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Risk Informed Management
with Coronary CT Angiography:

What does a normal or an abnormal CT angiogram mean ?



Typical anginal pain
History of premature CHD
No other risk factors
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1. ECG stress test
2. Nuclear stress test
3. Coronary CT angiogram
4. Invasive coronary angiogram
5. None of the above
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Ellestad MH. Stress Testing: Principles and Practice  5th Ed 2003 ; pp. 277.
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Sensitivity
LR(+)=    -------------------------

1- Specificity

1- Sensitivity
LR(-)= --------------------------

Specificity

Post test probability of Disease (i.e., CAD) is a function of 

1) The pre-test odds or probability

2) The probability or likelihood that the test provided a true 
result (or Likelihood Ratio).
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Fagan TJ Nomogram for Bayes’ Theorem. NEJM 1975; 293:257.
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Test Sensitivity Specificity +LR -LR

Exercise ECG treadmill 1 68% 77% 2.9 0.42

Exercise Echo 2 86% 81% 4.5 .17

Pharmacologic Echo 2 ~85% ~85% 5.7 .18

Exercise MPS 3 87% 73% 3.2 .18

Pharmacologic MPS 3 89% 75% 3.6 .28

Cardiac CTA 4 95% 83% 5.6 0.06
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Test Sensitivity Specificity +LR -LR

Exercise ECG treadmill 1 68% 77% 2.9 0.42

Exercise Echo 2 86% 81% 4.5 .17

Pharmacologic Echo 2 ~85% ~85% 5.7 .18
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13:45 minutes Bruce protocol

Peak heart rate 195 (102% MPH)
Developed CP 

Reason for termination:  general fatigue
ST-segment depression, inferior

Duke treadmill score:  4-5 (low-intermediate risk)
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Short axis – STRESS

Short axis – REST

Vertical axis – STRESS

Vertical axis – REST

Horizontal axis – STRESS

Horizontal axis – REST

(apex � base)

(septum � lateral wall)

(inferior wall � anterior wall)
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LAD LCX
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RCA Diag1



Diag1
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RCA
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Stenosis severity.
Plaque location?
Plaque composition?
Plaque distribution?
Plaque remodeling?
Overall plaque burden?



PLAQUE 
SEVERITY

PLAQUE COMPOSITION/ 
REMODELING

PLAQUE LOCATION/ 
DISTRIBUTION

OVERALL PLAQUE BURDEN



Composite endpoints
– MACE: Angina, MI, Hospitalization, TVR

Hard endpoints
– Death

Surrogate endpoints
– Other measures of adverse CV prognosis
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Cardiac-related death

Target vessel revascularizationNon-fatal myocardial infarction
MDCT

16 month 
outcomes

Unstable angina requiring hospitalization
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Pundziute G et al.  J Am Coll Cardiol. 2007;49:62-70. 
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Segments with plaques HR 1.3, p=0.0005
Segments with obstructive plaques, HR 1.8, p<0.0001
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Pundziute G et al.  J Am Coll Cardiol. 2007;49:62-70. 
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*p<0.01

Pundziute G et al.  J Am Coll Cardiol. 2007;49:62-70. 
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33 events:  1 death, 3 NSTEMI, 4 UA (1 TVR), 24 TVR, 7 CABG 
[7 repeat events]
Conclusion:  MDCT is prognostically valuable , largely from 
need for target vessel revascularization

Pundziute G et al.  J Am Coll Cardiol. 2007;49:62-70. 

All Events Hard Events



))�1�&����1)('���	
����
��))�1�&����1)('���	
����
��))�1�&����1)('���	
����
��))�1�&����1)('���	
����
��
/����
���'�4.����
���
�'�������
��&�		��/����
���'�4.����
���
�'�������
��&�		��/����
���'�4.����
���
�'�������
��&�		��/����
���'�4.����
���
�'�������
��&�		��� ������&����1)(;���&����1)(;���&����1)(;���&����1)(;

Min, unpublished

*MACE = death, non- fatal MI, unstable angina, TVR
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Min, unpublished
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p<0.01

P=0.008

*MACE = death, non- fatal MI, unstable angina, TVR
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DEATHMDCT

15 month 
outcomes
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Min et al. JACC 2007



Time to Follow-up (Years)
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� 2=44, p<0.0001

R-A p<0.001 (controlling for risk factors + chest pain). 

<50% Stenosis (n=724)
1 Vessel (n=144), p=0.94

2 Vessel (n=63), p=0.004

Left Main � 50% (n=106), p<0.0001

3 Vessel (n=90), p=0.001
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CCTA for Prognostic Risk Assessment:
By number of vessels with � 70% Stenosis (n=1127)

Min et al. JACC 2007



Duke CAD Prognostic Index
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� 2=51, p<0.0001

R-A  p<0.0001 (adjusting for risk favtors, chest pain, + dyspnea).,Mild (30%-49%), Mod. (50%-
69%), & Severe (� 70%).

<50% Stenosis  (n=422)
� 2 Mild w 1 Prox. (n=64), p=0.192

3 Severe or 2 Severe w Prox. LAD (n=86), 
p=0.001

� 50% Left Main (n=106), p<0.0001

2 Mod. or 1 Severe (n=101), p=0.013
3 Mod. or 2 Severe or � 70% prox. LAD 
(n=145), p=0.002

CCTA for Prognostic Risk Assessment:
By Duke Coronary Artery Jeopardy Score (n=1127)

1 Mod. (n=212), p=0.065

Min et al. JACC 2007
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CCTA for Prognostic Risk Assessment: CCTA for Prognostic Risk Assessment: 
Pooled Analysis (n=2,403)Pooled Analysis (n=2,403)
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97.3% 95.4% 93.1% 92.9% 89.7% 80.0%

*

*p<0.001

Ostrum, JACC 2008
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Low LK (<30%), INT LK (30% -69%) or High LK (>70%)
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Match:
30% Low LK

50% Intermediate LK
20% High LK

Annual Mortality for SPECT = 1.13%Annual Mortality for MDCT= 1.16%
p=0.9

Shaw LJ et al.  JCCT 2008



Annual Mortality by CCTA CAD vs. % Annual Mortality by CCTA CAD vs. % 
Ischemic Myocardium by SPECTIschemic Myocardium by SPECT
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Patients without CAD ��� � 98.3% Survival (0.3% death/year)

97.3% 95.4% 93.1% 92.9% 89.7% 80.0%

*

*p<0.001

Ostrum, JACC 2008
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P<0.001

Min, unpublished data
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Most Myocardial Infarctions Are Caused by 
Low-Grade Stenoses
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Falk E et al, Circulation, 1995.

4 out of  every 10individuals who develop a heart attack or sudden death from 
coronary artery disease have no prior warning or symptoms.



Plaque Morphology in Men with CAD w/ SCD
113 men: 59 acute thrombus; 54 severe narrowing by plaque without thrombosis (stable 

plaque). Thrombosis divided into 2 groups: 41 from rupture of a vulnerable plaque (a thin 
fibrous cap overlying a lipid-rich core); 18 result ing from the erosion of a fibrous plaque ri ch 

in smooth-muscle cells and proteoglycans.

Vermani NEJM

PLAQUE VOLUME
PLAQUE 

COMPOSITION
PLAQUE 

REMODELING

OBSTRUCTIVE VERSUS NON-OBSTRUCTIVE 
OVERSIMPLIFIES THE ‘AT-RISK’ PARADIGM



Extent and Direction of Arterial Remodeling in 
Stable Versus Unstable Coronary Syndromes

85 pts with ACS and 46 pts with stable coronary syn dromes studied by IVUS prior 
to PCI. Lesion site and proximal reference site ana lyzed.

Remodeling ratio (RR) = (EEMlesion)/(EEMprox). 
Positive remodeling:  RR >1.05; Negative remodeling: RR <0.95. 

ACS vs. Stable Angina:
1. Increased Plaque area

2. Increased EEM area

3. Positive Remodeling
Positive remodeling more frequent in 

unstable than in stable lesions
(51.8% versus 19.6%), whereas 
negative remodeling was more 
frequent in stable lesions (56.5% 
versus 31.8%) (P=0.001). 

Schoenhagen et al. Circulation 2000



Extent and Direction of Arterial Remodeling in 
Stable Versus Unstable Coronary Syndromes

85 pts with ACS and 46 pts with stable coronary syn dromes 

studied by IVUS prior to PCI. Lesion site and proxi mal reference

Schoenhagen et al. Circulation 2000

Compared with the 3 other morphology groups, echolu cent plaques 
were more frequent in the unstable than in the stab le angina group 

(19% versus 4%; P=0.02). 



Spotty Calcification in Culprit Plaques in AMI:
An IVUS Study

171 pts—61 AMI, 70 UAP, 47 SAP.  
Frequency and # of calcium deposits within arc <90º for all calcium deposits measured.

Ehara et al. Circulation 2003



Spotty Calcification Typifies Culprit Plaque in AMI

Haegawa et al. AHJ 2006

‡ Spotty calcification (SC) typifies AMI/UA
‡ Positive remodeling associated with SC
‡ Fibrofatty plaque associated with AMI/UA
‡ Extensive Ca2+ is NOT associated with AMI 
(Ca2+ � SAP)



Acute Myocardial Infarction:  
Plaque Morphology and Remodeling

73 pts with AMI studied for remodeling.  40 pts (55 %) showed PR;
18 pts (25%) showed NR.   Frequency of presence of calcification

higher in patients with positive remodeling (p<0.00 05).  
The most frequent “culprit plaque” was non-calcified  plaque with 

small “spotty” calcium (58%).

Haegawa et al. AHJ 2006





64-slice CCTA for Classification and Quantification  
of Plaque Volume in Proximal Coronary System

19 patients underwent 64-slice CCTA and IVUS in 36 vessels.  Vessels divided into 3mm 
sections, evaluated for correct detection of plaque .

Leber et al. JACC 2006

Non-calcified plaque: 54/65 (83%)
Mixed Plaque: 41/43 (94%)
Calcified Plaque: 41/43 (95%)



64-slice CCTA for Classification and 
Quantification of Plaque Volume

19 patients underwent 64-slice CCTA and IVUS in 36 vessels.  Vessels divided 
into 3mm sections, evaluated for correct detection of plaque.

Leber et al. JACC 2006

7/10 (70%) correct for “lipid pool”
27/30 (90%) correct for spotty calcification.

Plaque volume/vessel: r2=0.69, 
p<0.001

‡ Underestimate mixed and non-
calcified volumes (p=0.03)
‡ Overestimation (trend) of 
calcified plaque

Interobserver variability:
‡ Any plaque (kappa=0.75)
‡ Plaque volume (kappa=0.37)



Accuracy of CCTA (16-slice) to Identify and 
Differentiate Plaque Composition

58 vessels in 37 consecutive patients (33 male, 63± 8yrs) patients 
undergoing CCTA and IVUS, examined for accuracy of CCTA for detection 

of any plaque and plaque composition.
92% (484/525) atherosclerotic lesions correctly exc luded.

Leber et al. JACC 2004



Accuracy of CCTA to Identify and Differentiate 
Plaque Composition

Current generation CCTA can NOT differentiate effec tively between 
lipoid, fibrolipoid or fibrous plaque because HU de nsities overlap.

Leber et al. JACC 2004



Coronary Remodeling by CCTA
44 patients undergoing CCTA and ICA.  CSA measured for 

respective lesion and for reference segment proxima l to the lesion.  
‘Remodeling Index” = vessel area/ reference segment.

Results correlated to IVUS and ICA stenosis measure ments >50%.

Hoffman et al. JACC 2006



CCTA Characteristics of Coronary Lesions in ACS
38 pts with ACS and 33 pts with SAP prior to PCI, s tudied with 16- or 64-

detector row CCTA.  Coronary plaques evalauted for remodeling, 
consistency of non-calcified plaque (<30 HU vs. 30< NCP<150 HU), and 

spotty or large calcification.

Motoyama et al. AHJ 2006

Positive remodeling, NCP<30 HU and spotty 
calcification more frequent in culprit ACS lesions 

than SAP. 



CCTA Characteristics of Lesions in ACS

Motoyama et al. JACC 2006

Sensitivity 
(%)

Specificity 
(%)

PPV (%) NPV 
(%)

PR 87 88 89 85

NCP<30 79 91 91 79

Spotty Ca2+ 63 79 77 65

PR + NCP<30 74 93 93 76

PR + NCP<30 + Spotty Ca2+ 47 97 95 60

PR or NCP<30 92 85 89 90

PR or NCP<30 HU or spotty Ca2+ 100 67 78 100

When plaque is described by the presence of positive remodeling, 
NCP<30HU or spotty calcification, sensitivity to de tect culprit lesion 

100%.
When plaque is described by the absence of positive remodeling, NCP<30 

HU or spotty calcification, NPV 
100%.
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Thank you.





All-cause mortality
MACE
Short-term vs. long-term
Plaque composition
LV function
Costs
Markov model











Plaque matters (above and beyond stenosis 
severity)

– Plaque location
– Plaque distribution
– Plaque composition
– Plaque remodeling
– Overall Plaque burden

Risk-informed Management by CCTA
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Annual Mortality by CCTA CAD vs. % Annual Mortality by CCTA CAD vs. % 
Ischemic Myocardium by SPECTIschemic Myocardium by SPECT
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