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Risk StratificationRisk Stratification
in the “NO” chest pain patients

Determining Pretest Probability AssessmentDetermining Pretest Probability Assessment 
for Risk Stratification in the chest pain patients



Screening of CAD in Asymptomatic SubjectsScreening of CAD in Asymptomatic Subjects

• Number of  major coronary risk factors• Number of  major coronary risk factors

(diabetes, HTN, smoking, dyslipidemia etc)

• Framingham risk equation

Traditional risk factors may fail to explain Castelli WP. Atherosclerosis. 1996

up to 50% of CAD morbidity and mortality !



Screening of CAD in Asymptomatic SubjectsScreening of CAD in Asymptomatic Subjects



Screening of CAD in Asymptomatic SubjectsScreening of CAD in Asymptomatic Subjects

• Abnormal exercise scintigraphy identifies predominantly mild  
coronary atherosclerosis. 

• Perfusion defects may be caused by coronary vasomotor dysfunction
in addition to atherosclerotic plaque

Blumenthal RS et al Circulation. 2003;107:702

in addition to atherosclerotic plaque.



MDCT as Screening Test for Risk StratificationMDCT as Screening Test for Risk Stratification

• Coronary calcium scoring (CAC)y g ( )

• Contrast -enhanced CT coronary angiography (CTCA)



CAC as Screening TestCAC as Screening Test

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

Fi t d i  fl  t   f   t  • First proposed using fluoroscopy to screen for coronary artery 
disease

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



CAC as Screening TestCAC as Screening Test

• Correlates with
• Coronary plaque burden
• Coronary artery stenosis
• Coronary event risk

Budoff MJ (1999), Rumberger JA (1999),

 Easiest way to screen with lower radiation dose

Agatston AS (1994), …

　 Easiest way to screen with lower radiation dose



<1mSv Just Click over 
Radiation !!130 HU!!



CAC interpretationCAC interpretation

• Agatston score (Total calcium score)g ( )
• System for scoring amount of calcified plaque

Area of plaque x weighting factor = lesion scoreArea of plaque x weighting factor = lesion score
Weighting based on brightest pixel in lesion
Sum of lesion scores = vessel score
Sum of essel scores  total calcium scoreSum of vessel scores = total calcium score

Agatston Janowitz et al JACC 1990

　Workstations automatically calculate!! It’s easy!

Agatston, Janowitz, et al. JACC 1990



-----------------------------------------------------------------------------
Guidelines for Calcium Score (Agastson score) 
-----------------------------------------------------------------------------
Calcium  Plaque           Probability of               Coronary Event (‡)
Score    Burden (†)       Significant CAD (†)     5-Year        Hazard Ratio

Incidence 
0 ----------------------------------------------------------------------- 0

No identifi- Very low,                                0.5%             1.00
able plaque      generally < 5%               

1 ---------------------------------------------------------------------- 1
Minimal           Very unlikely, 
identifiable         < 10% 
plaque burden                                

10 ------------------------------------------ 4.6%    3.61 (1.96-6.65)( )
Definite, at  Mild or Minimal

least mild            coronary stenosis
atherosclerotic
plaque burdenplaque burden 

100 --------------------------------------------------------------------- 100
Definite, at           Nonobstructive
least moderate   CAD highly        
atherosclerotic likely although 6 2% 7 73 (4 13-14 47)atherosclerotic   likely, although                 6.2%    7.73 (4.13-14.47)
plaque burden    obstructive 

disease possible    --------------------------- 300
400 ------------------------------------------

Extensive High likelihoodExtensive        High likelihood 
atherosclero- > 90%) of at 11.2%  9.67 (5.20-17.98)
tic plaque       least 1 "signi-

burden            ficant“ stenosis
-----------------------------------------------------------------------------
CAD = coronary artery disease (†) Mayo Clin Proc 1999;74:243-252 

(‡) NEJM 2008;358:1336-1345



Receiver operating characteristic curve analysis: the incremental value 
f CAC  f  di ti  i h i  PET MPIof CAC score for predicting ischemic PET MPI

S h k M P t l Ci l ti 2008 117 1693 1700Schenker, M. P. et al. Circulation 2008;117:1693-1700



Appropriate Indications of Cardiac CT: CACAppropriate Indications of Cardiac CT: CAC

ASCI 2010 appropriateness criteria for cardiac computed tomography.
Int J Cardiovasc Imaging 2010; 26(supp1):1-15



CAC as Screening TestCAC as Screening Test

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

Li i i   h  h l   f h l i  (• Limitation to represent the whole spectrum of atherosclerosis (non-
calcified plaque) and to diagnose obstructive CAD 

A C D

B

Budoff MJ et al. J Am Coll Cariol 2007;49:1860-1870



Diversity of Lesions y
in Human Coronary Atherosclerosis



CTCA as a Screening Test

t ti l t  id  h i  i f ti  di  th  

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. y p

M/44 Asymptomatic patientM/44, Asymptomatic patient

IVUS: Vulnerable plaque with positive arterial remodeling



CTCA as a Screening Tool 
in Asymptomatic Subjects

• The prevalence of occult CAD in apparently healthy individuals • The prevalence of occult CAD in apparently healthy individuals 
was not negligible, although their midterm prognosis was good. 

Choi EK, Choi SI et al. J Am Coll Cardiol 2008



CTCA as a Screening Tool 
in Asymptomatic Subjects

• A number of individuals with occult CAD might be misclassified • A number of individuals with occult CAD might be misclassified 
with conventional risk stratification algorithms. 

• CCTA has the potential to identify these patients.p y p

Choi EK, Choi SI et al. J Am Coll Cardiol 2008



CTCA as a Screening Tool: Specific Condition 
in Asymptomatic DM

C  t  di  (CAD)• Coronary artery disease (CAD):

65% to 80% of deaths in diabetic patient

• American Diabetes Association (ADA):

a consensus recommendation a consensus recommendation 

“Clinicians consider a risk factor–guided screening approach to 
early diagnosis of CAD in both symptomatic and asymptomatic y g f y p y p
patients.” 

Diabetes care 1998;21:1551-1559



CTCA as a Screening Tool: CTCA as a Screening Tool: 
SpecificConditionSpecificCondition in Asymptomatic DMin Asymptomatic DM

6 % h d lt CAD fi di

SpecificConditionSpecificCondition in Asymptomatic DMin Asymptomatic DM
Subclinical CAD in Type II DM and IFG

• 64% had occult CAD findings.

• 26% had a significant stenosis

• more noncalcified and mixed plaques in subjects • more noncalcified and mixed plaques in subjects 

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

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



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

• Cardiac event rates were low and were not significantly reduced 
by MPI screening for myocardial ischemia over 4 8 yearsby MPI screening for myocardial ischemia over 4.8 years.

Young LH et al. JAMA. 2009;301(15):1547-1555 



CTCA as a Screening Tool in CTCA as a Screening Tool in Asymptomatic DMAsymptomatic DMCTCA as a Screening Tool in CTCA as a Screening Tool in Asymptomatic DMAsymptomatic DM

SPECT showed limited
capability to differentiate the 
coronary risk

CTCA: Higher prognostic power 
than SPECT
in prediction of MACE and in prediction of MACE and 
cardiac mortality.

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



CTCA as a Screening Tool in Asymptomatic DM:CTCA as a Screening Tool in Asymptomatic DM:
MultiMulti--center Clinical Trial center Clinical Trial --ACCREDIT STUDYACCREDIT STUDY



Study Centers (6 sites)Study Centers (6 sites)
SEOUL

y ( )y ( )

PI  T H  Li   A  M di l C t
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(C02) Sang-il Choi,  SNU Bundang Hosp.

(C03) Sung-Min Ko,  Kunkook U. Medical Center

(C04) Yeon-Hyeon Choi,  Samsung Medical Center

(C05) Byoung-Wook  Choi,  Yonsei U. Sererance Hosp.( 5) y g , p

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



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



Prognostic value of CTCA
in Asymptomatic Patients

Cho IS, Chang HJ et al, Circulation 2012



Prognostic value of CTCA
in Asymptomatic Patients

Cho IS, Chang HJ et al, Circulation 2012



CTCA as screening tool: 
in Asymptomatic DM - Limitation

N t t d  i t  i di ti• Not accepted as appropriate indication

• Needs more evidences

• Radiation Exposure

Int J Cardiovasc Imaging 2010; 26(supp1):1-15

Radiation Exposure

• Solution: Low dose coronary CT



L  d  CT i   SLow dose CT using 0.9 mSv
0 9 mSv0.9 mSv
temp res. 75 ms
spatial res. 0.33 
mm
100 kV, 320 
mAs/rotmAs/rot

Courtesy by
Choo, KS,
PNUH



Future of CCTA: Plaque ImagingFuture of CCTA: Plaque Imaging

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



Future of CTCA: Plaque Imaging
+ Quantification

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



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

Comode D et al. Radiology 2010;256



Role of CT Imaging in Risk StratificationRole of CT Imaging in Risk Stratification

CAC• CAC

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

• Limitation to represent the whole spectrum of atherosclerosis 
(non-calcified plaque) and to diagnose obstructive CAD p q g

• CTCA

• 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. 

Limitations of radiation exposure  lack of evidences• Limitations of radiation exposure, lack of evidences
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