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Duke Stress Perfusion Study
 Consecutive patients referred for elective 

diagnostic CAG with suspected CAD
 All patients with intermediate risk of CAD 

(no prior MI, known CAD)
 Exclusion: routine contraIxs to MRI 

or adenosine stress-testing

Accuracy of stress tests

Klem et al, JACC 2006



 Results
 100 patients enrolled
 76% had priori abnormal stress-test

: Nuclear (48%), Echo (21%), Treadmill (8%)

 53% had insignificant disease (<50% stenosis)
60% had insignificant disease (<70% stenosis)

Duke Stress Perfusion Study

Accuracy of stress tests

Klem et al, JACC 2006



 Morise and Duval  
 1,681 patients referred for exercise stress test
 Positive 436 patients underwent ICA (within 2 months of 

exercise stress test) for the first time
 62% had insignificant disease (<50% stenosis)

Am J Cardiol 1989

 Cecil et al 
 2,688 referred for thallium SPECT
 Positive 471 pts underwent ICA (within 3 months of SPECT) 

for the first time
 58% had insignificant disease (<50% stenosis)
 65% had insignificant disease (<70% stenosis)

J Clin Epidemiol 1996
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Another Functional Test?

Two Issues

 Accuracy of stress-tests
Do literature reflect reality?



Biased Populations: 
Pre/Post-test referral bias

 Appropriate population are those with 
intermediate risk of CAD 
(i.e. exclude known prior MI, known prior CAD)

 Intermediate risk population?
 Pre-test referral (“spectrum”) bias
 Post-test referral (“work-up”) bias

Ransahaff et al, NEJM 1978

Rozanski et al, NEJM 1983

“ Sickest of the sick VS. the wellest of the well”



 Meta-analysis, 56 publications on exercise thallium scintigraphy
(1977 to 1986)

 6,083 patients with catheterization correlation
 Multivariable analysis: “ the % of patients with prior MI (in each 

individual study) had the highest correlation with test 
sensitivity (0.45, P<0.001)”

 Without vs. With MI: sensitivity, 17% lower

“Reported sensitivity of thallium scintigraphy is higher than 
that expected in clinical practice because of the presence of the 
inappropriate inclusion of post-infarct patients”

Detrano et al., Am J Med 1988

Biased Populations: 
Pre-test referral (spectrum) bias



Biased populations:
Post-test referral bias

 Post-test referral (“work-up”) bias
- Extreme case: 
..once the test used as the absolute “gate-keeper” to ICA

“If only positive test responders sent to ICA, 
100% sensitivity, 0% specificity..
even if the test in question had a true sensitivity of 90% 
and a true specificity of 90%... because only positive test 
responders are catheterized”

Ransohoff, NEJM 1978



Although exercise radionuclide ventriculography was 
initially reported to be a highly specific test for CAD, 

later studies reported a high false-positive rate. Why? 

Study Period

Early Period
(1978-1979)

Recent Period
(1980-1982) P-Value

Angiographically Normal Patients 32 45

Normal response rate 94% (EF)
84% (WM)

49% (EF)
36% (WM) <0.001

Probability of CAD before testing 7% 38% <0.001

Radionucleotide imaging 
before CAG 22% 78% <0.001

Abnormal results 6% 55% <0.001

Rozanski et al, NEJM 1983

2 factors are responsible for the temporal decline in specificity: 
 a change in the population being tested (pre-test referral bias) 
 a preferential selection of patients with a positive test response for CAG          
(post-test referral bias)



Post-test referral (“work-up”) bias: Solutions
 Have patients with negative stress test get 

catheterization
 Correction algorithms

 Assumption: Predictive values are constant for the 
catheterized and general population, thus the 
sensitivity and specificity can be corrected by knowing 
the proportion of abnormal SPECT test
 Diamond method
 Begg & Greenes method 

Am J Cardiol 1986

Biometrics 1983

Biased populations:
Posttest referral bias



Biased populations:
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Non-invasive test before & after 
adjustment for referral bias 

 3/52 (6%) corrected for post-test referral bias
 2 studies excluded prior MI, known CAD, and corrected for 

posttest referral bias 
Miller et al. Am J Med 2002; Cecil et al., J Clin Epidemiol 1994



Noninvasive test before & after 
adjustment for referral bias 
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Another Functional Test ?
Summary

 Myocardial stress imaging
 High rate of ICA with insignificant CAD
 Accuracy of stress testing in appropriate population 

(intermediate pretest probability and after correction 
for posttest referral bias) is lower than literature 
summaries

Non-invasive functional test: Not enough! 



Then… 
What Test Should We Count On?



Inherent Relationship between 
Lumen and Flow

Gould KL. Circ. Res. 1985



Inherent Relationship between 
Lumen and Flow

Flow is predominantly determined 
by the smallest cross-sectional area

in the coronary bed: the Minimal Luminal Area (MLA)..



We can measure the lumen
in non-invasive manner

 If we can measure the lumen, we can 
predict physiology!

 MLD: % DS
(2D concept, XA)

 MLA: % area stenosis
(IVUS, CCTA)



Diagnostic Performance of CCTA
Diagnosis of obstructive CAD 
compared to other modalities



Prognostic Value of CCTA
KM Survival by Per-Vessel Obstructive CAD



예후 confirm data

Min JK, et al, ACC 2011

Prognostic Value of CCTA applies to 
individuals with mild CAD



Cost & clinical outcome of CCTA 
compared to functional study

Multi-center study of 142,535 patients undergoing 

CCTA vs. MPS: Cost and clinical outcomes
Min JK, et al, AJC 2008



CCTA: Greater rates of 
medications for primary 

prevention of CAD events

Cost & clinical outcome of CCTA 
compared to functional study

Min JK, et al, ACC 2011
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Cost & clinical outcome of CCTA 
compared to functional study

Min JK, et al, ACC 2011



Raff et al. JACC 2011

CT STAT Trial: 
Efficiency, Cost, and Safety in Acute Chest Pain



Raff et al. JACC 2011

CT STAT Trial
Study outcomes: Efficiency, Cost, and Safety



CCTA
Refining Risk Prediction Through 

Plaque   Imaging: 

Plaque Quantitation



Plaque quantifitation: Volume



Plaque Characterization by CCTA

Shmilovich et al. J Nucl Med. 2010



Plaque Characterization by CCTA

Shmilovich et al. J Nucl Med. 2010

revTPD: reversible total perfusion defect
APC: Adverse plaque characteristics



Beyond anatomic imaging 
through anatomic imaging

Computational Flow Dynamics



ase#1: LAD (Equivocal CCTA, Positive cFFR)





Summary
Functional test has limitations:
• High rate of invasive angiography with insignificant 

CAD
• Accuracy of stress testing in appropriate population is 

lower than literature summaries
Anatomic test with CCTA

• High diagnostic performance for detection and 
exclusion of angiographically-obstructive CAD

• Significant improvements in CT technology enhance 
diagnostic performance and prediction of prognosis.


