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Abstract Recent technological advances have fueled the
growth in hybrid radionuclide and CT imaging of the heart.
Noninvasive imaging studies are reliable means to diagnose
coronary artery disease (CAD), stratify risk, and guide
clinical management. Myocardial perfusion scintigraphy is
a robust, widely available noninvasive modality for the
evaluation of ischemia from known or suspected CAD.
Cardiac CT (coronary artery calcium score and coronary
CT angiography) has emerged as a clinically robust
noninvasive anatomic imaging test, capable of rapidly
diagnosing or excluding obstructive CAD. Both anatomic
and functional modalities have strengths and weaknesses,
and can complement each other by offering integrated
structural and physiologic information. As we discuss
below, in selected patients, hybrid imaging may facilitate
more accurate diagnosis, risk stratification, and manage-
ment in a “one-stop shop” setting.
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Introduction

Hybrid imaging refers to the combined imaging using CT
and radionuclide imaging. This could be achieved either by
co-registration and fusion of images from the two
modalities performed on separate single photon emission
CT (SPECT) or positron emission tomography (PET)
and CT scanners or integrated imaging using a hybrid
SPECT/CT or PET/CT scanner. While SPECT/PET nuclear
imaging accurately reflects physiology, they lack anatom-
ical details. On the contrary, cardiac CT provides a means
to measure calcified atherosclerotic plaque burden by
coronary calcium scoring (CCS), as well as coronary
artery stenosis by CT coronary angiography (CTCA).
Integrated PET and CCTA studies can offer the best of
both modalities by providing concurrent functional and
structural assessment.

PET and SPECT Myocardial Perfusion Imaging:
Functional Assessment

Myocardial perfusion scintigraphy (MPS) is commonly
used, clinically accounting for 90% of all noninvasive stress
imaging tests in the United States [1]. Most of these studies
consist of SPECT MPS, with an average sensitivity and
specificity of 87% and 73%, detecting >50% coronary
artery stenosis [2]. The prognostic value of SPECT MPS
has been well established in a wide variety of patient
cohorts [3••]. New SPECT scanners with solid-state
detectors are more sensitive in detecting emission photons,
and significantly reduce patient radiation doses and/or
shorten imaging time. The sensitivity of this new technol-
ogy is promising [4], and clinical validation in large-scale
clinical trials is underway.
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Presently, PET MPS is predominately performed in
select academic centers. However, PET MPS is increasingly
being used with the availability of generator-produced
radiotracers like rubidium-82; its use will grow further
with the availability of unit dose tracers such as new F-18–
radiolabeled flow agents currently undergoing clinical
evaluation [5]. The diagnostic accuracy of PET MPS in
detecting flow-limiting coronary artery disease (CAD) is
very high (sensitivity of 90%–92% and specificity of 85%–
89%) [6•, 7] and similar in men and women and in obese
and non-obese individuals [8]. Also, PET MPS has a
superior diagnostic accuracy, improved specificity, and
lower false-positive rate compared to nonattenuation-
corrected SPECT MPS [9–12].

Despite their high clinical efficacy in diagnosis of CAD,
risk stratification, and guiding management [13, 14], both
relative SPECT [15] and PET MPS are limited in the
noninvasive diagnosis of the extent of multivessel CAD
and in detecting subclinical atherosclerosis [16••]. With
gated rubidium-82 PET MPS, a failure to increase left
ventricular ejection fraction (LVEF) with stress [17, 18•], or
quantitative assessment of myocardial blood flow may help
improve detection of multivessel CAD [19]. Absolute PET
myocardial blood flow is well validated to detect early
preclinical abnormalities in myocardial blood flow from
subclinical atherosclerotic disease [20•]. However, these
features provide only indirect evidence of the magnitude of
ischemic burden, while coronary artery calcium score
(CACS), as well as CTCA, provide a direct means to
identify coronary atherosclerosis. When used in conjunc-
tion with MPS, hybrid imaging can improve diagnostic
accuracy of MPS (by CT attenuation correction), and
provide a comprehensive assessment of anatomic athero-
sclerosis (CACS and CTCA) to identify subclinical and
multivessel CAD.

CT Attenuation Correction

Hybrid SPECT/CT and all PET/CT units are capable of CT
attenuation correction (AC). AC has several advantages
(Table 1) [21•]. It improves diagnostic accuracy of MPS,
particularly specificity (Fig. 1), and is recommended by
professional societies [1, 21•]. However, this technique has
the potential for misregistration artifacts (erroneous perfu-
sion defects) due to patient, cardiac, respiratory motion, or
any combination of the above [22], mandating review of
image registration, as part of the quality control.

For SPECT/CT MPS, AC has been demonstrated to
improve specificity and normalcy rates compared to
nonattenuation-corrected MPS. The multicenter study by
Masood et al. [23] validated x-ray–based AC and showed
that AC consistently improved the diagnostic yield of

SPECT MPS for detecting significant angiographic CAD,
as well as normalcy rate. SPECT MPS with CTCA has also
been shown to decrease the number of equivocal studies in
comparison to prone SPECT MPS without AC [24].
Furthermore, Fricke et al. [25] compared Tc-99m SPECT/
CT with N-13 ammonia PET MPS and found that the
concordance between the two modalities improved after AC
of SPECT MPS, particularly in the inferior wall. They also
found that SPECT MPS without AC tends to overestimate
relative perfusion to the anterior and anterolateral walls
compared to N-13 ammonia PET. Further studies with
follow-up of clinical outcome, perhaps using the newer-
generation hybrid scanners, would be required to validate
the prognostic value of attenuation-corrected SPECT/CT
MPS.

The diagnostic and prognostic values of attenuation-
corrected PET/CT MPS are equivalent to those of dedicated
PET MPS [3••, 6•]. Sampson et al. [16••] studied 64
intermediate-risk patients for CAD who had rubidium-82
PET/CT MPS and coronary angiography within 6 months,
and demonstrated sensitivity, specificity, and normalcy rates
of 93%, 83%, and 100%, respectively. The prognostic value
of gated rubidium-82 PET/CT MPS was studied in 1,433
patients [26]. In this study, a normal scan was associated
with an excellent outcome, whereas mild, moderate, and
severely abnormal scans were associated with a progressive
increase in event rates. The study also demonstrated that
patients with an increase in LVEF during peak vasodilator
stress had longer cardiac event-free survival compared to
those with a decrease or without an increase in LVEF.
Importantly, the changes in LVEF during gated PET/CT
MPS have significant incremental value to clinical, stress,
and perfusion data.

CT Coronary Calcium Score: Anatomic Imaging

Coronary calcium score (CCS) was initially performed
using electron beam CT and more recently by multidetector
CT (≥6 slice MDCT), with relatively low radiation dose (1–
2 mSv) [27•]. Calcification of coronary arteries is patho-
gnomonic for coronary atherosclerosis [28]. The amount of
coronary calcium can be reliably quantified by CT, and is
often expressed as Agatston score, which correlates
strongly with the overall coronary plaque burden [29].
However, the magnitude of calcification does not always
correlate with the severity of underlying coronary artery
stenosis. The prognostic value of CCA is well studied.
Absence of coronary calcification (CCS=0) portends
excellent prognosis, with 0.4% annual rate of myocardial
infarction or cardiac death in men and women of diverse
ethnicities [30]. On the contrary, patients with high CCS
(≥400) have annual event rate of approximately 2%;

Curr Cardiovasc Imaging Rep (2010) 3:324–335 325



approximately 20% of these patients, regardless of clinical
symptoms, can have flow-limiting CAD [31, 32].

Calcium Score and MPS in the Diagnosis
and Management of Patients with Suspected CAD

Several studies [31, 33–36••] have shown that CCS has
incremental diagnostic value over MPS due to its ability in
quantifying overall atherosclerotic burden including sub-
clinical atherosclerotic calcifications. These studies, includ-
ing predominantly asymptomatic individuals undergoing
calcium score and a subsequent MPS for clinical indica-
tions, have shown that approximately 21% to 47% of the
patients with normal MPS have coronary calcium score

>400. Also, it has been demonstrated that patients with high
CCS more frequently demonstrate ischemic MPS.

The prognostic value of CCS in patients with SPECT
and PET MPS scans has been studied. Rozanski et al. [32]
studied 1,153 patients (51% asymptomatic) who underwent
both CCS and SPECT MPS and found that in patients with
normal MPS there was no significant difference in risk-
adjusted event rates in patients with CCS >400 or <400
(mean follow-up of 32±16 months with cardiac death or
myocardial infarction in 11 patients). In another study of
CCS and SPECT MPS [33] in 1,175 patients (83%
asymptomatic), over a median follow-up of 6.9 years, there
were 145 cardiac events (cardiac death, myocardial infarc-
tion, or coronary revascularization) and 109 total events
(death or myocardial infarction). Risk-adjusted survival was

Fig. 1 Static images of SPECT myocardial perfusion scintigraphy without (a) and with (b) CT attenuation correction. The apparent fixed defect in
the inferior wall was corrected by CT attenuation correction using a hybrid SPECT/CT scanner confirming diaphragmatic attenuation

1. Improved count uniformity

2. Differentiation of artifact from real defect

3. Quantitation of myocardial blood flow (particularly with PET MPS)

4. Stress only MPS (rest MPS avoided if stress normal) with cost and radiation saving

Table 1 Advantages of attenu-
ation correction

MPS myocardial perfusion scin-
tigraphy; PET positron emission
tomography
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significantly better in patients with normal MPS and
calcium score (CCS=0–10) compared to patients with
normal MPS and high calcium score (CCS >400) at 3 and
5 years after the SPECT MPS [33]. Schenker et al. [34]
evaluated 636 patients who underwent rubidium-82 PET/
CT MPS and concomitant CCS for clinical indications. The
frequency of ischemic MPS was 16% in those with CCS of
0, and 46% in patients with CCS >400. The annualized
event rate in patients with normal PET MPS and negative
calcium score was substantially lower than in those with
normal MPS and CCS ≥1,000. Lastly, in a recent study of
1,031 patients from the emergency room referred for
SPECT MPS, the median CCS was 0 and patients with a
calcium score of 0 had a low event rate (0.3% of
myocardial infarction or acute coronary syndromes) over a
mean follow-up of 7.4 months [37].

The findings of the above studies are complementary
and suggest the following. Firstly, in patients with normal
SPECT MPS and a high calcium score (Fig. 2), short-term
risk is very low [32, 35]; however, these individuals may
carry an intermediate risk in longer term as opposed to the
individuals who have normal MPS and no/little coronary
calcifications. Next, in symptomatic patients with normal

clinically indicated PET MPS, those with calcified athero-
sclerotic plaques have a worse overall prognosis. Patients in
the emergency room with atypical chest pain and a calcium
score of 0 appear to have a low event rate.

Clinical Applications of MPS and CACS

Based on the evidence from several studies, American
Society of Nuclear Cardiology/American College of Cardi-
ology/American Heart Association appropriate-use criteria
[3••] recommend that a SPECT MPS study may be
considered appropriate in asymptomatic patients with CCS
>400 or in patients with high clinical risk and a CAC of
>100 AU. The results from prior studies of the CCS
screening population suggest that extensive coronary
calcification may influence the physicians in prescribing
more aggressive medical treatment [38–40]. We routinely
perform and report CCS in patients undergoing MPS when
the patient has no known CAD, myocardial infarction, or
prior revascularization.

There are, however, several caveats to the use of CCS
with MPS. Calcium score provides no information about

Fig. 1 (continued)
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stenosis severity. Low CCS may be less reliable in lowering
individual risk for patients with acute symptoms, especially
in young patients and women. This is probably because
CCS misses noncalcified plaque, which is often the culprit
lesion in acute coronary syndromes. Rosen et al. [41]
demonstrated that among 175 patients who had CCS and
CT angiography for chest pain, up to 4% had significant
coronary obstruction despite having a zero CAC score at
baseline. Calcium score is generally not performed when
CTCA is going to be part of the assessment or if the patient
has established CAD (ie, prior coronary artery bypass graft
[CABG] or stenting). Also, CCS acquired during high
resting heart rates can be degraded by motion and should be
avoided. Unlike with CTCA, intravenous β-blockers are
not routinely used for CCS.

CTCA: Anatomic Imaging

Multidetector CT (≥16-detector row) technology has enabled
reliable visualization coronary artery stenosis and atheroscle-
rotic plaque. Recently, three large clinical trials of 64-
multidetector row cardiac CT angiography (ACCURACY
[42], CORE64 [43], and European Trial [44]) demonstrated

good diagnostic accuracy and excellent negative predictive
values. These studies showed 75% to 88% sensitivity and
90% to 93% specificity for detection of >50% stenosis on a
per-vessel basis. More importantly, the excellent negative
predictive values (89%–99%) of CTCA enable rapid
exclusion of clinically significant CAD in low-to-
intermediate risk patients. Several studies have shown that
patients with normal or minimally abnormal CTCA have
extremely low risk for cardiac events [45, 46].

However, the stenosis severity cannot be accurately
assessed by current multidetector CT technology [47, 48].
CTCA has a tendency to overestimate the degree of stenosis
[49]. This is most marked in vessels with densely calcified
plaques or coronary stents <3 mm due to blooming, beam-
hardening, and metallic artifacts. In fact, according to the
guidelines of the Society of Cardiovascular Computed
Tomography, proceeding with CTCA in the presence of
extensive calcification is “controversial.” Many centers do
not proceed with CTCA in the presence of a calcium score
>600. The spatial resolution, contrast-to-noise ratio, and
temporal resolution of current multidetector CT technology
remain limiting factors in accurate plaque quantification.

Similarly, imaging coronary artery stents with CTCA
remains challenging, and its use should be carefully
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considered. A published study based on 64-slice multi-
detector CT has reported 91% sensitivity, 93% specificity,
77% positive predictive value, and 98% negative predictive
value in diagnosing >50% in-stent stenosis [50]. This
indicates that a negative result can exclude significant in-
stent stenosis, while there is a moderate false-positive rate.
The main determinants of stent visualization include the
diameter, design, and location of the stent. For example, 64-
slice multidetector CT has been shown to diagnose left
main coronary artery in-stent stenosis with a high accuracy
of 98% [51].

Also, the degree of coronary artery stenosis on CTCA
correlates poorly with the presence of myocardial ischemia
on nuclear MPS. For greater than 70% stenosis on CTCA,
only 53% [52] to 66% [53] have inducible ischemia in the
same vessel territories. For nonobstructive stenoses on
CTCA (<50%–60%), 5% [53] to 14% [52] could still show
inducible ischemia in the vessel territories. Therefore,
CTCA is an excellent tool to exclude CAD or non-
obstructive plaques. However, it cannot be used alone to
guide revascularization decisions.

Integrated MPS/CTCA

The integration of CTCA with MPS offers several potential
advantages. CTCA provides anatomical information that
enables the detection of multivessel CAD, obstructive
disease in left main and proximal LAD, as well as
subclinical atherosclerosis. All of these important factors
in risk stratification and therapeutic planning cannot be
determined on MPS alone.

On the other hand, MPS provides functional information
about ischemic burden [2] and flow reserve [54, 55], which
are critical for determining benefits from revascularization.
MPS can also be very helpful in evaluation of ischemia in
the distal coronary segments or coronary segments ob-
scured by multidetector CT artifacts. In addition, gated
MPS provides physiologic information about LVEF [17,
18•, 26, 56], which is a powerful predictor of outcomes;
indeed, for the same degree of anatomic stenosis, thera-
peutic benefit of revascularization is higher in patients with
depressed LVEF compared to patients with preserved LVEF
[57]. Therefore, it makes intuitive sense that combined
MPS and CTCA provides significantly better characteriza-
tion of underlying CAD than either alone.

Diagnostic Value of Integrated MPS and CTCA

The hybrid approach to the diagnosis of CAD has been
studied for both PET and SPECT MPS. Rispler et al. [58]
reported a significant improvement in specificity (63% to

95%) and positive predictive value (31% to 77%) for the
detection of obstructive CAD in patients with known or
suspected CAD undergoing hybrid SPECT/CTCA. Namdar
et al. [59] detailed their experience with integrated PET and
CTCA in 25 patients with known CAD and recurrent
symptoms. Using PET MPS and invasive coronary angi-
ography as gold standards, integrated PET MPS and CTCA
hybrid imaging correctly predicts the revascularization
decisions with 90% sensitivity, 98% specificity, 82%
positive predictive value, and 99% negative predictive
value. Di Carli et al. [52] also demonstrated that PET
MPS and concomitant CTCA have complementary roles in
diagnosing CAD. Only 47% of significant angiographic
stenoses are associated with coronary flow limitation,
whereas about half of patients with the normal MPS have
evidence of non-flow-limiting CAD. In summary, when
several studies evaluating MPS and CTCA are considered,
the negative predictive value of CTCA appears to be robust,
whereas the positive predictive value of CTCA in predict-
ing ischemia is only modest (45%–67%; Fig. 3) [60]. Of
note, these study populations are relatively small, and there
are currently no patient outcome data on the utility of
hybrid MPS and CT imaging.

Prognostic Value of Hybrid MPS and CTCA

Evidence evaluating the combined prognostic value of
CTCA and stress MPS assessment is emerging. Van
Werkhoven et al. [36••] studied 541 patients followed for
a median of 672 days. In this cohort, about 25% of patients
with normal MPS had obstructive CAD and 5% of these
had high-risk CAD on CTCA. The study outcomes suggest
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permission)
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that patients with normal MPS and no or mild CAD (<50%
stenosis on CTCA) have best outcomes, while those with
significant CAD (≥50% stenosis on CTCA) and abnormal
MPS have the worst outcomes. This study, though limited
in power for adequate multivariable analysis (only 23
events, including eight all-cause mortality, eight nonfatal
myocardial infarction, and seven unstable angina), was the
first attempt to evaluate outcomes based on the results of
both MPS and CTCA.

Min et al. [61] used decision analysis and Markov
models to study cost effectiveness of diagnostic approaches
using CTCA, MPS, and invasive coronary angiography, or

combinations of the above. This very intriguing analysis
demonstrated that CTCA alone may be a cost effective
strategy in patients with an intermediate pretest likelihood
of CAD. However, notably, this is decision analysis
modeling of outcomes, but not real patient data. For
instance, pathways included binary options such as MPS
SPECT followed by invasive coronary angiography for
positive or equivocal findings for CAD at MPS. Also, they
did not include LVEF in the models. In clinical practice,
decisions for invasive angiography are based on degree of
ischemic burden and LVEF [60] rather than angiography
for all positive or equivocal MPS. Nonetheless, this is the
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Fig. 4 a–c, A 55-year-old woman with prior aortic valve replacement
for bicuspid aortic valve presented with typical anginal symptoms
6 months after surgery. The stress myocardial perfusion scintigraphy
(MPS) images (a) demonstrated a reversible perfusion defect in the
inferior wall. Retrospective review of the preoperative invasive
angiography (c) revealed faint contrast filling the right coronary artery

(red arrows) during the left coronary injection, suggesting anomalous
origin of the right coronary artery. CT angiography acquired following
MPS confirmed an anomalous origin of the right coronary artery from
the left coronary cusp with possible compression of the proximal
segment of the right coronary artery by the prosthetic valve (b; yellow
arrows)
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first reporting attempting to understand cost effectiveness of
these approaches. We await the results of the ongoing
SPARC trial [62] that will provide more information on the
clinical efficacy and overall cost effectiveness of PET,
SPECT, CTCA, and hybrid imaging in an intermediate-risk
cohort.

Potential Clinical Applications of Combined MPS
and CTCA

There are several scenarios wherein CTCA and MPS could
theoretically add value to the other. For example, MPS
following a CTCA could improve the identification of
patients who would benefit from revascularization to reduce
unnecessary procedures caused by “oculostenotic reflex”
based on anatomic imaging by CTCA alone. Evidence of
ischemia determined by exercise stress testing, myocardial
perfusion imaging, or fractional flow reserve on coronary
angiography remains superior to anatomic information of
coronary stenosis for identifying patients who are most
likely to benefit from revascularization [13, 54, 63, 64••].

Likewise, CTCA can potentially add prognostic value to
the MPS [36••]. For instance, identification of coronary
plaques with positive remodeling, spotty or no calcification
could prompt escalated medical therapy and risk factor
control since the morphologies are features of vulnerable
plaques [65]. Similarly, identification of left main and
multivessel disease has important clinical and therapeutic
implications [66, 67]. Vivid CT images may also motivate
lifestyle modifications and improve adherence to medical
therapy in patients with subclinical atherosclerosis.

In selected patients with equivocal or inconclusive MPS,
CTCA can clarify diagnosis [3••]. In particular, normal or
near normal CTCA results can effectively exclude signif-
icant CAD in epicardial vessels. In patients with a mildly
abnormal MPS and a high clinical suspicion of significant
multivessel CAD, CTCA may clarify the diagnosis non-
invasively.

Integrated PET/CTCA can also be advantageous in the
evaluation of patients with coronary artery anomalies or
other structural abnormalities such as coronary artery
fistulas, or myocardial muscle bridges. In patients with
coronary artery anomalies (Fig. 4), the nature of the
anomaly as well as ischemia is important in determining
the need for intervention. CTCA can provide the overview
of the coronary anatomy as well as the fine details that may
be important to surgical planning, such as ostial take-off
angles and epicardial versus transmural courses. Exercise
MPS could provide information about hemodynamic
significance of the anomaly.

For patients with prior coronary bypass surgery sched-
uled for repeat left thoracotomy, combined structural and
functional evaluations could be valuable since the coronary
artery anatomy has been altered. Integrated imaging with
MPS to facilitate estimation of ischemia and viability and
CTCA to localize the native vessels and bypass grafts can
help prevent damage to these structures during repeat
CABG surgery.

Currently there is no in vivo imaging method capable of
directly visualizing the coronary microcirculation in
humans. With the ability to quantify myocardial blood
flow with PET MPS and the use of CTCA to exclude
epicardial CAD, hybrid PET/CTCA is an excellent tool for

Fig. 5 a–c, Positron emission tomography (PET)–CT imaging of
morphology and biology. Representative short-axis tomographic
images are shown. Study animal after regional injection of adenovirus
carrying HSV1-sr39tk reporter gene together with VEGF121 gene
(AdTk-VEGF). Images: Panel a shows contrast-enhanced multislice
CT depicting location of titanium clip markings (yellow arrows),
along with circumferential wall thickness; Panel c shows the PET
image of the reporter probe [18F]fluoro-hydroxymethylbutyl-guanine

(FHBG) with significant accumulation of FHBG (unclear location of
the radiotracer uptake). In the middle (Panel b) is the PET-CT fusion
of morphologic CT with PET image of the reporter probe FHBG,
showing significant accumulation of FHBG, co-localizing with clip
markings in areas expressing the HSV1-sr39tk reporter gene (CT
image providing the road map for the PET image). (Adapted from
Wagner et al. [75]; with permission)
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diagnosing microvascular dysfunction from structural
(remodeling process) or functional (endothelial dysfunction
or vasoconstriction) processes.

Lastly, hybrid imaging using radionuclide techniques
and CT imaging can provide advantages for molecular
cardiology research applications. The hybrid techniques
capitalize on the exquisite sensitivity of radionuclide
techniques (to quantify minute physiological processes
using specific radiolabeled ligands) and the high spatial
resolution of CT, to precisely localize regional small areas
of radiotracer uptake (Fig. 5) [68].

Although there are several proposed advantages of hybrid
imaging, the clinical utility of this approach requires further
validation by large-scale clinical trials and an understanding
of how to utilize these results in clinical practice. Presently,
CTCA is considered appropriate in patients with equivocal
MPS or stress testing results, and MPS is considered
appropriate in patients with equivocal CTCA results [3••,
69•]. Hybrid imaging should be performed in a sequential
manner based on individual patients to maximize the
diagnostic advantages of each modality. For instance, in
low-risk patients, CTCA can be performed first to exclude
significant CAD, and MPS can be reserved for lesions with
indeterminate functional significance. For intermediate-risk
to high-risk patients, MPS may be performed first and
CTCA can be performed for equivocal cases or for further

risk stratification. On the other hand, in patients with high-
risk MPS and known coronary stents/calcified vessels,
CTCA would lead to unnecessary contrast and radiation
exposure without providing incremental diagnostic or
prognostic information. In all cases, effective communica-
tion with the patient and the referring physician is critical to
assure that the appropriate test is performed.

Challenges with Hybrid Imaging

The appropriate use of cardiac imaging has recently
received a great deal of attention due to concerns about
the costs and radiation exposure. Conventional spiral
CTCA protocols with retrospective gating were associated
with a wide range of radiation exposures, ranging from 9 to
21 mSv [68]. In combination with rest-stress Tc-99m
sestamibi SPECT MPS, radiation dose is estimated to be
as high as 41.5 mSv, which heightened concern about
excessive radiation dosage with this approach [58]. Rapid
advances in scanner technology have addressed some of
these concerns. With newer low-dose CTCA acquisition
protocols using prospective ECG gating, the radiation dose
can be reduced up to 70% with no reduction in diagnostic
accuracy [70, 71]. A combined SPECT/CT or PET/CT
protocol, including rest and stress perfusion and prospective

Table 2 Radiation dose for selected MPS and CT procedures

Combined MPS/CT protocol Effective
dose

Parameters

CT scout 0.04 mSv 120 kVp, 10 mA

CT attenuation correction 0.73 mSv 140 kVp, 30 mA, pitch 1.35

SPECT MPS (Tc-99m) 11.3 mSv 0.370 GBq

• Rest perfusion (10 mCi) + stress perfusion (27.5 mCi) 1.0175 GBq

PET (Rb-82)a

• Rest perfusion 6.4 mSv 1.85 GBq

• Stress perfusion 6.4 mSv 1.85 GBq

PET MPS (N-13)

• Rest perfusion <1.2 mSv 0.925 GBq

• Stress perfusion <1.2 mSv 0.925 GBq

CT coronary calcium score (optional) 1–2 mSv 120 kVp, 300 mA

CTCA: 64-multidetector CT 1–3 mSv
[73]

100–140 kVp, 400–500 mA,
sequential axial scan• Prospective

Estimated total effective dose with Tc-99 m SPECT MPS + prospective 64-multidetector CT
CTCA

∼15 mSv

Estimated total effective dose with Rb-82 PET MPS + prospective 64-multidetector CT
CTCA

∼15 mSv

Estimated total effective dose with N-13 PET MPS + prospective 64-multidetector CT CTCA ∼10 mSv

a Recent unpublished data suggest lower dose for rest and stress rubidium-82 MPI

CTCA CT coronary angiography; MPS myocardial perfusion scintigraphy; PET positron emission tomography

(Data from Einstein et al. [27•] and Di Carli and Lipton [74])
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ECG-gated CTCA, could result in an estimated mean
effective dose of approximately 9 to 15 mSv, respectively
(Table 2). With new SPECT scanners using semiconductor
detectors, lower-dose imaging is also feasible.

Conclusions

MPS and CACS are established modalities with extensive
evidence to support their clinical utility in the diagnosis, risk
stratification, and management of patients with known or
suspected CAD. CTCA is a clinically robust noninvasive test
capable of detecting early calcified and noncalcified plaque
burden and significant multivessel obstructive CAD. Data on
the prognostic value of CTCA are now emerging. Hybrid
MPS and CT imaging offers several attractive clinical and
research applications. Attenuation correction with CT trans-
mission imaging improves the specificity and diagnostic
accuracy of MPS. In conjunction with MPS, CCS can refine
intermediate to long-term risk stratification for patients with
normal MPS. The importance of hybrid radionuclide and CT
imaging in molecular cardiology applications is indisputable.
However, the evidence base for the clinical role of hybrid
CTCA and MPS imaging in the overall diagnostic paradigm
of CAD remains to be established.
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