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VSA, vasospastic angina
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Table 1.

Patients with vasospastic angina
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Clinical and angiographic characteristics of patients studied

Patient Age Sex ' ECG ' Coronary angiography oM Ch‘?St
(yrs) Resting Episode Control Spasm pain
1 56 M poor prog R Vi ST+ I H.VeViy 90% LAD, 90% LCX LAD, LCX (+) NE
2 40 M Q wave V5 ST 1 Vi-s 90% LAD LAD (+) NE
3* 54 M Normal ST 1 I W.Ve 99% LAD, 50% LCX LCX (=) NE&E
4 59 M Normal ST | I M.VeVs 75% RCA RCA (=) NE&E
5 54 M Normal ST | I M .VeVis Normal RCA,LCX (=) NE&E
6 42 M Qwavel Ve ST | Vs 100% RCA, 75% LAD LAD,LCX (+) NE&E
7 5 M Qwavel 1.V ST | Vi-e 75% RCA, 50% LAD LAD (+) NE&E
8 41 M Normal ST | Vss 90% LCX RCA (=) NE&E
9 59 M Normal ST 1 Vi Normal RCA,LCX (=) NE
10 55 M Normal ST 1 I W.Ve 75% LAD, 50% RCA RCA (—) NE
11 56 M Normal ST 1 0 I.Ve 75% RCA RCA (=) NE
12 41 F Normal ST | I Il.Ve Normal RCA (=) NE&E
13 53 M Normal ST 1T I WM.Ve 50% LAD RCA (~) NE
14 48 F Normal ST | 1.VLVis 50% LCX RCA (=) NEGE
15 57 M Negative TI I . VrVy— Positive TI I,VrVi—s 90% LAD LAD sube (+) NE & E
Control patients
Patient Age Sex ECG Coronary angiography oM Che.:st
(yrs) Resting Exercise Test Control Spasm pain
16 37 ¥ Normal Negative Normal (=) (=) NE
17 41 M Normal Negative 50% LAD (=) (=) NE
18 51 M Normal ST | I ViV 90% RCA, 0% LCX, 50% LAD (—) (—-) E
9% 51 M Q wave V2 Negative 100% RCA, 75% LAD,75% LCX (-) (+) (=)
20 43 M Normal Negative Normal (=) (=) NE
21 45 F Normal Negative Normal (=) (=) NE
22 54 M Normal Negative Normal (=) (=) NE
23 52 M Q wave Vi=s Negative 90% LAD (—) (+) (—)
24 35 M Q wave I I ,Ve Negative 100% RCA (=) (+) (=)
25 59 M Q wave I Ve ST | Vi-s 100% RCA, 50% LAD (=) (+) E
26* 44 M Normal Negative 90% LAD, 90% RCA, 90% LCX (=) (=) (=)
2T 51 M poor prog R Vi Negative 90% RCA, 75% LAD (—) (+) (=)
28 37T M Q wave Vi3 Negative Normal (=) (+) (=)
Abbreviations: ST 1, ST-segment elevation: ST |, ST-segment depression: LAD, left anterior descending coronary

artery ; LCX, left circumflex coronary artery; RCA, right coronary artery; OMI, old myocardial infarction; prog,

progression ; E, exertional; NE, nonexertional; M, male;F, female; sube, subendocardial infarction; *

patient who underwent coronary artery bypass graft.

3



7z b T3 BTk RS O S 1,

> (phentolamine mesilate, L ¥ F—
¥, BEFSHA F—) 10mgx 5 R CHEERS L,
BHERT B & UBHERIE S ATECE T 5 £ T 30 B
BTk, Lk fimEEEEEL 7>, &l
BOEENE, 7xv b7 3 UEHERTE EER OB/
O FIBR I T % 3K o HLEat L 7229,

RIGHF I X3 5 BiBLE RIGORIE X, Lk
FWIBIRBAER Y 704 7 E2IUEHmMEM EE L
5 - E BBk 2 PAREEER T 2 Z iC L DT Tk
PRZEMREMRTRS®, 158, 308, 468, 14, 14330
B, 24, 34, 44, SHOCEIBMEEEAEL,
Zn 60K (peak reactive hyperemia blood
flow, PRHBF) CTHHME %5 U TR/ HIBLME G
R L7, ‘

5. Zaba—nu

LTNORE LRI ICY AR R E L THETL
o, RAZEEDEL L HRED 24 BERRTL D PIEL,
ZOMOPERERICE= RS )2 ) V2 ETH
BLi, I/ v o3y 2 HiBLERICORIE
R/ d s YAWRBERRRICTL, ERRE, 7=

VEE D

Fig. 1.

ok

Coronary arteriograms and corresponding forearm blood flows and arterial blood
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EEORBER, GRFES BUTE2EEL L, pairedss k
Uunpaired Student’s t-testTiF-o7z, FiME1T
N3 EAEE I L TidWilcoxon rank sum test% /g
Wiz, 3IHEMOEED B T ETHEL - TEE
SO TREL, BEEVRS LB
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05 oo wO

pressures during ergonovine provocation test of patient 10(Table 1). A, before interven-
tion ; B, 3 min after intravenous(i.v.) injection of 0.1 mg ergonovine; C, 3min after i. v.
injection of 0.2 mg ergonovine; D, 1 min after intra-coronary arterial injection of 10 mg
isosorbide dinitrate ; RCA, right coronary artery ; LAQ, left anterior oblique.

Note that the right coronary arterial spasm was induced by ergonovine and at the same
time, forearm blood flow decreased and arterial blood pressure increased, suggesting that
the arterial vasoconstriction was induced by ergonovine in forearm vessels as well as in

coronary arteries.
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Table 2. Hemodynamic effects of ergonovine and isosorbide dinitrate

Vasospastic angina Control
Baseline Ergo ISDN Baseline Ergo ISDN
(n=15) (n=13)
Heart rate (beats/min) 68+11 68+10 T1£T7 71£11 T1£10 83 L1 2%+
Systalic BP (mmHg) 147+18 166+ 25* 137+£22% 134424 164+-28** 132429%
Diastolic BP (mmHg) 78£11 88£11* 78£11° 77+11 90 11** 779"
Mean BP (mmHg) 101£12 114+ 15%* 99+13% 9614 1151 15%* 9% +15%
FBF (ml/100ml/min) 4.4£2.5  2.0£1.4**  55%2.6% 4.0£2.0  3.4%1.4 T.7H4.4%*%
FVR (units) 30.4£14.9  T1.1£52.2%* 22.4+14.6% 27.8+9.7  30.3+14.7*  16.2+8.9*%
/A Mean BP (%) 12.9+12.7(E/B) 16.3%12.8(E/ISDN) 20.2+10.3(E/B) 21.8+13.3(E/ISDN)
AFVR (% E/B) 182134" 43126
AFVR (% E/ISDN) 288+ 157" 17275
A FVR (% ISDN/B) —25£27 —42+26

Data are shown as meanz®SD. * p<0.05 (ergo or ISDN vs. baseline); **, p<0.01 (ergo or ISDN
vs. baseline); 5 p<{0.05 (ISDN vs. ergo); ¥ p<0.01 (ISDN vs. ergo); !, p<0.05 (vasospastic angina
vs. control); ™, p<0.01 (vasospastic angina vs. control).

Abbreviations : Ergo, ergonovine ; ISDN, isosorbide dinitrate ; BP, blood pressure ; FBF, forearm blood
flow ; FVR, forearm vascular resistance ; E, ergonovine ; B, baseline.

Vasospastic Control
anglna
(%)400, [‘5’ (%)400
Yasospastic Control
angina
(%) (%)
n=13 600+ 600
3004 / 300 =5 5
= n=
g -
% 8 (
5% 5 400 400
4
ol . B
5
?3 200 200 L
6% 2,
I ®
'g;‘ 84 ¢
-
£5 gd
& 58 200 200
2 8 g
100 100 e J
Al /
/ 0 0
//
= . R —_
0 0 ISDN Frgonovine ISDN Ergonovine
— e
Baseline Ergonovine Baseline Ergonovine L
[ | P<005
P<0.01 ; :
0 Fig.3. Percent change in forearm vascular
Fig.2. Percent change in forearm vascular resistance with ergonovine compared to the value
resistance  with ergonovine compared to the after isosorbide dinitrate administration
baseline value in patients with vasospastic patients with vasospastic angina and in control
angina and in control subiects. Circles with bars subjects. Circles with bars indicate mean-+SD.

indicate mean+SD. ISDN, isosorbide dinitrate.



786 o

mmHg, 77411 mmHg, ¥ M F 10112 mmHg,
96+14 mmHg, i 4.4+2.5 ml/100 ml/min,
4.042.0ml/100 ml/min, ¥ X U'RIREIME LN 30.4%
14.9 units, 27.8+9.7units: LW TN L AEH TEE
#Ei3kn {, - ISDN&EE#OFIRMEEFROEICEA
LTbVSAF22.4+14.6units, 2 > b o—L 3
16.2+8.9 units: M CHEEZ+ WO hr o7,
PEOINT /T4 B X UISDNEEIZ & 2EREE
EoZTid, LEREVSABTILT /Yy v 5
W2 & D 68+11 beats/min A & 68+10 beats/min,
ISDN#:E5.4%1% 71+ 7 beats/min& W FHIZEB VLT H
TE, zhkepltarbe—ABETEILT /7y
v #52 & 9 71411 beats/min > 5 71£10 beats/
mink RETH - 1253, ISDN#& 512 &k 2.0iE80E L
i, BB L T/ v s YEREEOEOVL TR
ML TH, F#£h7lx1]lbeats/mins & 83112
beats/min, 71+10beats/min#» & 83112 beats/min
EEBRCEMLZ (WA bp<0.01), IUER, 55K
B L OEmMERI LT ) Y 4 L EEIZX D, VSA
BT EFAFN 147219 mmHg# & 166+ 25 mmHg,
78+11 mmHg A 5 8811 mmHg & X F101+12
mmHg# 5 114+15mmHgr, WFh Ly BEBIZLAL

Vasospastic
angina

o
1

..50..

Percent Change in
Forearm Vascular Resistance

1 l.'.'l[]J !
(%) Baseline

Fig. 4.

ISDN

it

(#hZ2hp<0.05 p<0.05, p<0.01), I> bo—n
FIBWTY, FRZFN 134+24mmHgn 5 164498
mmHg, 77+11 mmHg » & 90+ 11 mmHg & ¢
96+ 14 mmHg»: 5 115+ 15 mmHgr WFh L HE
EHL (WFhip<0.01). F/-ISDN#&SZOI
HEER, HLRHAS & UCEPIMEDEIZVSAETCIZzhE
11 137+22 mmHg, 78+11mmHg # X 1799+13
mmHg, 2> bo—AEBETIE 132229 mmHg, 77+ 9
mmHg# X 18 95+15mmHge, WL EHTIL
T/7 4 YERERBROEIZEREECETLR (VSA
B, #h#hp<0.01, p<0.05, p<0.01, 3> bo—
NEE, LT LP<0.01)., —FA, TAT /T4 s
BFD FHME *# §ifE I T 2 2R TR LS,

VSAB£12.9£12.7%, 3> bo—n$20.2+10.3%
EMHETHEEZ WD 7, [SDNESZOEICNT
BEACETRLILEA L, VSAR16.3+12.8%, 2>
PO EE21.8E13.3% L MM TEEE RO
Dotz WICETHRIMFE I DV Tid, VSABETIE L
T/ 74 o5 LY 4.4+2.5ml/100 ml/mins 5
2.0+1.4ml/100ml/min ¥ HF EIWZE D L 722 (p
0.01), 2> e —AEETIX4.0£2.0 ml/100 ml/min
5 3.4+21.4ml/100ml/min L HFEEZFBH Ko

Control
D..
[ ]
._50_
n=13 -
-100 — .
(%) Baseline ISDN

J

ns

Percent change in forearm vascular resistance with isosorbide

dinitrate compared to the baseline value in patients with vasospastic
angina and in control subjects.

SD.

Circles with bars indicate mean+
ISDN, isosorbide dinitrate ; ns, statistically not significant.
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Table 3. Hemodynamic effects of cold pressor test

Vasospastic angina Control
Baseline CPT Baseline CPT
(n=7) (n=T7)
Heart rate (beats/min) 63£9 T4 11%* 71+£8 78 £ 9%
Mean BP (mmHg) 8748 128+18%* 9448 111+ 16%*
FBF (ml/100ml/min) 6.9+3.0 3.44£2.3%* 8.6+8.5 7.7£9.2
FVR (units) 14.9+6.9 57.6+£40.3** 21.4+9.0 28.7+8.2%*
/Mean BP (%) 48.04+22.7" 19.0£8.7
AFVR (% 293£267" 44433

Data are shown as mean:®£SD. * p<0.05 (CPT vs. baseline); ** p<0.01 (CPT vs. baseline); ", p<0.01
(vasospastic angina vs. control).

Abbreviations : CPT, cold pressor test; BP, blood pressure; FBF, forearm blood flow ; FVR, forearm vascular
resistance.

Vasospestis Control NEEE LT T/ 7 4 HE LD 30.4114.9 units
. MER o A5 7114522 units 35 & 18 27.8+9.7 units 4 5
600 Z 600 39.3+14.7units E HEIZRIML 22 (F L2 hp<
n=7 T n=7 0.01, p<0.05). —7, ISDN#L5#H L, VSARE
T22.4+t14.6units, =z > b+ o—u ¥ T16.2+8.9
unitsk, 7> bo—LEEAHIE, T/ Y 4 L IRE
§ o0 4004 RBOEOLFIICHL CHEBERRLERLEOHL
58 (24 £1p<0.05, p<0.01), VSABTIE L T/
g V4 R EEOEC L TOAEEREY &R L
§§ ) (0<0.01), UL, FiBIDEEHLO LS = D2k
g: ThbdE, ZNT Y 4  REROMEEEHEICNT 2
&g ™ e ZOHETRLLSE (®2), 3> b o—n B3
& 26%125 L, VSAREIZ 1824 131% & VSAREAYE iz
BEERLE (p<0.01). %7, A7 ¢ L5
////* 42221 WO (E £ ISDNE S H O EI 8T 3 ZALE TR L 725
0 ! - AL (B3), 2> b —nE1T2+75%28F L VSA
T T Teseline GT BR288+157% L VSABP HRIZEE %R L 72 (p<
l _ N 0.05). —/i, ISDNHAS.#0 {8 % FIEIH 5 2 B{LH

P<0.01

TwL7eHEE (4), VSARE-25+27%, 3>

Fig.5. Percent change in forearm vascular . .
g ' £ O L B 42426% £ FIBER T B A R A A

resistance by cold pressor test compared to the
.

baseline value in patients with vasospastic fee

angina and in control subjects. Circles with bars SR BT A BN G
indicate mean+SD. CPT, cold pressor test. u:'/f~"J1%5( w2 HIJWL M RIS DR E A% 3, 5
VORT, & SR T A1 IEBREEE R AT I:, VSARE
Too 2O L TISDN# S oo fitity, VSAEENS 5. Lar b u—LETEREL, LB 63+ 9beats/
2.6ml/100 ml/min, 22> FoO—AEEET7.7T+4.4 ml,/ min, 71+ 8 beats/min, ¥¥IM/T 87+ 8 mmHg, 94+
W00ml/min, &, 2> b o— LEEAHIE, T T/ 4 8 mmHg, g 6.9+3.0ml/100 ml/min, 8.6+
CEEBOEOLFILIN L TYEEARINE KL 8.5ml/100 ml/min & J O {7 b i % #5471 14.94+6.9
DKL (DLFREp<0.01), VSABEZ L o /W 4 units, 21.449.0 units¥, W Fh GBI CHEES S
YEEROMEICH L TOHEELEME R L (p< kot LIHEE L UEEIMER FNFnES

0.01). Al HeEIcBIL Cit, VSARE, 2> bo— O & © VSA $£63+ 9 beats/min 2 & 74+11
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beats/min# X UF 87+ 8 mmHg#» & 128+ 18 mmHg,
a2y b o—JL #E 71+ 8 beats/min A & 78+ 9 beats/
mink L f 94+ 8§ mmHg#» 5 11116 mmHg &, W F
NOBICBLWTHFAFNEERIIENL 72 (VSAEE,
IR HDP<0.01, ¥ bo—AEE, FhEhp<0.05,
p<0.01)., #ikwmniaix, VSAEET6.9+3.0ml/100
ml/min, 76 3.4+2.3ml/100 ml/min: HEEIZET
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Table 4. Hemodynamic effects of phentolamine and peak reactive hyperemia blood flow and minimal
forearm vascular resistance obtained by 5 min arterial occlusion

Vasospastic angina Control
Baseline Phentolamine  Baseline Phentolamine
(n="86) (n=86)
Heart rate (beats/min) 65+8 T310** T34 90£16**
Mean BP (mmHg) 88+5 TTL6** 94+8 84+£8**
FBF (ml/100ml/min) 6.9+3.2 12.2+8.6 6.4+£5.4 11.4+6.4%
FVR (units) 15.0£9.8 9.1+5.6*% 20.6%9.5 9.0£4.3%
A Mean BP (%) —13.0+£3.3 —-11.0£4.9
A FVR (%) —39k17 —~54+12
Peak reactive hyperemia blood flow (ml/100ml/min) 32.0%£13.3 30.8£8.2
Minimal forearm vascular resistance (units) 3.2+1.4 3.2+1.0

(n=T)

Data are shown as mean®SD. * p<0.05 (phentclamine vs. baseline); **, p<0.01 (phentolamine
vs. baseline).
Abbreviations : BP, blood pressure; FBF, forearm blood flow ; FVR, forearm vascular resistance.

Vasospastic Control
angina

-504

Percent Change in
Forearm Vascular Resistance
i
o
@

-100- : : -100- : .
(%) Baseline Phentolamine (%) Baseline Fhentolamine

L J
ns

Fig. 6. Percent change in forearm vascular resistance with phentolamine compared to the
baseline value in patients with vasospastic angina and in control subjects. Circles with
bars indicate mean+SD. ns, statistically not significant.
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Abstract

In order to elucidate the mechanism of abnormal reflex vasoconstriction in the forearm of
patients with variant angina, forearm vascular responses to ergonovine (E) (0.3 mg, iv), cold
pressor test (CPT), phentolamine (P) (10 mg, iv) and reactive hyperemia (RH) (5 min arterial
occlusion) were studied in 15 patients with vasospastic angina (VA) and in 13 control subjects.
In response to E, arterial blood pressure (BP) and forearm vascular resistance (FVR) increased
significantly without any change in heart rate (HR) in both groups. Percent changes in FVR with
E compared to the baseline value and to the value after intra-coronary arterial injection of
isosorbide dinitrate (10 mg) in patients with VA (182+134%, 288+157%) were significantly
greater than those in control subjects (43+£26%, 172+75%) (p<0.01, p<0.05, respectively). In
response to CPT, BP, HR and FVR increased significantly in both groups. However, percent
change in FVR by cold pressor test compared to the baseline value in patients with VA (293+
267%) was significantly greater (p<0.01) than that in control subjects (44+33%). Percent change
in FVR with P compared to the baseline value was —39+17% in patients with VA and —54+
12% in control subjects and there was no significant difference between two groups. Minimal
FVR obtained by RH was 3.2+ 1.4 units in patients with VA and 3.2+ 1.0 units in control subjects
and there was also no significant difference between the two groups. We conclude that, in some
patients with VA, not only the coronary artery but the forearm vessels show abnormal
vasoconstriction to E and CPT, which might be due to the hyperreactivity of the forearm vascular
wall itself. There were no abnormalities in alpha adrenergic tone and in vasodilator capacity
assessed by RH in the forearm of patients with VA.




