
side and outside the stented coronary artery seg-
ments.
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Atenolol Versus Amlodipine Versus Isosorbide-5-
Mononitrate on Anginal Symptoms in Syndrome X

Gaetano Antonio Lanza, MD, Giuseppe Colonna, MD, Vincenzo Pasceri, MD, and
Attilio Maseri, MD

Adysfunction of small coronary arterial vessels has
been hypothesized to be responsible for syn-

drome X.1 However, there are scarce and conflicting
studies on the effects of standard anti-ischemic drugs
(i.e., b blockers, calcium antagonists, and nitrates) on
anginal symptoms in patients with syndrome X.2

Moreover, no comparison of the effects of these 3
classes of drugs on anginal attacks has been studied in
this syndrome.

• • •
Ten patients (6 women, age 5766 years) with a

recent diagnosis of syndrome X, according to the
demonstration of totally normal coronary arteries at
angiography in subjects with a history of effort angina
and ischemic-like ST segment changes ($1 mm hor-
izontal or downsloping ST depression 80 ms after the
J point) on exercise testing, were enrolled in this
study. Patients with other cardiac and systemic dis-
eases, including hypertension and diabetes, were ex-
cluded by full clinical and laboratory investigations.
Standard electrocardiograms and echocardiograms
were normal in all patients. Patients who had never

taken the specific drugs, nor any agents of the 3
classes of drugs, were included in this study.

The design of the study is depicted in Figure 1. All
patients were given an appropriately structured diary,
while off any treatment, for a period of 4 weeks, in
which they were instructed to report the occurrence of
each anginal episode, together with its duration, time
of occurrence, triggering cause, and use of nitrates.
Only patients who were found to have an average of
$3 anginal attacks per week were enrolled in the
active drug phase of the study. At the end of the
4-week period, patients sequentially received in a
crossover, double-blind, randomized order, ab
blocker (atenolol, 100 mg/day), a calcium antagonist
(amlodipine 10 mg/day), or a nitrate (isosorbide-5-
mononitrate [ISMN] in a retard formulation, 50 mg/
day), for a period of 4 weeks each. During each
period, patients filled in a new structured diary. At the
end of each 4-week period, patients were invited to
assess their quality of life on a 0 to 100 mmanalogic
scale: 0 mm5 worst quality and 100 mm5 best
quality. Therapy compliance was assessed by pill
counts. In individual patients, drug treatment signifi-
cantly improved angina recurrences when it produced
a .25% reduction of the number of anginal episodes.
Probable adverse effects were considered present
when anginal episodes increased by.25% compared
with baseline.
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Freedman’s analysis of variance, with appropri-
ately corrected paired Wilcoxon’s signed-rank tests in
case of statistical significance, was used to compare
continuous variables. A p value of,0.05 was consid-
ered statistically significant. Values are reported as
mean6 SD, unless otherwise indicated.

The main results of diary analysis are shown in
Table I. The baseline 4-week number of anginal epi-
sodes was 246 18 (median 18.5) and their average
duration 126 6 minutes. One patient discontinued use

of ISMN because of side effects
(headache) after 11 days of therapy.
For statistical analyses, the number
of anginal episodes reported by this
patient during the 11 days of active
treatment was adjusted to 28 days.

Compared with baseline, only
atenolol significantly reduced the
number of anginal episodes (to 156
13, median 15, p,0.05; Figure 2),
although both atenolol and amlodip-
ine were reported by patients to sig-
nificantly improve quality of life.
There was no improvement in the
severity of pain and nitrate consump-
tion with any drug. When consider-
ing the individual response to treat-
ment, atenolol significantly im-
proved anginal episodes in 6 patients
and had no effects in 4. Amlodipine
and ISMN had a more random effect,
which was associated with a worsen-
ing of symptoms in 3 patients, and a
significant improvement in 5 and 4
patients, respectively.

Side effects occurred in 1 patient
with atenolol (fatigue), in 3 patients
with ISMN (headache), and in 7 pa-
tients with amlodipine (peripheral
leg edema and/or tachycardia). Side
effects, however, were usually well
tolerated and led to drug withdrawal
in only 1 patient, who received
ISMN.

• • •
Adequate control of anginal

symptoms in patients with syndrome
X is difficult. Although there is some
evidence of a cardiac ischemic origin
of chest pain, and although both cal-
cium antagonists andb blockers
have been reported to have favorable
effects on ST-segment changes dur-
ing exercise stress test and/or Holter
monitoring,3–7 there have been no
previous studies comparing the ef-
fects of standard anti-ischemic drugs
on anginal pain, despite that the only
important goal in patients with syn-
drome X is the control of symptoms,
given their excellent long-term prog-
nosis.8

The favorable effects of verapamil or nifedipine on
chest pain episodes have been reported by Cannon et
al3 in a controlled study. However, in that study,
patients were selected according to a previously
known positive response to calcium antagonist ther-
apy. In contrast, preliminary data, suggesting a bene-
ficial effect ofb blockers on anginal symptoms, have
been reported in abstract form only,9,10 and no previ-
ous study has assessed the effects of long-term oral
nitrates in these patients.

FIGURE 1. Design of the study.

FIGURE 2. Mean number of chest pain episodes during each of the 4-week treatment
periods. Lines, SD. *p <0.05 versus baseline.

TABLE I Study Results

Baseline ISMN Amlodipine Atenolol

No. anginal episodes/
4 wks/patient

24 6 18 24 6 22 22 6 22 15 6 13*

Duration of chest pain
episodes (min)

12 6 6 11 6 7 16 6 17 14 6 13

Severity of chest pain
(scale 1–5)

2.5 6 0.9 2.3 6 1.2 2.7 6 1.0 2.5 6 1.2

Sublingual nitrate
consumption

5.8 6 8 10.1 6 18 6.6 6 14 5.0 6 10

Quality of life (scale
0 – 100 mm)

22 6 17 30 6 27 51 6 25* 59 6 29*

*p ,0.05 versus baseline.
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In this study, we tested anti-ischemic drugs that
can be given as a once daily therapy. Our data show
that onlyb blockade caused a statistically significant
reduction of anginal symptoms. Furthermore, atenolol
was the only drug that was not associated with a
worsening of symptoms in any patient, whereas a
possible negative effect was reported with amlodipine
and ISMN in 3 patients each. The average improve-
ment of the quality of life by amlodipine, however,
might suggest that the calcium antagonist also had
some beneficial effect in some patients, although this
finding might actually represent a falsely positive re-
sult due to the subjective nature of the assessment.

There are several potential mechanisms by which
atenolol may act in reducing chest pain recurrences in
patients with syndrome X. Abnormalities in sympa-
thetic tone have been suggested to have pathogenetic
importance in these patients.11,12 Thus, b blockade
may contrast the proischemic effects of an abnormally
increased adrenergic tone. The bradycardic and anti-
adrenergic effects ofb blockade lead to a reduction of
myocardial metabolic demand during physical and
emotional stress, but also to an improvement of sub-
endocardial diastolic blood flow. Moreover, vasomo-
tor changes during stress tests may be converted from
vasoconstriction to vasodilation in patients with syn-
drome X with documented exercise vasomotor dys-
function.13 Finally, because an abnormally increased
pain perception of cardiac stimuli has been reported in
patients with syndrome X,14,15 and catecholamines
may cause chest pain even in the apparent absence of
ischemia,16 b blockers might also act by reducing pain
perception as a result of a decreased myocardial con-
tractility and the consequent mechanical nerve stimu-
lation, and, possibly, at least in part, as a result of their
effects on the central nervous system.

In contrast, the inconsistent effects of calcium an-
tagonists likely depends on that they may have con-
tradictory actions. These drugs have been shown to
have vasodilator effects on the microcirculation,17 and
some of them (i.e., diltiazem, verapamil) may also
decrease myocardial oxygen consumption. However,
they may have no significant effect on the small vessel
constriction of syndrome X18 and cause a reflex sym-
pathetic activation, thus favoring abnormalities in cor-
onary blood flow in myocardial areas with microvas-
cular dysfunction.

Finally, the limited effect on microcirculation and
a similar reflex activation of the adrenergic system
may be responsible for the absence of a significant
benefit of nitrates in syndrome X. Furthermore, the
development of tolerance may also contribute to the
inconsistent effects of long-term oral nitrate use in
these patients. The lack of significant effects of ISMN
in our patients is consistent with the frequent poor
response to sublingual nitrates8 and the detrimental
effects on exercise tolerance and coronary blood
flow19,20 reported in several patients.

In this study we did not assess the effects of drugs
on objective signs of ischemia (such as ST depression
during Holter monitoring) and this may limit the in-
terpretation of our data. However, to make our proto-

col as simple as possible, we deliberately chose to
specifically evaluate the effects of drugs on anginal
symptoms, as their control is actually the only real
clinical problem in patients with syndrome X.

In conclusion, in this study, atenolol, but not am-
lodipine or ISMN, was effective in controlling chest
pain episodes in patients with syndrome X, suggest-
ing that it should be the preferred drug when starting
pharmacologic therapy in these patients. Treatment
of syndrome X, however, remains largely empirical
and often unsatisfactory, and alternative drugs
should also be considered until the pathogenetic
mechanism(s) of the syndrome can be elucidated.2

Reassurance and optimal interaction of the physician
with the patient remain crucial in the treatment of
this clinical syndrome.
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