Experimental and Clinical Studies on the
Physiological Suitablities of Arterial Grafts for
Coronary Artery Bypass Grafting
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FEIE -S4 ~S A (coronary artery bypass grafting, CABG) IZ 3\~ T, KIRFEEIRE I\ Te KBYIR — FBIIR-S A 2R 2
57 cing, EEREBERRBHIRNAZ S 7 & LTHEHCHERIRT WA, ThbOmRBENAEERREIIZERD
ek O MFHEEI NEE SIS, HEORHA 218X VT CABC OEREFARIFRL, £EBOBRRS 77 oM
Fota e et L. E KBRS S A 37 Ff74: (left anterior descending artery, LAD) |35 2 5 7 b (ascending
aorta graft, AAG) &, E—EKOBE XD TITREIRA? S LAD KH®ET% 2 5 7 t (descending aorta graft, DAG), UM
EMMBIIR (internal thoracic artery, ITA) X EWCYE LEAR IS 7 e L. £7 57 + OBBHE (free flow) 38 L U%E
WEAHE LS, #4757 bk LAD k& L, Baitk, Ok, WaASRELRE L. LAD RERFIIIRNEN D
Ti¥A TR LY. AAG vk LAD X 0 L HEME RO —BEFEHE R L. ITA JIKRARER P oV AR L.
DAG 2 ITA X b 2L TIEPFREL D s Q BB O BE OB 2R L. 777 P OIERTEIL AAG 1T LAD,
ITA, DAG kX h BEREMERT Lz (p<0.01) #8, LAD, ITA, DAG oM TRAEBERRD b o7z, HEHKE L,
AAG 12 LAD k hEBEE%ER=L, ITA 12 LAD & AAG X b, DAG X LAD, AAG, ITA I W ERBTCEMBETH -2
(p<0.01). 757 FMEWNML, AAG IZABRWITH 4\ 0 IEIICZ R EAMET Lz, ITA 12 AAG X hEATRR
3t ERBEOBCIBEE L EWIEMER 8 L Lic. DAG X ITA X H EIZEL TRIRIZI b 123 % 18 D IR\ I
FE&, EL<HEDADIEMEY2 L. IEHERIERERR DI -, HIRMAE L FHBER ITA 12 AAG XD,
DAG X AAG & ITA X hEBER (p<0.01) EEXRLK. 777 F EMEDEHINMHE X ITA & DAG 28 LAD &
AAG X v EBICEEER LY (p<0.01). FHIRMETIE LAD & AAG CIXEEZE»RDieh s, ITAIWXLAD &
AAG =%t L, DAG X LAD, AAG, ITA ¥ LTHBEMY T L (p<0.01). £75 7 b OFBIRBE L HEHKE
BEEASCCECEEE YR L. WAEED /S 7  NEERIIERERY &SR LAKEE TR LIch, EafREDOR
FERERE LRI B2 D, IEHIEAEME X b H10%ET LT i, BRFCET CABG fiidic ITA B LU
E K #EEhIR (right gastroepiploic artery, GEA) OEMEXRIE L7z, ITA X EfTRKBRE L W ER TRIRIZL D E23 5, BD
B IFEEAE & BRI A8 L Lic. GEA 12 ITA X W EREN TR 25, IO IMEIHE L EL & bR
GIELIFE® 2 L. lBERFIO ITA & GEA 1IXERMIIED ITA & DAG LRABROEBZEMHEE XA L. LLEOER
L0, MEHELOBBREACEHIRY 77 M, BBIRS X O LT KBIR—TEINR-S A o= & T 5 & R A O R IER
CRTHINEMMTHEEAS D, SEYPFIUNRL D Z LRIk,
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EEDOFMMELRBOBMCHE - T, EEIRSA 22T
(coronary artery bypass grafting, CABG) IZfESIS & 8L,
B S ESEFZT T 5B, CABG Offi & LTIREEREAR
FEERE 75 7 b & LIc BT REIIR—EBIR - A 2 AR
BWTH-ed, BRHTOREELET T 210, RNMEFYE
% 1A% LT MBI (internal thoracic artery, ITA) ® 5B X
Bk (right gastroepiploic artery, GEA) 8 E /57 + & LT
FERAIhB ISR, KRERIRZ Z 7 DL HER LS
AL EMBEFESIRBFTHD L ENTWA. Fiikfiom L
Wit - TEETBIRFECY LTSS A0 fThbhb k)

i h, EEREEROBIR, 77 tick B CABG L fihbhT
WA, LxL—FTR, BR/77 7 00EREDRD
CABG B /MEER D H OB RS L 7o v, KRIEHIRY
57 ML BBED A SA L - CHAMEEBER L R LB
FEFIDOME" 2, HHRCHIRZ S 7 P BRIFCHEFE LTV
LEH 5T, EEBAMKCEIRY 7 7 FEMROEETHREY
ROBEF DD EHHE, BRZZ 7 P OMKEAEIE
HZIhTWA.

IEBALOGIERE LCOBBEETHBRS 57 H &,
BRI AL O MATBIRE & R EIER & O 4 B2 &t A Bk

Abbreviations : AA, ascending aorta; AAG, ascending aorta graft; CABG, coronary artery bypass grafting;
DAG, descending aorta graft; GEA, right gastroepiploic artery; ITA, internal thoracic artery; LAD, left

anterior descending artery
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757 F ODmMBEHEEREO—RLEZ SN BY. Bk 5 7
FOYEEO MK BB T FMc B S e, BRERRC
A @ < BN EOFEIZ /e ShTuiey . EEIBIR
757 b ORBRCKT 5 MHAEELYH LTS BT,
MO A 2 AV TR—EBIRICH L CRRERIR S 5 7
b, ITA 8 X0 GEA #FhEhiE ¢ 5 CABG £ =57
NEERLT, #2777 F OYSRLEE, WATAELIE
L, mifEfEkaEs X O MfT BB B 2 SIS RE L. ERIR
pigE T, CABG Bk > 7 P DEMELHRAL, =
nEDOERFEMERABE LM L.

HERELOFHE

. EEReyREt

1.8 &

thE 22~30kg (FH#H 2Tkg) DMBEO KB A X 18T L AV 1.

2. KB X UM EE

WE sy 2 v (SHEBE, W0 20me/kg OHANR LB X
VFATRERIB0 5B Z L2 10mg/ml DEIRFBINE S L 5
LHBHEAYITC, BOPEEEY =~ — VX E® L, Harvard
B A TR 2% (Bodine Electric Company, Chicago, KE) 12T
#4520 - 30~40ml/kg/MDREBERA TFRET- .

Fig.1. Diagram of the experimental procedure of coronary
artery bypass grafting and the measurement system in this
study. @, PTFE grafts; LAD, left anterior descending
artery ; AAG, ascending aorta graft; ITA, internal thoracic
artery ; DAG, descending aorta graft; L1, the first lumbar
vertebra ; F; the transit-time ultrasound flow meter; P, the
fiberoptic transducer-tipped pressure-monitoring system.

3.F 1

REBER A E0BE L, KEBBINR % ERAL LIEEE 2~ v (KA &
B, B30 MABEREK Cmg/d) THIE, SEEL L IR
LTHIRA A L2 BRL, TBRS1A2HDSF7 71 &L
THEMB L. ESREFURHCCBElL, £1TA %8> W o
HE (M. transversus thoracis) IZES A A CYIB % nx Bk
SEBHL, £TOFBILHRA, KM E S 3-0 BR TR
LCoir Lz, ITA OgE T BRI 2 S Bk RIEBIIR D&
EFTREICHEM L. ZIBEL I ITA WX <= ) v
HAEKEHEA L. ST, OERDHELTVORICEL
o, BARL D~ vF b v s (REEE, XK % 2mg/
kg5 L, LTRBMREMm, £TXEIRE M T A 0% B)
L, NCOBEEFRGMERE L. KBIIRENE, &>
Vv ASBEOHSHRER 20ml/ke & LT ABIRESR L b &
ALDEESE, DERITSEE G Lic. EMTTH (eft
anterior descending artery, LAD) % &I L, #81c LAD ##%
TH DB —RARSIEEED LAD 1 2-0 4% B LE. &
RLBRABENRZ 7~ % 7-0 polypropylene % F T
LAD wEFRG Lictk, KBIREN* Mk L. ki, &3
mm D PTFE (polytetrafluoroethylene) (Gore and Associates
Inc., Arizona, XE) ATME* BT, EFKEIRES S S
LAD &4 % 757 + (ascending aorta graft, AAG) &, &
—BHEOB TR, S LAD KBETH2 5 7 b
(descending aorta graft, DAG) #{EgiL, 757 F 2 E WL
WELYFRISS7 e lic. SHEITA 2YFER 7571
CYSLEEZS7EL, %k LAD kA LTh - K
BliR777 Micihrx@g L (K1), CofEgs7 77 b ek
W, AAG IERRGIDOKRIREERIRIC & 5 KBIIRGEEIIR S 1 -
AZ57 %, DAG 12 GEA KX BHEAI RRIF 7 + &
BELL. DEMBAERC - & 2ATHRRE (30w) ©
TOMBIME B, ABEATCIED, OMTHEIEE L
ALLRE RS, B#iRs = 2 — LEEE L. DD
EIE D7 DIz —HCOER— Y Vv IR A A T - 1o, B F
25 VR Lieh o .

4. MER L OMmmEile

ERIE R N 5 v A Y 2 — 4 — v A5 4 (Fiber Optic
Transducer-Tipped Pressure Monitoring Catheter system)
(Camino Laboratories, Inc, Texas, ¥&H) # v 72 (K 2). &
TEIIK7 74 A—%FIH L ENEEETH Y, LHROZIE
R EHEYHB L, %X 7 7 13— (sending fiber) s 5 I H\ 3%
bh, KEHBEOHRCIGE UTEY Y » 1 X — (receiving fiber)
BEGRAHEIELL TEXEMT 2HBATHB. 4 -
N— - MRREIZITECEECRIGEE L, $RANEY
Ficiewed, #EIHEIRTEVBEOREEB w2 %
L, ¥, BKECEHEIN/ DL T > 3V AEARERDS
DERI, JEROIF —FAREEY 57 + OEEIRH
DB FHFALRERZNE LA (K1), nENEEEE 5
vy b &4 AMPEET (Transonic System Inc, New York, ¥
E) 2R (K3). ZonfFHIREY AL 2 8MExTE
R 5 ETFROFERMAARLC, BEEOKLNETS
MfEREEBETHD. T ue—THD 2 0DBETFIHRT BB
—DOBEEZ 4+ — N FH, R X220 ERTIMEI R,
T TREE S A ML € » OFA FEZRE S FhEh
b LI M2 BMmT 2 A TH 5. MERICBIFR
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SMPFEENRDLR, T e~ T LB MEDRIDOTRIEIEL
7o, AR A U Z &b ARMMCMBNE X 1T 2 5%,
HEAD 7w —7 % LAD OY&HRMAEE L nfNEY
Tofc (K1), BB L UCmBENE L miTEENEE LIRET
WL, ¥F, #8757 v 2AEITC LAD D& &
NEXRIELE. $VWT, 8777 POAMEXRE LD
B, 0WEICE ST 7 LTS MRS LI LERITE
(free flow) EH Lz, kI, 42757 b &KL, LADD
WESEREAOERYREERL LAD 252efARI k. £/
7 MOWT, YWERE, Mg OCENEFERLEE L. O
BHOREDOE — b THOKKRE TRIMIPB L LT, I
s L ORI MR A AN L. 257 FEmE L YR
PR, REEHE, FEPELAE L. OBRORH
DY — 2 ERWEHOPFEIOI b £ ) ORIz RIE LIRS
BEL Ui, ILEER X CIRERC 381F 5 0 mmHg & 34 &
Ll TORRY 5= 4 — 2 I THIE Lz (K 4). I
% & OMREME A Th F I AR, IR TR L
Tl % PR HAE, FERIIE & L.
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Fig. 2. Diagram of the tip of the fiberoptic transducer-tipp-
ed pressure-monitoring catheter. When pressure is applied
to the catheter tip, the mirror-diaphragm moves. The
movement is sensed by light signals emitted from a “sen-
ding fiber” , and the reflected light is sent to an
amplifier through a “receivng fiber”

upstream downstream
transducer transducer

vessel

acoustic
reflector

Fig.3. Diagram of the probe of the transit-time ultrasound
flow meter. One transducer emits a plane-wave burst of
ultrasound, which intersects the entire surface of the
vessel twice on a reflected pathway by the acoustic
reflector. This beam is received by the second transduce-
r. The transit-time of the ultrasonic wave is modified
slightly by flow in the vessel. The direction of the
transit-time measurement alternates between the two
transducers. These “upstream” and “downstream” phase
reading are used to calculate the flow volume.
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0. ERpREOREt
1. % &

CABG # {7 L7-2861 (B¥264, 26 2 W% L Li-.
FRNEI HT2F CEBSTLE 3 TH - 7.

2. F I

IEREIBE, MBREYIBEOD L, ITA MR b L IHEEBIR
EHERBIRDO SRR E CTER A AR AVTHE L. GEA
AR A RERELTCARIVEE L. ERLV2H~<) v
bt (2mg/kg) Lictk, ATDMid =2 v —> g VAT ITA & &
U GEA ZUBF L TEhEREE S 77 b & Lic, TS
) vindEAEK Cmg/m) D57 VEEANDAT V- LB
IRAEARTT> T 57 b +GIR S, AR A%k
L.

3. ERizE

FEREZERE L S VAS o —H =Y AT ARAGE, 20
BT —FADRERL AF L BIRS T 7 P BIRC RIS
ALHETES. RBMEINS VA 2 —F— VAT AR HAVT
£ 757 b OWRREY EfTKEIR (the ascending aorta, AA)
ELAMFfEL, OCEREFAEETAVFF ¢+ Vv RrA LV a—
& — (Mingograf 82, Siemens-Elema, Solna, A% = =5 V)i
TE L. JENcEEEIRE, Swan-Ganz catheter (Baxter
Healthcare Corp., California, ¥[E) 1 X A 1fE, FBIIRE, I
BIREARE, ABF, BFRECIA2LDHHEZNELL. &
757+ ORKKEL20MHOEIC THR L. FEHIES
WCRFRIME, EnERRE L. DBEROREOY -
2 E REHDIGEIOIL D L ORfZERHIE L, REEE
Ll ¥, IWREEOERORED Y — 2750 TEOKRK
FTELT, IS & ORI s 5 0 mmHg 2R &

ITA

0
mmHg

ﬂ

Fig.4. Diagram of the method of calculation the systolic
and diastolic areas. The areas under the systolic and
diastolic pressure waves are measured, using the systolic
portion as a reference for the peak of the R wave and the
end of the T wave in a simultaneously recorded ECG.
AA, the ascending aorta; ITA, internal thoracic artery;
SYS, the systolic area; DIA, the diastolic area; ECG,
electrocardiogram.




EEIR A1 RAWOBIRY 57 + OEBEHELY 199

JL/\JL,A/W,NMLMJLAJL,J

T 1 TRVRTATAN
ENVNVNNN } xW\fv\

LAD

eca /\leb\_f\\__,\ﬁ\w\_/ ecafl | A

mln
601

J g j AVEVANANA

j NW} f\/\/\/\ﬂ

ITA

sec

Fig.5. Blood flow in LAD and the three grafts The
uppermost reading show ECG, the middle ones showed
the blood flows and the lower readings show the intralu-
minal pressures at the anastomosis. LAD, left anterior
descending artery; AAG, ascending aorta graft; ITA,
internal thoracic artery; DAG, descending aorta graft;
ECG, electrocardiogram.
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LAEHBETOEREY 77 =4 — 2 ICTHE LY. ERMKE
&R PHIRIRER L U PHIGEMESL B L.

. #EEtemanE

FRIBE S L OBKYRNOZNEH B ERT S 5.0
WWONWTITV, EhHDOEHEXRIEMEE L. MEBELFEY
fELEEHEHEPE (mean+S.EM.) TR LA, 2HBOEHED %
DBRBEIHIEOD D t REY, i, SBULOREERE
X —TTERB ST DD, Dunnett ¥ 7213 Scheffe D& &
HExIT -7, AREHN.0SRBOBECHALHOCEETD
HEHE L.

53 &

1. =B

1. QlEkemfTBRE

OMBUTIBE 3 /4 Th oo, LAD BHEHRKIZIWTho ¥ S
7 MBI ARETS, LERE(L, MTEEOLEL, BES
DEL, LFHOBHDOELIZERD Hhith 1.

2. RERE

AAG 13352+ 16ml/4y, ITA 1293+ 4 ml/4>, DAG 380+ 4
ml/HThote. £2777 VEITHHPNEEEY DL (p<
0.01, p<0.01, p<0.01).

3. LAD BB XV 757 M il

FMBREIEBON LR LA (K5). LAD MEBHEF
VUIRFE R & SRR A BNC Y 4R 5 % T 2 SRR B A o it
RL7. AAG 2 LAD X h X5 HGEER O 184 3 F
wRL, RO BENR O ZETTAER LR L.

LIAD AAG ITA DAG

systolic flow diastolic flow

Fig. 6. Comparison of total, systolic and diastolic blood flows. The data represent mean+SEM. LAD, left anterior descending
artery ; AAG, ascending aorta graft; ITA, internal thoracic artery; DAG, descending aorta graft. % p<0.01 vs LAD, %k k
p<0.01 vs LAD and AAG, *%%%kp<0.0l vs LAD, AAG and ITA by Student’s paired T test. :
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ITA RIEPRES LAD ki LAicvw LR L 7.
DAG 2 ITA & b XHRIEEMFENDI S, RIS O
Wr sz,

757 biE (®6) X, AAG 1279+ 3mi/4, ITA 1352+

AAG

ITA

DAG

Fig.7. Diagram of the pressure tracings of the three
grafts. LAD, left anterior descending artery; AAG,
ascending aorta graft; ITA, internal thoracic artery ; DDA,
descending aorta graft.
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2mi/%, DAG 1243+ 4 ml/5C, & 275 7 b B TR
WEBEELZD (p<0.01, p<0.01, p<0.01). AAG,
ITA, DAG 0% 757 + gt hXho FF ©23%, 67%,
52%C, 757 iR L FF oy, Th¥th r=0.75, p
<0.05, r=0.76, p <0.01, r=0.68, p <0.05DAREAMRR» L
Ao, EERVEEVE, LAD 230+ 2ml/4, AAG 1332+ 2
ml/4y, ITA 1228+ 2ml/4, DAG 7327+ 2ml/%C AAG i3
LAD, ITA, DAG X b#HHEK (p<0.01, p<0.01, p<0.01)
E{E% R L. LAD, ITA, DAG i3 a3 00k
Mt PEEMAGEELL, LAD 12424 3ml/4r, AAG 134714
ml/4, ITA 1224+ 3 mi/4>, DAG 1216+ 2 ml/S TR B
M EEEYRD. Tcbb, AAGIZLAD X v EER
EfEARL (p<0.01), ITA 1z LAD & AAG X b, DAG it
LAD, AAG, ITA X hEEBCEMETH -7 (p<0.01, p<
0.01).

4. 757 + BMEEYEEROYERANE

757 P EMEDCERBIIE ST 7 P THEDIVBEEL
72 (R 7). AAG BABIZIIS 4D, JRRIACECHICER
ET LEVEEEIE L Lz, ITA 12 AAG I hEhTaig
WL BB IRDOBCIFRIIE & B\ IR 2 468 & Ui,
DAG 2, ITA X h EBATABIC IS L2 5 IEOR GG
BIE & BB ET LEL B AUIEBEL 2 Lic. IMNE
12, AAG i3 108+2mmHg, ITA it 108+2mmHg, DAG &
109+ 3mmHg THEEFEMERZIRDILh o 7. IREMER,
AAG iZ T3+2mmHg, ITA it 60+2mmHg, DAG X 50+£2

¥
*
»*

IAD AAG TIA DAG
mean

Fig.8. The summary of the intraluminal pressures in LAD and before and after grafting in the three grafts. The data
represent mean+-SEM. LAD, left anterior descending artery; AAG, ascending aorta graft; ITA, internal thoracic artery;

DAG, descending aorta graft; , before grafting;

after grafting. #p<(0.01 vs the pressure before grafting, sk p<0.01 vs

LAD and AAG, %% ¥p<0.01 vs LAD, AAG and ITA by Student’s paired T test.
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mmHg T ITA 12 AAG L W HEIEL (p<0.01), DAG 12
AAG & ITA XD EBIEMER LA (p<0.01). FiHEI1
AAG 1% 85+2mmHg, ITA i3 77+2mmHg, DAG # 65+2
mmHg T, ITA X AAG X, DAG 12 AAG L ITA kh&
BEMEER L (p<0.01) (K 8). IREEEEIL, AAG 12
T7+3msec, ITA X 127+2msec, DAG 2 173+3msec & 4
HREEZEDIZ (p<0.01).

WEE, ET757 P RHE LT LAD ONERREL

ECG  _NANANANNANANAAN AANANNANN AN NN

120+ AAG

Lv before<——-+——~—-after

1 sec

Fig.9. The differences between pressures before and after
grafting. LV, left ventricle; AAG, ascending aorta graft;
ECG, electrocardiogram.
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7o, LAD WEREERE RSB s L b, KR
EARenicET L, BOREIE 4 T2 AAG & AR
REE R L. WEBTREREELCES 57  AERRIEL
. PERDE TS 7 P NECIMEEY -7 L ESED v —
7OREER, £757  RBEOIRIGBIE L 22 B ) -
7ehs, ETORBHEDI S E0 0 It EEEDY S L2 h &
RThork (R9). WHEHE R, LAD i3 93+3mmHg,
AAG 2 95+2mmHg, ITA % 96+2mmHg, DAG i3 98+3
mmHg THEHFREBEERD LN o, £5 57 FOYL
BIFEHAE L, 757 F SBMEDERER Y, 11%, 10%
BIER R LEBZER BB (p<0.01, p<0.01, p<0.01). HE
WAFEVX, LAD 2 74+3mmHg, AAG 2 73+2mmHg, ITA i1
60+2mmHg, DAG i% 50+2mmHg "¢, AAG it LAD & #ist
FREREERDILD o7, ITA &£ DAGIZ LAD Lo &S
EM@ER LI (p<0.01, p<0.01). €757 r WASIED
EWRIRZ 57 F RRE L 22 Rdlcdr - 7o, FHER
LAD (% 84+3mmHg, AAG It 82+2mmHg, ITA 2
75+2mmHg, DAG 2% 64+2mmHg =, AAG i LAD EHE
ZRRBDID 5T, ITA & DAG 12 LAD & hEEI(EEY
ALz (p<0.01, p<0.01). £2'57 F DYEEEIHNER 7
Z7NRREDOFHE L M EMEREL RO - (K
8).

5. 777 MERER X OYASHED ER IV ER

777 b EMEONMINER T, AAG it 24+ 1mmHg-sec,

FLI ¥ ¥ X

IAD AAG ITA DAG

systolic

IAD AAG ITA DAG
diastolic

Fig.10. The summary of the areas under the pressures waves. The data represent mean=+SEM. LAD, left anterior descending

artery; AAG, ascending aorta graft; ITA, internal thoracic artery; DAG, descending aorta graft;

, before grafting;

after grafting, #p<0.01 vs the pressure before grafting, *p<0.01 vs LAD and AAG, %% %kp<0.01 vs LAD, AAG and

ITA by Student’s paired T test.
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ITA 12 24+1mmHg-sec, DAG X 20+2mmHg-sec T, LT, DAG iz LAD, AAG, ITA X L CHEBECEHELRL

AAG & ITA, ITA & DAG iIftET A RBEIR DI, - 7z (p<0.01, p<0.01) (R11). & FHIRIE & R EY

#-5%, DAG 12 AAG ki L THBIEME LR L (p<0.01). HERSMC TN Y MET D &, LAD X r=0.85, p<

WEE BT R L, AAG 12 19+2mmHg-sec, ITA 2 13£3 0.0005, AAG % r=0.79, p<0.001, ITA X r=0.83, p<

mmHg-sec, DAG i2 9+1mmHg-sec T ITA it AAGIZHL 0.0005, DAG 12 r=0.91, p<0.00005& \TFhb EXHDTHE

T, DAG 12 AAG & ITA R LTHEBRZEMEELRLL BB L7z (X12).

(p<0.01, p<0.01) (R10). Wy HHPIIE O URFE I B, 1. EgEReYREt

AAG 1% 22+1mmHg-sec, ITA X 201mmHg-sec, DAG i 1. ITA BXU GEA

194+2mmHg sec TH 1. AAG 1292% , ITA 1291%, ITA 12294, GEA 210K > WTCHIE L7z, ITA OHET

DAG 1295% T, HEICEMEZ/R L (p<0.01, p<0.01, BIRIEES S B DB X2 13L2cm TH-7T. GEADF+i

p<0.01). IEEHIERE, AAG 12 1942mmHg-sec, ITA 12 BEIR B A SO E X 1242cm Th- 1.

13+2mmHg-sec, DAG X 9+2mmHg-sec T, 7 7 7 b i 2 . JlsEhsimfTEIRE

FEiest LT PAEBE YR eh -7z, LAD OYEHRA BIERHT.0HEE 78+18/min, BBENRE 96£TmmHeg, High

EONMIIERIE 2243mmHg, KBTI 19+-2mmHg T Ik E 22+8mmHg, MiBIRE AE 7t4mmHg, HFFE

AAG LIIHEEYRDILH - (K10). 3+1mmHg, DIEHGEEIL 2.51/min/mm® T, MTEIRIEE
6. FEIMEHE S X ORI LT, ¥fo, 757 FEMERERT X 2 miTBREOE L
Y57 RBE V57 EMEDRMEYFHET 5 B K TN Bpbhichote. HTF—FAEAK LB Y57 F OREIIR

WP LUBEHOEBEYEY L. FBRMAER, LAD Bich ot

28 984+2mmHg, AAG #% 97+3mmHg, ITA #$95+4mmHg, 3. BRkmE

DAG 7% 94+6mmHg ©, LAD & AAG, ITA & DAG ¥t ITA 2% 57+6ml/min <, GEA {2 52+6ml/min THEH %M

NP2 EEEY R, o7, ITA & DAG 12 BEEYBEDILI 12,

LAD & AAG I h HECEMEERLL (p<0.01, p<0.01). 4. 757 HEUE

FiihiERAFEI:, LAD 2386+1mmHg, AAG »383+1mmHg, EEBEFhEFnEE#b o2 —vrE2L (K13). AAR

ITA % 72+2mmHg, DAG ' 57+2mmHg T, LAD & 2RI EAY D, SERICERLMCEMETTARBERL

AAG BESEYTDIch - 128, ITA 12 LAD & AAG & #=. ITA 12 AA X 0BRTABRIZI b 235 8O LY
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(mmHg)
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Fig.11. The summary of the mean systolic and diastolic pressures. Thg data represent mean+SEM. LAD, left anterior
descending artery; AAG, ascending aorta graft; ITA, internal thoracic artery; DAG, descending aorta graft. *%kp<0.01 vs LAD
and AAG, %k %kp<0.01 vs LAD, AAG and ITA by Student’s paired T test.
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Fig12. Correlation between diastolic blood flow and mean diastolic pressures.
ascending aorta graft; ITA, internal thoracic artery; DAG, descending aorta graft.
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BDigh ot WEMEEIL AA 1k 31+2mmHg-sec, ITA 1%
25+TmmHg-sec, GEA 2 2343mmHg-sec T, ITA &
GEA X A A CHLTHEHBLE@ESL R L (p<0.01, p<
0.01) #%, ITA & GEA KX HEER DI, -1 (H15).
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Favaloro & Effler & X » T Hh 72", Coronary Artery
Surgery Study®i2. & % &, CABG FHEIGH B 5 B i OO
BREBCSCCREDBEL b RIFRREY 5 L 510k -
TETVE. KBTHEBRRRIOBKICIAE - TR MBS
DML TETE Y, CABGIEFABDOMEIMC X b OB S
ELTER. —7, WRHOHREL L CRERTREIIRY R
(percutaneous transluminal coronary angioplasty, PTCA) #33%
EL, SABIUVHMORSC L v ERIZ LLALLTET
WD ChHOARKNEROESE-, ARRERTCEL
RS LOBRRIBHRVER IR S L5 - T ¥k,

CABG BOERBYRECIZ/ 57 L OBERNEELRTF
Lish . RREBIRZ 7S 71 ELCEIYEAICHAVA D L
BTEDN, BRI YET 5 b BIREL e L
T, T, BRABRFRC MY =LA 2 Enb o E
BB D £ IR TWB"Y, Green (1971)21% LAD

AAG
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c
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LAD, left anterior descending artery; AAG,
The diastolic blood flows of LAD, AAG,

ITA and DAG significantly correlats with the each mean diastolic pressures. (r=0.85, p<0.0005; r=0.79, p<<0.001; r=0.83,

p<0.0005 ; r=0.91, p<0.00005), respectively.
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Fig.13. The pressure waves from the arterial grafts. AA,

the ascending aorta; ITA, internal thoracic artery; GEA,
right gastroepiploic artery; ECG, electrocardiogram.

FHROBIIEKREFRPDEFHR CHRCERASIATH B2
&, R, BAFROBREOEMEL R LTERS 57 it
ERENRDY.

IDLOREIRS STV BRSERAINTHB—HT, Bk s
7 rOMKERREETAEHERTRIALNS. Jones iz,
ITA D CABG TATLL b OB, TE T, KikE#
Ik2Z57 MZ X ABEDAL RAR L OISR 25 Lk
EGA 84S Lz, 1, Kawasuji 5?1 CABG# 1 » A T8
BEMBa T, ITADBEL T2 3BH 5T EB AN
B ITA OBEEERIE T 5 HBETRICEBRTE L B RE
Pl L, ITA OMFERELRELTCWA. JIIBLRT-%k
CABG # 1 v A TOBE¥MHEFHLOBEE = 2 —RETRE,
ITA FERFAIDIHCHREEDEFHAMICH L CIXATXITE
¥ETEN, ThULOEBAFCHETE T, BEDEDHA
MR LT ITA O MMEEHERE DR R 2R LICEAI 2 3% b
h®, g i, Cosgrove 5B'™, Loop™ i, #EFEWMCTIT ok
REMIR 7 5 7 R B EFMCE VL, ITA
FRREAEZ AAREN D S, BICEIMIV ITA OFRR
T HCEBTHLERDLEBELTVS. ZDO L3I ITA
D MFPEASIEO R B R RE T 2K LB R T50, £0R)
AREROBEIZ IR TV, 72, GEA i
LT, WEOXNEEHRGAEHIRTH S Z &35V bl
RARARETHMERPIZ bbb D, MFEHEECET
BRI SN T Wi, ITA, GEAREX /57 L LTH
RALicASf AT, ThZhOBiks HEEREIRC M
B I B, FERMEIRL - OB E LTV
MR, BIRS S 7 P OMmMIGEKEEDFEICIL, Thth
ORBERCNTT 2 EBFHBEUYRAT ILELRDS.

HEIARFRT, BEOHREL D LI, CABG D57 M #f
ELTEELOOHB ITA &, %, FHINILDTVS
GEA oW T misae o ¥R 2z, ERINKRE TIT,
MEHRD YT 7 FARE IOYARED 757 P NERZIE
L, £Blk27 7 7 + ORBRICH T 5 MTEIRRIC 13 5 HEM%
ER L. BRRACRERER L OBEERYRATIL
», 757 FESERIE L, ERIER, &b ERcERY
BB EBMEN S VAL 2 — =V AT AR FW. #
RONFEF VAL . —H— T, WEFE LT . —T%&
LTELORDENEIAR N F VAL 2 - — K EHRERT
ATHEZE EDAEhEES L, EMEEBEEZ L1
HEETHDPD, EWMEIF VAL . - — v AF 2D HK
In&RITT NV EEHNREREROBE L, EFEEOLD S
D OMAEY FHCHE CER. ¥, ERHFECOMTE
HiEw i, FRRHBEEVLELHDIBER NS Yy M
4 AMFEE A BV, OFENBRBClETE, REEONE
CARE Lt xE85 LN TER.

REMPFZE T, BREGNCH B KREBIRC X 5 KBk
TERSA AT 57 P RET AT dDI EfTREIRN B L,
GEA %% LTSRS B OSE—EiE0E X0 TAX
BIR 5 & UAREOATMEE AW TAL 2T F IR
L7z, ITA 1%, BESRMIE AR KBS DRIl L CHE 757
ELTHWE. FRERDZ 57 M LAD @R R  BE
THI L. £ 57 b OMTHRHEEL T 5 cDE—
ORBIRKICYE L, 757 + OWAHPERY, WakxH
DREBIRTEE 2 RIE L




TEEIR A1 A AMOBIR 25 7 b DAL HEESM 205

—gi, 777 PREDRERTIWX, NITBHRRETF, B
HBRETF, 777 PEF2RDO®, MTBHERT & LTHIK
E, Rk, MBIRE, ERHERBEL SR, EBRETF &
LTz, FROACBIRAE, BEMERK, WaMERMOIERR
EREFLRA®Y, —F, 757 FRFE LU, BX, &,
@AEWEERD D™D, V57V EBMEN I ALORFER
BLTWBEELLRDY. BEDOT - EBRITIE T, &2
57 M RMER TR EFNE- D SERFL R LIz, AAG 1345
BICENBONICE T LEWIKEAE 2 #M#F L. ITA
AAG I W BN TRABICII L EASRORGIEEES , &AM
KETTAIEMEYE#E L. DAG BECEhTARBE
UH bR, ITA L O BORGIEIE & RBICEXMET L,
ELBEBLALINEHEYS#E L, 777  E#BERFOR
HIRMM BRI e ok, INMEIED 2B a3k < e
D, LNBBCENMET LCHREIEREMBEELR L. Zhix
E—F VI LAT 4 -V IOHKELEIOND. Tiebb,
KBIRAEZ R« B TRET S &, KigE EIFLE IR
P EEERL, REHEMES EBRAARER Y RT™.
757 FRKBR»OS»hIcsE ECABL, ITAIZF D4
TORBEREL TR ZERL, £25 7 F OFRAIDKE
REDERHLEBIZ Y57 t OHEIREETHLEEL LA
5. 777 PEWERBIIE S 5T P ICBHHTEGEYRD
T, 757 P RRERMCERENEH L LTESHLEOLE
ibhic. LAD KYABOERMAWARIO 7 5 7 + £HE
BERELBETS L, WERITIEIIO L LAy MEEREL

blood pressure
(mmHg)
100

80 -

60 -

40

20

AOEELZY, ERBEDOY B LMD ERABIC T - e, I
WEO -7 ORI S5 7 ERE L Zieh o7z, WAk
DZT 7 RNIFBIER 757 F EME L D I0%BIRET L
2%, HGEBIERZE (b, 757  EMEOCENFER LR
ROBHER LI, ZoZdid, THBCH LCEELELDS
ha 777 DERBBHER, WARND 7S5 7 FEMEDH
BRI L > THRITE B2 2R RLTW 5. '

HEEMIYWERESED LAD OB % KM 340 L
7o, ABFE Tk LAD ooy oo, LAD Mg EER
DIROKES LOCMEBEBTH D, <S4 ARF57 FOEES
HWHEEWLRETHEORMEE Lic. £2757 FZOWL TR
B, SR ER IE LRI L. BEBEEA o m T
BEEYETLR, HICERBIROMMIEE L LTHERce X
NB. Gould B™1%, TEEHIROMAZFKRYOE® KBIRE &
&5 L, WRHESLOENRBRTH DD LT, IKE
HEBZIAEL, BEC L) EL LTHBESOREIMET 3
HEWE L. Kajiya b R 9L 0RmMBELEBREE DO
CABG fliehic, BRAERTBIRNOTEY LA ¥y 75 — i
AR RV TR LA, SRAEER O SEBDIR PI M e I TV AR A B 4
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Figl4. The summary of the blood pressures from three regions. The data represent mean+SEM. AA, the ascending aorta;
ITA, internal thoracic artery; GEA, right gastroepiploic artery. *kp<0.01 vs AA, *%k%k%p<0.01 vs AA and ITA by Student’s

paired T test.
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Fig.15. - The areas under the pressure waves from the three regions. The data represent mean=SEM. AA, the ascending
aorta; ITA, internal thoracic artery; GEA, right gastroepiploic artery. *p<0.01 vs AA by Student’s paired T test.
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Abstract

Arterial grafts have been used widely for coronary artery bypass grafting (CABG) because of their excellent long paten-
cies. However, some clinical reports suggest that blood flow in arterial grafts may not be adequate compared with aorto-
coronary bypass grafting. The suitabilities for arterial grafts for CABG were investigated by measurement of phasic graft
flows and the intraluminal blood pressures at the anastomoses. In an experimental study, a graft from the ascending aorta
(AAG) and a graft from the descending aorta at the L1 level (DAG), used in lieu of the right gastroepiploic artery (GEA),
were anastomosed to each other. The internal thoracic artery (ITA) was dissected from the thoracic wall, anastomosed to this
composite graft, and the composite graft was anastomosed to the left anterior descending artery (LAD). Blood flow in LAD
showed a diastolic-dominant, twopeaked pattern. Blood flow in AAG was more diastolicdominant than in LAD. On the
other hand, blood flow in ITA was decreased during diastole, and the blood flow in DAG was even lower in diastole and had
only a systolic peak. The pregrafting wave form in AAG was maintained during diastole. The systolic pressure pulse in ITA
and DAG was narrow, while the diastolic pressures fell rapidly: the diastolic pressure in DAG was lower than in ITA. The
delay between the onset of the systole and the beginning of upward deflection of pressure tracing in AAG, ITA and DAG
were 77, 127 and 173 msec, respectively. After grafting to LAD, the upward deflections of the systolic pressures in all three
grafts were equal to the deflection in the left ventricule. Although each systolic pressure was about 90% of the pregrafting
value, no difference was observed in the diastolic pressures. The mean diastolic pressure (diastolic area/diastolic time) in
each graft had a high correlation coefficient with the diastolic flow. In a clinical study, pressure in arterial grafts was mea-
sured in patients undergoing CABG. The pressure tracing of ITA and GEA resembled that in ITA and DAG in the experi-
mental study. These results clarified that arterial grafts which belong to the systolic-dominant systemic circulation have
lessadvantages than aorto-coronary bypass grafts, in terms of physiological suitabilities to the diastolicdominant coronary cir-
culation.




