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Cardiac CT: Coronary CT AngiographyCardiac CT: Coronary CT Angiography



Cardiac CT: Coronary Calcium ScanCardiac CT: Coronary Calcium Scanyy
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Calcium scoring methodCalcium scoring method•• Calcium scoring methodCalcium scoring method
–– AgatstonAgatston, , JanowitzJanowitz, , HildnerHildner, , ZusmerZusmer, , ViamonteViamonte, , DetranoDetrano

Agatston AS et al. JACC 1990; 15:827Agatston AS et al. JACC 1990; 15:827--3232



The ProblemThe Problem

•• Coronary Heart Disease remains a leading cause of Coronary Heart Disease remains a leading cause of Coronary Heart Disease remains a leading cause of Coronary Heart Disease remains a leading cause of 
death and disabilitydeath and disability

•• > 45% of MI’s are fatal> 45% of MI’s are fatal
•• > ½ million deaths per year (US)> ½ million deaths per year (US)
•• > 4 million deaths (all CVD) per yr (Europe)> 4 million deaths (all CVD) per yr (Europe)

25% f d th  f  CHD  b f  25% f d th  f  CHD  b f  •• 25% of deaths from CHD occur before 25% of deaths from CHD occur before 
hospitalizationhospitalization

•• At least 25% of SCD and nonAt least 25% of SCD and non--fatal MI occur fatal MI occur without without •• At least 25% of SCD and nonAt least 25% of SCD and non fatal MI occur fatal MI occur without without 
prior symptomsprior symptoms

•• Heart and Stroke Statistical Update. www.americanheart.orgHeart and Stroke Statistical Update. www.americanheart.org
•• European Guidelines on CVD Prevention. EHJ 28:2375European Guidelines on CVD Prevention. EHJ 28:2375--24142414European Guidelines on CVD Prevention. EHJ 28:2375European Guidelines on CVD Prevention. EHJ 28:2375 24142414
•• MyerburgMyerburg RJ, Kessler KM, RJ, Kessler KM, CastellanosCastellanos A. Ann A. Ann IntInt Med. 119:1187Med. 119:1187--9797



The Detection GapThe Detection Gappp



The Detection GapThe Detection Gappp

•• ATP III: 36 million in US require Rx for LDLATP III: 36 million in US require Rx for LDL•• ATP III: 36 million in US require Rx for LDLATP III: 36 million in US require Rx for LDL
•• 1010--15 million in US on lipid15 million in US on lipid--lowering Rxlowering Rx

•• Est. prevalence of HTN: 50 million in USEst. prevalence of HTN: 50 million in US
•• Guidelines est  oneGuidelines est  one third HTN undetectedthird HTN undetected•• Guidelines est. oneGuidelines est. one--third HTN undetectedthird HTN undetected

•• Est. 650,000 primary SCD and MI per yearEst. 650,000 primary SCD and MI per year
High risk individuals: 2% risk per yearHigh risk individuals: 2% risk per year•• High risk individuals: 2% risk per yearHigh risk individuals: 2% risk per year

•• 32 million at high risk32 million at high risk



3434thth Bethesda ConferenceBethesda Conference

•• “A major problem of detection  treatment  and “A major problem of detection  treatment  and •• A major problem of detection, treatment, and A major problem of detection, treatment, and 
prevention of CHD exists in the large population prevention of CHD exists in the large population 
who have no symptoms of heart disease yet are who have no symptoms of heart disease yet are who have no symptoms of heart disease yet are who have no symptoms of heart disease yet are 
at increased risk to develop CHD.”at increased risk to develop CHD.”

•• “A detection gap in CHD prognosis exists. The “A detection gap in CHD prognosis exists. The 
precise size of this gap is unknown, but is likely precise size of this gap is unknown, but is likely 
substantial.”substantial.”



Current Approach to Cardiac Risk Current Approach to Cardiac Risk 
StratificationStratificationStratificationStratification

•• Greenland P, Smith JS Greenland P, Smith JS JrJr, Grundy. Circulation 2001; 104:1863, Grundy. Circulation 2001; 104:1863--77



Is There a Role for NonIs There a Role for Non--Invasive Invasive 
Testing in Risk Stratification?Testing in Risk Stratification?Testing in Risk Stratification?Testing in Risk Stratification?

•• Most clinical risk predictors are only moderately Most clinical risk predictors are only moderately •• Most clinical risk predictors are only moderately Most clinical risk predictors are only moderately 
accurate and may underestimate or misclassify accurate and may underestimate or misclassify 
patientspatientspatientspatients

Multivariate risk prediction p
based on Framingham data
AUC = 0.7

Wilson Wilson PW, D'Agostino RB, Levy D, et al. Circulation PW, D'Agostino RB, Levy D, et al. Circulation 97:183797:1837--4747



Broad Intermediate Risk Group
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Rationale for an imaging approachRationale for an imaging approachg g ppg g pp

•• Pathologic substrate required for eventPathologic substrate required for event•• Pathologic substrate required for eventPathologic substrate required for event
•• Quantification of disease burdenQuantification of disease burden
•• Disease burden should correlate with eventsDisease burden should correlate with events

•• Originally developed with EBCTOriginally developed with EBCT--
subsequently with MDCTsubsequently with MDCT

•• Good repGood reproducibilityroducibility  low radiation  low radiation •• Good repGood reproducibilityroducibility, low radiation , low radiation 
exposureexposure



Incremental predictive Incremental predictive 
value of CACSvalue of CACSvalue of CACSvalue of CACS

Arch Intern Med. Arch Intern Med. 164(12164(12):1285):1285--92 92 



2007 ACC Consensus Document: CHD death or MI2007 ACC Consensus Document: CHD death or MI

•• Higher CAC scores associated with higher event Higher CAC scores associated with higher event •• Higher CAC scores associated with higher event Higher CAC scores associated with higher event 
(CHD death or MI) rates and higher RR ratios(CHD death or MI) rates and higher RR ratios
–– High risk rate: 4 6%High risk rate: 4 6%–– High risk rate: 4.6%High risk rate: 4.6%
–– Very high risk rate: 7.1%Very high risk rate: 7.1%
–– (rates at 3(rates at 3--5 years)5 years)

Greenland P, Greenland P, BonowBonow RO, RO, BrundageBrundage BH, et al. JACC BH, et al. JACC 49:37849:378--402402..



Following this metaFollowing this meta--analysis, 4 more prospective studiesanalysis, 4 more prospective studies
South Bay Heart Watch: Middle aged, 

higher risk
PACC Project: Aged 40-50, low risk

Greenland. JAMA 291:210-215.
Taylor et al, JACC 46:807-814

St. Francis:  Middle aged
Rotterdam: Elderly

2-10X ↑ risk

Guerci et al.  JACC 46:158 Vliegenthart. Circulation 112:572



Pooled data from 4 studies:Pooled data from 4 studies:
Intermediate Framingham risk patients only (10Intermediate Framingham risk patients only (10 20% 1020% 10 yr risk)yr risk)Intermediate Framingham risk patients only (10Intermediate Framingham risk patients only (10--20% 1020% 10--yr risk)yr risk)

All patients initially classified as All patients initially classified as 
intermediate risk (10intermediate risk (10--20% 1020% 10--yr risk) yr risk) 

based on Framinghambased on Framingham



CAC is an INDEPENDENT predictor (above and CAC is an INDEPENDENT predictor (above and 
beyond clinical risk assessment)beyond clinical risk assessment)beyond clinical risk assessment)beyond clinical risk assessment)

BudoffBudoff MJ, Achenbach S, Blumenthal RS, et al. Circ 2006;114:1761MJ, Achenbach S, Blumenthal RS, et al. Circ 2006;114:1761--91.91.



• Prognosis is excellent in• Prognosis is excellent in 
setting of zero or very low 
CAC scoresCAC scores
– …but not 0 when CACS=0

• Number of vessels involved 
is important
– Even with CAC < 100

J Am J Am CollColl CardiolCardiol 2007;49:18602007;49:1860––7070



The mortality rate associated with a CACS=0 is 0.87/1000 personThe mortality rate associated with a CACS=0 is 0.87/1000 person--yryr
44,052 44,052 asymptoasympto adults referred by risk ff; screening EBCTadults referred by risk ff; screening EBCT,, y py p y ; gy ; g

Men Women

BlahaBlaha M, M, BudoffBudoff MJ, Shaw LJ, et al. JACC MJ, Shaw LJ, et al. JACC ImgImg 2009;2:6922009;2:692--700700



MetaMeta--analysis of 71,595 asymptomatic adultsanalysis of 71,595 asymptomatic adults
Mean f/u 4 yrMean f/u 4 yrMean f/u 4 yrMean f/u 4 yr

•• 29 312 (41%) had CACS=0 29 312 (41%) had CACS=0 0 47% had event0 47% had event•• 29,312 (41%) had CACS=0 29,312 (41%) had CACS=0 0.47% had event0.47% had event
•• 42,283 had CAC 42,283 had CAC 4.14% had event4.14% had event
•• RR ratio 0 15 [0 11RR ratio 0 15 [0 11--0 21  p<0 001]0 21  p<0 001]•• RR ratio 0.15 [0.11RR ratio 0.15 [0.11--0.21, p<0.001]0.21, p<0.001]

SarwarSarwar A, Shaw LJ, Shapiro MD, et al. JACC A, Shaw LJ, Shapiro MD, et al. JACC ImgImg. 2009;2:675. 2009;2:675--8888



Case ExampleCase Examplepp

•• 55 yr old man55 yr old man•• 55 yr old man55 yr old man
•• Total cholesterol: 170 mg/Total cholesterol: 170 mg/dLdL
•• HDL cholesterol: 30 mg/HDL cholesterol: 30 mg/dLdL
•• NonNon--smokersmoker
•• Systolic BP: 133 mmHg (on medication)Systolic BP: 133 mmHg (on medication)
•• 1010--yr Framingham risk: 10%yr Framingham risk: 10%•• 1010--yr Framingham risk: 10%yr Framingham risk: 10%



Case ExampleCase Examplepp

•• 55 yr old man55 yr old man•• 55 yr old man55 yr old man
•• 1010--yr Framingham risk: 10%yr Framingham risk: 10%
•• AgatstonAgatston score:score:

–– <100: No significant impact on CHD risk<100: No significant impact on CHD risk
–– 100100--400: 2400: 2--4x increase of CHD risk: 4x increase of CHD risk: high riskhigh risk
–– >400: 5>400: 5--10x increased of CHD risk: 10x increased of CHD risk: high riskhigh risk



2010 ACCF/AHA Guideline for 2010 ACCF/AHA Guideline for 
A t f C di l Ri k iA t f C di l Ri k iAssessment of Cardiovascular Risk in Assessment of Cardiovascular Risk in 

Asymptomatic AdultsAsymptomatic Adultsy py p

Developed in Collaboration with the American Society of Echocardiography, 
American Society of Nuclear Cardiology, Society of Atherosclerosis Imaging andAmerican Society of Nuclear Cardiology, Society of Atherosclerosis Imaging and 
Prevention, Society for Cardiovascular Angiography and Interventions, Society of 
Cardiovascular Computed Tomography, and Society for Cardiovascular Magnetic 
Resonance



Recommendations for Calcium Scoring

M  f CAC i  bl  f  M  f CAC i  bl  f  Measurement of CAC is reasonable for Measurement of CAC is reasonable for 
cardiovascular risk assessment in asymptomatic cardiovascular risk assessment in asymptomatic 
adults at intermediate risk (10% to 20% 10adults at intermediate risk (10% to 20% 10--year year 

I IIa IIb III

adults at intermediate risk (10% to 20% 10adults at intermediate risk (10% to 20% 10 year year 
risk. risk. 

Measurement of CAC may be reasonable for Measurement of CAC may be reasonable for 
cardiovascular risk assessment cardiovascular risk assessment in adults in adults at low at low 
to intermediate risk (6% to 10% to intermediate risk (6% to 10% 1010--year year risk)  risk)  

I IIa IIb III

to intermediate risk (6% to 10% to intermediate risk (6% to 10% 1010--year year risk). risk). 

Persons at low risk (<6% 10Persons at low risk (<6% 10--year risk) year risk) should should I IIa IIb III (( y )y )
not undergonot undergo CAC measurement for CAC measurement for 
cardiovascular risk assessment. cardiovascular risk assessment. 



Risk Assessment Considerations for 

  d l  h   d l  h d b  d b  0  f 0  f 

Patients with Diabetes Mellitus
In asymptomatic adults with In asymptomatic adults with diabetes, diabetes, 40 years of 40 years of 
age and older, measurement of CAC is reasonable age and older, measurement of CAC is reasonable 
for cardiovascular risk assessment. for cardiovascular risk assessment. 

I IIa IIb III

for cardiovascular risk assessment. for cardiovascular risk assessment. 



Recommendations for Myocardial 
P f i I iPerfusion Imaging

Stress MPI may be considered for advanced Stress MPI may be considered for advanced 
cardiovascular risk assessment in asymptomatic adults cardiovascular risk assessment in asymptomatic adults 
with diabetes or asymptomatic adults with a strong with diabetes or asymptomatic adults with a strong 

I IIa IIb III

y p gy p g
family history of CHD or when previous risk assessment family history of CHD or when previous risk assessment 
testing suggests high risk of CHD, such as a coronary testing suggests high risk of CHD, such as a coronary 
artery calcium (CAC) score of 400 or greater. artery calcium (CAC) score of 400 or greater. artery calcium (CAC) score of 400 or greater. artery calcium (CAC) score of 400 or greater. 



SummarySummary
•• CHD is widespread and there is a significant CHD is widespread and there is a significant 

detection gapdetection gapg pg p
•• Clinical risk stratification tools alone may Clinical risk stratification tools alone may 

underestimate and misclassify riskunderestimate and misclassify riskyy
•• Coronary calcium scanning predicts CHD events, Coronary calcium scanning predicts CHD events, 

independent of and in addition to clinical risk independent of and in addition to clinical risk 
stratificationstratification

•• Best suited for intermediate and lowBest suited for intermediate and low--toto--
intermediate risk populationintermediate risk population

•• Absence of coronary calcium confers excellent Absence of coronary calcium confers excellent 
prognosisprognosis




