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Angiographic Complete Revascularization (CR)
1914 Angina MVD (1400 PCI, 514 CABG) in AMC
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Ischemia-guided PCIl using SPECT in AMC
MACCE for 5 Years
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Ischemia-guided Revascularization
for appropriate use of PCl and optimized outcomes

Paradigm Has Already Shifted to Ischemia-
Guided Functional Approach
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What is the best tool to detect
Ischemic lesion and vessel ?

® Noninvasive method

= SPECT Relatively high F(-) rate in multivessel and LM disease
PET due to the balanced ischemia, low spatial resolution

- MRI
- CT

® Invasive method
- FFR



Fractional Flow Reserve

® The best modality so far
to detect ischemic lesions.
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CT-based Ischemia Diagnosis

Computational fluid dynamics simulation

Dynamic perfusion

CT Perfusion (CTP)

v’ Direct view of myocardium v No additional scan

v' Easy to perform v No requirement of adenosine
v No special software

v" Indirect view of ischemia
v Need supercomputer
v"No information on perfusion.

v’ Radiation dose concern
(two scans; stress + rest)
v Requirement of adenosine




Published Data about CT Perfusion

Institution

MGH

Johns Hopkins

Monash H
(Australia)

Centro H.
(Portugal)

Grosshadern
(Germany)

MUSC
(South Carolina)

Mount Alvernia H.

(Singapore)
Cedars-Sinai, LA

Korea
(Kunkook U.)

Innsbruck
(Austria)

Year

2009
2010

2009
2012

2012
2012
2013
2012
2010
2012
2011
2010

2011

2012

Pts

33
35

27
50

42
40
101
36
10
20
35
30

41

39

Sens /
Spec (%)

94 /74
91/91

81/85
72191

91/72
95/87

55/ 95 (CTP)
71/90 (CTP/CTA)
93 /87
86 /98
86 /98
83/78
92 /86

91/72

96 /95

Ref.

QCA/SPECT
QCA

QCA/SPECT
QCA/SPECT

FFR
FFR
FFR
FFR
MR

MRI/SPECT

SPECT
SPECT

MRI

MRI/QCA

CT

64 DSCT
(Siemens), Static

64 ch, 320 ch
(Toshiba), Static

320 ch, Static
(Toshiba)

64 ch, single source
(Siemens), Static

128 DSCT, Dynamic
(Siemens)

128 DSCT, Dynamic
(Siemens)

128 DSCT, Dynamic
(Siemens)

64 DSCT
(Siemens), Static

64 DSCT-DE mode
(Siemens), Static

128 DSCT-FLASH mode
(Siemens)



CTP Protocol in AMC

25 minutes
using second-generation dual-source 126 ch. CT

10 min. interval

Scan 4 min. 30 sec Retrospective 2 min. Retrospective
range ECG-gating before ECG-gating

Option Option
1. Static perfusion 1. Retrospective mode
2. Dynamic perfusion 2. Prospective mode

3. High-pitch mode



Radiation Dose
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Visual Analysis of CTP

® Diagnostic indicator of myocardial ischemia
* Low density lesion conforming coronary territory

* Persistent lesion on cine image at systole and diastole
* DDx) Transient motion or beam-hardening artifact




Quantitative Analysis

® Using customized software

e C(Classification of whole myocardium into 16 segments
and three layers

® Evaluation parameters
e CTdensity on stress/rest CT
* Densityg. / Density,., HU
* Transmural perfusion ratio (TPR)
* Density,ngocardial DENSItYepicardial

* Myocardial perfusion reserve index (MPRI),%
* (Density .. — Density,.)/Density,., X 100




CTP Analysis in AMC

Enrolled patients, 197 patients

CT perfusion (CTP, defect) + CT angiography (CTA, > 50% DS)

CTA ()
CTP (-)
(102 patients)

CTA ()
CTP (+)
(5 patients)

CTA (1)
CTP (-)
(25 patients)

CTA (+)
CTP (+)
(65 patients)

Intentional
follow-up
(96 patients)

CAG and FFR

(75 patients)

No CAG and
follow-up
(26 patients)




Measurement of FFR

Of the 225 vessel territories,

DS > 90% Not
23%, available Measured
Considered 7% 40%
FFR+

DS < 20%
30%,
Considered
S



Statistical Analysis

® Per-vessel-territory analysis to compare CTP
with FFR

® Kappa statistics to measure the degree of
agreement between a certain diagnostic modality
and FFR

® McNemar test to compare the diagnostic
performance between each modality

® AUC of ROC curve to find best cut-off value for
each quantitative parameter of CTP



Baseline Clinical Characteristics

Patients

Age, yr

Male gender

BMI, kg/m?
Diabetes
Hyperlipidemia
Hypertension
Family history
Current smoking
Typical chest pain

Pre-test probability of CAD
Low (< 10%)
Intermediate (10-90%)
High (>90%)

N=75

63.1+10.3
126 (64)

25.7 + 3.1
44 (22)
31 (16)
98 (50)
12 (6)
31 (16)
94 (48)

3(2)
107 (54)
87 (44)



Per-vessel Visual Assessment

Sensitivity,%
Specificity,%
PPV, %

NPV,%

Kappa statistic

Accuracy

CTA,

DS 2 50%
Value 95% CI

ole 94, 100
73 65, 81
72 63, 80
99 94, 100

0.68 0.59, 0.78

34

CTP,
perfusion defect
Value 95% Cl
80 70, 88
o5 90, 98
92 83, 97
87 81, 92
0.77 0.68, 0.86

89

QCA,
DS 2 50%
Value 95% Cl
86 76, 92
01 84, 95
887 78, 93
90 83, 94
0.77  0.69,0.86
88



Visual Assessment: CTP or CTA

CTP CTAor CTP

Values Value 95% ClI
Sensitivity, % 80 100 96, 100
Specificity,% 95 73 64, 80
PPV, % 92 71 63, 80
NI AVAY) 87 100 96, 100
Kappa statistic 0.77 0.68 0.59, 0.78

Accuracy 389 33



Subgroups

High calcium

All patients S Multivessel
(N=210) (N=63) (N=54)

Per vessel Sensitivity ~ Specificity ~ Sensitivity ~ Specificity ~ Sensitivity  Specificity
CTP 80 95 85 100 76 91
CTA 99 73 100 20 100 45
CTP or CTA 100 73 100 50 100 45
CTP and CTA 90 89 94 87 89 82

QCA 86 91 87 83 84 /3
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Quantitative Assessment

AUC Cut Off Sensitivity Specificity

TPR 0.759 0.98 75 /1
Density, e 0.687 102.1 77 56
Density, . 0.559 113.9 65 ol
MPRI 0.691 -4.0 67 62
eSS oe -6 7o
Integration of qualitative and 0.878 ) 39 73

guantitative results



Quantitative Assessment: Multivessel

N=20 AUC Cut Off Sensitivity Specificity
TPR 0.7209 0.97 /1 67/
Densityqss 0.6260  113.56 59 67/
Density, ., 0.6423  109.19 51 67
MPRI 0.6243 5 73 o6
eSS o e T8
Integration of qualitative and 0.8266 ) 31 39

guantitative results
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Conclusions

CTP showed a good diagnostic accuracy for detection of
myocardial ischemia.

Diagnostic accuracy of CTP in localizing ischemic territory
was preserved In patients with high calcium score but
relatively decreased in those with multivessel diasease.

Quantitative analysis did not show superior accuracy than
visual assessment.

Integrated interpretation using qualitative and quantitative
analysis may provide a better diagnostic accuracy.

Creation of a diagnosis algorhythm based on qualitative and
guantitative measurement and its validation are required Iin
future studies.



25 Korean Multicenters CTP Research Group

PERFUSE Registry and RCT

Patients with typical chest pain but no acute MI (<7 days)

Coronary CTP with CTA

Screening or
Randomization failure « De novo stenosis > 70% OR
I Perfusion defect

1:1 Stratified by
> 600 pts _ « Number of diseased vs
already recruited _ . Sites

FFR-guided

group
(N=500)

CTP-guided

group
(N=500)

Medication FFR-guided PCI CTP-guided PCI Medication




