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Epicardial Coronary Artery Tone and Reactivity in Patients With
Normal Coronary Arteriograms and Reduced Coronary Flow

Reserve (Syndrome X)

JUAN CARLOS KASKI, MD, FACC, DIMITRIS TOUSOULIS, MD, ALFREDO R. GALASSI, MD,
EUGENE McFADDEN, MRCP, WAGNER I. PEREIRA, MD, FILIPPO CREA, MD, FACC,

ATTILIO MASERI, FRCP, FACC
London, England

The vasomotor response of proximal and distal angiographically
normal coronary artery segments was studied in 12 patients with
syndrome X, 17 age- and gender-matched patients with chronic
stable angina and 10 control subjects with atypical chest pain and
a normal coronary arteriogram. Ergonovine (300 ug by intrave-
nous injection) and isosorbide dinitrate (1 mg by intracoronary
injection) were administered to all patients. Computerized coro-
nary artery diameter measurement (angiographically normal seg-
ments only) was carried out before and after the administration of
ergonovine and nitrate.

Baseline intraluminal diameters (mean = SEM) of proximal
and distal coronary segments were not significantly different in
control subjects and patients with syndrome X or coronary artery
disease (proximal 2.88 = (.19, 3.01 = 0.13 and 2.86 + 0.13 mm;
distal 1.57 *+ 0.09, 1.70 = 0.10 and 1.61 % 0.06 mm, respectively).
With ergonovine, proximal segments constricted by 10 + 2%, 7 +
2% and 11 * 3% and distal segments by 12 * 3%, 14 + 3% and
14 + 2% in control subjects and patients with syndrome X or

coronary artery disease, respectively (p = NS). With isosorbide
dinitrate, proximal coronary segments dilated by 11 + 2%, 10
2% and 8 * 2% (p = NS) and distal segments by 15 + 2%, 11 *
3% and 13 = 2% (p = NS) in control subjects and patients with
syndrome X or coronary artery disease, respectively. Within
groups, constriction in response to ergonovine and dilation in
response to nitrate were not significantly different in proximal and
distal segments.

The results of this study indicate that coronary diameters and
the vasomotor response to ergonovine and isosorbide dinitrate of
angiographically normal coronary artery segments at rest are not
significantly different in patients with noncardiac chest pain,
syndrome X or coronary artery disease. Although coronary flow
reserve is impaired in patients with syndrome X, reactivity of
large epicardial vessels to nitrate and ergonovine is within the
physiologic range in these patients.

(J Am Coll Cardiol 1991;18:50-4)

Patients with microvascular angina (1) or syndrome X (2-4)
have typical exertional angina that appears to be caused by
an abnormal vasodilator capacity of the coronary microcir-
culation (1,3,5-7). In these patients, ergonovine can exacer-
bate limited coronary flow reserve during pacing in the
absence of focal epicardial coronary artery spasm (7). Be-
cause a large proportion of patients with syndrome X have
angina at rest and ischemia-like ST segment depression
during ambulatory electrocardiographic (ECG) monitoring,
which is not always preceded by an increase in heart
rate, dynamic small vessel constriction has also been sug-
gested (4) to play a role in the genesis of angina in these
patients.

Recently, it was suggested (8) that patients with micro-
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vascular angina have an abnormal vasodilator reactivity that
affects not only their coronary vascular smooth muscle, but
also the systemic vasculature. Moreover, although most
evidence indicates that the primary alteration responsible for
microvascular angina or syndrome X lies in the coronary
microcirculation, recent reports (9-11) suggest an alteration
of the reactivity of epicardial coronary arteries in these
patients. A diffuse abnormal epicardial coronary constrictor
response to hyperventilation (9) and an “‘erratic’’ epicardial
vasodilator response to nifedipine (10) have been reported in
patients with syndrome X. It has also been shown (11) that in
patients with normal coronary arteries and reduced coronary
flow reserve, distal epicardial coronary arteries exhibit ab-
normal vasomotion during exercise.

We prospectively compared, using quantitative coronary
arteriography, coronary artery diameters and reactivity of
epicardial coronary arteries at rest in response to ergonovine
and isosorbide dinitrate in patients with syndrome X, pa-
tients with chronic stable angina and individuals with atyp-
ical chest pain and a normal coronary arteriogram.
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EPICARDIAL CORONARY REACTIVITY IN SYNDROME X
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Table 1. Coronary Diameter on Baseline Arteriograms and Arteriograms After Intravenous Ergonovine in 39 Pati?nts

Proximal Coronary Segments

Distal Coronary Segments

Baseline Ergonovine % Baseline Ergonovine %
(mm) (mm) Reduction (mm) (mm) Reduction
Control patients (n = 10) 2.88 = 0.19 26202 -10x2 1.57 = 0.09 1.38 = 0.08 -12+3
Syndrome X (n = 12) 3.01 £ 0.13 2.80 = 0.14 -7=x2 1.70 = 0.10 1.46 = 0.13 -14=3
CAD (n = 17) 2.86 = 0.13 2.54 = 0.15 -11=3 1.61 = 0.06 1.39 = 0.07 -14x2

CAD = coronary artery disease.

coronary arteries that looked angiographically normal. In
three patients who had multiple lesions in the diseased
vessel, this artery was excluded from analysis altogether.
The percent vasoconstriction in response to ergonovine and
dilation in response to nitrate used to quantify changes in
coronary artery diameter were calculated as follows:

Constriction by ergonovine = {(Control diameter —

Diameter after ergonovine)/ Control diameter} x 100%.

Dilation by nitrate = {(Diameter after nitrate —

Control diameter)/ Control diameter} x 100 (%).

Data analysis. Coronary diameter data are presented as
mean values = SEM, and hemodynamic variables as mean
values = 1 SD. Differences between proportions were ana-
lyzed by the Yates corrected chi-square test. Paired and
unpaired Student’s ¢ tests were used as appropriate to
analyze continuous data. A p value < (.05 was considered
significant.

Results

Baseline and control coronary artery diameters. We ana-
lyzed 36 angiographically normal segments in 10 subjects in
the control group, 34 segments in the 12 patients with
syndrome X and 29 segments in the 17 patients with coro-
nary artery disease. Mean baseline diameter of proximal and
distal coronary segments was similar in patients with atypi-
cal chest pain (control group), syndrome X or coronary
artery disease (proximal 2.88 = 0.19, 3.01 = 0.13 and 2.86 +
0.13 mm, respectively; distal 1.57 = 0.09, 1.70 = 0.10 and
1.61 = 0.06 mm, respectively) (Table 1, Fig. 1). Baseline
coronary diameter of proximal and distal segments before
ergonovine and baseline control diameter before isosorbide
dinitrate were not significantly different in control subjects
and patients with syndrome X or coronary artery disease
(Tables 1 and 2).

Effects of ergonovine on coronary artery diameter (Table
1). The intravenous administration of ergonovine consis-
tently caused a mild increase in systolic blood pressure, but
heart rate did not change. The hemodynamic response to
ergonovine was similar in the three patient groups. Com-
pared with baseline values, systolic blood pressure increased
by 7 £4,9 = 5and 9 + 4 mm Hg, respectively, whereas

heart rate changed by 2 = 3, 1 = 4 and 3 = 2 beats/min in
control subjects and patients with syndrome X or coronary
artery disease, respectively.

After the administration of ergonovine, all patients with
coronary artery disease had mild diffuse coronary constric-
tion. Segments with marked diameter reduction by athero-
matous plaques constricted to an extent similar to that of
angiographically normal segments, but coronary occlusion
did not occur in any case.

Proximal coronary segments reduced their caliber by 10
+ 2%, 7 = 2% and 11 = 3% in the control subjects and
patients with syndrome X or coronary artery disease, re-
spectively (p = NS). Distal coronary segments in these three
patient groups reduced their mean caliber by 12 = 3%, 14 +
3% and 14 = 2%, respectively (p = NS) (Fig. 2 and 3).

Within groups, diameter reduction in response to er-
gonovine was not significantly different in proximal and
distal segments (Table 1). However, in patients with syn-
drome X, distal coronary segments showed greater constric-
tion than proximal segments (p = 0.09).

Response to intracoronary isosorbide dinitrate (Table 2).
Vasodilation of proximal coronary segments after nitrate
was 11 = 2% in the control group, 10 = 2% in those with
syndrome X and 8 * 2% in patients with coronary artery
disease (p = NS) (Fig. 2 and 3). Dilation of distal segments
after nitrate in these three groups was 15 = 2%, 11 = 3% and
13 = 2%, respectively (p = NS) (Fig. 2 and 3).

Within groups, dilation of proximal and distal coronary
segments was not significantly different. However, in pa-

Figure 1. Mean baseline coronary artery diameter of angiographi-
cally normal proximal and distal coronary artery segments in control
subjects and patients with syndrome X or coronary artery disease
(CAD). Basal coronary diameters were similar in the three groups.

4-
H Control

3 Syndrome X
CAD

Coronary diameter
(mm)
N

0. R
Proximal Distal
segments segments



avof lw)
X awolpuAs o
ronuod i} LO |- g
-
[1]
=
[r]
=3
Q0
=5
(o]
@
B
-0¢
(@vD) eseasip

A13)11e AIBU010D 10 X 2WOIPUAS Yiim Sludned pue s102[gns j00uU0d
ur JuaIaIp AJUBOYIUSIS 10U Sem SJudwdas AIeuoiod [eipIedids eysip
Jo Ananoeay -sjuawdes [elsip feurtou Ajjeoryderdodue jo (s
JUIAOUOSIS SNOUIABIUI II)JB UONOLISUOD pue (JB[) jenjiuip apiq
-105081 A1BUOCIOJBIUI 133J8 UONR[IPOSBA AI9MR AIBU0I0)) °¢ anSif

"(Z2) s1ay10 AQ pa1sagdns osfe se ‘10jov) Juixe[al
POALIOP-WINT[AYIOPU JO 33l Judapuadap-moy paysiurwip
B 0] anp 3q p[nod ([1) ‘Je 12 suonog Aq punoj asuodsar
JOJOWOSBA PIAIdI[E Y] By} S[qBATIOUOD SI )] 9seasip A19)Ie
ATeuosod yum sjudnjed pue §303[qns [01uU0d ‘Y SWOIPUAS
UM 9SOY) Ul JUIdFIp A[Juedyrugdis Jou Sem uorjeIjsSIuupe
JJelyu JIa)je pue Apnjs duljdseq Funnp S[assaA AIBUOIOD
[erpIed1da [eISIp [[ews JO JOJoWRIP UBdW dY) ‘I9AIMOY ‘ApN)s
JNO U] *Y SUWOJPUAS Ul S[OSSIA 3SAY) JO JOIARYIQ [euliouqe
ue Juisaddng ‘soudpe A1RUOIOD [eUIOU puR BUISUR Ylim
sjuaned Ul 9SI0JIXI FULINP JOLIISUOD S[ISSIA JeIpIedldd [e)sip
1Y) (11) "I 19 suoyog AQ UOIIBAIISQO AY] Ylim JUdWddIde
u 3q 3w uipuy sy, -sIudwdas ewrxord ay) pip uey)
JuIA0U08Ia 0] asuodsal ul AJIAIoBAI (JUBDYIUSIS A[jednIsne)s
JOU sem QDURISPIP 9Y) y3noyje) 191eald pey ¥ SwoIp
-UAs yyim sjuaned Ino ur sjuawidas A1euolod [BISIp ayj,

‘() INO paLLIed JOU Sem SISA[eue
sydeigdordue pazuIndwod aaneIIURND pue SIAIPNIS 0m) Y]
ul PAISJIP Pasn sjuade J0JOLISUOd Y3 ‘uonIppe uy ‘ssuipuy
JuaJagIp 9y urejdxas Aew uoI1d3[3S Jualled Ul SIOUAIIYIP Jey)
J|qissod st 31 ‘Guryoey s1 sjuaried J19y) Jo uondLdsap jeawd
ajoidwos & pue Areurunjaid aram (g) ‘(e 19 wipieidng jo
SUOITBATISQO U] asnedaq "afuel 2130]01SAyd 2y) UIYlIm sem
NS JOJOLISUOD 0] AJIAIIORAI ATRUOIOD [RIPIRIIdD ‘AT
mop AIeuolod paonpal pue wel3oLdne A1eU0IOd [BWIOU ©
‘eurdue y)im sjuarjed Ino Ul Jey) pUNOJ dp X SWOIPUAS YIIm
sjudned Ul nuins JOIJLIISUOIOSBA 0} aSUOSAI Ul UOIOLIS
-U0d AIeuolod [eipiesids pazijeIauad asngip payrew Jo (6)

-0¢-

avoll
X oWoipuhs
jonuoo |} LO |-

91N

(%) ebueyd Jajewelq

-0¢

(QVD) aseasip Luapm
ATeuo105 10 X 2woIpuis yum siusned pue s109[qns [01u0d 21 @
PAAIASQO 219 UIAOUOSIS PUR JeIIIU 0] AsUOdsSal ay) Ul SIOUAIAMP
weoyudis oN “Swswdas jeunxold eunou jesiydeidoidue jo (3gsu)
QUIAOUO3IS SNOUIABIIUI 13)J UONDILIISUOD DPUR (JJ3]) 91BNIUIp 2apig
-1080s1 AIRUOIOORIUI 13)Je UONE[IposeA A1dMe A1euolo)) 7 amsi]

Te 3o uiplerdng Aq s3urpuy ayj waguod Jou op $)nsal ingQ
"(17°00)
BUIFUR 9[qBIS JIUOIYD Ylim sjudned pue sjuaned [013u0d ui
1eY] 0] Jeqils pue aguel o130[01sAyd aY) UIYIIm SeM dUIAOUOS
-13 Aq paosned uoldLSUOd AIRUOIOD ‘X QWIOIPUAS Yiln
syuened ano uy “(1z'07) sIdYlo AQ SSUIpUY Yum JUIISISUOD
pue sdnod judned 23Iy) ayj ul Je[lwis sem JUIAOUOZId
0} 3suodsal oSlweuApoway Ay} ‘Apnis Ino uf ‘sjudned Jayy
UI UIAOU0ZI3 Ylim PIdOJIAp UONILIISUOD JeIpIedlda asnyip
ppw AJuo asnedaq ‘wseds A1euolod [elpIeslds [ed0] 03 anp
JOU sem ‘BIWIAYDSI [RIPIRDOAW UI PINSAT YIIYM ‘QUIAOUOSID
AQ pasned 9AIISA1 MOY Ul UonejiwI| dY) jey) punoj siojed
-11S9AUI 353, "BUISUR JR[NOSBAOCIOIW YIIm Sjudned Ul (7) [e
19 UOUUE)) JO SUOITBAIISQO U)Im JUSWIAITE Ul I8 SUIAOUOT

-I3 Yym S3uipuy InQ) °aulsouodsd 0) suodsaa L1euoio))
‘sjuaned
Jo sdnoid 931yl 9say) Ul JBJIWIS SI SIDUBISQNS AIIIBOSEA
juapuadap-[eIjayjopuauou 03 SjuawWdIs A1d)Je AIeuoIod
Teursou Ajesiydeigdordue [eisip pue feunxoid jo asuodsa ayl
Jey) pue 3seasIp AI9Ie AJRUOIOD JO X dWOIpuAs ‘ured 1sayo
eaidAre ynim sjuaned ur Juslafip Apuedyugis jou S1 1219

-urelp ATeuolod [eseq uedu jey) ssjensuowap Apnis siyy.

uoIssnasI(q

(L0°0 = d) sjuswFas [ewrxoid
ur uey) [RISIP UT 191BAIT Sem 1e1IUIp 9pIqIOsOS] 0) asuodsal
Ul uone[lp AIBUOJOd ‘3SeAsIp AIoMe AJRuolod Yyum Sjudn

"aJRI)IUIP IPIQIOSOST = N(IS] ‘9SBasIp AIape AIBU0I0d = (V)

T+ ¢l 900 = 9L'1 S0°0 = 9¢°I [A! o F60¢ 0T8T (L1 =uavd
¢FI1 L00 + 781 LO0 F S9°1 ¢+ 01 L0°0 F90°¢ 800 * 87 (71 = w) X swoipukg
A L0°0 + 08°1 90°0 * 651 [0 SI'0 F 0¥’ P10+ 20°¢ {01 = u) swuaned jonuo)
uorei (ww) (ww) uoey( (ww) (ww)
% NASI surjaseq % NdSI sulfaseq
SJUSWZG AIRUOIO)) [eISI(] SJUBWIag ATeU0I0)) TeWTX01]d
SIUdNE 6€ Ul AenIul( PIGIOSOS] SNOUSABNU] J9)Jy SWeIS0Ldy pue sWeiSouduy Juljaseg uo Ijaurel A1euolo)) °z 3jqel],
X dNOYANAS NI ALIALLOVEY AYVNOYOD TVIAYVOIdd p=0S:1661 A|nf
139 1V L3 1SV

[ 'ON ‘81 '[0A DOVI



54 KASKI ET AL.
EPICARDIAL CORONARY REACTIVITY IN SYNDROME X

Coronary response to isosorbide dinitrate. In our study,
epicardial coronary dilation with isosorbide dinitrate in
patients with syndrome X was similar to that observed in the
control group and in patients with coronary artery disease.
Observations reported by Montorsi et al. (10) that the
vasodilator response of coronary arteries to sublingual nife-
dipine is rather erratic in syndrome X were not confirmed in
our study. Proximal and distal vessels consistently dilated in
response to nitrate in all our patients with syndrome X.
These differences could be explained by the greater potential
of isosorbide dinitrate for dilation of epicardial coronary
arteries in comparison with sublingual nifedipine (23). More-
over, because syndrome X is an ill defined patient category
that in its broadest definition probably encompasses patients
with different causes of their anginal pain, differences in
patient selection could also explain the different findings. In
addition to angina and an abnormal exercise test, our pa-
tients had reduced coronary flow reserve, whereas the
Italian patients (10) were selected mainly on the basis of
angina and an abnormal exercise test and it is not known
whether they had an abnormal coronary flow reserve. In
keeping with our findings, however, the response to nife-
dipine in the patients with syndrome X studied by Montorsi
et al. (10) was, on average, similar to that of normal coronary
branches in patients with classic effort angina previously
reported by De Cesare et al. (24) from the same institution.

Conclusions. The resuits of our study indicate that de-
spite the presence of an abnormal vasodilator capacity of the
coronary microcirculation, epicardial coronary reactivity to
nonendothelial-dependent vasoactive substances is normal
in patients with syndrome X. Further studies to assess
endothelial function in patients with this syndrome are
necessary.
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