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Cardiac stress testing with noninvasive imaging is increasingly used not only to detect the
presence of coronary artery disease (CAD), but also to help to select appropriate therapy
according to the extent and severity of disease. To that end, there have been continuous
efforts to improve the performance of all forms of stress testing. For example, recent
advances in stress radionuclide imaging, such as gated acquisition for regional function,
iterative reconstruction processing, and the development of new tracers, have occurred with
the goals of improving sensitivity, reducing artifacts, and reducing ionizing radiation dose.
For stress echocardiography, the use of strain imaging derived from tissue Doppler
echocardiography or speckle-tracking algorithms are being applied to improve the detection
of subtle myocardial dysfunction during exercise or inotropic stress.1 In this issue of
Circulation: Cardiovascular Imaging, Porter and colleagues2 evaluate the diagnostic
accuracy of an approach that combines two advances in stress imaging that have not been
paired previously: (1) myocardial perfusion imaging with myocardial contrast
echocardiography (MCE) and (2) vasodilator stress with the adenosine A2a-receptor agonist
regadenoson.

The use of MCE during stress to enhance detection of CAD is not a new concept. Based on
several decades of clinical studies, we know that conventional exercise or dobutamine
echocardiography will miss the presence of CAD in ≈ 1 of 5 patients, although this exact
figure can be argued because trials vary according to the population studied (eg, pretest
probability of disease, prevalence of multivessel disease) and the definition of disease (eg,
>50% or >70% stenosis).3,4 The subjective nature by which wall thickening is interpreted
has taken blame for the sensitivity of stress echocardiography being lower than perhaps
desired. An equally important issue is that the relation between hyperemic myocardial blood
flow and radial thickening during stress is not linear. Canine studies have clearly
demonstrated that wall thickening during dobutamine stress can be normal or near normal in
myocar-dial regions where stenosis produces mild or even moderate reductions in hyperemic
flow measured by microsphere technique.5 The logical response has been to try to directly
assess hyperemic flow using MCE to improve diagnostic performance. Clinical studies
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using dobutamine or exercise have shown consistently that the addition of MCE perfusion
information to wall motion assessment significantly increases the sensitivity of detecting
stenosis, particularly for moderate rather than severe stenosis, and provides additional
prognostic information.6–8

Accurate detection of CAD with MCE has also been established using vasodilator rather
than inotropic stress.9–11 MCE evaluates perfusion at the capillary level. At this level,
vasodilators manifest their effect more through an increase in erythrocyte flux rate than
through the relatively smaller expansion of capillary blood volume.12,13 Accordingly,
detection of stenosis with adenosine or dipyridamole MCE has relied primarily on detecting
abnormal microvascular blood flux rate from microbubble destruction-replenishment
kinetics. In the study by Porter et al,2 qualitative assessment of refill kinetics formed the
criteria for defining normal versus abnormal. Although not performed in this study, numeric
quantification of flux rate (β-value) is possible with MCE,10,15 and when performed in
patients with CAD, the relationship between stenosis severity and β-reserve bears a striking
resemblance to the relation between stenosis severity and hyperemic blood flow reserve
described by Gould and colleagues14 35 years ago, which provided the basis for using stress
perfusion imaging.

The novelty of the study resides almost exclusively in the permutation of using an A2a-
receptor-specific vasodilator in conjunction with MCE. Regadenoson and other adenosine
A2a-receptor-specific agonists originally were developed with the intent of producing
coronary arteriolar vasodilation while minimizing some of the undesirable negative
chronotropic effects and other side effects (dyspnea, flushing, chest pain, headache) of A1-,
A2b-, and A3-receptor activation. According to clinical studies, however, regadenoson does
not substantially reduce the incidence of side effects compared with adenosine.16 Rather, it
decreases the severity of these symptoms and may offer a safer alternative in patients with
lung disease that may have a reactive component.16,17

It is commonly believed that in the presence of a stenosis that is not flow limiting at rest,
vasodilator stress does not produce ischemia but, instead, simply results in flow
heterogeneity between territories that can be detected by perfusion imaging. It would then
seem that the comparison of perfusion to wall motion in this study was an effort to erect a
“straw man” to highlight the superior performance of MCE perfusion to wall motion.
However, some have advocated the use of vasodilator wall motion assessment on the basis
of trials that suggested that sensitivity for detecting CAD is acceptable with this approach.18

Mechanisms by which vasodilators can potentially produce flow-demand disparity include
(1) critical reduction in perfusion pressure distal to a stenosis, which tends to be greater for
vasodilator than for inotropic stress despite similar epicardial flows19 and (2) an increase in
heart rate that is either reflexive or due to direct sympathetic stimulation by adenosine
receptor activation, which increases myocardial oxygen demand.13,20 Animal models of
chronic CAD have demonstrated that contractile response to adenosine stress directly
correlates with the degree of endocardial flow reserve.19 An increase in wall thickening
tends to occur when endocardial flow reserve is >2.5, and a reduction in wall thickening
occurs when flow reserve is <1.5.19 Hence, the finding by Porter and colleagues2 that MCE
perfusion imaging is far more sensitive than wall motion assessment is both “fair game” and
pertinent.

The diagnostic accuracy for identifying CAD on a per-patient basis reported by Porter et al2

is comparable to previous studies pairing MCE with vasodilator stress in a relatively high
pretest probability group of patients.9–11 There are several other comforting observations.
First, the specificity was not as low as that reported in some earlier studies,9,11 indicating
that our ability to recognize attenuation artifacts continues to improve. Second, fixed
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perfusion defects were appropriately found in all segments with resting wall motion
abnormalities, although it is unclear whether interpretation of wall motion and perfusion
were made blinded to each other. Third, MCE perfusion imaging could be performed very
rapidly after regadenoson administration, which would simplify protocols by allowing the
operator to obtain rest and stress images after initiating a single, uninterrupted, continuous
infusion of contrast.

A rather striking finding of the study was the sensitivity of MCE for detecting disease on a
per-territory basis (≈50%), which was substantially lower than what has been described
previously.9–11 The explanation for this finding is not immediately clear. Multivessel
disease was present in many patients in whom there was a false-negative territory by MCE.
Although multivessel disease can affect regional sensitivity when relative contrast
enhancement is used, this study applied semiquantitative evaluation of reperfusion kinetics.
In this case, diagnostic sensitivity would actually be enhanced because of a lower likelihood
of collateral supply between territories. The higher sensitivity on a per-patient rather than a
segmental basis was either because the high prevalence of multivessel disease permitted
detection of disease in another territory or because perfusion imaging has the ability to
detect microvascular functional abnormalities that can occur in remote territories where
stenosis severity is <50%. Either way, it is a bit concerning that the true extent of disease
may be underestimated. There are data that suggest that the study results would have fared
better if quantitation of MCE data was performed.10

In summary, the central message of the study by Porter et al2 that MCE perfusion imaging in
conjunction with regadenoson vasodilator stress can be used to detect the presence of CAD
in patients and is superior to vasodilator wall motion is correct. However, the study raises
some issues on the ability of this approach to accurately characterize the territorial extent of
epicardial disease, which seems to be a departure from previous studies.

Acknowledgments
Sources of Funding

Dr Lindner is supported by grants R01-DK-063508, R01-HL-078610, and RC1-HL-100659 from the National
Institutes of Health and by an investigator-initiated grant on Clinical Imaging of PAD funded by GE Medical
Imaging.

References
1. Hoit BD. Strain and strain rate echocardiography and coronary artery disease. Circ Cardiovasc

Imaging. 2011; 4:179–190. [PubMed: 21406664]

2. Porter TR, Adolphson M, High RR, Smith LM, Olson J, Erdkamp M, Xie F, O’Leary E, Wong BF,
Eifert-Rain S, Hagen ME, Abdelmoneim SS, Mulvagh SL. Rapid detection of coronary artery
stenoses with real-time perfusion echocardiography during regadenoson stress. Circ Cardiovasc
Imaging. 2011; 4:628–635. [PubMed: 21946702]

3. Fleischmann KE, Hunink MG, Kuntz KM, Douglas PS. Exercise echocardiography or exercise
SPECT imaging? A meta-analysis of diagnostic test performance. JAMA. 1998; 280:913–920.
[PubMed: 9739977]

4. Geleijnse ML, Krenning BJ, van Dalen BM, Nemes A, Soliman OI, Bosch JG, Galema TW, ten
Cate FJ, Boersma E. Factors affecting sensitivity and specificity of diagnostic testing: dobutamine
stress echocardiography. J Am Soc Echocardiogr. 2009; 22:1199–1208. [PubMed: 19766453]

5. Leong-Poi H, Coggins MP, Sklenar J, Jayaweera AR, Wang XQ, Kaul S. Role of collateral blood
flow in the apparent disparity between the extent of abnormal wall thickening and perfusion defect
size during acute myocardial infarction and demand ischemia. J Am Coll Cardiol. 2005; 45:565–
572. [PubMed: 15708705]

Lindner Page 3

Circ Cardiovasc Imaging. Author manuscript; available in PMC 2014 March 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



6. Elhendy A, O’Leary EL, Xie F, McGrain AC, Anderson JR, Porter TR. Comparative accuracy of
real-time myocardial contrast perfusion imaging and wall motion analysis during dobutamine stress
echocardiography for the diagnosis of coronary artery disease. J Am Coll Cardiol. 2004; 44:2185–
2191. [PubMed: 15582317]

7. Tsutsui JM, Elhendy A, Anderson JR, Xie F, McGrain AC, Porter TR. Prognostic value of
dobutamine stress myocardial contrast perfusion echocardiography. Circulation. 2005; 112:1444–
1450. [PubMed: 16129798]

8. Miszalski-Jamka T, Kuntz-Hehner S, Schmidt H, Peter D, Miszalski-Jamka K, Hammerstingl C,
Tiemann K, Ghanem A, Troatz C, Pasowicz M, Luderitz B, Omran H. Myocardial contrast
echocardiography enhances long-term prognostic value of supine bicycle stress two-dimensional
echocardiography. J Am Soc Echocardiogr. 2009; 22:1220–1227. [PubMed: 19883873]

9. Jeetley P, Hickman M, Kamp O, Lang RM, Thomas JD, Vannan MA, Vanoverschelde JL, van der
Wouw PA, Senior R. Myocardial contrast echocardiography for the detection of coronary artery
stenosis: a prospective multicenter study in comparison with single-photon emission computed
tomography. J Am Coll Cardiol. 2006; 47:141–145. [PubMed: 16386678]

10. Peltier M, Vancraeynest D, Pasquet A, Ay T, Roelants V, D’Hondt AM, Melin JA,
Vanoverschelde JL. Assessment of the physiologic significance of coronary disease with
dipyridamole real-time myocardial contrast echocardiography. Comparison with technetium-99m
sestamibi single-photon emission computed tomography and quantitative coronary angiography. J
Am Coll Cardiol. 2004; 43:257–264. [PubMed: 14736446]

11. Moir S, Haluska BA, Jenkins C, Fathi R, Marwick TH. Incremental benefit of myocardial contrast
to combined dipyridamole-exercise stress echocardiography for the assessment of coronary artery
disease. Circulation. 2004; 110:1108–1113. [PubMed: 15326066]

12. Damon DH, Duling BR. Evidence that capillary perfusion heterogeneity is not controlled in
striated muscle. Am J Physiol. 1985; 249:H386–H392. [PubMed: 4025569]

13. Bin JP, Le DE, Jayaweera AR, Coggins MP, Wei K, Kaul S. Direct effects of dobutamine on the
coronary microcirculation: comparison with adenosine using myocardial contrast
echocardiography. J Am Soc Echocardiogr. 2003; 16:871–879. [PubMed: 12878997]

14. Gould KL, Lipscomb K, Hamilton GW. Physiologic basis for assessing critical coronary stenosis.
Instantaneous flow response and regional distribution during coronary hyperemia as measures of
coronary flow reserve. Am J Cardiol. 1974; 33:87–94. [PubMed: 4808557]

15. Wei K, Ragosta M, Thorpe J, Coggins M, Moos S, Kaul S. Noninvasive quantification of coronary
blood flow reserve in humans using myocardial contrast echocardiography. Circulation. 2001;
103:2560–2565. [PubMed: 11382724]

16. Iskandrian AE, Bateman TM, Belardinelli L, Blackburn B, Cerqueira MD, Hendel RC, Lieu H,
Mahmarian JJ, Olmsted A, Underwood SR, Vitola J, Wang W. Adenosine versus regadenoson
comparative evaluation in myocardial perfusion imaging: results of the ADVANCE phase 3
multicenter international trial. J Nucl Cardiol. 2007; 14:645–658. [PubMed: 17826318]

17. Leaker BR, O’Connor B, Hansel TT, Barnes PJ, Meng L, Mathur VS, Lieu HD. Safety of
regadenoson, an adenosine A2A receptor agonist for myocardial perfusion imaging, in mild
asthma and moderate asthma patients: a randomized, double-blind, placebo-controlled trial. J Nucl
Cardiol. 2008; 15:329–336. [PubMed: 18513639]

18. Pingitore A, Picano E, Varga A, Gigli G, Cortigiani L, Previtali M, Minardi G, Colosso MQ,
Lowenstein J, Mathias W Jr, Landi P. Prognostic value of pharmacological stress
echocardiography in patients with known or suspected coronary artery disease: a prospective,
large-scale, multicenter, head-to-head comparison between dipyridamole and dobutamine test.
Echo-Persantine International Cooperative (EPIC) and Echo-Dobutamine International
Cooperative (EDIC) Study Groups. J Am Coll Cardiol. 1999; 34:1769–1777. [PubMed: 10577568]

19. Bin JP, Le E, Pelberg RA, Coggins MP, Wei K, Kaul S. Mechanism of inducible regional
dysfunction during dipyridamole stress. Circulation. 2002; 106:112–117. [PubMed: 12093779]

20. Biaggioni I, Killian TJ, Mosqueda-Garcia R, Robertson RM, Robertson D. Adenosine increases
sympathetic nerve traffic in humans. Circulation. 1991; 83:1668–1675. [PubMed: 2022024]

Lindner Page 4

Circ Cardiovasc Imaging. Author manuscript; available in PMC 2014 March 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


