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Abstract

Background: Regadenoson is a vasodilator stress agent that selectively activates the A2A receptor. Compared to
adenosine, regadenoson is easier to administer and results in fewer side effects. Although extensively studied in
patients undergoing nuclear perfusion imaging (MPI), its use for perfusion cardiovascular magnetic resonance (CMR)
is not well described. The aim of this study was to determine the prognostic value of a normal regadenoson
perfusion CMR in patients with known or suspected coronary artery disease.

Methods: Patients with known or suspected coronary artery disease were prospectively enrolled to receive
perfusion CMR (Philips 1.5 T) with regadenoson. Three short-axis slices of the left ventricle (LV) were obtained during
first pass of contrast using a hybrid GRE-EPI pulse sequence (0.075 mmol/kg Gadolinium-DTPA-BMA at 4 ml/sec).
Imaging was performed 1 minute after injection of regadenoson (0.4 mg) and repeated 15 minutes after reversal of
hyperemia with aminophylline (125 mg). Perfusion defects were documented if they persisted for ≥2 frames after
peak enhancement of the LV cavity. CMR was considered abnormal if there was a resting wall motion abnormality,
decreased LVEF (<40%), presence of LGE, or the presence of a perfusion defect during hyperemia. All patients
were followed for a minimum of 1 year for major adverse cardiovascular event (MACE) defined as coronary
revascularization, non-fatal myocardial infarction, and cardiovascular death.

Results: 149 patients were included in the final analysis. Perfusion defects were noted in 43/149 (29%) patients;
59/149 (40%) had any abnormality on CMR. During the mean follow-up period of 24 ± 9 months, 17/149 (11.4%)
patients experienced MACE. The separation in the survival distributions for those with perfusion defects and those
without perfusion defects was highly significant (log-rank p = 0.0001). When the absence of perfusion defects
was added to the absence of other resting CMR abnormalities, the negative predictive value improved from 96%
to 99%.

Conclusion: Regadenoson perfusion CMR provides high confidence for excellent prognosis in patients with
normal perfusion.
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Background
During the last twenty years, perfusion cardiovascular
magnetic resonance (CMR) has evolved from an expe-
rimental diagnostic test performed in only a handful of
academic centers to an established non-invasive tech-
nique for the detection of significant coronary artery
disease. Compared to single-photon emission computed
tomography (SPECT) perfusion imaging, perfusion CMR
provides better spatial resolution without exposing the
patient to ionizing radiation. In addition, the diagnostic
accuracy of perfusion CMR is not limited by attenuation
artifacts, which can confound the interpretation of perfu-
sion SPECT, potentially leading to additional testing [1,2].
Currently, perfusion CMR is most commonly performed

during hyperemia induced by adenosine [3]. A recent
landmark trial comparing the diagnostic performance of
perfusion SPECT with adenosine perfusion CMR reported
superior sensitivity and negative predictive value of the
latter [4]. Other studies have shown that one-year event-
free survival in patients with a normal adenosine perfusion
CMR is 98-100% [5-7].
While the diagnostic [8] and prognostic performance of

adenosine perfusion CMR is excellent, adenosine requires
weight-dependent dosing and is infused continuously via a
separate intravenous line. In addition, adenosine is known
to cause undesirable side effects, such as bronchospasm
and AV nodal block. Regadenoson is a relatively new,
potent vasodilator, but its pharmacokinetics allow for a
simplified fixed-dose single bolus injection, and its select-
ivity of the cardiac A2A adenosine receptor results in fewer
side effects [9]. Indeed, regadenoson is quickly replacing
adenosine as the preferred vasodilator for perfusion
SPECT and has been used for clinical imaging in over 3
million patients [10].
Although there is a significant body of literature re-

garding the performance of regadenoson in perfusion
SPECT [11-13], little is published about its use in
patients undergoing perfusion CMR. Accordingly, in this
study, we sought to 1) assess the safety and tolerability
of regadenoson perfusion CMR, and 2) determine the
prognostic value of a normal regadenoson perfusion
CMR in patients with known or suspected coronary
artery disease.

Methods
Study population and design
From July 2009 through September 2013, 176 patients
referred for perfusion CMR for the evaluation of ische-
mia at a single academic center were prospectively
enrolled. The University of Chicago Institutional Review
Board approved the study, and each patient provided
informed consent. Patients were excluded if they had an
implantable cardioverter-defibrillator, pacemaker or other
standard CMR contraindications, claustrophobia, severe
reactive airway disease, high-grade AV nodal block, or
GFR < 30 ml/min/1.73 m2. A 12-lead EKG was performed
in all patients prior to CMR imaging to rule out high-
degree AV nodal block. Patients were asked to stop all
anti-anginal medications and caffeine-containing products
12 hours before the CMR exam. Each patient underwent a
focused clinical evaluation in which baseline demograph-
ics, current symptoms, past medical history, and exercise
capacity were assessed and medications documented.
After completion of the perfusion CMR study, patients

were followed for a minimum of 1 year for the primary
composite endpoint of coronary revascularization with per-
cutaneous coronary intervention or coronary artery bypass
grafting, non-fatal myocardial infarction (as documented
by appropriate combination of symptoms, electrocardiog-
raphy, and enzyme changes), and cardiovascular death
(defined as fatal arrhythmias, myocardial infarction, or
heart failure). Since the aim of this study was not to deter-
mine the diagnostic performance of regadenoson perfusion
CMR, patients were referred for invasive coronary angiog-
raphy based on the judgment of the patient’s referring
physician. Follow-up was performed both by reviewing the
medical records and by direct patient contact. Deaths were
confirmed by the Social Security Death Index (SSDI).
Primary event ascertainment was blinded to CMR findings.

CMR Protocol
CMR images were acquired using a 1.5-T scanner
(Achieva, Philips, Best, Netherlands) using a 5-element
phased array cardiac coil. Retrospectively gated cine im-
ages were obtained using a steady-state free precession
(SSFP) sequence (TR 2.9 ms, TE 1.5 ms, flip angle 60°, and
temporal resolution ~40 ms). Standard long-axis views
were obtained, including four-chamber, two-chamber, and
three-chamber images. In addition, one series of short-
axis slices (8 mm thickness, 2 mm gap) from base to apex
was acquired.
In preparation for dynamic contrast-enhanced MPI im-

aging, three short-axis slices were selected representing the
apex, mid, and basal left ventricular myocardium. Stress
images were acquired approximately 60–90 seconds after
the administration of regadenoson (Lexiscan, 0.4 mg I.V.;
Astellas Pharma). During peak vasodilator stress, gadolin-
ium-DTPA-BMA (Omniscan™, 0.075 mmol/kg at 4 ml/sec,
I.V.) was given, and images were acquired for 50–70
consecutive heartbeats using a hybrid gradient echo/echo
planar imaging sequence (voxel size ~2.5×2.5 mm, slice
thickness 10 mm, flip angle 20°, repetition time 5.9 ms,
echo time 2.5 ms, EPI factor 5, delay time 80 ms, and
SENSE factor 1.3). Immediately after images were ob-
tained, aminophylline 75–125 mg was injected intra-
venously. The same pulse sequence was repeated
15 minutes later to obtain perfusion images under
resting conditions.
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Late gadolinium enhancement (LGE) images of the
same short- and long-axis views were obtained 5 minutes
after the second injection of contrast using a T1-
weighted gradient echo pulse sequence with a phase
sensitive inversion recovery reconstruction (TR 4.5 ms,
TE 2.2 ms, TI 250-300 ms, flip angle 30°, flip angle 5°,
voxel size 2×2×10 mm, SENSE factor 2). An inversion
time between 250 and 300 ms was used to achieve
nulling of normal myocardium. Heart rate, blood pressure,
and symptoms were monitored throughout the entire
examination.

CMR image analysis
Images were analyzed using commercial software (Philips
ViewForum, Best, Netherlands). Short-axis slices were
used to measure left ventricular end-diastolic (first cine
phase of the R wave triggered acquisition) and end-
systolic (image phase with the smallest ventricular cavity
area in the majority of slices) volumes, mass, and ejection
fraction by the Simpson method of disks [14]. All volumes
and masses were indexed for body surface area. Detection
of regional wall motion abnormalities was primarily based
upon the short-axis view and confirmed in orthogonal
long-axis views.
Perfusion images were visually assessed by a cardiologist

with expertise in stress CMR and myocardial perfusion
imaging (ARP). Stress-induced perfusion defects were de-
fined as decreased signal intensity of the subendocardium
in a coronary distribution during stress, involving ≥ 25%
wall thickness, and persisting for ≥ 2 consecutive frames
following peak enhancement of the left ventricular cavity.
Resting images were used to exclude artifacts. LGE of the
myocardium was also visually assessed and considered to
be present if the signal intensity in the myocardium was
greater than or equal to that seen in the blood pool in 2
adjacent slices or transverse imaging planes.

Statistical analysis
Categorical variables were expressed as percentages and
continuous variables as mean ± SD. Independent sample
(unpaired) student’s t-test (equal variances not assumed)
was used to compare the means of normally distributed
continuous variables in those patients with and without
adverse outcomes. The Mann–Whitney U test was used
to compare the means for non-normally distributed
variables. Categorical variables were compared using
Fisher’s Exact test. P values <0.05 were considered statis-
tically significant.
Survival analysis was accomplished using Kaplan-

Meier curves, and differences between observed and
predicted primary outcome distributions were assessed
using the log-rank test. Three Kaplan-Meier graphs were
generated. The first graph compared patients with per-
fusion defects to patients without perfusion defects. The
second graph compared patients with resting CMR
abnormalities (LGE, LVEF < 40%, and/or regional wall
motion abnormalities) to patients with normal resting
CMR exams. The third graph compared patients with
and without a combination of perfusion defects and
resting CMR abnormalities. All statistical analyses were
performed using Stata/IC (version 12, StataCorp LP,
College Station, Texas).

Results
Patient characteristics
A total of 176 patients were enrolled in the study. Five
patients were unable to complete the CMR exam due to
previously unknown claustrophobia and two due to
technical problems during the examination. Four patients
had non-diagnostic perfusion studies due to severe dark
rim artifact or poor image quality due to shift in coil
position and were excluded from the final analysis.
The remaining 165 patients successfully completed

regadenoson perfusion CMR. All patients were followed
using 1) telephone contact, 2) communication with their
physician, and/or 3) medical record review. Sixteen pa-
tients were lost to follow-up during the mean follow-up
period of 24 ± 9 months. Thirteen of these patients had
a negative perfusion study and 3 patients had a perfusion
defect. None of these patients were reported as deceased
when cross-referenced against the SSDI.
Final analysis was performed on 149 patients. The

majority of patients (97%) had one or more cardiac risk
factors. The mean age was 56 ± 15 years, and the mean
body mass index was 29 ± 7 kg/m2. Patients who met
the primary composite endpoint were significantly older
and were more likely to have hypertension and left
ventricular dysfunction. Patient characteristics are listed
in Table 1.
Eleven percent of the patients (17/149) reached the

primary composite endpoint of MACE (Table 1). Of these
patients, 15 received coronary revascularization and 2 had
sudden cardiac death. Two patients who died of non-
cardiac complications (1 of lymphoma and 1 of sepsis due
to gangrene) were censored for MACE evaluation.

Regadenoson perfusion CMR results
The average LVEF was 58 ± 12%. Eleven patients had an
LVEF <40%. Perfusion defects during hyperemia were
present in 43/149 (29%) of patients (Figure 1). Regional
wall motion abnormalities were present in 20/149 (13%),
and LGE was present in 33/149 (22%). Of the patients
with evidence of LGE, 20 had LGE in a pattern con-
sistent with prior myocardial infarction, and 13 had LGE
in a pattern atypical for prior myocardial infarction.
Atypical patterns of LGE consisted of focal areas of
enhancement that did not involve the subendocardium
or follow a coronary distribution.



Table 1 Baseline patient characterictics

Baseline All patients (n = 150) Adverse outcome (n = 17) No adverse outcome (n = 133) p-value

Females 66 (44) 6 (35) 60 (45) 0.45

History of CAD 45 (30) 9 (53) 36 (27) 0.06

History of CHF 24 (16) 6 (35) 18 (14) 0.10

History of smoking 53 (35) 10 (59) 43 (32) 0.06

Diabetes mellitus 44 (29) 9 (53) 35 (226) 0.06

Hypertension 90 (60) 15 (88) 75 (56) 0.01

Hyperlipidemia 111 (74) 13 (76) 98 (74) 0.88

Stroke 10 (7) 1 (6) 9 (7) 0.93

Peripheral vascular disease 7 (5) 2 (12) 5 (4) 0.35

LVEF (%) 58.0 ± 11.7 50.1 ± 16.6 59.5 ± 10.5 0.04

BMI (kg/m2) 29.0 ± 7.0 25.2 ± 9.50 29.0 ± 6.3 0.13

Age (years) 56.0 ± 14.7 65.9 ± 10.8 54.4 ± 14.6 0.01
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Hemodynamic effects of regadenoson
The hemodynamic effects of regadenoson administration
are summarized in Table 2. Heart rate increased signifi-
cantly by an average of 36 beats/min during hyperemia
with regadenoson (p < 0.01). The maximal increase in
heart rate occurred approximately 60 seconds after in-
jection of regadenoson. A heart rate of >100 beats/min
was noted in 60/149 (40%) patients, with a maximal
heart rate of 151 beats/min. The mean systolic and
diastolic blood pressure decreased slightly between base-
line conditions and hyperemia. During rest perfusion,
the average heart rate returned to near-baseline.

Safety and tolerability of regadenoson
There were no significant arrhythmias noted by rhythm
strip monitoring during hyperemia. Two patients devel-
oped an infiltration of their intravenous line and returned
on a later date to complete the exam. Overall, 127/149
(85%) of patients experienced symptoms associated with
Figure 1 Perfusion defect on regadenoson perfusion cardiovascular m
inferior, inferolateral, and inferoseptal wall hypoperfusion (white arrows) on
reveals two significant stenoses in the proximal and mid-right coronary art
regadenoson administration (Figure 2). The four most
common side effects included shortness of breath (32%),
flushing (23%), chest discomfort (15%), and palpitations
(15%). There was no evidence of bronchospasm. The ma-
jority of symptoms were reportedly mild and diminished
by the end of the study. One patient experienced persistent
headache and abdominal pain after the injection of regade-
noson despite the administration of 125 mg of aminophyl-
line. This patient had stress-induced perfusion defects and
subsequently underwent coronary revascularization.

Prognosis
During a follow-up of 24 ± 9 months, the primary compos-
ite endpoint occurred in 5/106 (4.7%; 2.4%/year) patients
with no evidence of perfusion defect on regadenoson
perfusion CMR study. The absence of perfusion defects on
regadenoson perfusion CMR resulted in a negative predict-
ive value of 96%, and the separation in the survival distri-
butions for those with perfusion defects and those without
agnetic resonance. Short axis image of a patient with extensive
ly during hyperemia. Subsequent cardiac catheterization in this patient
ery.



Table 2 Hemodynamic effects of regadenoson during CMR-MPI

Hemodynamics Baseline Regadenoson p-value (Baseline vs. Regadenoson) Recovery p-value (Regadenoson vs. Recovery)

Heart rate (bpm) 69 ± 12 97 ± 15.0 <0.01 70 ± 12.4 <0.01

Systolic blood
pressure (mmHg)

128 ± 19.4 126 ± 18.9 0.48 125 ± 18.4 0.48

Diastolic blood
pressure (mmHg)

66 ± 12.3 62 ± 13.3 0.01 62 ± 12.1 0.96
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perfusion defects was highly significant (Figure 3). When
the absence of perfusion defects was added to the absence
of other resting CMR abnormalities (LVEF < 40%, regional
wall motion abnormalities, and presence of LGE), the
negative predictive value improved from 96% to 99%.
Kaplan Meier analysis shows an increasingly significant
separation in survival curves between patients with and
without CMR resting abnormalities alone (Figure 4) and
patients with and without CMR resting abnormalities plus
perfusion defects (Figure 5).
The presence of perfusion defects on regadenoson

perfusion CMR was a statistically significant predictor of
the primary composite endpoint (hazard ratio 6.4; 95%
CI 2.25-18.2; p = 0.001). LVEF < 40% (hazard ratio 6.4;
95% CI 2.28-18.5, p = 0.001), the presence of LGE
(hazard ratio 3.45; 95% CI 1.33-8.95, p = 0.011), and the
presence of any resting regional wall motion abnormality
(hazard ratio 3.12; 95% CI 1.10-8.88, p = 0.033) were also
statistically significant for predicting the primary com-
posite endpoint.

Discussion
We studied the safety and tolerability of regadenoson
perfusion CMR and determined the prognostic value of
a normal study. Our results revealed that regadenoson
perfusion CMR can be performed safely and its side
effects were tolerated by nearly all (99%) of our patients.
Figure 2 Common side effects of regadenoson. Percentage of
patients who experienced one or more side effects after
regadenoson administration.
This study demonstrated that, not only does a normal
regadenoson perfusion CMR identify a cohort of patients
who are unlikely to have MACE during the subsequent
24 ± 9 months, but a strategy that incorporates as-
sessment of regadenoson-induced perfusion defects with
resting CMR abnormalities (LVEF < 40%, presence of
LGE, regional wall motion abnormalities) provides a
negative predictive value of 99%.

Regadenoson characteristics
Regadenoson is the first selective vasodilator approved
by the FDA and has comparable vasodilator efficacy
when compared to adenosine [15]. Unlike adenosine,
studies have shown that regadenoson, because of its
highly selective A2A receptor-binding properties, results
in milder side effects, fewer cases of bronchospasm, and
rarely any instances of high-degree AV nodal block
[10-12,16].
In the ADVANCE MPI Phase III trials evaluating the

effects of intravenous regadenoson in humans undergo-
ing perfusion SPECT, the investigators compared a
summed symptom score of flushing, chest pain, and
dyspnea in patients receiving both adenosine and rega-
denoson and found that regadenoson resulted in signifi-
cantly lower overall scores [12,16]. In addition, the same
investigators developed tolerability questionnaires asking
how comfortable patients felt with each drug and found
that patients were significantly more comfortable with
regadenoson compared to adenosine. Furthermore, no
major adverse events occurred with the use of regadeno-
son in any of these studies.
Consistent with these studies, we found that the

majority of patients experienced only mild side effects
including shortness of breath, chest pain, palpitations,
and flushing, which subsided by the end of the CMR
exam. Although studies have reported a greater inci-
dence of gastrointestinal symptoms and headaches with
regadenoson compared to adenosine, we found these
symptoms to be rare. In addition, there were no episodes
of bronchospasm, life-threatening arrhythmias, or any
other MACE during or within 24 hours of the test.
Furthermore, the simplicity of regadenoson admi-

nistration makes it an attractive vasodilator to use in the
CMR environment. Due to its longer half-life (33–
108 min vs. 2–10 sec) [9] and the fact that neither its
volume of distribution nor its clearance is significantly
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affected by body weight [17], regadenoson can be
injected as a fixed-dose unit bolus. This decreases the
chances of weight-dependent dosing errors and obviates
the need for a second intravenous line or a CMR-
compatible infusion pump.

Prognostic value of normal regadenoson perfusion CMR
In our study, only 5/106 (4.6%; 2.4%/year) patients with
normal perfusion CMR subsequently underwent coronary
catheterization. None experienced myocardial infarction
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or cardiac death. Two patients, who initially presented
with atypical chest pain, returned less than 1 year after a
normal perfusion CMR test with typical angina. Two
patients had multivessel coronary artery disease and 1
patient had end-stage liver disease and a significant
coronary lesion.
It has been previously shown that the burden of

ischemia may be significantly underestimated by visual as-
sessment of perfusion defects in patients with multi-vessel
coronary artery disease [18]. In addition, the diagnostic
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performance of vasodilator myocardial perfusion imaging
in patients with liver disease is questionable given the
underlying hyperemic state of these patients [19]. Regard-
less, the negative predictive value of 96% is consistent with
event-free survival rates in patients with normal adenosine
perfusion CMR [5-7,20-22] and the separation in the
survival distributions for those with perfusion defects and
those without (Figure 3) was highly significant (log-rank
p = 0.0001).

Added prognostic value of regadenoson MPI to a
comprehensive resting CMR study
One of the most powerful attributes of CMR imaging in
patients with known or suspected coronary artery
disease is that it provides information on a multitude of
known prognostic parameters including myocardial scar/
viability, LV systolic function, and wall motion abnor-
malities. These parameters clearly help in identifying
patients who are at risk for MACE. This study found
that the addition of regadenoson perfusion imaging to
these other parameters improves the prognostic power
of CMR increasing the negative predictive value from
96% to 99%. Kaplan-Meier analysis shows that the com-
bination of perfusion data to CMR resting assessment
improves identification of those patients who will have
MACE in the next 24 ± 9 months and those who will
not (Figure 5). The incremental value of regadenoson
perfusion CMR is that a greater number of patients
without perfusion defects can be reassured about their
cardiovascular future.
It has previously been shown that the addition of

adenosine perfusion CMR to a comprehensive CMR
study significantly enhances risk stratification. Steel et al.
reported that the absence of reversible perfusion defects
combined with the absence of LGE provided the lowest
annual event rate compared to either finding in isolation
[20]. A recent study examined the incremental prognos-
tic value of cardiac clinical risk factors, LGE, LVEF, and
aortic blood flow to adenosine perfusion in over 900
patients and found that each variable provided valuable
complimentary information [23]. The absence of LGE
and perfusion defects along with a normal LVEF ensured
the lowest cardiac event rate. Our results are in line with
these previous publications and extend their findings to
a wider range of vasodilators.

Technical considerations when using regadenoson
perfusion CMR
While regadenoson did not significantly affect blood
pressure, the average heart rate increased by 36 bpm,
and 40% of patients developed tachycardia. Since the
blood pressure decreased only minimally, the mechan-
ism of regadenoson-induced tachycardia is thought to be
secondary to the direct release of norepinephrine and
epinephrine through stimulation of post-ganglionic re-
ceptors, rather than a strictly baroreflexive response
[24]. Other studies have also noted a 21–27 bpm increase
in heart rate with regadenoson [10-12,15,16,25], and
several of these studies reported that the change in heart
rate was significantly higher than that seen with adenosine
[12,15,16]. Although the change in heart rate is typically
well-tolerated by patients, fast heart rates can exacerbate
dark rim artifacts and may prevent image acquisition
during every heart beat making image interpretation more
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challenging [26]. This might be a particularly challenging
issue in patients with elevated resting heart rates.
Another technical issue concerns the longer half-life of

regadenoson and the stress-rest protocol we performed.
Studies have shown that 0.4 mg of regadenoson will
continue to induce a greater than 2-fold increase in
coronary blood flow for up to 8.5 minutes [25]. When
100 mg of aminophylline was given, the hyperemia was
dramatically blunted without any effect on the heart
rate. However, as we have shown in a previous study,
even after giving each patient 125 mg of aminophylline
after stress perfusion imaging, some vasodilator effects
of regadenoson remain during acquisition of the resting
images [27].
Finally, although in perfusion SPECT, radioactive tracer

is usually injected approximately 20 seconds after regade-
noson is given, maximal coronary blood flow was reported
to occur, on average, 102 seconds after regadenoson
administration [28]. We, therefore, started perfusion im-
aging approximately 60–90 seconds after regadenoson
was injected. This allowed enough time to administer the
medication and return to the control room to initiate
scanning.

Limitations
This study has several limitations. First, coronary revas-
cularization drove the majority of clinical endpoints and
the decision to proceed with catheterization was likely
influenced by the results of the perfusion CMR test.
However, while the presence of perfusion defects may
have influenced the decision to refer the patient for
coronary angiography, the decision to revascularize was
made at the time of the catheterization. Furthermore, we
have shown that a significant number of patients with-
out perfusion defects did well and only rarely revascu-
larized over an average of 2 years and, thus, avoided
unnecessary invasive testing. Second, we did not
determine the sensitivity or specificity of regadenoson
perfusion CMR to detect coronary stenoses, since only a
small group of patients underwent coronary angiog-
raphy. Third, although every patient was followed for a
minimum of 1 year and had known or suspected coron-
ary artery disease, there were a low number of car-
diovascular events in this study. Finally, although
aminophylline was given only to reverse the hyperemic
effects of regadenoson, it is likely that it also helped
mitigate some of the side effects. However, even before
we administered the aminophylline, many patients re-
ported that their symptoms had already started to abate.

Conclusion
Vasodilator perfusion CMR is increasingly being used to
evaluate patients with known or suspected coronary
artery disease. Currently, adenosine is the most commonly
used vasodilator, but it is cumbersome to administer and
can be difficult for some patients to tolerate. We have
demonstrated that, not only is regadenoson safe, well-
tolerated, and easy to administer, but the prognostic
performance of a negative regadenoson perfusion CMR
study is comparable to that previously described for
adenosine perfusion CMR. Furthermore, the addition of
regadenoson stress imaging to information regarding
LVEF, LGE, and regional wall motion further improves
identification of those patients at lowest risk for future
cardiac events. Given these characteristics, regadenoson is
a reasonable and attractive alternative to adenosine for
vasodilator stress perfusion CMR studies.

Abbreviations
CMR: Cardiovascular magnetic resonance; SPECT: Single photon emission
computed tomography; MPI: Myocardial perfusion imaging; MACE: Major
adverse cardiovascular events; GFR: Glomerular filtration rate; SSFP: Steady
state free precession; LGE: Late gadolinium enhancement; LVEF: Left
ventricular ejection fraction; CI: Confidence interval.

Competing interests
This study was supported by a grant from Astellas Pharma, Deerfield, Illinois.

Authors’ contributions
BHF and NMB were responsible for acquiring, analyzing, and interpreting the
data. BHF drafted the initial manuscript and NMB helped edit the final paper.
VMA helped with statistical analysis and edit the final manuscript. ERZ, KMT,
PC, AN, KPC, SC, SMT, and MHD all helped supply, recruit, and consent
patients. In addition, they helped acquire all hemodynamic and MRI data.
All were responsible for editing the manuscript. RML and ARP helped with
concept and design of study as well as interpretation of data. Both RML
and ARP helped edit the manuscript. All authors have read and given final
approval of the version to be published.

Acknowledgment
The authors would like to thank Marko Ivancevic, PhD (Clinical Scientist,
Philips Healthcare) for his assistance with optimization of the perfusion
pulse sequence used in this study.

Author details
1Department of Medicine, Northwestern University, Chicago, IL, USA.
2Department of Medicine, University of Chicago, Chicago, IL, USA.
3Department of Medicine, University of Michigan, Ann Arbor, MI, USA.
4Department of Radiology, University of Chicago, MC 5084, 5841 S Maryland
Ave., Chicago, IL 60637, USA.

Received: 11 February 2013 Accepted: 10 December 2013
Published: 21 December 2013

References
1. Des Prez RD, Shaw LJ, Gillespie RL, Jaber WA, Noble GL, Soman P, Wolinsky

DG, Williams KA. Cost-effectiveness of myocardial perfusion imaging: a
summary of the currently available literature. J Nucl Cardiol. 2005;
12(6):750–9.

2. Mishra JP, Acio E, Heo J, Narula J, Iskandrian AE. Impact of stress
single-photon emission computed tomography perfusion imaging on
downstream resource utilization. Am J Cardiol. 1999; 83(9):1401–3. A1408.

3. Pennell DJ. Cardiovascular magnetic resonance and the role of
adenosine pharmacologic stress. Am J Cardiol. 2004; 94(2A):26D–31.
discussion 31D-32D.

4. Greenwood JP, Maredia N, Younger JF, Brown JM, Nixon J, Everett CC,
Bijsterveld P, Ridgway JP, Radjenovic A, Dickinson CJ, Ball SG, Plein S.
Cardiovascular magnetic resonance and single-photon emission
computed tomography for diagnosis of coronary heart disease
(CE-MARC): a prospective trial. Lancet. 2012; 379(9814):453–60.



Freed et al. Journal of Cardiovascular Magnetic Resonance 2013, 15:108 Page 9 of 9
http://jcmr-online.com/content/15/1/108
5. Jahnke C, Nagel E, Gebker R, Kokocinski T, Kelle S, Manka R, Fleck E, Paetsch
I. Prognostic value of cardiac magnetic resonance stress tests: adenosine
stress perfusion and dobutamine stress wall motion imaging. Circulation.
2007; 115(13):1769–76.

6. Ingkanisorn WP, Kwong RY, Bohme NS, Geller NL, Rhoads KL, Dyke CK,
Paterson DI, Syed MA, Aletras AH, Arai AE. Prognosis of negative
adenosine stress magnetic resonance in patients presenting to an
emergency department with chest pain. J Am Coll Cardiol. 2006;
47(7):1427–32.

7. Pilz G, Jeske A, Klos M, Ali E, Hoefling B, Scheck R, Bernhardt P. Prognostic
value of normal adenosine-stress cardiac magnetic resonance imaging.
Am J Cardiol. 2008; 101(10):1408–12.

8. Hamon M, Fau G, Nee G, Ehtisham J, Morello R, Hamon M. Meta-analysis of
the diagnostic performance of stress perfusion cardiovascular magnetic
resonance for detection of coronary artery disease. J Cardiovasc Magn
Reson. 2010; 12(1):29.

9. Al Jaroudi W, Iskandrian AE. Regadenoson: a new myocardial stress agent.
J Am Coll Cardiol. 2009; 54(13):1123–30.

10. Dibella EV, Fluckiger JU, Chen L, Kim TH, Pack NA, Matthews B, Adluru G,
Priester T, Kuppahally S, Jiji R, McGann C, Litwin SE. The effect of obesity
on regadenoson-induced myocardial hyperemia: a quantitative magnetic
resonance imaging study. Int J Cardiovasc Imaging. 2012; 28(6):1435–44.

11. Hendel RC, Bateman TM, Cerqueira MD, Iskandrian AE, Leppo JA, Blackburn
B, Mahmarian JJ. Initial clinical experience with regadenoson, a novel
selective A2A agonist for pharmacologic stress single-photon emission
computed tomography myocardial perfusion imaging. J Am Coll Cardiol.
2005; 46(11):2069–75.

12. 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(5):645–58.

13. Mahmarian JJ, Cerqueira MD, Iskandrian AE, Bateman TM, Thomas GS,
Hendel RC, Moye LA, Olmsted AW. Regadenoson induces comparable left
ventricular perfusion defects as adenosine: a quantitative analysis from
the ADVANCE MPI 2 trial. JACC Cardiovasc Imaging. 2009; 2(8):959–68.

14. Lorenz CH, Walker ES, Morgan VL, Klein SS, Graham TP Jr. Normal human
right and left ventricular mass, systolic function, and gender differences
by cine magnetic resonance imaging. J Cardiovasc Magn Reson. 1999;
1(1):7–21.

15. Vasu S, Bandettini WP, Hsu LY, Kellman P, Leung S, Mancini C, Shanbhag
SM, Wilson J, Booker OJ, Arai AE. Regadenoson and adenosine are
equivalent vasodilators and are superior than dipyridamole- a study of
first pass quantitative perfusion cardiovascular magnetic resonance.
J Cardiovasc Magn Reson. 2013; 15(1):85.

16. Cerqueira MD, Nguyen P, Staehr P, Underwood SR, Iskandrian AE. Effects of
age, gender, obesity, and diabetes on the efficacy and safety of the
selective A2A agonist regadenoson versus adenosine in myocardial
perfusion imaging integrated ADVANCE-MPI trial results. JACC Cardiovasc
Imaging. 2008; 1(3):307–16.

17. Lee JB, Winstead PS, Cook AM. Pharmacokinetic alterations in obesity.
Orthopedics. 2006; 29(11):984–88.

18. Patel AR, Antkowiak PF, Nandalur KR, West AM, Salerno M, Arora V,
Christopher J, Epstein FH, Kramer CM. Assessment of advanced coronary
artery disease: advantages of quantitative cardiac magnetic resonance
perfusion analysis. J Am Coll Cardiol. 2010; 56(7):561–69.

19. Davidson CJ, Gheorghiade M, Flaherty JD, Elliot MD, Reddy SP, Wang NC,
Sundaram SA, Flamm SL, Blei AT, Abecassis MI, Bonow RO. Predictive value
of stress myocardial perfusion imaging in liver transplant candidates.
Am J Cardiol. 2002; 89(3):359–60.

20. Steel K, Broderick R, Gandla V, Larose E, Resnic F, Jerosch-Herold M, Brown
KA, Kwong RY. Complementary prognostic values of stress myocardial
perfusion and late gadolinium enhancement imaging by cardiac
magnetic resonance in patients with known or suspected coronary
artery disease. Circulation. 2009; 120(14):1390–400.

21. Iqbal FM, Hage FG, Ahmed A, Dean PJ, Raslan S, Heo J, Iskandrian AE.
Comparison of the prognostic value of normal regadenoson with normal
adenosine myocardial perfusion imaging with propensity score
matching. JACC Cardiovasc Imaging. 2012; 5(10):1014–21.

22. Pilz G, Eierle S, Heer T, Klos M, Ali E, Scheck R, Wild M, Bernhardt P, Hoefling
B. Negative predictive value of normal adenosine-stress cardiac MRI in
the assessment of coronary artery disease and correlation with
semiquantitative perfusion analysis. J Magn Reson Imaging. 2010;
32(3):615–21.

23. Bingham SE, Hachamovitch R. Incremental prognostic significance of
combined cardiac magnetic resonance imaging, adenosine stress
perfusion, delayed enhancement, and left ventricular function over
preimaging information for the prediction of adverse events.
Circulation. 2011; 123(14):1509–18.

24. Dhalla AK, Wong MY, Wang WQ, Biaggioni I, Belardinelli L. Tachycardia
caused by A2A adenosine receptor agonists is mediated by direct
sympathoexcitation in awake rats. J Pharmacol Exp Ther. 2006;
316(2):695–702.

25. Lieu HD, Shryock JC, von Mering GO, Gordi T, Blackburn B, Olmsted AW,
Belardinelli L, Kerensky RA. Regadenoson, a selective A2A adenosine
receptor agonist, causes dose-dependent increases in coronary blood
flow velocity in humans. J Nucl Cardiol. 2007; 14(4):514–20.

26. Gerber BL, Raman SV, Nayak K, Epstein FH, Ferreira P, Axel L, Kraitchman DL.
Myocardial first-pass perfusion cardiovascular magnetic resonance:
history, theory, and current state of the art. J Cardiovasc Magn Reson.
2008; 10:18.

27. Bhave NM, Freed BH, Yodwut C, Kolanczyk D, Dill K, Lang RM, Mor-Avi V,
Patel AR. Considerations when measuring myocardial perfusion reserve
by cardiovascular magnetic resonance using regadenoson. J Cardiovasc
Magn Reson. 2012; 14:89.

28. Booker OJ, Bandettini P, Kellman P, et al. Time resolved measure of
coronary sinus flow following regadenoson administration. J Cardiovasc
Magn Reson. 2011; 13(Suppl 1):O74.

doi:10.1186/1532-429X-15-108
Cite this article as: Freed et al.: Prognostic value of normal regadenoson
stress perfusion cardiovascular magnetic resonance. Journal of
Cardiovascular Magnetic Resonance 2013 15:108.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study population and design
	CMR Protocol
	CMR image analysis
	Statistical analysis

	Results
	Patient characteristics
	Regadenoson perfusion CMR results
	Hemodynamic effects of regadenoson
	Safety and tolerability of regadenoson
	Prognosis

	Discussion
	Regadenoson characteristics
	Prognostic value of normal regadenoson perfusion CMR
	Added prognostic value of regadenoson MPI to a comprehensive resting CMR study
	Technical considerations when using regadenoson perfusion CMR
	Limitations

	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgment
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


