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Description

1. BACKGROUND

[0001] Functional assessment of myocardium, in particular the evaluation of the myocardium’s oxygen status, is
important in guiding therapeutic decisions in the care of patients with cardiac ischemia. In current clinical practice,
myocardial ischemia status is most often assessed using non-invasive nuclear perfusion imaging methodologies, such
as planar scintigraphy or single photon emission computed tomography (SPECT), with thallium and technetium as the
most frequently used isotopes. More recently, positron emission tomography (PET) with rubidium-82 has been gaining
recognition as providing improved images with less radiation. Semi-invasive transesophageal doppler echography is
also useful to study the motion of ventricular walls, and non-invasive transthoracic doppler echocardiography is an easy
and non-invasive methodology for measurement of coronary flow reserve.
[0002] These functional tests typically require that the patient’s heart be "stressed", either through controlled exercise
or by pharmacologic means, and are thus generically and colloquially known as "stress tests". Pharmacological stressors
for functional assessment of myocardium act through coronary vasodilation: by dilating normal vessels to a greater
extent than diseased vessels, these agents establish a shunt, or "myocardial steal", that produces differential increases
in blood flow in healthy vs. diseased arteries in patients with coronary artery disease, optimizing the discriminatory
imaging of cardiac muscle areas in need of oxygen supply.
[0003] Adenosine and dipyridamole are coronary vasodilators, each of which is approved for individual use as a
pharmacologic stressor for stress testing. Adenosine acts directly by stimulating adenosine purinergic Pl receptors on
the arterial wall. Dipyridamole is believed to work indirectly by blocking reuptake of adenosine at the cellular level, leading
to an increase in endogenous adenosine concentration in the blood. Dipyridamole produces similar near-maximal cor-
onary hyperemia to that produced by exogenous adenosine, but less quickly.
[0004] To ensure near-maximal coronary vasodilation, and to provide sufficient time for the acquisition of cardiac
images, adenosine is infused for 6 minutes at a dosage rate of 140 mg/kg patient body weight/min; dipyridamole is
infused for 4 minutes at 140 mg/kg patient body weight/min. Thus, the total recommended dose of adenosine is 0.84
mg/kg, and the total recommended dose for dipyridamole is 0.56 mg/kg at the minimum and 0.80 mg/kg on average in
a 4 minute infusion. If vasodilation is insufficient, the total dose of dipyridamole can be increased up to 0.95 mg/kg,
administered over a 6 minute infusion.
[0005] Although infused for only a few minutes, compounds that stimulate adenosine receptors are accompanied by
numerous uncomfortable adverse effects. With adenosine, the most frequently reported are flushing (44%), chest pain
or chest discomfort (40%), dyspnea (28%), headache (18%), throat or neck or jaw discomfort (15%), and gastrointestinal
discomfort (13%); other side effects are less frequent.
[0006] The adverse effects of adenosine are dose-dependent. Symptoms such as heat sensation, flushed face, dys-
pnea and chest pain increase as adenosine dosage is increased from 60 to 140mg/kg/min, in a six minute infusion. Chest
pain typically appears at doses of 90 mg/kg/min, and becomes frequent at 120 mg/kg/min. At a dosage of 70 mg/kg/min
or less, it has been noted that adenosine adverse reactions are very few and of mild intensity. However, when administered
by intravenous perfusion at 70 mg/kg/min or less, or even at 90 - 120 mg/kg/min, adenosine shows reduced efficacy,
and is not recommended for stress testing at such reduced dosages.
[0007] The side effect profile of dipyridamole is similar, but with adverse events occurring less often. However, dipy-
ridamole side effects last longer, are more difficult to manage, and thus more frequently require the administration of
intravenous aminophylline as an antidote.
[0008] Because dipyridamole is understood to act by increasing endogenous adenosine, use of both adenosine and
dipyridamole at full intravenous dosage is contraindicated. Analogously, oral intake of dipyridamole prior to an adenosine
pharmacologic stress testing is generally avoided.
[0009] In an effort to reduce side effects at maximally effective agonist doses, adenosinergic agents are being developed
that are selective for the A2a receptor subtype. See, e.g., U.S. Pat. Nos. 6,531,457; 6,448,235; 6,322,771; and 5,877,180.
Specific compounds in development include regadenoson, binodenoson and apadenoson (BMS068645). However,
despite their receptor selectivity, only modest reductions in side effects have been observed with these compounds. In
addition, the compounds have a longer duration of action than adenosine; accordingly, the side effects, e.g., flushing,
headache, and dyspnea, are longer lasting. Thus, although more specific than adenosine, these agents may be more
likely to trigger prolonged side effects, and to require administration of pharmacologic antidotes, than is adenosine itself,
whose side effects rapidly dissipate once administration is stopped. Moreover, none of these selective agents has yet
been approved for clinical use.
[0010] There thus exists a continuing need in the art for injectable agents that can be used for pharmacologic stress
testing that have the rapid onset and short half-life of adenosine, and thus can be managed clinically in the same manner
as adenosine, and that provide maximal efficacy with reduced side effects.
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2. SUMMARY

[0011] Although dipyridamole is believed to act indirectly by increasing adenosine concentration, and in clinical practice
has a side effect profile similar to that of adenosine, I have now discovered that extremely low parenteral doses of
dipyridamole - on the order of 5% of the dose now used clinically in cardiac imaging studies - can potentiate the vasodilation
effects of adjunctively administered adenosine without commensurate potentiation of adenosine’s side effects. This
permits adenosine to be used at reduced dosage to effect coronary vasodilation, e.g., for functional assessment of
myocardial function, with equal or superior efficacy as compared to current protocols, yet with reduced side effects.
Moreover, the clinical and hemodynamic effects advantageously stop less than one minute after cessation of adenosine
administration.
[0012] Accordingly, described herein are methods, compositions, unit dosage forms and kits that exploit this newly
discovered phenomenon.
[0013] The present invention provides a pharmaceutical composition comprising adenosine and dipyridamole in an
adenosine:dipyridamole weight ratio of 2:1 to 10:1, wherein the composition is formulated for parenteral administration
to an individual subject and wherein adenosine and dipyridamole are present in amounts that permit adenosine to be
administered at a dosage rate of 35 to 100 mg/kg/min and dipyridamole to be administered at a dosage rate of 3.5 to 50
mg/kg/min, wherein the administration is continuous for a period of less than 6 minutes.
[0014] The present invention also provides a unit dosage form containing 2 to 50 ml of the composition according to
any one of claims 1 to 5, wherein the composition is a sterile fluid.
[0015] The present invention further provides a unit dosage form containing 5 to 60 mg of adenosine and 0.5 to 30
mg of dipyridamole, wherein the composition is a solid capable of sterile reconstitution in a physiologically acceptable
solvent or solution for parenteral administration to an individual subject, and wherein the adenosine:dipyridamole weight
ratio is from 2:1 to 10:1.
[0016] The present invention further provides adenosine and dipyridamole for concurrent administration, for use in a
method of effecting coronary vasodilation for cardiac diagnosis, wherein the adenosine and dipyridamole are concurrently
administered parenterally to an individual subject at an adenosine:dipyridamole weight ratio of 2:1 to 10:1, and wherein
adenosine is administered at a dosage rate of 35 to 100 mg/kg/min and dipyridamole is administered at a dosage rate
of 3.5 to 50 mg/kg/min, wherein the administration is continuous for a period of less than 6 minutes.
[0017] In a first aspect of the disclosure, methods of effecting coronary vasodilation for cardiac diagnosis are provided.
The method comprises concurrently administering adenosine and dipyridamole, wherein adenosine and dipyridamole
are administered parenterally at an adenosine:dipyridamole weight ratio of 2: 1 to 10:1.
[0018] In the compositions disclosed herein the adenosine:dipyridamole ratio may be 2: 1 to 4: 1, such as 4: 1 ; in
various other embodiments, the adenosine dipyridamole ratio is 7:1 or 8: 1.
[0019] In a method disclosed herein, adenosine is administered at a dosage rate of 35 to 100 mg/kg/min and dipyri-
damole is administered at a dosage rate of 3.5-50 mg/kg/min. In some embodiments, adenosine is administered at a
dosage rate of 70 mg/kg/min and dipyridamole is administered at a dosage rate of 10 mg/kg/min; adenosine is administered
at a dosage rate of 70 mg/kg/min and dipyridamole is administered at a dosage rate of 8.75 mg/kg/min; adenosine is
administered at a dosage rate of 50 mg/kg/min and dipyridamole is administered at a dosage rate of 12.5-25 mg/kg/min.
[0020] Adenosine and dipyridamole may be parenterally administered continuously for a period of at least 2 minutes,
typically less than 6 minutes. In certain embodiments, adenosine and dipyridamole are parenterally administered con-
tinuously for a period of 4 minutes.
[0021] In some embodiments, adenosine and dipyridamole are administered as a single composition. In other em-
bodiments, adenosine and dipyridamole are administered from separate compositions.
[0022] Disclosed herein, at least one adenosine and dipyridamole may be administered by intravenous infusion.
Disclosed herein, at least one adenosine and dipyridamole may be administered by intra-atrial or intra-arterial adminis-
tration. The dosage of that agent can be adjusted downward using a dosage multiplier of 1/200 - 1/400, as compared
to the intravenous dosage. When adenosine and/or dipyridamole is administered by intra-coronary administration, the
dosage of that agent can be adjusted downward using a dosage multiplier of 1/200 - 1/400, as compared to the intravenous
dosage.
[0023] Certain embodiments further comprises the step of assessing cardiac function. Assessing cardiac function may
include use of one or more techniques selected from the group consisting of: electrocardiography, M mode echography,
two dimensional echography, three dimensional echography, echo-doppler, cardiac imaging, planar (conventional) scin-
tigraphy, single photon emission computed tomography (SPECT), dynamic single photon emission computed tomogra-
phy, positron emission tomography (PET), first pass radionuclide angiography, equilibrium radionuclide angiography,
nuclear magnetic resonance (NMR) imaging, perfusion contrast echocardiography, digital subtraction angiography
(DSA), and ultrafast x-ray computed tomography (CINE CT). In certain embodiments, functional assessment is performed
by SPECT; in other embodiments, the assessment is performed by PET.
[0024] Disclosed herein are methods that further comprise assessment of cardiac function, assessing cardiac function
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includes parenteral administration of an isotope. The isotope is typically administered no less than 2.5 minutes after the
concurrent parenteral administration of adenosine and dipyridamole has begun. The isotope can be administered no
less than 2.55 minutes, no less than 2.6 minutes, no less than 2.65 minutes, no less than 2.7 minutes, no less than 2.75
minutes after the concurrent administration of adenosine and dipyridamole has begun. The isotope can be administered
about 2.5 - 2.75 minutes after the concurrent parenteral administration of adenosine and dipyridamole has begun.
[0025] In a second aspect of the disclosure, methods are provided for effecting coronary vasodilation for cardiac
diagnosis. These methods comprising: (i) parenterally administering dipyridamole; and (ii) concurrently or sequentially
thereafter parenterally administering an adenosine receptor agonist. Each of dipyridamole and the adenosine receptor
agonist is administered at a dosage lower than that required for maximal coronary vasodilation when administered as
a single agent by identical parenteral route.
[0026] Disclosed herein, the adenosine receptor agonist may be selected from the group consisting of: adenosine,
adenosine triphosphate (ATP), adenosine diphosphate (ADP), adenosine monophosphate (AMP), and pro-drugs and
pharmaceutically acceptable salts of adenosine or AMP, ADP, ATP.
[0027] Each route of parenteral administration may be independently selected from the group consisting of: intra-
arterial, intravenous, and atrial administration. Dipyridamole may be administered by intravenous or intra-arterial bolus
injection. Dipyridamole may be administered as an intravenous or intra-arterial bolus at a dosage of no more than 140
mg/kg, no more than 50 mg/kg, even no more than 40 mg/kg, and typically at a dosage of at least 14 mg/kg. For example,
dipyridamole may be administered as an intravenous or intra-arterial bolus at a dosage of 23 to 60 mg/kg, such as 35
mg/kg or 40 mg/kg.
[0028] In various embodiments, dipyridamole is administered by intravenous infusion over 1 or 2 minutes.
[0029] Disclosed herein, the adenosine receptor agonist administration may be begun after completion of dipyridamole
administration, such as between 30 seconds an 2 minutes after dipyridamole injection or infusion.
[0030] Disclosed herein, dipyridamole may be administered in admixture with the adenosine receptor agonist by
intravenous infusion over 2 to 6 minutes, such as for 4 minutes.
[0031] The adenosine receptor agonist of the invention is adenosine, administered by intravenous infusion at a dosage
rate of 35 mg/kg/min - 100 mg/kg/min. In the invention, adenosine is administered at a dosage rate no more than 100
mg/kg/min. In some embodiments, adenosine is administered at a dosage rate of no more than about 70 mg/kg/min,
even no more than about 50 mg/kg/min. The adenosine receptor agonist of the invention is adenosine, administered by
intravenous infusion at a dosage rate of at least 35 mg/kg/min, even at least 50 mg/kg/min. For example, in some
embodiments, adenosine is administered by intravenous infusion at a rate of about 50 mg/kg/min to about 70 mg/kg/min,
such as about 70 mg/kg/min.
[0032] In some embodiments, dipyridamole is administered intravenously and adenosine is administered intravenously.
[0033] In certain exemplary embodiments, the adenosine receptor agonist is adenosine, the total dose of dipyridamole
is 23 to 40 mg/kg, and the dosage rate for adenosine is 50 to 70 mg/kg/min. For example, in some embodiments, the
total dose of dipyridamole is 40 mg/kg and the dosage rate for adenosine is 70 mg/kg/min.
[0034] The method disclosed herein may further comprise the step of: assessing cardiac function. Assessing cardiac
function may include parenteral administration of an isotope, and the isotope is administered after 2 minutes, when
dipyridamole and the adenosine receptor agonist are administered sequentially, and after 2.5 minutes, after 2.55 minutes,
after 2.6 minutes, after 2.65 minutes, after 2.75 minutes, after 2.8 minutes, after 2.85 minutes, after 2.9 minutes or after
2.95 minutes but before 3 minutes, when dipyridamole and the adenosine receptor agonist are administered concurrently.
In some embodiments, isotope is administered at about 2.5 - 2.75 minutes after sequential administration of dipyridamole
and the adenosine receptor agonist.
[0035] In another aspect, pharmaceutical compositions comprising adenosine and dipyridamole are presented. The
compositions comprise adenosine and dipyridamole in adenosine:dipyridamole weight ratios of 2: 1 to 10: 1, such as 2:
1 to 4:1. In some embodiments, the ratio is about 7:1 or 8: 1.
[0036] Adenosine and dipyridamole of the invention are present in amounts that permit adenosine to be administered
at a dosage rate of 35 to 100 mg/kg/min and dipyridamole to be administered at a dosage rate of 3.5 to 50 mg/kg/min.
[0037] The composition may be a sterile fluid, such as a sterile fluid suitable for parenteral administration, such as
intravenous administration. In some embodiments, adenosine and dipyridamole are present at concentrations that permit
direct intravenous administration, without dilution.
[0038] In various embodiments, adenosine and dipyridamole are present at concentrations that permit administration
of adenosine at a dosage rate of 70 mg/kg/min and dipyridamole at a dosage rate of 8.75 to 10 mg/kg/min. In some
embodiments, adenosine and dipyridamole are present at concentrations that permit administration of adenosine at a
dosage rate of 50 mg/kg/min and dipyridamole at a dosage rate of 12.5 to 25 mg/kg/min.
[0039] In a range of embodiments of the pharmaceutical compositions here provided, the concentration of adenosine
is 1 to 10 mg/ml. Usefully, the concentration of adenosine is 3 mg/ml or 4 mg/ml, even 5 mg/ml, or 7 mg/ml.
[0040] In certain embodiments, the concentration of dipyridamole is about 0.1 to 5 mg/ml, such as: 0.375 to 0.428
mg/ml; 0.5 to 0.571 mg/ml; 0.625 to 0.714 mg/ml; 0.75 to 0.857 mg/ml; and 0.875 to 1 mg/ml. The concentration may,
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for example, be 1 mg/ml.
[0041] In another aspect, unit dosage forms are provided that contain pharmaceutical compositions as above-de-
scribed, comprising adenosine and dipyridamole.
[0042] In some embodiments, the unit dose contains 2 to 50 ml of the pharmaceutical composition formulated as a
sterile fluid, typically a sterile, nonpyrogenic, solution suitable for parenteral administration. In some embodiments, the
unit dose contains 2 ml, 3 ml, 4 ml, 7 ml, 8 ml or 14 ml.
[0043] In some embodiments, the unit dose contains 5 to 60 mg of adenosine and 0.5 to 30 mg of dipyridamole; the
composition is a solid capable of sterile reconstitution in a physiologically acceptable solvent or solution.
[0044] In exemplary embodiments, for example, the unit dosage contains 14 mg of adenosine and 2 mg of dipyridamole,
21 mg of adenosine and 3 mg of dipyridamole; 28 mg of adenosine and 4 mg of dipyridamole; 35 mg of adenosine and
5 mg of dipyridamole; 42 mg of adenosine and 6 mg of dipyridamole; 56 mg of adenosine and 8 mg of dipyridamole; 20
mg of adenosine and 5 to 10 mg of dipyridamole; 30 mg of adenosine and 7.5 to 15 mg of dipyridamole; 40 mg of
adenosine and 10 to 20 mg of dipyridamole.
[0045] In a further aspect of the disclosure, unit doses of dipyridamole are provided. In various embodiments, dipyri-
damole is provided in solution at a concentration of about 0.1 to 5 mg/ml.
[0046] The dipyridamole concentration may be usefully about 0.5 mg/ml. Among these embodiments of the disclosure
are unit dosage forms that contain 3 mg dipyridamole in 6 ml; 4 mg dipyridamole in 8 ml; 5 mg dipyridamole in 10 ml; 6
mg dipyridamole in 12 ml; 8 mg dipyridamole in 16 ml. In some embodiments, the unit dose contains dipyridamole at a
concentration between about 3 mg/ml and about 5 mg/ml, such as 3 mg/ ml or 4 mg/ml, usefully in volumes of 1 ml or
of 2 ml, providing unit dosage forms containing 6 mg dipyridamole in 2 ml and 8 mg dipyridamole in 2 ml.
[0047] In a further aspect of the disclosure, unit doses of adenosine are provided. The unit doses are formulated in
sterile fluid composition, and the dose packaging permits sterile introduction of a second fluid in a volume at least 15%
that of the adenosine composition. The second fluid usefully comprises dipyridamole.
[0048] The unit dose may contain 21 mg adenosine in 6 ml; 28 mg adenosine in 6 ml; 42 mg adenosine in 12 ml; or
56 mg adenosine in 12 ml.
[0049] The unit dose may comprise adenosine at a concentration of about 4 mg/ml. The unit dose may contain 28 mg
adenosine in 7 ml; 56 mg adenosine in 14 ml.
[0050] Also disclosed herein are kits. The kits comprise at least one unit dose of dipyridamole and at least one unit
dose of adenosine. The at least one unit dose of dipyridamole may be a unit dose as above-described, and the unit dose
of adenosine is a unit dose as above-described.

3. DETAILED DESCRIPTION

3.1 Overview

[0051] Although dipyridamole is believed to act indirectly by increasing adenosine concentration, and in clinical practice
has a side effect profile similar to that of adenosine, I have now discovered that extremely low parenteral-subclinical
doses of dipyridamole - on the order of 5% of the dose now used clinically in cardiac imaging studies - can potentiate
the vasodilation effects of adjunctively administered adenosine without commensurate potentiation of adenosine’s side
effects. This permits adenosine to be used at reduced dosage to effect coronary vasodilation, e.g., for functional as-
sessment of myocardial function, with equal or superior efficacy as compared to current protocols, yet with reduced side
effects, of short duration.
[0052] In the first of two clinical studies reported in detail below (Example 1), the hemodynamic effects of administering
dipyridamole and adenosine intravenously as a combined (albeit, sequentially administered) pharmacological stressor
were compared to the effects of administering adenosine alone in 40 consecutive patients suffering from ischemic heart
disease. Each patient served as his own control. Dipyridamole was administered as an intravenous bolus. Adenosine
was administered immediately thereafter by continuous intravenous infusion for three minutes. Each of the two agents
was administered at a dosage lower than its clinically preferred dosage when used as a single agent for myocardial
perfusion imaging: dipyridamole at 4 - 6% of its single-agent total dose, adenosine at one half its single-agent dosage rate.
[0053] Effects were measured using noninvasive transthoracic doppler echocardiography (TTDE). The measured
blood flow velocities (known as reflecting coronary blood flow values), whether peak or mean, were 1.5 to 4% lower in
absolute values than those measured upon administration of adenosine alone at its standard dosage rate. However,
these differences were not statistically significant (p>0.05): there was no statistical difference between the current stand-
ard treatment - infusion of adenosine alone at 140 mg/kg/min - and sequential bolus administration of dipyridamole at 4
- 6% of its typical single-agent total dose followed by adenosine infusion at 70 mg/kg/min.
[0054] In addition, among the first series of 30 patients, three (3) patients received the adenosine infusion two minutes
after the dipyridamole bolus, rather than immediately thereafter, and two (2) patients were injected with the two agents
concurrently in the same infusion line using a "Y" connector. No differences were seen as compared to the sequential
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administration protocol.
[0055] A significant reduction was seen in the incidence of chest pain among the 40 patients in this study, as compared
to the number reporting chest pain upon administration of adenosine alone at 140 mg/kg/min. In addition, the severity
of the three main adverse side effects - chest pain, dyspnea, and flushing - cumulated across all dipyridamole doses,
was reduced by 31.6% with the sequential combination as compared to standard adenosine treatment. This decrease
was statistically significant (p = 0.001).
[0056] As reported in detail in Example 2, below, 27 patients have now been assessed in a subsequent Phase II study
comparing dipyridamole-adenosine combination administration to adenosine alone (Adenoscan®, Astellas) as the phar-
macologic stressor in coronary patients undergoing single photon emission computed tomography (SPECT) imaging
studies.
[0057] Data from initial patients who participated in a preliminary dose-finding study demonstrated that either bolus
intravenous administration of dipyridamole at 35 mg/kg over 20 - 30 seconds, followed by intravenous infusion of ade-
nosine at 70 mg/kg/min (tested in 3 patients) or the concurrent administration of the two drugs at the same dosage (tested
in 5 patients), provided images comparable to Adenoscan (adenosine at 140 mg/kg/min) in 7 consecutive patients, while
under-scoring Adenoscan in one patient, but within the acceptable limits defined by the protocol. The combination
stressor of 40 mg/kg dipyridamole followed by 70 mg/kg/min adenosine tested in 10 patients or their concurrent admin-
istration at the same dosage (adenosine 70 mg/kg/mn with dipyridamole 10 mg/kg/mn) tested in 9 patients showed
equivalent, and sometimes better results, than Adenoscan in terms of imaging efficacy in 10 and 9 consecutive patients
respectively.
[0058] Significant reduction in both the occurrence and the severity of chest pain with the dipyridamole-adenosine
combination, as compared to adenosine alone, was observed, as was reduction in ST changes on EKG .
[0059] The data from these two studies demonstrate that the sequential bolus administration of dipyridamole at 28 to
40 mg/kg - well below the total dose infused when dipyridamole is used as a single agent stressor - followed by infusion
of adenosine at 70 mg/kg/min (50% less than its usual dosage), is equally efficacious in providing coronary vasodilation
for imaging studies, while causing fewer side effects. The data also demonstrate that dipyridamole and adenosine may
be combined in a single infusion, over 4 minutes, to similar effect. Among the side effects reduced by the combination
of the present disclosure are chest pain, and the risk of significant heart blockage.
[0060] Accordingly, described herein are methods, pharmaceutical compositions, unit dosage forms, and kits that
exploit this discovery, combining adenosine with dipyridamole at dosages at which some of the most frequent side effects
of both adenosine and dipyridamole, notably cardiac side effects, are significantly reduced, while maintaining optimal
coronary vasodilation for the diagnosis of myocardial ischemia.

3.2 Methods of effecting coronary vasodilation

[0061] Methods of effecting coronary vasodilation for cardiac diagnosis are disclosed herein.
[0062] The methods may comprise parenterally administering dipyridamole and concurrently or sequentially thereafter
parenterally administering an adenosine receptor agonist. Each of dipyridamole and the adenosine receptor agonist is
administered at a dosage lower than that required for maximal coronary vasodilation when the respective agent is
administered individually by identical parenteral route. Dipyridamole and the adenosine receptor agonist are administered
in amounts, at weight ratios, and for a time, sufficient to achieve the desired therapeutic or diagnostic effect.
[0063] Programmable syringe pumps or micropumps, as are typical in clinical practice, are usefully employed to
facilitate parenteral administration in precise dosage.
[0064] The route of parenteral administration is chosen based upon the desired clinical effect, as further described
below. Disclosed herein at least one of dipyridamole and the adenosine receptor agonist may be administered by
intravenous infusion. In other embodiments of the disclosure, at least one of dipyridamole and the adenosine receptor
agonist is administered by intra-arterial infusion, such as intra-coronary infusion, or by intra-atrial infusion. In these latter
embodiments of the disclosure, the active is administered at a lower rate, and at a lower dosage, than for intravenous
infusion, as further described below. In yet other embodiments of the disclosure, at least one of the actives is administered
as a perfusate.
[0065] At least one of dipyridamole and the adenosine receptor agonist may be infused over a period of time of at
least 1 minute, typically at least 2 minutes, 3 minutes, 4 minutes, 5 minutes, even at least 6 minutes. As used herein,
"continuous infusion" intends infusion over a period of at least 2 minutes.
[0066] Dipyridamole may be administered by intravenous infusion at an infusion rate from 3.5 mg/kg/min to 50
mg/kg/min. All dosage ranges described herein include the upper and lower recited limits, and nonintegral intermediary
values. Thus, in some embodiments of the disclosure, dipyridamole is infused at a rate of at least 3.5 mg/kg/min, at least
4 mg/kg/min, at least 5 mg/kg/min, at least 6 mg/kg/min, at least 7 mg/kg/min, at least 7.5 mg/kg/min, at least 8 mg/kg/min,
at least 8.75 mg/kg/min, at least 9 mg/kg/min, at least 10 mg/kg/min, at about 11 mg/kg/min, at least 1 1.25 mg/kg/min,
at least 12 mg/kg/min, at least 12.5 mg/kg/min, at least 13 mg/kg/min, at least 13.75 mg/kg/min, at least 14 mg/kg/min, at
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least 15 mg/kg/min, at least 16 mg/kg/min, at least 16.25 mg/kg/min, at least 17 mg/kg/min, and at least 17.5 mg/kg/min,
at least 18 mg/kg/min, at least 19 mg/kg/min, at least 20 mg/kg/min, at least 21 mg/kg/min, at least 22 mg/kg/min, at least
23 mg/kg/min, at least 24 mg/kg/min, at least 25 mg/kg/min, at least 26 mg/kg/min, at least 27 mg/kg/min, at least 28
mg/kg/min, at least 29 mg/kg/min, at least 30 mg/kg/min, at least 31 mg/kg/min, at least 32 mg/kg/min, at least 33 mg/kg/min,
at least 34 mg/kg/min, at least 35 mg/kg/min, at least 36 mg/kg/min, at least 37 mg/kg/min, at least 38 mg/kg/min, at least
39 mg/kg/min, at least 40 mg/kg/min, at least 41 mg/kg/min, at least 42 mg/kg/min, at least 43 mg/kg/min, at least 44
mg/kg/min, at least 45 mg/kg/min ,at least 46 mg/kg/min, at least 47 mg/kg/min, at least 48 mg/kg/min, at least 49 mg/kg/min,
at least 50 mg/kg/min, with intermediate values permissible.
[0067] In some embodiments of the disclosure, dipyridamole is infused intravenously at a rate of no more than 50
mg/kg/min, no more than 49 mg/kg/min, no more than 48 mg/kg/min, no more than 47 mg/kg/min, no more than 46
mg/kg/min, no more than 45 mg/kg/min, no more than 44 mg/kg/min, no more than 43 mg/kg/min, no more than 42
mg/kg/min, no more than 41 mg/kg/min, no more than 40 mg/kg/min, no more than 39 mg/kg/min, no more than 38
mg/kg/min, no more than 37 mg/kg/min, no more than 36 mg/kg/min, no more than 35 mg/kg/min, no more than 34
mg/kg/min, no more than 33 mg/kg/min, no more than 32 mg/kg/min, no more than 31 mg/kg/min, no more than 30
mg/kg/min, of no more than 29 mg/kg/min, no more than 28 mg/kg/min, no more than 27 mg/kg/min, no more than 26
mg/kg/min, no more than 25 mg/kg/min, no more than 24 mg/kg/min, no more than 23 mg/kg/min, no more than 22
mg/kg/min, no more than 21 mg/kg/min, no more than 20 mg/kg/min, no more than 19 mg/kg/min, no more than 18
mg/kg/min, no more than 17.5 mg/kg/min, no more than 17 mg/kg/min, no more than 16.25 mg/kg/min, no more than 16
mg/kg/min, no more than 15 mg/kg/min, no more than 14 mg/kg/min, no more than 13.75 mg/kg/min, no more than 13
mg/kg/min, no more than 12.5 mg/kg/min, no more than 12 mg/kg/min, no more than 11.25 mg/kg/min, no more than 11
mg/kg/min, no more than 10 mg/kg/min, no more than 9mg/kg/min, no more than 8.75 mg/kg/min, no more than 8 mg/kg/min,
no more than 7.5 mg/kg/min, no more than 7 mg/kg/min, no more than 6 mg/kg/min, no more than 5 mg/kg/min, no more
than 4 mg/kg/min, no more than 3.5 mg/kg/min, with intermediate values permissible.
[0068] In some embodiments of the disclosure, dipyridamole is administered as a bolus, typically over a period of
about 20 - 30 seconds.
[0069] In some of these embodiments of the disclosure, dipyridamole is administered as an intravenous bolus. In such
embodiments of the disclosure, dipyridamole is administered at a dosage between 14 mg/kg to 140 mg/kg. In various
embodiments of the disclosure, dipyridamole is administered intravenously as a bolus at a dosage between 28 mg/kg
and 40 mg/kg.
[0070] Thus, in certain embodiments of the disclosure, dipyridamole is administered as an intravenous bolus at a dose
of at least 14 mg/kg, at least 20 mg/kg, at least 25 mg/kg, at least 28 mg/kg, at least 29 mg/kg, at least 30 mg/kg, at least
31 mg/kg, at least 32 mg/kg, at least 33 mg/kg, at least 34 mg/kg, at least 35 mg/kg, at least 36 mg/kg, at least 37 mg/kg,
at least 38 mg/kg, at least 39 mg/kg, at least 40 mg/kg, at least 45 mg/kg, at least 50 mg/kg, at least 55mg/kg, at least 60
mg/kg, at least 65 mg/kg, even at least 70, 80, 90, 100, 1 10, 120, 130, even 140 mg/kg, with intermediate doses permissible.
[0071] In some embodiments of the disclosure, dipyridamole is administered intravenously as a bolus at a dosage of
no more than 140 mg/kg, 130 mg/kg, 120 mg/kg, 110 mg/kg, 100 mg/kg, 90 mg/kg, 80 mg/kg, 70 mg/kg, even no more
than 60 mg/kg, even no more than 55 mg/kg, no more than 50 mg/kg, no more than 45 mg/kg, no more than 40 mg/kg,
no more than 39 mg/kg, no more than 38 mg/kg, no more than 37 mg/kg, no more than 36 mg/kg, no more than 35 mg/kg,
no more than 34 mg/kg, no more than 33 mg/kg, no more than 32 mg/kg, no more than 31 mg/kg, no more than 30 mg/kg,
no more than 29 mg/kg, no more than 28 mg/kg, no more than 25 mg/kg/, no more than 20 mg/kg/, no more than 14
mg/kg, with intermediate values permissible.
[0072] When administered to a human being, the dosages of dipyridamole useful in the methods of the present
disclosure can be expressed in mg by multiplying the dosage, expressed as mg/kg, by the weight of the individual. For
example, for a human weighing 50 kg, the dosage of dipyridamole useful in the present methods can be expressed as
ranging between 700 to 7,000 mg; for a human being weighing 60 kg, the dosage of dipyridamole can be expressed as
ranging between 840 to 8,400 mg; for a human being weighing 75 kg, the dosage of dipyridamole can be expressed as
ranging between 1,050 to 10, 500 mg; and for a human being weighing 100 kg, the dosage can be expressed as ranging
between 1,400 to 14,000 mg.
[0073] In various embodiments of the disclosure, dipyridamole is infused intra-arterially at an infusion rate of no more
than 0.07 mg/kg/min, no more than 0.06 mg/kg/min, no more than 0.05 mg/kg/min, no more than 0.04 mg/kg/min, no more
than 0.03 mg/kg/min, no more than 0.02 mg/kg/min, or no more than 0.01 mg/kg/min, with intermediate values permissible.
[0074] In various embodiments of the disclosure, the adenosine receptor agonist is selected from the group consisting
of adenosine, and adenosine donors (that is, compounds that can be metabolized to adenosine), including natural donors
such as adenosine triphosphate (ATP), adenosine diphosphate (ADP), and adenosine monophosphate (AMP), each at
approximately the same dosages as adenosine, and any synthetic molecule that is capable of being metabolized to
adenosine, and pharmaceutically acceptable salts thereof.
[0075] Typically, adenosine is used. For convenience, its particular use will hereafter be described, without intending
thereby to limit the described methods to use of adenosine as the adenosine receptor agonist.
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[0076] In some embodiments of the disclosure, adenosine is administered by intravenous infusion at an infusion rate
between 35 mg/kg/min to 100 mg/kg/min. Thus, in some embodiments of the disclosure, adenosine is infused at a rate
of at least 35 mg/kg/min, at least 40 mg/kg/min, at least 45 mg/kg/min, at least 50 mg/kg/min, at least 55 mg/kg/min, at
least 60 mg/kg/min, at least 65 mg/kg/min, at least 70 mg/kg/min, at least 75 mg/kg/min, at least 80 mg/kg/min, at least
85 mg/kg/min, at least 90 mg/kg/min, at least 95 mg/kg/min, and at least 100 mg/kg/min, with intermediate values per-
missible.
[0077] In various embodiments of the disclosure, adenosine is infused intravenously at a rate of no more than 100
mg/kg/min, no more than 95 mg/kg/min, no more than 90 mg/kg/min, no more than 85 mg/kg/min, no more than 80
mg/kg/min, no more than 75 mg/kg/min, no more than 70 mg/kg/min, no more than 65 mg/kg/min, no more than 60
mg/kg/min, no more than 55 mg/kg/min, no more than 50 mg/kg/min, no more than 45 mg/kg/min, no more than 40
mg/kg/min, no more than 35 mg/kg/min, with intermediate values permissible.
[0078] When administered to a human being, the dosage rate of adenosine can be expressed in mg/min by multiplying
the dosage rate expressed in mg/kg/min by the weight of the individual. For example, for a human being weighing 50
kg, the dosage of adenosine useful in the practice of the present methods can be expressed as ranging between 1,750
to 5,000 mg/min; for a human being weighing 60 kg, the dosage rate of adenosine can be expressed as ranging between
2,100 to 6,000 mg/min; for a human being weighing 75 kg, the dosage of adenosine can be expressed as ranging between
2,625 to 7,500 mg/min; and for a human being weighing 100 kg, the dosage of adenosine can be expressed as ranging
between 3,500 to 10,000 mg/min.
[0079] In some embodiments of the disclosure, adenosine is administered by intra-arterial infusion, such as intracor-
onary infusion, at an infusion rate about 200- to 400-fold lower than intravenous infusion. Thus, in some embodiments
of the disclosure, adenosine is infused at a rate of at least 0.50 mg/kg/min, at least 0.45 mg/kg/min, at least 0.40 mg/kg/min,
0.35 mg/kg/min, at least 0.30 mg/kg/min, at least 0.25 mg/kg/min at least 0.20 mg/kg/min, at least 0.15 mg/kg/min, at least
0.10 mg/kg/min, with intermediate values permissible.
[0080] In various embodiments of the disclosure, adenosine is infused intra-arterially and in particular intracoronarily
at an infusion rate of no more than 0.10 mg/kg/min, no more than 0.15 mg/kg/min, no more than 0.20 mg/kg/min, no more
than 0.25 mg/kg/min, no more than 0.30 mg/kg/min, no more than 0.35 mg/kg/min, no more than 0.40 mg/kg/min, no more
than 0.45 mg/kg/min, even no more than 0.50 mg/kg/min, with intermediate values permissible.
[0081] In various embodiments of the disclosure, the methods presented herein comprise parenterally administering
dipyridamole; and concurrently or sequentially thereafter parenterally administering an adenosine receptor agonist, such
as adenosine, at an adenosine:dipyridamole (A:D) weight ratio of about 2:1 to about 10:1. In various embodiments of
the disclosure, the methods comprise concurrently administering adenosine and dipyridamole at an adenosine: dipyri-
damole ratio of about 2: 1 to about 10: 1.
[0082] In some embodiments of the disclosure, the ratio is 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, 8:1, 9:1, even 10:1, with nonintegral
ratios between 2:1 and 10:1 permissible. In certain embodiments of the disclosure, the methods comprise concurrent
infusion of adenosine and dipyridamole at an A:D ratio of 6:1 to 8:1, preferably 7:1. For certain methods further described
below, embodiments usefully comprise concurrent parenteral infusion of adenosine and dipyridamole at an A:D weight
ratio of 2:1 to 4:1.
[0083] In some embodiments of the disclosure, dipyridamole is administered by intra-coronary infusion: in such em-
bodiments, dipyridamole is typically administered at an infusion rate which is 1/7 that of adenosine, and between 0.01
to 0.07 mg/kg/min. Thus, in some embodiments of the disclosure, dipyridamole is infused intra-arterially at a rate of at
least 0.01 mg/kg/min, at least 0.02 mg/kg/min at least 0.03 mg/kg/min at least 0.04 mg/kg/min at least 0.05 mg/kg/min at
least 0.06 mg/kg/min at least 0.07 mg/kg/min.
[0084] In various embodiments of the disclosure, dipyridamole is administered as an intravenous bolus, and adenosine
is administered thereafter as an intravenous infusion.
[0085] In certain such embodiments of the disclosure, dipyridamole is administered over 20 - 30 seconds, and ade-
nosine is thereafter infused for 2 to 6 minutes.
[0086] In these embodiments of the disclosure, the total dose of dipyridamole given intravenously as a bolus is typically
between 1/16 to 1/24, e.g., 1/20 (5%), that of the total recommended standard dose when dipyridamole is used as a
single agent (standard single agent dose: 0.56 mg - 0.80 mg/kg). In these embodiments of the disclosure, the total dose
of intravenously infused adenosine is typically 25% to 50% that of the total recommended standard dose when adenosine
is used as a single agent (standard single agent dose: 0.84 mg/kg).
[0087] In typical embodiments of the disclosure, dipyridamole is administered as an IV bolus over 20 - 30 seconds at
a dosage of 14 to 60 mg/kg, followed immediately (that is, as soon as clinically practicable, typically within about 5 to 30
seconds) by the infusion of adenosine at a dosage of 35 to 100 mg/kg/min for a period of 3 to 6 minutes. The duration
of adenosine administration is determined by the chosen imaging methodology, as is well known in the art.
[0088] In some embodiments of the disclosure, an intravenous dipyridamole bolus of 28 - 40 mg/kg is followed imme-
diately - that is, as soon as clinically practicable, typically within about 5 to 30 seconds - by intravenous infusion of
adenosine at 50 - 70 mg/kg/min for 2 to 6 minutes. In certain embodiments of the disclosure, an IV dipyridamole bolus
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of 40 mg/kg is followed immediately by intravenous administration of adenosine at 70 mg/kg/min for 4 minutes.
[0089] In sequential administration embodiments of the disclosure, adenosine infusion may be delayed as long as 2
- 10 minutes after dipyridamole bolus, typically no more than 5 minutes after dipyridamole bolus.
[0090] In sequential administration embodiments of the disclosure, dipyridamole may be injected manually as a bolus
via a syringe, although programmable administration (e.g., by micropump) is also possible. When administered by
micropump, dipyridamole may be injected over 1 or to 2 minutes prior to adenosine infusion. Adenosine infusion is
typically accomplished using a programmable device so as to ensure its measured delivery.
[0091] In some embodiments of the disclosure, dipyridamole and adenosine are administered concurrently.
[0092] In certain concurrent administration embodiments of the disclosure, dipyridamole and adenosine are in separate
unit dosage forms, and are mixed prior to administration and infused together in a single composition.
[0093] For example, in some embodiments of the disclosure, a volume of dipyridamole corresponding to a dosage of
14 to 60 mg/kg is sampled and a volume of adenosine corresponding to a dosage of 35 to 100 mg/kg/min is similarly
sampled and the two mixed in the same syringe. The mixture is then infused over 3 to 6 minutes. The duration of
intravenous administration is determined by the chosen imaging methodology, as is well known in the art.
[0094] In some embodiments, a volume of dipyridamole corresponding to 28 - 40 mg/kg is sampled and a volume of
adenosine corresponding to a dosage of 50 to 70 mg/kg/min is similarly sampled, and the two mixed in the same syringe.
The mixture is then infused over 3 to 6 minutes. In certain embodiments, a volume of dipyridamole corresponding to 40
mg/kg is sampled and a volume of adenosine corresponding to a dosage of 70 mg/kg/min is similarly sampled and the
two mixed in the same syringe. The mixture is then infused over 4 minutes. Thus, as is described further below, in
another aspect, specific unit dosage forms of adenosine are provided, usefully copackaged with specific unit dosage
forms of dipyridamole, so as to facilitate the sequential sampling and mixture of both actives in the same syringe.
[0095] In other embodiments of the disclosure, the total volume of the dipyridamole unit dosage form is injected into
the adenosine vial and the two are mixed. Thus, as described below, in another aspect the disclosure provides unit
dosage forms of adenosine packaged so as to permit the sterile introduction of an appropriate volume of dipyridamole.
[0096] In embodiments in which the two actives are in admixture in a single composition prior to administration, the
volume to administer is usefully calculated using adenosine dose tables as reference.
[0097] In other embodiments, dipyridamole and adenosine are concurrently administered from separate compositions.
Usefully, the two agents may be introduced into the same infusion line using a Y connector (at the same dosages as
set forth above).

3.3 Methods of pharmacological stress testing

[0098] Vasodilation that is achieved according to the above-described methods will often be used as a pharmacological
stressor in cardiac stress tests. Accordingly, , the methods disclosed herein further comprise the step of assessing
cardiac function.
[0099] Any method suitable for assessing cardiac function in cardiac stress testing may be used.
[0100] In various embodiments, for example, assessing cardiac function includes use of one or more techniques
selected from the group consisting of: electrocardiography, echography (M mode, two-dimensional, and three dimen-
sional), echo-doppler, cardiac imaging, including planar (conventional) scintigraphy, single photon emission computed
tomography (SPECT), dynamic single photon emission computed tomography (D-SPECT™ Cardiac Scan), positron
emission tomography (PET), radionuclide angiography (first pass and equilibrium studies utilizing, e.g., technetium-99m-
labeled red blood cells), nuclear magnetic resonance (NMR) imaging, perfusion contrast echocardiography, digital sub-
traction angiography (DSA), and ultrafast x-ray computed tomography (CINE CT).

SPECT and PET present certain advantages.

[0101] SPECT studies can be performed using any of the isotopes known to be suitable for such studies, such as
thallium-201, technetium sestamibi, tetrofosmine. PET studies can be performed using any of the isotopes known to be
suitable for such studies, such as for example rubidium-82, nitrogen-13, fluorine-18, carbon-11, boron-11, and oxygen-15.
[0102] Typically, isotope is injected during the infusion of adenosine, and imaging begins after the end of the infusion.
In some embodiments, the isotope is administered no less than about 2.5 minutes after adenosine infusion has begun.

3.4 Pharmaceutical compositions

[0103] In another aspect, pharmaceutical compositions that are useful in the above-described methods are provided.
[0104] In typical embodiments, the pharmaceutical composition comprises adenosine and dipyridamole in an adeno-
sine:dipyridamole (A:D) weight ratio of about 2:1 to about 10:1, with intermediate (including nonintegral) values permis-
sible. In certain embodiments in which adenosine is intended to be administered at 70 mg/kg/min, the ratio is usefully
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about 7:1, 8:1, 9:1 and 10:1, with intermediate and nonintegral ratios permissible. In other embodiments, in which
adenosine is to be administered at 50mg/kg/min or less, A:D ratios are usefully about 2:1, 3:1, and 4:1, with intermediate
and nonintegral ratios between 2:1 and 4:1 permissible. For certain clinical methods, the composition usefully comprises
adenosine and inosine at an A:D weight ratio of about 7:1.
[0105] In certain embodiments, the pharmaceutical composition is suitable for intravenous, intra-atrial, or intra-arterial
infusion.
[0106] The composition may, for example, be in the form of a sterile, nonpyrogenic, fluid composition.
[0107] In typical fluid embodiments, the concentration of adenosine is at least about 1 mg/ml, 2 mg/ml, 3 mg/ml, 4
mg/ml and possibly 5 mg/ml, with intermediate, nonintegral, values permissible. These embodiments typically have a
pH of about 3.5 to about 8. In other typical fluid embodiments with readily a lower pH (e.g., pH 2 -3.5), adenosine
concentration can be higher, even at least about 5 mg/ml, 6 mg/ml, 7 mg/ml, 8 mg/ml, 9 mg/ml and even 10 mg/ml, with
intermediate, nonintegral, values permissible. In typical pharmaceutical composition embodiments, adenosine is present
at a concentration of about 3 mg/ml, 4 mg/ml, 5 mg/ml, or 7 mg/ml.
[0108] In various fluid embodiments, the concentration of dipyridamole is at least about 0.1 mg/ml, and may usefully
be as high as 2.5 mg/ml, and even 5 mg/ml. The concentration may, in certain embodiments, be at least about 0.1 mg/ml,
0.2 mg/ml, 0.3 mg/ml, 0.4 mg/ml, 0.5 mg/ml, 0.6 mg/ml, 0.7 mg/ml, 0.8 mg/ml, 0.9 mg/ml, 1 mg/ml, or more, including,
e.g., 1.1 mg/ml, 1.2 mg/ml, 1.3 mg/ml, 1.4 mg/ml, 1.5 mg/ml, 1.6 mg/ml, 1.7 mg/ml, 1.8 mg/ml, 1.9 mg/ml, 2 mg/ml, 2.1
mg/ml, 2.2 mg/ml, 2.3 mg/ml, or 2.4 mg/ml, 2.5mg/ml, 3mg/ml, 3.5mg/ml, 4 mg/ml, 4.5 mg/ml, 5 mg/ml, with intermediate
and nonintegral values permissible (e.g., 0.43, 0.57, 0.71 or 0.86 mg/ml).
[0109] In certain embodiments, the composition comprises adenosine at a concentration of about 3 mg/ml, and dipy-
ridamole at a concentration of about 0.375 - 0.428 mg/ml (A:D ratios of 8:1 and 7:1), which may be rounded to 0.38 -
0.43 mg/ml. In one embodiment, for example, the composition comprises adenosine at a concentration of about 3 mg/ml
and dipyridamole at a concentration of about 0.43 mg/ml (ratio 7:1). In another embodiment, the composition comprises
adenosine at a concentration of about 4 mg/ml and dipyridamole at a concentration of about 0.5 - 0.57 mg/ml (ratios of
about 8:1 to 7:1). In another embodiment, the composition comprises adenosine at a concentration of about 5 mg/ml
and dipyridamole at a concentration of about 0.62 - 0.71 mg/ml (ratios of 8:1 and 7:1). In another embodiment the
composition comprises adenosine at a concentration of about 6 mg/ml and dipyridamole at a concentration of about
0.86 mg/ml (ratio 7:1). In another embodiment, the composition comprises adenosine at a concentration of about 7
mg/ml and dipyridamole at a concentration of about 1 mg/ml (ratio 7:1), and so on, up to adenosine concentrations as
high as 10 mg/ml.
[0110] In other embodiments, the composition is dry, and suitable for reconstitution prior to infusion by addition of a
sterile fluid into which both dipyridamole and adenosine are readily solubilized. Usefully, the composition comprises
adenosine and dipyridamole in amounts suitable to permit reconstitution in the enclosing vessel to the adenosine and
dipyridamole concentrations above-described.
[0111] Whether fluid or dry, the pharmaceutical composition may further comprise carriers and excipients suitable for
intravenous, intra-atrial, or intra-arterial administration, as are well known in the art. Among such excipients are those
used in currently approved dipyridamole and adenosine compositions, such as tartaric acid, hydrochloric acid and
polyethylene glycol (macrogol 600). Others are permissible, such as, for example, mannitol. See, http://www.adenos-
in.com/en/en_SPC_05.pdf (Item Development AB, 2005). See also, Remington: The Science and Practice of Pharmacy,
21st ed. (2005), Lippincott Williams & Wilkins (ISBN: 0781746736).
[0112] The compositions may further comprise additional actives, and in some embodiments, may further comprise
contrast agents, including ultrasound and MRI contrast agents.
[0113] In embodiments intended for continuous intravenous infusion in the methods above-described, adenosine is
typically present in the pharmaceutical composition at a concentration, or in a weight amount, that permits adenosine
to be infused at a rate between about 35 mg/kg/min to about 100 mg/kg/min.
[0114] In some of these embodiments, adenosine is present in an amount that permits infusion at a rate of at least 35
mg/kg/min, at least 40 mg/kg/min, at least 45 mg/kg/min, at least 50 mg/kg/min, at least 55 mg/kg/min, at least 60 mg/kg/min,
at least 65 mg/kg/min, at least 70 mg/kg/min, at least 75 mg/kg/min, at least 80 mg/kg/min, at least 85 mg/kg/min, at least
90 mg/kg/min, at least 95 mg/kg/min, and 100 mg/kg/min, with intermediate and nonintegral values permissible.
[0115] In some embodiments, adenosine is present in the composition in an amount that permits infusion at a rate of
no more than 100 mg/kg/min, no more than 95 mg/kg/min, no more than 90 mg/kg/min, no more than 85 mg/kg/min, no
more than 80 mg/kg/min, no more than 75 mg/kg/min, no more than 70 mg/kg/min, no more than 65 mg/kg/min, no more
than 60 mg/kg/min, no more than 55 mg/kg/min, no more than 50 mg/kg/min, no more than 45 mg/kg/min, no more than
40 mg/kg/min, no more than 35 mg/kg/min, with intermediate and nonintegral values permissible.
[0116] In embodiments intended for continuous intravenous infusion, dipyridamole is typically present in the pharma-
ceutical composition at a concentration, or in a weight amount, that permits dipyridamole to be infused at a rate between
3.5 mg/kg/min to 50 mg/kg/min.
[0117] In some of these embodiments, dipyridamole is present in an amount that permits infusion at a rate of at least
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3.5 mg/kg/min, at least 4mg/kg/min, at least 5 mg/kg/min, at least 6 mg/kg/min, at least 7 mg/kg/min, at least 7.5 mg/kg/min,
at least 8 mg/kg/min, at least 8.75 mg/kg/min, at least 9 mg/kg/min, at least 9.25 mg/kg/min, at least 9.50 mg/kg/min at
least 10 mg/kg/min, at least 11 mg/kg/min, at least 11.25 mg/kg/min, at least 12 mg/kg/min, at least 12.5 mg/kg/min, at
least 13 mg/kg/min, at least 13.75 mg/kg/min, at least 14 mg/kg/min, at least 15 mg/kg/min, at least 16 mg/kg/min, at least
16.25 mg/kg/min, at least 17 mg/kg/min, and at least 17.5 mg/kg/min, at least 18 mg/kg/min, at least 19 mg/kg/min, at
least 20 mg/kg/min, at least 21 mg/kg/min, at least 22 mg/kg/min, at least 23 mg/kg/min, at least 24 mg/kg/min, at least
25 mg/kg/min, at least 26 mg/kg/min, at least 27 mg/kg/min, at least 28 mg/kg/min, at least 29 mg/kg/min, at least 30
mg/kg/min, at least 31 mg/kg/min, at least 32 mg/kg/min, at least 33 mg/kg/min, at least 34 mg/kg/min, at least 35 mg/kg/min,
at least 36 mg/kg/min, at least 37 mg/kg/min, at least 38mg/kg/min, at least 39 mg/kg/min, at least 40 mg/kg/min, at least
41 mg/kg/min, at least 42 mg/kg/min, at least 43 mg/kg/min, at least 44 mg/kg/min, at least 45 mg/kg/min, at least 46
mg/kg/min, at least 47 mg/kg/min, at least 48 mg/kg/min, at least 49 mg/kg/min, 50 mg/kg/min, with intermediate and
nonintegral values permissible.
[0118] In some embodiments, dipyridamole is present in the composition in an amount that permits intravenous infusion
at a rate of no more than 50 mg/kg/min, no more than 49 mg/kg/min, no more than 48 mg/kg/min, no more than 47
mg/kg/min, no more than 45 mg/kg/min, no more than 44 mg/kg/min, no more than 43 mg/kg/min, no more than 42
mg/kg/min, no more than 41 mg/kg/min, no more than 40 mg/kg/min, no more than 39 mg/kg/min, no more than 38
mg/kg/min, no more than 37 mg/kg/min, no more than 36 mg/kg/min, no more than about 35 mg/kg/min, no more than
about 34 mg/kg/min, no more than about 33 mg/kg/min, no more than about 32 mg/kg/min, no more than about 31
mg/kg/min, no more than about 30 mg/kg/min, of no more than about 29 mg/kg/min, no more than about 28 mg/kg/min,
no more than about 27 mg/kg/min, no more than about 26 mg/kg/min, no more than about 25 mg/kg/min, no more than
about 24 mg/kg/min, no more than about 23 mg/kg/min, no more than about 22 mg/kg/min, no more than about 21mg/kg/min,
no more than about 20 mg/kg/min, no more than about 19 mg/kg/min, no more than about 18 mg/kg/min, no more than
about 17.5 mg/kg/min, no more than about 17 mg/kg/min, no more than about 16.25 mg/kg/min, no more than about 16
mg/kg/min, no more than about 15 mg/kg/min, no more than about 14 mg/kg/min, no more than about 13.75 mg/kg/min,
no more than about 13 mg/kg/min, no more than about 12.5 mg/kg/min, no more than about 12 mg/kg/min, no more than
about 11.25 mg/kg/min, no more than about 11 mg/kg/min, no more than about 10 mg/kg/min, no more than about 9.25
mg/kg/min, no more than about 9.50 mg/kg/min no more than about 9 mg/kg/min, no more than about 8.75 mg/kg/min,
no more than about 8 mg/kg/min, no more than about 7.5 mg/kg/min, no more than about 7 mg/kg/min, no more than
about 6 mg/kg/min, no more than about 5 mg/kg/min, no more than about 4 mg/kg/min, no more than about 3.5 mg/kg/min,
with intermediate and nonintegral values permissible

3.5 Unit dosage forms

3.5.1 Dipyridamole:adenosine combined compositions

[0119] The pharmaceutical compositions described herein are usefully packaged in a unit dosage form adapted for
use in the methods above-described.
[0120] In embodiments in which the pharmaceutical composition is in the form of a liquid suitable for parenteral infusion,
the composition may, for example, be packaged in volumes of 2 - 50 ml. Convenient unit dosage forms contain 2 to 14
ml, typically 2, 3, 4, 5, 6, 7, 8, or 14 ml. Unit dosage forms containing volumes as low as 1 ml, and unit dosage forms
containing higher volumes, such as 15 or 20 ml, are also possible. Intermediate and nonintegral volumes are permissible.
[0121] Table 1 below lists certain useful unit dosage form embodiments of the adenosine:dipyridamole pharmaceutical
compositions herein described.

Table 1

Adenosine 
concentration 

(mg/ml)

Volume 
(ml)

Total amount of 
adenosine per dosage 

unit (mg)

Maximal patient 
weight (kgs)

Total amount of 
dipyridamole (A:D ratio 7:1) 

(mg)

3 7 21 75 3

14 42 150 6

4 7 28 100 4

14 56 200 8

5 7 35 125 5

6 7 42 150 6
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[0122] Thus, in some embodiments, the unit dosage form usefully contains 14 mg of adenosine and 2 mg of dipyridamole
in 2 ml; 21 mg of adenosine and 3 mg of dipyridamole in 3 or 7 ml; 28 mg of adenosine and 4 mg of dipyridamole in 4
or 7 ml; 35 mg of adenosine and 5 mg of dipyridamole in 5 or 7 ml; 42 mg of adenosine and 6 mg of dipyridamole in 6
or 7 ml; 56 mg of adenosine and 8 mg of dipyridamole in 8 or 14 ml.
[0123] Various embodiments usefully package 9 mg or 12 mg adenosine respectively in 3 ml or 4 ml for light weight
patients (e.g., children). Other embodiments usefully package 20 mg adenosine in 5 ml total volume (20mg/5ml), 24 mg
in 6 ml total volume (24 mg/6ml), and 25 mg in 5 ml total volume (25 mg/5ml). Various unit dose embodiments of the
pharmaceutical compositions described herein contain 30 mg adenosine in a total volume of 6 ml (30 mg/6 ml), 30 mg/10
ml, or 32 mg/8 ml. Other unit dose embodiments usefully contain adenosine at 36 mg/9 ml, 40 mg/10 ml, 40 mg/8 ml,
44 mg/11 ml, 45 mg/15 ml and 50 mg/10 ml.
[0124] In certain embodiments, the unit dosage form contains, in a total of 10 ml, 30 mg of adenosine and 3 to 5 mg
of dipyridamole, with intermediate and nonintegral amounts of dipyridamole permissible (e.g., 3.75 mg or 4.28 mg, for
A:D ratios of 8:1 and 7:1). In other embodiments, a 6 ml vial or ampule contains 24 mg of adenosine with 3 mg of
dipyridamole (ratio 8:1). In other embodiments, an 8 ml vial or ampule will usefully contain 32 mg of adenosine with 3.2
to 5.3 mg of dipyridamole, with intermediate and nonintegral amounts of dipyridamole permissible (e.g., 4 mg to 4.57
mg, for ratios of 8:1 and 7:1).
[0125] The container for unit dosage embodiments is typically adapted for use with standard intravenous infusion sets.
[0126] In other embodiments, the unit dosage form contains adenosine and dipyridamole as solids suitable for recon-
stitution.
[0127] Whether liquid or dry, the unit dosage form is typically sterile and nonpyrogenic.

3.5.2 Dipyridamole unit dosage forms

[0128] In typical embodiments of the methods herein described, dipyridamole is administered at about 5% of the dose
at which it is currently administered as a single agent. Accordingly, in another aspect, the disclosure provides novel unit
dosage forms of dipyridamole.
[0129] Convenient unit dosage forms of dipyridamole (as single active) are vials, ampules, or prefilled syringes, usefully
with 0.1 ml graduations, containing dipyridamole at a concentration of 0.5 mg/ml. At a dipyridamole dose of 35 - 40
mg/kg, a 5 mg/10 ml vial, ampule, or prefilled syringe is sufficient for almost all clinical needs, and is convenient for
immediate and accurate dose adjustment. Also useful are unit dose forms of dipyridamole containing 4 mg/8 ml; 3.5
mg/7 ml; 3 mg/6 ml; 5 mg/10 ml; 6 mg/12 ml and 8 mg/16 ml.
[0130] Unit dosage forms containing dipyridamole at a concentration of 1 mg/ml -- for example, unit dosage forms
containing 6 mg dipyridamole in 6 ml, 5 mg/5 ml, 4 mg/4 ml, 3 mg/3 ml ∼ also find use, but fine tuning the dose may be
more difficult at this higher concentration. Adjustment may be optimally obtained after dilution of dipyridamole, e.g., in
saline solution.
[0131] Preparations with dipyridamole concentrations over 1 mg/ml, such as 2 mg/ml, 2.5 mg/ml, 3 mg/ml, 3.5 mg/ml,
4 mg/ml, 4.5 mg/ml, even 5 mg/ml are feasible, and are particularly convenient if it is intended to mix the whole of the
dipyridamole unit dose into the adenosine unit dose, prior to administration. In this case, the 2 mg/ml, 3 mg/ml, 4 mg/ml,
5 mg/ml, 6 mg/2 ml or 8 mg/2 ml unit dosage forms (or prefilled syringes) are particularly useful.
[0132] In other embodiments disclosed herein, dipyridamole unit dosage forms contain dipyridamole at a lower con-
centration, such as 0.1 mg/ml. Usefully, such unit dosage forms contain 6 mg dipyridamole in 60 ml (6 mg/60 ml), 5

(continued)

Table 1

Adenosine 
concentration 

(mg/ml)

Volume 
(ml)

Total amount of 
adenosine per dosage 

unit (mg)

Maximal patient 
weight (kgs)

Total amount of 
dipyridamole (A:D ratio 7:1) 

(mg)

2 14 50 2

3 21 75 3

7 4 28 100 4

5 35 125 5

6 42 150 6

8 56 200 8
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mg/50 ml, 4 mg/40 ml, and 3 mg/30 ml. Dipyridamole preparations at a concentration of 0.2, 0.3, and 0.4 mg/ml are also
permissible.

3.5.3 Adenosine unit dosage forms

[0133] As described above, dipyridamole and adenosine may be usefully provided in separate pharmaceutical com-
positions, and then combined prior to administration. A dipyridamole composition may be usefully introduced into a unit
dose of adenosine, and the combined composition then administered.
[0134] Thus, unit dosage forms of adenosine are disclosed, in which adenosine is formulated in sterile fluid composition,
and in which the dose packaging permits sterile introduction of a second fluid in a volume at least 15% that of the
adenosine composition.
[0135] Adenosine may be present at any of the concentrations at which it is present in the pharmaceutical compositions
above-described - e.g., usefully from 1 mg/ml to 5 mg/mleither as directly packaged, or as thereafter will achieved upon
introduction of an appropriate amount of dipyridamole composition.
[0136] For example, an adenosine unit dosage form may contain 21 mg adenosine in 6 ml (21 mg/6 ml). This will
reconstitute to a desired 21 mg adenosine/7 ml (3 mg/ml adenosine) composition upon introduction of 1 ml of 3 mg/ml
dipyridamole (e.g., the entirety of a unit dose of dipyridamole containing 1 ml dipyridamole at 3 mg/ml). In another
embodiment of the disclosure, an adenosine unit dosage form contains 42 mg/12 ml. This will reconstitute to a desired
42 mg/14 ml (3 mg/ml) adenosine upon introduction of a 6 mg/2 ml dipyridamole unit dose. In another embodiment of
the disclosure, the adenosine unit dosage form contains 28 mg adenosine/6 ml, which will reconstitute to 28 mg/7 ml (4
mg/ml adenosine) upon introduction of a 4 mg/ml dipyridamole unit dose. In another embodiment of the disclosure, the
adenosine unit dosage form contains 56 mg adenosine/12 ml, which will reconstitute to 56 mg/14 ml (4 mg/ml adenosine)
upon introduction of an 8 mg/2 ml dipyridamole unit dose. In another embodiment of the disclosure, the adenosine unit
dosage form contains 28 mg/3 ml or 35 mg/4 ml which will reconstitute to 28 mg/4 ml and 35 mg/5 ml upon introduction
of a 4 or 5 mg/ml dipyridamole unit dose respectively (7 mg/ml adenosine). In another embodiment of the disclosure,
the adenosine unit dosage form contains 42 mg/4 ml or 56 mg/6 ml which will reconstitute to 42 mg/6 ml and 56 mg/8
ml upon introduction of a 6 mg/2 ml or 8 mg/2 ml dipyridamole unit dose respectively (7 mg/ml adenosine). The following
table summarizes the exemplary unit dosage forms.
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[0137] In certain embodiments of the disclosure, dipyridamole and adenosine are sequentially sampled from separate
unit dosage forms, and mixed in the same syringe. In these embodiments, convenient adenosine unit dosage forms are
28 mg of adenosine in 7 ml and 56 mg of adenosine in 14 ml (4 mg/ml adenosine).
[0138] Typically, dosing and sampling are thereafter determined according to adenosine tables, and not dipyridamole
tables.

3.6 Kits

[0139] In another aspect, kits are disclosed in which one or more unit doses of dipyridamole, such as those above-
described, are packaged with one or more unit doses of adenosine, such as those above-described. Typically, the kit
will comprise an equal number of dipyridamole and adenosine doses.
[0140] The unit dose of dipyridamole disclosed herein may be packaged in a pre-packed syringe, and the adenosine
unit dose may be packaged as a vial with an injection port, such as a septum, permitting sterile introduction of dipyridamole
into the adenosine dose.
[0141] The kit disclosed herein may further include one or more of an adenosine dosage table, one or more needles,
diluent, and infusion sets.

4. EXAMPLES

4.1 Example 1

[0142] The effects of administering dipyridamole and adenosine intravenously as a combined (albeit, sequentially
administered) pharmacological stressor were compared to the effects of administering adenosine alone in 40 consecutive
patients suffering from ischemic heart disease. In the combined administration, each of the two agents was administered
at a dosage lower than its clinically preferred dosage when used as a single agent for myocardial perfusion imaging.
Effects were measured using noninvasive transthoracic doppler echocardiography (TTDE).
[0143] Primary efficacy end-points were peak and mean diastolic flow velocities (measured as reflecting coronary
blood flow values). The secondary end-point was patient tolerance to the procedure. The protocol was designed as follows.
[0144] Forty (40) consecutive patients suffering from ischemic heart disease were enrolled. Each patient served as
his own control.
[0145] Adenosine was administered by IV infusion for three minutes at the standard single- agent infusion rate of 140
mg/kg/min.
[0146] After a stabilization period of five minutes, patients then received an IV injection of dipyridamole at a total dose
of either 23 mg/kg, 28 mg/kg, or 35 mg/kg, administered as a bolus over about 20 - 30 seconds. These total doses are
between about 4 - 6% of the lowest single-agent total dose of dipyridamole (i.e., 0.56 mg/kg, infused over a total of 4
minutes).
[0147] The bolus injection of dipyridamole was followed immediately by an IV infusion of adenosine at 70 mg/kg/min
for 3 minutes. This dose is half the standard single-agent dosage rate of 140 mg/kg/min.
[0148] Blood flow velocity was measured in the left anterior descending coronary artery (LAD) at four time points: (i)
before initial adenosine infusion (spontaneous flow at rest), (ii) during the initial 140 mg/kg/min adenosine infusion, (iii)
before the sequential administration of dipyridamole and adenosine (during the stabilization period), and (iv) during the
70 mg/kg/min adenosine infusion, subsequent to dipyridamole bolus injection.
[0149] Results are given in Tables 3 - 6. Abbreviations used in the table are defined below:

[0150] Table 3 presents results comparing dipyridamole 28mg/kg IV bolus (over 20 - 30 seconds) followed by adenosine
infusion at 70mg/kg/min ("DIP5" sequential combination) as compared to adenosine infusion alone at the standard single-
agent dose of 140 mg/kg/min, in 30 patients.

ADE: adenosine alone at 140 mg/kg/min
SC: sequential combination of dipyridamole followed by adenosine at 70 mg/kg/min
PV: peak velocity (cm/sec)
MV: mean velocity (cm/sec)
max: velocity under stress conditions
min: velocity at rest (under basal conditions)

(): standard deviation
D%: velocity differential (peak or mean), as percentage of maximum peak or mean velocity
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[0151] Table 4 presents results comparing dipyridamole (35mg/kg) bolus (administered over 20 - 30 seconds), followed
by adenosine, administered by infusion at a rate of 70 mg/kg/min ("DIP4" sequential combination) as compared to
adenosine infusion alone at the standard single-agent dose of 140mg/kg/min, in 5 patients.

[0152] Table 5 presents results comparing dipyridamole (23 mg/kg), administered as a bolus over 20 - 30 seconds,
followed by adenosine, administered by infusion at a rate of 70 mg/kg/min ("DIP6" sequential combination) as compared
to adenosine infusion alone at the standard single-agent dose of 140 mg/kg/min, in 5 patients.

[0153] Table 6 presents results cumulated from all 40 patients:

Table 3

Peak velocity Peak velocity Mean velocity Mean velocity
ADE SC ADE SC

Max Min Max Min Max Min Max Min

Mean (s.d.) 82.6 
(20.7)

30.6 
(8.5)

81 
(21)

30.6 
(9.6)

61.4 
(15.1)

23.1 
(6.1)

60.2 
(15.3)

22.9 
(7.3)

Max velocity 
differential

PV : 82.6 - 81 = 1.6 MV : 61.4 - 60.2 = 1.2

Max velocity 
differential (D%)

1.9% 1.9 %

P value 0.217 0.201

Table 4

Peak velocity Peak velocity Mean velocity Mean velocity
ADE SC ADE SC

Max Min Max Min Max Min Max Min

Mean (s.d.) 80 
(22.3)

28 
(7.4)

78.8 
(15.3)

28 
(7.7)

60.4 
(15.5)

22.2 
(5)

57.8 
(14.4)

23 
(5.7)

Max velocity 
differential

PV: 80-78.8 = 1.2 MV: 60.4 - 57.8 = 2.6

Max velocity 
differential (D%)

1.5% 4.3%

P value 0.863 0.448

Table 5

Peak velocity Peak velocity Mean velocity Mean velocity
ADE SC ADE SC

Max Min Max Min Max Min Max Min

Mean (s.d.) 107 
(36.5)

37.6 
(12.1)

105.4 
(34.3)

38.6 
(16.5)

80.2 
(25.4)

28.2 
(11.1)

79.2 
(24.2)

30 
(14.7)

Max velocity 
differential

PV: 107 - 105.4 = 1.6 MV: 80.2 - 79.2 = 1

Max velocity 
differential (D%)

1.5% 1.2%

P value 0.842 0.771
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[0154] The measured blood flow velocities, whether peak or mean, were 3 to 4% lower, in absolute values, than those
of adenosine alone (see Tables 3 to 6). However, these differences were not statistically significant (all P values > 0.05) :
there was no statistical difference between the standard treatment - infusion of adenosine alone at 140 mg/kg/min - and
sequential bolus administration of dipyridamole (at 4 - 6% its typical single-agent total dose) followed by adenosine at
70 mg/kg/min, whether assessed separately for each of the three tested dipyridamole doses (Tables 3 - 5), or cumulated
across all dipyridamole doses (Table 6).
[0155] Table 7 shows the number and frequency of occurrence among all 40 patients of the three adverse events
most commonly observed in clinical practice upon administration of adenosine alone at 140 mg/kg/min: chest pain,
dyspnea, and flushing.

[0156] Table 8 presents descriptive statistics and analysis of the mean global visual analogue scale (VAS) score for
the three main adverse events (each one being scored from 0 to 10 with a total score of 30). VAS scores provide a
measure of patient self-assessment of pain intensity/discomfort.

[0157] Although not tabulated in Table 8, the severity of the three main adverse symptoms, cumulated across all
dipyridamole doses, was reduced by 31.6% with the sequential combination as compared to adenosine alone. This
decrease was statistically significant (p=0.001). No difference was observed as among the different doses of dipyridamole:
all sequential combinations reduced mean severity on the VAS of each of the three main adverse symptoms, as compared
to adenosine alone at 140 mg/kg/min.

Table 6

Peak velocity Peak velocity Mean velocity Mean velocity
ADE SC ADE SC

Max Min Max Min Max Min Max Min

Mean (s.d.) 85.3 
(24)

31.2 
(9)

83.8 
(23.3)

31.3 
(10.5)

63.6 
(17.3)

23.7 
(6.8)

62.3 
(17.3)

23.7 
(8.4)

Max velocity 
differential

PV: 85.3 - 83.8 = 1.5 MV: 63.6 - 62.3 = 1.3

Max velocity 
differential (D%)

1.75% 2%

P value 0.314 0.109

Table 7

Adverse 
event

ADE # patients reporting events 
(frequency)

All SC (DIP 4/5/6) # patients reporting 
events (frequency)

% reduction

Chest pain 9 (22.5%) 5 (12.5%) -44%

Dyspnea 20 (50%) 18 (45%) slight

Flushing 21 (52.5%) 17 (42.5%) slight

Table 8

n Mean SD

Group DIP4 ADE 5 5.4 1.949

SC 5 3 3.742

Group DIP5 ADE 30 5.95 3.705

SC 30 4.383 3.38

Group DIP6 ADE 5 8.2 1.095

SC 5 4.4 2.408
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[0158] As shown in Table 7 the number (and frequency) of adverse events related to the stimulation of A1 receptors,
mainly chest pain, was reduced by 44% and its severity (not shown) decreased by 60% with the sequential combination
treatment as compared to adenosine alone. The number (and frequency) of adverse events related to the stimulation
of A2a receptors, mainly dyspnea and flushing, did not decrease. However their severity (not shown) decreased by 24
and 38% respectively, with the sequential combination compared to adenosine alone.
[0159] The mean coronary flow reserve (ratio of maximal-stimulated coronary blood flow "CBF" to baseline-resting
CBF equivalent to peak and mean blood flow velocities ratios) of the 40 patients enrolled in the study was above 2,
which indicates that the observed reduction in side effects with sequential treatment was drug dependent, and not flawed
by the ischemic status of the studied population.
[0160] Although not shown in the tabular data, EKG was not significantly different with the sequential combination
treatment as compared to standard single-agent adenosine, and remained unchanged in all the patients. Vital signs
(heart rate, systolic and diastolic blood pressures) changed similarly with the two methods. However, the heart rate
increase and blood pressures decreases were less pronounced with the sequential combination than with adenosine
alone.
[0161] It should be noted that in the first series of 30 patients (DIP5 group), three (3) patients received the adenosine
infusion 2 minutes after the dipyridamole bolus, and two (2) patients were injected the two agents (dipyridamole and
adenosine) concurrently in the same infusion line using a "Y" connector. These two modalities appeared equally effective
and as effective as the immediate sequential administration protocol.
[0162] In a first control experiment, 5 patients were treated according to a modification of the experimental protocol,
in which the initial adenosine infusion at 140mg/kg/min was followed by a five (5) minute stabilization period, and thereafter
by a second, single-agent, adenosine infusion at 140 mg/kg/min, without the use of dipyridamole. Results are shown in
Table 9. Abbreviations used in the table are defined below:

PV: peak velocity (cm/sec)

MV: mean velocity (cm/sec)

max: velocity under stress conditions

min: velocity at rest (under basal conditions)

ADE1: first adenosine infusion

ADE2: second adenosine infusion

[0163] No statistically significant differences (P>0.05) were noted in velocity measurements as between first and
second adenosine infusions. No significant differences were noted in the occurrence of subjective symptoms (data not
shown). These data confirm previous literature reports that adenosine, administered acutely, does not induce tachyph-
ylaxis. The data serve to validate the protocol design.

Table 9

PV-ADE1 PV-ADE2 MV-ADE1 MV-ADE2

Patient ID Max Min Max Min Max Min Max Min

MART 68 34 60 31 49 25 45 23

LIEN 65 23 66 22 48 17 48 16

GRAND 102 30 103 29 75 22 75 22

NGHI 73 30 63 26 53 23 47 21

CORD 70 28 62 25 50 20 48 20

Mean 75.6 29 70.8 26.6 55 21.4 52.6 20.4

Max velocity differential PV: 75.6 (ADE1) - 70.8 (ADE2) = 4.8 MV: 55 (ADE1) - 52.6 (ADE2) = 2.4

P value 0.12 0.11
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[0164] In a second set of control experiments, dipyridamole was administered alone by bolus injection to 5 patients
at the dosage of 28, 35 or 40 mg/kg after a three minute adenosine infusion at 140 mg/kg/min, and again after a 3 minute
stabilization period. Data are shown in Table 10.

[0165] Dipyridamole did not modify peak and mean diastolic velocities. No symptoms were recorded during a follow-
up of 10 minutes. The data demonstrate that intravenous bolus administration of dipyridamole as a single agent in the
dosage range used in the experimental protocol, has no detectable effects; doses of dipyridamole at 28 to 40mg/kg alone
do not induce significant hemodynamic and clinical effects.

4.2 Example 2

[0166] A Phase II study was initiated to compare dipyridamole-adenosine combination administration (also termed
herein, at all doses, Adenosoft™) to adenosine alone (Adenoscan®, Astellas) as a pharmacologic stressor in coronary
patients undergoing single photon emission computed tomography (SPECT) imaging studies. The study, which is on-
going, is a mono-center, single-blind, 2-arm, cross-over trial.
[0167] All patients underwent a first SPECT imaging study using adenosine as single agent pharmacologic stressor
at 140 mg/kg/min, according to standard clinical protocol. Only those patients in whom an ischemic zone was detected
were declared eligible for the second test, and were enrolled in the study if other inclusion criteria were satisfied.
[0168] In the second test, eligible patients were stressed pharmacologically by either bolus administration of dipyri-
damole over 20 - 30 seconds, followed by adenosine infusion at 70 mg/kg/min or their concurrent administration. SPECT
images were acquired as per the standard approach performed the preceding week.
[0169] Randomization of SPECT images, and their analysis by two blinded readers, took place every 10 patients.
Anonymous and randomized images were assessed using the standard 17-segment model and the semi-quantitative
visual score method on a 5-point scale (from 0 to 4). Safety of the procedure was analyzed as in the preceding hemo-
dynamic study (Example 1) using a visual scale, focusing on the three most common symptoms seen with adenosine,
as well as on EKG changes and other usual cardiac parameters.
[0170] The study is on-going. It will include a total of about 60 patients. Preliminary results are as follows.
[0171] About 10 patients whose participation permitted the study protocol details to be finalized have been excluded
from study statistics. However they provided the following information, summarized below.
[0172] The 70 mg/kg/min adenosine + 28 mg/kg dipyridamole combination provided images comparable to those
provided by Adenoscan in 3 patients, but scored less well in two patients, at a level deemed unacceptable according to
the study protocol. The 70 mg/kg/min adenosine + 35 mg/kg dipyridamole combination provided images comparable to
Adenoscan in 7 consecutive patients, while under-scoring Adenoscan in one patient, but within the acceptable limits
defined by the protocol.
[0173] In five patients of this initial series, adenosine and dipyridamole were mixed together before administration and
infused over 4 minutes. This modality was successful in all the patients.
[0174] The combination stressor of 40 mg/kg dipyridamole and 70 mg/kg/min adenosine was tested and showed
equivalent, and sometimes better results, than Adenoscan in terms of imaging efficacy in 19 patients (10 sequential and
9 concurrent administrations). Table 11 shows the stress scores (correlated to ischemia defects) for the first 10 patients
of this 40 mg/kg series (denominated, "Series I -sequential administration).

Table 10

Patient 
ID

DIP 
dose 
(mg/kg)

PV-ADE PV-DIP MV-ADE MV-DIP Symptoms 
under ADE

Symptoms 
under DIP 
alone

Max Min Max Min Max Min Max Min

GROS 28 84 27 26 23 64 20 21 19 Flushing 
8/10

None

COCH 35 84 32 40 30 61 23 28 22 Flushing 
6/10

None

WURI 35 88 25 23 21 71 21 20 18 None None

STUR 40 92 33 35 33 67 23 25 23 Dyspnea 
5/10

None

TALL 40 112 33 40 34 86 25 29 24 None None
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[0175] The "stress score" is the image of ischemia in one or more of the 17 cardiac segments, as scored from 0 to 4
by the blinded reader using the following scale: normal perfusion = 0, mild reduction in counts = 1, moderate reduction
in counts = 2, severe reduction = 3, absence of uptake = 4). Normally, a zone of ischemia is certain when a score ≥ 4
is noted. A stress score sums the scores of all abnormal segments.
[0176] "Stress score A" is the image score difference between stress conditions between adenosine alone and rest
conditions. "Stress score B" is the image score difference between stress conditions with the combination stressor -
dipyridamole bolus at 40 mg/kg over 20 - 30 seconds, followed by adenosine infusion at 70 mg/kg/min - and resting
conditions. "Delta score" is the difference between "Stress score A" and "Stress score B." It must not be >2.
[0177] Since thallium is currently deemed the best isotope to test myocardial viability at rest, and sestamibi the best
isotope to detect myocardial defects under stress conditions, a dual isotope myocardial scintigraphy technique was used
for this study.
[0178] As seen from the data in Table 11, no patient had a delta score greater than 2: i.e., in no patient did the
combination stressor perform significantly worse as compared to Adenoscan. In three (3) patients, the delta score was
negative, indicating that the ischemic defects were better visualized with the combination stressor than with Adenoscan
alone. Total delta score for the ten patients, which is the primary study end-point, is below 2 and even negative
[0179] The second 40 mg/kg series corresponding to the concurrent administration of adenosine 70 mg/kg/mn with
dipyridamole 10 mg/kg/mn is expected to provide similar results (a preliminary analysis made by a technician who does
not participate to the trial indicates that images are comparable in all the patients). However the randomized analysis
of this series of images by the two blinded readers with corresponding delta scores has not yet been performed (one
patient missing to get to 10)..
[0180] With respect to patient tolerance of the procedure, initial results are shown in Table 12 (n = 27 patients). Data
from these initial results indicate that there is not much difference in symptomatology between (i) 35 mg/kg dipyridamole
combined with 70 mg/kg/min adenosine, and (ii) 40 mg/kg of dipyridamole combined with 70 mg/kg/min adenosine.
Results are therefore cumulated, and include data from 8 patients treated with 35 mg/kg dipyridamole plus adenosine
at 70 mg/kg/min, and from 19 patients treated with 40 mg/kg dipyridamole, plus adenosine at 70 mg/kg/min (SC). Given
the similar adverse effect profile, the 40 mg/kg dipyridamole dose is currently preferred, since it tends to show greater
efficacy. As noted above, all 27 patients were first imaged using Adenoscan alone (ADE).

Table 11

Series I Stress score A (Adenoscan) Stress score B (SC) Delta score

Patient 1 5 4 1

Patient 2 13 11 2

Patient 3 5 5 0

Patient 4 4 4 0

Patient 5 7 7.5 -0.5

Patient 6 5 5 0

Patient 7 4 3 1

Patient 8 14 14 0

Patient 9 5 12.5 -7.5

Patient 10 5 6 -1

Total -5

Table 12

Adverse events ADE (# patients reporting event) SC (# patients reporting event) % reduction

Chest pain 14 8 - 43 %

Dyspnea 11 9 None
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[0181] Table 13 gives adverse event severity cumulated scores, evaluated on a visual scale (going from 0 to 10), for
the first 27 patients.

[0182] At this point in time, no difference in the occurrence of A2 receptor-related side effects, or severity of symptoms,
has become clearly apparent as between the combination stressor and Adenoscan. In contrast, the reduction in the
occurrence (- 43 %) and severity (-69 %) of chest pain (an A1 receptor-related adverse effect) has already become
manifest in the first 27 patients. So too has reduction in ST changes on EKG, which are fewer and less severe during
testing with the combination as compared to Adenoscan: in 27 patients tested to date, only 6 patients have ST variations.
The difference in ST-variation for each patient alone is not significant, but the total difference has achieved significance,
with a clear trend in favor of the combination. In the table below (Table 14) ST-changes/baseline are expressed in
millimeters.

4.3 Example 3

[0183] A study was undertaken to assess pharmacological properties of a pharmaceutical composition comprising
adenosine and dipyridamole at an A:D weight ratio of 7:1. In particular, the study was conducted to assess the properties
of a composition comprising adenosine at a concentration of 7 mg/ml and dipyridamole at a concentration of 1mg/ml.
This particular formulation is very convenient, since it permits the use of plain figures for calculating concentrations,
maximal volumes, and weights -- which is useful to reduce dosing errors in the clinical setting -- while also covering a
wide range of needs, as shown in the table below:

(continued)

Table 12

Adverse events ADE (# patients reporting event) SC (# patients reporting event) % reduction

Flushing 14 14 None

Note: Reduction in the number of chest pain events among the patients (n=19) who received dipyridamole 40mg/kg
with adenosine 70mg/kg/mn was -45% with no difference regarding the number of other adverse events.
# = number of

Table 13

Chest pain Dyspnea Flushing

Adenosine 60 40 43.5

Combination 18.5 30 44.5

% Change -69% -25% + 2.3 %

Note: % of changes among the patients (n=19) who received dipyridamole 40mg/kg with adenosine 70mg/kg/mn were
very similar to those of the table above

Table 14

Patient ID Adenosine 140mg/kg/mn Combination

N° 5 0.5 0

N°12 1 0.1

N°14 0.8 0.3

N°16 1 0.7

N°17 1.2 0.9

N°24 1 0

Total 5.5 2
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Dipyridamole is poorly soluble in saline and is unstable in the long term in solvents at pH > 4. Adenosine compositions
currently used in clinical practice have pH > 4, and are thus poorly suited to addition of dipyridamole. Therefore, a more
acidic pH was chosen. The lower pH also increases adenosine solubility above 4 mg/ml, which is the upper acceptable
adenosine concentration limit in saline.
[0184] The following composition was prepared:

After sonication for 2 minutes and magnetic stirring for 10 minutes, the solution became completely clear with a pH of
3.6 and an osmolality of 151 mosmol/kg.
[0185] In summary, adenosine (Adenoscan, Astellas) is the standard pharmacological stressor used in cardiac imaging
to induce near-maximal coronary vasodilation. At its recommended dosage rate of 140 mg/kg/min, its use is attended
by numerous uncomfortable side effects. The data from these studies demonstrate that the sequential bolus adminis-
tration of dipyridamole at 28 - 40 mg/kg - well below the total dose infused when dipyridamole is used as a single agent
stressor - followed by infusion of adenosine at 70 mg/kg/min, is equally efficacious in providing coronary vasodilation for
imaging studies, while causing fewer side effects. The data also demonstrate that dipyridamole and adenosine may be
combined in a single infusion, over 4 minutes, to similar effect. Among the side effects reduced by the combination
disclosed herein are chest pain, and the risk of significant heart blockage.

Claims

1. A pharmaceutical composition comprising adenosine and dipyridamole in an adenosine:dipyridamole weight ratio
of 2:1 to 10:1, wherein the composition is formulated for parenteral administration to an individual subject and wherein
adenosine and dipyridamole are present in amounts that permit adenosine to be administered at a dosage rate of
35 to 100 mg/kg/min and dipyridamole to be administered at a dosage rate of 3.5 to 50 mg/kg/min, wherein the
administration is continuous for a period of less than 6 minutes.

2. The pharmaceutical composition according to claim 1, in which the ratio is 7:1.

3. The pharmaceutical composition according to claim 1, wherein adenosine and dipyridamole are present in amounts
that permit adenosine to be administered at a dosage rate of 70 mg/kg/min and dipyridamole to be administered at

Table 15

Adenosine 
concentration 

(mg/ml)

Volume 
(ml)

Total amount of 
adenosine per unit 

(mg)

Maximal patient 
weight covered 

(kgs)

Total amount of 
dipyridamole per unit 

(mg)

2 14 50 2

3 21 75 3

7 4 28 100 4

5 35 125 5

6 42 150 6

8 56 200 8

Table 16

Component Final concentration Supplier Reference

Adenosine 7mg/ml Sigma Aldrich Eur.Ph. 01/2005:1486

Dipyridamole 1mg/ml Sigma Aldrich Eur.Ph. 01/2005: 1199

Polyethyleneglycol 600 50mg/ml SASOL Eur.Ph.. 01/2005:1444

Tartaric acid 2mg/ml Sigma Aldrich Eur.Ph.. 01/2005:0460

Water for injection -- (1 ml) Aguettant AMM: 319 508.5
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a dosage rate of 8.75 to 10 mg/kg/min.

4. The pharmaceutical composition according to claim 1 or 2, wherein the concentration of adenosine is 1 to 10 mg/ml,
or wherein the concentration of adenosine is 3 mg/ml, 4 mg/ml, 5 mg/ml, or 7 mg/ml.

5. The pharmaceutical composition according to any one of claims 1, 2 and 4, wherein the concentration of dipyridamole
is 0.1 to 5 mg/ml, or wherein the concentration of dipyridamole is 1 mg/ml.

6. A unit dosage form containing 2 to 50 ml of the composition according to any one of claims 1 to 5, wherein the
composition is a sterile fluid.

7. A unit dosage form containing 5 to 60 mg of adenosine and 0.5 to 30 mg of dipyridamole, wherein the composition
is a solid capable of sterile reconstitution in a physiologically acceptable solvent or solution for parenteral adminis-
tration to an individual subject, and wherein the adenosine:dipyridamole weight ratio is from 2:1 to 10:1.

8. Adenosine and dipyridamole for concurrent administration, for use in a method of effecting coronary vasodilation
for cardiac diagnosis, wherein the adenosine and dipyridamole are concurrently administered parenterally to an
individual subject at an adenosine:dipyridamole weight ratio of 2:1 to 10:1,
and wherein adenosine is administered at a dosage rate of 35 to 100 mg/kg/min and dipyridamole is administered
at a dosage rate of 3.5 to 50 mg/kg/min, wherein the administration is continuous for a period of less than 6 minutes.

9. Adenosine and dipyridamole for use according to claim 8 wherein adenosine is administered at a dosage rate of 50
to 70 mg/kg/min.

10. Adenosine and dipyridamole for use according to claim 8 wherein adenosine is administered at a dosage rate of 70
mg/kg/min and dipyridamole is administered at a dosage rate of 10 mg/kg/min.

11. Adenosine and dipyridamole for use according to claim 8

(a) wherein adenosine and dipyridamole are parenterally administered continuously for a period of at least 2
minutes;
(b) wherein adenosine and dipyridamole are parenterally administered continuously for less than 6 minutes; or
(c) wherein adenosine and dipyridamole are parenterally administered continuously for a period of 4 minutes.

12. Adenosine and dipyridamole for use according to claim 8 wherein adenosine and dipyridamole are administered as
a single composition; or wherein adenosine and dipyridamole are administered from separate compositions.

13. Adenosine and dipyridamole for use according to claim 8 wherein the adenosine and dipyridamole compositions
are administered by intravenous infusion.

14. Adenosine and dipyridamole for use according to claim 8 wherein the adenosine:dipyridamole ratio is 7:1.

15. Adenosine and dipyridamole for use according to claim 8 further comprising the step of: assessing cardiac function,
optionally wherein assessing cardiac function includes use of one or more techniques selected from the group
consisting of: electrocardiography, M mode echography, two dimensional echography, three dimensional echogra-
phy, echo-doppler, cardiac imaging, planar (conventional) scintigraphy, single photon emission computed tomog-
raphy (SPECT), dynamic single photon emission computed tomography, positron emission tomography (PET), first
pass radionuclide angiography, equilibrium radionuclide angiography, nuclear magnetic resonance (NMR) imaging,
perfusion contrast echocardiography, digital subtraction angiography (DSA), and ultrafast x-ray computed tomog-
raphy (CINE CT).

Patentansprüche

1. Pharmazeutische Zusammensetzung, umfassend Adenosin und Dipyridamol in einem Adenosin:Dipyridamol-Ge-
wichtsverhältnis von 2:1 bis 10:1, wobei die Zusammensetzung für parentale Verabreichung an ein individuelles
Subjekt formuliert ist und wobei Adenosin und Dipyridamol in Mengen vorhanden sind, die zulassen, dass Adenosin
mit einer Dosierungsrate von 35 bis 100 mg/kg/min verabreicht wird und Dipyridamol mit einer Dosierungsrate von
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3,5 bis 50 mg/kg/min verabreicht wird, wobei die Verabreichung für einen Zeitraum von weniger als 6 Minuten
kontinuierlich ist.

2. Pharmazeutische Zusammensetzung nach Anspruch 1, in der das Verhältnis 7:1 ist.

3. Pharmazeutische Zusammensetzung nach Anspruch 1, wobei Adenosin und Dipyridamol in Mengen vorhanden
sind, die zulassen, dass Adenosin mit einer Dosierungsrate von 70 mg/kg/min verabreicht wird und Dipyridamol mit
einer Dosierungsrate von 8,75 bis 10 mg/kg/min verabreicht wird.

4. Pharmazeutische Zusammensetzung nach Anspruch 1 oder 2, wobei die Konzentration von Adenosin 1 bis 10
mg/ml ist oder wobei die Konzentration von Adenosin 3 mg/ml, 4 mg/ml, 5 mg/ml oder 7 mg/ml ist.

5. Pharmazeutische Zusammensetzung nach einem der Ansprüche 1, 2 und 4, wobei die Konzentration von Dipyri-
damol 0,1 bis 5 mg/ml ist oder wobei die Konzentration von Dipyridamol 1 mg/ml ist.

6. Einheitsdosierungsform, die 2 bis 50 ml der Zusammensetzung nach einem der Ansprüche 1 bis 5 enthält, wobei
die Zusammensetzung ein steriles Fluid ist.

7. Einheitsdosierungsform, die 5 bis 60 mg Adenosin und 0,5 bis 30 mg Dipyridamol enthält, wobei die Zusammen-
setzung ein Feststoff ist, der zu steriler Rekonstitution in einem/einer physiologisch annehmbaren Lösungsmittel
oder Lösung für parentale Verabreichung an ein individuelles Subjekt fähig ist, und wobei das Adenosin:Dipyridamol-
Gewichtsverhältnis von 2:1 bis 10:1 ist.

8. Adenosin und Dipyridamol für gleichzeitige Verabreichung zur Verwendung in einem Verfahren des Bewirkens von
koronarer Vasodilatation für eine Herzdiagnose, wobei das Adenosin und Dipyridamol einem individuellen Subjekt
bei einem Adenosin:Dipyridamol-Gewichtsverhältnis von 2:1 bis 10:1 gleichzeitig parental verabreicht werden,
und wobei Adenosin mit einer Dosierungsrate von 35 bis 100 mg/kg/min verabreicht wird und Dipyridamol mit einer
Dosierungsrate von 3,5 bis 50 mg/kg/min verabreicht wird, wobei die Verabreichung für einen Zeitraum von weniger
als 6 Minuten kontinuierlich ist.

9. Adenosin und Dipyridamol zur Verwendung nach Anspruch 8, wobei Adenosin mit einer Dosierungsrate von 50 bis
70 mg/kg/min verabreicht wird.

10. Adenosin und Dipyridamol zur Verwendung nach Anspruch 8, wobei Adenosin mit einer Dosierungsrate von 70
mg/kg/min verabreicht wird und Dipyridamol mit einer Dosierungsrate von 10 mg/kg/min verabreicht wird.

11. Adenosin und Dipyridamol zur Verwendung nach Anspruch 8,

(a) wobei Adenosin und Dipyridamol für einen Zeitraum von mindestens 2 Minuten kontinuierlich parental ver-
abreicht werden;
(b) wobei Adenosin und Dipyridamol weniger als 6 Minuten lang kontinuierlich parental verabreicht werden; oder
(c) wobei Adenosin und Dipyridamol für einen Zeitraum von 4 Minuten kontinuierlich parental verabreicht werden.

12. Adenosin und Dipyridamol zur Verwendung nach Anspruch 8, wobei Adenosin und Dipyridamol als eine einzige
Zusammensetzung verabreicht werden; oder wobei Adenosin und Dipyridamol aus separaten Zusammensetzungen
verabreicht werden.

13. Adenosin und Dipyridamol zur Verwendung nach Anspruch 8, wobei die Adenosin- und Dipyridamol-Zusammen-
setzungen durch intravenöse Infusion verabreicht werden.

14. Adenosin und Dipyridamol zur Verwendung nach Anspruch 8, wobei das Adenosin:Dipyridamol-Verhältnis 7:1 ist.

15. Adenosin und Dipyridamol zur Verwendung nach Anspruch 8, ferner umfassend den folgenden Schritt: Bewerten
von Herzfunktion, wobei optional das Bewerten von Herzfunktion das Verwenden von einer oder mehreren Techniken
umfasst, ausgewählt aus der Gruppe bestehend aus: Elektrokardiographie, M-Modus-Echographie, zweidimensi-
onaler Echographie, dreidimensionaler Echographie, Echo-Doppler, Herzbildgebung, planarer (herkömmlicher)
Szintigraphie, Einzelphotonen-Emissions-Computertomographie (SPECT), dynamischer Einzelphotonen-Emissi-
ons-Computertomographie, Positronenemissionstomographie (PET), First-Pass-Radionuklidangiographie, Äquilib-



EP 2 049 007 B1

25

5

10

15

20

25

30

35

40

45

50

55

rium-Radionuklidangiographie, Kernspinresonanztomographie (NMR), Durchblutungs-Kontrastechokardiographie,
digitaler Subtraktionsangiographie (DSA) und ultraschneller Röntgen-Computertomographie (CINE CT).

Revendications

1. Composition pharmaceutique comprenant de l’adénosine et du dipyridamole en un rapport en poids adénosine:di-
pyridamole de 2:1 à 10:1, la composition étant formulée pour l’administration parentérale à un sujet individuel et
l’adénosine et le dipyridamole étant présents en quantités qui permettent à l’adénosine d’être administrée à un taux
de dosage de 35 à 100 mg/kg/min et au dipyridamole d’être administré à un taux de dosage de 3,5 à 50 mg/kg/min,
l’administration étant continue pendant une période inférieure à 6 minutes.

2. Composition pharmaceutique selon la revendication 1, dans laquelle le rapport est de 7:1.

3. Composition pharmaceutique selon la revendication 1, dans laquelle l’adénosine et le dipyridamole sont présents
en quantités qui permettent à l’adénosine d’être administrée à un taux de dosage de 70 mg/kg/min et au dipyridamole
d’être administré à un taux de dosage de 8,75 à 10 mg/kg/min.

4. Composition pharmaceutique selon la revendication 1 ou 2, dans laquelle la concentration d’adénosine est de 1 à
10 mg/ml ou dans laquelle la concentration d’adénosine est de 3 mg/ml, 4 mg/ml, 5 mg/ml ou 7 mg/ml.

5. Composition pharmaceutique selon l’une quelconque des revendications 1, 2 et 4, dans laquelle la concentration
de dipyridamole est de 0,1 à 5 mg/ml, ou dans laquelle la concentration de dipyridamole est de 1 mg/ml.

6. Forme posologique unitaire contenant 2 à 50 ml de la composition selon l’une quelconque des revendications 1 à
5, dans laquelle la composition est un fluide stérile.

7. Forme posologique unitaire contenant 5 à 60 mg d’adénosine et 0,5 à 30 mg de dipyridamole, dans laquelle la
composition est un solide capable d’une reconstitution stérile dans un solvant ou une solution physiologiquement
acceptable pour l’administration parentérale à un sujet individuel, et dans laquelle le rapport en poids adénosine:di-
pyridamole est de 2:1 à 10:1.

8. Adénosine et dipyridamole pour l’administration concurrente, destinés à une utilisation dans un procédé permettant
d’effectuer une vasodilatation coronarienne pour un diagnostic cardiaque, l’adénosine et le dipyridamole étant ad-
ministrés de manière concurrente par voie parentérale à un sujet individuel à un rapport en poids adénosine:dipy-
ridamole est de 2:1 à 10:1,
et l’adénosine étant administrée à un taux de dosage de 35 à 100 mg/kg/min et le dipyridamole étant administré à
un taux de dosage de 3,5 à 50 mg/kg/min, l’administration étant continue pendant une période inférieure à 6 minutes.

9. Adénosine et dipyridamole destinés à une utilisation selon la revendication 8, l’adénosine étant administrée à un
taux de dosage de 50 à 70 mg/kg/min.

10. Adénosine et dipyridamole destinés à une utilisation selon la revendication 8, l’adénosine étant administrée à un
taux de dosage de 70 mg/kg/min. et le dipyridamole étant administré à un taux de dosage de 10 mg/kg/min.

11. Adénosine et dipyridamole destinés à une utilisation selon la revendication 8,

(a) l’adénosine et le dipyridamole étant administrés par voie parentérale en continu pendant une période d’au
moins 2 minutes ;
(b) l’adénosine et le dipyridamole étant administrés par voie parentérale en continu pendant moins de 6 minutes ;
ou
(c) l’adénosine et le dipyridamole étant administrés par voie parentérale en continu pendant une période de 4
minutes.

12. Adénosine et dipyridamole destinés à une utilisation selon la revendication 8, l’adénosine et le dipyridamole étant
administrés sous la forme d’une composition unique ; ou l’adénosine et le dipyridamole étant administrés sous la
forme de compositions séparées.
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13. Adénosine et dipyridamole destinés à une utilisation selon la revendication 8, les compositions d’adénosine et de
dipyridamole étant administrées par perfusion intraveineuse.

14. Adénosine et dipyridamole destinés à une utilisation selon la revendication 8, le rapport adénosine:dipyridamole
étant de 7:1.

15. Adénosine et dipyridamole destinés à une utilisation selon la revendication 8, comprenant en outre l’étape d’éva-
luation de la fonction cardiaque, l’évaluation de la fonction cardiaque comprenant éventuellement l’utilisation d’une
ou de plusieurs techniques choisies dans le groupe constitué par: l’électrocardiographie, l’échographie en mode M,
l’échographie bidimensionnelle, l’échographie tridimensionnelle, l’écho-doppler, l’imagerie cardiaque, la scintigra-
phie planaire (classique), la tomographie d’émission monophotonique (TEMP), la tomographie d’émission mono-
photonique dynamique, la tomographie par émission de positrons (TEP), l’angiographie isotopique de premier
passage, l’angiographie isotopique à l’équilibre, l’imagerie par résonance magnétique nucléaire (RMN), l’échocar-
diographie avec perfusion de produit de contraste, l’angiographie par soustraction numérique (ASN) et la tomogra-
phie à rayons X ultra-rapide (CINE CT).
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