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g CdTe B2 % A\ RIS OMEET = # — (VEST) ik T51 S fiifig COEB AR
5 DERED EREFM LR A, BOEOKRSE 39 (B304, k94K, FHER STLE8 & 2340
BHIFMOHEZE (OMD 2510) #5d5 & Lic. FEAL SZAFUR 2T HRTH 7. AFFO EF BLiX L7
(AR, LRETRE GR), A£EE (CH), TRE OR) coEshi. fiifiA, B, C, D Eixzhth
4,2,12,21 fflC, ## 18,10,9, 2 fl~ L HE X TR L. KEEH b RAATE~D EF £{t (JEF) s X
VAR HEA — = 2 — b (0S) ~D JEF i3, Zh¥h —6.4+8.8% 25 5.0+7.4% (p<0.001), 9.9+
5.2% kb 14.9453% (p<0.001) ~EHINL, - OS ~D E5E D 16286 #Hs & 80+48 # (p<0.001)
~NEE L. AT A,BEIE C,D B0 EHHEF © OS 1%, fiZ T v B h>oK&E EHL, EF-0S i
ARHROLBEYRBRT L DEELLNI. - OMI, JE OMI Bx ikt 5L, itk OMI ETiX
EF-OS % CORsMIIIE OMI B L FAificak@E Li-a, OS CTH EF 0 L RERFE LB ELXRET, OMI

X BLHEER X B EF FRHBRARR I .

L FL&®IC

B R BRI B 1T 3 BB AT UDBEERE I,
PR I UREBEBCEELBREREL T
3DH7E 5T, PTCA RLBEAR A A ~ 2FH O
RHEBZOARROBRETH 5. BEFHEKTII,
PR VESEFLS NV F T T T 4 BIEL
fThhTETRY, ZTHRE»LAFMFOLEERH
SE EF) BEDEKRENRT A—F OFL, BIV
RFBEEE ORIl T RE, JERICEN ST
b5, L L oERENZUOBERLE A 51
BRAES Y, FDHEPERCELT 25E
* SRA¥EFHMRESLE
™ il #H—4Bt
ZH:34£6A17H
BREZMA 3£ 88130
BIRIGER S | &RTIEET 13-1 (B 920)

SRAFEFHUESR
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X, ERANCERE T 22 B5Z Ll
BThodLBbhsD, BR/NEOKRHEEHL
RGO EEE=%— (Wb¥w3 VEST) 2w
BT licky, XVFHEMETESARR, AWRD
DHEERLE L 22 Z LASHEREL £ 5. Bt
DEBIZH T 5 PTCA 234 N2 T, BROE
AT O DEESKET S LR ESh T
523 5, o BRI B ARREEROE
ftlizowTaHRFTBLPEESh TwiEw. 22T
Cadmium telluride (CdTe) i35 % &> VEST?
R, EFARER» OAFRORBEHETO
RERFHLDBRER L E, EEARS A S 2 RIS
WTHERS Lo cHET 5.

. » i

Bt ER 394 (B304, 94, ¥
SERSTER ) 2 0% L L, 2Pl ESRER
EREITL, T5S%ULA EoRELZHEERE L LIER,
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3 KRE 274, 2 HREL0f], 1 BRE2HITH
-7z, BRIBMELFIEZE (OMI) i 23 FliciBw .
VEST ic X 2 EBIAFREIC S WL TR, A4 7
247 (CABG) Biift & b # 5 3ANIMEREL, 7
ETELEroT.

EHAMI, MEALBEEE- VI A—ZICT
CABG i X U 1 2> B &I 4T L 7=. Tc-99m 740
925 MBq (20-25mCi) iz Tt r Y Y EIc X 5 in
vivo 7% M BR A 3k 2 Wi T L 7=, B VEST
EEHORZ P FE, Fr~h2 FICThESR
FERBLENDL, ERFALVEZEL2Lb25LD
iz CdTe S~V vy 77— FICTEEL, T
ERANVICRET—FIREL FRLE. 455
fo Zetkic 25W 0RATE FtRL, 20281
25W Fo RT3 EBREATRE 1To . AL
TR, 02mV ko STIKT, BWEAT
BEH R ELL, AWMMKT8-10 2RI TRE R
FrpbfEs Lic. BREFIZ 14T LICESIMLE
e TmEXREL, OERRZ modified Vs 12T
E=F—Lk.

BEKTRICAY 2 e TTF— 2 T2 fTo 1.
3 50msec T L OEEFHEMME T4V F VT
4 VvE— (HERBHR) © TEEL L Ric, K
AEZ1DHMETEL, BERBEAIT L FED20
Lo EF 2Bl LE. coLERv 75y
v Rz, FRAlE LTHEERBA v v o 709, (—
B 0 ) T i3 60-65%) & L. FLERKHIAK
(EDV), InfaR#ZAHE (ESV) 134 T JERIEREIC
X5 X AE LS LTky, D& S EDV-
ESV .08 #) RERICHEXHE & LTRD 7.
£S5 A—FZOREEE & LTI, KHRE»D
BARAHR % o EF 21k (JEF-Ex), ILREKHE
7% (b (JEDV-Ex), IXfa RHIBFELEL (JESV-EX),
DHHEZE(L (4CO-Ex), & bIcATHZ Iz E 2]
iz EF o—ifitk bR, +72bb EF A —~"—va
—} (0S) 2@Bwiclkd, zhicETsboLL
T, KNS EF A ——ya2—+~0 EF &
{t, (4dEF-0S), EDV % {t, (4EDV-0S), ESV % k.
(4ESV-08S), CO Z{L (4CO-08) B LU AM#K T
7% EF-0S % T 0 R (T-08) # EH L. £

28 % 11 & (1991)

EIChh L 72106 T 0 L#iy 4-5 3o EF £F)
DEAERZER 25% URNTHY, Z0 20 5%
YMrxoBbzFELARLT, EHARNTO
EF Z{b s —v & 4Bt 4y Lk (Fig. ). +
bbb, AR ARRMEL Y EF i3 EAL, &K
AR ETSY 2B THEME #iFTsbo, B
B, vwolthld 5% 28125 LREZRTLOO,
BERARRICETTs40, CEL, FEOELE:
RERWLD (£5% LIAN), DAL ARG & D
TRL, 5% 2BAXETEZRTLOTHS.
LFREEE OfERIZ, FHLEERETETL,
EHECEEER t RECTITo 2.

L. % 3

1. CABG #i#%(Cd&(+ % EF ZE{bNy—>

(Fig. 2)

FgAL N2 BT 2T R TH o7z, HHigio EF
Tl — iz DEIMNL o L 21 HT, o
WT CEIR 124, A,BEINSZhEh 4,24ITH
ot HiiEDEID S B 5 FIAS AR, 8 FI
BEliz, 6 CEIcEDY, 24z DEOE X
Thote. CEOLRFID S B 7HIix ARz, 24
EBEICEDLY, 3FCRBOEETH -
A, BRIZTRTHBARIER L. OMIFOZE

k—EXercise—

Fig. 1 Ejection fraction (EF) response pattern during
exercise. Type A showed EF increase with
>59% until end of exercise. Type B demon-
strated initial EF increase followed by decrease.
Type C showed no significant change till end
of exercise (within +5%). Type D revealed
continuous EF decrease with >59%.
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Fig. 2 Change of EF response pattern from pre
bypass surgery (CABG) to post surgery.

LB L TR0 4T RTABTH -1

DA RdEOMI L Eix oz, HITIRAE

BRANRTH -1, HFTDED 1 ozN

MBLDRICL Y EoDRT, EMETRT

WEER LK.

2. EFZE{kNy—L A BREELCDHELD
& (Table 1)

BRTA—F 2 BT 5 L, AMREEF, CO %
{tTd% 5 JEF-Ex, 4CO-Ex {3 C,D #CTHZIz
&<, EIEHOIRE JEF-0S 33 v C,D #T
FETEL, T-OS BEE L TV,

3. CABGHIBICETZIBENTA—-5OD

Z(L (Table 2)

A& T O ATE, RRKAFRFOMERRA%T
b ol DR ERRERME R L. #i%
L EF 3 B Th - 72, JEDV-ExX i3 %
T, 4ESV-Ex i@ #RL, JEF-Ex i —6.4+
8.8% 2 H 5.0+£74% ~ LA E (p<0.001) i #fn
Liz. 4CO-Ex b it HE < #inL 7. 4EF-0OS
RIFERRCAMKTRERICE Z v (T-0S i1
16286 ) 72 & 80+48 fh ~4H 45, p<0.01), OS
RO DI B RIEZ R L. #ii%% JEDV-0S
X RZET, 4ESV-0S %4 L, 4EF-0OS iz 9.9
+£52% 5 149453% ~ LB Z ML= (p
<0.001).

4. LHEBEOHECLIZIEEANTA-S0

@ (Table 3)
7F OMI, OMI [ T, 7i7AT OMI B T & # ke

Table 1 Cardiac function parameters before CABG
in patients with type A, B vs. type C, D EF
response pattern

Type A, B Type C, D p

Work load (W) 65422 73424 NS
HR at peak Ex 108+16 118417 NS
BP at peak Ex (mmHg) 153428 158425 NS

EF at rest (%) 4234+4.1 49.94+10.0 <0.01

4EF-Ex (%) 3.3+7.1 —8.1+79 <0.01
4EDV-Ex (%) 107+4.1 105+5.3 NS
JESV-Ex (%) 99412 122421 <0.005
4CO-Ex (%) 1604+£21 132423  <0.01
HR at OS (/min) 77+16 78+12 NS
BP at OS (mmHg) 133423 138+22 NS
4EF-0S (%) 13.8+5.3 9.2449 <0.05
4EDV-0S (%) 101+3.3 101+£3.6 NS
4ESV-0S (%) 76+6.2  8249.7 NS
4CO-0S (%) 142421  135+20 NS
T-OS (sec) 97466 174484  <0.05

HR =heart rate, Ex=exercise, BP=blood pressure,
EF =ejection fraction, EDV=end-diastolic volume,
ESV=end-systolic volume, CO=cardiac output,
AEF-Ex=ejection fraction change from rest to Ex,
AEDV-Ex= %EDV change from rest to Ex, 4ESV-
Ex= %ESV change from rest to Ex, 4CO-Ex= %CO
change from rest to Ex, OS=EF overshoot, 4EF-
OS=EF change from rest to OS, JEDV-0S= % EDV
change from rest to OS, 4ESV-OS= %ESV change
from rest to OS, 4CO-OS= %CO change from rest
to OS, T-OS=time from end of Ex to OS

Table 2 Cardiac function parameters before and after

CABG
Pre CABG Post CABG p
Work load (W) 72423 73422 NS
HR at peak Ex 107+18 116+17 <0.05
BP at peak Ex (mmHg) 157425 162425 NS

EF at rest (%) 48.74+9.7 50.2+8.6 NS

4EF-Ex (%) —6.4+88 5.0+74 <0.001
A4EDV-Ex (%) 105+5.2 103+4.5 NS

A4ESV-Ex (%) 119421 93+15 <0.001
4CO-Ex (%) 136+24 163+21 <0.001
HR at OS (/min) 78+12 96+13 <0.001
BP at OS (mmHg) 137+22 135422 NS

4EF-0S (%) 99452 149453 <0.001
4EDV-0S (%) 1014+3.5 101+3.7 NS

A4ESV-0S (%) 81+94 72413 <0.001
4CO-0S (%) 136420 158+19 <0.001
T-OS (sec) 162486 80+48 <0.001

Abbreviations are shown in Table 1
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Table 3 Cardiac function parameters before and after CABG
in patients with OMI and without OMI

Without OMI (n=16)

With OMI (n=23)

Pre CABG Post CABG Pre CABG Post CABG
Work load (W) 66126 72426 76+21 73419
HR-EX (/min) 104416 115416 108420 116418
BP-Ex (mmHg) 164430 165429 153420 160422
EF at rest (%) 53.1+8.6* 51.847.8 45.7+9.4* 49.1+9.2
JEF-Ex (%) —8.8+6.1 —**x_  6.248.3 —4.7+10 — ¥ 41468
AEDV-Ex (%) 105+4.7 103+4.2 105+5.6 104+4.9
A4ESV-Ex (%) 124+17 ek 91+17 115423 — Rk 9414
4CO-Ex (%) 133+17 —kkk__ 167422 13828 — ¥ 160421
HR-OS (/min) 75+11 —EEx__ 9349 80+13 — Rk 97+15
BP-OS (mmHg) 142422 13625 133+21 134120
4EF-0S (%) 8.6+2.8 —*xx__ 16.1+6.1 10.9+6.3 14.0+4.6
4EDV-0S (%) 100+2.4 101 1.8 101 +4.1 102+4.6
4ESV-0S (%) 82+5.1 — ok 70+£13 80+12 73+13
4CO-0S (%) 129417 —*¥%_ 158+18 141420 —kkkk__ 158420
T-OS (sec) 164+58 —kk__ 79437 161+102 — ** — 8055

Abbreviations are shown in Table 1
OMI=old myocardial infarction

— ** _—=p<0.005 between pre and post CABG,

— *¥¥* _—p<0.001 between pre and post CABG,

—***¥*_—1<0.01 between pre and post CABG, *=p<0.05 between without and with OMI at pre CABG

EF 7% 45.7+9.4% L3E OMI B£ 53.14+8.6% I
A& (p<0.05) SN F T A —F ZA%T
bole. EmMEL L JEDV-EX I ARE T,
4ESV-Ex 384> L, JEF-Ex, 4CO-Ex i gt &
LIZHE L2, JEOMIFTRRUBEALK
Ehole. T-OS IHAEEL b ATRER L, OSE
DL ER L. fii%IE OMI £ < JEF-0S
XA &Eic (p<0.001) L H L, 4ESV-0OS iz g4
(p<0.005) L7-72%, OMI ETixREL ERx =
LEebOnFERBE RS Aok,

5. EFIZR (Fig. 3)

558, B 3AEIX Y LELELTYRE
T, RUMEEZBEDAABEE L 2o 7. TEIR
B CTIRRERTTITE ® FAZE (segment 7) % 58,
KEICAEEARE » RIBIMIT2 580 2. HTAToE
A BRE T3, Fig. 3A LR+ X 5 Ic (FA12
208 D RIEME 2 SR T), EF 12 B35 59 9 2%
ATRE 507 £ TIET L (EF & T2 s &fT L
TW3), AFKRT L L iz EF-0OS 57 L, 160

TSI P—ICELUKELIET L. ERlT
1TH:, segment 8 IZ A XA HRITbObRIED
VEST (Fig. 3B) Tiz, EF ix 58% % b & KAR
BE79% £ TREML7.. ARIB220HTSI b1
ELUBERLICETL, ARPARROLEED
wELRENE.

Iv. # 8®

SEbhbREH W VEST &%, CdTe t&
HBZHELLDTHBY. ZhICHLUTERKT
EHRLTWS VESTE#E X, Nal v o FLr—4
KCETHaY) A =2 2EE LI b DO TH 5.
L7cho>T Nal-VEST D& ix, Hv=h A7
CEBA A=Y EICHBOBLEREREL L
ROy v N F—28Bohs LExbh 3.
—7J, CdTe-VEST i3/hEITdH 5 236 212 FATHL
2Y A—FOEFIARFET, AFR=aY 2—%
RERALTEY, Laio CdTe iRHEBFORITO
EREHBICTINB XYL, BEFARKHLT
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Fig. 3 A: Fifty-five-year-old male with left anterior descending coronary artery (LAD)
obstruction. During exercise EF gradually decreased and chest pain occurred.
After exercise EF increased over baseline, showing EF overshoot. B: After
coronary artery bypass surgery to LAD, EF increased dramatically during exer-
cise followed quicker EF overshoot than pre bypass surgery.

AUV IMIROET 2R D 39, hicky, EHEAMT O EF G A7 — i3, EERLE
Nal-VEST iz b RIEE D 7 7 v M@/ s h Aohs ARNL, HohCBRELELLLS
3LExbhB. ZDZ LizEic CdTe-VEST % DEF T4 OWEEL R L. ZOFTBH,

FRT2EVEHIIBLRETH B, HEHRER +hbbwoltii EF 0FEL LR R LI,
EiZ EF 2 8025 2 — 7 3 EEMICKRICRIER EHEBEOBAL LLIZEF 0ETE2TTbONHR
BRWiEZLNRBY, bhic., ThESFLLERERIETREREL, EE
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FRoZThX VEL, BKRATR EF 2 BRI%ZZE
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WEDX DIz, EFETLLRHEREF 2 THE5Z

EWHY, XYFEERNVLELEL LN

B b BEIWo A EF 0 LB 2RT0
T, C,DAlizIb~R3 L R IZ fRichTw3 &
Zx5h%. CABGHI#%D EFEL 2 — 2R
5 L, fiFRmE 85% (394 3341) 22 C, D Bl R
T4, i A, B EINS 7297 (39 fH 28 41)) L B
LI ERRL, L2LBEID10F0H 5 8
Bl HARARBEO EF 3 ZHFL VEEERLT
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KRB ZEELT208ZY LBDh 1L TH
5. —7F, BRAMEE»L OS £To EF k%
BAT3 L, AR EFETAZLWATHL
Ehzigl, KEE~0 EFEEIAE LY,
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EFMBESATLEY. ERICZ0IE (BRA
TiEE» b OS ~» 4EF) # fiigi» A,B L C,D
BCHET B L, 10.554.6% % 17.3567% L i
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PDEELTWS Z EASRERE, ZhIZARR
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— &L, hoBIhB LEZLABBY, Zh
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BHiiz, TV KEL Ao LTHLES T LR
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OMI LI EOMIFE L MBI T, WTh
A4EF-Ex {3 4ESV-Ex @ Bz X v g LR L,
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LizbotExXbh L LENb, ik
4EF-0S % T-OS IcWH#EH0ZEL Wiz 2 hb
5%, OMIBETHEED® LR2BD Aol T
N OBKEICE Y OS % TORF ML EMRUE
Lizb 0o, BELFHNIEOMI IR TH N
7ewiz, EF o AP HIRES Wi AIEEIRR S
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Summary

Cardiac Response to Exercise before and after Coronary Artery Bypass
Grafting: Evaluation by Continuous Ventricular Function Monitor

Junichi TAKkr*, Akira MURAMORI¥*, Kenichi NAKAJIMA¥*, Hisashi BUNKO¥,
Mitsuru TANIGUCHI*, Ichiro MATSUNARI*, Michio KAWASUIT**,
Norihisa ToNamI* and Kinichi HisaDA*

* Department of Nuclear Medicine, **Second Department of Surgery,
Kanazawa University School of Medicine, Kanazawa

Cardiac response to exercise was evaluated with
continuous ventricular function monitor (VEST)
with cadmium telluride detector. Thirty-nine pa-
tients (30 male and 9 female, aged 5748, 23 had
old myocardial infarction) were monitored with
VEST during and after supine ergometer exercise
before and 4 weeks after coronary artery bypass
grafting (CABG). Left ventricular ejection frac-
tion (EF) responses were classified into 4 types;
type A showed EF increase >59% till end of
exercise, type B demonstrated initial increase
followed by decrease in EF, type C revealed no
significant EF change, type D showed continuous
EF decrease. Before CABG, each EF response
type A, B, C, and D consisted of 4, 2, 12, 21
patients respectively and after CABG each type
included 18, 10, 9, 2. The EF change from rest to
peak exercise (4EF-Ex) improved from —6.44

8.89% to 5.0+7.4% (p<0.001) after CABG. All
patients showed rapid EF increase after exercise
or “EF overshoot” (EF-OS). After CABG, the
EF change from rest to EF-OS (4EF-OS) and
time to EF-OS (T-OS) were improved from 9.9+
5.2% to 14.9+5.3% (p<0.001) and 162486 sec
to 80+48 sec (p<0.001) respectively. Type A, B
patients showed higher 4EF-OS and shorter T-OS
than type C, D patients, suggesting EF overshoot
was contingent upon cardiac function during ex-
ercise. After CABG, in patients with myocardial
infarction, T-OS shortened but 4JEF-OS showed
less improvement than patients without infarction,
suggesting loss of myocardium hampered EF-OS.
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