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Cardiac CT = Coronary CT Angiography



Cardiac CT also = Coronary Calcium Scan

• Calcium scoring method

– Agatston, Janowitz, Hildner, Zusmer, Viamonte, Detrano

Agatston AS et al. JACC 1990; 15:827-32

Preceded 

coronary CTA by 

10 years (1990)



Incremental predictive 

value of CACS

Arch Intern Med. 2004;164(12):1285-92 



From JACC 2007 consensus: CHD death or MI

• Higher CAC scores associated with higher event 

(CHD death or MI) rates and higher RR ratios

– High risk rate: 4.6%

– Very high risk rate: 7.1%
– (rates at 3-5 years)

Greenland P, Bonow RO, Brundage BH, et al. JACC 2007;49:378-402.



Following this meta-analysis, 4 more prospective studies

2-10X  risk

Greenland. JAMA 2004;291:210-215.

Guerci et al.  JACC 2005;46:158

Taylor et al, JACC 2005;46:807-814

Vliegenthart. Circulation 2005;112:572

South Bay Heart Watch: Middle aged, 

higher risk

St. Francis:  Middle aged

PACC Project: Aged 40-50, low risk

Rotterdam: Elderly

http://circ.ahajournals.org/content/vol112/issue4/images/large/19FF3.jpeg


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

All patients initially classified as 

intermediate risk (10-20% 10-yr risk) 

based on Framingham



J Am Coll Cardiol 2007;49:1860–70

• Prognosis is excellent in 

setting of zero or very low 

CAC scores

– …but not 0 when CACS=0

• Number of vessels involved 

is important

– Even with CAC < 100



The mortality rate associated with a CACS=0 is 0.87/1000 person-yr

44,052 asympto adults referred by risk ff; screening EBCT

Blaha M, Budoff MJ, Shaw LJ, et al. JACC Img 2009;2:692-700

Men Women



Meta-analysis of 71,595 asymptomatic adults

Mean f/u 4 yr

• 29,312 (41%) had CACS=0  0.47% had event

• 42,283 had CAC  4.14% had event

• RR ratio 0.15 [0.11-0.21, p<0.001]

Sarwar A, Shaw LJ, Shapiro MD, et al. JACC Img. 2009;2:675-88



Case Example

• 55 yr old man

• Total cholesterol: 170 mg/dL

• HDL cholesterol: 30 mg/dL

• Non-smoker

• Systolic BP: 133 mmHg (on medication)

• 10-yr Framingham risk: 10%



Case Example

• 55 yr old man

• 10-yr Framingham risk: 10%

• Agatston score:

– <100: No significant impact on CHD risk

– 100-400: 2-4x increase of CHD risk: high risk

– >400: 5-10x increased of CHD risk: high risk



2010 ACCF/AHA Guideline for 

Assessment of Cardiovascular Risk in 

Asymptomatic Adults

Developed in Collaboration with the American Society of Echocardiography, 
American 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



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

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

Persons at low risk (<6% 10-year risk) should 
not undergo CAC measurement for 
cardiovascular risk assessment. 

Recommendations for Calcium Scoring 
Methods

I IIa IIb III

I IIa IIb III

I IIa IIb III



In asymptomatic adults with diabetes, 40 years of 

age and older, measurement of CAC is reasonable 

for cardiovascular risk assessment. 

Measurement of hemoglobin A1C may be considered 

for cardiovascular risk assessment in asymptomatic 

adults with diabetes. 

Stress MPI may be considered for advanced 

cardiovascular risk assessment in asymptomatic 

adults with diabetes or when previous risk 

assessment testing suggests high risk of CHD, such as 

a CAC score of 400 or greater. 

Risk Assessment Considerations for 

Patients with Diabetes Mellitus

I IIa IIb III

I IIa IIb III

I IIa IIb III



Stress MPI may be considered for advanced 

cardiovascular risk assessment in asymptomatic adults 

with diabetes or asymptomatic adults with a strong 

family history of CHD or when previous risk assessment 

testing suggests high risk of CHD, such as a coronary 

artery calcium (CAC) score of 400 or greater. 

Stress MPI is not indicated for cardiovascular risk 

assessment in low- or intermediate-risk asymptomatic 

adults. (Exercise or pharmacologic stress MPI is a 

technology primarily used and studied for its role in 

advanced cardiac evaluation of symptoms suspected of 

representing CHD and/or estimation of prognosis in 

patients with known coronary artery disease.)

I IIa IIb III

Recommendations for Myocardial 
Perfusion Imaging

I IIa IIb III



What about coronary CTA?

• Currently used to identify or exclude stenosis in 

symptomatic patients

• Prognostic power in this role?

• Role in the asymptomatic individual?



421 patients with stable chest pain and positive SPECT  

(“intermediate risk“): 64 slice CT

78 Pt: Coronary angiography (50 revasc., 1MI, 1†)

343 Pt: Medical 

15 month FU: 6 Coronary Angiographies

1 Revascularization

Am J Cardiol 2007

R/o Stenoses in Symptomatic Patients
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2230 patients with suspected CAD

64 slice CT or DSCT

Cardiac Death, MI, unstable angina, 

revascularization > 90 days after CT

“Clean Coronaries“: 0% event rate/year

No stenosis: 0.3% event rate/year

Stenosis > 50%: 3.9% event rate/year

Stenosis > 75%: 4.2% event rate/year

Hadamitzky et al, Circ CV Imaging 2010

R/o Stenoses in Symptomatic Patients



486 acute chest pain patients in ER, low TIMI score

64 slice CT

84% discharged home after normal CT

No events in 30 days (vs. 7)

1 year (481 pts): 1 unclear death, no MI

Ann Emerg Med 2009

Acad Emerg Med 2009

R/o Stenoses in Symptomatic Patients



“Close to zero” event rate after ruling out 

coronary stenosis by CT in symptomatic 

patients

Stable Chest Pain

Hadamitzki et al, iJACC 2009

Lesser et al, Cath Card Interv 2007

Danciu et al, Am J Cardiol 2007

Schussler et al, Am J Cardiol 2009

Ostrom et al, JACC 2008

Abidov et al, J Nucl Cardiol 2009

Chow et al, JACC 2010

Acute Chest Pain

Rubinshtein et al, AJC 2007

Hollander et al, Ann Emerg Med 2009

R/o Stenoses in Symptomatic Patients



Chow et al,  JACC 2010

2076 Patients without known CAD

64-slice CT

2 years follow-up: Death, non-fatal MI (n = 47)

CT normal: 0.1%/year

Plaque: 0.5%/year

Stenosis: 2.7%/year

Non-stenotic Plaque?



Segment Involvement 

Score:

0 = no plaque

1 = plaque present

max. 16 for 16 segments

Min et al, JACC 2007

>5 Segments

≤ 5 segments

Non-stenotic Plaque?



2538 pts. ,  EBT-CTA. 12 years f/u („survival“).

Ostrom et al, JACC 2008

Non-stenotic Plaque?



Non-stenotic Plaque?

J Am Coll Cardiol 2011

Meta Analysis: 9952 symptomatic patients 20 months f/u – Death, MI, Revasc.

- LR= 0.008 (strong)  but  + LR =1.7 (weak)



CONFIRM: Obstructive and Non-

Obstructive CAD Predict Mortality
23,854 patients, clinical cor CTA, mean follow-up 2.3 yr

• Hazard Ratios for Death 

(compared to pts with No 

CAD):
– Obstructive dz: 2.6

– Non-obstr dz: 1.6 (1.2-2.2)



CONFIRM Registry of Cor CTA

“Dose-Response relationship”

• HR for death related to 

number of diseased vessels:

– 0 (non-obstr CAD): 1.62

– 1 vessel: 2.00

– 2 vessel: 2.92

– 3 vessel or LM: 3.70



Non-stenotic Plaque?

J Am Coll Cardiol 2011

Meta Analysis: 9952 symptomatc patients 20 months f/u – Death, MI, Revasc.

- LR= 0,008 (strong)

+ LR =1.7 (weak)



Low event rates overall.

Very low event rates in patients without stenoses, 

but plaque in CT indicates somewhat elevated risk

Plaque seemingly has to be rather extensive 

(3 vessels, 5 segments)

Non-stenotic Plaque?



Some plaque features seem to indicate especially high risk:

Low density, positive remodeling

Non-stenotic Plaque?



1039 symptomatic patients

10037 coronary 

segments > 2 mm 

Positive remodeling?

Low attenuation (< 30 HU)?

Motoyama, JACC 2009

Non-stenotic Plaque?



Asymptomatic Individuals?

451 asymptomatc individuals.

229 (54%) had nonobstructive plaque

107 (24%) had obstructive disease

28 months follow up:  2 cases of unstable angina

8 cases of revascularization for stable angina

2 pts, unstable angina

8 pts, PCI for stable angina

Am J Cardiol  2010
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Asymptomatic Individuals?

In truly asymptomatic individuals, overall event rates are very low.

Contribution of coronary CT angiography as a “screening“is 

questionable.



Appropriateness Criteria



Appropriateness Criteria



Appropriateness Criteria



Summary

• Coronary calcium scanning predicts CHD events, 
independent of and in addition to clinical risk 
stratification

• Best suited for intermediate and low-to-intermediate 
risk population

• Absence of coronary calcium confers excellent 
prognosis

• In symptomatic individuals, absence of plaque 
associated with excellent outcome…

• …and absence of stenosis associated with good 
outcome…

• …but in asymptomatic individuals, the role of coronary 
CTA for risk stratification (over CACS) remains unclear


