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Summary

We measured coronary blood flow by the continuous thermodilution method during coronary
sinus catheterization via the femoral vein, and evaluated coronary reserve based on the findings of
coronary hemodynamics and myocardial metabolism during atrial pacing. The study subjects con-
sisted of 31 pediatric cases with a history of Kawasaki disease. Among them, 19 had normal coronary
angiograms (Group A), 8 had dilated coronary lesions (Group B), and 4 had stenotic coronary lesions
(Group C) on selective left coronary angiograms.

1. Coronary blood flow at rest: There were no significant differences between Groups A and B.
In Group C, slightly low values were obtained in 2 patients with obstruction or recanalization in the
left anterior descending artery.

2. Rate of an increase in coronary blood flow during atrial pacing: It was significantly lower in
5 of 19 patients in Group A, in 2 of 8 in Group B, and in one of 4 in Group C. However, in 2 patients
with lower coronary blood flow at rest, the rate of an increase in coronary blood flow during atrial
pacing was higher.

3. Following atrial pacing, enhanced anaerobic metabolism was observed in 6 of 17 patients
(Group A, 2 of 5; Group B, 2 of 8; Group C, 2 of 4) who showed a poor increase in coronary blood
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flow during atrial pacing.

These results indicate that coronary reserve may decrease even in patients without any coronary
sequelae of Kawasaki disease on selective coronary angiograms possibly because of inadequate imaging
of the microcirculation, i.e., the problem of the pathologic process at the level of small intramyocardial

arterioles.

To investigate the coronary sequelae of Kawasaki disease, the evaluation of coronary hemo-
dynamics and myocardial metabolism by coronary sinus catheterization before and after atrial pacing

is highly recommended.
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Fig. 1. Two-channel coronary sinus flow cath-
eter designed in our laboratory and manufac-
tured by Webster Co(USA) (A), which was inserted
via the femoral vein into the coronary sinus (B).
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Fig. 2. Correlations between coronary sinus
blood flow (CSF) and aging (AGE) in groups A
(A), A& B (B),and A & C (C).
® =Group A; O=Group B; X =Group C.
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Fig. 3. Correlations between coronary sinus
blood flow per left ventricular mass 100 g (CSF/
LV MASS) and aging (AGE).
Groups and symbols : see Fig. 2.
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Fig. 4. Correlations between coronary vascu-
lar resistance (CR) and aging (AGE).
Groups and symbols: see Fig. 2.
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(CO) and aging (AGE).

A: group A; B: groups A, Band C.

Symbols : see Fig. 2.
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Fig. 6. Correlations between double product
(DP) and aging (AGE).
Groups and symbols: see Figs. 1 and 5.

(Fig. 6B).

2. R—yUTAERKZETHERE

R—y 7 ARH, A B 1B
Tk (ECG E ST-T Z5{ki L), fao 1T
13 ECG k¢ ST-T &k (74 L) B abhik.
ZO 24k 2 0RERT (A 150/43) R—v v
FAEMEITb Yo 12, fho 29 4ilix 180/4r £ T
T g,

1. R—v 7 ARficxs DP

IR LIz X 5 ICERIC X 0 BERIRIF MR A3
B plkd, MFBRAHEERLFHICI Y RE2 -
7. 2z T, SEIOKETIE, FHICk3ERL
bhizv DP 2EEER—v v /AREEO T X
NE—FBEOEEL LTkD. zo DP 3x
— v U TAMICEY, 3HOVWTRICBWTLE
Bz L (Fig. 7).

47—



Wi, A, KH, &5

A
o.P. (N=19)
(mmHg min-1)
x103
20 {
10 - {
11.45 18.42
+2.7 (P<K0001) =28 15
0 ] !

(N=8) (N=4)

18.15  10.34 16.10
(P<0.001) £2.76  +1.7  (P<0.02) =*2.42
! | 1

B pacing

pacing pacing

Fig. 7. Changes in double product (DP) before and during rapid atrial pacing.
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and aging (AGE) during rapid atrial pacing.
Groups and symbols : see Fig. 9.
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Fig. 11. Changes in myocardial oxygen extraction ratio (MOER) before and during rapid

atrial pacing.
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Fig. 12. Changes in myocardial lactate extraction ratio (LER) (A) and myocardial lactate
uptake (LU) (B) before and during rapid atrial pacing.

BLBEshTEi. LrLleds, OifEimix
b < E T HEMTE DR A b B WK R R R
BREETH Y Y, hhoz oFMIFEEOE(ITE
BEOBICHITT B0, 20ELE EREMIC
i3z Lit, BEELABREZA T L b
53, ThETFREERICRT 2 BRNARE
MR ORELHEBREBEOE 5, EEIRKE
DIRME L IRAE TR 2R3 L 2BFFE 12 v

—f& iz, JNEREEE R OEBIIRRE B, itk
DRI S+ b0 L LTIRREERENEE

ThHY, TENREO A TIEBMEELCBEEREE
BFRDIZ LR B VWEEZLNRTE ., Ll
b, EEIREELE T ICB T 3 M RELET
EBIEIWEFBHIA TR V.
ERMICELREZR/EL, »OEERHE -
DFFRHBIE 2 BEFAICRE T HEEL L T,
PRI BERY T —T L ED X 3RIESEFH
THY, POELERLTHWS. L LARET
X, #F—FABACELTCOFE EFcoRES
PEZhETIRHAESRAT VR oz, Haid+

—431—



KM, #a, KHE, @

YSiy=H {Mmo[="] ! UOIJBZI|BUEIII="D3Y ! UOISN]O00=
DO !sisoudss o0 =G ! wskInaue [[ews=sNV ‘Uoneje[ip=]J ‘[ewIou=N ¢ uonnquisipai= Y :309)9p uoisnjrad=d : Wsi[ogelow diqoideue
=JAIV ‘OneI uonoenxa uadixo jerpresokw=YJOIA :oouelsisal £19)ie £1eUoI10d=Y)) ‘ Moy snuls L1euoioo=ggD { AydeiSoidue A1euoroo=9yH

_ - - N 1004 1004 N N (9#) 294 8 01 4
+ « + + + N N H btww:m 1 (9#)239 6 6 €
(3s01 38) + = N N H H T (9#) 00 € 4 [4
- = + N N N N N (9%#) s1 + S I o)
- N N N N N (9% 1a 80 ¢ 8
SISO13[9S
1o0od A :mav
+ — + - - N Apysyg  100g N N 9#/SNV 11 st L
- - - N N N N N (9#)sSNV 8 8 9
- - + N N N N N (9#)sNV ¥ S S
1#
+ «~ + - + N N N N N onm%v 1a + 9 14
— -+ — — N 1004 100d N N (9 X S#) SNV 4! €1 €
blfna
- N N N N N 9XS#/ 1a 1 £ [4
- = - N N N N N (9#) 1a o1 1 1 q
—— 4 — — N Joog 1004 N N N At 14! S
4 - + + - N 1004 100d N N N (44 ST 14
+ « + + - N Jood 100d N N N 14! 81 £
— — 4 - + N 1004 1004 N N N o1 (4} [4
1ood
+ - + — + N Apysys 1004 N N N €1 91 1 v
au—ad soxdap omowu; UGOW UOP% dSOP% WO 4SO S0 sk
LS ovd £103 a8y ase) dnoin
LOAdS [e1piesoiw D04 Suroed 0} sasuodsay 3881 3y “SH

102-1.L 9swIoxyg ssong

D pue g ‘Z-Y SdnoJ3 ul 94I9s9 AJBUOIO0D PUEB SOTWEBUAPOWSY AJEUOJOD Jo AJewwng | dqe],

—432—



TISBEF OKREBFIREH I X 2 EFIRAY 7 — 7
NMEYERW, WBICTFFA L Webster §
flow catheter# T, /NE#F COFMFE %
REL, NEF cOBMREE O RKHERE L T
&80 SENF E & ITAH: & ) IIFREEE R IR
AL, BBRGEIEICBET2ETHELRITTS
TedleR—V Vv SATWILE > TOHBREER S
Ex, #hicfE ) BOGRENRE - LB R
E, oIz OETHRE L EBIRERETR L O
MR RE L.
EREFEHRD 1945 T 55 L, TR N
Ll Lic EoMBEGE b o THEMLE. i,
BALOAFERY v OF LRGN L & b IEd
L, ¥7FP Rz EELEIEGFHERZEWERIZ D
Sl Thbb, BOFHELHE L v RTIELR
BEAFRREBIZHY , BOBDIBELENEND
BHRKR LN ¥, R—v v S AREEOR ML
HEBEMR CHLETHEDL, FPRIZERVE
WO AR T

SN Z D X 5 BBEE I D EMFRIRAE O Rk
¥EE LI LT, IKMRERS X OBREERE
BogREgEr R L. z0ORE, #tkoz
BOZ L, EBIRKEEOHEBE ALK EEL D
ZTHNIRHFHOBMRERIRFTHY, F
EEFHECLHALPREEERIESTZ L3k
Lo LY S hic, —75, BEEIIROPEKELEL -
FEAELOFE I, SEIIRREIN 446 LD
B ol OWERR Z LIXEZ R WH, ETH
BEASHEHI R TV B LUK TR L ARTEL T
Wik, Zoz kix, 20k ) RE| TORMIEEE
PEBENLE 0B E - BE, ARnTORE - &8
B, & oo EEEBIREOREERECRE
EREEEFELTWSED LEbh 3. 20Kk
B, =0k 5 REF TIIE % ORERIZ &ICHEER
7, ThbbEnEERE - BT IHECERM
BRREAPMLETH B LEL LN

—%, EFLEREBIRE HEL 2 19F$ S
Bil, 38X OHLRMERZRE 8 ik, Btk o i3BE
BLRRRDO R VNS REBD 2HT, —v v IH

JNARBERE R o 7 i 5 Bk & 56 T (e

FTOBMBREMR CHLETHEMETLT
wWie. E 7O ELEEERER LU LRI EOE
BhroATYH, AIFERAOSHP2H L, BED
24T, ThZhEIERFOTLEIED b h
. ZozkiE, 20REE LT, BUNERERLY
RVCOEESRFEELTWBREEEFRBE LT
3b0LEZ OGN

FRA TR LB RE 2> & B MLtk LR E
DEEVNEDIDICL22b LT, EBIRER -
THEBEDREMRE 248 L WEF OFEERHE &
nTEY®, B Zh b ORER| T OFEBRENE N
ELBRBESATWS192, Lo L/WNRE], i)l
W5 975 BEAE VR [RIBR DEERI S TFEEE+ 5 M E DT &
ATERL, FRERERLERT Wkl
LA L& 3 5EKR, EFHAFLER, EBHAH
WiEL T 2 —K, E#af TI-201 5 SPECT
i EORBECHREMREVLEDNZ L h2bb
¥, EELE BERICREER D WEF 2R
LTk, SEIORREICE D, ZDFKELHH T
BIERREZCESCLDOTH D Z LIRS
fz. LkedoTH%, JERO LIS HREE# R
43 kT, BEOEHIRERRE O A T3 b
L5k WUNETEER L~V T ORBREEICE T 5
BREL, HETITRIZEPBETHILEZD
hic.

e LT, RARER, /DRIZBWT LERk
BT —F VB k DEBRBESLH SR
BRI, DO 32 X¥—FE LR OBREE
BEMIZ, »oBRMCBR T LEFRELL,
F ) ER I S EBREAREE CRST 32ET
REDCFMECEAL T, BO TERLEREETH
ZrEXORE. bz, MEHTOTIEEEEE
DOFEICIE, FEMER I O EER OB E+
DEEBIANSLERHD LD LEbh.

B #

BROEEBIREXTT R LRE 02w 194, 51
REREEH TS 84, HELRELE TS 44
DNIGHREEERE 3L flic> WwT, BREBHIRM:

— 433 —



iﬁﬁﬂ) #’@) yiﬂi, (E3/N

HEERD T —F VB Y BIKEZRIE TS &
EbiZ, LER— v v SATROZRBERENE, O
HIHBIEY SETHEELRE L, TEIIREEH
R L OBz > WTRET L.

1. REHBOFLKE: EREBIREY LER:
b WEFIRE L B LT, ERMRERE N
LhRERR L, —F, REMRERPIITITRE
A E I EBREL RO 26 T ORKE L
rLTz.

2. R—yrr7ARROENEEEME: EY
ERBIERE 196% 5 Hl<, i o 8
BELPICRBTH o2, Eie, JEARMRER 8
B 2 5, BRAEMRERAFRLIFTL, 0¥
MBRBCTh olc. —F, WEMREHRD I DL
HEOBMBERIEEE & - 26T}, R—v
VAR X Y WicE OBMBIEEE L o 7.

3. ERBIREEFTAVPEE THY BAEDL,
— o VAR BRMEROEMARE TH -
T S5Hth 24, % 7 IERMERERED 844 241,
WAEMIRER D 4l 26T, <— v /AR
X 0B S RBESHRB OTER A bR

4. EEeRER L BREEFREZE L
EHREERO 2 ic ), EFHESMETLTWS
MR H bR, 2ORE L LT, BUNEERY
VT OEEOTREMEIRE S h, JIEROLE
BEELELS LT, EFICX > T, BEORE
BhRTE RS IREE O 2 C 33 L7 WIUINMER R E
DHEECHLEERPMBELEXL b

5. JUIEFRO ML 48 RE o §FAR (<ek L T,
A7 —FNVEEAWER—Y v S ARRIZTO
EREHEL, OHREGEOREIPEATH -
Iz,

X

1) Detre KM, Wright E, Murphy ML, Takaro T:
Observer agreement in evaluating coronary an-
giograms. Circulation 52: 979-986, 1975

2) Arnett EN, Isner JM, Redwood DR, Kent KM,
Baker WP, Ackerstein H, Roberts WC: Coronary
artery narrowing in coronary heart disease: Com-
parison of cineangiographic and necropsy find-

ings. Ann Intern Med 91: 350-356, 1979

White CW, Wright CB, Doty DB, Hiratza LF,

Eastham CL, Harrison DG, Marcus ML: Does

visual interpretation of the coronary arteriogram

predict the physiologic importance of coronary

stenosis? N Engl J] Med 310: 819-824, 1984

4) Gould KL, Lipscomb K, Hamilton GW: Phys-
iologic basis for assessing critical coronary ste-
nosis: Instantaneous flow response and regional
distribution during hyperemia as measures of

coronary flow reserve. Am J Cardiol 33: 87-94,
1974

5) Hamaoka K, Itoi T, Nakagawa M, Kamiya Y,
Sawada T: Coronary sinus catheterization via
the femoral vein. Pediatr Cardiol 10: 91-92, 1989

6) Ganz W, Tamura K, Marcus HS, Donoso R,
Yoshida S, Swan HJC: Measurement of coronary
sinus blood flow by continuous thermodilution in
man. Circulation 44: 181-195, 1971

7) Kato H, Ichinose E, Yoshioka F, Takechi T, Ma-
tsunaga S, Suzuki K, Rikitake N: Fate of coro-
nary aneurysms in Kawasaki disease: Serial coro-
nary angiography and long-term follow-up study.
Am J Cardiol 49: 1758-1766, 1982

8) MIEEMAA : IR O EREEDREKA X7 b T a L
BREE. in Kawasaki Disease (ed by Kawasaki T,
Shigematsu I, Hamashima Y, Yanagawa H, Kato
H), fgira, Fog, 1988, p 165

9) Moynihan PF, Parisi AF, Feldman CL: Quanti-
tative detection of regional left ventricular con-
traction abnormalities by two-dimensional echo-

cardiography: I. Analysis of methods. Circulation
46: 752-760, 1981

10) #havmEls, R4, REESR @ B iz
T, BF & RHFE EBA OB HRMEE: E
BIRFEIED S 3 )R AEF EO £ EEH: &
B ARMELO T 2 —ic X 585t Prog Med 8:
1808-1819, 1988

11) # g7, )14, AR, REER ERMA

&, JPREL: 28, JIKREROERET IV

iz X 5 Systolic Time Interval (STI) | E D& 3%,

H 22k 88: 546-552, 1984

Mitomori T, Ono Y, Sugiyama H, Suzuki A,

Kamiya T, Nishimura T, Kozuka T': Diagnosis of

myocardial ischemia in Kawasaki disease: Thal-

lium-201 myocardial imagings at rest, with ex-

ercise and with dipyridamole administration: J

Cardiogr 14: 59-73, 1984 (in Japanese)

13) Kondo C, Hiroe M, Nakanishi T, Takao A:
Detection of coronary artery stenosis in children
with Kawasaki disease: Usefulness of pharmaco-
logic stress 2'T1 myocardial tomography. Circu-

3

~

12

~

—434—



lation 80: 615-624, 1989

14) Cohn PF: Total ischemic burden: Pathophysi-
ology and prognosis. Am J Cardiol 59: 3C, 1987

15) Rozanski AL, Berman DS: Silent myocardial
ischemia: 1. Pathophysiology, frequency of occur-
rence and approaches toward detection. Am Heart
J 114: 615-626, 1987

16) Hamaoka K, Onouchi Z: Coronary sinus cathe-
terization via the femoral vein for evaluation of
coronary hemodynamics and myocardial meta-
bolism: Modified catheters and technique. J Kyoto
Pref Univ Med 98: 1105-1110, 1989

17) &My, KEH— WBHEF 8% % A6
o, BEFME, SkHFIE P)IHEE B ki w
AR, Bk gEE, RNENRS: NRICRT 5EE
REER X GG IRETBIBIRES 0 72 3 DIEKEREHIR
MSERIR Y 7 — 7 V. PRIk & 788 37: 1309-1314,

JERBESE R 0 T L& & 5T (i

1989

18) Likoff W, Segal BL, Kasparin H: Paradox of
normal selective coronary arteriograms in patients
considered to have unmistakable coronary heart
disease. N Engl J Med 276: 1063-1066, 1967

19) Korhola O, Valle M, Frick H, Wiljasalo M, Rihi-
maki E: Regional myocardial perfusion abnor-
malities on Xenon-133 imaging in patients with
angina pectoris and normal coronary arteries.
Am J Cardiol 39: 355-359, 1977

20) Cannon RO, Bonow RO, Bacharach SL, Green
MYV, Rosing DR, Leon MB, Watson RM, Epstein
SE: Left ventricular dysfunction in patients with
angina pectoris, normal epicardial coronary arte-
ries, and abnormal vasodilator reserve. Circula-
tion 71: 218-226, 1985

—435—



