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Introduction

The relation between hypertension and
coronary atherosclerosis is well recogniz-
ed1-3. Hypertension is a major risk factor
for coronary artery disease (CAD), since it
accelerates atherogenesis. On the other hand,
CAD is the major cause of morbidity and
mortality in hypertensive patients. There-
fore, the accurate diagnosis of CAD in pa-
tients with arterial hypertension bears im-
portant therapeutic and prognostic implica-
tions. Both diseases may result in similar
clinical events and frequently occur in the
same patient4,5. If the presence of epicar-
dial CAD can be excluded by non-invasive
means, the risks and costs of coronary arte-
riography can be avoided. Yet, the non-in-
vasive detection of CAD in hypertensive pa-
tients with chest pain remains an unresolved
issue5. The use of exercise electrocardiog-
raphy is limited by its low specificity, re-
gardless of whether hypertension is associ-
ated with left ventricular hypertrophy or
not6. In this context, myocardial perfusion
scintigraphy has been proposed as a more
specific alternative, but its specificity is far
from being ideal7-10. Recently, both dipyri-
damole and dobutamine stress echocardio-

graphy have been proposed as useful tools for
the diagnosis of CAD in hypertensive pa-
tients11,12. 

The purpose of this article is to review the
relevant literature on the diagnostic tests
employed in the clinical setting. Recent ev-
idence suggests that stress echocardiography
yields a better diagnostic accuracy than per-
fusion scintigraphy, which is penalized by a
fairly low specificity, in identifying signifi-
cant epicardial CAD in patients with hy-
pertension13. Clinical implications of these
findings are discussed.

Exercise electrocardiography

The use of exercise stress testing for de-
termining the probability of obstructive epi-
cardial CAD in hypertensive patients lacks
specificity5,6. Undiagnosed hypertrophy may
be present even in the absence of electro-
cardiographic signs14, and exercise-induced
diagnostic ST segment depression may result
from transmural flow redistribution due to in-
creased left ventricular mass rather than to
obstructive epicardial CAD15. For these rea-
sons, it has been suggested that the use of ex-
ercise stress testing to diagnose CAD in hy-
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Patients with hypertension frequently complain of chest pain and exhibit ischemic-like ST segment
changes on exercise electrocardiogram. However, the specificity of such changes for predicting significant
coronary artery disease is very low, since these patients often exhibit a normal coronary angiogram.
Several alternative non-invasive tests have been proposed and, recently, the relative performance of
the available techniques has been systematically assessed. 

The purpose of this article is to review the relevant literature on the diagnostic tests employed in
the clinical setting. Recent evidence suggests that stress echocardiography yields a better diagnostic
accuracy than perfusion scintigraphy in identifying significant epicardial coronary artery disease in
patients with hypertension. The low specificity of myocardial scintigraphy probably relates to the fact
that this method traces perfusion abnormalities, not necessarily caused by epicardial coronary artery
disease, possibly due to microvascular disease, and not axiomatically causing obvious wall motion ab-
normalities.
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pertensive patients with chest pain should be aban-
doned5. However, considering its very high sensitivity,
we believe that this simple procedure should be per-
formed in all hypertensive patients with chest pain as a
first screening test. In fact, exercise testing provides
several additional information, useful for the manage-
ment of the hypertensive patient and, when negative, it
is sufficient to reassure both the doctor and the patient.
Conversely, when positive, the presence of CAD must
be excluded with a supplementary non-invasive test.
This is why a number of non-invasive investigations
have been proposed, in an attempt to overcome the lim-
ited significance of a positive exercise test. 

Myocardial perfusion scintigraphy

According to previous studies7-10, in patients with hy-
pertension and chest pain symptoms, stress-rest my-
ocardial perfusion scintigraphy frequently yields false
positive results, possibly due to microvascular abnor-
malities16,17. Indeed, microvascular dysfunction, which
has been previously hypothesized to be the cause of ST
segment abnormalities during dipyridamole adminis-
tration in patients with arterial hypertension and chest
pain11, may be the cause of inhomogeneous myocardial
perfusion both at rest and during stress. Increased me-
dial thickness has been reported in coronary arterioles
from hypertensive patients undergoing endomyocar-
dial biopsy18. This could explain the reduction in coro-
nary reserve and maximal flow capacity consistently ob-
served in these patients, whose flow response to atrial
pacing is blunted and is further decreased by the ad-
ministration of ergonovine19. Thus, besides structural al-
terations, the microvasculature may also show func-
tional derangements leading to abnormal vasoconstric-
tion in response to vasoactive stimuli20-22. The reduction
in coronary flow reserve is unrelated to the presence of
left ventricular hypertrophy23,24. Accordingly, no relation
between left ventricular mass and exercise-induced per-
fusion defects has been observed13, which further sup-
ports the hypothesis that a microvascular disorder is
present in the coronary circulation of patients with hy-
pertension25.

Stress echocardiography

Transient myocardial wall motion abnormalities in-
duced by different pharmacological and physiological
stressors are usually the earliest and most evident signs
of acute myocardial ischemia26. Wall motion abnor-
malities can be identified promptly by means of cardiac
ultrasound examination. As a consequence, stress
echocardiography has become a worldwide adopted
method for the evaluation of patients with suspected
CAD and inconclusive plain exercise testing27,28. Specif-
ically, both dipyridamole and dobutamine stress echocar-

diography have been reported to be useful for the de-
tection of obstructive epicardial CAD in hypertensive pa-
tients11,12. Even when patients with left ventricular hy-
pertrophy are excluded, exercise electrocardiography re-
mains a poor predictor of CAD. Conversely, dobutamine
echocardiography is a powerful predictor, in patients both
with and without left ventricular hypertrophy. It has
been shown that only patients with severe left ventric-
ular hypertrophy (left ventricular mass index > 200
g/m2) may have the potential for ischemia due to ab-
normalities of coronary flow reserve and under condi-
tions of extreme oxygen demand15. Thus, the specifici-
ty of dobutamine stress echocardiography might be im-
paired only in patients with gross left ventricular hy-
pertrophy. 

Comparison of non-invasive tests

Comparative studies using all the previously cited
techniques have not been performed. In a recent paper13

we reported the results of a study performed in 101
consecutive patients with arterial hypertension referred
to our cardiology outpatient clinic for rest and/or effort
typical angina and a positive exercise test. None of the
patients had had a previous myocardial infarction. In or-
der to avoid interference with the study investigations,
all anti-ischemic drugs, such as nitrates, beta-blockers
and calcium antagonists were discontinued for the whole
study duration. In order to control blood pressure dur-
ing the study period, patients were given ACE-inhibitors
and/or diuretics, as necessary. All study subjects had a
reproducible positive exercise test. They all underwent
stress-rest myocardial single photon emission comput-
ed tomography with 99mTc-MIBI, dipyridamole and
dobutamine stress echocardiography and coronary an-
giography. Head-to-head comparison of these tests was
performed.

Of the 101 patients studied, 57 (56%) had significant
CAD, while the remaining 44 (44%) exhibited either an-
giographically smooth coronary arteries (34 patients) or
minor vessel wall irregularities (10 patients). Twenty pa-
tients had one-vessel, 26 two-vessel and the remaining
11 three-vessel disease. Dipyridamole and dobutamine
stress echocardiograms and perfusion scintigrams iden-
tified respectively 35, 50 and 56 of the 57 patients with
CAD, with a relative sensitivity of 61, 88 and 98%.
The three tests correctly identified respectively 40, 35
and 16 of the 44 patients with normal coronary arteries,
yielding a specificity of 91, 80 and 36%. The negative
predictive value was highest (94%) for MIBI while the
positive predictive value was greatest for dipyridamole
(90%). Dobutamine had similar positive and negative
predictive values (85-83%). As a result, overall diagnostic
accuracy for dipyridamole-dobutamine and perfusion
scintigraphy was 74, 84 and 71%, respectively (Fig.
1)13. The results of the tests were concordant in 46 pa-
tients (32 with CAD and 12 with normal coronary ar-
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teries). The sensitivity to predict the presence of single,
double and triple-vessel disease was 31, 69 and 82% for
dipyridamole, 85, 88 and 91% for dobutamine, and 95,
100 and 100% for MIBI, respectively. Dobutamine in-
fusion time was 13.2 ± 3.7, 13.6 ± 3.1 and 12.9 ± 2.9 min
in one, two and three-vessel disease, respectively (p =
NS). The sensitivity of the three tests to detect isolated
left anterior descending CAD (5 patients, mean per-
cent stenosis 71 ± 21%) was 40, 80 and 100% respec-
tively. These figures were 78, 93 and 96% respectively,
when left anterior descending CAD was present in pa-
tients with multivessel disease. All three tests were pos-
itive and concordant in 2 patients with normal coronary
arteries (3 segments) and in 25 patients with CAD (37
segments). All tests were negative in 4 patients with nor-
mal coronary arteries and in none of CAD patients.
Overall, they gave concordant results in 31 patients
(31%).

These results confirm the poor diagnostic accuracy
of exercise electrocardiography, since 44 patients with
a positive test turned out to have angiographically nor-
mal coronary arteries. Both dipyridamole and dobuta-
mine stress echocardiography yielded a superior diag-
nostic accuracy. Specifically, and in keeping with pre-
vious investigations29,30, dipyridamole exhibited very
high specificity with a relatively low sensitivity for the
detection of CAD. Conversely, dobutamine yielded high
sensitivity (88%) with satisfactory specificity (80%). The
discrepancy between the results obtained by the two
stressors probably relates to the mechanisms by which
they cause ischemia. Dipyridamole induces transmural
flow redistribution via the inhibition of adenosine break-
down that causes arteriolar vasodilation and subendo-
cardial “steal”. Therefore, this agent causes ischemia al-
most exclusively by altering coronary hemodynamics in

the presence of critical epicardial disease. Indeed, in our
study, the sensitivity of the test progressively increased
with the progression of CAD extent. This suggests that
the greater the impairment of coronary hemodynamics,
the more likely dipyridamole to cause ischemia. Dobu-
tamine increases myocardial oxygen consumption by
sympathetic stimulation that causes heart rate and con-
tractility to increase31-33. Like dipyridamole, this agent
causes arteriolar coronary dilation (and transmural flow
redistribution), due to metabolic stimulation and in-
creased ATP breakdown; additionally, it causes oxy-
gen demand to increase. Therefore, it is not surprising
that this agent yields a greater sensitivity for detecting
epicardial CAD, with very little loss in specificity and
significantly greater diagnostic accuracy. Furthermore,
the ability of dobutamine stress echo to detect epicardial
coronary stenoses was not apparently related to the ex-
tent of the disease. In fact, the sensitivity of the test did
not significantly increase with the progression of disease
severity, as also evidenced by similar dobutamine infu-
sion times in patients with one, two or three-vessel dis-
ease. This finding is at variance with previous reports,
which showed a direct relation between dobutamine
sensitivity and the extent of CAD33. It is possible that
in our selected population of hypertensive patients the
likelihood of a positive test may have somewhat in-
creased, due to a reduction in the ischemic threshold in-
duced by a greater left ventricular mass index and/or co-
existing microvascular abnormalities, regardless of the
extent of CAD.

Therefore, when patients with hypertension, chest
pain and positive exercise test are elected to undergo fur-
ther diagnostic stratification with stress echocardiogra-
phy, dobutamine rather than dipyridamole should be
considered as the first choice pharmacologic stressor.
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Figure 1. Histogram showing sensitivity (SENS), specificity (SPEC), accuracy (ACC), positive (PPV) and negative (NPV) predictive values of myocar-
dial perfusion scintigraphy (MPS), dipyridamole (DIP-SE) and dobutamine (DOB-SE) stress echocardiography, for the detection of coronary artery dis-
ease in hypertensive patients with chest pain and positive exercise test. From Fragasso et al.13, modified.
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However, this statement does not apply for the diagno-
sis of CAD in the general population, where the choice
of the best stressor is still under debate. Although the
American College of Cardiology/American Heart As-
sociation guidelines advocate the adoption of adrener-
gic stimulation34, in some studies pharmacological stress
echocardiography using vasodilator agents does appear
to be valuable in detecting inducible myocardial is-
chemia and in determining prognosis35. 

A previous study has shown that dobutamine echocar-
diography and myocardial perfusion scintigraphy have
similar diagnostic accuracies for the diagnosis of CAD
in hypertensive patients36. Conversely, in our study, the
diagnostic value of dobutamine stress echo also ap-
peared to be better than that of perfusion scintigraphy.
The reason for this discrepancy could depend on the fact
that in the study of Elhendy et al.36 the adoption of
dobutamine, instead of exercise, in conjunction with
scintigraphy might have improved the diagnostic accu-
racy of the nuclear test. In fact, the impact of exercise
in hypertensive patients might render the test less ac-
curate for the diagnosis of significant epicardial CAD,
as already pointed out, while the stress induced by
dobutamine may be more specific. Additionally, in our
study we recruited only patients with a positive exercise
test who are very likely to have true subendocardial is-
chemia and perfusion abnormalities, even in the ab-
sence of significant coronary artery stenoses.

The simple scrutiny of these figures should be enough
to allow the conclusion that in patients with hyperten-
sion, angina and positive exercise test, stress-rest my-
ocardial perfusion scintigraphy does not allow for an ac-
curate prediction of obstructive epicardial CAD. When
non-invasive assessment is envisaged, stress echocar-
diography should be preferred.

The choice of the stressor

Dobutamine increases oxygen demand by increasing
contractility, heart rate and systolic blood pressure.
These features make dobutamine an ideal stressor in hy-
pertension. Conversely, dipyridamole produces coro-
nary vasodilation, with little “myocardial stress” as de-
fined by changes in rate-pressure product and lesser
likelihood to cause myocardial ischemia. This is why
dipyridamole yields high sensitivity when used with
scintigraphy, where perfusion abnormalities are thought
to represent areas of altered blood flow rather than ar-
eas of ischemia37,38; but this is also why its sensitivity
might be low when used with echocardiography. Sure-
ly, the addition of atropine improves sensitivity39, but
leaves misdiagnosed a large proportion of patients with
single-vessel disease40-42. On the basis of these consid-
erations, we think that dobutamine provides the best per-
formance for the diagnosis of CAD in hypertensive pa-
tients.

Exercise may represent a valid alternative to phar-
macologic stressors, possibly yielding even better di-
agnostic accuracy than dobutamine, when performed by
expert echocardiographers30,40.

Beyond diagnosis: interpreting positive tests 
in hypertensive patients with normal coronary
arteries

From the studies reviewed in the previous chapters,
it appears that hypertensive patients may develop tran-
sient myocardial ischemia despite normal epicardial
coronary arteries. Myocardial perfusion scintigraphy
appears as a very sensitive tool to detect myocardial is-
chemia in these patients, whose ischemia is very likely
related to hypertension-induced microvascular dys-
function. The physician in the outpatient clinic may be
happy to know that his/her patient has normal coro-
nary arteries and, for this reason, inclined to think that
the evidence of ischemia is anyhow tied to a good prog-
nosis. However, the latter assumption has not been
demonstrated by any specific study, i.e. we do not know
whether a hypertensive patient with normal coronary ar-
teries but instrumental evidence of transient myocardial
ischemia will bear a worse prognosis, compared to a pa-
tient without ischemia. Additionally, which therapy
would be more appropriate in patients with evidence of
ischemia? In arterial hypertension, cardiac remodeling
comprises myocyte hypertrophy, interstitial fibrosis and
functional and structural alterations of the coronary mi-
crocirculation, leading to impairment of coronary re-
serve20-22, which can be already present in young patients
with borderline hypertension43,44. Consequently, anti-
hypertensive treatment should aim at repairing hyper-
tensive cardiac remodeling through reversing myocyte
hypertrophy, restoring myocardial structure and im-
proving coronary flow reserve along with blood pressure
normalization3. Preliminary clinical data indicate that,
after prolonged antihypertensive treatment, coronary
and peripheral flow reserve can be improved in hyper-
tensive patients with microvascular disease24,45. Fur-
ther studies are warranted to elucidate whether im-
proved coronary flow reserve after medical treatment for
arterial hypertension is due to an influence of myocar-
dial factors, such as left ventricular hypertrophy or my-
ocardial fibrosis, or to the repair of the structurally re-
modeled microcirculation. In a research context, the
use of absolute blood flow measurements by positron
emission tomography before and after interventions
would certainly provide unique insights into the patho-
physiology of hypertensive cardiomyopathy46. 

Conclusions

Chest pain is a common complaint among hyper-
tensive patients. Hypertension and CAD may present
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with symptoms and signs that are clinically indistin-
guishable. A positive exercise electrocardiogram is not
reliably predictive of obstructive epicardial CAD and
should prompt the physician to pursue additional non-
invasive testing. For this purpose stress echocardiogra-
phy appears as the most valuable tool. Among pharma-
cologic stressors, dobutamine stress echocardiography
should be the first choice. Myocardial perfusion imag-
ing yields a very low specificity and therefore does not
help in excluding the presence of epicardial CAD in hy-
pertensive patients with chest pain and positive exercise
test. However, carefully performed prospective studies
on the prognostic significance of perfusion defects in hy-
pertensive patients with chest pain and positive exercise
test are not available. Long-term follow-up of such pa-
tients would merit major consideration. 
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