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Review Article
ST Changes in Dipyridamole Pharmacological
Stress Testing: Do They Have Diagnostic or
Prognostic Significance?
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D

ipyridamole (DIP) is a vasodilatory
substance which is widely used to
perform pharmacological stress
tests, almost always in combination with other imaging techniques, such as myocardial
perfusion imaging (MPI) and, less commonly, echocardiography. Pharmacological stressing is necessary when investigating patients
who have a reduced capability to perform exercise. This may be either due to physical limitations, such as musculoskeletal or neurological problems or poor general physical
condition, or the result of drug therapy that
prevents the attainment of an adequate double product with treadmill exercise, such as
the use of ‚-adrenoceptor antagonists.
The mechanism of action of DIP is via
the blockade of cell membrane transport of
adenosine, thus raising the extracellular levels of adenosine, which in turn raises cAMP
levels and calcium uptake in coronary smooth
muscle cells, leading to coronary vasodilation.1,2 This dilation leads to a three- to fivefold increase in coronary blood flow in healthy coronary arteries with no stenoses or
damaged endothelium. In abnormal arteries, the failure to dilate leads to increased
vascular resistance of those vessels and preferential blood flow through the normally dilated arteries. This heterogeneity of blood
flow reserve causes relative ischaemia of the
myocardium supplied by the stenosed or
abnormal coronary arteries and is referred

to as coronary steal.2-5 One of the advantages of DIP is that it does not cause tachycardia and has no positive inotropic effects;
thus it has no significant effect on myocardial oxygen demand and consumption.2,3
The relative ischaemia induced by DIP
is usually clinically silent. However, on occasion, it may be expressed clinically as angina
pectoris or as ST segment depression on the
patient’s electrocardiogram, as has been noted in 6-34% of patients undergoing DIP pharmacological stressing.6
The aim of this review is to examine the
significance of DIP-induced ST segment depression and to explore its possible diagnostic and prognostic implications.
What is the significance of ST depression
after DIP infusion in the investigation of
patients with suspected or known coronary
artery disease?
The relative ischaemia caused by DIP, as
mentioned previously, is due to the development of myocardial flow heterogeneity
and coronary steal. The phenomenon of
coronary steal occurs when coronary flow to
a stenosed artery is preferentially diverted
upon vasodilator administration, via collateral vessels that supply that particular territory, to a territory supplied by the artery from
which the collaterals have originated. This is
due to the fall in resistance in the non-ste(Hellenic Journal of Cardiology) HJC ñ 341
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nosed, collateral-supplying artery, which does not occur
in the stenosed artery.6,7 The phenomenon of coronary
steal was originally described by Becker et al in experimental models as an absolute decrease in perfusion
from resting blood flow in a segment following vasodilation, due to diminished driving pressure at the proximal end of a stenosed artery supplied by collateral vessels. This is due to decreased resistance in the supplying, conductance artery, as well as a nominal or blunted
fall in resistance in the collateral circuit.8
In this article we describe the significance of the
appearance of the relatively rare finding of ST segment depression after DIP infusion and its relationship
to coronary steal and relative myocardial ischaemia.
We also discuss its possible implications regarding the
diagnosis of coronary artery disease or of microvascular
dysfunction and its ability to determine their severity
and extent.
The studies conducted to date on the significance
of DIP-induced ST segment depression are small, nonrandomised, and usually view DIP pharmacological
testing in combination with MPI or stress echocardiography. However, they provide an indication of the possible significance of this finding, when it is present.
They also provide an impetus for further investigation
of this unusual phenomenon and its implications regarding the diagnosis and prognosis of coronary artery
disease.
Accordingly, Tavazzi et al studied 54 patients with
angina pectoris, using high dose (0.75 mg/kg) DIP
stress testing and subsequent coronary angiography,
and found that only patients with >50% stenoses had
ST segment depression (74% of patients with effort
related angina). Furthermore, a positive response was
more common in patients with more extensive coronary artery disease, particularly those with two-vessel
disease (36% in 1VD, 79% in 2VD and 60% in 3VD).9
Vilanueva et al later found that ST segment depression after DIP infusion was associated with a larger
number of myocardial segments demonstrating Tl201 redistribution.10 Similarly, Chambers et al noted
that DIP-induced ST segment depression was a highly
specific indicator of the presence of coronary artery
disease, although it was not highly sensitive on its own.
They also found that the presence of collateral vessels
was one of the most important predictors of the development of ST depression.11
Furthermore, the finding of ST depression may be
able to predict coronary artery restenosis after coronary
angioplasty.12 Pirelli et al found in one study that DIPinduced ST segment depression correlated well with
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the presence of restenosis in asymptomatic patients who
had undergone coronary angioplasty. This was confirmed by thallium scintigraphy and stress echocardiography.
Although DIP may occasionally cause both angina
and ST depression in the presence of relative ischaemia, previous studies have shown that the presence of
angina without electrocardiographic changes was neither predictive of coronary artery disease nor able to
identify high risk individuals. The predictive value of
angina was significant only when ST depression was
present.13,14 Ortega et al investigated 593 consecutive
patients with chest pain, using DIP stress testing in
combination with Tc-99m tetrofosmin scintigraphy.
They demonstrated that when patients developed angina upon DIP infusion without ST changes, there was no
statistically significant increase in the extent or the
severity of coronary artery disease, when compared to
patients with no anginal symptoms. Conversely, in the
presence of concurrent ST changes after DIP administration, there was a higher frequency of perfusion defects (93% in patients with ST depression versus 76% in
patients without ST depression) and of scintigraphically
observed ischaemia (89% versus 49%).13 Similarly, a
study of 72 consecutive patients with angina pectoris revealed that chest pain alone was not a sensitive marker
of coronary artery disease. Only patients with angiographically confirmed stenoses had DIP-induced ST
depression.14 DIP itself can cause non-ischaemic chest
pain due to stimulation of local nerve endings via adenosine, which have a similar somatic distribution to the
pain caused by true myocardial ischaemia. This is not
true angina; it is not accompanied by electrocardiographic changes and it is readily relieved by the administration of aminophylline, which directly blocks the action of DIP and adenosine on nerve endings.2 This manifestation is one reason why pain alone after DIP infusion is not a good diagnostic or prognostic indicator,
which was confirmed in a study by Dabizzi et al on 227
consecutive patients undergoing coronary angiography
and DIP-thallium scintigraphy. DIP-induced angina
was indicative of the presence of coronary artery disease, but was not a sensitive or specific marker on its
own. When DIP-induced ST depression was present,
though, it was a more sound indicator for the presence
of three-vessel disease or of extensive collaterals.15 When
DIP angina and ST depression were combined with
scintigraphic findings, as in a study performed on 57
patients with coronary artery disease, 21 patients with
near normal coronary arteries and 20 healthy subjects,
their sensitivity in diagnosing triple vessel disease was
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significantly increased. When they were considered alone, angina and ST depression had positive predictive
values of 93% and 88%, but negative predictive values
of 40% and 42%, respectively.16 This indicated that, although the occasional presence of DIP-induced ST segment depression alone is not highly specific, when
viewed in combination with scintigraphic findings, it
can be a useful additional indicator of coronary artery
disease severity.
The presence of a previous myocardial infarction
was also a contributing factor to the sensitivity of DIP
angina as a determinant of severe coronary artery disease. A group of 74 patients with suspected coronary
artery disease was investigated with DIP-thallium scintigraphy and coronary angiography. In patients who
had previously suffered a myocardial infarction, DIPinduced chest pain did not predict the presence of more
severe coronary stenoses. In the group with no previous
myocardial infarction, the subjects who developed chest
pain after the infusion of DIP had more severe ischaemia than the patients with no pain.17 A possible explanation for this finding is that in the presence of collaterals there is a greater degree of coronary steal, due to
the active vasodilation that is already taking place in
these vessels. Therefore, they cannot produce any further response to the increased levels of local adenosine
after DIP administration. There is thus a more pronounced alteration in the local coronary blood flow of
those areas, and this is translated into a higher incidence of pain and ST depression. In patients who have
had a previous myocardial infarction, after myocardial
necrosis ensues the collateral vessels supplying the infarcted area slowly close, as there is no longer an ischaemic drive in this area stimulating their development. Consequently, there is less coronary steal and
chest pain after DIP administration.
The issue of coronary steal and its effects on the diagnostic sensitivity of DIP pharmacological stress testing
with regard to coronary artery disease was examined as
early as 1982 by De Ambroggi et al.18 They compared 34
patients with chest pain to 10 normal subjects, using DIP
pharmacological stressing and coronary angiography.
This was a small-scale study, performed on a limited
number of patients, that resulted in a poor sensitivity
(44%) and specificity (39%) and investigated DIP stress
testing alone, without MPI or echocardiography. The investigators inferred that coronary steal was not the sole
cause of an “ischaemic” response to DIP, which was
translated as angina or ST segment depression.
A later study by Ikeda et al on 167 patients undergoing coronary angiography demonstrated that patients

with a previous myocardial infarction who had DIP-induced ST depression appeared to be at increased risk
of an adverse cardiac event and had more severe stenoses.19 Ninety-one of the patients studied had a previous myocardial infarction and the rest had no previous
myocardial infarction. In both of the aforementioned
groups, ST depression correlated well with a finding of
coronary artery stenoses greater than 90% (83% of
non-infarct patients and 71% of infarct patients). Patients with coronary artery stenoses less than 90% had a
lower incidence of ST depression after DIP infusion
(16% in non-infarct patients and 19% in infarct patients). The sensitivity of DIP-induced ST depression as
an indicator of severe (i.e. >90%) coronary artery stenoses was 82% in non-infarct patients and 71% in infarct patients and the specificity was 84% in non-infarct
patients and 81% in infarct patients. The specificity and
sensitivity of DIP-induced ST segment depression was
lower for stenoses <90%, which nevertheless also require intervention. This study indicated that the occasional finding of ST depression may be a good marker
of severe stenoses, but not necessarily of the presence
of critical stenoses in general.
Moreover, two later studies indicated that DIP-induced ST segment depression may potentially be a
good marker of greater extension of coronary artery
disease, a higher frequency of multivessel disease and a
worse overall prognosis with respect to cardiac morbidity and mortality.20,21
One peculiarity of DIP infusion was that ST depression in patients with severe coronary artery stenoses occurred more commonly in those who had highly developed collaterals. This was postulated to be due to a
greater degree of coronary steal from the small collateral vessels, which are already chronically dilated under
the influence of pre-existing local adenosine released as
a response to the upstream stenosis.11,22-3 In fact, highly
developed collaterals and a greater increase in double
product attained after DIP infusion were both strong
predictors of ST depression.11
DIP-induced ST depression has also been found to
be an independent predictor of adverse perioperative
cardiac events after major vascular surgery. In a study
of 509 patients about to undergo vascular surgery, high
dose (0.84 mg/kg) DIP stress testing and DIP stress
echocardiography were performed pre-operatively,
with 17.3% of the subjects having wall motion abnormalities following DIP infusion. DIP-induced ST segment depression was shown, via multivariate analysis,
to be a predictor of adverse cardiac events perioperatively, independently of stress echo test positivity.24
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Finally, in a study by Ho et al of 1174 patients undergoing vasodilator stress perfusion imaging, where
653 patients underwent coronary angiography and 521
patients were followed up without angiography (prognostic population), vasodilator-induced ST segment depression was an independent variable, which along with
summed reversibility score and increased thallium lung
uptake greatly increased the ability of thallium scintigraphy to identify low, intermediate and high risk patients. Also, it was an independent prognostic indicator
for myocardial infarction and death at 7 years follow up
(91% of high risk patients vs. 51% of low risk and 73%
of intermediate risk patients).25
Special patient subgroups
Hypertensive patients
Hypertensive patients are a special subgroup in which
DIP-induced ST depression has been more closely examined, using high dose DIP infusion (up to 0.84 mg/kg)
in combination with echocardiography. These were patients in whom the raised arterial blood pressure placed
them at an increased risk of coronary artery disease, left
ventricular hypertrophy and microvascular disease. All
of these factors affect the coronary microcirculation by
reducing the capillary density within the hypertrophied
myocardium, which also causes myocardial capillary
compression and has increased oxygen demands. None
of the patients studied had pre-existing coronary artery
disease, and the studies were an initial assessment of
the prognostic value of the occasional presence of DIPinduced ST segment depression in hypertensive patients.26-29
Three of the above studies focused on asymptomatic hypertensive patients who, upon DIP infusion,
showed no echocardiographic evidence of left ventricular dyssynergy. Up to 30% of patients26 had DIP-induced
ST segment depression and these patients tended to
have a higher left ventricular mass index and longer duration of hypertension, both of these factors indicating
increased coronary resistance and reduced coronary
flow reserve.26,29 Picano et al, who studied 28 hypertensive patients and 20 controls using high dose DIP stress
echocardiography, also showed that ST segment depression (in 36% of the hypertensive patients) appeared before the development of dyssynergy of left ventricular wall motion.27
Lucarini et al examined 28 hypertensive patients
who had a history of angina pectoris, with normal coronary angiograms. The patients who developed DIP-in344 ñ HJC (Hellenic Journal of Cardiology)

duced ST segment depression (57% at high dose DIP,
0.84 mg/kg) had a greater incidence of left ventricular
hypertrophy, but no patients had evidence of left ventricular dyssynergy.28
Studies involving follow up and risk stratification of
these patients are still lacking, and will be needed in order to understand the full implication of the appearance of DIP-induced ST segment depression in hypertensive patients. The current data, though, indicate that
there are many changes at the level of the microcirculation and the endothelium, which are possible causes of
diminished coronary reserve and potential ischaemia,
but they are not readily detectable in their early phase
by other modalities, such as angiography, myocardial
scintigraphy or stress echocardiography. Nevertheless,
DIP-induced ST segment depression, when present,
may indicate their existence.
Patients with syndrome X
Microvascular and endothelial dysfunction are also very
important factors in patients categorised as having syndrome X, where they display clinical and electrocardiographic ischaemia without any evident coronary artery
stenoses. A study of 19 patients with syndrome X showed that, as in the case of hypertensive patients, high dose
DIP-induced ST segment depression occurred in the absence of left ventricular wall motion dyssynergy on stress
echocardiography, indicating “echocardiographically
silent myocardial ischaemia.”30
When comparing 6 normal subjects to 20 patients
with known coronary artery disease and 10 patients
with syndrome X, Nadazdin et al found that the patients with coronary artery disease or syndrome X displayed high dose DIP-induced ST segment depression
(50% of coronary patients and 60% of syndrome X patients), but only patients with coronary artery disease
developed dyssynergy on stress echocardiography.31
Both patients with coronary artery disease and those
with syndrome X had an abnormal left ventricular filling pattern, which was similar in the two groups. This
was an indication that the echocardiographically silent
ischaemia in patients with syndrome X is more diffuse.
Once more, prospective follow up studies with larger cohorts are necessary to determine the significance
of DIP-induced ST segment depression, when present,
which seems to be a more common occurrence amongst
patients with syndrome X.
Studies are lacking at present in other disorders
which primarily affect the coronary microcirculation,
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particularly in their early stages, such as in diabetes mellitus.
Other subgroups
DIP stress testing has also proved to be useful, particularly since it is non-invasive, in diagnosing coronary
artery disease in children who suffer from Kawasaki
disease. In fact, the degree and the extent of ST depression were correlated with the severity of the coronary
artery disease.32 In a study by Tomita et al in 17 Japanese
children with Kawasaki disease, all of the children with
DIP-induced pain and ST depression had coronary artery disease.
Another subgroup which was studied was patients
with hypertrophic cardiomyopathy, where the presence
of ST depression after high dose DIP infusion was a
predictor of worse survival and a greater number of adverse cardiac events.33 Lazzeroni et al studied 79 patients with hypertrophic cardiomyopathy, 37% of whom
had a positive DIP stress test with ST depression (Group
A) and 63% of whom had no electrocardiographic changes (Group B). Neither group of patients developed any
transient left ventricular wall motion abnormalities on
stress echocardiography. They were all followed up for
a mean of 72 months and adverse cardiac events were
noted. These included left ventricular or left atrial enlargement, unstable angina, syncope, atrial fibrillation
and the development of bundle branch block. The patients in Group A had a much lower event-free survival
rate (36.2%) when compared to the patients in Group
B (84.2%). The authors therefore inferred that clinically induced myocardial ischaemia may play an important
role in identifying patients with hypertrophic cardiomyopathy who are more likely to suffer from adverse cardiac events.
In heart transplant patients, acute rejection may be
diagnosed by DIP-induced ST depression, even in patients with normal left ventricular systolic function. Picano et al34 studied 47 heart transplant patients within
their first 5 post operative weeks, by DIP stress testing
and myocardial biopsy. Eleven of the patients studied
had ST depression. The sensitivity and specificity of
DIP stress testing in diagnosing acute rejection (using
biopsy as a gold standard) were 72% and 94% respectively. Many of these patients continued to have normal
left ventricular systolic function on echocardiography. Nevertheless, the ST depression induced by DIP
was indicative of early small vessel damage, which was
brought on by early, acute rejection and this test was
sensitive, yet non-invasive.

Study considerations
Many of the studies concerning DIP-induced ST changes have been performed on Japanese patients, who could
be considered as a different group when compared to
European and American populations. This may be a potential limitation in the evaluation of the above studies.
Nevertheless, all groups of researchers concluded that
the presence of ST depression after DIP administration
may be a good marker of the presence of multiple vessel
disease, of more severe stenoses and of the extensive development of collaterals. As the number of vessels affected increased, so did the sensitivity of DIP pharmacological stress testing.11,15,16,19,25
Another potential limitation is that nearly all of the
studies of DIP-induced ST segment depression in patients with hypertension, syndrome X and hypertrophic
cardiomyopathy were performed using high dose DIP
stress echocardiography (up to 0.84 mg/kg) rather than
the conventional dose of 0.56 mg/kg used in myocardial
perfusion imaging.
Dipyridamole-induced ST elevation
Only two cases have been described where the infusion
of DIP led to ST elevation.35,36 This was explained as severe transmural ischaemia caused by extensive coronary
steal and was a marker of very severe coronary artery
disease.
In a study by Fujita et al, although 16 patients with
vasospastic angina displayed ST elevation during an
attack, upon DIP infusion they had ST depression,
which did not always correspond to territories affected by coronary artery spasm or to any evident coronary artery stenoses. This indicates that patients with
variant angina may also have an underlying dysfunction of their microcirculation.37
Conclusion
ST depression induced by DIP infusion may be a good
predictor of macro- and microvascular coronary artery
disease, with moderately high sensitivity and specificity. Stressing with DIP has the advantage of being a
safe and non-invasive approach and its predictive values are greatly improved when it is used in conjunction with other non-invasive modalities, such as MPI
and stress echocardiography, as is generally done in
current daily medical practice. In fact, DIP-induced
ST depression predicts more defects on thallium scintigraphy.11 The presence of this electrocardiographic
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phenomenon could be an indicator of poor prognosis,
particularly in patients after myocardial infarction and
hypertensives, and it may indicate the presence of microvascular dysfunction in patients with hypertension
and syndrome X. Moreover, it is a potentially good marker of the severity of coronary artery disease and the presence of collaterals.38,39
Current studies are still lacking in adequate patient
cohort sizes and follow up, which will be needed in order to give a truly accurate picture of the value of this
finding. They do indicate, however, that it may be a significant finding. There is a need for further investigation of the phenomenon which, when present, may enable us to better understand the pathophysiological basis of microvascular and endothelial dysfunction and reduced coronary reserve in patients who may not yet
have developed epicardial coronary artery stenoses or
regional wall motion abnormalities, as evidenced by
stress echocardiography.

References
1. Chaitman BR: Exercise stress testing, in Braunwald, Zipes,
Libby (eds.): Heart Disease - a textbook of cardiovascular
medicine, 6th Edition, WB Saunders company, Philadelphia,
2001; pp. 129-155.
2. Maddahi J, Rodrigues E, Kiat H, Van Train KF, Berman DS:
Detection and evaluation of coronary artery disease by Thallium-201 myocardial perfusion scintigraphy, in De Puey EG,
Berman DS, Garcia EV (eds.): Cardiac SPECT Imaging, 1st
Edition, Raven Press, New York, 1995, pp. 103-116.
3. Gulizia MM, LoGiudice P, Doria G, Valenti R, Circo AG:
Hypertension and ischaemic heart disease. Role of dipyridamole echocardiography test. Angiology 1994; 45: 943-948.
4. Hamasaki S, Arima S, Fukumoto N, et al: Mechanisms of
limited maximum coronary flow in severe single vessel coronary artery disease in humans due to vertical steal. Am J Cardiol 1997; 80: 1597-1601.
5. Akinboboye OO, Idris O, Chou RL, Sciacca RR, Cannon PJ,
Bergmann SR: Absolute quantitation of coronary steal induced
by intravenous dipyridamole. J Am Coll Cardiol 2001; 37: 109116.
6. Verani MS: Pharmacologic stress testing and other alternative techniques in the diagnosis of coronary artery disease, in
Iskandrian AE, Verani MS (eds.): Nuclear Cardiac Imaging,
Principles and Applications, 3rd Edition, Oxford University
Press, New York, 2003; pp. 164-189.
7. Iskandrian AE: State of the Art for Pharmacologic Stress
Imaging, in Zaret BL, Beller GA (eds.): Nuclear Cardiology,
State of the Art and Future Directions, 2nd Edition, Mosby,
St Louis, 1999; pp. 312-330.
8. Becker LC: Conditions for vasodilator-induced coronary steal
in experimental myocardial ischaemia. Circulation 1978; 57:
1103-1110.
9. Tavazzi L, Previtali M, Salerno JA, et al, A: Dipyridamole
test in angina pectoris: diagnostic value and pathophysiological implications. Cardiology 1982; 69: 34-41.

346 ñ HJC (Hellenic Journal of Cardiology)

10. Villanueva FS, Smith WH, Watson DD, Beller GA: ST-segment depression during dipyridamole infusion, and its clinical, scintigraphic and haemodynamic correlates. Am J Cardiol 1992; 69: 445-448.
11. Chambers CE, Brown KA: Dipyridamole-induced ST segment
depression during thallium-201 imaging in patients with coronary artery disease: angiographic and haemodynamic determinants. J Am Coll Cardiol 1988; 12: 37-41.
12. Pirelli S, Danzi GB, Massa D, et al: Exercise thallium scintigraphy versus high-dose dipyridamole echocardiography testing for asymptomatic restenosis in patients with positive exercise tests after coronary angioplasty. Am J Cardiol 1993; 71:
1052-1056.
13. Ortega A, Moreno R, Alonso-Farto JC, et al: Meaning of
clinical and electrical positivity in the myocardial perfusion
scintigraphy during administration of dipyridamole. Rev Esp
Med Nucl 2001; 20: 4-10.
14. Zhu YY, Lee W, Botvinick E, et al: The clinical and pathophysiologic implications of pain, ST abnormalities, and scintigraphic changes induced during dipyridamole infusion: their
relationships to the peripheral haemodynamic response. Am
Heart J 1988; 116: 1071-1080.
15. Dabizzi P, Barletta G, Lo Sapio P, Del Bene R, Fantini F:
Dipyridamole angina: a specific symptom of severe multivessel disease. Coron Artery Dis 1994; 5: 365-368.
16. Laarman GJ, Serruys PW, Verzijlbergen JF, Ascoop CA:
Thallium-201 scintigraphy after dipyridamole infusion with
low-level exercise. III Clinical significance and additional diagnostic value of ST segment depression and angina pectoris
during the test. Eur Heart J 1990; 11: 705-711.
17. Takeishi Y, Tono-oka I, Meguro M, et al: The relationship
between chest pain during Thallium-201 scintigraphy and myocardial ischaemia. Jpn Circ J 1991; 55: 465-472.
18. De Ambroggi L, Barbieri P, De Biase AM, Repetto S, Radice
M: Assessment of diagnostic value of dipyridamole testing in
angina pectoris. Clin Cardiol 1982; 5: 269-274.
19. Ikeda K, Kubota I, Yamaki M, et al: Dipyridamole electrocardiography test for the detection of severe coronary artery
stenoses. Intern Med. 1992; 31: 147-153.
20. Cortigiani L, Lombardi M, Michelassi C, Paolini EA, Nannini E: Significance of myocardial ischaemic electrocardiographic changes during dipyridamole stress echocardiography. Am J Cardiol 1998; 82: 1008-1012.
21. Dabizzi P, Barletta G, Lo Sapio P, Del Bene R, Fantini F:
Dipyridamole angina: a specific symptom of severe multivessel disease. Coron Artery Dis. 1994; 5: 365-368.
22. Gliozheni E, Picano E, Bernardino L, Pingitore A, Sicari A,
Marzilli M: Angiographically assessed coronary collateral circulation increases vulnerability to myocardial ischaemia during
vasodilator stress testing. Am J Cardiol 1996; 78: 1419-1424.
23. Rosseel M, Dendale P, De Sadeleer C, Schoors D, Block P,
Franken PR: Dipyridamole-induced angina pectoris during
sestamibi stress test in patients with significant coronary artery
disease: clinical, angiographic and nuclear determinants. Angiology 1997; 48: 301-307.
24. Sicari R, Ripoli A, Picano E, et al: Perioperative prognostic
value of dipyridamole echocardiography in vascular surgery:
a large scale multicenter study in 509 patients. EPIC study
group. Circulation 1999; 100 (Suppl): II269-274.
25. Ho KT, Miler TD, Christian TF, Hodge DO, Gibbons RJ: Prediction of severe coronary artery disease and long-term outcome
in patients undergoing vasodilator SPECT. J Nucl Cardiol 2001;
8: 523-527.

ST Changes in Dipyridamole Stress Testing
26. Gulizia MM, LoGiudice P, Doria G, Valenti R, Circo AG: Hypertension and ischaemic heart disease. Role of dipyridamole echocardiography test. Angiology 1994; 45: 943-948.
27. Picano E, Lucarini AR, Lattanzi F, et al: ST segment depression elicited by dipyridamole infusion in asymptomatic hypertensive patients. Hypertension 1990; 16: 19-25.
28. Lucarini AR, Lattanzi F, Picano E, et al: Dipyridamole-echocardiography test in essential hypertensives with chest pain
and angiographically normal coronary arteries. Am J Hypertension 1989; 2(2 Pt 1): 120-123.
29. Lucarini AR, Picano E, Salvetti A: Coronary microvascular disease in hypertensives. Clin Exp Hypertens A 1992; 14: 55-66.
30. Picano E, Lattanzi F, Masini M, Distante A, L’Abbate A: Usefulness of a high-dose dipyridamole-echocardiography test for
diagnosis of syndrome X. Am J Cardiol 1987; 60: 508-512.
31. Nadazdin A, Shahi M, Foale RA: Impaired left ventricular filling
during ST-segment depression provoked by dipyridamole infusion in patients with syndrome X. Clin Cardiol 1991; 14: 821-826.
32. Tomita H, Ikeda K, Nagata N, Chiba S, Kubota M, Tsuda T:
Dipyridamole-provoked chest pain implies severe coronary
artery disease in children. Acta Paediatr Jpn 1993; 35: 289-293.
33. Lazzeroni E, Picano E, Morozzi L, et al: Dipyridamole-induced
ischaemia as a prognostic marker of future adverse cardiac

34.

35.

36.

37.

38.

39.

events in adult patients with hypertrophic cardiomyopathy. EPIC
Study Group, subproject hypertrophic cardiomyopathy. Circulation 1997 16; 96: 4268-4272.
Picano E, De Pieri G, Salerno JA, et al: Electrocardiographic
changes suggestive of myocardial ischaemia elicited by dipyridamole infusion in acute rejection early after heart transplantation. Circulation 1990; 81: 72-77.
Hansen CL, Williams E: Severe transmural myocardial ischaemia after dipyridamole administration implicating coronary steal. Clin Cardiol 1998; 21: 293-296.
Kwai AH, Jacobson AF, MacIntyre KM, Williams WH, Tow
DE: Persistent chest pain following oral dipyridamole for thallium-201 myocardial imaging. Eur J Nucl Med 1990; 16: 745746.
Fujita H, Yamabe H, Yokoyama M: Dipyridamole-induced reversible thallium-201 defect in patients with vasospastic angina
and nearly normal coronary arteries. Clin Cardiol 2000; 23: 2430.
Gentile R, Vitarelli A, Schillaci O, et al: Diagnostic accuracy
and prognostic implications of stress testing for coronary artery
disease in the elderly. Ital Heart J 2001; 2: 539-545.
Travain MI, Wexler JP: Pharmacological stress testing. Semin
Nucl Med 1999; 29: 298-318.

(Hellenic Journal of Cardiology) HJC ñ 347

