL Tow 9},

FYFA PPG) ol &= FA e o] FUsl 3
7}x] 7] (photoelectric sensor) A}o] el )| 3HA] = &=
%314 338 oA (transmission PPG) 2} 3813 37t
27174 249 FEHol K= uiAbA Bz
(refraction PPG)¢] % FF7} gic}. 2 duyky o
2 A& uAbY FagA Y] dele gy
2 A4 3y A(infrared light) & w}23= thole
—E(diode) & o] &3t 332 W& Fa F
A 7N dbaslo] o WE B E# A L¢(pho-
totransistor) 8 ztx]3le] m}3g o8 7] B§O 24 ut
FA4 sl 2 I3} o MYFE Y5 Aol

-2~

olytell 422 band-E o]-G7 o HA| 7]y Al (st
rain gauge plethysmography)7} ¢, o]= 2%
zto] B-apsle whalbd gadgAlo] HGEE o] v
HEcoh Haelx)x gevin e

19381 Hertzmann'®e] 228 |8 F 234
of FgefAl] o] 8¢ UHF old FHgAE= F
2 A dxfoll 25t obBol w4l A Abutel &
ol vl FEFFTE ATshed AEE U
o}, 1970 defell B =EA EAAH o2 J4bH o]
L5 7} Eobx]7] A2} =d], 1973 Nielsen$'®
< 59 Faldqr 2o FHAE ol g3y
I, 197611 Webster™ = sl dal T34 F &7
9] f-%4(patency) & FHsh=vl A4 F dvle
7te4 & A4S 2o, 19773 Hajjar 3V & A%
Wy aFo| Ankel] o] &35t 19791 Leed™ 5}
Bone 5" -& 77 s| 43} Af5d-& HAnkdlA
U AEFE A F o8 A-5-5H S skl 9
3t B Al S o] 8319}, 1979 Abramowitz
e AN AR Sxdll4 YW RAY FEE
ZA 3k JYAE ol g3 o] o]Fel=E
o Hzpghere-teinan o] sl aA o] gl 2 &
o s} o] wisle HRakd] AdAql WsE 23
T 4 dopar Baskget.

o9} zho] A Zoll EoJA FadzkAl o] olabd A
o] gtz glov, nAdER T3E FERS
Hake) 23l dstedE d4s 2uelst de 9
o 48A AFE ok wv|q Holth,

ool A-Ee HES =L o] 4 vl Y
B EUE F BUPAE o fokol ¥R MnE
Qg e 24 B of Wyl 4 ol
o] skt §o] 4hx|(feasibility) & TS shed
.

ARNE ¥ Wy
1 M8z

AY FEL FYTL IAAANA A%H A F 2.5~
3.0kg 2] =g WH7E 200t E A 1AZTE 5
ate], Al 2 2F Sete], A 3AFPE 10022 &
FEdch o1 F et3AT 9 AdFoR 2F7x
QW Z&35tx £ 50te]9 sLEE A&l AAZ
Agd] A48 FtEE A 1FE 5o, A 2F 40
2], A 3F 6nfelo| g},

FEan| AL oF 7T~21w 9 Host shed dA



Nagashima}¢] 33 &v]73-¢ &3k vlAlY ojglen, & Ayel4 FI% gAAAE A4

# 24517 291249 S and T4 AEE 488 sk, BAE 032 Meda Sonics ®4po)
i, A 425 37 =}(vascular clamp)+- 2 Vasculab PPG 133 (Fig. 1-A)-& 2}f3lgdon, o
Vo g dalo] 7kl o8& 20~25gm/mm* A] Meda Sonics ® 4}2] R12B & Two-Channel Ch-

E F

Fig. 1. Material and method of experiment. A) Meda sonics PPG13 photoplethysmograph(PPG), B)
Overview of experimental set, C) Attachment of photopulse sensor, D) Clamping of femoral artery with
“2V” microvascular clamp, E) Transection of clamped femoral artery, F) Post-reanastomosis.
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Fig. 2. Pulse wave analysis in the chart speed
of 5mm/sec and 25mm/sec. Normally, the pulse
wave has a steep upslope(a-b), a relative narrow
peak(b), and a dicrotic wave(arrow head) on the
downslope(b-c) which is concave toward the base-
line. A) Amplitude of plethysmographic pulsation.
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Table 1. Group I (clamping only)

Group Amp}itude Amp%itude Amp:lsitude Amp‘llitude Amp?itude Mfanf,t S.D*
Time mm (%) mm (%) mm (%) mm(%) mm (%) n=>5(%)
Initial 11 .0(100) 13.0(100) 11.0(100) 17.0(100) 10(100)
Exposure 7 .5( 68) 4.0( 31) 8.0( 73) 4.0( 24) 11(110) 61.2 +31.2
Clamp 3.0( 27) 1.5( 12) 1.0 9 1.0( 5) 1( 15) 13.6 £ 7.5
Immediate clamp-off 3.5( 32) 2.0( 15) 3.0( 27) 2.5( 15) 11(110) 39.8 +£35.7
15 min 4.5( 41) 12.0( 92) 7.0( 64) 5.5( 32) 10(105) 47.9 +£27.9
30 min 5.0( 45) 22.0(169) 7.0( 64) 10.0( 59)  **10(105) 88.4 +44.9
45 min 5.0( 45) 19.0(146) 8.0( 73) **12.0( 71) 12(120) 91.0 +36.6
1 hr **6.0( 55) 15.0(115) 9.0( 82) 13.0( 76) 12(120) 89.6 +24.5
1 hr 15 min 6.0( 55) 14.0(107) 6.0( 54) 13.5( 79) 11(110) 81.0 +24.1
1 hr 30 min 8.0( 73) **13.5(103) **8.0( 73) 15.0( 88) 10(105) 88.4 £13.9
1 hr 45 min 9.0( 81) 18.0(138) 10.5( 95) 17.0(100) 10(105) 103.8 +18.9
2 hr 11.0(100) 17.0(130) 10.5( 95) 13.0( 76) 10(100) 100.2 £17.3
3 day 11.0(100) 9.0( 69) 10.0( 90) 7.0( 41) 9( 90) 78.0 £21.1
1 wk 9.0( 81) 6.5( 50) 8.0( 73) 6.0( 35) 7( 75) 62.8 +17.4
2 wk 13.0(118) 16.0(123) 13.0(118) 13.0( 76) 10(105) 108.0 +17.0
**. The time when the wave from was normalized, % : .efu;h ampli.t ude (min) X100,
initial amplitude (mm)
*. S.D.=standard deviation
Table 2. Group I (thrombosed anastomosis)
Group Amp}i tude Ampfitude Amp?itude Amp‘lii tude Mjan +S.D*
Time mm(%) mm(%) mm (%) mm(%) n=4(%)
Initial 7.0(100) 12.0(100) 24.0(100) 11.0(100)
Exposure 3.0( 42) 8.0( 67) 11.0( 46) 6.0( 55) 52.51+11.0
Clamp 1.0( 14) 0.5( 4) 1.0( 4) 1.0 9) 7.8+ 4.8
Immediate post-op 3.0( 42) 1.0( 8 2.0( 8) 2.0( 18) 19.0+16.0
15 min 1.5( 21) 4.0( 34) 2.0( 8) 3.5( 32) 23.8+10.8
30 min 4.0( 57) 2.0( 17) 1.5( 6) **1.0( 9 22.31+20.5
45 min 5.0( 71) 3.5( 29) **1.0( 4) 1.0C 9) 28.31+26.4
1 hr **1.5( 21) **1.0( 8) 1.5( 6) 0.5( 5) 10.0+ 6.4
1 hr 15 min 1.5( 21) 1.0( 8 1.5( 6) 1.5( 14) 12.3+ 5.8
1 hr 30 min 1.5( 21) 1.0( & 1.5( 6) 1.0 9 11.0+ 5.9
1 hr 45 min 1.0( 14) 0.5( 4) 1.5( 6) 1.0 9) 8.3+ 3.8
2 hr 1.5( 21) 0.5( 4) 1.0( 4) 1.5( 14) 10.8+ 7.2
3 day 1.5( 21) 1.0( 8) 1.0( 4) 2.0( 18) 12.8% 7.0
1 wk 2.0( 28) 1.5( 13) 1.5( 6) 2.5( 22) 17.1+ 8.5
2 wk 1.0( 14) 1.5( 13) 1.5( 6) 2.5( 22) 13.6+ 6.0
**. The time when the thrombosis was formed, % : each_amplitude(mm) =X 100,

*. S.D.=standard deviation
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Table 3. Group I(patent anastomosis)

Group 1 2 3 4 > 6  MeantS.D*
Amplitude  Amplitude Amplitude Amplitude Amplitude Amplitude .7
Time mm (%) mm (%) mm (%) mm (%) mm (%) mm (%) n=6(%)
Initial 11.0(100)  13.0(100} 6.0(100) 15. (100} 7.0(100) 5.0(100)
Exposure 8.0( 75) 8.0( 61) 3.5( 58) 13.( 87) 5.0( 71) 3.5(70) 70.0 + 9.3
Clamp 1.0( 9 0.0( 0) 0.0( 0 1.( 7 1.0( 14} 1.0( 20) 8.3+ 7.2
Immediate 5.0( 45) 2.0( 15) 5.0( 83) 8.(53) 12.0(171) 1.0( 20) 64.5 £52.6
post-op

15 min 6.0( 55) 2.0( 15) 6.0(100) 5.( 34) 10.0(142) 6.0(120) 77.7 £46.1
30 min 5.0( 45) 3.0( 23) 8.0(134) 4.(27) 10.0(142) 4.5( 90) 76.8 +48.4
45 min 9.0( 81) 5.0( 38) **7.5(125) 15. (100) 5.0( 71) **3.5( 70) 80.0 +27.0
1 hr 17.0(154) **8.0( 61) 7.0(117) 19.(126) **6.0( 86) 3.0( 60) 100.7 +34.6
1 hr 15 min 22.0(200) 11.0( 85) 6.5(108) 13.( 87) 6.0( 86) 3.5( 70) 106.0 £ 43.5
1 hr 30 min **11.0(100) 8.0( 61) 6.0(100) **10.( 67) 7.0(100) 3.5( 70) 83.0 +£17.2
1 hr 45 min  11.0(100) 9.0( 69) 6.0(100) 13.( 67) 7.0(100) 4.5( 80) 89.3 +11.9
2 hr 13.0(118) 8.0( 61) 6.0(100) 15. (100) 6.0( 86) 5.0(100) 94.2 +17.5
3 day 4.0( 36) 7.0( 54) 8.0(134) 12.( 80) 8.0(114) 9.0(180) 99.6 +48.9
1 wk 10.0( 91) 6.0( 46) 6.0(100) 8.(53) 10.0(142) 7.0(140) 95.3 +37.5
2 wk 11.0(100) 11.0( 85) 9.0(150) 11.( 73) 14.0(200)  10.0(200) 132.7 +52.0
**. The time when the wave form was normalized, % : each_amplitude(mm) %100,

*. S.D.=standard deviation
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o &Aske wiolrt. o] HAH L HFLEY &
A, 57 "or2A, ¥ HAAHQ JAsEe
Ao A4, dx FAR} 9 Y Y3k
Hag A%FE vy PRl AR + Aot
a2y 97K (sensitivity) 7} wrols] a7ty o g
7o Aollst Algt A-folnk ou|s} glor, =g
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sl ERe] YRE FAY F YT, ALdoR g
A 7l(probe) & 4T Aol LAY 4+ gicte o
Aol gl A mlAldad FgE Fol Algsirles
Al oo s,

A FHEAE o] £3 Ak Kr* Xe',
Tc™®, Na™59] Wby 9 94E 43 gy
FAAZ F, g A AdAY, o]z
%4 £.2 {45 u)g(clearance rate) & 23}
Au, Bt w4 S2d4rt Bazdye 2a
He AEE 34she uholn}. o]k ml44 o
ARANA T4 ZHLFY 9 s 395 249
ol &=, A4 HAZEe Aol g $
435tet. 2k 2] B 24gu fo] mrlo)n, A
449l ZAo| Erbssln, 543 Fud MES}
€ U8 ® Fhe, whisld 248 A¢ wd F
Ad4LS xFol o 1@ Y] HEBR o4 nl
A F3g Foll ol Eslrlole FA sl

74 5] Ak A B9} Z4 ¥ (percutaneous oxygen-tens-
ion monitor)-& %2 7}od gt(heater ring)el] #}od g)
+ chemo-electric transducer & 3]Y.ol] B.23}e] 7
|44 Eohg EA A4 2 8f e
o8 B wyoa g™ g3 AYFE Y
frel sl gk o] A%, 73 4bo] 4l & (pedicle graft) & &
Fi8e dAtelle A48 ¢ o, dF(electro-
de)e] halothane 3} N,0%-9] s} oFEd] ulztsle
EF 487 ol 2217} ol A £ Qi
ko] glct.

3]4-eX Z 24 (temperature gauge)-2 I|H LT
o H3alE ZAst MR YR FEAHE
By o ksl 4% AT 4§ a3
<0 A4 4 glont, Fg PF HsE ga
T e g wkAdle] e,

A7 A T3 vasle] 2 ol Al £ o)
Zekdbe], A SA]l FHo) sHFEtn, v 414
ASE #5334 9lon, A uztaA YHws)
T 3AY 4 Udx Ao Uk, YAE FuP
A (PPG), ] YA 7] 4 2kA| (strain-gauge plethysmo-
graphy), 234 24| (impedance plethysmography)
9 FR7E glos, & AfadlAE o] Fal4 27
o] sl FHEL F ol e FAURAE
ekl SUELE F YR WE 2359
t}.
FH Aol sl 241 Aol W FaF Adx
HAE AT F9-& 2w Barnes? 52 kol
(supra orbital)oll 4 BY YA 2 YF-E 2AsHA
73599 ohitst dHule AF g4} wiage
B3 PPGE 759 =459 At o] h3v}.



Lee' §& 37°Co #7150 E ol &3l 3] 8
tH L shEteA B PA R S RYFE FAHY A
3} oF& e F7bsl ¥l b o] wstel A& 4
£ FAshg o, 60mmHgel| 4 =) F¥Frb s
A4 FygAl Y dFsprt vlnd Fuag 48 1
ge A& 2.

Bendick 59 & A 4Fql9] Abx|oll 4 ApitHol] Hop
A cuff & 7FA otd & 2zl "4 Xe' clearance &
o] &3t Auty-o] TYEFHE 45 YA
% Doppler 2gs}z el 4 Vg A Z3k wlasly
ok S shekA g2 Aldlel A 9] 24 F-eHmus-
cle blood flow)& 3.02+ 0.64 ml/mm/100gm tissue
ojglen, &lolA 9 ot & o|g)r) ot —40mmHg
2 235S A9 F-F% 0.95ml/min/100gm tis-
sue2 WolHom, olae] FaoA el A EL 33%
wold vl4q W3hE 140}, Doppler 2&3t7
A48) Aol W37k glo] 38 ek 7} Doppler 2
$obzatict @52 wstel g WiE Bl
F9aiet.

Smith 3" .& Bendick 53} ¢ £3§ 43§ %3lo
A ukd ol F-%] 9t ed(compartment pressure)z} ¥
BAS A Eshe 4RBAE lwsoch. FHLE
o] 20mmHg7tx)= 21 2ol o]zt glgl.2r} 30mm
Hgol A& 55%% =o| 2 o=, 80mmHgd| =2
A 7kz] wlH Bl , ghAdle 13%7hx] "Hoizeh. 1
© FUHAE ol 83l AL UL X #EH
AN E zukdhevl Ab-g-skod .

£ AgolHE RS dE FUE xFuk A7)
IE ¥iale] AZo] A4FA sl 26.2%9]
A2 B9}, o] A3l= Schonwetter 50} el-
ectromagnetic flow meter & o] &3l 233 7}
o dEFY xF28 @RatLy 7% vh
¥oh,

2 A4 WA B F 242719 w3
ol A A R Zo7 Fole HFAIZE 1021+ 16.4%
& Schonwetter 2] 5zt A4 HF 90E3
v 3l oA Ho.

Bright 5% & At AAgE F 7%y o
518 volumetry 2 &3t Azt £F A 1 Yol A A
109721 A Fo] zH&elsb 2 o] Foll = HAA
22 FUhgtda vausgich. & AdedAe A1
FolA 2% A 3Y3 13 ALY F4LE BY
L8, 2%l 7124 AFEe} FrlEe A7
A Az} vl gt S B0, Al 3T A
EF A 3ol 2318 xFe] Frlsiest 156l oF
7t H&Elg o, 25 o4 FAHAG FHE B
At & £F Al 3delle A 1¥ 3 A 3Fe] widA

o AsE BQ:, 158} 2FolE wl &g
ek glet.

shg o] wshe A2 wslel WAl F2F
AAYE F K& Adshe Fag AuH A
oo slsi4 AR AL Y dFe A%
zr49} ¥l AF8F73 Al (upslope) 7} Shabsi 21, A A
< Yol :, 3lgFAA: F4 2 (dicrotic wave)
o] &A=, EAY U EFo R ERa . of
B WFolEE 2 wlole EF FEAQ =
A7L et A ou g

Hebd & Adol4 ABo] wlPard Aol
o] AEL YAANZo2 AFeA Yokeh. £F 4
Arshgio] Uehdsl A7x1 sl ¥ 54 A (asy-
ncyronous)o] = EFA| gL oAb Helx, @i 3
AshE vebdich. Zelv 99 Y4ty e s Fo
& Folle Waka @skeh. web4, FAakE 2o
o vl Adstg o2 upg) Afels 2o Al Sl

w3

lu

Vol "R Aot LA A5+ gl
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Daniel” & 9l4boll 4 3734 Fo 79 %
4L A% 2A¥EA YA 9 2579 Ao
g §4-¢ 2 A Foll alwpsteol goia
Basigrl. R A3 dx P4 B ASE
BT F7 g@Aolglend, A 3FdA £F 2F7
A AddAdg Bl HF3E T AR glsivlh. @A
o] FAEE A 2FANA= syl A3, 2 E2
242 dAYHE (A AT+ Ak, Aol
HAx A% dRole AFL AP FAHF

LS i

AZAFE 28%F dA Fahles, ke A%
& 83 AL AYAEHEN S 5T 2Y4Te] 9

¢ Aoz WA
2% ¥ BE

tee| F Ee Fo €59 d3E Ay
37l 3t B PA R FAEA. (A AL
7tetg e Al 1 5afe), 8L P4AA &S
SAAZD A 2F 4ete] g [ 23742 2
#5251 A 3F 6opelel4 FAPA 2 s} A2
+ FA4s5td d59 dsE 1AY A5 g3 2
& Astel AEE e
1. F3d= F YAalg o2 Fole |72 2] 4
A 7He A 1F; 63+248 A 3F; 65+ 18.78-0]
A, FF Abelolle AR fog} zlo]7}
et duk shFo] Farow Folg o] Foll A
A Astge] f=i= et
Az AAF P4 AF 02 Folo s7x
£ QA7 A 1F; 108+ 11.258, A 3F;102

a2 ox oM

2.
T

ol



+16.480)9xm, BAFHOR §-2g xpol7} § o

*

3. BHEFE F €A yA4ol % 79 A
AL 25 A 1A% o ldos (F 49+12.4
), e e dslel A %S B4E dAYNE 4

4 ¢ AR ok Axhgel W AEL A
o s F FYEFY dFuse YA 4
ol 249 + dgdod, mi J4Hom S
294 T 9FA3el FYPATL 459 4 3
% Aoz 4z,
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