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X-Ray tube rotates-  multiple detectors capture x-rays, 
computers reconstruct density and position

Pixels displayed as range of :

white (bone)

gray (soft tissue) 

black (air)

Overview: CT Basics
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CT “Area Detector” 
Technology

• Wide area detector - acquires a large slab 
of data at one time

• Large array of many small detectors

• Lots of slices per rotation

• Can scan one whole organ in one or two 
rotations of tube

• New applications (CCTA)
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Philips iCT
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Philips iCT
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Philips iCT

• 128 or 256 slice wide area detector

• Fastest scanner currently available

• rotation time = 0.27 sec (270 msec)

• High Power X-Ray tube

• Better imaging of large patients

• New, innovative dose-reduction strategies
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256 Slice Coronary CTA

Wednesday, April 6, 2011



• Dose ~ 4 mSv 

• cath = 5-10 mSv, 64-slice 

• CCTA = 12-20 mSv

• 99Tc-sestamibi R/S Perf. Imaging = 15-20 mSv

• 201 Tl stress / redist. Perf Imaging = 25-40 mSv

• 40-60% reduction in contrast medium vs 64-slice

• Less susceptible to arrhythmia vs 64-slice

Initial 256 Slice CCTA 
Data

Weigold, et al.  Int J Cardiovasc Imaging 2009: 25:217-230
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256-CT: More Assessable 
Coronary Segments

• Klass, et al. Euro Radiol 2009

• 256-DCT yields more assessable 
segments(99%) vs 64-DCT (95%)

• 17% less IV contrast vs. 64-DCT

• Joshi, SB et al:  Am J Cardiol 2009

• CCTA stenosis correlates to IVUS, no correlation 
to cath angio
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Coronary and Cardiac CT 
Applications
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Coronary and Cardiac CT 
Applications

• Coronary Artery Calcium Scoring (CAC)

•  Coronary CTA (CCTA) 

• “Triple Rule-Out” CTA (TRO)
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Coronary Calcium 
Scoring (CAC)
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Why Care about Coronary 
Calcium?

• Cardiovascular Disease is an epidemic in 
the U.S. and around the world

• Often subclinical, until too late

• 40- 60% MI / sudden death occur as 
first events

• Can’t just screen for flow-limiting stenosis

• 70% acute events result from lesions 
not flow-limiting before event
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CAC:  Technique
• Prospective triggered, non-contrast, low-dose 

CT

• Define calcified plaque in coronary arteries 
(by density)

• “Scored”:

• Agatston: Ca++ pixels x weighting factor

• Volume: mm3

• Mass: mg 
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Utility of CAC

• CAC adds independent and incremental 
prognostic value for risk stratification over 
Framingham risk score-based strategy 
alone

• FRS does not account for Fam Hx and 
many components of metabolic syndrome

• Can upgrade or downgrade 10-yr risk 
stratification (TX implications)
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When is Calcium Scoring 
Appropriate?

ASYMPTOMATIC patients
ACCF / AHA Recommendations*

• Patients with intermediate 10-year risk 
(Framingham, etc.) for CAD (10-20%)  

• Low- Intermediate risk (6-20%)

• Diabetics >40

* Greenland P, et al. JACC 2010, e50-e103.

IIa, B

IIb, B

IIa, B
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Recent CAC Results
• Rotterdam Study* 

• 2040 pts >55 yo, followed for 10y

• intermediate 10 yr hard cardiac risk (10-20%) - 
Framingham

• CAC reclassified 52% to low (<50) or high 
(>615) 10-yr risk

*Elias-Smale SE, et al. JACC 2010;56:1407-14

• Heinz Nixdorf Recall Study**

• 4129 pts, 45-75 yo

• CAC <100 and >400 reclassified      ~ 20% of 
intermediate risk pts

**Erbel R, et al. JACC 2010;561397-406
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Recent CAC Results -2

• Long-term effect on cardiac function:

•  386 pts >75 yo, No hx MI

• Higher CAC: higher rate of RWMA and 
lower EF at 10 yr

• 2.2x increased RWMA for CAC > 100

Colletti P, et al. Radiology 2010:257(1):64-70
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Coronary CTA (CCTA)
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Coronary CTA:

• B- Blocker

• NTG

• Can be 

• Prospectively Triggered or 

• Retrospectively Gated

• Used for patients where CAD is the primary 
diagnostic concern clinically
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Prospective
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Retrospective Gating:
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Retrospective Gating:
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Triple Rule Out PE

DSX

Coronaries
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“Triple Rule Out” CTA
Primary goal of TRO CTA in the ED:
•To facilitate the safe, rapid discharge of patients judged to 
be at low to intermediate risk of acute coronary syndrome.

•The detection of noncoronary lesions that explain the presenting 
complaint is a major advantage vs. nuclear stress testing

•Most appropriate and cost-effective when there is a suspicion 
for acute coronary syndrome along with other diagnoses such as 
pulmonary embolism, acute aortic syndrome, or nonvascular 
disease in the thorax.
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Triple Rule Out: 
Patient Selection

Halpern E J Radiology 2009;252:332-345 
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Triple Rule Out: 
Technique

Halpern E J Radiology 2009;252:332-345 

Beta-blocker
NTG
Longer Acquisition
Larger FOV
A little more contrast
A little more radiation
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The RESULTS: 
High NPV for CCTA / TRO

!

Bastarrika, G., Y. S. Lee, et al. (2009). "CT of coronary artery disease." Radiology 253(2): 317‐338.
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Benefits:
CCTA in the ED

Halpern E. Radiology 2009; 25(2):332-45

• Step-and-shoot “Triple Rule Out” can 
eliminate need for further diagnostic testing 
in 75% ED patients w/ CP

• Saves number of tests, ED triage time, ED 
costs, radiation dose compared to standard 
Tx’s
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Benefits:
CCTA in the ED

• Shuman, et al.: 1 yr follow-up on 70 pts w/ 
neg (<50% stenosis) CCTA through ED

• No cardiac events at 12 months

• 49/70 unknown

• 9/70 GI

• 7/70 Anxiety

• 3/70 MSK

• 2/70 unknown

Shuman, et al. AJR 2010: 195:1923-1927
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Limitations of other 
imaging modalities

SENS (%) SPEC (%)

Stress Echo 79 87

Stress SPECT 88 73

Heijenbrok-Kal, et al:  Heart J 2007 vol. 154 (3) pp. 415-23
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CCTA Appropriateness
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Appropriateness for 
CCTA: 

New Guidelines 2010

Score 7 to 9 

Appropriate test for specific indication 

Score 4 to 6 

Uncertain for specific indication (test may be 
generally acceptable and may be a reasonable 
approach for the indication). 

May need more research
Score 1 to 3 

Inappropriate test for specific indication 

Previous: Hendel RC, et al. JACC 2006 48(7): 1475-97

Taylor AJ, et al. Circulation 2010 vol. 122 (21) pp. e525-55
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Symptomatic 
Patients

Taylor AJ, et al. Circulation 
2010 vol. 122 (21) pp. 

e525-55
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Detection of 
CAD in other 

scenarios

Taylor AJ, et al. Circulation 
2010 vol. 122 (21) pp. 

e525-55

Wednesday, April 6, 2011



Detection of 
CAD in other 

scenarios

Taylor AJ, et al. Circulation 
2010 vol. 122 (21) pp. 

e525-55

Wednesday, April 6, 2011



Detection of 
CAD in other 

scenarios

Taylor AJ, et al. Circulation 
2010 vol. 122 (21) pp. 

e525-55

Wednesday, April 6, 2011



Detection of 
CAD in other 

scenarios

Taylor AJ, et al. Circulation 
2010 vol. 122 (21) pp. 

e525-55

Wednesday, April 6, 2011



Cardiac 
Structure and 

Function
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Example Cases
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Example:  Acute CP

CCTA
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Example:  Acute CP

CCTA
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Example:  Acute CP

CCTA
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Example: “Malignant” Coronary Anomaly
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Example:  “Benign” Coronary Anomaly
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Example:  “Benign” Coronary Anomaly
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Example:  “Benign” Coronary Anomaly
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Example: Cardiac Tumor
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Example: Cardiac Tumor

LA Myxoma
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FAQ: CAC

• What does the Calcium Score mean?

• What should one do with a calcium score 
of  ___?
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Calcium Scores mean:

• An independent and incremental prognostic 
value for risk stratification over 
Framingham risk score-based strategy 
alone

• If there is calcium, by definition there is 
CAD

• Potential refinement up or down of 10-yr 
risk stratification
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What is risk of significant coronary 
stenosis at cath depending on CAC?

• Budoff (2002): 1851 Symptomatic patients

• Range of CAC = 0 (21%) to 6649 

• Mean 380, median 116

• 53% had obstructive disease (>50%) at cath 

• Overall: sens = 96%  spec = 40%

• If CAC > 100:  sens = 76%  spec = 75%

Budoff MJ, et al.Circulation. 2002;105:1791-1796
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Stenosis in patients with high CAC 
(MESA data)

• Had cath: CAC 528 +772

• Non-sig dz:  43%

• 1 vessel dz:  23%

• 2 vessel dz:  14%

• 3 v / LM dz:  20%

• No Cath: CAC 136 +399

Boaz et al. JACC Img, 2009; 2:1175-1183

Wednesday, April 6, 2011



Hard Cardiac Event 
Risk

% 
patients

CAC
Hazard Ratio 
for Cardiac 

Event 

Annual 
Incidence (% 

per yr)

50 0 1 0.1

25 1-100 4 0.6

12 101-300 8 1.5

13 >300 10 3

Detrano AD, et al. N Engl J Med 2008, pp. 1336–1345
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ALL CAUSE 10 yr. 
mortality

CAC SCORE 10 yr All Cause Mortality (%)

0 1 .0

1 - 10 2.0

>10 9.0

~ 44,000 patients
* 45% patients had CAC = 0

Blaha, et al.J Am Coll Cardiol Img 
(2009), pp. 692–700
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“Negative” Calcium Score

Shareghi et SCCT 2007:

• ~ 35000 patients

• if CAC=0, annual event rate = 0.027%

Shareghi N, et al. J Cardiovasc Comput Tomogr 
(2007), pp. 155–159
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FAQ: CAC

• What does the Calcium Score mean?

• What should one do with a calcium score 
of  ___?
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Management of CAC

CAC 10-yr risk stratification

0 very low

1-10 low

10-100 moderate

100-400 high

>400 very high
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FAQ - CCTA

• Do insurances cover CCTA?

• Why is CCTA a better test than CAC?

• Does CCTA take the place of a stress test? 
Does CCTA stress the heart?

• Can a primary care doctor order these, or 
is CCTA just for cardiologists?
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Insurance Coverage

• All major insurances including Medicare 
and Anthem cover CCTA

• For “appropriate” indications

• Few cover CAC (Witham discounts)
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CCTA vs. CAC

• CCTA: Usually SX patients

• Direct visualization of coronary artery 
lumen and wall

• Grade stenosis

• Problem-solving (MPI, echo, etc)

• CAC: Usually ASX pts

• Risk Stratification

Wednesday, April 6, 2011



• Do insurances cover CCTA?

• Why is CCTA a better test than CAC?

• Does CCTA take the place of a stress test? 
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is CCTA just for cardiologists?
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CCTA - Stress

• NO pharamacolgic stress (future direction)

• Complementary to MPI

• Problem-solving for equivocal MPI / stress 
tests
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CCTA in patients w/ Stress Imaging:
2010 Consensus Appropriateness

• Normal ECG Stress Test w/ continued Sx

• Duke Treadmill Score - Intermediate risk

• Discordant stress ECG and imaging findings

• Stress Imaging results = equivocal

• Stress Imaging normal, but new or worsening 
Sx

Taylor AJ, et al. Circulation 2010 vol. 122 (21) pp. e525-55
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Ordering Questions

• ANY medical specialty can order CCTA

• Use Appropriate Indications (printed info)

• Call / email us

• 765-485-8374 (Witham Reading Room)

• xraydoc97@yahoo.com
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Conclusions

CAC can help refine FRS classification for 
patients, especially those at intermediate risk 

Coronary CTA is a robust technique for 
selected ED and outpatients at low - 
intermediate risk by FRS

TRO exams can be ED problem- solvers 

CCTA can save time, decrease morbidity, and 
save resources while providing accurate 
diagnostic information to direct patient care.
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Thanks for your attention!!

Questions?
xraydoc97@yahoo.com

Handout: 
http://stanford.edu/~hallett
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