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Ischemia by Measurement of Regional Blood

Flow

BEE:jpn

HhRE
~EH:2017-10-04
F—7—NK (Ja):
*—7— K (En):
YER

A—=ILT7 KL R:
FilE:

http://hdl.handle.net/2297/7961




674 ERRE+LEFEME F96% £35 674-683 (1937

AR GTRIE I & 5 L\ﬁ%ﬁmlm%%%ﬁ’]:b & UERIRIRFSE

BRRFEFIME—BERE (B4 8
R X
(FRRI624E 6 I 4 A2 fH)

B#AR)

LEFEMOFHE# BRAAE 2 V77 v AE2H O UERIRAIZEIC LD iTo7. £ FREEDEE
HB L UCEEHERERT 2 L OBERR IS CLHEBMIE (MBF) QflE 21757, AkEs L e
BHERIZB T MBF BEEICEEE R LY (p<0.01). HERHEHIC L 3 B OEMEE, »
HVRBINERIC L 2 TEREOFELEITD T2 ORLMELFER L -, A 2EHREANCISE L, 30 Hlo A
C /34 S AMFEATER, LT 10 FIo FEMEIM I LR BEF D MBF % FHiducflE L 72, Btk e
BOTHEDOTEIRLE 26 T 2 B ImtEE O ¥ MBF 13 105+44 ml/min/100 g & 3£ M4E 0 Tty
MBF 150+ 44 ml/min/100 g % & UFERE M0 1%-{ % B8 C D F+ MBF 156+28 ml/min/100 g 12 b L C&
BiEEE2TLL (p<0.01), XEBERORAEED 90% LA LD T MBF I {EE 27 L%, BIEIm
TE T 2 BEIRS £FAEMEH) T D MBF 13 10444 ml/min/100 g & 90%BRIERER 0D F+ MBF
82449 ml/min/100 g &L EF RN TV B 2 LR E Nz, QEAFERTIZF MBF i 40+ 23 ml/min/
100 g & 3k Q EAREERE T D F#) MBF 96+48 ml/min/100 g 35 & U'IEIEZERE T D F# MBF 134457 ml/
min/100 g L THEEBMEERL I (p<0.05). EAEES MBF QEEMERTIRELL -
Fe D L TMATEEAMT % ME1T U 72 BINSRIIZ 8 > € % MBF i 104259 ml/min/100 g 4> & 149+44
ml/min/100 g N L EEOEMER LT (p<0.05), Q FIFE B TR MITHEEL Y MBF i 39+25
ml/min/100 g % 5 12440 ml/min/100 g t HEDOEMERT b OO FEREI £ CEER T, By
ol NWEIRS S 7 MERERIC BT b 20 MITHERMIROMNPHESTO TR &40, KRE
Bk 7 7 MERERA L ZDRO I EERRLHUEL D, BEBAKE Y ) 7 5> AR H L MBF 24t
HET S ek b, BEIREES L LEEEOREE & MBF OGS 22 L, & 7o BI0TEREA
HI#& D MBF QRIEW & D, [DLESOEF v~V CHEMIER S ER0ITMET 2 2 L 2788 L7z,
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B EBOABRAE B WL TE, LERMOR
BZIG U TITBREOESSRE S, Fio L EEm
FEREERCRBHT A Lz kD, MITEEEHBITT
SEEMMMBIE SN, 2D dIZEFLER, L5
A¥ vy, TEIGER, EESEENMIICHITEN
5, ZON, TERERIZRE Gold standard & % -

DEBFHEEERZ2RL THELI ENFH-TE
72979, HERENZIE, COBBMO M, CEEED
iE (MBF, Myocardial blood flow) #MlET 3
EXERTHD, LinL, RO FETIERNICER
MBF % #IE T2 & L iC3#IR»nH b, HiiZ L
BN, 2T, KR TREMEAE IV T IR

Twa I, Lo L, RIGHEFRILL (reactive hyperemia)
DHFE L & VLER— v ¥ Z7ROLHN pH 200
BRI & > TRIEHREBE £ 71 L 72 BT ORI &
5, EEIRER L 2PER LT L BMERE

BIZEBL, 2TREAGEERIC 5V TAEC
&35 MBF OS8R o NIc R M 2R L 72, B
R & D MBF % ABOOEFEMRTBEL, O
FEREM ORI B & CEEFE R FHML 7>, * 2 EmTH

Abbrebiations: ILM.A.G., internal mammary artery graft; L.A.D., left anterior descend-
ing ; M.B.F., myomcrdial blood flow ; Non-Q M.I., Non-Q wave myocardial infarction ; Q M.
I, Q wave myocardial infarction ; S.V.G., Saphenous vein graft.
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1. XBRiR

EWER )Y L CEE I0kg 205 15 kg £ TOHMER
£ 15EREVTEERMET T MBF #8IE L 7.
MBF QRIZBCZBERAE 7V 77 v REEAL
72 (M1), ZOFEE, BEEPERSMBT2ILICE
DERETHIC KBS R R RESR, TOKREY RAHME
L DEUVELN, TOBREMETT2BEBER—F
uEHe LTRAEHL, 2027V 75 AL D
EBmMAEE RO D AETH S, EED MBF OHIE
RO EBEREENAKERY )T I v ABBMREE
(SA4F AT 4 AV 4 2 AHB, RBF-2) BLU
P RATERE (N A AT 4 DY A T A,
BDA-1-2) TH %, ALEE IREML - TRER L OMT
BHREEL, EHRRNICEET 2KkEBRAMELKESY
AEFELESE D, ZOBEBEIR S0 WRTOWERER X
100 uA £ L7z, BRERTHR—-7 0EWH (H,— 2H"
+2e7) # AL CTHMBR OKEL A BE R 5 HEBETH
EL, F—VERBEBICL>TKEI VT T AR
HE, ZRIEDEBE (TC: min) 2K 3, E

2H50%+2e”

BoRBIRE F) BUTCRTEMe OER
KO0 SEHE LIz,

F=Fe~Fp=69.3 (p——g—)-(1

(ml/min/100 g)

Fc: EHELoMABMTRE
Fo: AEOBERLENC X 3 BridOEBMmiTE
Te: MHDOHBRETOKFZZ VT 7~ ABEL
DR SN R
Tp: MEDORVRETOKAFKZ Y77 v AHRE
DR D &Nz HHE
ZOBEFEAAEZ VT 7 v AEBOGE TR, B
hic7 V77 v AHBOERORRMMBEIEET 2 <
L kD BRI ERBIT R T — ¥ IR L D
BEHaNA) 7Y PSR EEA LR TS,
RIZEBHER, 0mg/kgDEB Y ¥ 3~
(ketamine hydrochloride) O EHIERAE S B & O
10~20mg/kg DF 4> —nF b+ Y A (sodium
thiopental) D#IRAZ 512 & D KKEEZ 1TV, KERNE
BT ALREESS (Harvard 3l) 2 Fv TERERIC
THeE R 10 ml/kg, FRRZL 20 [El/min 1< TR &
Uiz, 85 s TR ET; Mg s
TR L, RS BHLE, 27, WEORKE
W, ARBRETTITHEOXERR TH 2 EZR/E B
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Fig.1. Schematic representation of the circuit for measurement of the regional
myocardial blood flow by electrolytic hydrogen clearance method.
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L UEBEIRSEER TH 5 A EHE OB I RER
EZRIAL, BELHO MBF 281%E L 72, D & 1CE Bk
RERITIFROSE 1 3 AR AH O K8 THIBE F%L,
& & LR ERAED £ RERBIIR ERERL & 7T T{TRD 5
BaRR U OBEE R ERL, ZOE%IC MBF £l
ELT, ERETECAROBRLRICL S RAT0
Mg (Fp) ZRET 272010 02RO CEFIMTE
EFRE L. Fo O 42414 ml/min/100g TH
h MBFEOZERICIZOEEELI W, 7208
FEESERO MBF 2HIET 27 3BEORIZBENT

FREAROFETOHEE FRL 1 4 AU LEER
E¥iz, T OBRMEERICHIEIFH & RO RS &
VRS S 5 22\, 55 hakes, mis
L, LiEBEHL, LHEEREOAES I CERRO
MBF *#lEL 7.

II. ERER#R

1985429 B & D 1986 £ 10 B & T HE THATL

> A-C /84 S RBHEFID 5 B 30 Bl B> TP &
e ARBOBEERAKE S Y 7 T v ARBIMTEE & v
T MBF #8ZE LTz, E@Z6E»569RTHD, 5F
Tl 233 7 ThH o 7o, EEINR 1 BUREIR 6 6, 28
RE 120, IERER 9, EEREREI 4HIT
Hot:. SO KREBIRE 2IaHIgiikE Ay Td
MATEEM 2T, 2 ERmEERRE 10522 >
Po—AEEE L EBOMN R IE Wolff- Parkinson-
White fEIEEE 2 61, LETRKEE 2 5, BiEARE
fiE 48, REIRFIREE2HITH D, EFITHEEIRIZ
E¥ETH-T.

S ORI RYIR I TRIM L DR B R, £ 3F
SEBRBRAET I ERT TH (LAD) OXRRHTH2 L
FHEE R X UEBERO XEHER TH 5 HEREEICRE
EBEELETELD 1~4mm OESRHIAL, 20F
£ MBF % I U7z, FICEABERT 2, KEIREE
W7 L SO AR & 1A Lo DE IR T IC AT D MBF
BREEL., IhbekROBREHICL 2 AP0
myzg (Fp E) 2EH L7, LREBENS & CEifT
BEEM 1TV, EAERRTRIITEES T HIZE
LB THE MBF 2l LRMERIC L o 8%
BUNRE Uiz, & AERBREONUE L OEOERMLITK
& MIFEEIC R 2 BUE T 7.0 Thiemr o1,

ERAOMETIZ 1) BB MBF, 2) EEiRik
%[« MBF 0%, 3) LHEZEOEERE L MBF
OBR, 4) TMITERMEI% TO MBF O%1L, 5)
DERED BERK L IMTEESR, 6) MIERE X
ﬁE%m%a7h®mﬁﬁ@%%®mﬁmomfﬁv

. EEIRMEE IR S b u s ) H TRO RN
WEE R B £ 7 &, % diameter  stenosis & % area

stenosis IZ D WA L 7z, LAMEZEO W3 ME, n
hOEnEbERO ER B L CLERO LTS
fo. FOBEREEMBCREL, JHEE, QHF:
B L UYE Q HIFED 3 BRHC T foL ATEE Q WL
EN FATESEEC 0.4 MU LD QE2ED 240
c L, HTEEIE Q BEEI QEsEDL oY, T HoM
QMG ST DIETFT2ED b0 L L, FElE
MBS AT 5 27 GIPIEEEESNE 144, Q%
W76, QUEEEIL 6HTH -7,

Il. #EFPRNIEE

BEEWEE Student’s T test ICL D & Lo, p<
0.05 £7:13 p<0.01 2 HEDEH D & LT,

o1 T

1. Eh4pEERIcH 15 MBFAIE

BRI 51 Tld MBF BIEC AV - $FERIC &
2 MBS OBBRIRE 2 Y ERo oo, &1
WUNBFIC & 2 TRIROFBHREOMBE S 2 h 1z,

HIE DR, #E L TO MBF OV{E + 1R
#= (LAFREIL) i 169+ 16 ml/min/100g TH H £%E
HBETEE R o, EEIREREICIE MBF i 21+
13 ml/min/100g LET L7z (p<0.01), |SUEEERX
BV TEERECERLL 7o O F.OERTiE, MBF
it 105431 ml/min/100g TH VD, BEHIDHLTO
MBF 177430 ml/min/100 g OfEZLER L THEEWE
WEREHELS (p<0.01), 1HHIIEARNICED
LHEIMITR 2T 2 2 ik D, HEZESO MBF
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Fig. 2. Myocardial blood flow (MBF) of canine
experiment. The mean MBF was significantly
lower in myocardium with acute and chronic
infarctions than in normal myocardium (p<0.01).
The values are given in mean=+S.D.
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1t 127 ml/min/100 g FTET L (E2).

II. BRI 17 5 MBF AIE

1. RSMEBRETO MBF

HHEERRT D MBF ORIERBR AR 3 I2Rd, a2~
Fo— B L7 dER YL R B D MBF 13 ¥
156+28 ml/min/100g TH o7z, 2~ P o —LED
MBF TSRS EED MBF 2L TWwW3H D
rEzond, BIEGERTIRER LOEZICE VL,
75%LL E ORI EE T 2 HENR O AR % B MR
i, 5% RO OHE R IBMBER & LESRL 72,
4k g [0 848 T 13 MBF 12 49 150+ 44 ml/min/100 g
THHar bo—LEEEBL TEEER LT
48 Tt MBF 13 ¥4 105458 ml/min/100 g T
HOEBMBR LWL TERCEETH > (p<
0.05).

2. LAD 78 £ EE R8O MBF

1) % diameter stenosis & MBF

LAD @ 50%3 ## @ = % i T i& MBF X 161£33
ml/min/100 g, 75%B%EHITiE 163+ 34 ml/min/100
g ThY, HICERERRL. Jhx LT 0%k
#2471 MBF 12 8249 ml/min/100 g, 99% 57T
it 46+21 ml/min/100 g & BEIMRBL %8 0 B E K 3
B+3i22oh T MBFIZET L7, HEER» S /E
M7 %% % LAD 52 2FAZHI T, MBF 13 104+44
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Non-1.H.D. Non- Ischemic
ischemic

Fig.3. Myocardial blood flow (MBF) before
cardiopulmonary bypass. Myocardium in
ischemic area showed significantly low level of
MBF as compared with myocardium with non-IL
H.D. or non-ischemic area (p<0.05). The values
are given in mean®+S.D. L.H.D., Ischemic heart
disease.

ml/min/100 g & 90% MEMY DO MFMB R T
7o (B 4),

2) % area stenosis & MBF

% diameter stenosis (8 U CREBIIREAE O EE
ErxiDRMT 2 ELEN 5% area stenosis Z HEIK
EED 5 Brown!PO HEIZ X D3k, MBF & DHHE
FRE L, EEMMEOERO MBF B L T%
area stenosis 23 80% LA £ o R BIR O X EEE T
MBF OET 28 H 7% area stenosis & i MBF
DIETORE L OHBERED sz o (M5),

3. BEDEEE ¥ MBF

EEZEWMECOREORE RO Q BFEE, FQ
B2, JEFED SHIC AL, £ 5 DT MBF 24%
StL 7. 2 OEREHY MBF i Q BE£E T 4023 ml/
min/100 g, 3EQ #WEZE T 96+48 ml/min/100 g TH
D, ff B O ¥ MBF X 80+55 ml/min/100 g T
Hol:. —H, FEEEHTIEIFEY MBF & 134£57 ml/
min/100 g T#H - 7z, ¥ MBF ik Q HEERMIIIEQ
WIS X UFEFREMC R L CTERIEL (p<
0.01), Eb:%@ﬁ%ﬂid\f’ﬁot‘. ZhicLTIEQ
PATEEEEY Q BAERE L D MBF BEEIZE S
(p<0.01) FEFEEBFLFEELTRET, ZOSRIRRK
Th-t: (K6),
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Fig. 4. The relationship of myocardial blood flow
(MBF) to the preoperative angiographic assess-
ment of coronary stenosis. Even with total
occulusion of L.A.D., the areas with collateral
vessels show almost same values of MBF as the
areas supplied by coronary arteries with 90%
stenosis. Filled circle indicates the areas with
no collateral vessels, open circle indicates the
areas with collateral vessels. L.AD., Left
anterior descending artery. The values are
given in mean=+S.D.
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4. FIMERFIETO MBF 01k

FERI M LR s L O M O R B CIMAT B M 2
HETU - IR, MATEEEM %77 2 LE0R 0
FSERMBE T OEABREIRO MBF 28 L7 (K
7)., EMITHE LR BRI 5\ T3 % MBF 13555
BT 14915 ml/min/100 g A & {44 16 B 1% 148441
ml/min/100g L B Lo 7. BRI OEREBEED
FEREIN $508, T3 # MBF 12 SHEERAT 153449 ml/
min/100 g & 5 EAE R 156 £43 ml/min/100g &
Fhidep o, IhCHL RO GRBIEOREI
FEH T ORE T3 FHY MBF 13 BIMITEER O 104+
59 ml/min/100 g % & MTHE% O 149+44 ml/min/
100 g ~NELEEOHEMER L (p<0.05).

5. BEOEEE L MiTHEELE

LAD o fTEEF &3t H, O OHEEO EE
B e BIMTEEMOR 2 HET Lk, LEHEEERE
BT ¥4 MBF 787 13948 ml/min/100 g 2> &
%% 164432 ml/min/100 g ~ L BEAOL 7228, BEE
Eahofe, OEIEEBERP, EQEEEIIBNT
1% 57 #g MBF & #7 81 90+49 ml/min/100 g & & 7 #

141452 ml/min/100 g ~ & OB FEBLE B g
LEDRER ERE2RDIN, ZOBELATHIRTE
EEXdFZTeonshol, ThEMNLTQEEETI
T £ MBF i 7 87 39£25 ml/min/100 g » & fif %
12440 ml/min/100 g N EEBEOEME R 7> (p<
0.01). ¥kQEFECBVTRMITHEMNEO ¥y
MBF iIZIZTEHBEE CEREL DN T Q KiFg
FTIRMITERNNC & DY MBF 3 EEOBMNE R
TOHOODHFEEHICLLLEBEMTH- (H8),

6 . PMIBEIIR & RIRTERFIR 2 5 7 b ic & 2 BTH
BWMR O g

WHIBIRR % F V> 7 B M TREMTER & K IRTERIR
w7 fEG % LR L 72, % MBF $ IMfTEET Tl
AETEIIRAE A EE T 103+54 ml/min/100 g, AR7EBSR
ERBET 105452 ml/min/100g & W& & & Eid i
otz T IMATE MR PN ) IR A B T 149121
ml/min/100 g, KRFERRARAE FEE T 152452 mi/min/
100g tMEMICERZRO T, RMEBIREERL -
TTEEM & RATFERIR % A L 2 T HEM oM cm
TEERMFROEIR DN o7 (K9).
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Fig. 5. The relationship of myocardial blood flow (MBF) to the percent area stenosis

of coronary arteries.
area (mean+S.D.).

The shaded area indicates the value of MBF in non-ischemic
Filled circle indicates the areas with no collateral vessels, open

circle indicates the areas with collateral vessls.
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2y VEQHEND LN, FOLTIIZE > THOH
i & R L T3 0AT, FROFETRE
LEBENOBREZ M UERLTMEL2 T 2 &3
L¢, FROEFEIC L AR LMPRR L —HLx
WEE b £\, —A, MBF .LERATO BN # HigE
+0T, MBF OREMNLHBNEFMT 2 REDA
wrEiZond, MBFRIZAELE LT, RI uptake
#, RI microsphere ¥, '%3Xe ®RRFEH A ZDTENE
BRI VT 7 v AENRE SN T 51079

KEZ VT T2 AT Aukland 5992 L - THRE
ENT, THNIEFKES ABRARTH D, TEBYEER
THOLSNTED, 2OFHREREIIEATHS, L
L, KEFABRARI, B2 LERBFAESN,
ERADBED, MBI —IC 5 F TRAT 5B
RHBLE R P ORENND 5 7 DIERISENRETH -
iz.

P<0.01

T 1
H pP<0.05 NS
o I 1T 1l
o
< .
£ 2004~ .
E o
s . *
2 . °
< 134
< °
g 100+ 96
.} ®
5 : .
w ° ¢
2 - ©40 i .

QMI. Non-Q M.I. M.L(=)

Fig. 6. The relationship of myocardial blood flow
(MBF) to the severity of myocardial infarction.
Myocardial segments with Q wave infarction
show significantly low value of MBF as compar-
ed with myocardium with non-Q wave infarction
(p<0.05) or not infarcted myocardium (p<0.01).
The values are given mean+S.D. Q ML, Q
wave myocardial infarction; Non-Q M.I, non-Q
wave myocardial infarction; M.I, myocardial
infarction.
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WMTHO, EECEBBEERIFERWEVIFERND
5., NS 3kFOBRILEC X 5 R omiisE
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RRZICBOWTREAELZAWCE T ROERER
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R L, — MBI T 7 OFERR M FR i O S EEAR
PUOLMEERI L D b BERRTIO000, BFRTHES
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BELTWR LE L 6ND, KRR THEELEIME

P<0.05
NS
- NS
8 f
g 200;
£
E
E
3
o
W
T
8
E 1001
8
T
]
Q
o]
>
=
0 Pre-bypass Post-bypass

Fig. 7. Myocardial blood flow (MBF) before and
after cardiopulmonary bypass. MBF of non-1.H.
D. and non-ischemic area showed little chage
after cardiopulmonary bypass, whereas MBF of
ischemic area incrased significantly (p<0.05)
after surgery. Filled circle indicates the value of
MBF in the myocardium of non-ischemic heart
disease, closed circle indicate the value of MBF
in the myocardium of non-ischemic area of non-IL.
H.D,, and triangle indicates the value of MBF in
the myocardium of ischemic area which
revascularized after cardiopulmonary bypass. 1.
H.D, ischemic heart disease. The values are
given mean=+S.D.



680 n

p<0.05

/ .
100 /

0

/100g)
¥
o
S
1

MBF of Left Ant. Wall (ml/min.

revascularlzatxon revascularlzatlon
Fig.8. Mpyocardial blood flow (MBF) before and
after revascularization. MBF in not infarcted
myocardium (open circle) and MBF in
myocardium with non-Q wave infarction (tri-
angle) increased little after revascularization,
whereas MBF of Q wave infarction (filled circle)
incrased significantly (p<0.05) but not restore

normal values. The values are given mean=*S.
D.

BOEESENBER 2 X5 T BRBENETE
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FIROFE T MBF OBIINE 2 5 h 5207, KHFE
TRENMEBEBAT 7Y v MEDET 2D 2259
R O EBREC A TUIAT 39.5+4.6%, BEILE R
BB T38.0+3.6%, ATLLM#E b 32.044.1%%
C3.1E3.7% L L - ERMTRERER 2 S B
MrottgRE L rEz shi,

AL AERE - OBER T, Edward 5%, Allen
B3 X e % FIV THRAEE 80% U £ T MBF OET
RREDBLW/EL T2, RKIFFETRIEBIREED
%KD ER TO MBF L FERMECRBETO
MBF r O THEEZ R %, I ORKREITEERRSE
B T%FRBOBBE TR LHRBMAELCIZS WEYD
FMITHENS L UBERRFTR L SGBLTWw 3,

—7%, BITEENOBIL &2 2 & B E
5% LO4ES T MBF R EEICEETH D, K
B b SRS e, EEIREAE ORE £ Bkl
5L, MBF L OB{%% LAD S TH 2 &, Th%IE
Tit MBF RIEETH D, 75%MRA2 T3 LR
FERBECLVEVLIBEREERE —HL T35, L
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Fig.9. Myocardial blood flow (MBF) before and
after revascularization. Internal mammary
artery graft (open circle) showed same effect of
restoring MBF as saphenous vein graft (filled
circle). The values are given mean+S.D.

TB Y, RBIMTHORBMTOMRICRE 2BE2E
LT3 Z LSRS08 LAD 52 £ ZEE)]
TRIEIMITEET 5 2 &2 & DLAMEZRICKES 20
BEFIFR2BIH -2 L e, MEIMTIEECEmD
BEE2RTELT T2, EBLEIC T 286
TRROBRI- TS ERRTES,

% area stenosis & DLLE T William & 21308
A ¥ v > D% area stnosis & DELEICE W THREE
80% LA LDFEF T LI A F v > EEYE 230 2 EFN
B EWEL T3 A, APFFRIZE W TH%area
stenosis 7% 80% LA Lo #HE O MBF #3{EfE %" L 72

, MWEMTHEBEMRIIED sk h o7, Bani
E@Eﬁf—f“iﬁ 2o o2 OIEERERZIC L DRD %
area stenosis 23D M7/ ?E@ﬁfi}”’%ﬂ‘ﬁ%u &
B L 2o WATREMEY &, AN A LT & B LA T
EEBIROIEESECHETH mﬁﬁ@ﬁﬁ@*iﬁ&ﬁ‘
Big { D712 MBF 23{E{8 %2 R T AEEMESH 2 5
nas,

LAD## T® MBF L LB EOEE &R T 4
&, LASEZEEIEELERE T MBF WBEERTL Twa
OHTH5HLHEERAR Tl MBF I3 B#ICETL
72, Zhid MBF OE T ook & AL O 2 J 4
THEVI—HERBCLHEEILBOHEETS
D, FEIC X > TEZOIMLOMBBMFTIMET T35 L
W —EERLTVS, EEEEB L UCLBHAF Y




MR BT 1 & 2 DRSO REAM 5 & UERIRIRTZE 681

EOREICE Y viable L LHBTEET 2 E2HL, B
AT 217 - 7 B T3 LA M i M 25 L
A

FEIMATHEM ORIROMPEE L AR T T 7+
wEOMEEELT. Lerl, 757 b FEid
OREHFRREOREICKE S FHE RN S, Stein®iz &
IS FE BRI B 5 70% 0 551213 & B IR I 5 23
N%HY, 7357 MREIZ %L £ %5, THIIRE
2H 0% DB E I EBIMRIMM A 10%T 75 7 +
R 0% Ic B, 6> T7 7 7 b OEEImO K
HBEFFEBNICHML ThinE vz 5, —7, MBF
OIEE, BEIRMGE L /A S X MBTOFFIC & 20
mEEEELTED, »O, LEEMOSEEE
T 3 2 AT E S L OEBIREECEE N
7 vy, Dominic 53V# & U Lichtlen 5% # h #
h#Xe & AV CE MATEEMAS T MBF 2 8E
L, BRIMITEERES COMBmED LE2HEL T
w5,

ARG CIREIMITEE %17 > 7o 88 T MBF (A7
BEHETFH BUROEEOREMERL, EE@ECEEREL
1. BIMITEERITh o F4EE C ORI ERATE
D MBF BEEOEERS Lino/cl b s, Eill
THEMO LR IMAESR AL M v~ THEE
MHHE NI Z Ll B,

Mgk 7 2 7 b2 & 2 BIN{TEEMESI T, W
MEIR A O BRI RS Yok Y, BROIKER &
3777 MRBAEZATETH S, AMBIINKEHL
e R T AT O ¥ 12 35 V> TR TR W Bk
YilmE 2> & O MK HEH 2 2 H OB 2 HEC LD
BET2 U2, BMOHENT 2 MITHESRD
WP RATRETH - 72, AREI & 2 MBF flE
L O KR 7 > 7 MMERRER T o TR M{TEER
ROPEEERL N, ZOMPEEHAEEE o7
FRZ KD AMIEINR S 2 7 b R L R TR
ORI KRBT 7 7 MEREA LEDZ VI k
MRENT:,

% B

BRAAR V75> RAEER O CHEBRA 1558
O MBF £HI5E L7z, 805 & Bt OBIEIC 5O
TMBF OET 28w, A E0LeMs & EE
HEEREEEL 72,

AERERGNCIGH L, B ORI & 580
KWL, #hic i D UToER 2B,

1) Bl ERE L CHEOBBRRELE
% I M1 $38 T o) T # MBF 105+ 44 ml/min/100 g
H Y, MM TOFH MBF 15044 ml/min/100

g B & UFERR I 1% 005 B T o) F MBF 156 +28 ml/
min/100 g LB L TEBICE@ 2R L7z,

2) B GERICE T 2 EERIEES X URIFI
MITOEE D0 T, DEMLT Y L TOERA LT
iz /aEL L, MEMITE2ET 2 LAD RLHA%ER
TOFH MBF & 104+44 ml/min/100g THh H LAD
IR 90% T OFH MBF 82449 ml/min/100 g & [
BRI TWB 2 LIS T,

3) LEEEOCREY QBEE, ¥ QBiEE, #E
FED I ZD MBF L OBEGEEBES T L 7z,
¥4 5 MBF i Q # % B T 40+£23 ml/min/100
g, IF Q IEIEER T 96+48 ml/min/100 g, JEEERE T
134+57 ml/min/100g TH 7=, LFHOBIEL I &
D, viable Z.LBHORA L T3k, Q BIEEHD
£ MBF (2 {EfE %R L, 2 DEDOIEUL/NTH - 72,
FE Q BFZEROFH MBF EE 2R & ¥, 8K
ThHY, FQEFEEIZHE W TIL viable B LB O BE
NEzZont,

4) FEMITEAMIC X D @I sEE T 0¥ MBF ik
T 2 #l 104£59 ml/min/100 g 2 & B 7% 149+44
ml/min/100 g ~¥I+ 2 2 L 2F L, BlnkEshE
2 LG L~ oL TR I EBAYICEERE L .

5) RNIAER 2 7 MEREFICE L THIH TED
WIMITHEMRROMPHEETEEL L, ZOMmaTH
BRBSRRIEBREAER L ZED RV I L2 RL
7z,

il 3

REKADICY Y, RIAEBRELEEE - BREE2BD
FLLBEERBCRLI D ERL 2 BE»R L & 7T,
FRAWRORITICH L D EY 2 HEE - B8R 2V
& F L7 A EEN i s L R T

%28, KRXOBE T, 516 BEHRLBITEARES,
839 BR AN BIE S, 0 RHEABRRES, F27
EEHAREESICBLTRELL,

X s

1) Conti, C. R.: Coronary arteriography. Circul-
ation, 55, 227-237 (1977).

2) Hutchinson, G. M., Bulkley, B. H., Ridolfi,
R. L., Griffith, L. S. C., Lohr, F. T. & Piasio, M.
A.: Correlation of coronary arteriograms and left
ventriculograms with postmortam studies. Circula-
tion, 56, 32-37 (1977).

3) Gould, K. L., Lipscomb, K. & Hamilton, G.
W.: Physiologic basis for assessing critical
coronary stenosis. Am. J. Cardiol., 33, 87-94 (1974).
4) Shukri, F. Khuri, S. F., Kenneth, G.,



682 I

Warner, William, M. B. & Miguel, J.: Intraope-
rative assessment of the physiologic significance of
coronary stenosis in humans. J. Thorac.
Cardiovasc. Surg., 92, 79-87 (1986).

5) Khuri, S. F., Karaffa, S. A., Kloner, R. A,,
Folland, E. D., Tow, D., Parisi, A. F. &
Moynihan, P. F.: Intraoperative identification of
ischemic vs. infarcted myocardium. Clin. Res., 28,
614A (1980).

6) Paul, J. C., Donald, H. 8., Melvin, B. W,,
Deborah, L. F., Robert, R. S., Kent, E. & William,
J. C.: The relationship between regional
myocardial perfusion at rest and arteriographic
lesions in patients with coronary atherosclerosis. J.
Clin. Invest., 56, 1442-1454 (1975).

7) White, C. W., Wright, C. B., Doty, D. B,,
Hiratza, L. F., Eastham, C. L., Harrison, D. G. &
Marcus, M. S.: Does visual interpretation of the
coronary arteriogram predict the physiologic
importance of a coronary stenosis? N. Engl. J. Med.,
310, 819-824 (1984).

8) Aukland, K., Bower, B. F. & Berliner, R.
W.: Measurement of local blood flow with
hydrogen gas. Circ. Res., 14, 164 (1964).

9) Stosseck, K., Luebbers, D. W. & Cottin, N.:
Determination of local blood flow (microflow) by
electrochemically generated hydrogen: Constru-
ction and application of the measureing probe.
Pfluegers Arch., 348, 225 (1974).

10) EEMIBET, MBEGEER, WA R, FEEX: EX
T & D FEE SR IKES A EFA L ORI
MEBHEORS, MHHESRL 9, 1261-1266 (1981).
11) Brown, B. G.: Quantitative coronary arterio-
graphy. Estimation of dimensions, hemodynamic
resistance, and atheroma mass of coronary artery
lesions using the arteriogram and digital comput-
ation. Circulation, 55, 329-337 (1977).

12) Utley, 0., Carlson, E. L., Hoffman, J. I. E.,
Martinez, H. M. & Buckberg, G. D.: Total and
regional blood flow measurements with 25 micron,
15 micron, and 9 micron, and filtered 1~10 micron
diameter microspheres and antipyrine in dogs and
sheep. Circ. Res.,, 34, 391 (1974).

13) Richard, S. R.: Measurement of myocardial
blood flow in animals and man by selective
injection of radioactive inert gas into the coronary
arteries., Circ. Res., 15, 28-41 (1964).

14) Paul, J. C.: Mesurement of regional
myocardial perfusion in man with '**Xenon and a
scintillation camera., J. Clin. Invest., 51, 964.977
(1972).

15) Robert, S., Melvin, B., Weiss, D. K., & Paul,
C.: Comparison of regional myocardial blood flow
measurements with '*¥Xe and radioactive micro.
spheres in dogs with coronary artery constrictions.,
Cardiovasc. Res., 13, 330-337 (1979).

16) Young, W.: H, clearance measurement of
blood flow: a review of the technique and polaro-
graphic principles. Stroke, 11, 552-564 (1980).

17) Keiji, K., Kazuyo, K., Nobuo, O., Shunro, E,,
Akira, T., & Tateo, S.: Measurement of regional
blood flow using hydrogen gas generated by
electrolysis. Stroke, 13, 483-488 (1982).

18) Robert, J. B, Philip, A. M., & Joseph, C. G,
Jr.: Transmural myocardial perfusion during
restricted coronary inflow in the awake dog. Am. J.
Physiol., 232, 645-651 (1977).

19) Kung-Ming, J., & Shu-Chien: Effect of
hematocrit variations on coronary hemodynamics
and oxygen utilization. Am. ]J. Physiol., 233, 106-113
(1977).

20) Henry, G., David, 0. W., William, H. 0., &
Albert, S. M. : Influence of coronary vasodilation
on the transmural distribution of myocardial blood
flow distal to a severe fixed coronary artery
stenosis. Am. Heart Journal., 106, 674-680 (1983).
21) Timothy, J. R., Martin, J. F., Patrick, H. L.,
James, G. G., & Harper, K. H. : Myocardial blood
flow and oxygen uptake during acute red cell
volume increments. Circ. Res., 13, 172-181 (1963).
22) Adreanta, S., Jacques, R., Lawrence, B., &
Julien, I. E. H.: Myocardial bloob flow and its
distribution in anesthetized polycythemic dogs.
Circ. Res., 43, 619-631 (1978).

23) John, F. M., & Elliot, R.,: Coronary blood
flow and myocardial metabolism in acute exper-
imental anaemia. Cardiovasc. Res., 6, 360-367 (1972).
24) Edward, M. D. Jr., Ralph, B. D., & Paul, J.
C.: Regional myocardial blood flow in patients
with residual anterior and inferior transmural
infarction. Circulation, 18, 924-935 (1973).

25) Allen, B. N., Carol, B. B. A., Jennifer, H. B.
A., Edward, L. N., & Peter, D. E.: Effect of
coronary stenotic lesions on regional myocardial




FEBMRAE I £ 2 0H B ERN B & CBKRFE 683

blood flow at rest. Circulation, 76, 746-756 (1986).
926) David, C. L.: Pathways and functional signif-
jcance of the coronary collateral circulation.
Circulation, 50, 831-837 (1974).

27) Bruce, C. B., Denny, D. W.: Effect of
coronary collateral circulation on regional
myocardial perfusion assessed with quantitative
thallium-201 scintigraphy. Am. J. Cardiol., 46, 365-
370 (1980).

28) Peter, F. C., Denis, E. M. : Effect of coronary
collateral vessels on regional myocardial blood
flow in patients with coronary artery disease. Am.
J. Cardiol., 46, 359-364 (1980).

29) William, W., Patrick, W. S., Johan, H. C,,
Maarten, L. S., Cornelis, J. K., Kulasekaram,
B., & Paul, G. H.: Quantitative angiography of
the left anterior descending coronary artery:

correlations with pressure gradient and results of
exercise thallium scintigraphy. Circulation, 71, 273-
279 (1985).

30) Stein, P. D.: Reduction of coronary flow in
the circulation after bypass. Observations in a
hydraulic model of the cardiovascular system. J.
Thorac. Cardiovasc. Surg., 78, 772 (1979).

31) Dominic, E., Korbuly, A. F., Gernot, G.,
Richard, M., Theron, W. O., Naip, T., & Kurt, A.:
Regioanl myocardial blood flow measurements
before and after coronary bypass surgery, a
preliminary report. Circurlation, 52, 38-42 (1975).
32) Lichtlen, P., Moccetti, T., Halter, J., &
Senning, A.: Postoperative evaluation of myocar-
dial blood flow in aorta to coronary artery vein
bypass grafts using the xenon-residue detection
technic. Circulation, 16, 445-455 (1972).

Experimental and Clinical Studies of Myocardial Ischemia by Measurement of
Regional Blood Flow. Fumio Kawajiri, Department of Surgery ( 1), School of Medicine,
Kanazawa University, Kanazawa 920—J. Juzen Med. Soc., 96, 674 —683 (1987)

Key words : myocardial blood flow, electrolytic hydrogen clearance method, myocardial
ischemia, coronary revascularization

Abstract

Myocardial ischemia was assessed by measuring regional myocardial blood flow (MBF) by the
electrolytic hydrogen clearance method. At first, animal experiments were performed to show
that this method is safe and reliable for measuring MBF. Myocardial segments with acute and
chronic infarctions showed significantly low values of MBF. Harmful side effects such as
bleeding, mechanical trauma, or arrhythmia were not detected during MBF measurement by the
hydrogen clearance method. Thus its safety and reliability were demonstrated. The MBF was
measured by this method in 30 patients undergoing coronary artery bypass graft surgery and in 10
patients undergoing cardiac surgery for non-ischemic heart disease. The following results were
obtained : Myocardial segments in ischemic area, areas supplied by coronary arteries with =90%
stenosis, and myocardial segments with Q wave infarction showed significantly low value of MBF.
Surgical treatment by coronary artery bypass markedly increases MBF in the revascularized
myocardium. With this method, quantitative assessment of MBF and evaluation of efficiency of
coronary artery bypass surgery was possible even in surgery with internal mammary artery grafts.
Surgery with internal mammary artery grafts revealed the same effects on MBF as surgery with
saphenous vein grafts. In conclusion. measurement of MBF by the eletrolytic hydrogen
clearance method during surgery clarified the relationship of MBF to the coronary artery stenosis
and severity of infarction. The present study provided quantitative assessment of MBF and
evaluated the efficiency of coronary artery bypass grafts in restoring MBF.



