
THE NEED FOR NEW METHODS OF 
PHARMACOLOGIC STRESS TESTING

• Frequently performed procedure

• Serious adverse effects
–AV block (up to 8%)
–Bronchospasm (<1%)

• “Bothersome” side effects 
–Total (50-80%)
–Chest pain (20-40%)
–Flushing (40%)

• Continuous infusion and pump required



ADENOSINE RECEPTORS
Agonists and Antagonists

adenosine

dipyridamole

Coronary Vasodilatation
Peripheral vasodilation (?)
Anti-inflammatory

A1

¯ A-V conduction
Negative chronotropy
Chest pain
Preconditioning

A2B Peripheral vasodilation
Bronchiolar constriction

A3
Mast Cell Degranulation,
Preconditioning (?)

enhancesenhances

A2A agonists

A2A

R. Hendel, modified from R. Barrett



PHARMACOLOGIC STRESS AGENTS
A2A Receptor Agonists

CGS-21680 (prototype)
He et al (Baylor)

Binodenoson (Corvue™)
(King Pharmaceuticals)

Regadenoson (Lexiscan™)
(Astellas Pharma)

Apadenoson (Stedivaze™) 
(PGxHealth/Clinical Data)
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REGADENOSON EFFECTS ON CORONARY AND 
PERIPHERAL BLOOD FLOW VELOCITY
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Regadenoson (1 mmmmg/kg, IV bolus)

Adenosine (300 mmmmg/kg, IV bolus)

Xu J, et al. Circulation. 2000;102 (suppl II):810.

2 4 6 8 100

1 2 3 4 50

Coronary (n=6)
Peripheral (n=5) 

Coronary (n=6)
Peripheral (n=5) 



REGADENOSON INDUCED HYPEREMIA

Lieu HD, et al. J Nucl Cardiol. 2007;14:514-520.
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REGADENASON PHASE 2 TRIAL
Visual and Quantitative Summed Scores
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Shaded areas: 4D M-SPECT Hendel et al, 2005
JACC 46: 2069



REGADENASON PHASE 2 TRIAL
Adverse Effects

11%6%17%Abdominal pain

3%6%0%ST � ’s

3%0%6%Nausea

0%0%0%AV block

72%83%61%ANY

3%6%0%Hypotension

19%28%11%Dizziness

31%44%17%Dyspnea

31%44%17%Flushing

25%28%22%Headache

33%33%33%Chest pain

Combined500 ug400 uuuugAE

Hendel et al, 2005
JACC 46: 2069



PIVOTAL REGADENOSON TRIALS: ADVANCE MPI
Study Design
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Cerqueira et al, 2008  
J  Am Coll Cardiol Img 1;307



PIVOTAL REGADENOSON TRIALS: ADVANCE MPI
Study Design

Iskandrian J Nucl Cardiol. 2007;14:645-658.
Cerqueira J Am Coll Cardiol Img 2008;307

0 631 2 4 5Minutes

End 6-min infusion of 
adenosine or placebo

1st IV      
(Infusion Arm) Start infusion of 

adenosine or placebo

2nd IV          
(Bolus Arm)

Immediately follow bolus 
with 5 mL saline flush

Rapid bolus of 400 ���
regadenoson or placebo 
given in ~10 sec

Radionuclide            
administered 10-20 sec 
after saline flush



PIVOTAL REGADENOSON TRIALS: ADVANCE MPI
Changes in Heart Rate and Systolic Blood Pressure
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Cerqueira et al, 2008     
J  Am Coll Cardiol Img 1;307

* Post-infusion for adenosine and 
post-bolus for regadenoson
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PIVOTAL REGADENOSON TRIALS: ADVANCE MPI
Adenosine/Regadenoson Comparison

Iskandrian et al, 2007 
JNC 14:645-658.



PIVOTAL REGADENOSON TRIALS: ADVANCE MPI
Primary Endpoint
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63 ± 2%

62 ± 3%

DDDD (95%CI):  0% (-6.2%,   6.8%)

Primary endpoint was met: 
Lower limit of the 95% confidence interval for 

Reg – Ado difference lies above -13� % 
Cerqueira et al, 2008 

J  Am Coll Cardiol Img 1;307



PIVOTAL REGADENOSON TRIALS: ADVANCE MPI
Rate of Agreement: No Ischemia vs. Ischemia
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PIVOTAL REGADENOSON TRIALS: ADVANCE MPI
Predefined Adverse Event Group

< 0.001

0.49

< 0.001

0.001

< 0.001

0.49

< 0.001

Adjusted 

p-value

92 (7%)92 (14%)Throat, neck or jaw pain

106 (8%)46 (7%)Lightheadedness/dizziness

349 (26%)116 (17%)Headache

312 (23%)112 (17%)GI discomfort

288 (22%)229 (34%)Flushing

374 (28%)174 (26%)Dyspnea

383 (29%)281 (41%)Chest Pain

Regadenoson 

(n = 1337)

Adenosine 

(n = 678)

Cerqueira et al, 2008 
J  Am Coll Cardiol Img 1;307



PIVOTAL REGADENOSON TRIALS: ADVANCE MPI
Patient Questionnaire

Q: How did this test compare to the first (adenosin e) test?

p < 0.001CMH Test

28 (2%)24 (4%)5= Much Worse

156 (12%)86 (13%)4= Somewhat Worse

326 (24%)276 (41%)3= About the Same

320 (24%)190 (28%)2= Somewhat Better

501 (38%)102 (15%)1= Much Better

Regadenoson

(n = 1331)

Adenosine

(n = 678)

Cerqueira et al, 2008
J  Am Coll Cardiol Img 1;307



Minutes

REGADENOSON STRESS PROTOCOL

Regadenoson: 400 µg standard unit dose bolus

Rapid regadenoson infusion (10 sec)

Flush

0 0.5 1

Inject tracer 

Iskandrian AE, et al on behalf of the ADVANCE MPI Investigators. J Nucl Cardiol. 2007;14:645-658.



CLINICAL TRIALS WITH A2a RECEPTOR AGONISTS
Future Trials & Clinical Evaluation

• Additional efficacy/AE data

• Potential cost-effectiveness

• Impact of caffeine ingestion
–May be <20% reduction of CBFR

• Use in patients with AV block

• Safety with bronchospastic lung disease
–Increased dyspnea but not reduction in FEV1

• Stress with adjunctive exercise
–Reduced AE except for dyspnea



REGADENOSON
Summary

• Similar efficacy for detection of ischemia and its 
extent as with other pharmacologic stress agents

• Advantages
–Bolus administration
–Reduced adverse effects, except for headache
–Improved tolerability
–Reduced (absent) AV block
–Potential expanded use in patients with bronchospastic disease

• Potential disadvantages
–Use with LBBB or pacermaker (due to tachycardia)


