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Concept Statement:
For use in risk screening to 
refine a patient’s predicted 

risk of developing future CHD 
beyond that predicted by 
“standard” risk factors

Intent:
Match the intensity of 

intervention to the intensity of 
risk



Begin with the Assessment of Cardiac Risk Factors

Wilson et al.  Circulation 1998;97:1837

10 Year, Hard CHD 
Risk Ranges:

<10%- Low

10-20%- Intermediate

>20% High



The FRS has clinical utility, but classifies many 
middle-aged men and women as “intermediate 

risk”

• Focuses on 
modifiable risk 
factors

• Distinguishes 
high from low 
risk
– However, broad 

intermediate 
risk group
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Lifetime risk is the most 
relevant endpoint

• Framingham 
assessed RF over 
prolonged durations
– Changes in risk 

factors will induce 
changes in risk level

– \\\ \ Lifetime exposure 
of risk factors

• Framingham didn’t 
treat risk factors
– Risk equations do not 

account for treatment 
of RF

Lloyd-Jones. AJC 2004;94:20-24



How do we improve the 
mousetrap?

• Progressive but 
limited explanatory 
power of additional 
risk factors beyond 
FRS

• Is subclinical 
atherosclerosis the 
answer?
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• Focus: 
Intermediate 
risk group

• Greatest 
likelihood of 
therapeutic 
impact

• Use imaging to 
select for 
treatments 
guided by 
evidence based 
medicine

CHD 
equivalent

An abnormal imaging study should meaningful shift 
upwards a patient’s predicted CHD risk



Carotid Intima-Media Thickness

• Simple, office based 
technique

• Image: Moderate to 
severe thickening

• Max: 1.13 mm

• Mean: 0.90 mm



Portable Ultrasound for CIMT
•Devices:

•Frequency: broadband
•Newest device 13 MHz

•Cost: $40K +
•Includes quantitation 
package

•Specific advantages
•Noninvasive
•Smaller than a CT Scanner!
•No radiation exposure
•No incidental findings
•Low entry costs
•Understood by patients
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Higher Frequency Imaging 

7 MHz: 19958 MHz: 199910 MHz: 1999
13 MHz: 2005



Carotid Intima-media 
Thickness

•Far wall
•Acoustic shadowing in 
near wall

•Which site? 

•CCA most reproducible

•ICA/Bulb: more difficult

•Plaque more common

•Greater magnitude of 
change

•Measurement

•ABD or manual, 1cm 
length

•Easy- takes minutes

•Accurate- .0x mm

Mean CIMT 1.174 mm

Bulb
Lumen

Far wall IMT

Selection of end-diastolic images
Systolic expansion/IMT thinning



CIMT and Outcomes: Meta-analysis

Circulation .  2007;115:459-467

•Meta-analysis based on random effects models

•The age- and sex-adjusted overall estimates of the 
relative risk of myocardial infarction was 1.15 (95 % 
CI, 1.12 to 1.17) per 0.10-mm common carotid artery  
IMT difference. 

•The relationship between IMT and risk was 
nonlinear, but the linear models fitted relatively well 
for moderate to high IMT values.



Behavioral change: Potential 
within factorial trials

• Lausanne, Switzerland

• Randomized trial in smokers

• N=153

• Counseling ± imaging

• Smokers with plaque present 
and shown their images were 
6-fold more likely to quit 
smoking

• Absolute 22.2% quit rate

• NNT 6
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Prevention V Guidelines
Circulation 2000;101:e3-22

•Secondary prevention guidelines:

•Known CAD, and…

•CAD-equivalents: DM, 
ASPVD, Plaque burden

•Plaque burden measurement 
techniques:

•ABI, Carotid IMT

•EBCT, MRI
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Calcified Coronary Atherosclerosis
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Electron Beam CT Protocol
50-100-msec acquisition time
•35–40 continuous gapless slices of 1-3mm 
thickness
•130 kV, 65 mAs (fixed)
•ECG-triggered to 40-80% of the R-R interval
•Reconstruction 512 x 512 pixel matrix, 3mm slices

MDCT Protocol
Triggered-mode, prospective imaging
•0.625-mm collimation width x 64 detectors
•Gantry rotation speed - ~350 msec per rotation
•120 kV and 50 mAs (scalable)
•Reconstruction: Images of 2.5-3 mm thickness 
with the center of the temporal window 
corresponding to 70-80% of the R-R interval 
reconstructed with 2.5-mm spacing
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The “Calcium score”

•Originally developed with EBCT- subsequent MDCT

•High reproducibility, low radiation exposure

•Alternative scoring systems

– Volume scoring

– Mass scoring

ROI drawn

Measured parameters:
area=A; density=D

CAC score = SSSSA x D coefficient
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Radiation Exposure is Low
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• Higher with MDCT
• Relevant 

discussion point 
when utilized for 
widespread 
screening

• Very specific to 
method of:
– Triggered 

(prospective) vs. 
Gated 
(retrospective) 
imaging

– Tube current
– Slice number 

and thickness

Annual U.S. Nonmedical exposure
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•MESA

•Population sample

•N = 6110

•CAC scores lower, less 
prevalent in women

•Gender-specific , 
population distributions 
from MESA available at:

•www.mesa-
nhlbi.org

Circulation . 2006;113:30-37

Gender/Age/CAC  Distributions
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Following this meta-analysis, 4 additional 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
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•MESA study
•3601 women; mean age 60

•90% Low FRS

•CAC: >2%/yr event risk

Archives of Int Med. 2007;167:2437
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J Am Coll Cardiol 2007;49:1860–70

• Prognosis is excellent in 
setting of zero or very low 
CAC scores
– Little refinement possible?

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



• And the ACC’s 
2007 document…

• “The Committee judged that  it 
may be reasonable to consider 
use of CAC measurement in 
such patients based on available 
evidence that demonstrates 
incremental risk prediction 
information in this selected 
(intermediate risk) patient group. 
This conclusion is based on the 
possibility that such patients 
might be reclassified to a higher 
risk status based on high CAC 
score, and subsequent patient 
management may be modified.”



Grundy and NCEP et al, Circulation 2004;110:227-239 .

“In persons with multiple risk factors, high 
coronary calcium scores (eg., >75 th percentile for 

age and sex) denote advanced coronary 
atherosclerosis and provide a rationale for 

intensified LDL-lowering therapy.”



Does screening EBCT influence 
preventive medication use?

• 6 year follow up data in 
PACC

• Annual structured interview 
for med use with EHR 
confirmation

• Analysis controlling for 
NCEP variables and baseline 
med usage

• CAC was independently 
associated with a 
significantly higher likelihood 
of “ever use” of either
– Statin (OR 3.5; P < .001) 
– ASA (OR 3.0; P < .001)
– Both (OR 7; (P<.001)

Prevalence of Aspirin Use
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Appropriateness of Statin UseAppropriateness of Statin Use
• Initiation of statin medications during follow-up a ccording 

to baseline NCEP LDL-C goal status stratified by CA C 
categories
– N = 1520; 469 (30.9%) not at NCEP ATP3 LDL-C goal
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Anatomy of a CT Scanner
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A closer look…

XX--ray tuberay tube

CollimatorCollimator

DetectorDetector
ArrayArray
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What does “64 slice” mean?
• Number of detectors (channels) on which CT 

attenuation data is gathered
• Each is 0.625 mm in thickness

– Total “coverage” ~ 4 cm (64 x .625)
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Technical Advances in CT 
Technology

4 Slice 16 
Slice

64 
Slice

DS 64 
Slice

256 
Slice

Temporal
Resolution

250 ms 210 ms 165 ms 83 ms 135 msec

Spatial 
Resolution

1.25 mm 1 mm 0.4 mm 0.4mm 0.4mm

Volume 
Coverage

0.5 – 3 cm 1-2 cm 2-4 cm 2-4 cm Whole 
heart

Breath 
Hold

30-40 sec 20 sec 10 sec 5 sec 2 sec
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Multidetector CT- spiral 
mode

001011010101011001101100001110101010101010010
10

Reconstruction

CT data registered to the ECG 
to enable retrospective 
reconstruction of CT images 
specific to intervals of the 
cardiac cycle when coronary 
motion is minimal



• Effective dose for 
cardiac MSCT
� 16-slice CT: 6.4 ± 1.9 

� 64-slice CT: 11.0 ± 4.1

• 64-slice CT has a 
higher spatial and 
temporal resolution 
than 16-slice CT

Type of Scanner (16 vs. 64) 
Radiation Dose Estimates From Cardiac Multislice

Computed Tomography in Daily Practice
Impact of Different Scanning Protocols on Effective Dose Estimates

Circulation. 2006;113:1305-1310

“… The increase in spatial and temporal resolution 
with 64-slice CTA is associated with an increased 
radiation dose for coronary CTA. Dose-saving 
algorithms are very effective in reducing radiation 
exposure and should be used whenever possible.”



Coronary CT Angiography:

High resolution coronary 
visualization and stenosis detection



JACC. 2006;48;1896-1910

• Question: Summary test 
performance of cardiac CTA

• Key findings:
• 27 studies, 22,798 

segments, 2024 pts
• Prevalence of CAD: 63%

• 4.2% excluded 

• 64-slice
• Sensitivity 87%, 

Specificity 96%

• Why important?
• General accuracy understood

• Tech refinements

• Ushers in clinical test 
performance data

Accuracy: Meta-analysis
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• Outcomes after MDCT
– >50% stenosis

Min et al. J Am Coll Cardiol 2007;50:1161-70

•N = 1127- patients with symptoms

•70% with intermediate or high pretest probability

•Qualitative stenosis grading

•Endpoint: Death – by Social Security Death Index; not controlled for CAC score

85%---------------------------------------



Accuracy Summary

• Consistently high negative predictive value

• Often lower positive predictive value
• Usually limited to vessels > 1.5 or > 2.0 mm
• Motion, calcium can impair evaluability

•Caveats:

•Scans need to be expertly performed

•Focus on patient preparation/technique

•Experience in interpretation



Appropriateness Criteria
ACC/SCCT- Multi-society

•Consensus 
ratings on “clinical 
utility” in which 
balance of 
information favors 
performance of the 
test

•Informed by 
available evidence, 
and opinion

•Copy of this 
document in your 
supplemental 
materials



13 of 39 indications “appropriate’



Atherosclerosis Imaging 2009

• Spectrum from Asx to Symptomatic

•CIMT:

•Useful, office-based technique

•Continuous risk prediction

•CAC:

•Mainstream now!

•Strong incremental risk prediction

•CT angiography:

•For symptomatic patients- ongoing data evolution


