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Abstract

Introduction.—The prevalence of defects and effective radiation dose from various myocardial
perfusion imaging (MPI) strategies in congenital heart disease (CHD) is unknown.

Methods.—We studied 75 subjects with complex CHD (ages 5 to 80 years) referred for MPI
between 2002 and 2015. A rest and exercise or pharmacologic stress MPI was performed

using ¥¥MTechnetium sestamibi, 82rubidium or 13N-ammonia, and Sodium iodide SPECT (single-
photon emission computed tomography), SPECT/CT or Cadmium zinc telluride (CZT) SPECT

or PET (positron emission tomography)/CT scanners. Deidentified images were interpreted semi-
quantitatively in three batches: stress only MPI, stress/rest MPI, and stress/rest MPI with taking
into account a history of ventricular septal defect repair. Effective radiation dose was estimated for
stress/rest MPI and predicted for 1-day stress-first (normal stress scans), and for 2-day stress/rest
MPI (abnormal stress scans).
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Results.—The median age was 18.6 years. The most common type of CHD was transposition
of the great arteries (63%). Rest/stress MPI was abnormal in 43% of subjects and 25% of the
abnormal scans demonstrated reversible defects. Of the subjects with abnormal MPI, 33% had
significant underlying anatomic coronary artery obstruction. Estimated mean effective radiation
dose ranged from 2.1 + 0.6 mSv for 13N-ammonia PET/CT to 12.5 + 0.9 mSv for SPECT/CT.
Predicted effective radiation dose was significantly lower for stress-first MPI and for 2-day stress/
rest protocols.

Conclusions.—Due to the relatively high prevalence of abnormal stress MPI, tailored protocols
with a stress-first MPI as well as the use of 2-day protocols and advanced imaging technologies
including CZT SPECT, novel image reconstruction software, and PET MPI could substantially
reduce radiation dose in complex CHD.
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INTRODUCTION

Over 1.4 million adults in the United States were estimated to have congenital heart disease
in 2010,1 and the prevalence of adults with complex congenital heart disease (complex
CHD) continues to increase.? As individuals with complex CHD age, they are at greater

risk for atherogenic risk factors than the general population3 predisposing them to coronary
atherosclerosis.*® Risk of ischemia is also increased from a multitude of non-atherogenic
processes® such as mechanical obstruction of coronary arteries from congenital coronary
anomalies, compression from abnormal cardiac structures or implanted devices,’ or coronary
ostial fibrointimal proliferation and kinking from prior coronary artery reimplantation.89 As
with the general population, individuals with CHD are at risk for non-cardiac chest pain
making non-invasive testing for myocardial ischemia a reasonable diagnostic strategy in
those with complex CHD and an intermediate risk of myocardial ischemia.

Despite the availability of several advanced stress imaging modalities, such as
echocardiography, cardiac magnetic resonance (CMR) imaging, and radionuclide imaging,
the choice of stress technique and imaging modality for ischemia evaluation in complex
CHD is not standardized. Due to the concern of mechanical obstruction of coronary
arteries in many individuals with complex CHD, exercise, as opposed to pharmacologic
stress, is preferred.6 Radionuclide myocardial perfusion imaging (MPI) offers the
advantages of exercise stress (compared to CMR which requires pharmacologic stress),
and high-resolution MPI even in individuals with complex cardiac anatomy (compared to
echocardiography which is often limited by spatial resolution and image quality).5 However,
literature on the utility of stress radionuclide MPI in the management of individuals with
complex CHD is limited.

Radiation exposure remains an overarching concern with radionuclide MPI, particularly due
to the young age of individuals with complex CHD. A recent consensus document from the
Image Gently Alliance highlighted the relatively high cumulative lifetime burden of ionizing
radiation in children with complex CHD, from the multiple imaging studies and procedures
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over their lifetimes,19 and emphasized the need to achieve high-quality studies with the
lowest achievable radiation dose. Novel radionuclide scanners including high-sensitivity
semiconductor detector single-photon emission computed tomography (SPECT) scanners,
positron emission tomography (PET),}! novel image reconstruction software,12-13 and novel
imaging protocols including stress-first imaging,14 substantially lower radiation dose from
MPI.15 Radiation dose savings from these novel dose reduction methods have not yet been
evaluated in complex CHD.

Our study in children and adults with complex CHD had the following aims: (1) to estimate
the effective radiation dose from novel and conventional MPI strategies; (2) to propose
methods to reduce radiation dose for MP1 in complex CHD.

We studied 75 consecutive subjects of ages 5-80 years old with a history of surgically
repaired complex CHD involving conotruncal anomalies and single ventricular physiology
who underwent stress radionuclide MPI for clinical indications between the years of 2002
and 2015. We included subjects with CHD of great complexity as well as subjects with
tetralogy of Fallot which is in the moderate severity category based on CHD taskforce
criteria. These types of CHD were included in this study since these conditions were
considered to involve structural lesions that may alter perfusion patterns in MPI independent
of coronary artery abnormalities. Subjects were identified using the Research Subject Data
Registry at the adult hospital (Brigham and Women’s Hospital, Boston, MA) querying
ICD-9 codes for various types of conotruncal and single ventricle congenital heart diseases,
adult congenital heart disease ordering providers, and MPI study codes. Subjects meeting
the same inclusion criteria at the pediatric hospital (Boston Children’s Hospital, Boston,
MA) between 2006 and February 2013 were identified. For subjects with more than one
study, only the most recent study was analyzed. This study was approved by the institutional
review board of Brigham and Women’s Hospital (Partners) and Boston Children’s Hospital.

Clinical Data

Subject demographics, type of complex CHD, surgical repairs, atherogenic coronary risk
factors, cardiac symptoms, medications, reason for test, prior ischemic testing, and coronary
artery imaging with invasive coronary angiography or coronary CT angiography were
systematically recorded from medical records. Atherogenic coronary risk factors and
associated complex CHD abnormalities that were not documented in the medical records
were assumed to be absent.

Stress Testing

At the adult hospital, stress was performed with treadmill exercise using a Bruce protocol
or with pharmacologic stress. Pharmacologic stress was performed using vasodilator

stress (dipyridamole, adenosine or regadenoson) or with inotropic stress (dobutamine)
using standard protocols. At the children’s hospital, subjects underwent treadmill or
bicycle ergometer stress. Concurrent cardiopulmonary testing as described in a prior
publication6 was also occasionally performed with MPI at the children’s hospital. Exercise
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time, symptoms, rest and exercise hemodynamics, as well as ST changes were recorded
prospectively. In subjects undergoing bicycle ergometer stress and/or VO2 testing, workload
and VO2 were recorded, respectively.

Acquisition of Myocardial Perfusion Images

MPI was performed per standard protocols using SPECT or PET. At the adult hospital,
SPECT studies were performed with 99MTc-sestamibi with 4.5-12 mCi for rest and 15-34
mCi for stress (after 2001) using weight-based dosing (ranges of patient weights with
associated 99MTc-sestamibi dosages). Images were acquired 15-45 minutes after injection of
radiotracer with a two-headed SPECT gamma camera (ECAM, Siemen’s Medical Solutions,
USA), SPECT/CT gamma camera (Symbia T-6, Siemen’s medical Solutions, USA), or

a CZT (cadmium zinc telluride) scanner (DSPECT, Spectrum Dynamics, Israel). At the
pediatric hospital, subjects received 99MTc-sestamibi 0.150 mCi/kg for rest and 0.350
mCi/kg for stress. Images were acquired 15-45 minutes after exercise with a two-headed
SPECT gamma camera (ECAM, Siemen’s Medical Solutions, USA).

82Rubidium or 13N-ammonia PET/CT scans were acquired with a GE Discovery LS
PET/CT or Siemens Biograph PET/CT and standard protocols. 82Rubidium PET was
performed at rest and following pharmacological stress with 46.1 + 9.3 mCi and 46.1 £
9.3 mCi of 82Rubidium, respectively, in a 2D mode. 13N-ammonia PET was performed
with 7.3 + 3.6 mCi and 8.6 + 2.5 mCi of 13N-ammonia, respectively, at rest and following
exercise stress in a 3D mode.

Analysis of Myocardial Perfusion Images

All original images were reformatted again using Invia software (University of Michigan
4DM software, Ann Arbor, MI) and deidentified with a study ID number. Myocardial
perfusion of the systemic ventricle was assessed (as opposed to interpretation of the
anatomical left ventricle or the left-sided ventricle). The myocardial perfusion images were
scored visually with a semi-quantitative method using a 04 score (0 = normal, 4 = absent
tracer uptake) and a 17-segment heart model.1” Summed stress, rest, and difference scores
were calculated.18 A summed stress score of < 4 was considered normal.1® Automated
semi-quantitative computer-based analysis could not be used to assess myocardial perfusion
due to the lack of established normal limits databases due to the possible atypical locations
of ventricles, outflow tracts, and prosthetic material in complex CHD that may not be
consistent with standard algorithms.

Deidentified images were interpreted by an experienced nuclear cardiologist (SD).
Myocardial perfusion images were sequentially interpreted in three batches and each batch
was analyzed on a different day. In each batch, images were scored blinded to clinical
history and scores were finalized after a review of the relevant clinical history. For the first
round, the reader assessed only the stress images to replicate results of stress-only imaging,
and summed stress score was calculated. For the second round, the reader assessed the
stress and rest images and the summed stress, rest, and difference scores were calculated.
For the third round, the reader reviewed VSD history and assessed if the perfusion defect
could be attributable to the VSD patch. Images were categorized as normal, probably

J Nucl Cardiol. Author manuscript; available in PMC 2022 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Partington et al.

Page 5

normal, equivocal, probably abnormal, or abnormal for each batch. All but one of the 75
images were interpretable for systematic and sequential MPI interpretation. The one subject
who had images that were challenging to interpret due to image quality was considered
equivocal.

Subpulmonary Ventricle Assessment

Subpulmonary ventricular radiotracer uptake was semi-quantitatively assessed.
Subpulmonary ventricular radiotracer uptake has traditionally been useful as a marker

for pulmonary hypertension29:21 put in the congenital heart disease population, it

could potentially be helpful for assessing the degree of compensatory subpulmonary
ventricular hypertrophy in the setting of outflow tract obstruction to the pulmonary artery.
Subpulmonary ventricular uptake was assessed as follows: 0 = no visualization, 1 =
visualization but less counts than other ventricle, 2 = counts equal to other ventricle, 3

= counts greater than other ventricle.20

Coronary Angiography

Coronary artery obstruction was defined based on the reports of invasive or CT coronary
angiography. A coronary artery narrowing of = 70% diameter stenosis in left anterior
descending, left circumflex, right coronary artery or their branches; and = 50% in the left
main coronary artery from atherosclerosis or extrinsic compression was considered to be a
significant obstruction. Coronary artery imaging was considered recent if it was performed
within a year of the MPI study.

Estimation of Effective Radiation Dose

Effective radiation dose from MPI was determined for 9MTc-sestamibi using 0.009
mSv/MBgq at rest and 0.0079 mSv/MBgq at stress; for 13N-ammonia using 0.0027 mSv/MBq;
and for 82rubidium using 0.0017 mSv/MBq, based on previously published estimations from
SNMMI.22 We also used the SNMMI radiation dosimetry tool for 9MTc-sestamibi (http:/
wwwsnmmi.org/ClinicalPractice/doseTool.aspx) which takes into account patient age and
gender. For the age-based model, radiation doses for subjects between 5 and 10 years were
calculated using the 10-year-old model, and greater than 10 to 15.9 years were calculated
using the 15-year-old model. Adult male and adult female models were used for subjects

> 16 years. For subjects who underwent MPI with a low-dose attenuation correction CT,

0.3 mSv was added for CT dose (0.6 mSv for SPECT/CT and 13N-ammonia with exercise,
when 2 CT scans were performed). In addition to actual doses from this study, we estimated
radiation doses for scenarios of stress-only study (using stress radiation dose with CT when
applicable, for subjects with a normal stress scan) and 2-day equal radiotracer dose study
(using two times rest radiation dose with CT when applicable, for subjects with an abnormal
stress scan).

Statistical Analysis

Data are presented as mean = SD or median = interquartile range (IQR) depending
on the distribution of the data for continuous variables and as proportions for discrete
variables. Mean effective radiation doses between SPECT, CZT SPECT, SPECT/CT, and
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PET/CT were compared using ANOVA and a Bonferroni post hoc test for between-group
comparisons. A student’s #test was used with a £< 0.05 considered significant when
appropriate.

Baseline Characteristics

The study cohort included 75 subjects, 65% (N = 49) male, with a median age of 18.6 years
(IQR 15.1-28.4 years, minimum age 5.1 years, maximum age 76.1 years) at the time of MPI
(Table 1). The most common type of CHD was transposition of the great arteries (63%, N

= 47) with the majority (87%, N = 41) having had an arterial switch repair with coronary
artery reimplantation (Figure 1). The most common indications for MPI included chest pain
(39%, N = 29), prior indeterminate stress testing (24%, N = 18), screening study due to prior
arterial switch or definite coronary artery abnormality (23%, N = 17) or heart failure (22%,
N = 16). The majority of subjects had prior ischemic testing (73%, N = 55), a median of

735 days prior to MPI (Table 2). At the time of MPI, treadmill exercise was most common
form of stress (64%, N = 48) followed by bike exercise (20%, N = 15) and pharmacologic
stress (16%, N = 12). Details about associated cardiac anomalies, vascular risk factors, stress
findings, and coronary artery imaging are provided in Supplemental material.

Sequential Interpretation of MPI Imaging Findings

The majority of subjects (98.7%, N = 74) underwent 1-day rest-stress imaging with SPECT
(85%, N = 64) or PET (15%, N = 11). For SPECT, 5% were performed with CT-based
attenuation correction and 8% with CZT SPECT. Rest/stress scans were normal in 56.0%
(42/75 subjects). Rest/stress MPI was abnormal in 32 of 75 subjects (42.7%). One study
was indeterminate. Fixed defects were present in 32.0% (24/75 subjects) and 25.0% (8/32
subjects) of the abnormal scans demonstrated reversible defects (partially or completely)
suggesting ischemia.

The subpulmonary ventricle (most frequently the right ventricle) was normal in 53% (N =
39), function was normal in 65% (N = 48), and subpulmonary ventricle tracer uptake was
normal in 34% (N = 25). The mean systemic ventricular ejection fraction was normal at 58 +
11.6%.

The deidentified MPI images were interpreted in a sequential approach assessing stress-only
images (to simulate a stress-first imaging strategy), stress/rest images, and stress/rest images
taking into account the history of a VSD (Figure 2). Stress-only interpretation resulted in
more ‘probably abnormal’ results compared to the stress/rest interpretation (£= 0.02). By
taking into account the ventricular septal defect, there were more ‘normal’ results than
compared to stress-only imaging but this was not statistically significant (£= 0.09).

Stress-only images were interpreted and normal (normal or probably normal) in 40.0%
(30/75 subjects) eliminating the need for a rest study. The remaining 58.7% (44/75 subjects)
had abnormal stress images necessitating a rest scan. One study was equivocal.
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In order to assess if the perfusion defect could be attributable to the VSD, the deidentified
rest/stress images were sequentially interpreted in the third batch with the knowledge about
VSD repair. Of the 24 subjects with fixed defects, 11 subjects showed defects involving

only the basal septum consistent with VSD. After exclusion of these defects potentially from
VSD, 28.0% (21/75 subjects) still demonstrated abnormal scans, and 36.4% (8/22 patient) of
the abnormal scans were ischemic.

Radiation Dose

The radiotracer dose and the estimated effective radiation doses are presented on Table

3, Figure 3. Mean effective radiation dose for the overall cohort was 8.1 + 2.8 mSy,
higher in adults compared to children under age 16 years (9.1 £ 2.5 mSv vs. 6.2 + 2.4
mSv, < 0.0001). Radiation dose was lowest for 13N-ammonia PET MPI (Figure 3). For
99MTc_sestamibi SPECT scans, the mean effective radiation dose was 8.7 + 2.3 mSv for
Nal SPECT, 12.5 + 0.9 mSV for SPECT/CT, and 6.3 + 0.2 mSv for CZT SPECT. For PET,
the effective radiation dose was 6.1 # 1.2 mSv for 82rubidium and 2.1 + 0.6 mSv for 13N-
ammonia. The mean effective radiation dose for rest and stress MPI reduced significantly
after 2010 when new technology of CZT SPECT and PET was routinely incorporated in
clinical practice: 10.6 + 3.1 mSv, N = 45, before 2010 vs 8.4 + 3.0 mSv, N = 30, for scans
performed in 2010 or later.

An effective radiation dose of < 9 mSy, as recommended by the American Society of
Nuclear Cardiology in at least 50% of the studies,?2 was achieved in 61.3% of the subjects
for complete rest and stress MPI (Figure 4a). Only subjects with 99MTc-sestamibi Nal
SPECT without weight-based imaging received a higher dose. With weight-based dosing,
majority of children aged < 16 years (91.7%, 22 of 24 subjects) received a radiation

dose <9 mSv for rest and stress MPI; only two children received 9.3 mSv and 9.5 mSv
dose, respectively. All rest and stress MPI studies performed with CZT SPECT or PET/CT
resulted in radiation doses < 9.0 mSwv. If a stress-first imaging strategy were employed, all
subjects with normal stress MPI would have received an effective radiation dose of <9
mSv (Figure 4b). Of subjects with abnormal stress MPI who would require a rest MPI for
a diagnostic test, if a 2-day study were employed using rest dose on each day, the effective
radiation dose in all of subjects would have been < 9 mSv (Figure 4c).

When compared to traditional estimates of effective radiation dose, newer dose estimates
from SNMMI radiation dosimetry tool which considers patient age and gender were higher
particularly for children and women, but the results are otherwise very similar (Table

3). Representative examples of myocardial perfusion imaging in individuals with complex
congenital heart disease are shown in Figures 5 and 6.

DISCUSSION

To our knowledge, this study of 75 subjects is the largest published experience on ischemia
evaluation by MPI in complex CHD. We found several notable findings in this study. The
mean effective radiation dose from rest and stress MPI was highly variable and ranged

from a dose of 1.4 mSv for 13N-ammonia PET study to 13.6 mSv for a test with 9°™Tc-
sestamibi SPECT. Rest and stress MPI with low radiation dose (< 9 mSv) was feasible in all
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subjects who underwent PET or CZT SPECT, and in most (93%) subjects who underwent
weight-based dosing for 99MTc-sestamibi. Stress-first MPI and 2-day equal dose rest and
stress MPI could have resulted in < 9mSv radiation dose in all subjects. Based on our study
findings, we propose the use of novel protocols, novel scanner technology, and novel image
reconstruction software to minimize radiation dose from MPI in individuals with complex
CHD (Figure 7).

Adult congenital heart disease guidelines suggest that imaging of patency of coronary
arteries is reasonable in asymptomatic patients and physiologic testing of myocardial
perfusion is reasonable in symptomatic individuals with transposition of the great arteries
and prior arterial switch operation?® due to the known risk of coronary ostial fibrointimal
proliferation and kinking that can lead to ischemia and sudden cardiac death in some
subjects.8 This is reflected in our study with majority of subjects having transposition of
the great arteries with arterial switch surgery, highlighting a need to develop systematic
protocols for ischemia evaluation including low radiation dose MPI. Of the subjects who
underwent coronary artery imaging following MPI, prior coronary artery translocation was
one of the most common etiologies of significant coronary artery obstruction (Supplemental
Table 3), suggesting these subjects may be a specific cohort who may be targeted for
ischemia surveillance.

MPI is not typically the initial test of choice for ischemia evaluation in complex CHD. In
our study, almost three quarters of subjects underwent exercise or stress echo prior to MPI.
Exercise stress ECG testing was most commonly performed with positive or indeterminate
results in 70% (N = 21) of the subjects. Imaging may thus be required in conjunction with
exercise ECG testing in majority of subjects with CHD requiring ischemic testing. Stress
echo was performed prior to MPI in 18% (N = 10) of subjects with positive or indeterminate
results in the most subjects (80%, N = 8), likely reflecting the challenges of stress echo
interpretation in complex CHD and selective referral of subjects to MPI for confirmation of
indeterminate findings.

Reducing lifetime radiation burden is a key priority, particularly for subjects with CHD.
The effective radiation dose from rest and stress MPI in our study was variable and ranged
from 1.4 mSv for 13N-ammonia PET to 13.6 mSv for a 9°™Tc-sestamibi SPECT; estimated
doses were slightly higher in women and children using age- and gender-specific radiation
dose tool from SNMMI. Radiation reduction strategies are essential to reduce the long-term
health effects of the cumulative burden of ionizing radiation in individuals with CHD.10
Recently described “best practices” for radiation reduction for MPI encourage avoidance of
thallium, use of total effective radiation does < 9 mSV, stress-only imaging, use of camera-
based dose reduction strategies (attenuation correction, multi-position imaging, advanced
software), weight-based radiotracer dosing, and minimizing “shine through’ artifact by
ensuring that the second injection performed on the same day is 3 times the dose of the
first.24 In our study, many of the radiation reduction strategies were followed including

not using any thallium. Weight-based dosing of technetium was performed at the pediatric
hospital and at the adult hospital since 2010 and ‘shine through’ artifact was avoided in all
subjects. Radiation doses of < 9 mSv were achieved in all of the CZT SPECT and PET/CT
studies.
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Stress-only imaging is recommended whenever feasible to reduce radiation dose.142> If
stress imaging is abnormal, rest imaging can be performed. In our study cohort of subjects
with complex CHD, stress-only imaging would have been feasible in only 41%. Even
when the MPI interpreter has access to detailed knowledge of the congenital heart disease
anatomy and knowledge of the presence of absence of a VSD patch, a feature that can
mimic a perfusion defect, only 58% of studies were interpreted as normal making a
stress-only imaging strategy practical for less than half of subjects with complex CHD.
Instead, a protocol of stress-first imaging, followed by a 2-day equal radiotracer dose rest
study if needed, although cumbersome, may save substantial radiation dose in these young
individuals, allow for effective radiation dose of < 9 mSV for almost all subjects.

Camera-based dose reduction strategies using PET1! and CZT SPECT?26 are known to
reduce effective radiation dose in adult subjects undergoing MP1.15 In this study, effective
radiation dose for rest and stress MPI was < 8 mSv for all PET and for all CZT SPECT
studies. Implementation of advanced imaging technology in the adult hospital reduced

the effective radiation dose for MPI by 20% in complex CHD. With novel CZT SPECT
technology and ultra-low radiation dose, further dose reduction to < 1 mSv for stress MPI is
feasible.2’

Hybrid MP1 with low radiation dose CT for attenuation correction?® generally results in
improved image quality and increases the likelihood of performing stress-only imaging
thereby lowering effective radiation doses. Hybrid MPI/CT images also have the potential
to improve specificity of MPI interpretation in complex CHD by helping to identify the
anatomic location of atypical outflow tracts or VSD patches or baffles which may help
assess if there is an anatomical reason for a perfusion defect. However, our study was
underpowered to address the added value of hybrid MPI/CT imaging in complex CHD; only
15% of subjects underwent PET/CT MPI and 5% underwent SPECT/CT.

STRENGTHS AND LIMITATIONS

Despite the relatively small sample size compared to adult MPI studies, this study remains
the largest published experience of MPI in complex CHD. Inclusion of subjects from

an adult and a pediatric institution, use of several different scanner types, and a study
period that spanned several years, allowed us to evaluate the entire spectrum of subjects
from childhood to adulthood, and compare radiation doses between various radiotracers
and scanners and temporal trends. In order to limit interobserver variability, all images
were deindentified and reviewed systematically by an experienced investigator. Quantitative
MPI analysis by software could not be used since no normal limits databases exist for
complex CHD. Prospective data/testing for dyslipidemia or inquiring about a family history
of coronary artery disease were lacking in the pediatric hospital medical records; however,
coronary atherosclerosis was only a small component of the coronary pathology in this
cohort.
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CONCLUSIONS

Radiation dose from MPI in complex CHD is highly variable and varies by the imaging
protocol and the scanner used. Advanced imaging methods including CZT SPECT and PET
MPI minimize radiation dose from MPI in individuals with complex CHD. For all SPECT
and PET scanners, an imaging protocol of stress-first MPI followed by rest MPI if needed on
another day provides the smallest effective radiation dose. Minimizing radiation dose may
limit layered testing in at least some of these individuals with complex CHD and optimize
effective evaluation of ischemia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

CHD Congenital heart disease

CMR Cardiac magnetic resonance

czZT Cadmium zinc telluride

MPI Myocardial perfusion imaging

Nal Sodium iodide

PET Positron emission tomography

SPECT Single-photon emission computed tomography
VSD Ventricular septal defect
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Distribution of the underlying anatomic complex congenital heart disease diagnosis. The
most common underlying congenital heart disease was transposition of great arteries with
arterial switch operation. 7GA, transposition of great arteries; 7OF, Tetralogy of Fallot;
cc-TGA, congenitally corrected transposition of great arteries.
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Sequential interpretation of myocardial perfusion images. Images of all 75 subjects were
sequentially interpreted using stress-only, stress/rest, and stress/rest images and taking into

account the presence or absence of a history of a ventricular septal defect. Stress-only
interpretation resulted in more ‘probably abnormal’ results compared to the stress/rest
interpretation. By taking into account a history of ventricular septal defect, there was a

trend toward more ‘normal’ results. MP/, myocardial perfusion imaging; VSD, ventricular

septal defect.
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p = 0.03 vs. Nal SPECT

p = 0.14 vs. Nal SPECT

p < 0.0001vs. Nal SPECT

|

= Nal SPECT (N=57) = Nal SPECT/CT (N=3) = CZT SPECT (N=5) PET (N-10)

Total estimated effective radiation dose for rest/stress MPI by radiotracer and scanner type.
Total effective radiation dose was lowest for PET MPI. MP/, myocardial perfusion imaging;
Nal, sodium iodide; CZ7, cadmium zinc telluride.
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Estimated effective radiation dose from various myocardial perfusion imaging (MPI)

#2Rb- e e 99mTe-SPECT

99mTc-SPECT

protocols. Rest/stress MPI (A), stress-only MPI (B), 2-day rest/stress MPI (C). The dotted
line represents 9 mSv threshold for low radiation dose. All subjects who underwent 9MTc-
SPECT with CZT scanners, or PET MPI received less than 9 mSv dose for rest and stress
MPI. Likewise stress-only and 2-day rest/stress equal dose MPI were estimated to result in <

CZT, cadmium zinc telluride; 7c, technetium.
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Figure 5.
Representative example of a myocardial perfusion image from a 34-year-old woman with

repaired ventricular septal defect (VSD). Rest and stress myocardial perfusion images
demonstrate a severe fixed perfusion defect in the entire septum (red arrow) consistent
with known prior VVSD repair surgery. The blue arrow points to a small apical anterior wall
infarction.
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Figure 6.
Representative example of a myocardial perfusion image from a 15-year-old boy with a

systemic right ventricle. Rest and stress myocardial perfusion images demonstrate a right-

sided systemic right ventricle that is enlarged and nearly normally perfused. The apparent

perfusion defect at the base of the anterior wall of the right ventricle (arrow) represents the
take-off of the aorta which is an expected finding.
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Figure 7.

Options for low radiation dose imaging in complex congenital heart disease patients. For

the evaluation of complex congenital heart disease, exercise stress is typically preferred

over pharmacological stress to enable detection of ischemia from compressive physiologies.
To perform low radiation dose imaging: (1) 2-day protocols are preferred over 1-day
protocols; 2) stress-first protocol is preferred; rest first may be considered when cardiac
anatomy is complex (to evaluate feasibility of interpretable imaging); (3) 1-day stress/rest
protocols or 1-day rest/stress protocols are least preferred. For scanners, PET is preferred for
pharmacological stress and for exercise stress when if 13N-ammonia is available; for SPECT,
(1) CZT SPECT, (2) novel collimator SPECT/novel software (iterative reconstruction,
resolution recovery, and noise reduction) with Nal SPECT, and (3) Nal SPECT with filtered
back projection reconstruction are options in that order. Figure by Wendy B. Jakelow with
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parts of figure reproduced with permission (stress protocols from © Can Stock Photo Inc. /
Leremy; imaging protocols and scanner from references).29-31,
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Table 2.

Prior non-invasive coronary evaluation

N (%)
Any prior ischemia testing 55 (73.3)
Median time since prior ischemia testing 735 days
Stress electrocardiogram (ECG) 30 (55%)
Normal 9 (30%)
Abnormal 3 (10%)
Indeterminate 18 (60%)
Stress echocardiogram 10 (18%)
Normal 2 (20%)
Abnormal 5 (50%)
Indeterminate 3 (30%)
Stress/rest SPECT MPI 15 (27%)
Normal 11 (73%)
Abnormal 2 (13%)
Indeterminate 2 (13%)
Prior coronary angiography ever 62 (84%)
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