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FIREETHO N2 EREE (30k) L BARFAZER (12/) 3 X OWEBEE (46/%) o TRt &I(FH 171
#3%) 1T 7hZh 1.8740.08 m//100 m//min & 1.494-0.13 m//100 m//min 33 X 7% 1.35+0.08 m//100 m//min
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HIFREIESY &S h 3t itERE R
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TRBIRFAZEMEE B e T RNAG % jifT
L 723041 (36[8), L-BHAEHSREARAT 23 HE1T & huiails
FES] (NYHA 233 C 1 BEn & 3 BE) 224 (23[RD),
& E R b iz 4 4] L &% A (normal volun-
teers) 12fl & xt5 & Lz, HEEBBICEEND B
ki b N ERRS AL Table 1 I2R L7z,

2. Tc-99m-RBC Qi&EiliE

FRIMER D Tc-99m Eifiix £ HIENIEBIE TI1T -
7210, x5, ByrvF STl Y VEEAL
7 PYP:E—F AT A Y b—TTHER) & 5
ml OAEFEAEK TEMEL, 2ml (SnCl-2H20 & L
T# 2.0mg) # & L7z, cold PYP #1032 5
205348, Hy=H A7 FTTc-9m 77 Xy vy
LEEHE 15 mCi (555 MBq) % RifegeR > & bolus #
Bl &5 Xh Tc-99m 13758 RBC I2HR
Mol EH, MK — N EEEBBZ LN TER.
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Table 1 Cases performed on radionuclide venous occlusion plethysmography (RAVO)

No. of Age
Kind of examination Male/Female
Patients Studies Range Mean+SD
Normal volunteers 12 12 12/0 21-24 22.540.9
Blood pool scan of the liver 4 4 2/2 40-76 52.5+17
Cardiac function study (MUGA) 22 23 17/5 43-69 56.8+9
Angiography 30 36 24/6 21-81 61.5+12
TAA, AAA 10 12
ASO, TAO 16 20
Raynaud’s S 1 1
arteriosclerosis 2 2
s/o traumatic throm. 1 1
Total 68 75 55/13 21-81 53.4+17.2

Abbreviation: TAA; thoracic aortic aneurysm, AAA; abdominal aortic aneurysm, ASO; arteriosclerosis
obliterans, TAO; thromboangitis obliterans, throm.: thrombosis.

3. BREFE

fa N 12450 % B < 5641 (62[5) iR L TIX B &
T 2RE (FHEd 5 W i3 - [0 RNAG, gated
blood pool scintigraphy ¥ X OUfF» SPECT) # T
BICAREZMIT L. #REFIERAMLEL, W
FIREBEICIE~> V= v P ZIZEFEL EE,
IEFEHIHEIC Y v~ 5 A 7 2 RE L7 (Fig. 1),
TR TR: & R LIcRIE T 1 R RIER RS,
1 53 Wi KRB IR M E 2 60 mmHg ¥ TAENE
LT TFEHIRERZHFML L. = DREZ 250
e L7 (Ist VOP). z o #%BERi % gL, 3 4
FloLER%, BE 1[REE &R UJHE TR
i L 7z (2nd VOP) (Fig. 2).

ZOMDF—23E&THY = H £ 7 & online
THRERTWE a Pa—22 LT 64x64

Gamma camera

Blood pressure cuffs

|

Manometer

Fig. 1 Illustration of radionuclide venous occlusion
plethysmography (RAVOP).

matrix ¢ image mode |z T 2> = L 2704 (9 4> [#)
PRERT 4R 7 ICEE L 2. Bl air
cuff 3RO KBBAME~> v =y bEERAL,
air pump IFBEOKRZIWEREALRZHW-.

4. FARBLMGROEHAZE

1st VOP o> 30 #0[5 (15 frames) fNEH % % /E
WL, FER» RS &L SO Ti2Mk (eg)
& BEREER (calf) SEIRICEA.LMEIR (contour ROI) %
ER2»HAH4PFHREL 2 (Fig. 2). 20
4 ROIs oR§H - HatrERI#R (TAC) Z{ERL, &
Hi 1 YR OFEH v v b (O), BRMLEEY) o 30
P2 R/NF L TROBEMURENOD T > b
$#490 (initial slope: count rate/min) 7z & UNZ BRI
BAMEIIOR I O H v o b L REE I v v
} (C) & w3 (Camp) 3B L 7=,

TR E DB X Fukuoka 57 o FEH » 5
Boha TRAEHR I -

BF=3.44 - (initial slope)/C
BF : TR
initial slope: count rate/min

C : Z¥ S count rate
o #% 2R

1. KRB TOTRMmmRE
leg ROI o 1st VOP & 2nd VOP #57& 5 7e

THROLKEDOFHEEZ O TROMFKRE L LT
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Fig. 2 Time-activity curves of regions of interest, a leg (A) and a calf (B), and parameters

Time

for calculating a limb blood flow by RAVOP.
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Fig. 3 Results of a limb blood flow calculated by RAVOP.

S5 T ek L 7= (Fig. 3). normal volunteers 1245

HPEAREE S REETh o 72 L Hlidxt gk v ot

L, AT fEo 4 4% il x 7= normal control F»
EA TR iR L paired t-test TOHFEEFR L,
30 oo fu i i (EHg L EEUERRZ (se)) 1% 1.8710.08
m//100 m//min T o7, Fiz, DR 224 (23
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B) ©b EATFTRLHERCEAZIR O, -
7-. 46fE o mEE 1% 1.35+0.08 m//100 m//min T,
normal control F& HEt L THE (p<0.01) IZ{E

WETH o7,
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Fig. 4 Blood flow change before and after the opera-
tion in occlusive arterial diseases.
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Fig. 5 Calculated blood flow.
A: correlation between different ROIs of a
whole leg and a calf.
B: correlation between venous occlusions at
1st and 2nd.

H 1.94+ 0.16 m//100 m//min & 1.49+0.13 m//100
ml/min C, ZDEKX 0.12 m//100m//min, &
i 1.11 ml/100 m//min T& - 7=. HB{Ikk & EEARE

24 % 10 & (1987)

DI jEE i, paired t-test |2 THEZ (p<0.01)
BED LN, FHITR\2L, EATRLE M
MEEOFENBE SN b 5 VT EEEIR
yZ104] (118D, v o, —fEMRREE 1§, BHAREE(LIE
2 Bl X OSMER O T RABITRE A © BIR ML #2558
bt 14, &3F19 4] (Fig. 3 To vascular dis-
ease bilateral #) TIX FTRRMLBERICEAZE T <,
38 fr oo & x 1.80 + 0.14 m//100 m//min T,
normal control L L Th AEEIIRESNA
noiz.

1Rl %% C TR o kT & 72105 T
TRUMFEE T graft 2 HifT L7z 2L by-pass o
1 FlT{ETF L7243, by-pass 5 ] Tix A & 2 Lk
B oM BIE < hi- (Fig. 4). by-pass i 6 >
T B2 1.6340.18 ml/100 m//min, #§#% TiZ
2.12 4+ 0.06 m//100 m//min T, paired t-test |Z T
by-pass it O ML i3 AR (p<0.05) HEHI+ 5 =
LR E T

2. BALFELEH Uk RAVOP RED48ES

leg TAC » bEZTFRMFR X calf ozhic
L THMELS B S h s, BE O Mt
FEEIZE WAERE (r=0.960, p<0.01) Z R L, BE.L
FIHRE D —E L T WX iR o Hedkic g
nwnwz kg &hik (Fig. 5A). —F, Ist VOP
& 2nd VOP L offifiEiZZ DT Y % R LA,
& D FEEE (r=0.85, p<0.01) % #i4% (r>0.90LL F)
L7ziz EE L X h» -7z (Fig. 5B).

Iv. & E

HREHESEAN 2 B 72 T RE O RASTEER BHRE O AFAT
FEL LTI BMERAI 2 A v 2 1 EERO
BhREARATY?, Xe-133 FRffk> Y & 5\ id Tc-99m-
MAA ghE!12 RTI201 2 W TR Y57
741319 prpRss, ZomT  FELAR?E
BHTE 303 BBNICTEE TS Xe133 2Hn
MMEIEELPEW. LiEBoT, 2L xif
TRMEOEITH & CEHERE 2 EE+ 312k
RNAG, %7, IR %2 JET 3 icid Xe-133 1%
ErxZhZhMSLL THEITT20ERS o7z, L
ML, Tc-99m-RBC # W~ TRMAEE - E H I,
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radionuclide venous occlusion plethysmography

(RAVOP) D FEERIEFIX 1981 iz s hTWw 3.

Rutlen 56 o #4132 & IR E8 12 £ 5 IRESHE
ZEIEL SO THFE ©FfE 2 L T Wiz,
Clements &% o #45ix straingauge VOP & Tc-
99m-RBC DERMEFHIRASILIL TWBZ & &R
L7 BHIDOMETH 525, RAVOP Bifiic X 511
FEOBEHIZIT-oTWwiaW. Todo 58 o #iLid
Z< DRF A =2 EHH L TORER ORMER
EREZ AT L TV B, f 5 » J5 k13 double cuff
FHWTEY, BOALETHS. Parkin 59 0
FHiEd ST % FIMA L iR ERIE TH 5 5
phantom |z X 2 IEBRHLE T,
Z o Fukuoka H9RPEL TWNWB 2 23— |
AV NETIVC X B TR O FHES & b
(<% 5. Fukuoka &0 F LTINS —
AV NEHHETBE I YL P ERD B DI ava-
scularization D#fE L straingage VOP % 3 F L BX
MO THRARELEFEFTEHLTWS., &
ElDORRET TR b ORERIES &, TRAKEL
X 3.44mi/100ml Z v, AN N—F XV
MZAAE+ % Tc-99m-RBC o #EEIX 0 & LTHE
H L7z, Tc-99m-RBC # v 7234 » avasculari-
zation DEER LT L ILERZWETRESA T
W, EEANIOH QHE~r Y=y POEBER
B L e LRIV, 205% T8 & hu 7z avascularization
ratio (ffiJ£ 180 mmHg T @ BEFEEH 7 o /R &
B DBEREER 7 % > b) 1% 0.299-0.597, SE# 0.437
Thoiz (Figs. 6, 7). Z DfEZHEN= L S—
Ay MET B Te-99m-RBCIEEE L L THIIE L
THELTRILBEZIES BNBELTVWSE Qml)
100m//min Hit%) & v bE KB &h, £/, £
RESPEANBOERERT 2HENEORE. L
e ->T, BERESIiCER +5& %, sRMIEZ %
Z2ITEW L TR MR A=t 2 DR
vy bOMIER T L AEREERIC 2 5 EREYVE
Wl shiz,

AREETEONIZERE & OERTOTFRIM

FROUR#ETHS.

a
=
3
o
° R A Avascularization ratio
=Co/C=0.372
G
Time (S)

Fig. 6 Calculation of avascularization ratio (Co/C).
C: mean count of a leg at rest.
Co: mean count of a leg at 180 mmHg of cuff

pressure.
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Fig. 7 Result of avascularization ratio in normal
persons. Mean values was calculated in 10
persons (open circles) who were successful in
inflation of air cuffs banded around both legs.

MEZOARLE TR RMBERLTE FEICHD T
B3LOZNETORBEC—ETEIHETH-D.
¥, REBROLFE T OHHE (CO.) 18
(r=0.38) L7z "3 L ORELES T 2 RE
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(LVEF= 0.79 x C.0.4+-3.91, r=0.28, N=24) 1,7&
LhTwas., LkdoT, Fukuoka & 23486+ 3
X 9 ICDEBIC B T 3 RMBREE O BIRIC AR
BEENENTH D LRSI,

TREEMRBAZEMER BTG Ui, Bkt e
BRI, #TRT L AT o ik T T R LR R HEE
HICEEZEDD D Z LAsRE. LA L, Bk
FAZEMER B ORI 2 X v BAREIC 3 2 1 fuifcsEim
FATIAWMBOUERFELVESA TN S.
IR ED 5 VWIZHESEFELTY, HETKD
IR BT 2 b Sh a2, il
S RERMHETZZ L3/ TH 0, BITH
GEBVATE) IWERPET D2 ENBENDTH
3. L7zhio T, BIIREAEMEBIc%t+ % RAVOP
DI, Bk B O TRILKROHEE X
DRI SEBAMFEOTIRE, = OBOMH
BEPEMTZLAMNELEITVAS.

Fukuoka &% 1[E¢» RAVOP 75 FREMLIEE
*EHLTWS. LaL, Ist VOP & 2nd VOP
THHShMBEROMHBERHIF LR ERLEZ
nholc. METIIERO airpump W2 1
BUUNOEBMAT b T W3 23, EEAR air
pump TitfiE# 60 mmHg ic LR s+, LEX
F2ZDICEFEEL /. initial slope A% EELEEE
I hBZ L 2 E X2 BHL, 1st VOP & 2nd
VOP D4l % & < T3 21X HEf » automatic air
inflator D{ERH* BB T2 LER D 5.

RAVOP iz T/ bh B ILifEEIZ & < £ T b
Sha v =t 2 v bCHAT Z2BIROLFETH D,
Xe-133 TH LN 3 FHHHRRMAE & 2 LT LLE
U TRV, ORI ks & Rk L e
TI-201 FRev v F 7774 L b REY, FHHERED
HED R EICRCArEELHESNLS. L1L,
AREBIUTOBEKRNIEEEY S 5.

1) Tc-99m-RBC #* {f L7z BHIREK THED
BRETHLD, HREO/ESHEZ L.
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3.
3) DENREREAE O FEAE & IR IC RANTEIRENAE O
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RITAFIREIC A 0, (RBOIREMITICFIF T
3.

4) angioplasty'® <> f1 B E M H 5 VT ke
VIRFRER OREMIER b OICRBB SR T
5.

5) WUIRARSEERAT LIk Bk
W & B TRTR ML B & SRR IS TIE T & 5 AREfE
Bdhb.

V. & 8B

Fukuoka & 23825 LT3 Tc-99m-RBC # f
W TR R ORI U TRET L7c. A%
PEBIAREE B & 5 W TR B O R ATEER O E R A7
WA Lo, EFEE L ORE, PAEMTE
BhRE BB © D IRL & B, BAZEME D fTHT &
e O THROKREICELZRKAMEEEIIRS
hic.

AT venous occlusion plethysmography
DIEATH Y, FEBAFEIEIERSE R v
T bR ER D B 5 TRkt R O R H A
ARETH B LR ESh. REFHEELUIC
HHE LB T, RNAG DLBBEREART £ I
MATT2Z L NTEZZ LBREOKRE AR E
LThiTFohs.

A REEO T — ¥ T 3 X U venous occlusion
plethysmography (2B Litl7s B S & # 7o AbimE R
ISHESER « A 74 ANV T U RT 2—FEF 1 1l
ME—-BEIICERHLET.
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Summary

Quantitative Assessment of Limb Blood Flow Using Tc-99m
Labeled Red Blood Cells: Radionuclide Venous
Occlusion Plethysmography (RAVOP)

Kazuo ITon*, Takashi SHOUGASE**, Naoyuki KAWAMURA¥,
Eriko TsukamMoto*, Kunihiro NAKADA*, Makoto SAKUMA***
and Masayori FURUDATE*

* Department of Nuclear Medicine, ** Department of Cardiovascular Internal Medicine,
***Second Department of Surgery, School of Medicine, Hokkaido University

A quantitative assessment of limb blood flow
using a non-diffusible radioindicator, Tc-99m
labeled red blood cells, was reported. This was
an application of venous occlusion plethysmo-
graphy using radionuclide which was originally
proposed by M. Fukuoka et al.

The peripheral blood flow (mean+-s.e.) of 30 legs
in a normal control group was 1.8740.08 m//
100 m//min. In heart diseases (46 legs), it was
1.49+0.13 m//100 m//min. The limb blood flow
between a control group and heart diseases was
statistically significant (p<<0.01) in the t-test. The
peripheral blood flow at rest between diseased
legs and normal legs in occlusive arterial disorders

was also statistically significant (p<0.01) in a
paired t-test.

RAVOP was done after the completion of ob-
jective studies such as radionuclide angiography
or ventriculography. Technique and calculation of
a blood flow were very easy and simple. RAVOP
study which was originally proposed by Fukuoka
et al. was reappraised to be hopeful for quantita-
tive measurement of limb blood flow as a non-
invasive technique using Tc-99m labeled red blood
cells.

Key words: Blood flow, Tc-99m labeled red
blood cells, Plethysmography, Occlusive arterial
disease, Heart diseasz.
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