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Abstract Stress myocardial perfusion scintigraphy imag-

ing (SMPSI) has important applications for evaluating cor-

onary disease and ventricular function. Studies consistently

focus on the left ventricle (LV), with no normal right ven-

tricle (RV) data available. This study sought to evaluate the

feasibility of RV perfusion with technetium (Tc-99m)

sestamibi using a low radiotracer dose for children free of

coronary artery (CA) anomalies and to determine its normal

pattern. Patients with a history of Kawasaki disease who

showed no coronary complications on selective angiography

or no LV perfusion defects on SMPSI were studied at rest and

during an exercise challenge. The RV uptake counts were

compared with those for different segments of the LV, and

multiple ratios of the uptakes between RV and LV segments

were calculated. The study subjects were 23 children (age,

11.1 ± 3.3 years) imaged with 0.12 ± 0.03 mCi/kg at rest

and 0.31 ± 0.06 mCi/kg during stress. The RV to LV uptake

proportion was approximately 6%. Exercise-related uptake

increased threefold in both the RV and the LV. The findings

showed RV myocardial scintigraphy to be feasible with

reproducible ratios. Potential clinical applications include

acquired and congenital CA anomalies such as Kawasaki

disease, right CA ostium stenosis after a switch operation,

and anomalous origin of the right CA.
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Stress myocardial perfusion scintigraphy imaging (SMPSI),

is documented to be a sensitive method for detecting myo-

cardial ischemia [19, 21, 23, 27, 29]. For pediatric patients,

similar to adults, the interest of SMPSI studies investigating

ischemic coronary disease is focused consistently on the left

ventricle (LV). Myocardial ischemic disease in children with

SMPSI has mainly been studied in patients with Kawasaki

disease (KD) and anomalous origin of the left coronary

artery (CA) from the pulmonary artery after an arterial

switch for D-transposition of the great arteries [8, 11, 15, 22,

23, 39, 43].

The most frequent locations of CA aneurysms in KD are the

proximal left anterior descending CA and the proximal right

CA [23, 40]. Similarly, complications of the arterial switch in

the transposition of the great arteries include right coronary

ostia stenosis [7, 16, 25, 41]. Nevertheless, the literature has no

specific data addressing evaluation of right ventricle (RV)

perfusion by SMPSI in the pediatric population.

Because of the potential long-term deleterious effects

resulting from exposure to radiation induced by nuclear

imaging, a new radiotracer dose was suggested by the

manufacturer based on a previous study (A Trial to Deter-

mine Radiation Exposure to Organs and Assess the Safety

of Cardiolite in Pediatric Subjects) registered under

www.clinicaltrials.gov (NCT00162045). Hence, this study

had two aims: to evaluate the feasibility of RV imaging with

a low radiotracer dose and to determine the normal patterns
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Université de Montréal, 3175 Cote Sainte-Catherine, Montreal,

QC H3T 1C5, Canada

C. Lapierre

Department of Radiology, CHU Sainte-Justine Hospital,
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of RV perfusion imaging with technetium (Tc-99m)

sestamibi single-photon emission computer tomography

(SPECT) in children free of detectible CA anomalies.

Materials and Methods

Settings

An open-label, nonrandomized, international, multicenter

phase 3 trial (A Study to Evaluate the Use and Safety of

Cardiolite in Pediatric Patients With KD), hereafter called

Cardiolite-301, is an industry-sponsored study on the myo-

cardial perfusion scan in children with KD, registered under

www.clincalgtrials.gov (NCT00162032). The study pre-

sented in this report was a single-site subanalysis determined

by the local principal investigator (N.D.) focusing on the

feasibility of RV myocardial perfusion detection.

The Cardiolite-301 study was conducted to evaluate

myocardial perfusion imaging in patients with KD to pre-

dict the risk for the development of cardiac events related

to CA sequelae after KD. The RV subanalysis was intended

to evaluate the feasibility of imaging RV myocardial per-

fusion and to report the expected values in children without

detectible CA sequelae.

Patients

The KD patients enrolled in the Cardiolite-301 study from

our site were eligible for inclusion in this study if they

presented no coronary aneurysm or stenosis as determined

by serial echocardiography follow-up assessments and

confirmed with a selective coronary angiography, and if the

rest–stress Tc-99m sestamibi SPECT study of the LV was

considered normal. All the SMPSI studies were conducted

between September 2005 and October 2006.

All the patients underwent two-dimensional echocardi-

ography at the onset of KD and at regular intervals later

and were evaluated at the time of patient screening in the

aforementioned study. All the patients had received rest

and stress SPECT myocardial perfusion imaging and had

been followed for 3 years afterward. The study was

approved by the Sainte-Justine Institutional Review Board

and Ethics Committee. Written informed consent was

obtained from all the patients, parents, or legal guardians.

Rest and Treadmill Stress 99 mTc-Sestamibi SPECT

A same-day stress and rest Tc-99m sestamibi SPECT protocol

was used, with the treadmill exercise constituting the stress

modality. The rest SPECT study was performed first within 20

to 30 min after injection of Tc-99m MIBI (0.1–0.2 mCi/kg).

Then 2–3 h later, a treadmill exercise stress challenge was

performed according to the Bruce protocol [9]. The stress

radiotracer dose (0.3 mCi/kg) was injected intravenously at

peak treadmill stress. The patient was required to remain on the

treadmill for 1 min after the injection, and SPECT-gated

imaging acquisition was started 20 to 30 min after the injec-

tion. A rotating two-head SPECT gamma camera (128 9 128

pixels, 180�, 17 steps of 6�, 60 s/step) (Axis; Philips, Cleve-

land, OH, USA) was used for image acquisition.

The myocardial uptake image acquisition after the stress

test was electrocardiography (ECG)-gated with an accepted

heart rate variation of ±10%. The RV images were ana-

lyzed in a qualitative and semiquantitative manner. Data of

the maximum counts in the different regions of interest

were acquired by a single experienced operator (S.L.)

blinded to the objectives of the study and to the patients’

clinical information. Qualitative image analysis was per-

formed comparing the RV myocardium to the background

ratio and the ability to delineate both the RV cavity and the

myocardium in both exercise and resting states.

For semiquantitative analysis, the maximal stress and

rest counts of the left and RVs were determined in the

apical, mid, and basal short-axis and vertical long-axis

views. Regions of interest were defined as the RV, the

ventricular septum, and the LV anterior, lateral, and infe-

rior walls. The RV count rate profile was determined across

the middle long-axis tomographic slice where the RV was

best visualized (Fig. 1). Multiple ratios between the RV

and the LV were calculated with proportional stress and

rest counts of the different regions of interest.

Statistical Analysis

Data are expressed as mean ± standard deviation. The

Kolmogorov–Smirnov normality test was applied to assess

the normal distribution of the count rate profile ratios at

stress and rest of the RV and the different regions of

interest. A P value \0.05 indicates that the data varies

significantly from the pattern expected, assuming that the

population has a normal distribution.

Results

Patients

In the target population of 35 subjects, 27 met the selection

criteria based on CA status. Focal LV regional myocardial

perfusion defects were detected in 4 of the 27 subjects, and

they were therefore excluded from analysis. The remaining 23

patients (16 boys and seven girls) were 11.1 ± 3.3 years old

at the time of the study. The age at KD onset was

3.9 ± 1.9 years, and the interval between onset of KD and

SMPSI was 7.1 ± 3.4 years. Selective right and left CA
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angiography and right and left hemodynamic evaluation

were available for all the study patients within 0.04 ±

0.6 months before or after the SMPSI.

Of the 23 subjects, 19 had right coronary dominance,

three had left dominance including one subject with a unique

left CA, and one had co-dominant distribution. All the

coronary angiography and hemodynamic study results were

normal without evidence of coronary aneurysm, stenosis,

interarterial course, or systolic or diastolic dysfunction.

Treadmill Stress Protocol

All the subjects had normal treadmill exercise stress test

results (Table 1). The estimated energy expenditure was

13.5 ± 2.1 metabolic equivalents (METS), and the total

stress duration was 11.0 ± 1.8 min. The maximum heart

rate was 89 ± 5.6% predicted for age. Blood pressure at

rest and peak exercise were within expected limits.

The stress test was limited by fatigue for all the subjects,

with 20 (87%) of the 23 subjects achieving a peak heart

rate exceeding 85% predicted for age. The remaining three

patients were younger than 6 years and had no ST abnor-

malities or exercise-induced arrhythmias.

SMPSI RV Imaging

The administered rest and stress radiotracer doses were

respectively 0.13 ± 0.03 and 0.32 ± 0.07 mCi/kg. For

three patients, algorithms to correct movement artifacts

were applied. Adequacy of qualitative imaging analyses of

exercise and resting acquisition were considered optimal

for all the patients. The ECG-gated LV wall motion and the

ejection fraction were within the normal expected limits for

all the subjects. For all the subjects, the RV imaging was

considered appropriate for quantitative measurements, and

no fixed lesions or ischemic changes in the RV or LV were

identified by the blinded reporting radiologists.

Semiquantitative analysis of the RV showed a normal

distribution for most of the count rate profile ratios at stress

and at rest between the RV and LV regions of interest

(Table 2). On the average, the ratio of the RV perfusion

uptake represented approximately 6% of the LV uptake,

and approximately 22–28% of the uptake of various LV

segments and the interventricular septum. These ratios

were stable among the study subjects (1.0–1.06) between

the resting state and the exercise challenge, whereas the

right or the LVs seemed to increase their perfusion

requirements threefold (average, 2.9–3.0).

Discussion

From the feasibility standpoint, all the subjects were able to

cooperate with the exercise stress protocol, and the

majority achieved the target maximal heart rate expected

for age. The effective dose of Tc-99m-sestamibi was half

the previously recommended dose in clinical practice

before this study [34]. Finally, the RV visualization and

evaluation at stress and at rest in a quantitative or semi-

quantitative manner were feasible, with the low radiotracer

dose dictated by the study protocol.

In the pediatric population, the evaluation of coronary

ischemia with SMPSI has been studied mainly in conditions

such as KD [11, 17, 19, 21, 23, 29, 32] after arterial switch

surgical repair for transposition of the great arteries [22, 43,

44] and anomalous origin of the left CA from the pulmonary

artery [8, 15, 39]. Other interesting applications include

evaluation of the RV function in congenital cardiac anom-

alies with morphologic systemic RV [17, 28, 39], evaluation

of the RV overload in vascular pulmonary hypertension

[1, 34], and prognostic evaluation in hypertrophic cardio-

myopathy and Duchenne muscular dystrophy [14, 20, 36].

As with adults, the main interest of SMPSI studies in

the pediatric age group is focused consistently on LV

Fig. 1 Regions of interest for

semiquantitative analysis. Left
panel Septum (1), LV lateral

wall (2), and RV (3). Right
panel LV anterior (1) and

inferior (2) walls
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Table 1 Demographics, stress–rest 99mTc-sestamibi SPECT radiotracer dose, and exercise data

Subject Age at

KD

(years)

Age at

SMPSI

(years)

KD–SMPS

interval

(years)

Radiotracer

rest dose

(mCi/kg)

Radiotracer

stress dose

(mCi/Kg)

METs Stress test

duration

(min)

Maximal

heart rate

(bpm)

Expected peak

heart rate

for age (%)

1 6.1 11.72 5.6 0.16 0.32 13.4 11.5 193 92.7

2 4.9 10.98 6.1 0.14 0.35 13.4 11.1 193 92.3

3 4.0 5.73 1.7 0.20 0.55 8.8 7.1 166 77.5

4 6.3 14.22 7.9 0.15 0.44 13.4 11.2 196 95.2

5 0.6 7.01 6.4 0.15 0.31 12.0 10.5 198 93.0

6 1.5 12.87 11.3 0.10 0.27 15.0 13.0 203 98.0

7 3.1 15.68 12.6 0.10 0.29 10.9 9.3 181 88.6

8 3.1 7.64 4.5 0.12 0.30 12.7 10.4 184 86.6

9 2.7 13.15 10.4 0.13 0.30 15.3 13.0 200 96.7

10 4.6 5.94 1.3 0.15 0.38 10.1 8.1 166 77.5

11 7.2 14.29 7.1 0.12 0.26 13.4 11.4 184 89.4

12 5.0 15.38 10.4 0.09 0.28 15.4 13.1 193 94.3

13 1.5 5.04 3.5 0.17 0.38 10.9 9.5 173 80.5

14 3.7 10.65 6.9 0.12 0.31 13.5 12.0 193 92.2

15 3.9 13.27 9.4 0.13 0.26 12.0 12.3 186 90.0

16 3.4 11.36 7.9 0.12 0.30 13.4 11.2 193 92.5

17 2.6 14.93 12.3 0.11 0.30 10.4 9.1 179 87.3

18 5.6 10.27 4.6 0.09 0.26 10.1 8.5 193 92.0

19 5.5 15.07 9.6 0.10 0.29 17.2 14.0 184 89.8

20 0.4 12.34 11.9 0.11 0.30 15.3 13.0 200 96.3

21 2.2 8.07 5.9 0.11 0.31 15.9 13.2 190 89.7

22 6.3 12.25 5.9 0.10 0.30 13.4 11.1 181 87.1

23 6.4 7.88 1.5 0.15 0.27 12.0 10.4 202 95.2

KD Kawasaki disease; SMPSI stress myocardial perfusion scintigraphy imaging; SMPS stress myocardial perfusion scintigraphy; METs meta-

bolic equivalents

Table 2 Proportional

myocardial perfusion of the

right and LV regions

K–S Kolmogorov–Smirnov

statistical testing for normal

distribution; SD standard

deviation; LV left ventricle;

RV right ventricle
a p \ 0.05 indicates that data

are not normally distributed

Regions of interest rapports Mean ± SD Median

(5th–95th percentile)

K–S P value

Rest (RV/LV) 0.059 ± 0.015 0.059 (0.032–0.089) 0.653 (NS)

Rest (RV/septum) 0.280 ± 0.079 0.275 (0.159–0.416) 0.802 (NS)

Rest (RV/LV lateral wall) 0.235 ± 0.057 0.221 (0.141–0.350) 0.449 (NS)

Rest (RV/LV anterior wall) 0.230 ± 0.075 0.223 (0.107–0.367) 0.514 (NS)

Rest (RV/LV inferior wall) 0.222 ± 0.066 0.226 (0.092–0.342) 0.324 (NS)

Stress (RV/LV) 0.057 ± 0.017 0.057 (0.029–0.087) 0.100 (NS)

Stress (RV/septum) 0.259 ± 0.061 0.270 (0.143–0.339) 0.074 (NS)

Stress (RV/LV lateral wall) 0.229 ± 0.067 0.231 (0.098–0.313) 0.423 (NS)

Stress (RV/LV anterior wall) 0.226 ± 0.097 0.208 (0.102–0.445) 0.011a

Stress (RV/LV inferior wall) 0.221 ± 0.091 0.212 (0.095–0.429) 0.081 (NS)

Stress/rest (LV) 3.010 ± 0.860 2.763 (1.950–4.727) 0.233 (NS)

Stress/rest (RV) 2.950 ± 1.560 2.702 (1.290–6.816) \0.001a

Stress/rest (RV/LV) 1.017 ± 0.447 0.922 (0.465–1.907) 0.054 (NS)

Stress/rest (RV/septum) 1.001 ± 0.409 0.902 (0.434–1.731) 0.152 (NS)

Stress/rest (RV/LV lateral wall) 1.060 ± 0.545 0.965 (0.444–2.148) \0.001a

Stress/rest (RV/LV anterior wall) 1.022 ± 0.462 0.941 (0.319–1.968) 0.092 (NS)

Stress/rest (RV/LV inferior wall) 1.025 ± 0.480 0.937 (0.443–2.022) 0.008a
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perfusion. Perfusion of an obstructed right CA often is

assumed by left CA collaterals and typically left untreated

in adults. For children, however, whose remaining life span

is longer than that of adults, efforts to preserve the native

network of coronary arteries and to avoid a single CA

physiology would potentially avert future mortality and

morbidity events [18] such as arrhythmias or RV conges-

tive failure. For instance, KD affects mainly preschool

children [32]. The estimated risk of CA aneurysm is about

25% for untreated patients compared with 5% for those

who receive appropriate treatment [10, 12, 24, 37].

To date, CA stenosis is best assessed invasively by

coronary angiography, with its potential complications

inherent to the invasive aspect of the technique such as CA

spasm, arrhythmia, ST changes, and complications at the

site of vascular access [40]. The SMPSI technique is doc-

umented to be a sensitive method for detecting left heart

myocardial ischemia under exercise or pharmacologic

challenge [19, 21, 23, 27, 29]. It is reported to correlate

with echocardiographic findings of exercise-induced LV

segmental contractile anomalies [11]. It also is part of the

2004 guidelines to detect coronary complications in high-

risk patients during follow-up assessment [32]. We believe

however, that special attention must be paid to RV perfu-

sion when such tests are performed because the right CA

represents 69% of occlusive lesions and 89% of segmental

stenotic lesions [40]. Actually, CA intervention for KD-

related CA stenosis equally involves the right and left CA

segments. In a multicenter Japanese study, 54% of percu-

taneous catheter intervention addressed the right CA alone

compared with 45% of the intervention that addressed the

left CA alone [30]. According to the same study, 42% of

the surgical series involved both right and left CA, and

another 8% involved the right CA alone.

Other clinical situations equally important to highlight

are congenital anomalies affecting the right CA circulation.

The adequacy of the coronary blood flow after the arterial

switch operation may cause CA stenosis in up to 7.8% of

subjects, leading to patient demise in some cases [7, 16, 25,

41]. Such complications may occur as early as periopera-

tively or many years after the surgical intervention.

Selective coronary angiography and coronary multislice

computer tomography have been used for systematic

screening. Besides the relatively high radiation exposure,

multihead scanners may not provide optimal resolution for

young children due to a physiologically accelerated heart

rate. Due to the development of collaterals supplying the

affected region, the exact role of imaging assessing coro-

nary supply, including SMPSI, is yet to be defined [43].

The other type of congenital CA anomaly is the

abnormal aortic origin of the CA [4, 6, 13, 26, 42, 45, 46].

Mechanisms precipitating death are triggered by myocar-

dial ischemia, as suggested by pathologic evidence of acute

myocardial damage [6, 26, 42]. Although such damage is

thought to be confined solely to the left CA aberrant origin

in the early reports [26], sudden cardiac death associated

with abnormal origin of the right CA from the left coronary

sinus was reported to be the second most frequently

observed anomaly in a large autopsy series [42].

In another recent review article, 5 (28%) of 18 athletes

had their right CA originating from the left aortic sinus [6].

One died suddenly; one required surgical correction; and

one had an ischemic myocardial perfusion scintigraphy

profile. We believe that in right CA anomalies, congenital

or acquired, RV SMPSI may be a valuable method to

assess the risk for exercise-related cardiac events such as

subischemic states, the potential for secondary dilated

cardiomyopathy, and the risk for sudden death.

It is ethically challenging to enroll totally healthy chil-

dren in a similar study for the sole purpose of defining the

normal relative myocardial perfusion. The relatively low

number of subjects in our study may represent a method-

ologic limitation subsequent to the ethical dilemma. Nev-

ertheless, the normal distribution of the SMPSI profile

observed in most target ratios consolidates the reliability of

our data. In this perspective, use of mean values and their

standard deviations is appropriate when the data are nor-

mally distributed. Alternatively, the median value with the

percentile range should be used when a particular patient is

compared with the normal values drawn from our series.

From a technical standpoint, cardiac stress testing

focuses mainly on LV evaluation, with well-established

significance in the diagnosis and management of CA dis-

ease. The American Society of Echocardiography and other

governing bodies have recently acknowledged the impor-

tance of assessing the RV function for both diagnostic and

prognostic purposes [35]. A right coronary stenosis usually

is suspected during stress echocardiography indirectly

when contraction abnormalities of the LV inferior wall are

present [5, 33]. This is due to the low yield of free RV wall

imaging. Hence, direct stress echocardiography assessment

for RV ischemic changes has been mostly qualitative,

typically limited by challenges secondary to the complex

geometry, kinetics, and often limited anatomic visualization

of the RV. As a result, the studies assessing exercise-

induced ischemic RV changes have been few and some-

times limited [5–47].

Several echocardiographic parameters such as RV wall

motion [5], RV systolic pressure at stress [3], tricuspid

annulus motion [2], and RV vector imaging [47] have been

suggested. But the scarcity of quantitative data from both

normal and pathologic states is a factor that limits wide-

spread clinical application. Consequently, the available

recommendations do not appear to be uniformly used or

standardized [35]. Considering that effect, we believe our

study provides valuable data for the ongoing efforts toward
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noninvasive RV and right CA evaluation. We acknowledge

that the radiation-free nature, the higher specificity, and the

lower cost of stress echocardiography are advantageous in

general. On the other hand, the potential advantages of

stress perfusion studies, including a higher technical suc-

cess rate and sensitivity, should not be disregarded [38].

In conclusion, Tc-99 sestamibi SPECT imaging of the

RV provides quality images with a low radiotracer dose

and may represent a useful tool for evaluating RV perfu-

sion in children. As we advance a few potential clinical

applications for RV myocardial perfusion assessment,

future studies involving cases with abnormal coronary flow

to the RV are needed.
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