Int J Cardiovasc Imaging (2012) 28:1435-1444
DOI 10.1007/s10554-011-9949-4

ORIGINAL PAPER

The effect of obesity on regadenoson-induced myocardial
hyperemia: a quantitative magnetic resonance imaging

study

Edward V. R. DiBella - Jacob U. Fluckiger - Liyong Chen - Tae Ho Kim -
Nathan A. Pack - Brian Matthews + Ganesh Adluru - Tiffany Priester -
Suman Kuppahally < Ronny Jiji - Chris McGann * Sheldon E. Litwin

Received: 7 July 2011/ Accepted: 17 September 2011/ Published online: 4 October 2011
© The Author(s) 2011. This article is published with open access at Springerlink.com

Abstract The A2, receptor agonist, regadenoson, is
increasingly used as a vasodilator during nuclear
myocardial perfusion imaging. Regadenoson is
administered as a single, fixed dose. Given the
frequency of obesity in patients with symptoms of
heart disease, it is important to know whether the fixed
dose of regadenoson produces maximal coronary
hyperemia in subjects of widely varying body size.
Thirty subjects (12 female, 18 male, mean BMI
30.3 £+ 6.5, range 19.6-46.6) were imaged on a 3T
magnetic resonance scanner. Imaging with a satura-
tion recovery radial turboFLASH sequence was done
first at rest, then during adenosine infusion (140 pg/
kg/min) and 30 min later with regadenoson (0.4 mg/
5 ml bolus). A 5 cc/s injection of Gd-BOPTA was
used for each perfusion sequence, with doses of 0.02,
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0.03 and 0.03 mmol/kg, respectively. Analysis of the
upslope of myocardial time-intensity curves and
quantitative processing to obtain myocardial perfusion
reserve (MPR) values were performed for each
vasodilator. The tissue upslopes for adenosine and
regadenoson matched closely (y = 1.1x 4 0.03,
r = 0.9). Mean MPR was 2.3 4+ 0.6 for adenosine
and 2.4 £ 0.9 for regadenoson (p = 0./4). There was
good agreement between MPR measured with aden-
osine and regadenoson (y = 1.1x — 0.06, r = 0.7).
The MPR values measured with both agents tended to
be lower as BMI increased. There were no complica-
tions during administration of either agent. Regade-
noson produced fewer side effects. Fixed dose
regadenoson and weight adjusted adenosine produce
similar measures of MPR in patients with a wide range
of body sizes. Regadenoson is a potentially useful
vasodilator for stress MRI studies.
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Introduction

Almost 70% of people in most developed countries are
overweight or obese. Obesity is a risk factor for early
and accelerated atherosclerotic cardiovascular disease
[1, 2]. Noninvasive imaging techniques that are
capable of detecting obstructive coronary artery dis-
ease (CAD) with good sensitivity and specificity in
obese patients are increasingly needed. Regadenoson
(LexiscanTM, Astellas Pharma or RapiscanTM, Rapid-
scan Pharma Solutions in Europe) is an FDA-approved
coronary vasodilator that is a more specific A24
receptor agonist than adenosine. Regadenoson has
been studied in large trials of single photon emission
computed tomography (SPECT) [3-7] and has been
used for clinical imaging in over 3 million patients to
date. Regadenoson has reduced side effects compared
to adenosine. Lack of the need for any dose calcula-
tions or pump delivery make regadenoson easier to use.
The ability of a single fixed size dose of regadenoson to
produce full coronary hyperemia in patients of widely
varying body size or adiposity has not been tested
extensively with quantitative techniques.

The accuracy of perfusion magnetic resonance
imaging (MRI) is comparable or better than stress
echocardiography and SPECT approaches in the
diagnosis of obstructive CAD [8, 9]. Cardiac MRI is
somewhat less susceptible to poor image quality in the
setting of obesity compared to ultrasound or SPECT
approaches. MRI has the advantages of offering more
comprehensive evaluation of cardiac structure and
function than SPECT and higher spatial resolution than
either of the other techniques. Myocardial perfusion
assessment with MRI has mainly been performed
using weight-adjusted infusion of adenosine to pro-
duce coronary vasodilation at the time of first pass
gadolinium imaging. Because adenosine and gadolin-
ium have to be given simultaneously, two separate
intravenous access sites are required. In addition, the
need to calculate adenosine dose introduces potential
for errors. Lastly, a special infusion pump that is
compatible with the strong magnetic field is required
for the administration of adenosine during MRI.
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Injection of a fixed dose of 0.4 mg regadenoson has
been shown in a large study to be “not inferior” to
adenosine for detection of CAD with SPECT [10, 11].
Additionally, regadenoson was reported to have fewer
side effects and to be more tolerable to patients [11].
Regadenoson appears to have advantages in patients
with pulmonary disease [12] and asthma [13] and may
be less affected by recent caffeine consumption [14].
Regadenoson is very attractive for use during MRI
perfusion imaging because a continuous infusion is not
required and the coronary hyperemic response occurs
rapidly. Thus, the use of regadenoson would obviate
the need for a 2nd intravenous access and for a
specialized infusion pump. This study was done to: (1)
evaluate the use of regadenoson as a coronary
vasodilator during perfusion MRI, and (2) to deter-
mine whether fixed-dose regadenoson produces com-
parable coronary hyperemia to weight-dosed
adenosine in patients with a wide range of body sizes.

Methods

Thirty volunteer subjects (12 female, 18 male) of
varying weight were recruited. Table 1 lists the
characteristics of the subjects. Twenty five % had
one or more known coronary risk factors. All of the
subjects gave written informed consent. The study was
approved by the institutional review board at the
University of Utah. The study is registered at
clinicaltrials.gov (# NCTO00859833). Subjects were
requested to abstain from food and drinks containing
caffeine for 24 h prior to the study.

MRI protocol

The subjects were imaged on a 3-Tesla magnet
(Siemens Medical Solutions, Erlangen, Germany,
Trio or Verio systems) using a 12-element phased
array coil. Intravenous access was established in each
arm, ECG leads were positioned, the coil array was
placed over the chest, and subjects were positioned in
the scanner. Dynamic contrast-enhanced myocardial
perfusion imaging was done first at rest, then during
adenosine infusion (140 pg/kg/min) and 34 + 4 min
later with regadenoson injection (0.4 mg/5 ml fol-
lowed by a 10 cc saline flush). A timeline is shown in
Fig. 1. Adenosine was given first because it has a
much shorter duration of action and it was necessary to
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Table 1 Characteristics of study population

All subjects ~ Nonobese Obese
(BMI < 30 (BMI > 30
kg/m?) kg/m?)
n =28 n=16 n=12
Male (n/%) 16 (57%) 8 (50%) 8 (67%)
Female (n/%) 12 (43%) 8 (50%) 4 (33%)
Smoking 7 (25%) 3 (19%) 4 (33%)
Hypertension 6 (21%) 3 (19%) 3 (25%)
Coronary 3 (11%) 1 (6%) 2 (16%)
artery
disease
Diabetes 3 (11%) 2 (12%) 1 (8%)
Weight (Ibs) 202 £ 44.5 173.7 £ 31.4 239.6 £ 28.6*
Weight (kg) 91.8 £204 788 £ 143 108.7 £ 13.0*
Height (in) 68.5 + 4.5 68.4 + 3.9 684 + 54
BMI (kg/m%) 30.33 £ 6.54 26.0 + 3.3 36.2 + 5.0*
Age (years) 495+ 115 475+ 112 521 +11.7
LV ejection  53.8 £ 8.1 56.3 £ 6.2 505+ 94
fraction (%)
LV stroke 70.5 £ 164 696 £ 162 71.6+ 174
volume
(ml)
LV mass (g) 133.6 £45.0 1199 £ 380 151.8 +48.6

* p < 0.05 obese vs. non-obese

complete assessment of both agents in one imaging
session. Care was taken to completely flush any
residual adenosine from the tubing immediately after
the first stress acquisition so that there was no
contamination during the regadenoson bolus.

A stack of short axis cine scans to obtain left
ventricular (LV) ejection fraction, volume and mass
were acquired between the two stress acquisitions. The
cine acquisition used a steady state free precession
sequence (TR/TE = 2-3.3/1.2-1.5 ms, flip angle =
44°-50°, slice thickness = 7 mm, spacing between
slices = 1.4 mm). For the perfusion acquisitions, a
5 cc/s injection of Gd-BOPTA (Multihance™) was
given, with doses of 0.02, 0.03 and 0.03 mmol/kg, for

R rfusi
[ est perfusion J_>‘

Adenosine
perfusion

J—} Cine Imaging ) !

rest, adenosine stress, and regadenoson stress, respec-
tively. All injections were followed with a saline flush
of 25 ml at 5 cc/s. The contrast was injected ~3 min
after the start of the adenosine infusion, and ~90 s
after the regadenoson injection. For first pass perfu-
sion imaging, a saturation recovery radial turbo-
FLASH sequence [15-17] was used with 72 rays
acquired after each saturation pulse. Scan parameters
were TR = 2.6 ms, TE = 1.14 ms, flip angle 14°,
2.3 x 2.3 x 8 mm voxel size, 2-4 slices acquired
each heartbeat for approximately 1 min. All of the
perfusion images were acquired during shallow
breathing. Image reconstruction was performed with
previously described methods [16].

MRI data analysis

The stack of 8-10 short axis cine images were
processed using Argus software (Siemens) to obtain
LV ejection fraction, volumes and mass. The myocar-
dial perfusion imaging data were processed using
custom software [18] to register the time frames, to
compensate for respiratory motion, and then to
segment the myocardium. In each slice, myocardial
uptake time curves from six tissue regions equally
spaced over 360° were obtained. The slope of the
rising phase of the intensity-time curve in the myo-
cardium was calculated after using the acquisition
timestamp in each frame for interpolation to uniformly
spaced 0.5 s time frames. The maximum upslope over
nine frames (4.5 s) was calculated for each region.
This provides the most direct comparison of the two
injections if it is assumed that the arterial input
functions are similar. This type of analysis is relatively
widely used [19].

To measure absolute myocardial perfusion, a region
of interest in the LV blood pool was selected. An
unsaturated arterial input function, which is necessary
for quantitation, was obtained using the multiple
saturation recovery time methods described by Kim

Regadenoson
perfusion

N
L

<
<

Fig. 1 Timeline of protocol. Resting perfusion was performed
first with a dose of 0.02 mmol/kg, followed by adenosine
perfusion (0.03 mmol/kg contrast agent injected after 3 min of

34+4
minutes

infusion). Then a set of cine images were acquired, and after a

waiting period regadenoson perfusion (0.03 mmol/kg injected
~90 s after the injection of regadenoson) was performed
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et al. [17]. The same myocardial uptake time curves
described above for the upslope analysis were then fit
with a compartment model to obtain values for
myocardial perfusion. The perfusion values were
reported as ml/min/g with the assumption that the
specific gravity of the myocardial tissue was equal to
1 g/ml. Previous work has shown that the perfusion
estimates with a compartment model and with model-
independent methods are not significantly different
[20].

Examples of first pass MRI perfusion images and
time intensity curves for each region are shown in
Fig. 2. Myocardial perfusion reserve (MPR) was
calculated as the ratio of myocardial blood flow
during adenosine or regadenoson stress divided by the
flow at rest. The analysis was repeated after normal-
izing resting perfusion values for resting rate-pressure
product [21].

The subjects were divided into nonobese (BMI <
30 kg/m?) and obese (BMI > 30 kg/m?) groups, and
the MPRs in the two groups for both vasodilators were
compared. Regadenoson perfusion values were also
normalized (divided) by adenosine perfusion values to
better study if the ratio changed between the two
groups with different BMIs.

Statistical analysis

A paired student’s ¢ test was used to compare means of
continuous values such as the MPRs obtained with

Fig. 2 Example of 2D radial pulse sequence, acquired at 3T.
Left side Every third time frame shown of part of the cardiac
perfusion radial (72 ray) acquisitions at rest or under vasodi-
lation. The two vasodilators give similar images. Right side
Example tissue uptake curves during rest, adenosine and
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adenosine and regadenoson. An unpaired t-test was
used to compare the groups with different BMI’s.
Linear regression analysis was used to assess the
correlation of the MPR values derived with each
pharmacological agent and to determine whether BMI
was related to MPR. Bland-Altman repeatability
coefficient was calculated to assess systemic over or
underestimation by one of the methods.

Results

Results were not obtained in two of the 30 subjects,
both male, due to technical reasons. In one of the
subjects the gadolinium contrast agent was not
administered correctly. In another subject, the ECG
gating signal was abruptly lost during the final
perfusion scan.

The mean age of the study population was 49 & 11
and mean BMI was 30.3 + 6.5, range 19.6-46.6
(Table 1). Forty three % of the subjects were obese
based on World Health Organization Criteria. Twenty
five % of the subjects had a history of smoking, 21%
had a history of hypertension, 11% patients had a
history of diabetes and 11% had known CAD
(Table 1). On the average, the subjects had normal
LV systolic function, volume and mass (Table 1).
Obese patients tended to have larger LV mass and
stroke volumes compared to non-obese but the differ-
ences were not significant.

— Rest
Adenosine
—e— Regadenoson

10 20 30 40 50

Seconds
regadenoson. The regadenoson peak appears higher in this
particular example, although the upslopes are similar. For the

entire population, the upslopes and peak tissue values were
comparable with adenosine and regadenoson stress
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Table 2 Hemodynamic responses to adenosine and regadenoson

All subjects

Nonobese (BMI < 30 kg/mz) Obese (BMI > 30 kg/mz)

Resting heart rate (bpm) 68 £ 11
Resting systolic blood pressure (mmHg) 143 + 20
Resting rate-pressure product (bpm*mmHg) 9763 £+ 2332
Heart rate adenosine (bpm) 93 + 20
Heart rate regadenoson (bpm) 95 £ 17

65 £ 8 71 £ 14

138 + 20 151 £ 19
8997 £ 1705 10785 £ 2717*

88 + 18 100 £ 21

93 £ 16 99 £ 19

* p < 0.05 obese vs. non-obese

Hemodynamic responses to adenosine
and regadenoson

Resting heart rate, blood pressure (BP) and rate-
pressure product for the entire group and those with
BMI <30 kg/m?* or >30 kg/m? are shown in Table 2.
There were no difference in the hemodynamic
responses to adenosine and regadenoson for the overall
group. Non-obese and obese subjects also responded
similarly. Heart rate tended to increase more in obese
versus nonobese subjects with both agents, but only
resting rate-pressure product was significantly greater
for the obese subjects. Heart rate increased signifi-
cantly by amean of ~37% from rest to stress with both
adenosine and regadenoson. There were no serious
adverse events. Nineteen of the subjects felt regade-
noson produced fewer side effects, five preferred
adenosine and four felt they were equivalent.

Comparison of MPR derived with regadenoson
and adenosine

There was a close correlation between the upslopes of
the myocardial tissue time-intensity curves obtained
with adenosine and regadenoson (Fig. 3). Absolute
myocardial blood flows at rest and with each stress
agent are shown in Table 3. There were no statistical
differences between the maximal blood flows obtained
with adenosine and regadenoson. There was a mod-
erately strong correlation (r = 0.72, regadenoson
MPR = 1.11 * (adenosine MPR) — 0.06) between
MPR derived during administration of fixed dose
regadenoson and weight-adjusted adenosine (Fig. 4).
The 95% confidence interval of the difference in
MPRs was [—0.44 to 0.06]. With the sample size of 28
subjects imaged here, differences in mean MPR of at
least 0.4 would be detected 90% of the time. The
Bland—Altman analysis reflects an 8% lower

adenosine mean MPR compared to regadenoson
MPR, though no systematic trends of MPR with either
agent were observed (Fig.5). The coefficient of
repeatability between the two measures of MPR was
1.26. Normalization of myocardial blood flow based
on resting rate-pressure product increased the MPR for
both adenosine and regadenoson, although the cor-
rected MPRs were not significantly different between
the two BMI groups (Table 3).

Effect of body mass index on MPR with each
vasodilator

There was a mild negative association between MPR
and BMI as assessed with both vasodilators, i.e., MPR
tended to be lower as the severity of obesity increased

Regadenoson Tissue Upslope
w

y=1.09"x+0.03

r=0.89

0 1 2 3 4 5
Adenosine Tissue Upslope

Fig. 3 Correlation between mean tissue curve upslopes in each
patient during adenosine and regadenoson. The upslopes
correlate closely
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Table 3 Comparison of Myocardial Perfusion Reserve (MPR) obtained with adenosine or regadenoson

All subjects ~ BMI < 30 kg/m®>  BMI > 30 kg/m?

Myocardial blood flow rest (ml/min/g) 0.70 £ 0.16 0.69 £ 0.14 0.72 £ 0.20
Myocardial blood flow adenosine (ml/min/g) 1.49 £ 043 1.53 £ 043 1.42 £ 0.44
Myocardial blood flow regadenoson (ml/min/g) 1.61 + 0.65 1.74 + 0.57 1.44 + 0.73
Myocardial perfusion reserve adenosine 225 £ 0.59 237 £0.59 2.09 £ .58

Myocardial perfusion reserve regadenoson 2.44 + 0.92 2.67 + 1.18 2.06 + 0.89
Myocardial perfusion reserve adenosine, normalized to resting RPP 241 £+ 1.09 2.68 £ 0.97 2.15 £ 0.74
Myocardial perfusion reserve regadenoson, normalized to resting RPP 244 £ 1.19 281 £1.18 1.95 £ 1.05
Ratio of MPR with regadenoson to MPR with adenosine 1.08 £ 0.26 1.15 £ 0.23 1.0 £ 0.28

45
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g 3f 80
©
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g 25
o of
20
i y=1.11*x -0.06
15
r=0.72
0 10
0 1 2 3 4 5
Adenosine

Fig. 4 Correlation between mean myocardial perfusion reserve
(MPR) in each subject measured with adenosine and regadeno-
son. The color bar codes the subjects by BMI
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Fig. 5 Bland-Altman plot showing showing a small negative
bias for the difference of mean MPR with adenosine or
regadenoson
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(r = —0.37 with adenosine and r = —0.4 with regad-
enoson, Fig. 6). The ratio of MPR obtained with
regadenoson to that obtained with adenosine was
higher in the low BMI group than in the high BMI
group, but was not significantly different between the
two BMI groups (Table 3). In other words, fixed dose
regadenoson tended to produce higher MPR than
adenosine in nonobese subjects. However, a similar
trend was not seen in the obese group.

Discussion

The main finding of this study was that the values for
MPR measured with regadenoson did not differ
significantly from those obtained with weight-adjusted
adenosine infusion, even when including subjects with
widely varying body weight and adiposity. The use of
regadenoson substantially simplifies the protocol for
MR perfusion imaging compared to the protocol used
for adenosine studies since regadenoson does not
require calculation of the dose, requires only one
intravenous access and a specially designed infusion
pump for use in the magnet is not necessary.

Comparison with prior studies

Gordi et al. [5] reported data regarding the use of a
single dose of regadenoson in all patients. These
authors studied 36 relatively thin subjects (mean
BMI = 24.4 + 3.0). The study endpoints were
plasma levels of the drug and hemodynamic measure-
ments. Their findings supported the use of a fixed dose
of regadenoson. Another study used invasively mea-
sured coronary flow velocities as the main outcome
measure. These authors showed that a smaller dose of
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regadenoson (100 pg) provided coronary flow
increases similar to that from 400 pg (the dose that
is used clinically). However, coronary hyperemia
lasted for a shorter time with the lower dose [11]. The
ADVANCE 3 study evaluated large numbers of
patients who underwent sequential SPECT studies
on different days with adenosine and regadenoson
[11]. This study found good agreement in the assess-
ment of ischemia detected with SPECT performed
during adenosine- or regadenoson-induced coronary
vasodilation. Agreement between the two agents was
considered to be “good” because it was similar to the
agreement rate between sequential adenosine scans
(0.62 £ 0.03) [10]. Patients in the ADVANCE 3 study
were older than in the current study, with a mean age
of 64. Average weight in ADVANCE 3 was
82 + 8 kg with BMI 29 + 5. The ADVANCE study
has also been analyzed to determine if patients with a
larger BMI had similar agreement with adenosine. The
patients were divided into those with BMI <30
(n = 770) and those with BMI >30 (n = 470). In
that analysis, no significant difference in diagnostic
agreement with adenosine was found [10]. That work
also reported that regadenoson agreed with adenosine
for detection of reversible myocardial defects across
age (above or below age 65), across gender and in
diabetics. Further analysis of portions of the
ADVANCE data set with regard to BMI and plasma
regadenoson concentrations also reported diagnostic
SPECT imaging efficacy at high BMI, and found that
even at high BMI, plasma concentrations were above
the 12 ng/ml threshold thought sufficient for vasodi-
lator for imaging [22].

In our study, both vasodilators showed a trend for
reduced MPR in larger BMI patients. A similar effect

BMI

has been reported previously with dipyridamole and
quantitative PET, where in a low risk population it was
found that stress hyperemia was approximately 13%
less in an obese group than in controls [23]. In the
current study, there was a tendency for MPR measured
with regadenoson to be higher than that measured with
adenosine in low BMI subjects and to decrease more as
BMI increased (Table 3; Fig. 6). However, the differ-
ences between the normal and high BMI groups were
not significantly different. More study of how obesity
affects coronary reactivity is needed for all vasodila-
tors since some reports suggest that up to 20% of
dipyridamole and 8% of adenosine infusions do not
produce maximal coronary hyperemia [24]. The design
of new imaging strategies and testing protocols will
increasingly need to account for the effects of obesity.

Itis of interest to consider how the correspondence of
MPR measured with adenosine and regadenoson com-
pare to previous works studying repeated adenosine
scans. Using '°O-labeled water and dynamic PET, the
coefficient of repeatability (two standard deviations of
the difference) in the same healthy subjects approxi-
mately 20 min apart was 1.3 (33% of the mean MPR)
[25]. Previous work with repeatability of MRI adenosine
perfusionreportedr = 0.7 for global MPR measured on
different days. That study had a repeatability coefficient
of 1.5 (53% of the mean MPR) [26]. Studies performed
further apart in time (~ 1 year) had a coefficient of
repeatability of 1.13 at hyperemia (41% of mean),
although MPR correspondence was not reported [27]. In
the current study, we found a correlation with r = 0.7
between regadenoson and adenosine, and a coefficient
of repeatability between the two measures of MPR of
1.26 (54% of the mean MPR), which is similar to the
repeated adenosine studies.
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Previous quantitative MRI perfusion studies have
reported wide ranges of MPR from 2.1 to 4.2 [20]. Most
of the studies were in normal volunteers. The flow
reserves in the current study are in the lower end of this
reported range. Other studies have reported similar
MPR values to those we obtained. For example, Fritz
Hansen et al. measured MPR = 2.4 + 0.8 measured
with MRI in 10 healthy males [28]. Likewise, Ishimori
et al. [19] reported MPR of 2.4 and 2.1 in the
subepicardium and subendocardium of normal female
subjects. Goudarzi et al. [29] performed quantitative
#2Rb PET on 52 subjects with regadenoson and
reported an MPR = 2.9 £ 0.8. The MPR agreed with
that calculated in a similar population when dipyrid-
amole was used (2.8 £ 0.7). The subjects in our
current study were middle aged, had a moderate
number of cardiac risk factors and 11% had known
coronary artery disease, all of which could have
contributed to reduced MPRs compared to those in
younger and healthier populations. The inclusion of
subjects with varying clinical characteristics, including
known CAD, was not an issue for our study since we
performed direct (paired) comparison of adenosine and
regadenoson in each subject in the same imaging
session.

Timing of injections

Imaging was started approximately 90 s after injection
of regadenoson. This timing differs from the standard
regadenoson SPECT protocol in which tracer is
injected ~20 s after regadenoson administration.
The timing for our protocol was chosen because of
differences between MRI and SPECT perfusion
imaging. The optimal timing of tracer administration
during SPECT imaging depends on the extraction
properties of the specific tracer being used. Data
obtained with a Doppler flow wire showed that
maximal blood velocity occurred in the coronary
artery from approximately 60-140 s after bolus
injection of regadenoson [7]. This finding and the
preference to acquire MRI data while the heart rate
was relatively steady resulted in the selection of
gadolinium injection at ~90 s after regadenoson.
Recent work by others has also concluded that
approximately 90 s gives optimal injection timing
for MRI perfusion studies, based on MRI measure-
ments of flow in the coronary sinus [7].

@ Springer

Regadenoson elevates heart rate and myocardial
perfusion for a longer time period than does adenosine.
Some data show that 45 min may be required for heart
rate to return to baseline after a bolus of regadenoson
[11]. In our study, we observed that heart rate had
typically returned to approximately baseline by
15 min in most patients. The longer duration of
elevated heart rate after receiving regadenoson versus
adenosine may hinder the use of some imaging
sequences after the administration of regadenoson.
For this reason, it may be advisable to perform rest
perfusion first (possibly with a lower dose of gadolin-
ium), followed by cine imaging of LV function to
allow washout of gadolinium, followed by stress
imaging and finally delayed enhancement. Alterna-
tively, stress-only studies have been advocated for
adenosine, and might suit regadenoson well [30, 31].

Study limitations

There are several technical factors that could affect
the interpretation of our data. Adenosine was given
first each time, and this may have influenced how
the subjects rated the tolerability of the agents. As
well, since more contrast had been given by the time
the regadenoson was used, this could have affected
the time curves obtained during the final data
acquisitions. However, since relatively low doses
of contrast agent were used and there was at least
30 min between the two stress perfusion measure-
ments, this effect is likely small. The method used to
obtain an accurate arterial input function has been
validated at rest with 0.02 mmol/kg doses of Gd-
BOPTA, which were shown to have significant
(0-70% saturation) saturation at the peak [17]. It is
possible that the method does not work as well with
the 0.03 mmol/kg doses used in the stress injections
here. However, identical processing was applied to
both adenosine and regadenoson images so that even
if the method did not correct for all saturation, the
comparisons should still be valid. Semi-quantitative
tissue upslope results were also reported to confirm
the similarity of uptake in the myocardial tissue
during each drug, without any influence from the
AIF calculations.

The major limitation of this study is the relatively
small sample size. The intent was not to prove the
diagnostic accuracy of regadenoson in the evalua-
tion of patients with possible coronary artery
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disease. Rather, the goal was to demonstrate
whether a single fixed size dose of regadenoson
produces comparable coronary hyperemia across the
range of body sizes seen in a clinical setting, and to
explore the suitability of regadenoson for use during
MRI. Larger studies are needed to assess the
diagnostic performance of this particular pharmaco-
logical stress agent and imaging modality. For this
purpose, multi-center trials comparing regadenoson
and other vasodilators will be needed. While the
large corpus of work with SPECT imaging implies
that regadenoson will likely be equivalent to
adenosine, the different protocols involved with
MRI and the different imaging processes makes this
critical to test. In addition, since hyperemic blood
flow is at a steady state for a relatively brief period
after administration of regadenoson, further testing
regarding the reproducibility for quantitative studies
is important.

Conclusions

Regadenoson is safe, well tolerated and time efficient
as a pharmacological vasodilator for cardiac stress
perfusion MRI studies. Only one intravenous access is
required and there is no need for a specialized,
magnet-safe infusion pump. Myocardial perfusion
reserve measured during administration of fixed-dose,
bolus administration of regadenoson is comparable to
that obtained with adenosine across a range of patient
sizes. Simplification of the stress protocol may make
MR an increasingly attractive modality for the diag-
nostic assessment of subjects with known or suspected
CAD. A multi-center trial to determine the perfor-
mance of regadenoson as a stress agent in cardiac MRI
seems warranted.
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