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Selective action of metoprolol to attenuate
regadenoson-induced tachycardia in conscious
dogs

Gong Zhao, MD, PhD,* Suhua Zhang, MD,” John C. Shryock, PhD,* Xiaobin Xu,
MD,® Manuel Ochoa, BS,® Thomas H. Hintze, PhD,® and Luiz Belardinelli, MD?

Background. Regadenoson is a coronary vasodilator that causes tachycardia via activation
of the sympathetic nervous system. We determined whether [;-adrenergic blockade can
attenuate tachycardia without significantly reducing coronary vasodilation induced by regad-
enoson.

Methods and Results. Hemodynamics and coronary blood flow (CBF) were measured in
conscious dogs. Baseline CBF and heart rate (HR) were 42 + 2 mL/min and 87 + 8 bpm
(mean + SEM), respectively. Regadenoson (1, 2.5, and 5 pg/kg) increased peak CBF by
129 + 10, 149 +7, and 174 + 10 mL/min and HR by 48 + 6, 67 + 5, and 85 + 11 bpm,
respectively, (all P < .05 vs baseline). In the presence of metoprolol (1.5 mg/kg), the peak
increases in CBF caused by these three doses of regadenoson were reduced by only 11 + 7%,
10 £ 4%, and 21 £ 2% (P = NS, <.05, and <.05 vs regadenoson alone), respectively, whereas
the regadenoson-induced tachycardia was significantly reduced by 55 + 8%, 55 + 4%, and
52 + 5% (all P < .05). In the presence of metoprolol, the duration of the regadenoson-induced
increase in CBF was reduced, but the duration of the 2-fold increase in CBF caused by 5 pg/kg
regadenoson was still nearly 6 minutes.

Conclusion. p;-Adrenergic blockade with metoprolol attenuated the regadenoson-induced
increase in HR more than the increase in CBF. (J Nucl Cardiol 2012;19:109-17.)
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INTRODUCTION

Regadenoson is an A, adenosine receptor agonist
that was approved by the US FDA in 2008 for use as
a coronary vasodilator in pharmacologic stress testing
for radionuclide myocardial perfusion imaging (MPI)
using single-photon emission computed tomography
(SPECT).' Results of previous studies indicate that
regadenoson is a selective and potent coronary vasodi-
lator in conscious dogs and humans.* In addition to the
coronary vasodilator effect, regadenoson also causes an
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increase in heart rate (HR) in experimental animals and
humans.”™ Previous studies have indicated that the
adenosine- and regadenoson-induced increases in HR
are due to direct excitation of sympathetic nerves in
humans,m awake rats,11 and conscious dogs.12 The
sympathetically induced increase in HR and cardiac
work may contribute to the vasodilator effects of
regadenoson (and of adenosine), and B-adrenergic
receptor blockers would be expected to reduce the
increase of coronary blood flow (CBF) caused by the
drug. The use of beta blockers may, therefore, reduce
the magnitude of the vasodilator response to regade-
noson during pharmacologic stress testing. Therefore,
the goal of this study was to determine the effect of
Bi-adrenergic blockade with a therapeutic dose of
metoprolol on the regadenoson-induced changes in
HR, left ventricular contractility, and CBF in con-
scious dogs.

METHODS

Chronically instrumented male mongrel dogs (n = 7)
weighing 24-28 kg were used in this study. The experimental
protocols were approved by the Institutional Animal Care and
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Use Committee of New York Medical College and conform to
the Guide for the Care and Use of Laboratory Animals by the
United States National Institutes of Health.

Surgical Procedures

Dogs were sedated with acepromazine (0.3 mg/kg, im)
and anesthetized with pentobarbital sodium (25 mg/kg, iv).
After intubation, dogs were artificially ventilated with room
air. A thoracotomy was made in the fifth intercostal space
using sterile techniques. Tygon catheters (Cardiovascular
Instruments, Wakefield, MA) were inserted into the descend-
ing thoracic aorta and the left atrium, respectively. An
ultrasound flow transducer (Transonic Systems, Ithaca, NY)
was placed around the left circumflex coronary artery. A solid-
state pressure gauge (P6.5, Konigsberg Instruments, Pasadena,
CA) was inserted into the left ventricle through the apex. The
chest was closed in layers. The catheters and wires were
tunneled subcutaneously and externalized through the skin at
the back of the dog’s neck. Dogs were allowed to recover from
surgery for 10 to 14 days before experiments were performed
and were trained to lie on a table.

Coronary Blood Flow and Hemodynamic
Measurements

Phasic arterial blood pressure was measured by connect-
ing the aortic catheter to a strain gauge transducer (P23 ID,
LDS Test and Measurement, Valley View, OH). Left ventric-
ular systolic pressure (LVSP) was measured using a solid-state
pressure gauge. CBF (mL/min) was measured from an ultra-
sound flow transducer using a Transonic flowmeter (T402,
Transonic Systems, Ithaca, NY). Two indices were used to
describe the regadenoson-induced coronary vasodilation: (1)
the peak increase in CBF and (2) the duration of the 2-fold
increase in CBF (the period of time that CBF was above a level
>2-fold of baseline CBF). All measured parameters were
acquired and analyzed using a Ponemah System (Version 4.90,
DSI, Valley View, OH). Mean arterial pressure (MAP) and HR
were calculated from phasic blood pressure data, and the
maximum positive value of the first derivative of left ventric-
ular pressure with time (LV + dP/df) was calculated from
LVSP. Mean coronary vascular resistance (MCVR) was
calculated as CBF divided by MAP.

Experimental Protocols

On an experimental day, a dog was brought to the lab and
placed on atable on its right side, where it laid quietly throughout
the experiment. A catheter was inserted into a peripheral vein in
the leg and attached to an infusion line to administer drugs
without disturbing the animal. The experiment was begun after
LVSP,MAP, HR, and CBF were stable, usually 20 to 30 minutes
after connecting all recoding equipment.

Regadenoson (1, 2.5, and 5 pg/kg) was administered as a
bolus iv injection. Blood samples were taken at 1, 3, 5, 15, and
30 minutes following administration of regadenoson from a
catheter implanted previously in either the left atrium or the
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Figure 1. Bolus iv injection of regadenoson at doses of 1, 2.5,
and 5 pg/kg caused dose-dependent increases in peak CBF
(top panel) and peak HR (bottom panel). In the presence of
metoprolol (1.5 mg/kg), the regadenoson-induced peak
increases in CBF were slightly, but significantly, reduced.
Metoprolol caused a greater reduction in tachycardia induced
by regadenoson. Baseline values of CBF in all treatment
groups ranged from 40 + 3 to 44 + 3 mL/min and baseline HR
were 73 + 4 to 90 + 8 beats/minute. Values are mean + SEM,
n = 6-7. *P < .05, compared to baseline; *P < .03, compared
to regadenoson alone; Sp < .05, compared to 1.0-ug/kg
regadenoson.

aorta. After the response to the last dose of regadenoson had
returned to baseline, metoprolol (1.5 mg/kg, iv, 1 to 2 minutes
bolus infusion) was administered, followed 10 minutes later by
iv injection of regadenoson at doses of 1, 2.5, or 5 pg/kg.
Blood samples were again taken at 1, 3, 5, 15, and 30 minutes
following administration of regadenoson, in the presence of
metoprolol. The blood samples were subjected to centrifuga-
tion for 15 minutes at 3,000xg at 4 °C and the plasma was
collected. Plasma concentrations of regadenoson were mea-
sured using LC-MS/MS.

Reagents

Regadenoson was supplied by Gilead Sciences Palo Alto
as a sterile stock solution (Lot#: 803604, 0.08 mg/mL), in 100
nM sodium phosphate buffer containing 15% propylene glycol
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Figure 2. Bolus iv injection of regadenoson at doses of 1, 2.5,
and 5 pg/kg caused a dose-dependent increase in the duration
of the 2-fold increase in CBF. In the presence of metoprolol
(1.5 mg/kg), the regadenoson-induced duration of the 2-fold
increase in CBF was moderately but significantly reduced.
Values are mean = SEM, n = 7. *P < .05, compared to
baseline; *p < .05, compared to regadenoson alone.

and 0.1% disodium edetate (pH 7.0) and was diluted in normal
saline before injection. Metoprolol was purchased from Sigma-
Aldrich (St. Louis, MO) and was dissolved in normal saline
(10 mg/mL).

Data Analysis

The statistical significance of a difference between the
value of a parameter at baseline and at any time point after
drug administration was determined using a one-way repeated
measures ANOVA followed by Tukey’s Test. The statistical
significance of a difference between responses to regadenoson
in the absence and in the presence of metoprolol was
determined using a two-way repeated measures ANOVA
followed by Tukey’s Test. Results with P < .05 were consid-
ered to be significant. A computer-based software package
(SigmaStat 2.03) was used for statistical analysis. All data are
presented as mean = SEM.

RESULTS

Bolus iv injections of regadenoson at 1, 2.5, and
5 pg/kg caused brief (5-20 minutes), reversible, and
dose-dependent increases of CBF in conscious dogs
(Figures 1, 2, 3; Table 1). The peak increases in CBF
caused by 1, 2.5, and 5 pg/kg regadenoson were
3.38 £ 0.31-, 3.80 = 0.20-, and 4.10 £ 0.29-fold over
baseline, respectively (all P < .05, Figures 1, 2, 3).
Regadenoson (1, 2.5, and 5 pg/kg) significantly
decreased peak MCVR by 79 = 1%, 81 + 1%, and
83 + 1%, respectively (all P < .05, compared to base-
line) (Figure 4). The durations of the 2-fold increases in
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Figure 3. The time course of regadenoson-induced coronary
vasodilation in conscious dogs in the absence and in the presence
of metoprolol (1.5 mg/kg). Both the peak increase and the
duration of the 2-fold increase (dashed lines) in CBF caused by
regadenoson were slightly or moderately attenuated by meto-
prolol (1.5 mg/kg). The baseline values of CBF were from 40 to
44 mL/min in all treatment groups. Values are mean + SEM,
n = 7. *P < .05, compared to regadenoson alone.

CBF (i.e., CBF > 200% of baseline) caused by 1, 2.5,
and 5 pg/kg regadenoson were 95 + 15, 293 + 43, and
564 + 68 seconds, respectively (Figures 2, 3). The
individual data for baseline CBF, peak CBF in response
to regadenoson, and the time to peak response are
summerized in Table 1. Administration of regadenoson
caused dose-dependent increases in HR (Figures 1, 5)
and LV + dP/dt (Table 2). Regadenoson at 1, 2.5, and
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Table 1. Changes in CBF following injections of regadenoson in conscious dogs

In the absence of metoprolol

In the presence of metoprolol

Baseline CBF Peak CBF Time to peak Baseline CBF Peak CBF Time to peak

(mL/min) (mL/min) (seconds) (mL/min) (mL/min) (seconds)

Reg 1.0 pg/kg

Dog 1 42 182 38 42 149 40

Dog 2 32 194 28 42 156 36

Dog 3 36 161 36 41 167 38

Dog 4 36 144 30 32 148 36

Dog 5 46 153 28 39 139 28

Dog 6 53 237 26 52 193 30

Dog 7 37 145 30 37 166 30

Average 40+ 3 174 £ 13 312 43 £ 2 182 + 10 342
Reg 2.5 ng/kg

Dog 1 39 190 38 47 176 36

Dog 2 39 208 34 47 221 30

Dog 3 42 201 76 46 185 32

Dog 4 37 172 38 30 144 36

Dog 5 44 177 28 40 156 30

Dog 6 52 230 94 49 206 54

Dog 7 37 204 28 41 184 28

Average 42 2 198 + 7 48 + 10 43 +2 182 + 10° 35+ 3
Reg 5.0 pg/kg

Dog 1 49 205 38 45 174 34

Dog 2 43 252 118 55 216 92

Dog 3 43 226 96 43 193 102

Dog 4 35 200 66 35 172 38

Dog 5 46 203 72 35 147 30

Dog 6 55 240 92 50 239 84

Dog 7 36 215 102 40 187 32

Average 44 + 3 220+ 8 83+ 10 43 +3 190 + 127 50 + 12
* P < .05, compared to regadenoson alone.
5 pug/kg increased HR to 138 £9, 155+ 13, and parameters had returned to Dbaseline, metoprolol

168 = 14 bpm (all P < .05 compared to baseline) from
baseline values of 90 +£8, 88 =8, and 84 + 6 bpm,
respectively. Regadenoson at 1, 2.5, and 5 pg/kg
increased LV + dP/d:r by 620 = 36, 1083 + 106, and
1127 £ 141 mm Hg/s from baseline values, respectively
(all P < .05). There were slight decreases in systolic and
diastolic pressures (Figure 6), MAP (Table 2), and
LVSP (Table 2) following injections of regadenoson.
The triple product (HR x LVSP x LV +dP/df), an
indirect index of cardiac work, and double product
(MAP x HR) were calculated at baseline and after
regadenoson administration. After administration of 1,
2.5, and 5 pg/kg regadenoson, the triple product
(Table 2) and double product (Figure 7) were signifi-
cantly increased relative to baseline, respectively.
After the effects of regadenoson alone were
recorded in each dog and values of all measured

(1.5 mg/kg, iv, 1-2 minutes bolus infusion) was admin-
istered. Ten minutes after infusion of metoprolol
(1.5 mg/kg), baseline HR, LV + dP/dt, double product,
and triple product were significantly reduced, whereas
baseline CBF, MAP, and LVSP were not markedly
altered relative to control (no metoprolol) (Figures 3, 4,
5, 6, 7; Table 2).

In the presence of metoprolol (1.5 mg/kg), regad-
enoson caused an increase in CBF that was only slightly
but significantly less than that in the absence of
metoprolol (Figure 1). The duration of the 2-fold
increase in CBF caused by regadenoson was also
significantly shorter in the presence of metoprolol
(Figures 2, 3). The peak increases in CBF caused
by 1, 2.5, and 5 pg/kg regadenoson in the presence
of metoprolol were 2.97 +0.18, 3.34 +0.15, and
3.43 + 0.16-fold over baseline (41 £2, 43 +2, and
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Figure 4. Regadenoson caused dose-independent decreases in
MCVR, which were slightly but significantly attenuated by
1.5-mg/kg metoprolol at the indicated time points. Values are
mean + SEM, n = 6-7. *P < .05, compared to regadenoson
alone.

43 + 3 mL/min), respectively. The percentage reduc-
tions in the peak increases in CBF caused by 1, 2.5, and
5 ug/kg regadenoson in the presence of metoprolol were
11 £ 7%, 10 + 4%, and 21 + 2%, respectively, lower
than in the absence of metoprolol (P = NS, <.05, and
<.05, respectively). The durations of 2-fold increases in
CBF caused by 1, 2.5, and 5 pg/kg regadenoson in the
presence of metoprolol were 47 +8, 195 + 33, and
355 + 32 seconds, respectively. These values indicate
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Figure 5. Regadenoson caused a dose-dependent increase in
HR, which was significantly attenuated by metoprolol (1.5 mg/
kg). Baseline values of HR were significantly lower after
administration of metoprolol. Values are mean + SEM, n =
6-7. *P < .05, compared to regadenoson alone.

that 1.5 mg/kg metoprolol reduced the duration of the
regadenoson-induced 2-fold increases in CBF by
47 = 9%, 29 + 9%, and 35 + 4%. However, the duration
of the 2-fold increase in CBF caused by 5 pg/kg
regadenoson, a dose similar to that used clinically (i.e.,
a 400-pg bolus fixed dose), was still nearly 6 minutes in
the presence of metoprolol. Regadenoson (1, 2.5, and
5 pg/kg) caused peak reductions of MCVR by 78 + 1%,
80 = 1%, and 81 + 1%, respectively (Figure 4), and the
magnitude of these reductions of MCVR was not altered
by 1.5 mg/kg metoprolol. However, reduction of MCVR
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Table 2. Changes in left ventricular systolic pressure, LV + dP/dt and triple product following injec-

tions of regadenoson in conscious dogs

In the absence of metoprolol

In the presence of metoprolol

LVSP

LV + dP/dt Triple product

LVSP LV + dP/dt Triple product

(mm Hg) (mm Hg/s) (in thousand) (mm Hg) (mm Hg) (in thousand)

Reg 1.0 pg/kg

Baseline 138+6 3,017+ 115 3831045006 137+6 2,580+ 110* 26,582 + 2,722*

Peak response 129 +5 3,637 + 112" 65,584 + 6,777 123 +5" 2,966 + 113™* 35,085 + 3,965 *
Reg 2.5 pg/kg

Baseline 140+ 6 3,109 + 91 37,061 + 3,797 145 +8 2,582 + 126* 27,232 + 2,720

Peak response 130 + 3" 4,102 + 148" 82,986 + 9,392" 125+ 6™* 3,016 + 179"* 40,835 + 4,915™#
Reg 5.0 pg/kg

Baseline 139+6 2,999 + 86 34,880 + 3,267 143 +8 2,561 + 134* 26,748 + 2,587

Peak response 126 + 3" 4,125+ 144" 888,865 + 9,954 125 +5"° 2,957 + 138™% 41,231 + 2,587 *

Triple product = LVSP x LV + dP/dt x HR. Mean + SEM, n = 7.

LVSP, Left ventricular systolic pressure.
* P < .05, compared with baseline.
*# P < .05, compared with regadenoson alone.

by regadenoson was slightly but significantly attenuated
at various times in the presence of metoprolol
(Figure 4).

Injection of regadenoson caused much smaller
increases in HR (Figures 1,5) and LV + dP/dt (Table 2)
in the presence than in the absence of metoprolol.
Regadenoson at 1, 2.5, and 5 pg/kg increased HR to
95 + 5,103 + 6and 111 + 5 bpm from baseline values of
74 £ 5,72 + 4, and 73 + 4 bpm, respectively. Increases
in HR by regadenoson were lower by 55 + 8%, 55 + 4%,
and 52 + 5% in the presence than in the absence of
metoprolol (all P < .05). Regadenoson at 1,2.5,and 5 pg/
kg increased LV + dP/dt by 387 + 60, 364 + 64, and
396 + 32 mm Hg/s from baseline, respectively. Meto-
prolol (1.5 mg/kg) reduced the 1, 2.5, and 5 pg/kg
regadenoson-induced increase in LV + dP/dt (peak) by
36 + 10%, 67 =+ 4%, and 63 = 4% from control (no
metoprolol), respectively (Table 2). The regadenoson-
induced increase in the triple product (Table 2) and
double product (Figure 7) were also significantly atten-
uated in the presence of metoprolol. Metoprolol reduced
the 1, 2.5, and 5 pg/kg regadenoson-induced increases in
the triple product (peak) by 64 + 7%, 76 + 4%, and
70 = 5%, and in the double product by 31 + 4%,
37 + 6%, and 31 + 4% from control (no metoprolol),
respectively. On the other hand, the regadenoson-induced
small and mostly insignificant decreases in systolic and
diastolic blood pressures (Figure 6) and LVSP (Table 2)
were not significantly altered by metoprolol.

Treatment of the dog with metoprolol (1.5 mg/kg)
did not alter regadenoson pharmacokinetics (Figure 8).

After administration of regadenoson at doses of 1, 2.5,
and 5 pg/kg, the highest regadenoson plasma concen-
trations were measured at I-minute post-dose.
Regadenoson plasma concentrations decreased rapidly
thereafter in the both absence and presence of metopro-
lol (Figure 8).

DISCUSSION

The most important finding of the study was that a
therapeutic dose of metoprolol (1.5 mg/kg) significantly
reduced the 1, 2.5, and 5 pg/kg regadenoson-induced
increases in peak HR by 55 + 8%, 55 + 4%, and
52 + 5%, respectively, in conscious dogs. In contrast,
metoprolol attenuated the 1, 2.5, and 5 pg/kg regade-
noson-induced peak increases in CBF by only 11 + 7%,
10 + 4%, and 21 * 2%, respectively. Thus, metoprolol
caused a greater reduction of the tachycardia than of the
increase in CBF caused by regadenoson (Figure 1).

In the presence of metoprolol (1.5 mg/kg), the
duration of the 2-fold increase in CBF caused by
regadenoson was decreased from control (Figures 2, 3).
This change may have implications for the timing of
radiotracer injection following regadenoson administra-
tion in the presence of a beta blocker. However, 5-ng/kg
regadenoson (similar to the clinical fixed dose of
400 pg) caused an increase of CBF by >2-fold for
approximately 6 minutes in the dog treated with meto-
prolol (Figure 3). Results of a recent study indicated
that the blood clearance half-times of thallium-201
and technetium-99m during vasodilator stress with
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Figure 6. Regadenoson caused slight and mostly insignificant
decreases in both systolic and diastolic blood pressures, which
were not significantly altered by metoprolol (1.5 mg/kg),
except at the indicated time points. Values are mean + SEM,
n = 6-7. *P < .05, compared to regadenoson alone.

regadenoson were 2.5 and 1.4 minutes, respectively,
suggesting that the duration of coronary vasodilation
produced by the drug combination of regadenoson and
metoprolol may be suitable for distribution and clear-
ance of the two radiotracers.'?

Metoprolol is a P;-adrenergic receptor antagonist
indicated for the treatment of hypertension, angina, and
stable heart failure. The dose (1.5 mg/kg) used in this
study is an initial dose for the treatment of hypertension
in clinical practice."* Metoprolol (1.5 mg/kg) com-
pletely abolished the isoproterenol-induced (0.1 pg/kg)
increase in LV 4 dP/d¢t in one conscious dog (data
not shown). This indicates that the dose of meto-
prolol used in this study is an effective dose to block
the PB;-adrenergic receptor. Regadenoson (1, 2.5, and
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Figure 7. Regadenoson caused a dose-dependent increase in
the double product (HR x MAP). The baseline values of
double product were significantly reduced following adminis-
tration of metoprolol (1.5 mg/kg). In the presence of
metoprolol, regadenoson-induced increases in double product
were significantly attenuated. Values are mean + SEM, n =
6-7. *P < .05, compared to regadenoson alone.

5 pg/kg)-induced peak increases in HR, LV + dP/dt,
triple, and double products were significantly decreased
by up to 55 + 4%, 63 + 4%, 76 + 4%, and 37 + 6%,
respectively, in the presence of metoprolol. These
findings indicate that the regadenoson-induced increases
in HR, LV + dP/dt, triple, and double products are
primarily mediated by indirect stimulation of B;-adren-
ergic receptors in the heart of conscious dogs,
presumably in response to sympathetic activation.'''?
Although metoprolol significantly decreased baseline
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Figure 8. Regadenoson plasma concentrations following iv
administration of 1, 2.5, and 5 pg/kg regadenoson. Regadeno-
son plasma concentrations were not significantly altered by
metoprolol. Values are mean + SEM, n = 7.

HR, LV + dP/d¢, and both triple and double products, it
did not significantly decrease baseline CBF. This find-
ing, although unexplained, is consistent with the results
of previous studies using conscious dogs.'>'®

The effects of a bolus iv administration of regad-
enoson to increase both HR and CBF in conscious dogs
in this study were consistent with results of previous
studies of conscious dogs and human patients.”® The
direct effect of regadenoson to increase CBF is primarily
mediated by A4 adenosine receptors and their action to
relax coronary arteries,” "'’ but our results suggest that
the regadenoson-induced increase in HR also contrib-
uted to the increase in CBF, because the effect of
metoprolol to reduce HR in the presence of regadenoson
was associated with a decrease in CBF. However, the
regadenoson-induced increases in HR, LV + dP/dz, and
triple product (an indirect index of cardiac work), were
significantly attenuated by metoprolol, whereas the
regadenoson-induced coronary vasodilation was reduced
by a much smaller magnitude (Figure 1). Thus, the
increase of CBF caused by regadenoson was at least
partially independent of HR. Taken together, these
findings suggest that the A,, adenosine receptor-med-
iated coronary vasodilation plays a greater role than the
increase of HR to mediate the effect of regadenoson to
increase CBF.

Previous studies have indicated that the adenosine-
and regadenoson-induced increases in HR are due to
direct excitation of sympathetic nerves in humans,'’
awake rats,'' and conscious dogs.'> The present results
support this conclusion. The small increase in HR
induced by regadenoson after f3;-adrenergic blockade is
most likely due to the withdrawal of vagal tone mediated
by a baroreflex response to the decrease of arterial
blood pressure. This interpretation is supported by our
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previous study which showed that the regadenoson-
induced increase in HR was completely abolished by the
combination of B-adrenergic and muscarinic cholinergic
blockade or by the ganglionic blocking agent,
hexamethonium.'?

There are limitations in the clinical application of
the results of this study, including: (1) the use of a flow
probe for measurement of CBF did not permit us to
determine the distribution of blood flow across the wall
of the heart (i.e., epi- and endocardial blood flow); (2)
studies were performed using healthy dogs with no
known coronary disease, and the effects of regadenoson
and/or metoprolol may be different in the disease
setting; (3) microsphere flow methodology was not used
in this study, and therefore the effects of regadenoson
and metoprolol on the kinetics of iv contrast dye or
radiotracer distribution in the heart have not been
assessed. In addition, phasic changes in CBF were not
assessed, and therefore further studies are needed to
understand the effects of regadenoson on CBF during
diastole and systole in response to changes in HR and
sympathetic stimulation/blockade.

In summary, the results of this study indicate that
(1) 1, 2.5, and 5 pg/kg regadenoson caused a dose-
dependent coronary vasodilation, and increases in HR
and LV + dP/dt; (2) after Bj-adrenergic blockade with
metoprolol, the regadenoson-induced increases in HR
and LV + dP/dt were significantly attenuated, whereas
the regadenoson-induced coronary vasodilation was
reduced by a relatively smaller magnitude. Hence,
metoprolol at the therapeutic dose of 1.5 mg/kg is
highly effective in reducing the positive chronotropic
and inotropic effects of regadenoson, and presumably
heart motion artifacts in MDCT. These results suggest
that regadenoson may be used as a coronary vasodilator
in the presence of B;-adrenergic receptor blockade.
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