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Abstract

Background: Myocardial perfusion imaging using radionuclides is a
well-validated, noninvasive method to aid in the diagnosis of patients
with suspected or known myocardial ischemia. To increase the sensi-
tivity of the technique, pharmacologic agents which induce coronary
vasodilatation are administered. Regadenoson is a novel selective
A2A receptor agonist that has similar efficacy to adenosine for car-
diac magnetic resonance imaging (MRI) with a more favorable ad-
verse effect profile and is the most widely used pharmacologic stress
agent. While widely used in adults, there is limited experience with it
in pediatrics, particularly young children.

Methods: The current study retrospectively reviews our experience
with stress cardiac MRI using regadenoson in children requiring gen-
eral anesthesia. The study cohort included eight patients, all male,
ranging in age from 2 to 6.2 years (mean age of 4.2 years) and in
weight from 10 to 30.5 kg (mean weight of 18.5 kg). All patients re-
ceived general anesthesia with endotracheal intubation and a volatile
anesthetic agent.

Results: Heart rate 1 min prior to regadenoson was 99 + 19.2 (mean
+ standard deviation (SD)) beats per minute. Peak heart rate was
achieved at an average of 4 min post regadenoson administration with
a mean heart rate of 122 + 15 beats per minute. The average of the
mean arterial pressure 1 min prior to regadenoson was 53.4 + 5.2 mm
Hg. Mean arterial pressure nadir was noted at 6 min post regadeno-
son with a value of 44.1 + 6.3 mm Hg. Blood pressure support with
phenylephrine was required in four of the eight (50%) of patients. No
adverse respiratory events were noted. Only one of the eight (13%)
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patients had a perfusion defect but had preserved ventricular function
and recovered without incident.

Conclusions: Use of regadenoson in pediatric patients requiring gen-
eral anesthesia is safe and feasible.

Keywords: Pediatric anesthesia; Regadenoson; Myocardial perfu-
sion imaging

Introduction

Various congenital, post-surgical or acquired conditions can
result in disruption of the normal pattern of coronary perfu-
sion leaving patients at risk for myocardial perfusion defects
and ischemia. Although the gold standard for identifying such
issues remains coronary arteriography, the procedure is inva-
sive with potential risks. Myocardial perfusion imaging using
radionuclides and exercise stress is a well-validated, noninva-
sive method to aid in the diagnosis of patients with suspected
or known coronary perfusion concerns [1-4]. To further in-
crease the sensitivity of the technique, pharmacologic agents
are frequently administered to augment coronary vasodilata-
tion, induce hyperemia, and identify areas of fixed stenosis
or ischemia. Adenosine, dipyridamole, and dobutamine have
been the pharmacological stress agents of choice for stress
cardiac magnetic resonance imaging (MRI) [5-7]. However,
these medications are associated with mild adverse effects in-
cluding nausea, chest pain, and dizziness, and more serious
side effects, such as bronchospasm and atrioventricular block.
Adenosine also requires a continuous infusion with placement
of two intravenous catheters, creating some logistical difficul-
ties. Further investigations and classification of the adenosine
receptors have identified that the agonism at the A1, A2B, and
A3 receptors are primarily responsible for adverse effects as-
sociated with these pharmacological agents, leading to devel-
opment of selective A2A receptor agonists [8, 9].
Regadenoson is a novel selective A2 A receptor agonist that
has similar efficacy to adenosine for cardiac MRI with a more
favorable adverse effect profile [10-12]. Regadenoson shares
the common features of the stress perfusion agent, adenosine,
such as being an effective and selective coronary vasodilator
with a prompt onset of action, and a longer duration of action.
It has the added benefit of allowing single-dose administration,
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obviating the need for continuous infusion. Aminophylline is
also commonly utilized to reverse the effects of regadenoson
and improve patient tolerance [13]. When compared with
adenosine, regadenoson produces similar image quality and
hemodynamic responses, with improved patient satisfaction
scores due to a decreased incidence and intensity of adverse
effects including flushing, chest pains, and dyspnea [12]. Re-
gadenoson is the most widely used pharmacologic stress agent
for evaluation of myocardial ischemia in adults, and its use in
conjunction with stress perfusion cardiac MRI has been shown
to be superior in risk stratifying adults with coronary risk fac-
tors, particularly within the intermediate risk group [14]. Sim-
ilar utility is seen with the pediatric population, particularly
in those with congenital cardiac surgery requiring coronary
manipulation or in those with Kawasaki disease [15, 16]. To
date, there are limited reports regarding the hemodynamic and
respiratory effects of regadenoson in young children during
general anesthesia. The current study retrospectively reviews
an 8-month experience with this novel agent for stress MRI.

Materials and Methods

This retrospective review was approved by the Institutional
Review Board at the Nationwide Children’s Hospital (Colum-
bus, OH, USA). The study cohort included young children, 2
- 6 years of age, who required general anesthesia during re-
gadenoson stress cardiac MRI; and the study was conducted in
compliance with the ethical standards of the responsible insti-
tution on human subjects as well as with the Helsinki Declara-
tion.

Anesthetic technique

In general, the anesthetic technique included inhalational or
intravenous induction of general anesthesia followed by the
administration of rocuronium to facilitate placement of an en-
dotracheal tube. A neuromuscular blocking agent (rocuronium)
was administered to facilitate endotracheal intubation, allow
for breath holding during imaging, and lessen the require-
ments for volatile anesthetic agents. Maintenance anesthesia
included a volatile anesthetic agent in air and oxygen. Prior
to the administration of regadenoson, all patients received an
isotonic fluid bolus (7.5 - 10 mL/kg). Regadenoson dosing in-
cluded 8 pg/kg (maximum 400 pg), followed by reversal with
intravenous aminophylline (2 mg/kg, maximum 75 mg) after
imaging.

Data collection

The electronic medical record was searched and patients re-
quiring general anesthesia during stress cardiac MRI with re-
gadenoson were identified. Demographic and patient data in-
cluded age, weight, gender, and comorbid conditions including
congenital or acquired cardiac disease. The dose of regadeno-
son and aminophylline (reversal agent) was noted. Information
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Table 1. Demographic Data of the Study Cohort

Gender, male 8 (100%)

Age (years) 4.3(2,6.2)
Weight (kg) 19.9 (10, 30.5)
Body mass index (kg/m?) 15.6 (12.8, 23.3)

Gender is listed as the number (percentage) while the other data are
listed as the median and range.

regarding intraoperative anesthetic care included anesthetic
agents and doses for premedication and intraoperative care.
The type of airway used (endotracheal tube or laryngeal mask
airway) was noted. Hemodynamic and respiratory changes
including adverse effects were identified by reviewing vital
signs (heart rate and blood pressure), and respiratory param-
eters including oxygen saturation, end-tidal carbon dioxide,
and peak inflating pressure. Vital sign data were collected
every 3 min during anesthetic care. During the regadenoson
stress portion of the study, vital signs were collected every 1
min. During this time, the noninvasive blood pressure cuff was
set to cycle every 1 min. To further identify adverse effects,
the need for the administration of resuscitation agents used to
treat bradycardia or hypotension were noted. These included
anticholinergic agents, vasoactive agents such as epinephrine
or phenylephrine, and medications to treat bronchospasm in-
cluding albuterol were collected. Laboratory data including
complete blood count, renal function, hepatic function, and
coagulation function were reviewed.

Categorical variables were summarized as numbers and
percentages. Mean, standard deviation (SD), median, and in-
terquartile range (IQR) were calculated for continuous vari-
ables. Mean (SD) were calculated for heart rate, mean arterial
pressure (MAP) systolic blood pressure, and diastolic blood
pressure were calculated for the 5 min before and 20 min after
regadenoson administration. All analysis was completed using
SAS 9.4 (Cary, NC).

Results

The study cohort include eight patients, all male, ranging in
age from 2 to 6.2 years (median age of 4.3 years) and in weight
from 10 to 30.5 kg (median weight of 19.9 kg). All of the pa-
tients had a prior history of Kawasaki disease with coronary
aneurysms. One patient had multiple giant aneurysms (prox-
imal left anterior descending and right coronary artery); the
other seven had small aneurysms. All patients had normal bi-
ventricular global systolic function and were otherwise asymp-
tomatic and obtained stress perfusion imaging as a baseline.
A summary of the demographic data is listed in Table 1 and
anesthetic data in Table 2.

All patients received general anesthesia with endotracheal
intubation following intravenous or inhalation induction. To
facilitate endotracheal intubation and lessen the requirements
for volatile anesthetic agents, neuromuscular blockade was
provided by rocuronium (0.6 - 1 mg/kg). Repeat doses of rocu-
ronium were given to five (62.5%) patients to facilitate breath
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Table 2. Anesthetic Data of the Study Cohort

EE
Variable Number Mean

(%) SD

Total anesthesia time (min) 98.6+7.3
Premedication 3 (37.5%)

Oral midazolam (mg) 7+1.7
Inhaled anesthetic agent

Sevoflurane 7 (87.5%)

Isoflurane 1 (12.5%)
Intravenous anesthetic medications

Propofol (mg) 4 (50%) 25+58

Ondansetron (mg) 7 (87.5%) 2.5+0.8

Dexamethasone (mg) 4(50%) 33=+1.5
Airway, endotracheal tube 8 (100%)

8 (100%) 148 +49
8(100%) 4.7+ 1.6

Regadenoson dose (ng)
Aminophylline dose (mg)

Bradycardia treatment 0 (0%)
Hypotension treatment, phenylephrine (ng) 4 (50%)
Dose 1 4(50%) 20+ 14
Dose 2 3(37.5%) 13+6
Dose 3 3(37.5%) 15+5

SD: standard deviation.

holds during the MRI. The primary intraoperative anesthetic
agent was sevoflurane in seven patients and isoflurane in one
patient. Total anesthesia time varied from 89 to 108 min (aver-
age time of 98.6 min). Intraoperative fluid administration in-
cluded lactated ringers (LR) ranging from 11.4 to 24.5 mL/kg
(average 18.8 mL/kg). After anesthetic induction and prior to
the administration of regadenoson, all patients received a bolus
of 7.5 - 10 mL/kg of LR. No colloid fluid was given to any
patient. The stress portion of the MRI study was initiated with
an intravenous regadenoson dose of 8 pg/kg (maximum 400
ng) administered as a rapid intravenous push. Once all images
were acquired, reversal of regadenoson was achieved with an
intravenous aminophylline dose of 2 mg/kg (maximum 75
mg), which was administered intravenously over 20 - 30 s.
The length of the stress test ranged from 5 to 11 min (average
time: 9 min).

Neither excessive tachycardia nor bradycardia requiring
treatment or resulting in hemodynamic instability was noted.
One minute prior to regadenoson, the heart rate was 99 beats
per minute. Peak heart rate was achieved an average of 4 min
after regadenoson administration with a maximum heart rate
of 122 beats per minute (Fig. 1, Table 3). Six of eight patients
(75%) had a heart increase > 20 beats per minute and two pa-
tients (25%) had a heart rate increase > 30 beats per minute.
The maximum increase in heart rate was 36 beats per minute.

The average MAP 1 min prior to regadenoson was 54
mm Hg. The MAP nadir was noted at 6 min after regadeno-
son with an average low MAP of 42 mm Hg. Five of eight
patients (62.5%) had a > 10 mm Hg decrease in MAP and two
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patients (25%) had a > 20 mm Hg decrease in MAP. Five of
eight patients (62%) had a MAP decrease > 10 mm Hg and
two patients (25%) had a MAP decrease > 20 mm Hg. The
greatest decrease in MAP was 21 mm Hg (Table 3). Four of the
eight patients received phenylephrine for hypotension during
the stress portion of the study. One patient received one dose
while the other three patients received three doses. No other
vasoactive or anticholinergic medications were administered.

No patient experienced an oxygen desaturation event or
clinical concerns for bronchospasm. Following completion of
the imaging procedure, residual neuromuscular blockade was
reversed with sugammadex and when awake, the patient’s
trachea was extubated. The patients were transported to the
post-anesthesia care unit of the procedural sedation center un-
til they had returned to their baseline status. They were then
transferred to phase II recovery and discharged home per our
institution’s routine. No adverse events were reported in the
recovery period and all patients were discharged to home on
the day of the procedure.

Discussion

Regadenoson is a selective adenosine receptor agonist that acts
as a coronary vasodilator. It is being used more commonly in
infants and children to evaluate the coronary arteries during
MRI. As was the case in our cohort of patients, these studies
are performed in children at risk for or with suspected coro-
nary ischemia related to congenital heart disease or acquired
inflammatory heart disease such as Kawasaki’s syndrome. In
addition to causing coronary vasodilatation, as an adenosine
agonist, regadenoson can lead to hemodynamic and respira-
tory effects including hypotension, heart block, bradycardia,
and bronchospasm.

Our retrospective review showed notable decreases in
MAP following regadenoson administration, with half of
the patients requiring treatment with bolus doses of phenyle-
phrine. These findings are similar to those reported previously
by Wilkinson et al, Doan et al, and Noel et al [15-17]. Doan
et al also noted a higher incidence of hypotension in patients
undergoing stress MRI with regadenoson in patients who
were sedated versus non-sedated patients (28% versus 4%)
[15]. Given the age of our patients and our routine clinical
practice in the MR suite, all of our patients were receiving
general anesthesia with sevoflurane via an endotracheal tube
with controlled ventilation. This may have increased the in-
cidence and magnitude of hypotension that we saw (50%).
However, in our cohort and those reported by other authors,
the hypotension was easily treated with the administration of
a direct acting a-adrenergic agonist, phenylephrine. As expe-
rience with this agent increases, it may be that the administra-
tion of a more liberal isotonic bolus can be used to mitigate
the hemodynamic effects of regadenoson. Others have anec-
dotally reported a decrease in hypotension events once they
started giving a fluid bolus prior to regadenoson administra-
tion [15-17]. Our patients received a 10 mL/kg bolus of crys-
talloid prior to regadenoson and we hypothesize this may have
reduced the incidence and severity of hypotension requiring
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Figure 1. Heart rate and blood pressure changes following the administration of regadenoson. The individual patients are listed
in black and the average in red. The administration of regadenoson occurred at time 0. Individual patient data are listed in black
with the average values in red. sBP: systolic blood pressure; dBP: diastolic blood pressure; MAP: mean arterial pressure; HR:

heart rate.

pharmacologic intervention. It may be that a larger fluid bolus
(20 mL/kg) may further decrease the incidence and magnitude
of hypotension. Perhaps the more dramatic and more consist-
ent hemodynamic change that has been reported is an increase
in heart rate. Previous authors have noted an increase of 30
- 50 beats per minute. In our cohort of patients, the heart in-
crease averaged only 20 beats per minute. We would postulate
that the less dramatic increase in heart rate may have been re-
lated to the concomitant administration of sevoflurane and its
negative chronotropic effects. Bradycardia, heart block, sinus
pauses or more concerning effects on chronotropic function
were not noted.

One benefit of this dataset is the relatively homogenous
anesthetic approach. The reasons for our approach include
the need for general anesthesia in a younger patient popula-
tion and the requirement for breath holds during specific por-
tions of the MRI protocol. To facilitate this and ensure optimal
imaging, all the patients had a similar anesthetic technique
that included inhalation induction with sevoflurane in air and
oxygen followed by endotracheal intubation and controlled
ventilation. Propofol was administered as a single bolus dose,
only at the time of induction to deepen the level of anesthesia
prior to endotracheal intubation. As such, it was unlikely to

332

Articles © The authors | Journal compilation © Cardiol Res and Elmer Press Inc™

have contributed to hypotension during the stress portion of
the imaging. To ensure a motionless patient, facilitate breath
holding sequences, and allow a decrease in volatile anesthetic
requirements, a neuromuscular blocking agent (rocuronium)
was administered. We specifically chose to use a neuromus-
cular blocking agent to minimize the amount of volatile agent
required and thus minimize hypotension.

Limitations of our study included the small sample size
of eight as well as the lack of detailed respiratory data during
the anesthetic. Unfortunately, the difficulties of performing
general anesthesia in zone 4 of an MRI suite prevent our elec-
tronic medical record from collecting ventilator data to further
support the lack of respiratory effects following regadenoson.
We are unable to report specific data regarding tidal volume
or airway pressure changes during the stress portions of the
study. However, no episodes of oxygen desaturation and no
clinical concerns regarding the adequacy of ventilation were
found.

Although there are ample data regarding the efficacy of
regadenoson in facilitating stress MRI, there are relatively
limited data regarding the physiologic effects of regadenoson
in sedated infants and children [15-17]. Furthermore, the data
regarding the sedation reported in these studies were heterog-
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Table 3. Hemodynamic Changes After Regadenoson

Variable Number (%)
Mean arterial pressure
Number of patients with a decrease > 10 mm Hg 5 (62.5%)
Number of patients with a decrease > 20 mm Hg 2 (25%)
Number of patients with a decrease > 30 mm Hg 0 (0%)
Greatest decrease in mean arterial pressure 21 mm Hg
Systolic blood pressure
Number of patients with a decrease > 10mm Hg 8 (100%)
Number of patients with a decrease > 20 mm Hg 6 (75%)
Number of patients with a decrease > 30 mm Hg 2 (25%)
Greatest decrease in systolic blood pressure 37 mm Hg
Diastolic blood pressure
Number of patients with a decrease > 10mm Hg 5 (62.5%)
Number of patients with a decrease > 20 mm Hg 1(12.5%)
Greatest decrease in diastolic blood pressure 22 mm Hg
Heart rate
Number of patients with increase > 20 beats/min 6 (75%)
Number of patients with increase > 30 beats/min 2 (25%)
Number of patients with increase > 40 beats/min 0 (0%)

Greatest increase in heart rate

36 beats/min

enous and without granularity. To our knowledge this is the
first study to present data regarding the physiologic end-organ
effects of regadenoson from the anesthesiologist’s perspec-
tive with specific information regarding the technique used
for general anesthesia. Based on our preliminary experience,
regadenoson is generally safe to use in pediatric patients, even
when administered in association with general anesthesia. We
would postulate that the hemodynamic effects of regadenoson
can be affected by associated sedation or general anesthetic
agents. As noted previously, an increase in heart rate is com-
monplace, averaging 30 - 50 beats per minute in the awake
state and 20 beats per minute in our cohort during general
anesthesia. The incidence and magnitude of the decrease in
blood pressure may be increased during the administration
of a volatile anesthetic agent such as sevoflurane. However,
hypotension is generally short-lived, easily treated with inter-
mittent doses of phenylephrine, and potentially prevented by
fluid loading.
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