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CURRENT HEALTH CARE ENVIRONMENT FOR NEW
CV TECHNOLOGY

Since the introduction of clinical nuclear cardiology
nearly three decades ago, SPECT has become the most
widely applied imaging technique for the evaluation of
patients with known or suspected coronary artery disease
(CAD). The striking increase in the utilization of SPECT
in recent years has been driven by the documentation of
its superior diagnostic and prognostic accuracy resulting
in more cost-efficient and clinically effective patient
care. Application of this robust evidence base has re-
sulted in enhanced continuity of care between the pri-
mary care physician and nuclear cardiologist. With the
recent addition of gated imaging, the evaluation of
regional wall motion and quantification of ejection frac-
tion has further improved the diagnostic and prognostic
accuracy of the test. As a result, gated SPECT is now
commonplace and at the heart of clinical cardiovascular
management.

For the nuclear cardiologist, the development of
cardiac computed tomography (CT), especially with
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hybrid systems including SPECT-CT and PET-CT mo-
dalities, have a similar potential for adding value to our
current nuclear cardiology armamentarium. Of particular
interest to most nuclear cardiologists is the potential for
a hybrid system to provide attenuation correction for
SPECT thereby further improving diagnostic accuracy.

Although notably used for screening for pre-clinical
disease, the application of coronary calcium scoring
(CCS) may provide anatomical correlates for SPECT
physiological flow data that may enhance predictive
accuracy for the extent and severity of CAD and more
precisely guide medical management decisions in diag-
nostic patient cohorts. Furthermore, the combination of
SPECT-CT or PET-CT may soon provide an evaluation
of coronary anatomy in the same setting as perfusion
imaging and offer even more clinical efficacy than the
high levels we currently enjoy.

Careful evaluation and perhaps incorporation of these
new modalities has become critical since some medical
specialties have begun initiatives to exclude cardiologists
from interpreting and obtaining reimbursement for newer
cardiovascular imaging modalities, such as CT and mag-
netic resonance imaging. While some suggest that cardiac
imaging by cardiovascular specialists leads to inappropriate
self-referral and higher health care costs, evidence exists
that the performance of cardiac imaging at the point-of-care
leads to timely incorporation of more clinically relevant
interpretations into quality patient care.1-3 The exceptional
growth rates in the field of nuclear cardiology have been
promoted by the large body of evidence demonstrating that
SPECT imaging results in added value and enhanced
patient care.2-3 This evidence has also been a guiding force
in supporting current reimbursement levels. The American
Society of Nuclear Cardiology (ASNC) has been the
leading force responsible for the development and promot-
ing of clinical guidelines, laboratory and physician stan-
dards and certification for practicing nuclear cardiologists
as well as nuclear medicine specialists and radiologists.4

Based on the experience within nuclear cardiology, restrict-
ing imaging access or interpretation based upon specialty
alone and not guided by a knowledge base would likely
have a detrimental effect on patient care. Since nuclear
cardiologists are leaders in the cardiac SPECT and PET
fields, it is appropriate that they participate in the develop-
ment of SPECT-CT and PET-CT, taking a leading role in
guiding clinical research and focusing clinical applications
and utilization of new methodologies into areas of medical

need.

131

http://www.asnc.org


132 Shaw et al Journal of Nuclear Cardiology
Computed tomographic imaging January/February 2005
The current information statement seeks to evaluate
the potential value of adding CT to SPECT/PET imaging
and to focus research into areas of distinct promise for
combined imaging of SPECT/PET-CT. Thus, the aims of
this document are to: 1) review the current state of
cardiovascular CT applications, 2) encourage the devel-
opment of a solid evidence-base for hybrid imaging, and
3) facilitate the development of physician and laboratory
certification standards and training guidelines that will
result in high quality patient care–the ultimate bench-
mark for effectively guiding health care policy.

FUTURE PROMISE OF SPECT-CT AND PET-CT

Hybrid or dual-modality imaging offers clinical
applications for each cardiac imaging technique, as well
as those based on the unique value of a combined,
co-registered SPECT-CT or PET-CT image. Dual-mo-
dality imaging presents an opportunity for using a single
piece of equipment for distinctly different purposes, such
as the determination of perfusion, function, and metab-
olism (PET-SPECT) or coronary calcification and an-
giography. Hybrid devices are rapidly evolving to incor-
porate state-of-the-art, high-speed multislice CT
technology, along with the latest PET and SPECT
detector systems. Therefore, a laboratory may use these
hybrid devices for multiple purposes, thereby reducing
space requirements compared to installation of two
separate systems, as well as reducing overall financial
cost involved in the purchase of both CT and PET-
SPECT cameras.

SPECT imaging may utilize CT data to precisely
quantify radiopharmaceutical activity and more accu-
rately define geometric relationships. Synergy in com-
bining CT with PET or SPECT may also be found in a
variety of applications. CT-based attenuation correction
is an obvious application of hybrid technology and is
already in rather widespread clinical use. Substantial
improvements in diagnostic accuracy have been realized,
largely through improved specificity.5 It is likely that
CT-based attenuation correction with perfusion imaging
will improve the detection of severe and extensive CAD.
In addition, a template from CT data may be constructed
to minimize errors and to be used as a model for
reconstruction of accurate quantitative tracer uptake and
retention.6 Both image quality and quantitative accuracy
may therefore be improved with CT. The ability for
co-registration of anatomic landmarks with physiologic
data makes SPECT-CT or PET-CT an ideal tool for
molecular imaging. Such techniques are critical for the
development of radionuclide imaging of many new
potential targets, including angiogenic substrates, in-
flammation, neurohumoral activity, atherosclerotic

plaques, hypoxia, apoptosis, and necrosis. Although the
exact clinical value of these methods is not yet defined,
the expansion of nuclear cardiology into molecular
processes will require instrumentation advances, includ-
ing rigorous anatomic localization. Finally, combined
CT with PET or SPECT offers the promise that one
device will address diverse manifestations of cardiovas-
cular disease pathophysiology, including perfusion,
function, and anatomy. This may prove to be a “turnkey”
method for a noninvasive assessment of patients with
known or suspected CAD.

CURRENT EVIDENCE ON CT IMAGING

CT Assessment of Coronary Calcification

Electron beam tomography (EBT) or multidetector
spiral computed tomography (MDCT) measurement of
coronary calcium and the assessment of myocardial
perfusion and function using myocardial perfusion
SPECT are established risk markers in the noninvasive
assessment of patients with suspected CAD. Coronary
calcium scoring (CCS) and myocardial perfusion / func-
tion are very different in the information that they
provide about the patient. In brief, the CCS provides
unique anatomical information regarding coronary ath-
erosclerostic burden while myocardial perfusion scintig-
raphy assesses the physiologic significance of coronary
stenoses and provides information regarding resting hy-
poperfusion or stress-induced ischemia. As a result, the
techniques appear highly complementary. For the clini-
cian, risk detection may provide an assessment of long-
(with CT) and short-term (with SPECT) prognosis by
including measurements from both CT coronary calcium
and gated myocardial perfusion SPECT imaging. The
value of near- and long-term risk prediction is that it may
then be used to guide ensuing medical and surgical
management decisions. Although SPECT is of estab-
lished value and may provide adequate testing, in some
cases, the addition of CCS data may prove helpful for
patients without a prior CAD diagnosis.

The extent of coronary artery calcification is com-
monly quantified on CT using one of two scores: the
Agatston score (CCS) or the calcium volume score
(CVS). The CCS is derived based on the x-ray attenua-
tion coefficient, or a CT number, measured in Hounsfield
units, and the area of calcium deposits (total study time
is about 10 minutes). The CVS is commonly applied for
serial evaluation of calcium changes. The mean interscan
reproducibility is in the range of 8-12%; varying greatest
with smaller scores.

There are several important relationships between
myocardial perfusion SPECT results and outcomes that
have been established. Most notably, in large populations

undergoing gated SPECT, there is a directly proportional
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relationship between cardiac mortality and the extent and
severity of the scan abnormality.7 The normal MPS scan
has been clearly established as providing strong evidence
of a very low short-term risk (2 years),8 while in the
uncomplicated patient, a mildly abnormal scan has been
reported to have a �1% per year mortality risk,7 except
in several patient subgroups for whom angiography
should be considered (e.g., patients with a low ejection
fraction,9 transient ischemic dilation of the left ventri-
cle,10 or high clinical risk, such as diabetes mellitus).11

Thus, the evidence is substantial that current nuclear
cardiology techniques are effective in guiding patient
management decisions.

Assessment of the presence of subclinical coronary
atherosclerosis also provides an opportunity to identify
patients that are at risk for developing clinical CAD over
the long term, and as such may define patients not
otherwise recognized by standard clinical assessments
who may benefit from aggressive risk factor modifica-
tion. In current clinical practice, coronary calcium scan-
ning is increasingly being applied for this purpose. A
compendium of evidence is supportive of a strong
directly proportional relationship between the tomo-
graphic assessment of coronary calcium and the overall
amount of coronary plaque (calcified and noncalcified)
as determined at postmortem examination.12 Studies
have shown that the presence of coronary artery calcifi-
cation by EBT indicates the presence of histologically
determined coronary atherosclerosis and that the CCS is
directly related to the total atherosclerotic plaque burden
present in the epicardial coronary arteries.12-13

These findings are consistent with studies correlat-
ing coronary calcium and coronary angiographic findings
demonstrating that significant CAD (�50% stenosis) by
angiography is almost universally associated with the
presence of coronary artery calcium.14-30 In the largest
patient series, only 0.5% of patients (n�940) with a
normal CT had significant CAD, predicting equally well
in both genders.27 These results further indicate that the
extent of coronary calcium is a more precise barometer
of obstructive CAD than the mere presence of calci-
um.27-29 Assessment of coronary calcium allows for the
detection of atherosclerotic lesions often long before
they become hemodynamically significant. In contrast,
stress nuclear cardiology techniques (as with all stress
imaging methods) require a physiologically significant
stenosis before an abnormality becomes evident.

The CCS has also been widely shown to have
important prognostic information. In contrast to myocar-
dial perfusion scintigraphy, which provides useful infor-
mation across the spectrum of patients with known as
well as suspected CAD, the application of CCS appears
to be limited to the patient population without known

CAD. It is unlikely that assessment of coronary calcium
in patients with known CAD will provide useful discrim-
ination of patients requiring further assessment for the
purpose of determining whether there is a need for
considering coronary revascularization. Furthermore,
even in patients without known CAD, the assessment of
cardiac events using the CCS does not contain informa-
tion attributable to SPECT (i.e., the extent and severity of
perfusion deficits and the presence or degree of ventric-
ular dysfunction) regarding the likelihood of benefit from
revascularization.

The bulk of evidence shows that the CCS provides
incremental information over conventional risk factors in
assessing risk of all-cause death and hard cardiac
events.31-37 For example, in the largest series reported to
date, Shaw et al.33 reported on a cohort of �10,000
asymptomatic patients, in which, the 5-year risk-adjusted
(all-cause) death rates ranged from 1.0% to 5.0% for
CCS �10 to �1,000, providing incremental information
over that provided by conventional risk factor analysis
alone. The vast majority of the evidence documents that
the relative risk of mortality or “hard” cardiac events,
such as death or myocardial infarction, increase propor-
tionally with the extent of coronary calcification.

Furthermore, evidence from the South Bay Heart
Watch study37 reveals that the CCS added to the Fra-
mingham Risk Score in prediction of nonfatal myocar-
dial infarction or cardiac death in asymptomatic individ-
uals but that the predictive value of CT measurements is
dependent upon the pretest risk in the population. Spe-
cifically, in a population of 1,029 asymptomatic subjects
with at least one coronary risk factor (but no diabetes),
the CCS was predictive of risk among subjects with an
intermediate risk Framingham risk score (� 10% risk (or
�1% / year) risk of hard cardiac events). Their data
suggested that the CCS did not provide useful added risk
assessment for subjects with a low risk Framingham risk
score. Data from this study and summarized in the most
recent 34th Bethesda conference on atherosclerotic im-
aging supports screening strategies including CT imag-
ing in patients with an intermediate Framingham risk
score (10-year risk of coronary heart disease death or
myocardial infarction in the range of 6%-20%).38

Of supplemental importance to SPECT imaging,
recent data notes that when the CCS is clustered with
additional risk parameters that higher risk patient subsets
can be identified. In a recent publication, Park et al.35

found that a high sensitivity C-reactive protein (Hs-CRP,
an inflammatory marker) acted synergistically with CCS
measures augmenting the relative risk ratios for CAD
death or myocardial infarction. These results indicate
that, in asymptomatic populations, combining risk mark-
ers may provide an effective means for identifying
asymptomatic cohorts who may have event rates ap-

proaching that seen in our current SPECT populations.
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To date, higher risk asymptomatic cohorts with CCS and
elevated Hs-CRP,35 diabetes,31 and perhaps the meta-
bolic syndrome are at substantially greater risk of events,
despite being asymptomatic, and perhaps could benefit
from additional risk stratification with SPECT. A chal-
lenge for this new paradigm in imaging asymptomatics is
how and when imaging for prevention can interface and
link with current ischemia testing. Evidence is unfolding
that SPECT imaging is the modality providing a key to
integrative management of those with high risk subclin-
ical disease.

Serial Coronary Calcium Scoring and Preventive
Therapy

Current evidence is supportive that patients with
CCS �100 merit aggressive anti-atherosclerosis therapy
(being treated according to secondary prevention guide-
lines). In this vein, a literature base has been developing
as to the role of CT in serial monitoring of atheroscle-
rotic disease progression in asymptomatic individuals. At
the core of serial monitoring is the application of
coronary calcium as a surrogate measure of risk. For
serial monitoring, changes in the calcium volume score
between the first and second CT scan are used to define
disease progression/stabilization following intercurrent
initiation of risk-reducing therapies. From several se-
ries,40-46 serial CCS measurements were applied to
assess atherosclerotic progression following intercurrent
statin therapy. In general, these results indicate that statin
treated patients have yearly mean coronary calcium
progression (defined as percent change (% �) in calcium
volume score) of approximately 10% as compared with a
�40% � in untreated individuals (p�0.0001). Interest-
ingly, from the Callister series,40 for those patients who
achieved an LDL (reduction) �120 mg/dl, atheroscle-
rotic regression, as noted by a reduced calcium volume
score of �7%�23% (p�0.01) was observed. In the first
prospective, randomized controlled trial of sequential CT
scanning performed 1 year apart (n�66 patients whose
baseline LDL�130 mg/dl),44 a crossover treatment de-
sign was utilized where patients were off and on treat-
ment with 0.3 mg/day of cerivastatin. The results of this
trial revealed that treatment with cerivastatin resulted in
a marked reduction in LDL cholesterol (�35%) and
attenuated progression in the calcium volume score
(median progression � 9% / year on treatment versus
25% progression during the untreated portion of the
study, p�0.0001). Although differential treatment bene-
fits have been reported,42-43 a synopsis of evidence
supports that statin therapy slows the propagation of
vascular calcification and this effect was dramatically

noted in patients who maintained an LDL cholesterol
�100 mg/dl where the rate of calcium progression was
effectively halted.

Additional outcome evidence is available to support
the notion that patients with accelerated progression have
a worsened event-free survival. In 2 series of 817 and
495 asymptomatic individuals undergoing serial CT
scanning and �4 years of outcome evaluation, the rate of
progression was more than double for patients who had
an acute myocardial infarction during follow-up (�45%
for patients with events versus �21% for event-free
survivors, p�0.0001).45-46 This evidence is noteworthy
because independent of changes in LDL cholesterol,
serial measurements of coronary calcium identified at-
risk asymptomatic individuals. Thus, when applying
serial CT imaging: 1. High risk individuals are those with
a CCS �400; 2. Those patients with high risk scores
have progressive disease at higher rates than individuals
with lower baseline CCS. Thus, patients with higher
baseline CCS should be considered for risk reduction
therapy; and 3. Patients whose second scan (performed at
least 1 year apart) exhibits a change in the CCS �30%-
40% are at high risk for acute myocardial infarction in
the 3-5 years following testing. In simplistic terms,
important components of serial CT scanning are: the
degree of risk resides in the baseline and follow-up scan
as well as the magnitude of change between two scans.
The intensity of management (i.e., risk reduction strate-
gies) should therefore be tailored and aggressively fo-
cused on those high risk patients as determined by these
three components noted during serial CT imaging.

Integrating CT and SPECT to Guide Medical
Management Decisions

For SPECT imaging, the assessment of the amount
of ischemia is central to risk stratification. Recent evi-
dence in a diagnostic cohort of 10,627 patients revealed
that patients undergoing medical therapy as their initial
treatment had superior survival to those patients referred
to revascularization in the setting of no or mild isch-
emia.39 By contrast, patients undergoing revasculariza-
tion had an increased survival benefit over patients
undergoing medical therapy when moderate to severe
ischemia (�10% of the total myocardium) was detected
by myocardial perfusion SPECT. These findings suggest
a new paradigm: rather than identify patient risk, the goal
of myocardial perfusion imaging in a combined testing
strategy is the identification of patients who may benefit
from revascularization or anti-ischemic or risk-reduction
intervention. Assessment of the amount of ischemia is
central to this prediction of benefit—an assessment
provided by myocardial perfusion imaging but not by the
assessment of atherosclerotic burden provided by CT

measurement of coronary calcium. How the combination
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of coronary calcium scanning and SPECT might improve
risk assessment is the subject of ongoing research.

Recent trials have compared the CCS to physiologic
parameters of myocardial perfusion using stress
SPECT.47-50 By examining the relationship between the
CCS and the frequency of an abnormal SPECT study,
these reports have been consistent in providing evidence
that there is a linear relationship between CCS and
SPECT abnormalities (Figure 1). The exceedingly low
cardiac event rate in subjects with a CCS �100 is
consistent with angiographic studies indicating a compa-
rably low likelihood of significant CAD and an ex-
tremely low incidence of stress-induced myocardial isch-
emia (�2%) in such individuals. Thus, studies to date
have consistently provided evidence that those patients
with CCS �100 generally do not benefit from stress
SPECT.

Development of a strategy using a threshold of CCS
�400 as a “trigger” for performing a stress SPECT study
has recently been evaluated. (Figure 2).47-49 This pro-
posed testing strategy to selectively recommend stress
SPECT for patients with a high CCS is based on the
finding that these patients have an intermediate likeli-
hood of having silent myocardial ischemia with its
attendant high short-term risk for cardiac events. In the
first report by He et al.,47 large ischemic perfusion
defects by SPECT were confined to subjects who had a
CCS of �400. In the larger study by Berman et al.49

nearly three-fourths of patients with ischemia, including
those with large ischemic perfusion defects, had a CCS
�400. These results further indicate that the likelihood

Figure 1. A Compilation of Evidence on the Re
the Rate of SPECT Abnormalities. The predic
function projecting through a range of coron
includes average, median, and range estimate
Coronary Calcium Score. Based upon this mo
have an abnormal SPECT and �1 in 3 to 1 in
abnormal SPECT scan.
of myocardial ischemia by SPECT is closely related to
the absolute CCS and, based upon published reports, it is
expected that �1 in 3 to 1 in 4 individuals with a CCS
�400 will have silent ischemia on SPECT imaging. In
the study of Berman et al.,49 the frequency of ischemic
SPECT was also seen to increase when the CCS was
�90th percentile for age and gender, resulting in the
addition of the category of CCS �100 and �90th

percentile to the category of asymptomatic patients
deserving of consideration for myocardial perfusion
SPECT (Figure 2).

It is noteworthy that only �10% of patients under-
going CT imaging have CCS �400, indicating that only
a small fraction of patients referred for CCS would
require further testing by SPECT, and that proceeding to
coronary angiography with a high score and a normal
SPECT is exceedingly rare. These observations are
important in allaying the fears of third party payors that
measuring the CCS is going to result in a marked
increase in unnecessary testing. The current evidence is
supportive that the combination of CCS and SPECT is
more effective than SPECT alone in determining the
need for aggressive medical therapy in diagnostic popu-
lations.

However, additional research is still required on the
fully integrative role of CT and SPECT. For example,
there is a wide range of CCS in patients with normal
myocardial perfusion SPECT, thus exposing an impor-
tant limitation relevant to all forms of stress testing in
that they do not effectively screen for subclinical athero-
sclerosis. For instance, only 22% of patients with a
normal SPECT study had no evidence of CCS; 56% had
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evidence is still required to estimate the short-term
prognosis of patients with high CCS and normal stress
perfusion SPECT. Accordingly, a preliminary observa-
tion noted that patients with prognostically important
CCS who have normal MPS have a very low risk of hard
cardiac events.51 On the basis of the preliminary data and
the knowledge of the excellent short-term prognosis of
patients with normal myocardial perfusion SPECT, even
in the presence of established CAD, it is reasonable to
hypothesize that such patients might be at low short-term
risk but high long-term risk for cardiac events. There-
fore, CCS may unmask a larger subgroup of patients who
should receive more aggressive anti-atherosclerotic in-
tervention than would have been indicated based on the
results of MPS testing alone. Future study that incorpo-
rates the follow-up data from patients undergoing both
studies will determine which patients with normal stress
imaging tests are best suited for undergoing subsequent
CCS.

Noninvasive CT Angiography for Stable
(Non-High-Risk) Chest Pain Populations

Currently, invasive contrast coronary angiography
remains the standard for defining the extent and severity
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Framingham Risk

Framingham
Risk Score
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Figure 2. Preliminary Patient Management
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of coronary anatomy. Its advantages include a very high
spatial resolution, the capacity to define the entire en-
doluminal surface including the presence of plaque
rupture, and the ability to proceed directly to coronary
intervention in the same procedure. However, there are
disadvantages that include an inability to define the true
extent of atherosclerosis and the presence of eccentric
arterial remodeling,52 procedural risks (i.e., complica-
tions including those related to the arterial puncture,
receiving iodinated contrast, radiation, and catheter vas-
cular or arterial trauma, including rare myocardial infarc-
tion and more common branch vessel compromise asso-
ciated with percutaneous coronary intervention) as well
as procedural charges, which often exceed $5,000.53-54

Moreover, a substantial number of procedures are not
followed by intervention, because the coronary arteries
are normal or show minimal irregularities without ob-
structive CAD.

MDCT does offer several advantages over the
invasive approach. That is, as a noninvasive procedure
requiring only intravenous access, the risk of arterial
vascular trauma is eliminated. It can also effectively
define coronary anomalies affecting the origin of the
coronary vessels and can potentially define the presence
and location of significant coronary lesions. Further-
more, MDCT can be completed in a relatively short time
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as stress SPECT. Nevertheless, several disadvantages of
the technique remain. Iodinated contrast load require-
ments remain similar to those of invasive coronary
angiography. The radiation exposure may exceed that of
invasive angiography.53-56 However, the most important
limitation to date is technical in that the technique
remains suboptimal in its ability to precisely and consis-
tently detect the presence and location of anatomic
coronary lesions. The obstacles for routine use of CT
angiography are multifactorial and include: 1) substantial
movement of the coronary arteries during the cardiac
cycle and the limitations of temporal resolution of
MDCT technology that involves rapid rotation of heavy
collimated detectors; 2) spatial resolution limitations; 3)
artifacts caused by overlying calcium or stents that can
obscure the presence of luminal narrowing; 4) the need
for a slow and regular heart rate during the bolus
first-pass acquisition. All of these limitations can reduce
the portion of the coronary arterial tree that can be
accurately scrutinized and renders this technique, cur-
rently, as a research tool.

As a result of these limitations, the reported sensi-
tivity and specificity for anatomic CAD have thus far
been less than ideal. Kuettner and colleagues recently
reported their findings in a series of 66 patients under-
going MDCT imaging57 noting an overall sensitivity and
specificity of 68% and 99% for evaluable segments.
However, 43% of segments were not evaluable, yielding
an overall sensitivity of 43%. In a recent series of 77
patients undergoing 16-slice MDCT, Ropers et al.58

found a sensitivity of 85% by patients and 73% by lesion
site. Thus, the overall specificity was 78%.58 In an earlier
study of 59 patients using a 16-slice MDCT, Nieman et

Technique (n of studies)

Positive
Segments
with CAD

Total N
of Segments

p<0.0001 for each comparison

16-Slice CTA (2) 501 133 / 142

4-Slice - CTA (10) 4,047 449 / 561

8-Slice CTA (2) 503 72 / 90

Summary CTA (14) 5,051 654 / 793

Figure 3. Forest Plot of the summary odds ra
(n�2 reports) slice computed tomographic ang
disease (CAD) stenosis �50%. The summary
positive versus negative CTA segments as bas
that in the setting of a visualized obstructed a
11-fold higher likelihood of a significant steno
al. found a sensitivity and specificity of 95% and 86%
respectively by coronary artery lesions.59 Clearly these
studies are limited by their small numbers and do not
necessarily reflect the current state of a rapidly evolving
technology. Thus more data will be needed before the
true role of MDCT will be established by clinical
practice. As technology improves, however, one can
expect the accuracy of the imaging technique to corre-
spondingly improve. CT coronary angiography is tech-
nically much more challenging than coronary calcium
scanning. For the latter, results with MDCT are generally
accepted to be equivalent to those of EBCT if scanners
with 4 or more slices and detector rotation times of
��500 are used. For CT coronary angiography, greater
numbers of slices and faster rotation times are even more
critical. It is widely held that scanners with at least 16
detectors are needed, along with the rotation time of
��500 msec. CT technology is rapidly improving, and
even recent articles use scanncers that are not state-of-the
art. For example, current generation MDCT scanners are
available offering rotation times close to 300 msec, 0.4
mm cubic isotropic resolution, and expanded coverage
reducing the scan time to less than 10 seconds. In
addition to higher resolution, these advances will allow
imaging at higher heart rates, use of less iodinated
contrast, less heart rate change during acquisiton, and
should result in a higher proportion of evaluable studies.

Currently, the main clinical value appears to be the
high negative predictive value, allowing the exclusion of
obstructive CAD (Figure 3).60 The positive predictive
value is however hampered by various issues. First, it
should be noted that MDCT cannot yet provide reliable
quantification of stenotic lesions, and quantification is
not possible in regions with dense coronary calcium.
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CAD (with a history of myocardial infarction, bypass
surgery or percutanous intervention) and need testing for
new symptoms or for risk assessment purposes. In these
patients, anatomy is often complex with many abnormal-
ities. In these patients, MDCT may show many lesions,
but the hemodynamic consequences of these abnormal-
ities, needed for adequate therapeutic decision making,
may not be clear. In patients with stents, MDCT can
detect stent patency but cannot accurately assess in-stent
restenosis.61 Third, in patients with many lesions, iden-
tification of the culprit lesion is not possible. In particu-
lar, patients with diabetes have extensive and diffuse
lesions. The potential consequences are that: 1. the
number of patients referred for cardiac catheterization
will increase instead of decrease and 2. luminology may
determine patient management and the so-called oculo-
stenotic reflex will result in many interventions. To avoid
these potential consequences, integration of the anatomic
information provided by MDCT with hemodynamic
information provided by SPECT or PET is needed.

Thus, the combination of SPECT and MDCT mo-
dalities appears to be a classic “win-win” situation:
MDCT provides incremental information over SPECT
and PET in detection of early atherosclerosis and can
provide improvements through optimal attenuation;
SPECT and PET provide incremental information over
MDCT by assessing the hemodynamic significance of
lesions. Moreover, MDCT does not only allow assess-
ment of calcified plaques, but soft plaques can also be
visualized, and with newer MDCT technology, assess-
ment of plaque constitution will be feasible. It is antici-
pated that the integration of plaque constitution and

Figure 4. In this case example of CTA, the lef
panel and the obtuse marginal branch is norm
information on inflammatory activity (as may become
possible with new PET tracers) may further help to
identify vulnerable plaques.

Two case illustrations of CT angiography are de-
picted in Figures 4 and 5.

HEALTH CARE POLICY ISSUES

With the introduction of any new diagnostic tech-
nology, there are numerous health care policy issues that
must be considered and the introduction of cardiovascu-
lar CT systems is not an exception. The major issues
facing the assimilation of this technology into main-
stream cardiology practice include: 1) the development

Figure 5. This case example of CTA illustrates a patent right

ior descending is diffusely diseased on the left
ht panel).
t anter
coronary artery (left panel) including a 3-dimensional view
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of a sufficient evidence base upon which to guide
utilization of the technology and patient management, 2)
physician and technologist training and certification, and
3) reimbursement.

Evidence from properly conducted clinical studies
published in peer-reviewed journals should drive medi-
cal practice, similar to what has transpired with gated
SPECT imaging. Studies should be conducted that es-
tablish the clinical effectiveness of cardiovascular CT
technology including diagnostic accuracy, incremental
clinical value, and its impact on the determination of
prognosis. As discussed in this statement, there is a
growing body of evidence regarding the incremental
prognostic value of CT but additional evidence is re-
quired in order to refine testing and treatment algorithms
for asymptomatic and symptomatic patient cohorts.

Nuclear cardiologists have extensive experience in
utilizing risk stratification data in SPECT interpretation
and patient management and thus extending this reason-
ing to CT applications would be an effortless transition
as compared with other specialty groups. With the
inclusion of CT anatomy, nuclear cardiologists experi-
ence focusing on cardiovascular physiology would be a
natural extension of adding to a more powerful clinical
scan interpretation improving image accuracy and clini-
cal decision making.

The cost-effectiveness of these new hybrid technol-
ogies must also be evaluated. From the recent 34th

Bethesda Conference on atherosclerotic imaging, there is
a paucity of available cost-effectiveness literature upon
which to guide health care policy decisions as well as
reimbursement. It again should be noted that there is
extensive data on the cost-effectiveness of SPECT and
this data has been useful for guiding US and international
health policy on imaging.62,63 This latter statement is
critical as coronary calcium scanning, for example, is
largely restricted to self-pay patients. This inequity to
access disportionately harms lower socioeconomic pa-
tient subsets. As a result, current reimbursement for CT
and/or combined SPECT-CT or PET-CT for cardiovas-
cular indications are currently not in place and inconsis-
tently applied but will require precise definition to reflect
the magnitude of clinical work necessary for optimally
combined imaging. ASNC, with extensive experience in
this arena, can provide guidance to both public and
private payors.

In the related regulatory environment, there is the
potential that inter-specialty “turf” conflicts could de-
velop potentially limiting access of qualified practitio-
ners to this new technology. Such strategies may only
further exacerbate the existing “detection gap” for car-
diovascular disease.64 Strategies aimed at developing
guidance documents for asymptomatic coronary screen-

ing with CT should be developed similar to that for
breast, colon, and lung cancer. Standards for technical
quality and focusing on the quality of scan interpretation
and reporting of results will also need to be established.
Certification and accreditation bodies, such as has oc-
curred in nuclear cardiology with the Certification Board
of Nuclear Cardiology (CBNC) and The Intersocietal
Commission for the Accreditation of Nuclear Medicine
Laboratories (ICANL) should be fostered to create stan-
dards for cardiac CT testing and oversight.

Technologists and physicians, both those currently
in training and those in practice, will require appropriate
training in these new technologies. Though the federal
government has regulated the use of radioisotopes, in-
creasingly individual states have acquired oversight of
the use of radiation and administration of radioactive
substances. Organizations like ASNC will have to work
with states to implement appropriate guidelines regard-
ing the training and certification of healthcare profes-
sionals providing these new services. To facilitate the
availability of new technology in all regions of the
country, eventually including rural areas where there is
frequently limited access to individuals trained in the
latest technologies, consideration should be made to
allowing “cross-over” training for CT and nuclear med-
icine technologists. Similarly, “cross-over” training will
have to be addressed for physicians, including cardiology
fellows, radiology residents, and nuclear medicine resi-
dents as well as for cardiologists, nuclear medicine
physicians, and radiologists currently in practice.

CONCLUSIONS

Though there are many challenges to be met in the
health care policy arena related to the introduction of
cardiovascular CT technologies, none are insurmount-
able and there is experience in related areas to guide us
based upon the substantial experience within ASNC.
Historically, nuclear cardiologists have played a leading
role in the field of cardiac imaging by developing new
imaging techniques as well as providing a wealth of
knowledge of the accuracy of nuclear imaging as based
upon risk stratification and, more recently, cost effective-
ness data to guide health care policy decisions. The
experience within ASNC in developing nuclear cardiol-
ogy as well as in contributing to the growth and clinical
knowledge in cardiac CT can foster and potentially lead
the development and growth of cardiovascular CT.

From a review of the current evidence and future
possibilities of cardiac CT, there appears to be substan-
tial promise for the complementary role for CT imaging
with PET or SPECT. Current developments in the field
of CT imaging will allow for multiple new indications
for noninvasive imaging that span a spectrum of cardiac

applications resulting in further added value to the field
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of nuclear cardiology. Nuclear cardiology methods may
allow greater clinical information to be derived from CT
by the provision of functional information, potentially
important when questionable abnormalities are observed
by CT. Based on years of imaging expertise and the
incorporation of science and quality into clinical prac-
tice, nuclear cardiologists and the American Society of
Nuclear Cardiology are well suited to participate in the
leadership, development, research, and practice of CT-
based cardiac imaging.
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