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“= FEMORAL INJ. -~

—— nommaL .
— OCCLUDED

s g R e ol i ouizama

"Time constant 1.0sec.

Range 10*cps.
Speed 125cm/min. PR -
WmTe 1.5m Ci

6sec. ' i ; 0

Fig. 1 Upper: Time-activity curve of the hind leg of a normal dog following injection
of 99mTc-pertechnetate into the femoral artery. The curve shows a marked peak
and descends gradually downwards.

Lower: Time-activity curve of the hind leg of a dog with occlusion of the femoral
artery below the origin of the cranial femoral artery, following injection of 99mTc-
pertechnetate into the femoral artery. The curve shows the absence of a peak.
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Fig. 2 Time-activity curves of the hind leg of a normal dog following injection of 99™Tc-
pertechnetate into the antecubital vein. The upper curve with reactive hyperemia
shows a peak; the lower without reactive hyperemia shows the absence of a peak.
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Fig. 3 Time-activity curves of the hind leg of a dog with occlusion of the femoral artery
below the origin of the cranial femoral artery following injecting of 9™Tc-pertech-
netate into the vein, with reactive heperemia (the upper curve) and without reactive
hyperemia (the lower curve). Both curves show gradual upward slope.

HYERBHIONBICE— 7 EE R LUBTITL
VHICET D, RISHEF A UICEE LISRER
Fig. 2 D FHoZL{THY, =7 2BDTHR
212 FH-3 5 curve #5551

TRMIKHREIR 2 508 U 7o KA & ik ts,  BOSHE
F Iz ¥™Tc &k L84 o curve 3 Fig. 3
DEHFDOTELTHY, =7 2ROTiHRAICE
A4 5 curve &R L7z, RIOAL & Rk, ROSHE
FEML7 UISFRE L 72 HE b1 REk pattern 7R
L7z (Fig. 3 O FH).

2-3. I 5

KEREIAR X » *°™Tc & 8hik+ i3 st & FH
TR LICERLEAEDLIHA L EEHNTE
5. L LZoOFETIKBHRE Y HRTebb

BB BRI AR E Y B D% AT & 7z .

—HEER OB, VIR RS TR I %
ZEHTUTe 2% 5 LT FoBHEEOBEY
H% O IEF I BIIRPA%KER: & % &R L Tiko
BEEMZK 2 T 512D R T 5 (Fig. 2, 3).
IEFRICA BN S E— 7 3 RIEHER MERC I 15 5
TEHRBIRAITIRSETENE b oA — 5 2 235818

THEZLEERL, ERBRVEATL VDL
ETRMRTS5L0LEDbIS. ZhicKLE—2 %
KL @DR0 ERI—713, REHELZEZ
LTHEBRBARICHER D -0 RIKEZM LT
HAHEMES R 2 1B D Z L2 TRRT 5L 0L
Ezxo6Nh5.

3. & 73

1. M&REFE
N=T Y —9% 24 (7, PAEMEBIIREECAE 13 47,

Table 1 Summary of Subject Material

No. of
Disease ;}:g'ex?tfs examined
extremities
Buerger’s disease 24 64
Arteriosclerosis 13 36
obliterans
Raynaud’s 4 8
phenomenon
Venous thrombosis 5 12
Neuropathy 3 6
Miscellaneous 3 10
Total 52 136
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TREERARMARIE S ], v—/ —J" 4 4, MERE
iE 3 B, Zofh3F, 75241, 136 iaxtgl L
7= (Table 1).

TR EFRET 2HEITIERGLICL, o <h
A F R TRE O K& A 6 20cm _EiZE v 7z (Fig.
4 0 (). BERETIHAICIERMICL, H>v
< H AT IWBEICTATICEE»S 20em kiZ
B /- (Fig. 4 o (). ¥7FCRIBERET D
BRI, FRRICEBALE TR o~ 2 T
RBIEICHE L TEW: (Fig. 4 o (iii)). FERES
BEAITREFT oA TDO~y FEEARZICL,

H inj. /__Diverging

S B collimator

s )

Manornete'
(i) -
- 22.)

;;.

F:b shield

(il

(V)

Fig. 4 The diagram shows the methods of examina-
tion. When studying legs, the patient lies face
down, and the detector of the gamma camera
is placed over the calves of both legs. A cuff is
applied to each thigh, and the manometric
pressure is raised 50 mmHg above the systolic
pressure. Ischemia is maintained for two minu-
tes of active muscular exercise of his feet.
This results in a state of maximum hyperemia
after relasing the cuff pressure.

The same method may be used in examining
the hands and feet,

14 % 4 5 (1977)
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A 7777 Normal legs

B ... Occlusion of leg arteries or
Segmental stenosis of femoral arfery
i Occlusion in the arteries proximal to the

> popliteal artery

E

S

<

07 R /T | L |
o 60 120 180 240 goc
39 legs 12 legs 16 legs 38 legs Il legs 15 legs

ta (sec)

..OI I W 11

i

P.1. values

A B C A B C

The upper figure shows time-activity curve of the leg of the patients. The subjects’
legs under study were divided into three patterns. Group A represents normal legs
without clinical evidence of vascular disease. ‘““Note a peak.”” Group B represents
occlusion of leg arteries or segmental stenosis of the femoral artery. ‘‘Note a slight
peak.” Group C represents occlusion in the arteries proximal to the popliteal
artery. ‘‘Note a gradual upward slope.”

The left lower table shows the relation between the perfusion index (P.I.)
and the sites of arterial occlusion in legs. The result was statistically significant
among group A, group B and group C. The right table shows the relation among
ta (the first appearance time of activity in the calf muscles) and group A, B and C.

The result was statistically significant between group A and C.

FASEDIRIEMN S0 B L IROFER L e o7z, 1B
FAEDIREIMEREIC L - THPDTH 5.
FTEUZEBWTHE ST time-activity curve O
BE, BEFIC-EbL—2LFTLHdL, KO
3SHEOSE— VIR TH I ENTER. 2EL
ZO%EA, EAROEVRLBRIHEBOH THREE
DERGORESIT X - THBIRBRE 5V 7GRN
R BT - egNic i Lc (Fig. 5). +7cb
b AR ERMIC TREOBIIRIEEN A IEH T2 MiE
o b OTRBER LI L CERRE -
Bt oig—oTH D, BEUT TREMRICPAZES
I % I E TR KBREIARIC V2 Lk o S iR 2 3
H5LOTHBER LR T, by —7
PRt —2ThY, CRHIEEIRE D IEM
IZHERH D LD TE =7 22 R&R VT —

VTChots. BEECBITS PL flixkdb L,
ARt (39 T 1.6240.35, B # (12 %) 1
1.1740.16, C# (16f) (X 0.65+0.16 Th 7z,
Z OFRERAHT 0.1% LT OERE THEEMIC
BEELADIZ. 72, tad AFET 10.4443.02,
Bz 11.914+2.50, C i 13414250 T, A
BEL CRET 1% UTORRRBTHEZZRD
(Fig. 5 D FE).

i, MAEERGTHENTE R VKRR OHE
BErAREHRICL > TERITERY, ZoZ Lz
SWTIIRIZER RS (3-2-8).

EBIVFCBIIREMBREEILDDLRD
ZL <3 (Fig. 6). bbb, TROBARKME)
MIEHE TZ RO WEE (10) o P L fEiX
1.53:£0.21, REBIR GIREBINR, HICHBINR)
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10 feet 8 feet 12 feet 16 hands 2 hands 5 hands
(7]
g 2.0+
o
|1
g ¢
1.0+ {
I ¢
Normal Occlusion of | Occlusion of Normal Occlusion of | Occlusion of
One Tbial A] Both Tibial As. One A. of | Two As.of
Forearm Forearm

Fig. 6 The tables show the relation between the perfusion index, and the sites of arterial
occlusion in feet (left) and hands (right). These results were statistically significant
between normal and occlusion of both tibial arteries, and between normal and
occlusion of the two arteries of the forearm, respectively.

DY L 1 AENPHAEOR (8K 13, 09540.15, 2
AL LICHEOR (121 &, 0.67+£0.18 Th -
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+2.01, 11.454+3.55, 7.92+1.32 THEE ¥ B
Mol

Phicky, BBIUFICRBWT, EX Lk
FIITRRENRD 5 5 2 ARPAZER L OiCiX,
DMCERD o T2A, 1 A% L 2 KHED DR
AL PEERE L -T2, ZHhIERREES ML
FEFBTIBINTELVWFERROBREESL

BN LEDZ LEWESTVS.

3-2-2  MATEEHRRI#IC I 1T D g
MATEEATAT#% 12 3517 % time-activity curve %
LoTRELIZEZA, FRORBER XUEE
OBEREEROWFEICHIE L. P L {E2 Bk, +
b bFHET (T o P L ffix 0.65+0.15 ¢
Hoto Mg (TR 13, 1.2740.25 L7 7=,
fER] 1

FEBIE 52 50 B M T IR BIAR 36 & OV UG
HFEARICEAZED S 2 PHEEBIIRBILEDBE TH
5. i time-activity curve {25412 EHT 3
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(Fig. 7).
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Fig. 7 Shown here is a 52-year-old man of ASO with an occlusion of the abdominal aorta and
bilateral iliac arteries. Preoperatively the time-activity curve showed a gradual upward
slope. After aortofemoral bypass grafing was performed, aortography revealed patency
of the graft, and the time-activity curve returned to a normal pattern.

5.0 5.0
4.5 4.5
4.0 4.0
335 3.5
1
30 3.0
'WW_S
20 2.0
1.5 1.5
1.0 1.0
5 5
0 0
5.0 5.0
45 45
4.0 4.0

2.0 2.0

1.5 1.5
1.0 1.0
s = 5
3min 0 Jmin. Imin oo 0.

Fig. 8 Shown hereis a 47-year-old male of TAO with anirregularity of left popliteal artery
and an occlusion of two tibial arteries. Time-activity curve of the left showed a
slight peak, and of the right a peak,
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3-2-4 A=V p —JFE X OPHEMBIR M (L iE
2313 % P. L {A.

THE, BB IUOFICEITFS time-activity curve
2o P L EXRALTHAT D ERkDE D
285, "—=Yr—98 ASK) 1cBiF5 P. L&
13 0.92+03 TH Y, PAEMBIIREE(LE (22 D
28135 P L fHiZ 082403 Th o712, ~—T %
—IRICEB T B P L EA Y 1.0 1I2IE V- OIIRZE
PEROFREEL Y L FIELRIBEO X ) BERMBITE
ThHleHdEEZLNDY. LikhsTzhbFiE

DREIIZIIT B time-activity curve 2SULETH 5.

R 2
FEFNF4TROFHT, MERE CEREHIRD
TE, BEHE B X ORIEEEIRO % & BEFBIR

DTN THEDHD, N—V+—ROBETHD.

RITHIT B time-activity curve TIER T DT A
LintE—27 &Y, AREIEVRE—7ETRL
7z (Fig. 8). RRICR T 3 2IRET» RO L
@ time-activity curve # #3425 L, Hi3eLd v
— 7 ik X TR 412 LA+ 5 abnormal pattern %
AT O L, Al — 77 #7753 normal pattern
% L7z (Fig. 9).

5.0 ROI

3min. 2min. Imin 0.

Fig. 9 ROI of the left toe showed a gradual upward
slope (an abnormal pattern), on the contrary
the right showed a peak.

14 % 48 (1977)

3-2-5 BhEkiRE

A-V ¥ v v NEROLIE, TN AR S EME A
#oTFICER~KRICHEh S 0T, P L fli)i%
BIZE L, ZOERMI v P RS DEALE Vi
IEfEZE R Lz, T, o+ > Mfizo P.1L
EEIER IV EE #.

FER] 3

FEFNI22E D ETED AR L D AFOMEKS
LUOBRED D - 7. MEBRE TIZREBIRS O A-
Vyx v bbb o e, FIALIZE 1) 5 time-activity
curve (2T, FHIFNT P. L X 3.2 Th - 7223
1 2.6 L% L7 (Fig. 10).
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N P32
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1 1 i = L 1 1 1 1
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Fig. 10 This case is a 22-year-old female with A-V

shunt of the right hand. In the time-activity
curve of the area of the A-V shunt, the per-
fusion index before the operation was 3.2,
and after the operation P.I. was 2.6.
In the A-V shunt, 99mTc-pertechnetate bolus
passed the main artery and returned to the
accompanied vein without perfusion in the
tissue. After the operation the peripheral
circulation returned to normal. Therefore,
the P.I. of the former is greater than the P.I.
of the latter.
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3-2-6 T REFRARMLAR

TRFEARmARSE (6 ) <55 P. L flig,
1.65 £ 0.1 THY EWfEER L. LT
BIRMATRE S % 38 = 413 & O EE /5 IR MR T
OBRY, R OFIRIRT R E (XA o time-
activity curve [ZH.2 DENTIT LA ER VLA
TRy,

3-2-7 v—/ —J¥®

L—/ —98 (5% ics1r % P.L. fEix 1.81+0.5
LIRIFEEEE R L.

3-2-8 J¥fE & OFEE

FERE A (2 35 15 B [ BRPERBE AT DRLEE 1T Rk > 3 #EIC
MFBZENTEZ. Fiabbi 1, 1km
WITRIRER M CIR LAY IEH LAl sh b, 2
B Lkm A5 200 m OFBRITRIAEIRE, 55 3 B
13 200m LLF LT CERVWEETHS. Zhb
L P L EEoMEEERD D L, §1 8 (651 12
P. 1. fi=1.58+0.35, %5 2 # (20k%) % 1.01+0.3,
5 3 BE (20f%) 1 0.71+0.18 T3 7= (Fig. 11).

VLEO X DI HIBRMEBEAT ORI & P L fli3 X

65 legs 20 legs 20 legs

2.0

PI. Values
o

1 km < I km~200, 2ogn>

Intermittent Claudication

Fig. 11 The grade of intermittent claudication in the
calf was divided into three groups. The
first group is more than one kilometer; the
second from one kilometer to 200 meters;
and the third less than 200 meters. P.I. is
correlated with the claudication distance.

WHRBIER R LT,

FER] 4

4755 0 BHEEMEBIIRIE (LE D B T, MUEHRE T
R ABREIRIC BB AE 2 8 eb 7. i 100m o
HATIC TR O BB AT 233 - 72, [RIRe o
time -activity curve (Ibh iz e’™—7 #/xL, P
L=126Tdh »72. 6 HRIOBIT JIRRRITHE KRR
IROWBEIIARLETH 720y, MBMBEITZR LIC
2km BITRJHE & 72 » 72, [RIFFH o> time-activity
curve (I°— 7 % P. L 13 2. 17 L IHFEFE
#x L7z (Fig. 12). +hbb, KEFOEHEZ
time-activity curve [IEEKRGEIR & IERIC X < —%
L.
3-3. © 5

BRERIC I W T b BUSHER Lo i i, *™Tc
ER—7 2L LTHETIE, EXTRIE—2%
TL, MEDIHEAICBIE—7 BRETHLAIC L
H+ 5% 75 L7-. Time-activity curve (=4
FIRDSBHIE L 7o &1, PAZERAL & FHE+ % =
EnEPIGEE NIz (Fig. 5), FrBhiRoD %
Didb - TH MR 2583 L 72 A BT O HE

T

p.L_1 3 BEFORE TRAINING -

AFTER TRAINING

Fig. 12 Shown here is a 47-year-old man of ASO
with a segmental stenosis of the superficial
femoral artery. His claudication distance of
the calf muscle was 100 meters. At that time,
the time-activity curve of the calf showed the
abnormal pattern. After a six months training
course, he was able to walk 2 kilometers with-
out intermittent claudication and the time-
activity curve returned to normal pattern.

In this case the time-activity curves correspond
well with the clinical symptoms.

Pl.=22
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Fig. 13 The radiation dose delivered to the patient and the dosage to the physician after
administration of the 10 mCi of 99mTc-pertechnetate were estimated.
The radiation dose of the patient at the surface of the neck, anterior chest,
abdomen, and bilateral inguinal regions was from 100 to 300 mrads per 24 hrs; the
physician’s right second finger, 100 to 300 mrads.
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RIMERBOZEFHIBHELE LTI, &<
(X *Na & ##E LT arm-to-foot fFERIFH % RE
FTBHEY © *Na & TREFICHEL, £07 )Y
77 ARREST BHEY b Tk

1952 4£, Maclntyre &%, 3'U-labeled serum
albumin (RISA) ##¥ L T arm-to-foot D {FIRKF
M&RE LY. Tk RISA 2fEHLTK
MILERBEBH LIzl ) it TR b
nTwna.

Perfusion scanning & LCTl%, '-labeled
macroaggregated albumin (MAA) 2#hiE+5H
87 R 9mTe albumin microsphere # §jiF+ 5
FHEEY 2355, Zhbid R 28E L THUMG
FRFIZ microembolism ##Z S ¥ 5 HETH 5.
L7223 5 T Z OREE TIBETEES ML T
DAL, MERICR T 2 MREARML TW 5,
LEZLRBY. L, ZOJE TN
RERITIRE L TN DD, FBINEREZITR
I ELIIREETHD.

1964 4, Lassen HIiZX V{7 bh iz ¥3Xe
muscle clearance i **Na (T~ TE 4 OfFIIL
B ORIE A TIER M & MAT AR, & PIRIC
BERT X 58028 NT, ZOHLE LTS
NTWBA, BEER, b7 AR X OHE s
DOTREFIZL SIEHRBNDS.

fixiTix intravenous radionuclide peripheral
arteriography (IRPA) &L fTabh T T2, #
FETH DO THERE DAL D7 CHRIEL il
ThdH, BRIRZICH UH 7z i ot R
HTHD.

—%, peripheral perfusion (X#FH) % 72i12(k
ZHMEORIMIC L VBT Sz Lrmbh Ty
21, =~ 15 ofiliic X » maximal vasodilatation
NOEREZINS.

FEHENC cuff 2 KMAICEEFEFHLEL Y&
{ LiERi il ShioRE CEBARTE 5 2, &

FEfNC cuff 292D 55, ThabbRISE
FelZFIH L7c g T TR OBIRERKE 217595
EDHBHPO Z oFHEIC X i @ OBIRRE
RACIE L T/ NE bt S h D 2 L AR
T35,

FOSHFMAE = 2 RICS> W TIRBELBR
HORBEHBUTOZLLEZBA TV, §
b B 113 tissue anoxia L L¥EMIHETH D
carbon dioxide, lactic acid, bradykinin %D
I X B MENIRUE &, 5 2 1 RPTEIRE O T
IS PR M & SRR DR T IC X B fui o3,
D 2}5—6.3;)617).18)'

1962 4, Cuypers & (3RS 7 1L o # 7 #
RISA 2fiET 2K BT -7z, HHEF, &
R MO, IEH T TR OREME TR T
2 MEBREEE D3N3 2 4%, PHIEMEBIRKE B TI31E
BRI DRI IRD T DL ofmn S, RIS
Iz 2 IFERANE X, PHZEMEIIRE BEE O
MM O & BB L OVEMICEHE S 2 oicEh
T3, LfsE LIe S ERER MTICE TEIO /&
noilc.

BSOS HEFE gl gz ¥-labeled marcoaggre-
gated albumin(MAA) # KEBEIR & v & 7213%°™Tc
albumin microsphere # ¥85EEIRE VL T
perfusion scan # 4 %5#kb H 517 0. Zokik
USSR L LICBhid+ 5529 iIcle ~ TR
FIERERE D D ZICBVT X WV EFRITH S,
BIRSEAI S 5 7o BEOAHHKE V.

BE~ORBE VLA L, KERELXFIREICT
HiTREEEBICE ST by, ERiE IR
FEHELL ETHEBE L, MEIR X 0 EA S Tc
—HHER ST BICEB Y —RUITHEBR L THEEA
FHiT (Oldendorf #), IE#H TIIREBERIZI VT
' — 2 #5R7 activity curve 235 6h 5, L)
W|MEVLH DS, THRBIVREORMBIZENT
BBIZR—F 2L LTHELLOATHE, E—7
L oz E sy, ZHEERIFFE O
EROBE» WS THD (Fig. 2).

1974 4£ Gerritsen & (I T Lo #AF H Iz
WmTe KR —F AL LTHEL, THO time-
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activity curve %:R®, IEHE & B 0ER) &
1l o722,

ARFEICE TS, USRI PIC *™Tc
AAR—F7 2L LTHAEL, TR, 2BXIUTFICE
VT D BHERRAS & T LT B 28, AT, T
7% diffusible substance T 5728, FEME D
F15 B TR RG  5 A SRR 3B 1T B HcHG
HEMDZLNTES. ThbL, EFNSHUEIE
DIGEEE L2854 @ time-activivity curve X, **™Tc
DIUEIBALICEIRE RIS ©— 7 2R3 of%
L L Hiz mTe o—iixEIc diffusion L,
PV IXARNIGER T 5 7o O UG 2 ) U SFetinic
ET5S, LEZLND. ZHICK L THIERM S
B NI Z DN I F 5 EEMF OP AL
b DA, MEHT O K & W IIREIILTE & i
BIRFAUTRE BV T, BOSHETE M b E
LR & I LABORTEMES G S h T, theic b
AT HHMERTZ LB ZLNRS. THbLRH

TAO
Right IV Toe: Ulcer
Left Toes : Cyanosis

14 %4 5 (1977)

FTEHRMERILT *Te AR —F 2T >TW5
DTE—7&RL, BHTIR—FRLAHAL
DTHRAICERAT S, LEXD.

Az kb, £ time-activity curve A%zt
RO BHIERAL L AR 2 = & 238 L7228, (Fig.
5,6), AT X DI IO 2 W 3 ML e
DT Z VWA, HEBREZORMICKY
2505, DX D RGEFHIZENIALEOAK D
HTE . ©LULAMERE TIIMDZ L DT
E IR (HIERIEBL TS ORERAEIR) & OFHR
ICARBEDOBER S D . Tb bIERE Tl ARn]
REZR IAERTNHE DO BERERI I D3RI HE T & 2 SIS A
DEFND S (Fig. 11, 12). f=72L, *mTc &H
FEHRRAEINALICRES 2 £ TORR (ta) 1%, 1EH
DY LHED DA LRI L TLREEENR
{, BEMICEEVERTE AL ST,

HEE O A ORI, AR Y il
WD YEEAT Hv o RAA R (basilic vein) 25 & v L

Fig. 14 Shown here is a 45-year-old male of Buerger’s disease. He had ulcerrations of
the right first and fifth toes, and a marked cyanosis and coldness of the left foot.
Each time frame histogram was simulated by gamma function; parameter A, B,
K and mean circulating time (MCT) were calculated.
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Summary

Radioisotopic Dynamic Study of the Assessment of Peripheral Obstructive
Arterial Disease

Motoo OHSHIMA

Department of Radiology, Nagoya University School of Medicine
(Present Address: Institute of Clinical Medicine, The University of Tsukuba)

Arterial insufficiency of limbs was examined by
injecting of %*™Tc-pertechnetate intravenously.

In the animal experiment, it was proved that the
intravenous injection of a bolus of **™Tc-pertech-
netate under the condition of reactive hyperemia
could so well differentiate normal limbs from the
abnormal, as the intraarterial injection did.

Patients with Buerger’s disease, arteriosclerosis
obliterans, Raynaud’s phenomenon, venouns
thrombosis, neuropathy, and miscellaneous were
examined for about one and a half years. The
total case studies were 52 patients.

When studying legs, the patients lay face down,
and the detector of the gamma camera was placed
over the calves of both legs. A cuff was applied to
each thigh, and the manometric pressure was raised
50mmHg above the systolic pressure. Ischemia
was maintained for two minutes by active muscluar
exercise. This resulted in a state of maximum hype-
remia after releasing the cuff pressure, and *°™Tc-
pertechnetate was rapidly injected into the
antecubital vein. Same method was used in examin-

ing the hands and feet.

The parameter, called the perfusion index (P.1.)
defines the ratio of the counts of the peak of the
activity curve to the counts of the plateau at equi-
brium. The results were statistically significant
between normal and occlusion of both tibital
arteries, normal and occlusion in the arteries
proximal to the politeal artery, and normal and
occlusion of the two arteries of forearm, res-
pectively.

The time-activity curve using intravenous *°™Tc-
pertechnetate injection was well correlated with
sites of occlusive lesions which were proved by
arteriography, and it revealed a peripheral arterial
insufficiency that could not be recognized by
arteriography.

This method is a simple and reliable vehicle for
the functional diagnosis of peripheral vascular
disease, and owing to intravenous injection and
its low radiation exposure, it can be performed
without risk.
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