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Abstract

Multi-slice computed tomography coronary angiography (CTA) provides direct non-
invasive anatomic assessment of the coronary arteries allowing for early identifica-
tion of coronary artery disease (CAD). This information is useful for diagnosis of
CAD, particularly the rule out of CAD. In addition, early identification of CAD with
CTA may also be useful for risk stratification.The purpose of this review is to provide
an overview of the current literature on the prognostic value of CTA and to discuss
how the prognostic information obtained with CTA can be used to further integrate
the technique into clinical practice. Non-invasive anatomic assessment of plaque
burden, location, composition and remodeling using CTA may provide prognosti-
cally relevant information.This information has been shown to be incremental to the
Framingham risk score, coronary artery calcium scoring and myocardial perfusion
imaging. Characterization of atherosclerosis non-invasively has the potential to pro-
vide important prognostic information enabling a more patient tailored approach
to disease management. Future studies assessing outcome after CTA based risk
adjustments are needed to further understand the value of detailed non-invasive
anatomic imaging.
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Introduction

The introduction of multi-slice computed tomography coronary angiography (CTA) has
changed the field of non-invasive imaging. In addition to existing functional imaging
techniques assessing myocardial perfusion and wall motion, CTA currently provides direct
non-invasive anatomic assessment of the coronary arteries. This allows for detection of
coronary artery disease (CAD) at an earlier stage compared to functional imaging, ' which
may have important implications for the diagnosis as well as prognosis of CAD. For diag-
nosis, numerous studies support the use of CTA for rule out of the presence of CAD with a
high accuracy.?® As a result the technique is increasingly used as a gatekeeper for further
diagnostic testing. In addition, data are emerging that early identification of CAD with CTA
may be useful for risk stratification. Since the first publications on the prognostic value of
CTA in 2007 a number of studies have been published providing further insight into the
potential value of non-invasive anatomic imaging for risk stratification.®2! The purpose of
this review is to provide an overview of the literature on the prognostic value of CTA and to
discuss how the prognostic information obtained with CTA can be used to further integrate

the technique into clinical practice.

Accuracy for risk stratification

Shift from stenosis to atherosclerosis

Diagnostic accuracy studies assessing the value of CTA have determined its ability to iden-
tify the presence or absence of significant stenosis (= 50% luminal narrowing).222” This
threshold is important from a diagnostic point of view, as it can identify a cause for the
patient’s complaints as well as a treatment target for revascularization. Furthermore, patients
with a significant stenosis on CTA may have worse outcome as compared to patients without
significant CAD (141518, 20) Indeed, an annualized event rate for the occurrence of all cause
mortality and myocardial infarction ranging between approximately 1% and 5%('#4 1> 18
20 has been observed in patients with significant CAD compared to approximately 0% to
2% in patients without significant CAD. However CTA can further differentiate patients as
having non-significant CAD or completely normal coronary arteries. This is important as the
presence of non-significant CAD may not necessarily be considered benign. (?339 Indeed,
myocardial infarction and unstable angina are frequently caused by lesions deemed to be
non-significant prior to the event.>'-34 In line with this notion, the presence of non-significant
CAD on CTA has been associated with an increased annualized event rates up to 1.5%, ('*
18,20) compared to a very low annualized event rates of <0.7% in patients with completely
normal coronary anatomy.®10,12-14, 18,20, 35 Accordingly, classification of patients as hav-

ing normal anatomy, non-significant CAD or significant CAD may allow straightforward
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and reliable risk stratification. However, it is conceivable that the prognostic information
may be refined by further characterization of the observed atherosclerosis on segmental or
plaque level. Potentially, such analysis may include identification of certain characteristics
of lesions that may have a higher likelihood to cause thrombotic occlusion of the vessel and

subsequent coronary events.

In the past, numerous histological studies have addressed the mechanism underlying
coronary occlusion, thereby identifying three major causes, namely plaque erosion, the
presence of calcified nodules and, in the majority of cases, plaque rupture.®® In the setting
of plaque rupture, the underlying plaque at the site of thrombus formation has been typically
characterized as a lesion with a large lipid rich atheromatous necrotic core, with a ruptured
thin fibrous cap and expansive remodeling. These findings have subsequently led to the
hypothesis that plaque rupture is caused by rupture of the thin fibrous cap overlying a lesion
with a large lipid-rich atheromatous necrotic core.(Figure 1) In addition to morphological
characteristics of the plaque, the presence of inflammation, as reflected by macrophages
and lymphocytes infiltration, also plays an important role. An overview of morphological

Plague rupture

Pr,

Thrombus
fc

Figure 1. Thin capped fibroatheroma as a cause of plaque rupture. The top panel shows a histological specimen
of a ruptured plaque. As can be observed in the specimen, the lumen is completely occluded by a large
thrombus. The underlying plaque contains a large necrotic core (nc) and is covered by a thin fibrous cap (fc)
which has ruptured (pr). These findings have subsequently led to the hypothesis that plaque rupture is caused by
rupture of the thin fibrous cap of thin capped fibroatheroma plaques. A histological specimen of a thin capped
fibroatheroma can be observed in the bottom panel. The plaque is characterized by a large necrotic atheromatous
core (similar to the necrotic core observed in sites of plaque rupture), covered by a thin non-ruptured fibrous cap.
Adapted and reprinted with permission from Jain et al. (80)
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plaque characteristics associated with vulnerability is provided in Table 1.37 Due to its
ability to visualize the vessel wall, CTA may allow non-invasive identification of several
characteristics associated with vulnerability including plaque burden, location, composition

and remodeling.38-49

Table 1. Morphological markers of plague vulnerability. Based on the table from Naghavi et al. (37)

Plaque
Plaque cap thickness
Plaque lipid core size
Plaque stenosis
Color
Collagen content versus lipid content, mechanical stability
Calcification burden and pattern
Pan arterial
Total coronary calcium burden
Total arterial burden of plaque including peripheral

Non-invasive characterization of atherosclerosis with CTA

Plaque burden and location

By combining plaque extent and severity throughout the coronary system, plaque burden
can be either assessed quantitatively or semi-quantitatively with CTA by summation of the
number of diseased and significantly diseased vessels or segments. Although plaque burden
in itself does not directly imply plaque vulnerability, an increase in plaque burden is associ-
ated with an increased risk for vulnerable plaques. Several studies have attempted to create
models of plaque burden using a modified AHA segment model of the coronary artery
tree. In the study by Pundziute et al., increased number of segments with plaque as well
as increased number of segments with significant stenosis were independent predictors of
events when corrected for baseline clinical variables.® Using similar scoring methods, other
studies have also observed a higher risk for events in patients with increased number of
segments with atherosclerosis.'® 1© Min et al. observed that a segmental involvement score
allowed good differentiation between patients with a low and high risk for future events. In
patients with more than 5 segments involved, an absolute event rate of 8.4% was observed
compared to 2.5% in patients with a score <5.° In a next step, the extent and severity of
atherosclerosis throughout the coronary artery tree was incorporated into the segmental
severity score. Each coronary segment was graded according to stenosis severity (absent
to severe plaque (0-3)) and the scores for all segments were combined. When using this
segmental severity score an absolute event rate of 6.6% was observed in patients with a

score >5 compared to 1.6% in patients with a score <5.
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In addition to plaque burden, plaque location should be considered as well, as vulnerable
plaques are most often observed in proximal segments of the coronary artery tree.>° The
presence of proximal lesions is therefore associated with an increased risk of vulnerable
plaques. Furthermore, plaque rupture in a proximal segment also increases the risk of a
major cardiac event, due to the larger volume of myocardium that is at risk. Indeed, Pun-
dziute et al. observed that the presence of left main plaque or proximal LAD plaque was
an important independent predictor of events associated with a high event rate.® Likewise,
in the study by Min et al. the presence of any left main stenosis was also an independent
predictor of events.'® Subsequently, the authors created a modified version of the Duke
coronary artery score by combining both plaque burden and location into a single predic-
tive model. As illustrated in Figure 2, events rates paralleled increasing disease severity as
determined with this hierarchic model.

Ione o Ml (<5 Plaque (n=422)

22 Ml (30%-48%) Plaque with Proudmal Plaque in 1 Adey (n=54), p=0.182
1 Moderate (S0%-69%) Plaque (=212 p=0 0465

2Moderate (S07%-6%) Plague or 1 Severe (270%) Plaque (n=101), p-0.013

3IModerate (ST%-59%) Plaque or 2 Severe (270%) Plaque of
Severe (270%) Prodmal LAD Plsque (=145), p=0 002

1 Severe (270%) Stazes or 2 Severe (2T0%) Suwoses.
'with Proximal LAD (»=86), p=0.001

Cumulative Survival

0.05 S Moderste or Severe (350% Leain Placue (e 108), p<5.0001

080 X=51,p<0.0001

T T T T T
] 0.5 1 1.5 2

Time to Follow-up (Years)

Figure 2. Prognostic value of CTA. Cumulative survival curves illustrating the risk of events in each category of
the Duke Prognostic Coronary Artery Disease Index. The risk of events increases with increasingly higher disease
severity categories. Reprinted with permission from Min et al. (16)

Plaque remodeling and plaque composition

To some extent, CTA allows assessment of plaque composition. A differentiation can be
made between non-calcified plaques having low attenuation, calcified plaques with high
attenuation and mixed plaques with both non-calcified and calcified elements.(Figure 3)48
Furthermore, plaque remodeling, a marker of vulnerability, can also be appreciated.(Figure
4) In retrospective studies comparing observations on CTA between patients presenting with
stable CAD and patients with suspected acute coronary syndrome (ACS), more outward
plaque remodeling, non-calcified plaque and mixed plaque were observed in the latter.#*
51,52 In subsequent prognostic investigations these characteristics have been further studied.

Pundziute et al. assessed the prognostic value of different plaque characteristics and observed
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Non-calcified plague Mixed plague Calcified plaque

\.

Figure 3. Plague composition assessed with CTA. Curved multi-planar reconstructions showing three distinct
plaque characteristics observed on CTA with non-calcified plaque (arrow, left panel), mixed plaque (arrow, mid
panel) and calcified plaque (arrow, right panel).

Positive remodeling

Figure 4. Example of a positively remodeled plaque. A multi-planar reconstruction of the left anterior descending
coronary artery. In the proximal section of the vessel a large plague can be observed between the lumen (purple
line) and the vessel wall (yellow line). The diameter of the vessel at the plaque site is clearly larger compared

to the diameter at the reference section (r), indicating positive remodeling (p). Adapted and reprinted with
permission from Motoyama et al. (17)

that increased number of segments with mixed plaques was an independent predictor of
events.® Non-calcified plaque however has also been associated with an increased risk for
events. Both the number of segments with mixed plaques as well as the number of segments
with non-calcified plaque were independent predictors of events in a recent study by Van
Werkhoven et al.?? Furthermore, the presence of substantial non-calcified plaque burden
was demonstrated to provide incremental prognostic value over the presence of significant
stenosis on CTA. In a recent study by Motoyama et al. the concept of plaque morphol-
ogy was investigated more extensively in 1059 patients during an average follow up of 27
months.!” The authors assessed the presence of two plaque characteristics, low attenuation
plaque and positive remodeling, and recorded the occurrence of ACS during follow-up.

In patients with a normal CTA study no events occurred. In patients with atherosclerosis
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but without either high risk plaque feature (e.g. absence of both low attenuation plaque
tissue and positive remodeling) the event rate was 0.49% whereas in patients with plaques
positive for 1 high risk feature (either low attenuation or positive remodeling) the event rate
increased to 3.7%. Finally, the majority of events occurred in patients with both high risk
plague features. In these patients an event rate as high as 22.2% was observed.(Figure 5)
Accordingly, these findings may provide a proof of concept for the assessment of plaque

composition on CTA for risk stratification.

2 Feature-Negative Plagues/No Flaques
1.0 1 . e S T
1 Feature-Positive Plagques
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&
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© 0 Logrank <0.001
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0 10 20 30 40 g0

Months of follow-up

Figure 5. Prognostic value of low attenuation plaque and plaque remodeling features. Survival curves illustrating
the prognostic value of 2 plaque features (low attenuation plague and remodeling) associated with acute coronary
syndrome. The event rate increased in patients with 1 feature positive plaques and was highest in patients with
both high risk features. Reprinted with permission from Motoyama et al. (17)

Integration into clinical practice

Relation to existing tools for risk stratification

As outlined above, several investigations have demonstrated the feasibility of CTA for risk
stratification. An important question however remains whether the technique provides
incremental prognostic information to existing risk stratification methods. To a large extent,
prognosis is determined using baseline clinical characteristics. To this end the Framingham
score is widely used and provides an estimate of the risk of developing adverse coronary
events.>® The disadvantage of this method is that it is a population based screening tool,
whereas CTA may provide a more patient specific approach. In a recent investigation by
Hadamitzky et al., the value of risk stratification with CTA was compared to the Framingham

risk score in a population of 1256 patients during an average follow-up of 18 months.!>
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Figure 6 illustrates the difference between the predicted risk based on the Framingham risk
score and the observed risk according to findings on CTA. In patients without obstructive
CAD on CTA, the observed risk was significantly lower than predicted by the Framingham
risk score. In contrast significantly more events were observed in patients with obstructive
CAD compared to the predicted event rate. CTA may therefore further refine risk stratifica-

tion over conventional risk assessment alone.

no obstructive CAD 20 obstructive CAD
[ 15

l 10 l
0 | | 0

predicted observed predicted  observed

N
o

-
[}

all cardiac events
o >
(&}

Figure 6. Prognostic value of CTA in addition to the Framingham risk score.
In patients without obstructive CAD, the observed risk was significantly lower than predicted by the Framingham
risk score. In contrast significantly more events were observed in patients with obstructive CAD compared to the
predicted event rate. Reprinted with permission from Hadamitzky et al. (15)

Of note, the incremental value of atherosclerosis over traditional risk assessment has been
shown in the past for coronary artery calcium scoring (Figure 7).>437 Based on numer-
ous trials, coronary artery calcium scoring - performed either by electron beam computed
tomography or CT - has been accepted as a robust tool for prognostification, especially
in asymptomatic individuals.”® In addition, the technique may be used in symptomatic
patients to identify the presence and the extent of atherosclerosis.>® However, the technique
can only provide an estimate of total calcified plaque burden, and does not provide any
information on the stenosis severity nor the presence and extent of non-calcified plaque
burden. An important advantage of CTA therefore is the additional information on stenosis
severity and plaque composition. In a study by Ostrom and colleagues, the incremental
value of non-invasive coronary angiography with electron beam computed tomography
over coronary calcium was assessed.'® The authors demonstrated that CTA-derived plaque
burden, defined as the number of non-significantly or significantly diseased vessels, had
independent and incremental value in predicting all-cause mortality independent of age,
gender, conventional risk factors, and coronary artery calcium score. Similar findings were
recently reported by Rubinshtein et al.” In a more recent study the incremental prognostic
value of both stenosis severity and plaque composition on CTA over the coronary artery
calcium score was determined.?! In addition to stenosis severity the number of segments

with non-calcified plaque as well as the number of segments with mixed plaque was shown
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Figure 7. Prognostic value of coronary calcium scoring. Cumulative survival curves illustrating the event rate in
increasingly higher calcium score categories. Reprinted with permission from Budoff et al. (55)

to be independently associated with increased risk for events. Accordingly, it appears
that non-invasive measures of plaque extent, severity and composition not only provide
improved diagnostic information but also incremental prognostic information over coronary

artery calcium scoring.

Although risk stratification using non-invasive anatomic imaging is gaining momentum, tra-
ditionally functional imaging has been used extensively for this purpose. Particularly myo-
cardial perfusion imaging is an established and important technique for prognosis. Patients
with a normal perfusion have a very low event rate compared to increased event rates in
patients with abnormal perfusion.®%-%¢ Comparative studies between CTA and myocardial
perfusion imaging have shown that CTA provides complementary information to myocar-
dial perfusion imaging when regarding the diagnosis of CAD. (6770 The added value of this
complementary information for risk stratification was recently determined.?® Several CTA
variables were able to provide prognostic information independent of myocardial perfusion
imaging. On a patient level the presence of significant CAD (=50% stenosis) was identified
as a robust independent predictor. In addition to stenosis severity, plaque composition was
shown to further enhance risk stratification, as illustrated in Figure 8.
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Figure 8. Incremental prognostic value of CTA over MPI. Bar graph illustrating the incremental prognostic
value (depicted by chi-square value on the y axis) of CTA. The addition of CTA provides incremental prognostic
information to baseline clinical variables and MPI. Furthermore, the addition of non-calcified plague on CTA
results in further incremental prognostic information over baseline clinical variables, MPI, and significant CAD
(>60% stenosis) on CTA. Reprinted with permission from Van Werkhoven et al. (20)

Patient populations

Symptomatic populations

CTA has been proposed for diagnosis of significant CAD in symptomatic patients presenting
with an intermediate pre-test likelihood for significant stenosis. Based on the diagnostic
accuracy of CTA for the detection of significant CAD on conventional coronary angiography,
the comparative studies between CTA and myocardial perfusion imaging, and the limited
prognostic data at the time, an algorithm has been proposed which integrates the use of
these techniques for the diagnosis and management of this patient population.”" (Figure 9)
The algorithm separates patients into three strategies for management: first, patients with
normal coronary anatomy can be safely discharged, secondly patients with non-flow limit-
ing atherosclerosis requiring medical treatment and aggressive risk factor modification and
finally patients with a flow-limiting stenosis requiring further evaluation with conventional
coronary angiography with potentially revascularization. The currently available outcome
data support that the discharge of patients with a normal CTA study is safe as low events
rates have been confirmed in these patients. (810 12-14,18, 20,35 However in patients with

atherosclerosis regardless of stenosis severity, assessment of plaque extent, composition,
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Patient with suspected CAD
(Intermediate likelihood of CAD)

|

Non-invasive anatomical imaging

|
} | } |

Non- Borderline
Normal obstructive stenosis/
stenosis equivocal result

l

Functional imaging

|

No ischemia Ischemia

Severe
abnormal/3VD

A

Medical therapy and Invasive coronary
aggressive risk factor angiography + possibly
modification (2nd prevention) revascularization

Safe discharge
(1st prevention)

Figure 9. Algorithm illustrating the sequential use of CTA and functional imaging in patients with an intermediate
pre-test likelihood. Reprinted with permission from Schuijf et al. (71)

location and remodeling may further improve risk stratification. As indicated by initial data,
this information can be valuable both in patients with or without ischemia.?°

CTA is currently not recommended for diagnosis in other populations than those with an
intermediate pre-test likelihood for significant CAD. It is however conceivable that in the
future CTA may be used in other populations with the purpose of risk stratification. In symp-
tomatic patients with a low pre-test likelihood for significant stenosis non-invasive imaging
is generally not indicated for diagnosis. However assessment of atherosclerosis can be use-
ful in identifying patients at increased risk of future events. As shown by Henneman et al.,
the prevalence of atherosclerosis in patients with a low pre-test likelihood is approximately
40% which illustrates that, although the pre-test likelihood for significant stenosis is low,
atherosclerosis is nevertheless present in a large proportion of these patients. In patients with
a high pre-test likelihood for significant stenosis functional data may be more relevant than

CTA to determine need for revascularization. However, CTA can potentially be used as a
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second line test for risk stratification as the anatomic information has been shown to provide
20

incremental prognostic information to myocardial perfusion imaging alone.
Asymptomatic populations

Although only limited data are available in asymptomatic patient populations it is possible
that CTA is valuable for risk stratification in these patients. On the one hand, CTA can
be used to identify patients with severe CAD, such as triple vessel disease or left main
disease, and who may benefit from aggressive intervention. On the other hand, CTA can
be performed to document atherosclerosis for long-term risk assessment. In a recent study
in 1000 asymptomatic individuals undergoing CTA the prevalence of atherosclerosis was
reported to be 22%."" During a follow-up of 17 months, coronary events (unstable angina
and revascularization) occurred in 15 (1.5%) individuals, all of which had atherosclerosis on
CTA. However, the majority of events were revascularizations, triggered by the CTA results.
In combination with the low overall event rate, these observations indicate the limited value
of screening for atherosclerosis with CTA in this population. Accordingly, CTA is currently
not acceptable as a general screening tool and CS testing or truly non-invasive approaches
may be preferable. However, as proposed by Naghavi et al., non-invasive coronary angi-
ography may potentially be used as a downstream test in the workup of asymptomatic
individuals with high risk characteristics, following home- or office-based screening.?”
(Figure 10) Through selection of high risk patients with truly non-invasive techniques only a
small subgroup of high risk patients remains in which further non-invasive and subsequent
invasive imaging may be beneficial. Future studies will need to determine the value and

feasibility of such a screening strategy.

Limitations

Although the available data support the potential clinical relevance of assessment of plaque
characteristics on CTA, accurate quantification of plaque remains challenging, while requir-
ing optimal image quality. Leber et al. have reported on the accuracy of 64-slice CTA to
classify and quantify plaque volumes in the proximal coronary arteries as compared to
intravascular ultrasound.”> CTA detected calcified and mixed plaque with high accuracy
(95% and 94%, respectively) but accuracy was lower for non-calcified lesions (83%). When
regarding plaque volume, non-calcified plaque and mixed plaque volumes were systemati-
cally underestimated whereas calcified plaque volume was overestimated by CTA. Novel
software packages aimed at assessing plaque volume and plaque composition are currently
being developed and may improve not only accuracy but also reproducibility of measure-

ments.
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In Search of Vulnerable Patients™

Invasive Dx Intravascular Ultrasound, Thermography,

2-3 million with R OCT, NIR Spectroscopy...

e aging for Plague
Myoca Characterization
40-50 million

Non-Invasive Angiography

CT Calcium and Cholesterol
Imaging

50-60 million Non-Invasive Home-Based
Biomarkers (Glucose,
Cholesterol, CRP, etc.)

elf-Screening
uestionnaire

140,000,000 Americans over the age of 35

Association for Eradication of Heart Attack - AEHA €

Figure 10. Potential screening algorithm for the identification of vulnerable plaque in asymptomatic individuals.
An example of an algorithm with potential usefulness in the workup of high risk patients, to identify the presence
of plagues with vulnerable characteristics. At the bottom of the pyramid individuals are selected for further
non-invasive evaluation with CS testing and CTA based on home-based screening questionnaires and biomarker
assessment. At the top of the pyramid a small subgroup remains warranting further invasive assessment.

Ideally such an algorithm can be used to identify a subgroup of the general asymptomatic populations in need of
aggressive primary prevention strategies. Reprinted with permission from Naghavi et al.(37)

In addition, the radiation dose remains a cause of concern for CTA. Currently traditional
64-slice CTA protocols are still associated with high radiation exposure, although the
radiation dose of CTA has recently decreased substantially.”>-7¢ Importantly, low-dose
CTA with prospective ECG-triggering has recently been shown to reduce radiation burden
while maintaining image quality and a high diagnostic accuracy.”” 78 Currently, the radia-
tion burden with these novel acquisition techniques is approaching the level of diagnostic

catheterization or even lower.”?
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Conclusion

Non-invasive anatomic assessment of plaque burden, location, composition and remodel-
ing using CTA may provide prognostically relevant information, incremental to not only the
Framingham risk score, but also to other imaging approaches as coronary artery calcium
scoring and myocardial perfusion imaging. Thus, non-invasive characterization of athero-
sclerosis has the potential to provide a more patient tailored approach to disease manage-
ment. Future studies assessing outcome after CTA based risk adjustments are needed to

further understand the value of detailed non-invasive anatomic imaging.

161

oL J4eideyn

UOI11BO14118.11S S 10} /1D JO 8NjeA 8y



Part 2

References

1.

van Werkhoven JM, Schuijf JD, Jukema JW, et al. Anatomic correlates of a normal perfusion scan
using 64-slice computed tomographic coronary angiography. Am J Cardiol 2008;101:40-5.
Miller JM, Rochitte CE, Dewey M, et al. Diagnostic Performance of Coronary Angiography by
64-Row CT. N Engl ] Med 2008;359:2324-36.

Schuijf JD, Pundziute G, Jukema JW, et al. Diagnostic accuracy of 64-slice multislice computed
tomography in the noninvasive evaluation of significant coronary artery disease. Am J Cardiol
2006;98:145-8.

Budoff MJ, Dowe D, Jollis JG, et al. Diagnostic performance of 64-multidetector row coronary
computed tomographic angiography for evaluation of coronary artery stenosis in individuals
without known coronary artery disease: results from the prospective multicenter ACCURACY
(Assessment by Coronary Computed Tomographic Angiography of Individuals Undergoing Inva-
sive Coronary Angiography) trial. ] Am Coll Cardiol 2008;52:1724-32.

Meijboom WB, Meijs MFL, Schuijf JD, et al. Diagnostic Accuracy of 64-slice Computed Tomog-
raphy Coronary Angiography: A Prospective Multicenter, Multivendor Study. ] Am Coll Cardiol
2008;52:2135-44.

Abdulla J, Abildstrom SZ, Gotzsche O, et al. 64-multislice detector computed tomography
coronary angiography as potential alternative to conventional coronary angiography: a systematic
review and meta-analysis. Eur Heart ) 2007;28:3042-50.

Mowatt G, Cook JA, Hillis GS, et al. 64-Slice computed tomography angiography in the diag-
nosis and assessment of coronary artery disease: systematic review and meta-analysis. Heart
2008;94:1386-93.

Pundziute G, Schuijf JD, Jukema JW, et al. Prognostic value of multislice computed tomography
coronary angiography in patients with known or suspected coronary artery disease. ] Am Coll
Cardiol 2007;49:62-70.

Aldrovandi A, Maffei E, Palumbo A, et al. Prognostic value of computed tomography coronary
angiography in patients with suspected coronary artery disease: a 24-month follow-up study. Eur
Radiol 2009.

Carrigan TP, Nair D, Schoenhagen P, et al. Prognostic utility of 64-slice computed tomography in
patients with suspected but no documented coronary artery disease. Eur Heart ] 2009;30:362-71.
Choi EK, Choi SI, Rivera JJ, et al. Coronary computed tomography angiography as a screening tool
for the detection of occult coronary artery disease in asymptomatic individuals. ] Am Coll Cardiol
2008;52:357-65.

Gaemperli O, Valenta |, Schepis T, et al. Coronary 64-slice CT angiography predicts outcome in
patients with known or suspected coronary artery disease. Eur Radiol 2008;18:1162-73.

Gilard M, Le Gal G, Cornily J, et al. Midterm Prognosis of Patients With Suspected Coronary
Artery Disease and Normal Multislice Computed Tomographic Findings. Arch Intern Med
2007;165:1686-9.

Gopal A, Nasir K, Ahmadi N, et al. Cardiac computed tomographic angiography in an outpatient
setting: an analysis of clinical outcomes over a 40-month period. J Cardiovasc Comput Tomogr
2009;3:90-5.

Hadamitzky M, Freissmuth B, Meyer T, et al. Prognostic Value of Coronary Computed Tomo-
graphic Angiography for Prediction of Cardiac Events in Patients With Suspected Coronary Artery
Disease. ] Am Coll Cardiol Img 2009;2:404-11.

Min JK, Shaw LJ, Devereux RB, et al. Prognostic value of multidetector coronary computed tomo-
graphic angiography for prediction of all-cause mortality. ] Am Coll Cardiol 2007;50:1161-70.
Motoyama S, Sarai M, Harigaya H, et al. Computed tomographic angiography characteristics of
atherosclerotic plaques subsequently resulting in acute coronary syndrome. ] Am Coll Cardiol
2009;54:49-57.

162



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

Ostrom MP, Gopal A, Ahmadi N, et al. Mortality incidence and the severity of coronary athero-
sclerosis assessed by computed tomography angiography. ] Am Coll Cardiol 2008;52:1335-43.
Rubinshtein R, Halon DA, Gaspar T, et al. Cardiac computed tomographic angiography for risk
stratification and prediction of late cardiovascular outcome events in patients with a chest pain
syndrome. Int ) Cardiol 2008;137:108-15.

van Werkhoven JM, Schuijf JD, Gaemperli O, et al. Prognostic value of multislice computed
tomography and gated single-photon emission computed tomography in patients with suspected
coronary artery disease. ] Am Coll Cardiol 2009;53:623-32.

van Werkhoven JM, Schuijf JD, Gaemperli O, et al. Incremental prognostic value of multi-slice
computed tomography coronary angiography over coronary artery calcium scoring in patients
with suspected coronary artery disease. Eur Heart ] 2009;30:2622-9.

Hamon M, Biondi-Zoccai GG, Malagutti P, et al. Diagnostic performance of multislice spiral
computed tomography of coronary arteries as compared with conventional invasive coronary
angiography: a meta-analysis. ] Am Coll Cardiol 2006;48:1896-910.

Hausleiter J, Meyer T, Hadamitzky M, et al. Non-invasive coronary computed tomographic
angiography for patients with suspected coronary artery disease: the Coronary Angiography by
Computed Tomography with the Use of a Submillimeter resolution (CACTUS) trial. Eur Heart
2007;28:3034-41.

Leber AW, Knez A, von Ziegler F, et al. Quantification of obstructive and nonobstructive coronary
lesions by 64-slice computed tomography: a comparative study with quantitative coronary angi-
ography and intravascular ultrasound. ] Am Coll Cardiol 2005;46:147-54.

Mollet NR, Cademartiri F, Van Mieghem CAG, et al. High-resolution spiral computed tomography
coronary angiography in patients referred for diagnostic conventional coronary angiography.
Circulation 2005;112:2318-23.

Raff GL, Gallagher MJ, O’Neill WW, et al. Diagnostic accuracy of noninvasive coronary angiog-
raphy using 64-slice spiral computed tomography. ] Am Coll Cardiol 2005;46:552-7.

Schuijf JD, Pundziute G, Jukema JW, et al. Diagnostic accuracy of 64-slice multislice computed
tomography in the noninvasive evaluation of significant coronary artery disease. Am J Cardiol
2006;98:145-8.

DeWood MA, Spores ], Notske R, et al. Prevalence of total coronary occlusion during the early
hours of transmural myocardial infarction. N Engl J Med 1980;303:897-902.

Solomon HA, Edwards AL, Killip T. Prodromatan acute myocardial infarction. Circulation
1969;40:463-71.

Stowers M, Short D. Warning symptoms before major myocardial infarction. Br Heart ]
1970;32:833-8.

Ambrose JA, Tannenbaum MA, Alexopoulos D, et al. Angiographic progression of coronary artery
disease and the development of myocardial infarction. ] Am Coll Cardiol 1988;12:56-62.

Little WC, Constantinescu M, Applegate RJ, et al. Can coronary angiography predict the site of
a subsequent myocardial infarction in patients with mild-to-moderate coronary artery disease?
Circulation 1988;78:1157-66.

Nobuyoshi M, Tanaka M, Nosaka H, et al. Progression of coronary atherosclerosis: is coronary
spasm related to progression? ] Am Coll Cardiol 1991;18:904-10.

Giroud D, Li JM, Urban P, et al. Relation of the site of acute myocardial infarction to the most
severe coronary arterial stenosis at prior angiography. Am ] Cardiol 1992;69:729-32.

Van Lingen R, Kakani N, Veitch A, et al. Prognostic and accuracy data of multidetector CT coro-
nary angiography in an established clinical service. Clin Radiol 2009;64:601-7.

Virmani R, Burke AP, Farb A, et al. Pathology of the vulnerable plaque. ] Am Coll Cardiol
2006;47:C13-C18.

Naghavi M, Libby P, Falk E, et al. From vulnerable plaque to vulnerable patient: a call for new
definitions and risk assessment strategies: Part Il. Circulation 2003;108:1772-8.

163

oL J4eideyn

UOI11BO14118.11S S 10} /1D JO 8NjeA 8y



Part 2

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Achenbach S, Ropers D, Hoffmann U, et al. Assessment of coronary remodeling in stenotic and
nonstenotic coronary atherosclerotic lesions by multidetector spiral computed tomography. ] Am
Coll Cardiol 2004;43:842-7.

Achenbach S, Moselewski F, Ropers D, et al. Detection of calcified and noncalcified coronary ath-
erosclerotic plaque by contrast-enhanced, submillimeter multidetector spiral computed tomogra-
phy: a segment-based comparison with intravascular ultrasound. Circulation 2004;109:14-7.
Becker CR, Nikolaou K, Muders M, et al. Ex vivo coronary atherosclerotic plaque characterization
with multi-detector-row CT. Eur Radiol 2003;13:2094-8.

Cordeiro MA, Lima JA. Atherosclerotic plaque characterization by multidetector row computed
tomography angiography. ] Am Coll Cardiol 2006;47:C40-C47.

Hoffmann U, Moselewski F, Nieman K, et al. Noninvasive assessment of plaque morphology and
composition in culprit and stable lesions in acute coronary syndrome and stable lesions in stable
angina by multidetector computed tomography. ] Am Coll Cardiol 2006;47:1655-62.

Komatsu S, Hirayama A, Omori Y, et al. Detection of coronary plaque by computed tomography
with a novel plaque analysis system, ‘Plaque Map’, and comparison with intravascular ultrasound
and angioscopy. Circ J 2005;69:72-7.

Leber AW, Knez A, Becker A, et al. Accuracy of multidetector spiral computed tomography in
identifying and differentiating the composition of coronary atherosclerotic plaques: a comparative
study with intracoronary ultrasound. ] Am Coll Cardiol 2004;43:1241-7.

Leber AW, Becker A, Knez A, et al. Accuracy of 64-slice computed tomography to classify and
quantify plaque volumes in the proximal coronary system: a comparative study using intravascular
ultrasound. ] Am Coll Cardiol 2006;47:672-7.

Motoyama S, Kondo T, Anno H, et al. Atherosclerotic plaque characterization by 0.5-mm-slice
multislice computed tomographic imaging. Circ J 2007;71:363-6.

Pohle K, Achenbach S, MacNeill B, et al. Characterization of non-calcified coronary atheroscle-
rotic plaque by multi-detector row CT: comparison to IVUS. Atherosclerosis 2007;190:174-80.
Schroeder S, Kopp AF, Baumbach A, et al. Noninvasive detection and evaluation of atherosclerotic
coronary plaques with multislice computed tomography. ] Am Coll Cardiol 2001;37:1430-5.
Schroeder S, Kuettner A, Leitritz M, et al. Reliability of differentiating human coronary plaque
morphology using contrast-enhanced multislice spiral computed tomography: a comparison with
histology. ] Comput Assist Tomogr 2004;28:449-54.

Kolodgie FD, Burke AP, Farb A, et al. The thin-cap fibroatheroma: a type of vulnerable plaque: the
major precursor lesion to acute coronary syndromes. Curr Opin Cardiol 2001;16:285-92.
Schuijf JD, Beck T, Burgstahler C, et al. Differences in plaque composition and distribution in
stable coronary artery disease versus acute coronary syndromes; non-invasive evaluation with
multi-slice computed tomography. Acute Card Care 2007;9:48-53.

Motoyama S, Kondo T, Sarai M, et al. Multislice computed tomographic characteristics of coro-
nary lesions in acute coronary syndromes. ] Am Coll Cardiol 2007;50:319-26.

Wilson PW, D’Agostino RB, Levy D, et al. Prediction of coronary heart disease using risk factor
categories. Circulation 1998;97:1837-47.

AradY, Goodman KJ, Roth M, et al. Coronary calcification, coronary disease risk factors, C-reactive
protein, and atherosclerotic cardiovascular disease events: the St. Francis Heart Study. ] Am Coll
Cardiol 2005;46:158-65.

Budoff MJ, Shaw LJ, Liu ST, et al. Long-term prognosis associated with coronary calcification:
observations from a registry of 25,253 patients. ] Am Coll Cardiol 2007;49:1860-70.

Detrano R, Guerci AD, Carr JJ, et al. Coronary calcium as a predictor of coronary events in four
racial or ethnic groups. N Engl ] Med 2008;358:1336-45.

Greenland P, LaBree L, Azen SP, et al. Coronary artery calcium score combined with Framingham
score for risk prediction in asymptomatic individuals. JAMA 2004;291:210-5.

164



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Greenland P, Bonow RO, Brundage BH, et al. ACCF/AHA 2007 clinical expert consensus docu-
ment on coronary artery calcium scoring by computed tomography in global cardiovascular risk
assessment and in evaluation of patients with chest pain: a report of the American College of
Cardiology Foundation Clinical Expert Consensus Task Force (ACCF/AHA Writing Committee to
Update the 2000 Expert Consensus Document on Electron Beam Computed Tomography) devel-
oped in collaboration with the Society of Atherosclerosis Imaging and Prevention and the Society
of Cardiovascular Computed Tomography. ] Am Coll Cardiol 2007;49:378-402.

Sarwar A, Shaw LJ, Shapiro MD, et al. Diagnostic and prognostic value of absence of coronary
artery calcification. JACC Cardiovasc Imaging 2009;2:675-88.

Elhendy A, Schinkel A, Bax JJ, et al. Long-term prognosis after a normal exercise stress Tc-99m
sestamibi SPECT study. ] Nucl Cardiol 2003;10:261-6.

Elhendy A, Schinkel AFL, van Domburg RT, et al. Prognostic value of stress Tc-99m-tetrofosmin
myocardial perfusion imaging in predicting all-cause mortality: a 6-year follow-up study. Euro-
pean Journal of Nuclear Medicine and Molecular Imaging 2006;33:1157-61.

Hachamovitch R, Berman DS, Kiat H, et al. Exercise myocardial perfusion SPECT in patients
without known coronary artery disease: incremental prognostic value and use in risk stratification.
Circulation 1996;93:905-14.

Stratmann HG, Williams GA, Wittry MD, et al. Exercise technetium-99m sestamibi tomography
for cardiac risk stratification of patients with stable chest pain. Circulation 1994;89:615-22.
Thomas GS, Miyamoto MI, Morello AP, et al. Technetium 99m sestamibi myocardial perfusion
imaging predicts clinical outcome in the community outpatient setting. The Nuclear Utility in the
Community (NUC) Study. ] Am Coll Cardiol 2004;43:213-23.

Underwood SR, Anagnostopoulos C, Cerqueira M, et al. Myocardial perfusion scintigraphy: the
evidence - A consensus conference organised by the British Cardiac Society, the British Nuclear
Cardiology Society and the British Nuclear Medicine Society, endorsed by the Royal College
of Physicians of London and the Royal College of Radiologists. European Journal of Nuclear
Medicine and Molecular Imaging 2004;31:261-91.

Shaw LJ, Iskandrian AE. Prognostic value of gated myocardial perfusion SPECT. ] Nucl Cardiol
2004;11:171-85.

Gaemperli O, Schepis T, Koepfli P, et al. Accuracy of 64-slice CT angiography for the detection of
functionally relevant coronary stenoses as assessed with myocardial perfusion SPECT. Eur J Nucl
Med Mol Imaging 2007;34:1162-71.

Hacker M, Jakobs T, Hack N, et al. Sixty-four slice spiral CT angiography does not predict the
functional relevance of coronary artery stenoses in patients with stable angina. Eur J Nucl Med
Mol Imaging 2007;34:4-10.

Rispler S, Keidar Z, Ghersin E, et al. Integrated single-photon emission computed tomography and
computed tomography coronary angiography for the assessment of hemodynamically significant
coronary artery lesions. ] Am Coll Cardiol 2007;49:1059-67.

Schuijf D, Wijns W, Jukema JW, et al. The relationship between non-invasive coronary angiogra-
phy with multi-slice computed tomography and myocardial perfusion imaging. ] Am Coll Cardiol
2006;48:2508-14.

Schuijf ID, Jukema JW, van der Wall EE, et al. The current status of multislice computed tomogra-
phy in the diagnosis and prognosis of coronary artery disease. ] Nucl Cardiol 2007;14:604-12.
Leber AW, Becker A, Knez A, et al. Accuracy of 64-slice computed tomography to classify and
quantify plaque volumes in the proximal coronary system: a comparative study using intravascular
ultrasound. ] Am Coll Cardiol 2006;47:672-7.

Hausleiter J, Meyer T, Hadamitzky M, et al. Radiation dose estimates from cardiac multislice
computed tomography in daily practice: impact of different scanning protocols on effective dose
estimates. Circulation 2006;113:1305-10.

165

oL J4eideyn

UOI11BO14118.11S S 10} /1D JO 8NjeA 8y



Part 2

74.

75.

76.

77.

78.

79.

80.

Hsieh J, Londt J, Vass M, et al. Step-and-shoot data acquisition and reconstruction for cardiac
x-ray computed tomography. Med Phys 2006;33:4236-48.

Husmann L, Valenta I, Gaemperli O, et al. Feasibility of low-dose coronary CT angiography: first
experience with prospective ECG-gating. Eur Heart ) 2008;29:191-7.

Rybicki FJ, Otero HJ, Steigner ML, et al. Initial evaluation of coronary images from 320-detector
row computed tomography. Int ] Cardiovasc Imaging 2008;24:535-46.

Herzog BA, Husmann L, Burkhard N, et al. Accuracy of low-dose computed tomography coronary
angiography using prospective electrocardiogram-triggering: first clinical experience. Eur Heart ]
2008;29:3037-42.

Scheffel H, Alkadhi H, Leschka S, et al. Low-dose CT coronary angiography in the step-and-shoot
mode: diagnostic performance. Heart 2008;94:1132-7.

Herzog BA, Wyss CA, Husmann L, et al. First Head-to-Head Comparison of Effective Radiation
Dose from Low-Dose CT with Prospective ECG-Triggering versus Invasive Coronary Angiography.
Heart 2009.

Jain RK, Finn AV, Kolodgie FD, et al. Antiangiogenic therapy for normalization of atherosclerotic
plaque vasculature: a potential strategy for plaque stabilization. Nat Clin Pract Cardiovasc Med
2007;4:491-502.

166








