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Risk Stratification
In the “NO” chest pain patients




Screening of CAD In Asymptomatic Subjects

« Number of major coronary risk factors
(diabetes, HTN, smoking, dyslipidemia etc)

Significant Overlap in Risk Factors

- Framingham risk equation withiand without CHD
Framingham Heart Study: 26-Year Follow-up

No CHD

150 200 250 300
Total Cholesterol (mg/dL)

Traditional risk factors may fail to explain  castelli Wp. Atherosclerosis. 1996

up to 50% of CAD morbidity and mortality !



Screening of CAD In Asymptomatic Subjects
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Screening of CAD In Asymptomatic Subjects
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» Abnormal exercise scintigraphy identifies predominantly mild
coronary atherosclerosis.

 Perfusion defects may be caused by coronary vasomotor dysfunction
In addition to atherosclerotic plague.

Blumenthal RS et al Circulation. 2003;107:702



MDCT as Screening Test for Risk Stratification

e Coronary calcium scoring (CAC)

e Contrast -enhanced CT coronary angiography (CTCA)




CAC as Screening Test

e Calcium and Atherosclerosis
e All coronary artery calcium is intimal
 No medial calcification in coronaries
e Pathologic evidence of disease

e First proposed using fluoroscopy to screen for coronary artery
disease

Blankenhorn DH, Stern D. Am J Roentgenol Radium Ther Nucl Med
1959 ;81:772(")




CAC as Screening Test

e Correlates with
e Coronary plague burden
e Coronary artery stenosis
e Coronary event risk

Budoff MJ (1999), Rumberger JA (1999),
Agatston AS (1994), ...

-  Easlest way to screen with lower radiation dose




Just Click over <IlmSv
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CAC interpretation

 Agatston score (Total calcium score)
 System for scoring amount of calcified plague

Area of plaque x weighting factor = lesion score
Weighting based on brightest pixel in lesion
Sum of lesion scores = vessel score

Sum of vessel scores = total calcium score

Agatston, Janowitz, et al. JACC 1990

-  Workstations automatically calculate!! It’s easy!
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() NEJM 2008;358:1336-1345



Receiver operating characteristic curve analysis: the incremental value
of CAC score for predicting ischemic PET MPI
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Age and sex variables alone

v Adding coronary risk factors and symptoms
Adding coronary artery calcium score

Schenker, M. P. et al. Circulation 2008;117:1693-1700




Appropriate Indications of Cardiac CT: CAC

Risk Assessment: Ceneral Population
Agyvmploamatic {Use of Caleinm Score)

14 - Moderate CHD risk { Framingham) AQT)
15 - HiEh CHI risk [FrnminEhum:- AAT)
Detection of CAD With Prior Test Results
Evaluation of Chest Pain Syndrome (Use of Cardiac CT)
|6 - Uninterpretable or equivecal stress test (exercise, perfusion, or AE]
atress echo)
CAD detection in pedistric patients with Kawasaki discase
Asvmplomatic (Use of Cardiac CT)
L. - Previous tests (invasive angiography, CMR or CCT) AAT)

documented coranary aneurysmistenoss, for folkvw ugp

ASCI 2010 appropriateness criteria for cardiac computed tomography.
Int J Cardiovasc Imaging 2010; 26(suppl):1-15




CAC as Screening Test

e Incremental prognostic information in addition to the assessment of
conventional risk factors

e Limitation to represent the whole spectrum of atherosclerosis (non-
calcified plague) and to diagnose obstructive CAD
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Budoff MJ et al. J Am Coll Cariol 2007:49:1860-1870



Diversity of Lesions
In Human Coronary Atherosclerosis

Clinical
Type of Lesion ~ Manifestation Management

. } - Local Therapy/
> Revascularization
+ PTCA
Stenotic Ischemia . Stent
: Few + Angina Pectoris . CABG
« Fibrotic » Positive Exercise Test
« Thick Cap « Perfusion Defect
+ Less Compensatory
Enlargement
Systemic Therapy
+ Lifestyle Modification
* Drug Therapy
Non-Stenotic Infarction
+ Many
« Lipid-Rich
« Thin Cap

 Compensatory Enlargement



CTCA as a Screening Test

» potential to provide comprehensive information regarding the
location, severity, and characteristics of atherosclerotic plaque.

« potential tool for providing a better insight about the occult CAD In
asymptomatic individuals.

M/44, Asymptomatic patient

I\VUS: Vulnerable plague with positive arterial remodeling



CTCA as a Screening Tool
In Asymptomatic Subjects

MDCT for coronary artery calcium scoring
and CT angiagraphy
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Coronary Computed Tomography Angiography
as a Screening Tool for the Detection of Occult
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CTCA as a Screening Tool
In Asymptomatic Subjects
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Relationship with (A) National Cholesterol Education Pregram (NCEP) Risk Groups and (B) corenary atery caloium
score (CACS). Young adults with significant stenosis wete cassified into low risk and low CACS more often than olcer aduts.
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with conventional risk stratification algorithms.
« CCTA has the potential to identify these patients.




CTCA as a Screening Tool: Specific Condition
In Asymptomatic DM

e Coronary artery disease (CAD):
65% to 80% of deaths in diabetic patient

 American Diabetes Association (ADA):
a consensus recommendation

“Clinicians consider a risk factor—guided screening approach to
early diagnosis of CAD in both symptomatic and asymptomatic
patients.”

Diabetes care 1998:21:1551-1559



CTCA as a Screening Tool:
SpecificCondition in Asymptomatic DM
Subcllnlcal CAD in Type Il DM and IFG

64% had occult CAD findings.
« 26% had a significant stenosis
 more noncalcified and mixed plaques in subjects

with Type |1 DM (19%) and IFG (11%) than normal (7%).

Distriburion of CACS and CCTA findings

Categories CACS=D (n=40) CACS 1-10 (n=21) CACS 11-100 (n=53) CACS 100-399 (n=34) CALS =400 (n=14) p value
Maximal diameter stenosis
No plague 77 86 0(0) aim 0i0) 0(0)
1-50% 0(11) 20(F4) 42(79) 27 (69) 5(36) <0.0001
S50 304) 1(6) 11(21) 12(31) u(64)

Rivera JJ et al. Atherosclerosis 2009:203:442-448
Lim S et al. Atherosclerosis 2009; 205: 156-162




Screening in DM with Other Modality:
The DIAD Study using MPI

Cardiac Outcomes After Screening
for Asymptomatic Coronary Artery Disease

in Patients With Type 2 Diabetes
The DIAD Study: A Randomized Controlled Trial

Table 2. Events in No-Screening vs Screening Group
No. (%) of Patients

|
No Screening

Screening Log-Rank

(n = 562) (h = 561) HR (95% CI)2 P Value®
Primary events 17 (3.0) 15 (2.7) 0.88 (0.44-1.8) .73
Myocardial infarction 10(0.7) 7 (1.3 0.82 (0.34-2.0) 66
Cardiac death 7(1.2) 8(1.4) 1.1(0.41-3.1) .80
Secondary events 14 (2.5)¢° 21 (3.7) 1.5(0.77-3.0) .23
Unstable angina 3(0.5) 4(0.7) 1.3 (0.30-6.0) .70
Heart failure 7(1.2) 7(1.2) 1.0(0.35-2.9) .99
Stroke 5(0.9 10(1.8) 2.0(0.69-5.9) .20
Revascularizations 44 (7.8)4 31 (5.5 0.71 (0.45-11) 14
PTCA 27 (4.8) 15 (2.7) 0.90 (0.48-1.7) 74
CABG surgery 20 (3.8) 16 (2.9) 0.81 (0.42-1.6) .76

Death

All cause 15 2.7) 18 (3.2) 1.2 (0.69-2.4) .60
Noncardiac 8(1.4) 10(1.8) 1.3(0.49-3.2) .63

Abbreviations: CABG, coronary artery bypass graft; Cl, confidence interval; HR, hazards ratio; PTCA, percutaneous
transluminal coronary angioplasty.

8Hazard ratios represent the ratio of screening vs no-screening participants from unadjusted Cox proportional hazards
regression analysis.
Log-rank P values are derived from unadjusted actuarial survival analysis.

C0ne patient had 2 secondary events.

AThree patients underwent both PTCA and CABG surgery.

o Cardiac event rates were low and were not significantly reduced
by MPI screening for myocardial ischemia over 4.8 years.
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CA as a Screening Tool in Asymptomatic DM

SPECT showed limited
capability to differentiate the
coronary risk

CTCA: Higher prognostic power
than SPECT

in prediction of MACE and
cardiac mortality.

Chol EK, . Chun EJ et al. Am J Cardiol..2009:104:890-896



CTCA as a Screening Tool in Asymptomatic DM:.
Multi-center Clinical Trial -ACCREDIT STUDY

ClinicalTrials.gov Hemg ey Sn Takatl

Himvice ol the U.3. Natiorl Inititutes of Heallh I S

Study 1 of 1 for search of: ACCREDIT study
e Frovious Stody  Hetwrn to Search Besulls Hexl Shody sl

Related Studles

Assessment With CCTA and MRI in Asymptomatic Patients With Type 2 Diabetes for Detection of Unrecognized Myocardial Scar in
Subclinical Coronary Atherosclerosis (ACCREDIT)

Full Text View

Tabular Wiew

No Study Results Posted

This study is currently recruiting participants.
Verified on December 2010 by Guerbet

First Received on October 13, 2010, Last Updated on December 13, 2010 History of Changes

Sponsor: | Guerbet

Information provided by: | Guerbet

ClinicalTrials.gov Identifier: | NCT01254552

B Purpose

This study is aimed to answer the clinical question of the prevalence of myocardial scar in asymptomatic patients with type 2 Diabetes Mellitus with a special focus on the diagnostic efficacy of

Xenetix® 350-enhanced 64-rows MDCT for the visualisation of the coronary arterial tree and secondarily for the assessment of myocardial viability when using Dotarem@® enhanced-cardioMR as the go
standard examination.

Condition Intervention Phase

Type 2 Diabetes Mellitus Drug: lobitridol Phase IV
Coronary Atherosclerosis

Study Type: Interventional

Study Design:  Allocation: Mon-Randomized
Endpoint Classification: Safety/Efficacy Study
Intervention Model: Single Group Assignment
Masking: Open Label
Primary Purpose: Diagnostic

Official Title:  Assessment With Cardiac Computed Tomography Angiography (CCTA) and Magnetic Resonance Imaging (MR} in Asymptomatic Patients With Type 2 Diabetes for Detection of

Unrecognized Myocardial Scar in Subclinical Coronary Atherosclerosis




Study Centers (6 sites)

Pl: Tae-Hwan Lim, Asan Medical Center

(C01) Joon-Won Kang, Asan Medical Center

(C02) Sang-il Choi, SNU Bundang Hosp.

(C0O3) Sung-Min Ko, Kunkook U. Medical Center

(C0O4) Yeon-Hyeon Choi, Samsung Medical Center

(C05) Byoung-Wook Choi, Yonsei U. Sererance Hosp.

(C06) Whal Lee, Seoul National U. Hosp.




CTCA as a Screening tool in Asymptomatic DM
Multi-center Clinical Trial -ACCREDIT STUDY

Resource links provided by NLM:

Genetics Home Reference related topics: 6g24-related transient neonatal diabetes mellitus

MedlinePlus related topics:  Atherosclerosis Coronary Artery Disease Diabetes Scars
Drug Infarmation available for:  |obitridol

LS FDA Resources
Further study details as provided by Guerbet:

Primary Qutcome Measures:

» Prevalence of occult myocardial scar on DE-MRI in asymptomatic patients with type 2 diabetes mellitus [ Time Frame: one year ] [ Designated as safety issue: No ]

Estimated Enrollment: 340

Study Start Date: August 2010

Estimated Study Completion Date: December 2016

Estimated Primary Completion Date:  December 2011 (Final data collection date for primary outcome measure)

Intervention Details:

Drug: lobitridol
Kenetix 350

B Eligibility

Ages Eligible for Study: 50 Years to 75 Years
Genders Eligible for Study: Both
Accepts Healthy Volunteers:  MNo

Criteria
Inclusion Criteria:
« Patient with onset of type 2 diabetes occurred at age 30 years or older
+ Patient between the ages of 50 and 75 years at enrolment time
+ Patient with at least two identified cardiac risk factors who will undergo a CMR and a CCTA examinations to evaluate his/her coronary and cardiac status
Exclusion Criteria:
= Patient with angina pectoris or chest discomfort
+ Patient with stress test or invasive coronary angiography within the prior 3 years
« Patient with history of myocardial infarction, overt non compensated heart failure, or coronary revascularization
= Patient with hemodynamic instability.
« Patient with a contraindication or intolerance to Beta-Blocker administration




Prognostic value of CTCA
In Asymptomatic Patients

Tahble 3. C Statistics for Prediction of 2.5-Year Risk of All-Caunse Mortality and Composite Outcome of All-Cause Mortality and Non-
Fatal MI wsing Combined Models of Framingham Risk Factors plus CACS or ¢CTA

C statistics™

Model -
EFRS Individual Risk Factors*®
All-Cause Mortality (5=3,200)
Model I: BFs only 0.62 (0.55 ~0.69) 0.76 (0.70 ~ 0.83)
MModel IT: RFs + CACS 0.71 (0.65 ~0.77) 0.78 (0.65 ~ 0.84)
Model ITI: BFs + CACS+NIV 0.73 (0.67 ~0.78) 0.78 (067 ~ 0.84)
Model IV: BFs + CACS+ Duke 0.72 (0.66 ~ 0.78) 0.78 (0.66 ~ 0.84)
hdodel V: EFs + CACS+ 555 0.72 (0.66 ~0.78) 0.78 (0.66 ~ 0.84)
Model VI: RFs + CACS+ SIS 0.72 (0.66 ~0.78) 0.78 (0.66 ~ 0.84)
Composite Outcome of All-Cause Mortality and Non-fatal MI (N=3 217
Model I: FFs only 0.59 (0.52 ~0.67) 0.71 (0.63 ~0.78)
Model II: RFs + CACS 0.71 (0.64 ~0.78) 0.75(0.68 ~ 0.81)
Model ITT- RFs + CACS+NIV 0.74 (0.66 - 0.81) Y, VLR
Model IV: RFs + CACS+ Duke 0.74 (0.67 ~0.81) 0.76 (0.69 ~ 0.83)
Model V: RFs + CACS+ 8585 0.74 (0.67 ~0.81) 0.76 (0.69 ~ 0.83)
Model VI: RFs + CACS+ SIS 0.74 (0.68 - 0.81) 0.76 (0. 69 - 083

* Baseline nsk factors were entered as a combined score m the FES (Framumgham Risk Seore) column and as mdmwidnal Frammgham nsk vanables (age, gender,
bypertension, diabetes, cwrrent smnoking, and dyshpadermia) m the Indrnduzl Fisk Factors column

CACS mdicates coronary artery calemum score; CAD, coronary artery disease; eCT A, coronary computed tomographic anmography; Cl, confidence mterval;
Duke, Duke CAD prognostic index; FES, Framingham nsk score; N, number of patients; NIV, pnumber of mmvolved vessels (categonred as none, non-obstructrre
CAD, obstrucirve 1-WVI, 2-VD, 3-VD or lefi marm CADY; BEFs, Frammgham nsk factors; 515, segment mvolvement score; 555, segment stenosis scove VD,
vessel disease




Prognostic value of CTCA
In Asymptomatic Patients
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CTCA as screening tool:
In Asymptomatic DM - Limitation

* Not accepted as appropriate indication

Table 2 Detection of CAD: asymptomatic (without chest pain syndrome)

Appropriatencss Mot
Criteria
Indication (Median Score)
Asymptomatic (Use of Cardiac CT)

10 - Low CHD risk (Framingham risk criteria) 1i2) - Highly agreed

- ACCF indication no. 10
11 - Moderate CHD risk (Framingham) L {5) - ACCF indication no. 11
12 - High CHD risk (Framingham) AT - ACCEF indication no. 12

* CHD = coronary heart discase

Int J Cardiovasc Imaging 2010; 26(suppl):1-15

 Radiation Exposure
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e Solution: Low dose coronary CT
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Future of CCTA: Plaque Imaging

Stolzman P et al. Radiographics 2011;31:1125-1139



Future of CTCA: Plague Imaging
+ Quantification

Lee MS, Chun EJ et al, Int J Cardiovasc Imaging 2010



Future of CTCA:
Nano-particles & multi-energy imaging

Conventional CT image

untreated meat lodine solution

Cas(PO,)» Au-HDL meat

lodine Photoelectric Compton Overlay

&

Figure 3: Images of artery phantom. {a) Labeled CT image; {b) speciral CT images; and [c) overiay cf gold, 1odine, photoelectnc, and Tompion
images are shown. CaP0,), = calcium phosphate.

Comode D et al. Radiology 2010;256



Role of CT Imaging in Risk Stratification

- CAC

 Incremental prognostic information in addition to the
assessment of conventional risk factors

e Limitation to represent the whole spectrum of atherosclerosis
(non-calcified plaque) and to diagnose obstructive CAD

 CTCA

e Potential to provide comprehensive information regarding the
location, severity, and characteristics of atherosclerotic plaque.

e Potential tool for providing a better insight about the occult
CAD In asymptomatic individuals.

e Limitations of radiation exposure, lack of evidences
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