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Abstract

The effects of nicorandil on coronary collateral circulation during exercise-induced ischemia were
compared between the different donor arteries in 13 patients with effort angina, 7 with complete obstruc-
tion of the left anterior descending artery (LAD) with well-developed collateral vessels from the right
coronary artery (RCA) (LAD group), and 6 with complete occlusion of the RCA (segment 2-3) with well-
developed collateral vessels from the LAD (RCA group). Initial percentage thallium (%T1) uptake (thal-
lium-201 single photon emission computed tomography) and washout rate were measured in the anterior,
septal and posterior regions during ergometer exercise. The submaximal treadmill exercise test was also
performed using a cardiopulmonary monitoring system to measure Vo: at anaerobic threshold (AT).

After the controls were obtained, nicorandil (15 mg/day) was administered for 4 weeks, during which
ergometer exercise and treadmill exercise tests were carried out repeatedly. A significant improvement of
initial %TI uptake on exercise was observed in the LAD group with nicorandil therapy, but no improve-
ment was shown in the RCA group. The AT significantly increased after nicorandil treatment in the LAD
group (13.9+0.38 — 16.8 £ 1.18 m//min/kg), reflecting the improvement of cardiac function through the
increased collateral flow. However, in the RCA group, it remained unchanged, suggesting no improve-
ment of cardiac function. Nicorandil was effective to increase collateral flow from the RCA, but ineffec-
tive on that from the LAD.

Nicorandil is an effective coronary dilator and is reported to affect both large and small coronary arte-
ries. The effect on the collateral circulation is dependent on the donor artery supplying different areas. The
vasodilator effect of nicorandil is mainly on the LAD, which is large enough to supply blood to a wider
area of the heart, rather than the RCA.
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e B Bl AT B% 13 jeopardized area @ & L 2 X LR RY
B &, EHEROOERBREELER T L SND.
T/, TOICEE LG E I RHE OO T R
L, EBHEREBOL I LHFRESNTVED, L
2L, EBROMEBINITEE I T 2 BRI ORE % RET
L7zBfgeld, AR TiTReAERE L, GEshik% il
B DBLAETL (donor artery) &5 b DAL LY, i
BICEBERIER LIRFEIRD O R, 22T
AREFFETIE, EBEMEO.LOFE M IC3 3 2 88
ITERDEEEIC R IZ T nicorandil DEIR %, HARHICHE
HL, S#its EBMNAEOME L ) HRET L 7.

MREFE

T RITALATTATHL (left anterior descending artery :
LAD) JEWER (58 6 H B3 7) P ELHEL, HF
EPAR (right coronary artery : RCA) & V) BiF 72 EIEIMAT
¥ (Rentrop 4 11 ) % 320 - — WL D H1EM L
iE 761 (LAD B) &, AREEIR O5Hi 2 H 5\ 2378
TEMEL, LMTITHEI Y LAD B L FICEITFS
BRI MAT# % FR 7 — B E D H ER-UE 6 Bl (RCA
) T, WThoEF S LHEEOREED VLD L
L7z (Tablel). CHhoDFEFNIIHFL, BALITN T X —
& =2 & BIEBRRFED L B PEEF thallium-201 single
photon emission computed tomography (TI-SPECT) & .[»
MiES R L, EIXFERL nicorandil 4 BEH%S
BIZENEFNEIT L.

SEXREEEAR TI-SPECT : B 70 b a— o
(ZHE AR IR IS AT L 7278, 4 5B nicorandil (15
mg/day) ZREOHRG L7otk, BHRERLFAKOBREY
BEMAT L7:. EBEM TI-SPECT D&% 2 mm Bl
Lo STET, MEom3E, THEEH L L, nicorandil
BERIIERERLFAZOAMBTHRT L2, #RE
bull'seye #/R & LT, AIBE, /@, % - TEEBICEZ
NENBELERZRE L, &ATIHEIEL 38 & 0pl
TRIBEIZH 72 %) 1T 5 FAT DA TR THHRRGE & #%
W LER2EE L CEBROWELE L7 (Fig. 1).

L EB) B FTABRSEB) R TI-SPECT & [#RIC,
WA FERF & nicorandil &5 TICHEAT L7, EHHEWS
O ha—=VIZiR20MER, 30MYA—-IVST Y
Tk, OB LICAWMELEETA ML Yy FILCX

Selected abbreviations and acronyms

AT =anaerobic threshold

LAD=Ieft anterior descending artery

RCA =right coronary artery

TI-SPECT=thallium-201 single photon emission computed

tomography

5 BRI EEEH (ramp B) £ 7239, IR AT R 45
#7 1 breath-by-breath DR A X 5474 (2 - b 5 RM-
300) % i\, EEEENE (Voo), “EbLRFEHHE
(Veor), SPHHRSE (VE) I L, V-slope &I & 0Bk
KA BIME (anaerobic threshold : AT) % #%E L (Fig.
2), EBWAREOKEL L. MEERII T ELE
#RFZEZTRL, BREIZIT Student @ paired r RE %= H
W, p<005 b o THEZDHEL L7-.

= R

1. EEET thallium-201 SPECT B D MITEHEEN T
1t
IAZZERE & nicorandil %5 T TIdARIA, FHIME,
—#E% (double product) DWW FRIZBNWT HHEZIZT
HHONT, RIFOREMHPEHITONIZd DL HMTL
(Table2). B AKEMED ST Z{kiZ, nicorandil %5k,
LAD B T EEMATRO b/,

2. BEZFHT — & (Table3)

WAFHERS, LAD BETIZLHIIC, RCA BT 6 Bl
5 B BB 72— B DO TR /R IB AR S L7z (Table 1).
LAD ##® Tl #EHE I nicorandil N%5(Z X ) §jBET
523+103% »*5 69.9+9.8%, M TIX 53.4+11.0%
»H 67.7111.6%, %+ TEBETDH 72.3+10.6% 55
882115.7% N ENENEEOYELR L. Th
123t L RCA B0 T EEERIIRIEE, HRICBWTER
EEEICHBSEEZRT D DD, nicorandil ¥ 5-Fi#E
TIIRTEE, HE, % TEOWTRIZBWILEED
TALERS o7z, HVH LEORE TIZ LAD B
THIEE, FRICEETIIRVD OOHREMEAHED S
N7, RCAETIRRED LN h o7

3. LIEBBFRREROER Fig. 3)
LAD ##® AT 2 nicorandil D512 & ) 13.9+0.38
5 16.8+1.18 mi/minkg & B EI(IHEML, EBHTH
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Table 1 Clinical characteristics and coronary angiographic data

Patient No. Age (yr) Sex Occluded site* LVEDP (mmHg) LVEF (%) RD
LAD group
1 66 M #6 6 66 +
2 39 M #6 10 66 +
3 50 F #6 11 58 +
4 68 F #6 6 70 +
5 58 M #7 11 64 i
6 62 M #7 10 74 +
7 67 M #7 11 62 +
RCA group
1 40 M #3 12 65 <l
2 52 M #2 15 63 +
3 65 M #3 11 64 i
4 51 M #2 11 62 +
5 61 F #2 10 70
6 55 F #2 10 60 1

*Segment by American Heart Association.
LVEDP = left ventricular end-diastolic pressure:

Fig. 1

Interpretation of thallium-201 SPECT

Four regions of interest were established on the bull’s eye
image, the anterior wall region (A), septal region (B),
inferoposterior region (C), and a normal region (D). Average
count of each region was calculated for quantitative analysis.

HREEOWEN TR EI N, NI L RCABETIE,
RIES D LMEAIDTA S NT2HT(13.213.1 25 13.0£2.9
m//min/kg), HEDOEALIIRDO Lo 7.

4. EFIER
LAD #® 1 il % Fig. 4 |29, 4Hi 6 D5E2HIZER
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LVEF=left ventricular ejection fraction;

RD =redistribution by TI-SPECT.
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Fig. 2 Cardiopulmonary exercise testing

Breath-by-breath response in oxygen uptake (Voz2) and carbon
dioxide production (Vcoz2) to incremental treadmill exercise.
Appearance of anaerobic metabolism is indicated using the V-
slope method; the corresponding Vo is termed AT.

T, nicorandil DFEGHEITIZWIEIZB VW TEIFZ TI
BRAFZDONDB L) ICho7. KBID AT Hid
nicorandil #%5-% 13.4 7*5 17.8 ml/min/kg & ek
Lz,

RCABED 1 % Fig.5 (2R . 40Ei 2 DELEHIZER]
T, AHITIZFAIZK L nicorandil DFx5-T b T1HEHL
IZEEEIERED 5T, ATfED 105 7*5 9.9 mi/min/kg
ERETH o7,
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Fig.3 Changes of Voz at anaerobic threshold after administration of nicorandil were compared between the LAD group and

RCA group

Voz at AT significantly increased after the administration of nicorandil compared with the control state in the LAD
group, reflecting the improvement of cardiac function, but remained unchanged after nicorandil in the RCA group.

Table2 Hemodynamic findings at peak exercise

Table 3 Quantitative results of exercise thallium test

Control Nicorandil  p value Control Nicorandil p value
LAD group %Tl-uptake
Heart rate (bpm) 125.2%16.1 125.2%16.1 NS LAD group
m-BP (mmHg) 126.8+17.7 123.8%£152 NS Anterior 52.3+10.3 69.9+9.8 <0.05
DP 21,790+6,470 20,597+3,822 NS Septal 534+11.0 67.7£11.6 <0.05
ST depression (mm) —1.71x£1.11 —0.79%£0.63 0.061 Inferoposterior 723+ 10.6 88.2+15.7 <0.05
RCA group RCA group
Heart rate (bpm) 116.5+14.3 124.8%+11.5 NS Anterior 89.7£5.9 86.31+6.4 NS
m-BP (mmHg) 1254%5.7 125.1+7.1 NS Septal 84.6+10.2 83.2+104 NS
DP 22,518+3,530 23,078+£3,301 NS Inferoposterior  62.8*+11.5 67.1£9.9 NS
ST depression (mm) —1.0£095 —0.75+0.88 NS Washout rate
m-BP=mean blood pressure; DP=double product. LAD group
’ Anterior 27.0x18.0 36.7+£7.8 NS
Septal 27.1£158 35.8+104 NS
Inferoposterior  44.9+5.9 45.5+6.0 NS
Z g RCA group
Anterior 44.7+83 449+6.7 NS
T B M 1T 13 jeopardized area O B ML 23T L ARFERY Septal 43.8%5.1 47.5+5.5 NS
Inferoposterior  34.0+11.0 38.5%£4.0 NS

W2 X, EEAERO.CEREREE L BT 5 A <
ZENFRDOLNTWSY, FREIMTHAEREIN TS
FEBITIX, BB SNTOURWVEFNIIHSN, HREKOTE
MR TEEE I FRETH > THLEHMAFRIIF VL S
h, REIZLAEFHEEHIBET TRIETLLEE
Zbha2, Lal, EBRIGESROMEIMmITICEEL
THRE L7 8E IS, ZIZHEInTROEER

AL A B AR E R

FEICBR O N, SR O € &8 EHE

MR 7D EEZOND. TE, EBEOEMNNE
Bl iEE L TR TI-SPECT DA AN RO SR,
AEIZ L D EBAETEOZEROFMPERORELY
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Fig. 4 Representative case of the LAD group

A definite improvement was observed in %TI uptake in the anterior wall and septal region of the initial images after

the administration of nicorandil. Vo2 at AT drastically increased from 13.4 to 17.8 m//min/kg after nicorandil.
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Donor artery

control

RCA group
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Fig. 5 Representative case of the RCA group

No significant improvement of %

Nt R et

Tl uptake was observed after the administration of nicorandil. In this case, Vo2 at

AT remained unchanged from 10.5 to 9.9 m//min/kg after nicorandil.

BET LcfkiEE S veo, Lo L, @ miTesicpy
BRI B A 7% <, RS R T TR 2 FZER L

L, AEBIRBEBOMEGHKETLLOTHY, it
BT L BEBICEH L-RFIIZD LN V0, 72

DFERE L TIE, & - TEHEED y 7 A 755 O
P, TIOTAVF—OBRD S y A HET S 2
L, HMBEOXELZITRT Wi L, TI-SPECT O
EEEICHENDHLLEZOLNLIDTHE. TIT,
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AENIEFIC L 2 EBHEFREOUZEDHELRFEE
WKMAAZEICED, ZomzfHI L L L.

4, AT 2SEBRFREOEEL LTEESATY
3, ATIIERKRAER & ) 275 )V L)L OES) Tl
ENURTHY, ZOREUPLBEZOAL LT,
LRBEE IO LT O EBRA Rl EBL S % &
WCHEBRICFIE SRS L)Xk o/z. AT EXIFRY
AGHIZBVTHET 5 12h 7o Tld, ERHHE
WETH 5 ramp AFESHV O N B 25, KEFHEI
SHULAWMEOHEKRDL 2, R&lEIiE(, EHHAE
FEOBHEICHENR TV S, YIIHEEL)L T —
Tl DT Twi=d, RETIE Ly FILIZ
BT ramp AFAHEEL Lo TH Y, 4MEIL b
Ly FINIZE B ramp BT ZHVTAT 2 HIEL, &
BNEROE{LEBEL 7.

Nicorandil (% 100-200 um O HEEIHI EBI AR RS
ExbIiRL, SMMELEMT S I LI L skl
VER %2 REBTHEHTH L2, ZOBEENLEMG
SEVE R B BIIATRE (x LT, Wi E & ik
AEEIMERTAb0LFHIN. Lo L, A
PEEEROHEIEEA O R IIT R, EBHTHA
FEOMEICBWTHEEILAMTH S Z LAHBIIRE
N72DITH L, AP LER TITROBEICIEZ0OR
RUEIFZDOOLNT, FOERIFZL»P o7, AT I1:EH)
WX DEMLAKEESH TOBREFEICH L, BE
ENMEAIMNICAR L CHABOEEI LT 2HT
by, TNERETH DL LTUHEE (PREDHR) &
EHHOBRFEBINCRHMR) PEELEZEZOLNT NS,
REZIR E LTI, FEFREEO.LHEMLATERENIC
AT 2HETHEDLEDICIONVT, &01DHEND S
B—EDRBIIVELEELRT R, LA, FE
FREOEBMALTLL ATEZHRET AN TEVE
THHEDBOOLNDN, EHROMBHKE LFICE
WIS REREBI AR TR IC & ) Bl % Ehrd 5 &
AT BSYET HPIRDOENTWAED,

AEO 2 BEOEANIIT A RnnERI, s
BEIMAREL S ICHETH Y, ZRICHT EEEI Y
EThsb. HFLIIAEER & ) BT 7% S8 meTE
BT HEMTITREEMAESIESH AR TI-SPECT
HEATL, BUEE, BRRICTIO—AMERKELED S
EEDI, ZLDOBITTREERICOBEIMERD, Z
NIIERBENRAIESE Th > THAETEIRE B IZ B %
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ELBHEMBPEDNIHE LTS, 4EOLAD#HT
13 nicorandil ¥ 5%, RIBE, FRICMZ T, T - %EE
D THHEIRERIZO FEOHENRED LN, nicorandil 12
I ) BEER T S HABIMRATE L, EMmMREH
FHBIZ 272 bDEEROLND, TDI LIE, LAD
BETIHIEE - PRLUSOEBOEEROYLE S Mb S
ZEiZXy, EFHROLEEOHEN N SN, AT
PEHCHELALDDLEZOND®, ThITxL
RCA # T3 TI-SPECT THRET L 72U\ A 581
BTHBOEANBOON LW L, R E LIES
B ==V FHROBEII OV TIIBENLRES
VR EBITH A Z EA 0, I3 BMIC K 50886
DETIZEY ATHRES N2 DEZEZONS.
N TIL, nicorandil DEF HYEIEIMAT R DAL &
WCEoTERRBILIZDWTIZED & 5 23BN
T& A ) 77 Nicorandil IIFHEEEE & K F v A VB
DNA Ty FETHY, Z0OBALETEIRERD»S
PR ERE L LTS ERENTEY, BROIC—F
IHVER %A $ 5 b 0L LT3 dipyridamole 25515 5
N5, Bach 514 57— 7 VR F v 75 — st
(Fy T I—=hF7—FN)ZHTHET L, adenosine %
HEMETH L HEERICZS T 5 L ARIMATE%
NMLTCERMTAROMBAERT S ELTWED,
Schaper 5, BYERTHGEAS LR TITRDOEE
ZHRET L, adenosine I & % ZE 8T TATAL D E M F kg
DY ZH/E L, ZOWF L L TERTITA 1 AA%0
BEALERT 2 Lh0, K, RICEMFIIE
HEEEROBFERFEIEL TR D EEELT
WA, KREHICE VT D BIAFERE, RCA B ORIEE,
FRRIC BT B THEEERIL LAD B2 BT 5 LA T
HHT - REEZH LB SEZRLTBY, Schaper
LOF—=5L—HTEMRALEELLOND., T/, LI
AREIRIC BV TIABIMATEE A3 2 IR 13
BINANRAEMOBEICIZOVTORENH O, T
W23 BNA R, T T T MREIHAR R R E
BIMATE 2 B S 2 WHICH LEEICA R L, BHICAR
TR L T 2ABBIRAD/ A SR1E, 75
7 MRAEPBONGZVEEND Y, I IEKEER
DR E SHRAGH ERTATE) L W/h&L, 797 ¢
MEVDV LW ENERO—DTId v tEL LN
T390, ZN6OH|EIILHEDRT TH 555,
nicorandil DTG % © SN EBNHREFRE (3T B/EM DT
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LAD group

RCA group

Fig. 6 Schematic explanation of hypothesis of nicorandil effects on the collateral circulation

The effect of nicorandil on the collateral circulation depends on the donor artery supplying area. The vasodilative
effects redistribute the coronary blood flow from collaterals to the main branches of the donor artery, if the donor
artery is large enough to supply a wide area of the heart as for the LAD.

HBHKICEVBEL I L L ZOXEBEROKE S LT
BLETAUEEHETRZL TV,

Nicorandil SEIBIMITHE # IR S ¥ 5 & T 5 EHEW
FHHIZ L SR TRV, KFIDOTIRIEMAIZK F ¥
FUBROMERICL VHVWELEICEMLEZEZONTS
D, 200 um L EDEE b DOHIE M7 nicorandil |2
oI s EZLNSED, 29 LATBIRERR
Bl REICE o TARIEEZERONEKE, KWE
BR A BRI URETMN OIFRY A+ 0 08
i, MVEBIROADILKT 5 L HEMHRFE5|&
2oL, GLALGEN EEIELILFEILN
5. FE, LSBT nicorandil HFE5FICEME
B COBBIERTA LV LEBFIOERESNT
VWA, Fig. 6 IIARE O RS S ARIMATERIIST %
nicorandil DIEREF 2 HER L 72 DTS 5. Nicorandil
IEERELET 8L Wo0, LADBETIIKRELE
A AT HIEBEBRIIRT A2 L1240, GEH
k72 OEEIMFEAEML, TEASBELLLER
LZEHTESH. LA L, RCA BT nicorandil DI
512k, BB TH B ETEINR O EFIBAHESEIIZ

KEWio, fHEHEEABRORTMRA A L TRRIMAT
BOMEIAFT 21 EMML 2V EEZLE, TR
HOBRILICHATEZ IO LE DN S,

& E]

1. SEBAEFR OIS 2 BRI f1T R O
BEIZ K (2T nicorandil DFHFR % BAGEBIRIC & Y 58
L, TI-SPECT, /LifEshEMRER%E AV TRE L.

2. HEENR & MLFEH & 4 5 BITid nicorandil 12 & 1
TI ERELGE L, AT CTHE L EHHERLUE
L7-.

3. Zhix LEEBREZ e 55T, Tl
BRROYEIIROONT, ATHELL 2, o7,

4. Nicorandil |3 FCELAGHIV RFLILE b 15R T 5 A
ThHH, ZOHRIPHRMEICL->TERY, Ih
BMIEROKE SIIHBINDbDEEZ LN,

BARIBIIHD, THHVEECHERLFERE PR
METEH BB BR, £BREE BREDERICRHCCLE
7.
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