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Background. We have recently demonstrated a striking impairment in cardiac uptake of 123|-
metaiodobenzylguanidine (M1BG) in most patientswith syndrome X. In thisstudy weinvestigated the
relationship between cardiac MIBG defects and cardiac autonomic activity in these patients.

Methods. M1BG myaocar dial scintigraphy and time-domain and frequency-domain heart ratevari-
ability (HRV) were compared in 11 syndrome X patientsand 10 healthy controls. Cardiac MIBG up-
takewas assessed by the heart/mediastinum ratio and a cardiac M1BG uptake defect score (higher val-
ues = lower uptake).

Results. The heart/mediastinum ratio was lower (1.71—0.6 vs2.19-0.3, p = 0.03) and MIBG up-
takescorehigher (37.1-32vs4.0—2.5, p = 0.005) in syndrome X patients, whereas average HRV val-
uesdid not differ between the two groups. However, while there were no correlations between M1BG
uptakeand HRV in controls, in syndrome X patientsboth the heart/mediastinum ratio and MIBG up-
take score correlated significantly with two HRV parameter s, specific for vagal activity: the squareroot
of themean squared differences of consecutive RR intervals(r =0.73, p =0.01, and r =-0.67, p = 0.02,
respectively), and high frequency (r = 0.64, p = 0.03, and r =-0.74, p = 0.009, respectively).

Conclusions. I n patientswith syndrome X, theimpairment in cardiac M1BG uptake was associat-
ed with areduction in HRV indexes mainly reflecting vagal modulation of sinus node, thus suggest-
ing that a predominance of car diac adrenergic activity may be present in those with abnor mal cardiac

MIBG scintigraphy.
(Ital Heart J2000; 1 (3): 221-225)

Patients with syndrome X have effort
anginal pain, ischemic-like ST-segment de-
pression on exercise testing and normal
coronary arteries at angiography.2. Although
the causes of the syndrome are controver-
sial3-7, the occurrence of ST-segment de-
pression during anginal pain and the docu-
mentation of adysfunction of small coronary
arteries strongly suggest acardiac ischemic
originin at least agroup of these patients®
10, Previous studies suggested that such pa-
tients exhibit an abnormal predominance
of sympathetic nerve activity!l-16, which
may contribute to the pathogenesis of the
syndrome.

We have recently demonstrated that car-
diac sympathetic nerve function is abnormal
in most patients with syndrome X, showing
a striking impairment in cardiac uptake of
123] -metai odobenzylguanidine (MIBG)Y7, a
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guanethidine analogue compound which
shares the same uptake, storage and rel ease
mechanisms of noradrenaline at sympathet-
ic nerve endings!819, These findings, how-
ever, lend themselves to different interpre-
tations, asthey could be dueto either anin-
crease or adecreasein adrenergic activity. In
the attempt to clarify this point, we correlated
the results of MIBG studies with measures
of cardiac autonomic function, obtained by
heart rate variability (HRV) analysis, an ac-
cepted clinical indicator of cardiac auto-
nomic activity20-22,

M ethods
Study groups. Twelve patients fulfilling

strict diagnostic criteria for syndrome X
were enrolled in the study on MIBG up-
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takel?. All patients had effort-related anginal pain, both
ST-segment depression and anginal pain on exercise
testing, and angiographically normal coronary arteries.
They had no evidence of other cardiac or noncardiac dis-
eases, including hypertension and diabetes mellitus.
Standard 12-lead electrocardiogram and echocardio-
graphic study were normal in al patients, who a so had
negative ergonovinetest. All investigationsin these pa-
tients were carried out after appropriate wash-out of
medications; B-blockers, in particular, were withdrawn
at least 15 days before each test.

A control group of 10 healthy volunteers, well-
matched for sex and age to patients, was enrolled in the
study. All subjects had no history of any type of chest
pain, nor evidence of heart or systemic diseases. They
also had normal el ectrocardiogram, echocardiographic
study and symptom-limited exercise testing, and were
not taking any type of drugs.

Study investigations. All laboratory investigations were
performed in the two groups, after written informed
consent had been obtained.

Holter monitoring. Twenty-four-hour Holter recordings
were obtained with Oxford Medilog MR-45 2-channel
tape recorders, monitoring the CM5 and CM3 leads.
Transient ST-segment depression was defined asahor-
izontal or downsloping ST shift > 1 mm 0.08 s after the
Jpoint, lasting at least 1 min and separated from previ-
ous episodes by at least 1 min of isoelectric ST.

Cardiac autonomic activity was assessed by meas-
uring 24-hour HRV both in time and frequency do-
main. The mean RR interva (RR, ms), the standard
deviation of al norma RR intervals (SDNN, ms), the
percentage of the absolute differences between each
normal RR interval and the previous one > 50 ms
(PNN50, %), and the square root of the mean squared
differences of consecutive RR intervals (RMSSD, ms)
were obtained astime-domain HRV measures. HRV in
the frequency domain was evaluated by fast Fourier
transform spectral analysis in the range of frequencies
from 0 to 0.5 Hz, with aspectral resolution of 0.0005 Hz.
The amplitude values of low frequency (LF = 0.04-
0.15 Hz, ms) and high frequency (HF = 0.15-0.40 Hz,
ms) were obtained, and the LF/HF ratio, which was
considered an index of sympatho-vagal balancein pre-
vious studies?0-22, was cal cul ated.

MIBG scintigraphy. MIBG scintigraphy was performed
using aprotocol which has previoudy been described in
detail17. Briefly, 5 mCi (185 MBq) of high specific ac-
tivity MIBG (3.7 MBg/ug) were injected intravenous-
ly in 1 min through an indwelling catheter in afasting
state and after at least 1 hour of rest, both in patients and
controls. Planar scintigraphic images of the chest were
obtained by a single head gamma-camera (Elscint 409
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ECT, Haifa, Isragl). Images were recorded in anterior
view 30 min and 1, 2, 3, and 18 hours after MIBG in-
jection. Following the 3-hour planar scan, a SPECT ac-
quisition was performed by rotating the cameraby 6 in-
crements, collecting 30 views for 30 s each. For the
purposes of the study, only data of MIBG uptake at 3
hours after injection were analyzed, as earlier time-
points have been shown to be less reliable for the as-
sessment of adrenergic cardiac function by MIBG up-
take23. The heart/mediastinum ratio, which is considered
anindex of global cardiac MIBG uptake?4, was ca culated
on planar MIBG images using regions of interest posi-
tioned around the heart and on the mediastina area.
When the heart silhouette was not clearly identifiable, a
region of interest was centered in the anatomic site of the
heart.

Transverse tomographic images were reoriented on
the short axis and on the vertical/horizontal long axis of
theleft ventricle. Slice thicknesswasnormdized to 1 cm.
For purposes of analysis, 5 short-axis dlices (from the
most proximal to the most distal but excluding the apex)
and the midventricular vertical and horizonta slices
were selected. In order to evaluate regional tracer uptake
the left ventricle was divided into 24 anatomica seg-
mentst?. Semiquantitative MIBG uptake for each segment
was obtained by a threshold method based on an 8-lev-
el color scale, each level corresponding to 12.5% of the
maximal pixel value. Segments were scored as follows:
0 = normal (tracer uptake > 87.5% of maximum); 1 =
mild defect (uptake > 75 to 87.5%); 2 = moderate defect
(uptake 50 to 75%); 3 = severe defect (uptake < 50%).
A global MIBG uptake defect score was obtained as
the sum of all segmental scoresfor each patient.

Statistical analysis. Comparisons of continuous variables
were performed by Mann-Whitney U test. Correlation
analyseswere carried out by Spearman rank test and pro-
portions were compared by Fisher exact test. Values are
reported as mean — 1 SD. A p < 0.05 was aways con-
sidered statistically significant.

Results

One patient with syndrome X was excluded from the
present study because HRV analysis could not be per-
formed reliably, due to frequent premature supraven-
tricular beatsin some periods of the day. Thus, HRV da-
tawere obtained from 11 syndrome X patients and the
10 control subjects, whose main clinical findings are
shownintablel. There were no differences between the
two groupsin age, gender, resting heart rate, blood pres-
sure and risk factor profile. Episodes of ST-segment de-
pression on Holter monitoring were detected in 6 patients
(54%) with syndrome X (range 1-24 per patient, medi-
an 7) and were associated with anginain only 10%. No
significant ST-segment changes were found in controls.
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Table |. Main clinical findings and results in patients with syn-
drome X and healthy control subjects.

Syndrome X Controls p
Sex (M/F) a7 4/6
Age (years) 52-10 54 -5 0.70
HRV data*
RR interval (ms) 868 — 109 816 — 97 0.31
(HR, b/min) (69-7) (74-98)
SD (ms) 145-29 132-23 0.24
RMSSD (ms) 41-23 38-37 0.39
pNN50 (%) 80-57 45-26 0.16
LF (ms) 28.4-8.9 26.2-8.9 0.62
HF (ms) 16.4-6.4 13.7-45 0.40
LF/HF 182-04 193-0.3 0.58

HRV = heart rate variability. * see Methods for definition of HRV
variables.

MIBG study. Global and/or regional abnormal find-
ings were detected in 7 syndrome X patients (73%),
while amild regiona inferior defect was only detectable
in 1 control subject (p < 0.01). The heart/mediastinum
ratiowas 1.71 — 0.6 in syndrome X patients and 2.19 —
0.3 in contrals (p = 0.03), while cardiac MIBG uptake
defect scorein the two groups was 37.1 — 32 and 4.0 —
2.5 (p = 0.005), respectively.

MIBG results and heart rate variability analysis.
There were no significant differences between patients
and controls in al HRV variables (Table |). However,
while there was no corréelation between MIBG resultsand
HRV indexes in controls, in syndrome X patients the
heart/mediastinum ratio and MIBG score showed, re-
spectively, direct and inverse correlations with RMSSD
and HF, two HRV indexes which have been found to
largely depend on vagd activity20-22 (TableIl). Therewere
no significant correlationsin either groups between car-
diac MIBG uptake and most clinical variables, such as
age, heart rate, blood pressure, duration of symptoms, and
exercise parameters (data not shown). There were al'so
no differencesin MIBG uptake between syndrome X pa-
tients with or without episodes of transient ST-segment
depression on Holter monitoring.

Discussion

Several previous studies reported indirect evidence
of an increased adrenergic activity in patientswith syn-
drome X116, including higher basal and daily heart
ratetl, abnormalities in HRV and baroreflex sensitivi-
ty131516 prolonged QTc interval 4, hypercontractility of
the left ventricle2s, and increased basal coronary blood
flow26, Measures of systemic and coronary sinus plas-
malevels of catecholamines and 3-adrenergic receptor
analyses, however, gave either conflicting or negative re-
sultstiiz,27,
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Tablell. Correlation of heart/mediastinum ratio and MIBG up-
take defect score with HRV indexesin syndrome X patients and
controls.

Syndrome X Controls
r p r p
Heart/mediastinum ratio
RR interval -045 015 -0.18  0.60
SD -013 067 047 017
RMSSD 073 0.01 -0.08 0.83
pNN50 025 046 -0.05 0.88
LF 039 023 013 0.73
HF 064 0.03 004 092
LF/HF -0.38 024 014 0.70
MIBG uptake defect score
RR interval 039 023 031 038
SD 025 046 -0.06 0.86
RMSSD -0.67  0.02 027 044
pNN50 -031 035 005 0.89
LF -047 015 044 020
HF -0.74  0.009 051 013
LF/HF 044 016 002 096

HRV = heart rate variability; MIBG = 123|-metaiodobenzyl-
guanidine. See Methods for definition of HRV variables.

We have recently given direct evidence of abnor-
malities of cardiac adrenergic nerve function in most syn-
drome X patients, by demonstrating amarked reduction
in global and/or regional cardiac uptake of MIBG7, a
guanethidine anal ogue compound which sharesthe same
uptake/retention mechanisms as noradrenaline at sym-
pathetic nerve terminalst819, Cardiac defects of MIBG
uptake, however, have different, and even possible con-
trasting interpretations. Indeed, they could be caused, the-
oretically, by a structural or functional impairment of
sympathetic activity28-34, possibly caused by ischemiass-40,
whichin syndrome X has been proposed to be caused by
microvascular dysfunctiong-10, but they could aso be
consequent to an increased release of noradrenaline, re-
sulting in high intersynaptic concentrations and antag-
onistic competition for uptake with MIBG at nerve end-
ings?334, In the attempt to gain insights about the mech-
anism responsiblefor cardiac MIBG abnormditiesin syn-
drome X, in this study we correlated scintigraphic MIBG
results with cardiac autonomic tone, as assessed by 24-
hour HRV analysis.

In agreement with our previous findings* and those
of others!315, in this study we did not find any differences
in average 24-hour values of HRV variables between pa
tientswith syndrome X and healthy control subjects. Nev-
ertheless, while in control subjects there was no corre-
lation between cardiac MIBG uptake, as assessed by
either heart/mediastinum ratio or MIBG score, and HRV
parameters, among syndrome X patientsthe degree of the
impairment of cardiac MIBG uptake was significantly as-
sociated with lower values of HF and RMSSD, which
have been shown to largely reflect vagal modulation of
the sino-atrial node20-22,
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Thus, taken together, our findings suggest that, over-
all, modulation of cardiac autonomic activity may be set
towards a prevalence of sympathetic activity in syn-
drome X patients. However, we cannot exclude that
our datamay reflect asimultaneousimpairment in both
sympathetic (indicated by the abnormal MIBG uptake)
and vagal (indicated by thelow HRV values) nerve func-
tion. The absence of differencesin average values of HRV
parameters between the two groups could be explained
either by the heterogeneity of the population of syn-
drome X patients, making average values not significantly
different from normal, or by possible compensatory or
reflex adjustments of cardiac autonomic tone.

Some caution should also be used, however, in con-
sidering 24-hour HRV as simply correlated with cardiac
autonomic function, asit might also be affected by oth-
er unrecognized factors®2,

The effects of adrenergic stimulation on coronary mi-
crovascular tone, on the other hand, are also complex
and controversial. Sympathetic activation increases
coronary flow indirectly through metabolic vasodilation
secondary to an increase in heart rate and myocardial
contractility43 and, in part, to endothelium-mediated va-
sodilation44. On the other hand, it may have both direct
vasodilator and vasoconstrictor effects through p-re-
ceptor and o-receptor stimulation, respectively43, the net
effect likely depending on the pathophysiologic state of
small coronary arteries. Indeed, a heightened sympa-
thetic stimulation could determine abnormal mi-
crovascular constriction in some conditions*345. On
the other hand, Di Carli et al.46 have recently demon-
strated that, in heart transplanted patients, myocardial
areas with a lower uptake of the norepinephrine ana-
logue [11C]hydroxyephedrine, suggesting poor rein-
nervation, have blunted increase of coronary blood
flow during sympathetic activation by cold pressor
testing, compared to areas showing greater tracer up-
take, suggesting higher degrees of sympathetic rein-
nervation. Thus, theoretically, both a reduced or in-
creased sympathetic nerve activity could be associated
with abnormalitiesin coronary blood flow in syndrome
X.

It is worth noting that our data on MIBG results
present some similarities with those reported by Meed-
er et al.15. Asinour study, these authors did not observe
any differences in average HRV values between syn-
drome X patients and controls. However, they found an
inverse correlation between the heterogeneity of my-
ocardial perfusion, as assessed by positron emission
tomography, and vagal HRV indexes. Taken together,
M eeder s data and ours suggest a possible relationship
between abnormalitiesin coronary blood flow and those
in cardiac nerve function. In which way they are corre-
lated and the respective role in the pathogenesis of the
syndrome, however, cannot be addressed from the da-
ta until now available and will require further investi-
gation#7,

224

References

1. Kemp HG, Vokonas PS, Cohn PF, Gorlin R. The anginal
syndrome associated with normal coronary arteriograms.
Am J Cardiol 1973; 54: 735-42.

2. Maseri A, CreaF, Kaski JC, Crake T. Mechanisms of angi-
na pectoris in syndrome X. JAm Coll Cardiol 1991; 17:
499-506.

. Cannon RO, Camici PG, Epstein SE. Pathophysiological
dilemma of syndrome X. Circulation 1992; 85: 883-92.

. Nihoyannopoulos P, Kaski JC, Crake T, Maseri A. Absence
of myocardial dysfunction during stressin patients with syn-
drome X. JAm Coll Cardiol 1991; 18: 1463-70.

. Picano E, Lattanzi F, Masini M, Distante A, L Abbate A. Use-
fulness of ahigh-dose dipyridamole-echocardiography test for
diagnosis of syndrome X. Am J Cardiol 1987; 60: 508-12.

. Rosen SD, Uren NG, Kaski JC, Tousoulis D, Davies GJ,
Camici PG. Coronary vasodilator reserve, pain perception, and
sex in patients with syndrome X. Circulation 1994; 90: 50-
60.

7. Kaski JC, Rosano GMC, Collins P, Nihoyannopoulos P,
Maseri A, Poole-Wilson PA. Cardiac syndrome X: clinical
characteristics and left ventricular function. Long-term fol-
low-up study. JAm Coll Cardiol 1995; 25: 807-14.

. Cannon RO, Epstein SE. Microvascular angina as acause
of chest pain with angiographically normal coronary arteries.
Am J Cardiol 1988; 61: 1338-43.

9. Opherk D, Zebe H, Weihe E, et a. Reduced coronary dila-

tor capacity and ultrastructural changes of the myocardium

in patients with angina pectoris but normal coronary arteri-

ograms. Circulation 1981; 63: 817-25.

EgashiraK, Inou T, HirookaY, YamadaA, UrabeY, Takeshi-

ta A. Evidence of impaired endothelium-dependent coro-

nary vasodilation in patients with angina pectoris and normal

coronary angiograms. N Engl JMed 1993; 328: 1659-64.

Galassi AR, Kaski JC, CreaF, et al. Heart rate response dur-

ing exercise testing and ambulatory ECG monitoring in pa-

tients with syndrome X. Am Heart J1991; 122: 458-63.

Montorsi P, Fabbiocchi F, Loddi A, et a. Coronary adrenergic

hyperreactivity in patients with syndrome X and abnormal

electrocardiogram at rest. Am J Cardiol 1991; 68: 1698-703.

Rosano GMC, Ponikowski P, Adamopoulos S, et a. Abnor-

mal autonomic control of the cardiovascular system in syn-

drome X. Am J Cardiol 1994; 73: 1174-9.

Rosen SD, DritsasA, Bourdillon PJ, Camici PG. Analysis of

the eectrocardiographic QT interval in patientswith syndrome

X.Am JCardiol 1994; 73: 971-2.

Meeder JG, BlanksmaPK, CrijnsHGJIM, et a. Mechanisms

of anginapectorisin syndrome X assessed by myocardia per-

fusion dynamics and heart rate variability. Eur Heart J 1995;

16: 1571-7.

Adamopoulos S, Rosano GMC, Ponikowski P, et al. Im-

paired baroreflex sensitivity and sympathovagal balance in

syndrome X. Am J Cardiol 1998; 82: 862-8.

LanzaGA, Giordano AG, Pristipino C, et a. Abnormal car-

diac adrenergic nerve function in patients with syndrome X

detected by [1231]metai odobenzylguanidine myocardid scintig-

raphy. Circulation 1997; 96: 821-6.

Sisson JC, Shapiro B, Meyers L, et al. Metaiodobenzyl-

guanidineto map scintigraphically the adrenergic nervous sys-

tem in man. JNucl Med 1987; 28: 1625-36.

Wafelman AR, Hoefnagel CA, MaesRAA, Beijnen JH. Ra

dioiodinated meta odobenzylguanidine: areview of itsbiodis-

tribution and pharmacokinetics, drug interactions and dosime-

try. Eur JNucl Med 1994; 21: 545-59.

Malliani A, Pagani M, Lombardi F, Cerutti F. Cardiovascu-

lar neural regulation explored in the frequency domain. Cir-

culation 1991; 84: 482-92.

van Ravenswaaij-Arts CMA, Kollde LAA, Hopman JCW,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.



GA Lanza et al - MIBG scintigraphy and heart rate variability in syndrome X

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Stoelinga GBA, van Geijn HP. Heart rate variability. Ann In-
tern Med 1993; 118: 436-47.

Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology.
Heart rate variability. Standards of measurements, physio-
logical interpretation, and clinical use. Circulation 1996; 93:
1043-65.

Nakao M, Shimabukuro K, YoshimuraH, et a. lodine-131
metai odobenzylguanidine intra- and extravascular accumu-
lation in the rat heart. JNucl Med 1986; 27: 84-9.

Merlet P, Valette H, Dubois-Rande JL, et a. Prognostic val-
ue of cardiac metaiodobenzylguanidine imaging in patients
with heart failure. JNucl Med 1992; 33: 471-7.
TousoulisD, Crake T, Lefroy DC, Galass AR, Maseri A. Left
ventricular hypercontractility and ST segment depressionin
patients with syndrome X. J Am Coll Cardiol 1993; 22:
1607-13.

Galassi AR, CreaF, Araujo LI, et a. Comparison of region-
a myocardial blood flow in syndrome X and one-vessel
coronary artery disease. Am J Cardiol 1993; 72: 134-9.
Chauhan A, Mullins PA, Petch MC, Schofield PM. Effect of
hyperventilation and mental stress on coronary blood flow in
syndrome X. Br Heart J 1993; 69: 516-24.

Schofer J, Spielmann R, Schuchert A, Weber K, Schluter M.
lodine-123 meta-iodobenzylguanidine scintigraphy: a non-
invasive method to demonstrate myocardial adrenergic ner-
vous system disintegrity in patientswith idiopathic dilated car-
diomyopathy. JAm Coll Cardiol 1988; 12: 1252-8.
Henderson EB, Khan JK, Corbett JR, et al. Abnormal 1-123
metai odobenzylguanidine myocardial washout and distribu-
tion may reflect myocardia adrenergic derangement in pa-
tients with congestive cardiomyopathy. Circulation 1988;
78: 1192-9.

Shimizu M, SugiharaN, Kitay, et a. Long term course and
cardiac sympathetic nerve activity in patients with hyper-
trophic cardiomyopathy. Br Heart J 1992; 67: 155-60.
Mitrani RD, Klein LS, MilesWM, et d. Regiona cardiac sym-
pathetic denervation in patients with ventricular tachycardia
in the absence of coronary artery disease. JAm Coll Cardi-
ol 1993; 22: 1344-53.

Muller KD, Jakob H, Neuzner J, Grebe SF, Schlepper M,
Pitschner HF. 123]-metai odobenzyl guanidine scintigraphy in
the detection of irregular regional sympathetic innervationin
long QT syndrome. Eur Heart J 1993; 14: 316-25.

De Marco T, Dae M, Yuen-Gree MSF, et al. lodine-123
metai odobenzylguanidine scintigraphic assessment of the
transplanted human heart: evidence for late reinnervation. J
Am Coll Cardiol 1995; 25: 927-31.

225

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

ImamuraY, Ando H, Mitsuoka W, et al. lodine-123 metaio-
dobenzylguanidine images reflect intense myocardial adren-
ergic nervous activity in congestive heart failure independent
of underlying cause. JAm Coll Cardiol 1995; 26: 1594-9.
Hartikainen J, Mantysaari M, KuikkaJ, Lansimies E, Pyorala
K. Extent of cardiac autonomic denervation in relation to angi-
na on exercise test in patients with recent acute myocardial
infarction. Am J Cardiol 1994; 74: 760-3.

McGhie Al, Corbett JR, Akers MS, et al. Regional cardiac
adrenergic function using 1-123 meta-iodobenzylguanidine to-
mographic imaging after acute myocardia infarction. Am J
Cardiol 1991; 67: 236-42.

TomodaH, Yoshioka K, ShiinaY, Tagawa R, Ide M, Suzuki
Y. Regional sympathetic denervation detected by iodine 123
metaiodobenzylguanidine in non-Q-wave myocardial in-
farction and unstable angina. Am Heart J 1994; 128: 452-8.
Hartikainen J, Kuikka J, Mantysaari M, Lansimies E, Pyorala
K. Sympathetic reinnervation after acute myocardial infarc-
tion. Am J Cardiol 1996; 77: 5-9.

Tsutsui H, Ando S, Fukai T, et a. Detection of angina-pro-
voking coronary stenosis by resting iodine 123 metai odoben-
zylguanidine scintigraphy in patients with unstable angina pec-
toris. Am Heart J 1995; 129: 708-15.

Dae MW, Herre M, O Connell JW, Botvinick EH, Newvman
D, Munoz L. Scintigraphic assessment of sympathetic in-
nervation after transmural versus nontransmural myocardial
infarction. JAm Coll Cardiol 1991; 17: 1416-23.

Lanza GA, Pasceri V, Colonna G, et d. Cardiac autonomic
function and sensitivity to pain in post-menopausal women
with angina and normal coronary arteries. Am J Cardiol
1997; 79: 1174-9.

Lombardi F, Malliani A, Pagani M, et al. Heart rate variability
and its sympatho-vagal modulation. Cardiovasc Res 1996; 32:
208-16.

Feigl EO. Adrenergic control of transmural coronary blood
flow. Basic Res Cardiol 1990; 85 (Suppl 1): 167-75.

. Zehier AM, Drexler H, Wollschlaeger H, Saurbier B, Just H.

Coronary vasomotion in response to sympathetic stimulation
in humans: importance of the functional integrity of the en-
dothelium. JAm Coll Cardiol 1989; 14: 1181-90.

Cordero DL, Cagin NA, Natelson BH. Neurocardiology up-
date: role of the nervous system in coronary vasomotion.
Cardiovasc Res 1995; 29: 319-28.

Di Carli M, Tobes MC, Mangner T, et a. Effects of cardiac
sympathetic innervation on coronary blood flow. N Engl JMed
1997; 336: 1208-15.

Lanza GA. Abnormal cardiac nerve function in syndrome X.
Herz 1999; 24: 97-106.



