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Cardiac CT
v/

Coronary Calcium score
(CCS)
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Coronary Disease Progression

Calcified Plague Detected by
non-contrast CT

Normal Early Lipid Internal |Calcified Calcified Vulnerable Rupture Thrombus Myocardial Stable
rich rupture |shell plaque infarction
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Inflamation and calcification
Scar development with calcification

>60% stenosis (+)
stress/imaging




Coronary Artery Calcium Scoring
(CACS)
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CACS Categories
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Age (45-84):

Gendar:

Race/Ethnicity: white

Dbserved Agatston Calcium Scone
61

Calculate

e estimated probability of a non-zero calcium score for a white male
of age 64 is T8 oG,

Percentiles and Calcium Scores for: white male of age 64

he observed calcium score of 61 is at percentile 50

or subjects of the same age, gender, and racef/ethnicity who are
ree of clinical cardiovascular disease and treated diabetes.

Chart 1: Percentiles




Calcium Score & Any Coronary Events:
MESA Study NEJM 2008;358:1336-45
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CAC Score - Risk Reclassification
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Shaw et al. Radiology 2003; 228:826-833



Comparison of Novel Risk Markers
for Improvement in Cardiovascular Risk
Assessment in Intermediate-Risk Individuals

Context Risk markers including coronary artery calcium, carotid intima-media thick-
ness, ankle-brachial index, brachial flow-mediated dilation, high-sensitivity C-

reactive protein (CRP), and family history of coronary heart disease (CHD) have beer
reported to improve on the Framingham Risk Score (FRS) for prediction of CHD, but
there are no direct comparisons of these markers for risk prediction in a single cohort.

Objective We compared improvement in prediction of incident CHD/
cardiovascular disease (CVD) of these 6 risk markers within intermediate-risk partici-
pants (FRS >5%-<20%) in the Multi-Ethnic Study of Atherosclerosis (MESA).

Cunclusmns Cﬂrnnawartery calleum ankle- bran:hlal index, high- sen5|tw|tyERP and

individuals. Coronary artery calcium provided superior discrimination and risk reclas-

sification compared with other risk markers.
JAMA. 2012:308(8):788-795




TABLE 2 Summary of 4 Major Guidelines and Expert Consensus
Documents on Use of Coronary Artery Calcium for Risk
Assessment in Asymptomatic Patients

Guideline fStat ement Summary of CT Recommendations

2013 ACCSAHA risk If, after quantitative risk assessment
assessment gquideline using traditional risk factors, a
risk-based treatment decision is
uncertain, CAC score may be
considerad to inform treatment

decision making. Class 1, Level of [N @] TV o] M@ e [ [ [

2016 European guidelines CAC scoring may be considerad as a
on CVD prevention risk mndifiar in CW risk aseacemant

Clacs Ib. Level of Evidence: B (5). Asym pfomqﬁc pqﬁe nis -

2017 expert consensus from  Jt is appropriate to perform CAC

the Sodety of testing in the context of shared
Cardiovascular Computed decision making for asymptomatic
Tomography individuals without clinical ASCVD U SA VS A E U ro pe
who are 40-75 years of age in the
59%-20% ten-year ASCVD risk
group and selectively in the <5%
ASCVD risk group, sudh as those
with a family history of premature
can o * X
2018 U.5. Preventive Services In asymptomatic adults, the current * *
Task Force draft guideline evidence is insufficient o assess * *
on nontraditional risk the balance of benefits and harmms
factors af adding CAC score to traditional * *

risk assessment for CWVD * * *

prevention. Class | (123).




The Multi-Ethnic Study of Atherosclerosis

MESA 10-Year CHD Risk with Coronary Artery Calcification Back to CAC Tools

1. Gender Male® Female

2. Age (45-85 years) 64 Years

3. Coronary Artery Calcification 175 Agatston

4. Race/Ethnicity Choose One

Caucasian
Chinese

African American
Hispanic

5. Diabetes Yes Noo
6. Currently Smoke Yes No©
7. Family History of Heart Attack Noo

(History in parents, siblings, or children)

8. Total Cholesterol 189 mg/dL 4 4.9 mmol/L

9. HDL Cholesterol 56 mg/dL mmol/L

or

10. Systolic Blood Pressure 15 mmHg kPa

or
11. Lipid Lowering Medication Yes Noo
12. Hypertension Medication Yes Noo

Calculate 10-year CHD risk

The estimated 10-year risk of a CHD event for a person with this risk factor profile including coronary calcium is
7.6%. The estimated 10-year risk of a CHD event for a person with this risk factor profile if we did not factor in their
coronary calcium score would be 4.7%.




Coronary Artery Calcium Score
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CENTRAL ILLUSTRATION: Proposed Decision-Making Approach to Selective
Use of Coronary Artery Calcium Measurement for Risk Prediction

Using 10-year ASCVD risk estimate plus coronary artery calcium (CAC) score to guide statin therapy

Patient's 10-year
atherosclerotic
cardiovascular
disease (ASCVD)
risk estimate:

>7.5-20%

Consulting ASCVD
risk estimate alone

Statin not
recommended

Consider
for statin

Recommend
statin

Recommend
statin

Consulting ASCVD
risk estimate + CAC

If CAC score =0

If CAC score >0

Statin not
recommended

Statin not
recommended

Statin not
recommended

Consider
for statin

Statin not
recommended

Recommend
statin

Recommend
statin

Recommend
statin

Does CAC
score modify
treatment plan?

X

CAC not effective
for this population

v/

CAC can reclassify
risk up or down

N

CAC can reclassify
risk up or down

X

CAC not effective
for this population

Greenland, P. et al. J Am Coll Cardiol

. 2018;72(4):434-47.




Coronary Disease Progression

Calcified Plague Detected by
non-contrast CT

Normal Early Lipid Internal |Caicified Calcified Vulnerable Rupture Thrombus Myocardial Stable
rich rupture |shell plaque infarction
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Inflamation and calcification
Scar development with calcification

Role of CCTA

>50-70% stenosis
Ischemia assessment



Cardiac CT Angiography

- What is CCTA

- Diagnostic performance

- Indications

- Stable vs. Acute Chest Pain / ED patients

- Limitations

- Radiation

- Future perspectives
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Retrospective (spiral)
VS.
Prospective



Retrospective reconstruction ECG-gated

Continuous helical acquisition

-

Table moves according to pitch and x-ray
beam on throughout cardiac cycle

P ——

—

P

Prospective ECG-gated

Step Shoot Step Shoot

7. ¥

i

Table steps forward
X-ray beam on

Source: Expert Rev Cardiovasc Ther © 2011 Expert Reviews Ltd




Prospective vs. Retrospective Gating

:Prospective Gating
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Patient preparation

Heart rate control - <65 bpm

1V line (large gauge 14 / 16 G), antecubital
Creatinine — GFR > 60ml/min

lodine allergy — steroid preparation

Prior lodine anaphylaxis — absolute Cl

- Asthma - steroid preparation

5PDE Inhibitors — 48 hours avoidance
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Coronary CTA
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CCTA Interpretation and Report

Coronary segmentation

AHA/ACC 17-segment model



Assessment of Stenosis

A) Noncalcified —_—

— ——
- -&

Severe
Severe
\

? \

(i)
B) “Mixed”

Severe
0 — normal
1-24% - mild

25-49 % - mild

50-69% - Moderate — > Ischemia testing

70-99% — Severe I i .
100% - Occlusion nvasive Angiography

C) Calicified




Adverse plaque features
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Spotty ring sign plague
calcification

The patients demonstrating plaques with adverse features were at a higher risk of ACS

developing over time when compared with patients having lesions without these characteristics.

Motoyama et al. JACC 2009



CCTA - Diagnostic Performance

Specificity
ACCURACY? % 3%

CORE-643
Meijboom ef al.*

Key: ACCLIRACY = Assassment by Coronary Computed Tomographic Angiography of Individuals Undergoing Irvasive Coronary
Angiography; CORE-64 = Coronary Artary Evaluation Using 64-Row Multi-detactor Computed Tomography Angiography;
MPY = negative pradictive value; PPV = positive predictive valus
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CT Angiography for the Prediction of
Hemodynamic Significance in
Intermediate and Severe Lesions

Head-to-Head Comparison With GQuantitative
Coronary Angiography Using Fractional Flow Reserve
as the Reference Standard

Mlatihew 1. Budolf, D * Ryo Makazato, MDD G B. Jawn Mlancind, MO, Heddi Gramsar, Pald, = Tomatheeom Ledpeabe, WO, <
Damiel] 5. Beymeam, MO Tanees B MEm, WO

Patients underwent coronary CTA and invasive coronary angiography (ICA)
with FFR in 407 lesions.

Stenosis severity according to coronary CTA and QCA were graded as

0% -29%, 30% -49%, 50% -69%, and 70% -100%

Stenosis >50% was considered anatomically obstructive.

Lesion-specific ischemia was defined according to FFR <0.8




FIGURE 1 Per-Patient Diagnastic Performance of Both Candiac €T Scans and

asive Angiography QCA and coronary CTA had

similar correlation and predictive

accuracy for ischemia

Speciticity

COoca ECT

Bary iy D=3 15, clesrrtan St rabed SSmiler disgnostic soairssy for debeating Sohe mis-cmsing Esions
by FFR. OT — ooamputed tomsograpin: FIFR — fractional flosy neseces: MNPV — negative
predactive vallie: PPV — positiee predictive valie: (CA — qusn titative Oonarnary

& g ey rapE .

Conclusions:

Coronary CTA, applied instead of ICA, provides similar diagnostic accuracy for

detection and exclusion of lesion-specific ischemia.

This has potential for coronary CTA largely replacing ICA for diagnosing

obstructive coronary artery disease in low and intermediate risk patients




Detection of Significant Coronary Artery Disease by
Noninvasive Anatomical and Functional Imaging

Ptiont vl g, oot i e gyl yemphemmn 475 patients with stable CP,
d
g Nimical evaluation and enrolment Intermediate likelihood of CAD,
underwent CCTA, stress MPI by

e T SPECT or PET and ventricular

Sigmed infiormmed con sent
MNon-imasive fimabiomal imaging by
Sitress SPECT or PET andfor

Stomas Behocardiograghy o CMI wall motion imaging by stress echo

/\ or CMR.
| At lemst one non invasive imaging positive

AR mom imvasive s ging negative | ~ If at least 1 test was abnormal, the

Invmsive Coromary Ang ography
*

FFR if 30-70% stenoni patients underwent ICA and FFR.

—

-

Trestment
aooonding toclinical jud gment

mﬂ.l'mmp | Circ Cardiovasc Imaging. 2015;8
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CCTA had the highest diagnostic
accuracy for significant CAD
BSENSIIVITY AUC-ROC:
T M ceTA - 091
MPI1 -0.74

B &5 & 8 B 2 B B8

-
=]
L

ﬂ 1 1 1 1 - - -

CCTA  PET SPECT CMR ECHO Wall motion imaging - 0.70
Figura 3. Sansitivity and specificity of moninvasive imaging

technigues.

CCTA indicates cononary computed fomography angiography; CMR, cardiac

mapgnetic resonance; ECHO, echocardiography; PET, positron emission tomog-

raphy; and SPECT, single-photon computed emission tomography.

Conclusion:

In a multicenter European population of patients with stable chest pain

and low prevalence of CAD, CCTA is more accurate than noninvasive

functional testing for detecting significant CAD defined invasively.




Characteristics of tests commonly used to
diagnose the presence of CAD

Diagnosis of CAD

Sensitivity (%) Specificity (%)

Exercise ECG?2 45-50 85-90

Optimal test to rule out CAD In patients with

likelihood of disease

Dobutamine stress MRIP 79-88 81-91
Vasodilator stress echocardiography 72-79 92-95
Vasodilator stress SPECT 90-91 75-84
Vasodilator stress MRIP 67-94 61-85
(@ronary CTAD <: 95-99 ><: 64-83 >
Vasodilator stress PET 81-97 74-91

CAD = coronary artery disease; CTA = computed tomography angiography. ECG = electrocardiogram: MRI = magnetic resonance imaging:
PET = positron emission tomography: SPECT = single photon emission computed tomography.
*Results without/with minimal referral bias: ®Results obtained in populations with medium-to-high prevalence of disease without @

compensation for referral bias; “Results obtained in populations with low-to-medium prevalence of disease.
This slide corresponds to Table 12 in the full text.
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0 2014 by the American College of Cardiclogy Foundation
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2019 ESC Guidelines for the diagnosis and
management of chronic coronary syndromes

The Task Force for the diagnosis and management of chronic
coronary syndromes of the European Society of Cardiology (ESC)
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Pretest probability of obstructive CAD

Table A. Pretest Probability of CAD by Age, Sex, and Symptoms

Typical/Dafinite
Angina Pectoris

Intermediate

Atypical//Probable Monanginal
Angina Pactoris Chest Pain

Intarmediata Low

ey o

Ags Sex

Intermediate

High

Intermediate

"
Intermadiate
=6l

High
High

Intermediate
Low

Intermediate
Intermediata
Intermediate
Intermediate

Intermediate
Very low
Intermediate
Low

|Intermediate
|Intermediate

High: >B0fk pretest probability; mtermediate: between 10% mnd 0% pretest probabelity; low: between 5% md 10% pretest probability; and very low: <5% pretest prababilty.

Modified from Gibbans et & (3) to refiect all age mnges.




Age
30-39
40-49
50-59
60-69
70+

Typical
Men Women
3% 5%
22% 10%
32% [3%
44% [6%

| s || % |

Atypical
Men Women
4% 3%
10% 6%
17% 6%
26% 1%
34% 19%

sex, and the nature of symptoms in a pooled analysis®* of contemporary data

7,8,62

Non-anginal
Men Women
1% 1%
3% 2%
11% 3%
22% 6%
24% 10%

Dyspnoea*
Men  Women
0% 3%
12% 3%
20% 9%
27% 14%
32% 12%

Table 5 Pre-test probabilities of obstructive coronary artery disease in 15 815 symptomatic patients according to age,

@ESC 2019



Modifiers of the PTP estimate

» Presence of risk factors for CVD:
Family history of CVD
Dyslipidemia
Diabetes
Hypertension
Smoking
» Q-wave, ST-segment, or T-wave changes on the ECG
» LV dysfunction suggestive of ischemia
» Coronary calcium obtained by computed tomography (CT)

» Can be used to improve estimations of the PTP of
obstructive CAD



Initial diagnostic management of
patients with suspected SCAD (2)

Assess pre-test-probability (PTP)
for the presence of coronary stenoses

Diagnosis of SCAD established

l

Proceed to risk stratification
‘ v In patients with severe symptoms or clinical
Consider functional coronary constellation suggesting high risk coronary
' ‘disease anatomy initiate guideline-directed
medical therapy and offer ICA

Investigate other causes Non-invasive testing for diagnostic purposes

This slide corresponds to Figure 1 in the full text
ICA = invasive coronary angiography.

@
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Patients with suspected SCAD and

intermediate PTP of 15% - 85% | No n -i n vas ive teSti n g i n

! = 2nd | Coronary ICA
= 1 suspected SCAD with | gy | ctain || win e
« Patient criteria’/suitability for given test b 5 stress test| | suitable when
 Availability in te rmed |ate PTP (ifnot || patient® | |necessary)
» Local expertise done | (if not done
| | before)' before)*
— —— Exercise ECG if feasible - stress T 1 T
Stress testing PTP 15-65% imaging testing® preferred .
__ | for ischaemia |, and —> (echo”, CMR:, SPECT®, PET?)  — Unclear |=——> Determine patient
LVEF 250% ‘ if local expertise and characteristics and
availability permit , preferences®
TBA07564740 e
| Stress imaging® (echo®, CMR®, |
PTP 66-85% or SPECT?®, PET®); ECG exercise . ]
L— | LVEF <50% without |~ stress testing possible if - No ischaemia |
typical angina ‘ resourc_es for stress imaging | Consider functional CAD
not available . Investigate other causes
No stenosis 1
F;iz?;r&ecgﬁd;gaﬁzgents at low intermediate PTP (15% - 50%) ) 1 Diagnosis SCAD established
| Stenosis | —4—>| further risk stratification

* If adequate technology and local expertise available

(see Fig. 3)

Unclcarl » | Ischaemia testing using stress
-‘ imaging if not done before'




Table 1. Detection of CAD in Symptomatic Patients Without Known Heart Disease *

+ Unahle to exercise

\

< + ECG uninterpretable OR

C

Acute Symptoms With Suspicion of ACS (Urgent Presentation)

Indication Appropriate Use Score (1-9)
Nonacute Symptoms Possibly Representing an Ischemic Equivalent
Pretest Probability of CAD Low Intermediate High
1 + ECG interpretable AND U(5) A(T) 1 (3)
+ Able to exercise
2. A(7) (8) U(4)

A
C 1) D
\UTB(

\

3. <t + Definite MI >
4, + Persistent E segment elevation following exclusion of MI
5. « Acute chest pain of uncertain cause (differential diagnosis includes pulmonary U(6)
embolism, aortic dissection, and ACS [“triple rule out™])
ability of CAD //ﬁ—- Intermetiate High
6. _~ + Normal ECG and cardiac biomarkers / A(T) A7) U(4)
7. (| «ECGuninterpretable \ ( A(7) A(7) U(4)
8. \ + Nondiagnostic ECG OR A(T)
Wcardiac biomarkers




CONFIRM - prospective, multicenter
registry (>30,000 patients)

Increasing hazards for increasing numbers of
involved segments

p<0.0001
-Vessel CAD
p<0.0001

3-Vessel CAD
p<0.0001

Sunvval Probabilily

-
2,
£
=
=
k=]
=

0.5 1.0 1.5 20 2.5 3.0

Survival Time (Years)
Year 1
T
Number of involved segments

Independent linear increase in mortality for every additional coronary
segment with CAD (HR 1.17, 85% CI 1.10-1.25, p<0.001)

James K. Min. J Am Coll Cardiol. 2011;58(8):849-860.



CONFIRM - Non-obstructive CAD

1.0 15
Sunival Time (Years)
Year 0 Year 1
10146
Non-Obstructive (1-49%) 8114

Obstructive (250%) 5554

Normal

Non-Obstructive
p<.0001

Obstructive
p<0.0001

Non-obstructive CAD Hazards Ratio

Nan-Obstructve CAD
¥s. Normal

NaneyNormal

1Vesssl

*Adjusted for FRS + symptoms

212-399

Referance

1.22:277

305654

256-645

117130

Multivanate

<) D001

Referance

0.0037

<0 0001

<0.0001

<0 D001

354% Cl

1468214

Reference

0.86-228

19449

PValue

<D 0001

Reference

0.1786

<0 0001

<0 0001




Symptomatic patients

The presence and severity of CAD identified on CCTA is

associated with the increased use of preventive

therapies such as aspirin and statin therapies as well as

lifestyle modification.

- LaBounty TM, AJC 2009;104:873-7.
- Cheezum MK, JACCI Img 2013;6:574-81.
- Orakzai RH, AJC 2008;101:999-1002.
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ORIGINNAIL ARTICLE

Outcomes of Anaromical versus Functional
Testing for Coronary Artery Disease

Pamela S. Douglas., M. D, Udo Hoffrmann, M.D., M_.P.H., Manesh R. Patel, M.D.,
Daniel B. Mark, M.D., M.P.H., Hussein R. Al-Khalidi, Ph.D., Brendan Cavanaugh, M.,
Jason Cole, M.D., Rowena J. Dolor, M.D., Christopher B. Fordyce, M.D.,
Megan Huang, Ph.D., Muhammad Adldram Khan, M. D., Andrzej S. Kosinski, Ph_.D_,
P itchell W. Krucoff, MDD, Winay Malhotra, M. D, Michael H. Picard, nM_.D,
James E. Udelson, M.D., Eric ). Welazque=z, M.D ., Eric Yow, M.S_,

Lawton S. Cooper, M.D., M.P.H.., and Kerry L. Lee, Ph.D.,
for the PROMISE Investigators

« Symptomatic outpatients without diagnosed CAD whose physicians
referred to nonurgent, noninvasive cardiovascular testing for the
evaluation of suspected CAD.

Relative reduction of 20% in the primary end point in the CTA group,
as compared with the functional-testing group, assuming an event rate

of 8% iIn the functional-testing group



Enrollment,
Randomization,

and Follow-up

10,003 Patients undersent random iz ation

l

4506 Were assigned to anatomical
testing strategy with CTA

5007 Were assigned to functional-
testing stratemy

'

!

4586 (93 .8%5) Underwent CTA as first
test
A589 (97.99%5) Underwend CT.A
QF (2.1%5) Underwend CAC scoring
o by
310 (6.295) Did not undergo CTA
as first test
154 (49 .72%) Underwent other test
as first test
o [(2.925) Underwent catheter-
ization
104 (33525 Underwent nudear
stress imaging
27 [(B.F9E) Undernwent stress
echocardiography
14 (4.525) Underwent exercise
ECG
156 (50.33%) DNid not undergo test

45092 (93.7%E) Underwent functiconal
test as first test
3159 (67.33%) Underwent nuclear
stress imMmaging
1056 (22.53%) Underwent stress
echocardicgraphy
A7 7 (10.225) Underwent exercise
ECG

Sl oS re] Lnd Nor anaergo taree
ticomal test as first test
&7 [(21.325) Underwent other test
as first test
20 [(6.32%) Underawent catheber-
ization
47 [(14.9%5) Undernwent CTA or
CAC scoring
245 (F78.1%%) Did mnot undergo test
Z2 (05%E) Underwent test before
rarndomization

l

At 12-mo follow-up:
4750 (95.126) Completed study
125 [(2.52€) Withdrew consent
121 (2. 4%5) Were lost to follow-up

At 12-mo follow-up:
4500 [(91.9%%) Completed study
247 [(4.99%) Withdrew consent
1l [(3.2725) Were lost to follow-up

l

'

4008 (L3S} Were included
in the analysis

S007F (103} Were included
in the analysis




Death or non-fatal Ml
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Hazard Ratio (95% Cl)
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Primary endpoint + ICA without obstructive CAD

Functional testing Anatomic - Funchonal

Hazard ratio {95% Cl1)

e —————
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Conclusions:

« Coronary CTA Is a viable alternative to functional
stress testing to assess symptomatic, intermediate risk
patients for whom testing is currently recommended.

« An initial strategy with CTA was associated with a
significant lower rate of invasive catheterization
without obstructive CAD as compared to a functional
strategy.



G849 patients referred for assesmeant of suspected

CT coronary angiography in p: e o
due to coronary heart disease R peeom—

h J

parallel-group, multicentre tri —

The SCOT-HEART investigators™
4631 eligible non-reonsited patients
2613 patient prefarence
002 not approached
547 clinician dhoice
332 other
137 missing

All participamts Standardcareand  Standard care v
4145 aligible recruited patients for SCOT-HEART trial
3517 (BG) 1764 (BSw) 1753 (B5%) ¢
188 (62w) 1103 (63%) 1085 (62%) 4146 randomly assigned

CB6 (16%) 2B4 (16%) 282 (16%)

529 (15%) 264 (15%) 265 (15%)

Stress imaging
Radionuclide 3B9 (9%) 176(9%) 213 (107) 3CTCA 1778 CTCA
Other 30(1=) 16 (1%) 14 (1%) Heisﬂz r:m—;:mpliance
245 patient default
10 technical
34 oither

Median follow-up 1.7 years Il
¥
2073 data for primary endpoint 2073 data for primany endpoint




Allparticipants ~ Standardcareand  Standard care HR (953 Wald
(n=4146) CTCA (n=2073) (n=2073) confidence limits)
CHD deatht and myocardial infarction 68 (1-6%) 26(1.3%) 42(20%) 0616 (0-178-1.006)
(HD death?, myocardial infarction , and stroke 79 (1-9%) JL{15%) 48 2-3m) 0-644 (0-410-1-002)
Mon-fatal myondial infarction o7 (1-4%) 22(11%) 35 (1-73%) 0-677 (0-367-1068)
Non-fatal stroke 12(0-3%) 5 (01%) 7(02%) 0777 (0:228-2315)
All-cusedeath T (09%) 17 (0-8%) 20 (1.0%) 0860 (0-450-1642)
Cardiovascular deatht 11 (0-3%) 4{02%) 7(0-3%) 0574 (0-167-1.971)
HB £ [ O O | i Mon-cardiovascular death 26/(0-6%) 13 {0-6%) 13 (0-6%) 1006 (0-466-2-172)
Coronary revasoularisationd: 434{107%) 233{11-2%) 201(97%) 1138 (0-992-1-448)
LB A B
L L Percutanaous coronary intenvention 144 (8-3) 184 (B-nn) 160 (7-7%) 1190 {0-963-1-472)
T e 1 ma
Coronary artery bypass graft surgery 04 (2-4%) G4 [2-6) 45 (3:2%) 1218 (0-815-1-812)
B 40 armies, rp manlin ety sl nimkee
- Hospitalisation for chest pain§ 511 (12:-36) 247 (11-5%) 264 (127%) 0-928 (0-780-1-104)
Cardiac chest pain 145 35%) 76 (37%) 69 3:3%) 1115 (0805-1.545)
Mon-cardia chest pain 391 (94%) 183 (8-8%) 208 (100%) 0-864 (0708-1.054)
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ORIGINAL ARTICLE

Coronary CT Angiography and 5-Year Risk
of Myocardial Infarction

The SCOT-HEART Investigators™

A Invasive Coronary Angiography
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The use of CTA In addition to
standard care in patients with
stable CP resulted in a
significantly lower rate of CV
death or nonfatal MI at 5 years
than standard care alone,
without

resulting in a significantly
higher rate of coronary
angiography or coronary
revascularization




In the SCOT-HEART and PROMISE trials, the use of CTA resulted in a higher rate of
detection of obstructive CAD, as confirmed by ICA, than standard care alone (SCOT-
HEART trial) or functional testing (PROMISE trial).

Invasive coronary angiography and coronary revascularization are more likely to be used

appropriately in patients who receive a correct diagnosis of coronary heart disease

Patients who receive a correct diagnosis are also more likely to receive appropriate

preventive therapies and may have greater motivation to implement healthy lifestyle
modifications.
In addition, the SCOT-HEART trial encouraged initiation of secondary prevention

strategies 1n patients with nonobstructive coronary artery disease.




New major recommendations in 2019

Basic testing, diagnostics, and risk assessment
Non-invasive functional imaging for myocardial ischaemia o is recommended as the initial test for diagnosing CAD in |
symptomatic patients in whom obstructive CAD cannot be excluded by clinical assessment alone.

Itis recommended that selection of the initial non-invasive diagnostic test be based on the clinical likelihood of CAD and other patient
characteristics that influence test performance, local expertise, and the availability of tests.

Functional imaging for myocardial ischaemia is recommended if coronary CTA has shown CAD of uncertain functional significance or is
not diagnostic.

Invasive angiography is recommended as an altemative test to diagnose CAD in patients with 2 high clinical likelihood and severe symptoms
refractory to medical therapy, or typical angina at a low level of exercise and clinical evaluation that indicates high event risk. Invasive func- !

tional assessment must be available and used to evaluate stenoses before revascularization, unless very high grade (>90% diameter stenosis).

Invasive coronary angiography with the availability of invasive functional evaluation should be considered for confirmation of the diagnosis Ila

of CAD in patients with an uncertain diagnosis on non-invasive testing.
Coronary CTA should be considered as an alternative to invasive angiography if another non-invasive test is equivocal or non-diagnostic. - lla

Coronary CTA is not recommended when extensive coronary calcification, irregular heart rate, significant obesity, inability to cooperate .

with breath-hold commands, or any other conditions make good image quality unlikely.




CLINICAL RESEARCH Clinical Trial

The CT-STAT (Coronary Computed Tomographic

Angiography for Systematic Triage of Acute Chest
Pain Patients to Treatment) Trial

- Objective: Comparing safety, cost & efficacy of CCTA vs. MPI
In acute chest pain, low risk patients

- 16 ED sites ; TIMI scores <4
- CCTA (n=361) vs. MPI (n=338)

Goldstein et al. JACC 2011




CLINICAL RESEARCH Clinical Trial

The CT-STAT (Coronary Computed Tomographic

Angiography for Systematic Triage of Acute Chest
Pain Patients to Treatment) Trial

CCTA: Diagnostic time (median 2.9n) 54% reduction in time
MPI: Diagnostic time (median 6.3h) to Dx for CCTA
CCTA: Cost - 2137%

0]
MPI: Cost - 34583

No difference in MACE (0.8 vs. 0.4 9%, p = 0.29)

Goldstein et al. JACC 2011



CT Angiography for Safe Discharge of Patients

with Possible Acute Coronary Syndromes

* CTAVvs. standardized ER triage for ACP evaluation
* 1392 low risk patients (TIMI risk scores of 0-2)

CTA in comparison to SOC resulted In:

* Shorter mean hospital stay (18h vs 25 h)
* Higher rate of direct ED discharge (49%o vs. 23%)

* 3-fold greater rate of detection of CAD (9% vs. 3.5%)

Litt et al. NEJM 2012



No significant difference between the CTA and SOC groups in use of ICA

(5.1% vs. 4.2%) or in the rate of revascularization (2.7% vs. 1.3%).

0 % adverse events among the 640 patients with negative coronary CTA

CTA-based strategy for low—intermediate risk

patients presenting with possible ACS

allows expedited & safe ED discharge



Coronary CT Angiography versus Standard Evaluation
in Acute Chest Pain

Udo Hoffmann, M.D., M.P.H., Quynh A. Truong, M.D., M.P.H., David A. Schoenfeld, Ph.D., Eric T. Chou, M
Pamela K. Woodard, M.D., John T. Nagurney, M.D., M.P.H,, ]J. Hector Pope, M.D., Thomas H. Hauser, M.D., M.P.H.,
D.,

D,

Charles S. White, M.D., Scott G. Weiner, M.D., M.P.H., Shant Kalanjian, M.D., Michael E. Mullins, M.
Issam Mikati, M.D., W. Frank Peacock, M.D., Pearl Zakroysky, B.A., Douglas Hayden, Ph.D.,

Alexander Goehler, M.D., Ph.D., Hang Lee, Ph.D., G. Scott Gazelle, M.D., M.P.H,, Ph.D., Stephen D. Wiviott, M.D.,

Jerome L. Fleg, M.D., and James E. Udelson, M.D., for the ROMICAT-II Investigators

ROMICAT i

Comparative effectiveness study - CTA

vs. standardized ED triage
1000 ACP patients

TIMI scores did not limit entry criteria

Standard evaluation in
emergency department
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Hoffman et al. NEJM 2012




ROMICAT Il

Coronary CTA as compared with SOC :
Reduced median LOS (8.6 h vs. 26.7 h; p <0.001)
Reduced time to diagnosis (5.8 h vs. 21.0 h; p < 0.001)
Increase in direct discharge (47% vs. 12%; p < 0.001)
MACE: CCTA vs. SOC (0.4% vs. 1.2%)

Costs of care including hospital costs were similar

between coronary CTA and SOC ($4026 vs. $3874)

Hoffman et al. NEJM.2012



In summary - in low-to-intermediate-risk
patients with ACP, use of coronary CTA IS

safe and results in shorter length of stay and

shorter time to diagnosis.
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Nonobstructive Plaque Visualization
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RCA originating from LAD
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Implications of CAD diagnosis

Coronary plaque on CTA Is associated with adverse events

CTA is associated with intensification in preventive therapies and

modification of CVD risk factors.

* Cheezum et al JACC Cardiovasc Imaging. 2013
**Hulten et | Circ Cardiovasc Imaging. 2014
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Valvular and perivalvular assessment

MMeasurements table

Thickness 1.05
Contrast

ATy, SO C m L EETN SPRCOTRYIC e f"?ﬂ‘n!moﬁom“

MMeasurement || alue
Annulus A
Short Axis 19.7 mm
Long Axis 25.5 mm
Area 2932 9 mm=
FPerimeter 1.0 mm
Effective diameter based ona... |22.4 mm
Effective diameter based onp... |22.6 mm
(Long Axis + Short Axis) f 2 222 mm
""" Sinus of Yalsaha
Short Axis 3225 mm
Long Axis 324 9 mm 3 X
(Long Axis + Short Axis) 7 2 22.9 mm L SEpr201-/ BSOlA M.C,

Thickness 0.94

Sinotubular Junction

35.0%
i

Contrast
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(Long Axis + Short Axis) F 2

192 mm . ; 2 Annulus

Ascending Aorta
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TAVI - Peripheral & access assessment

R A PO O OO i 4 00
Series 7 Zoom 1.00 Contrast
iDose (4) Contrast
-*" " Ar: 396.1 n'u__-'
Av: 3384 HU
251 —§
)
AORTA, UnT&liRec
= Series 7/,
= iDose (4}
i
RA

1%%8;3.21]14:11:11*
Al TA,ﬂnl’agRec
Sernes ¢
iDose {(#)

g
0

30 cm

Vol. Rend.



CCTA 1392 nvns

"SHRINNT NN - PRI 2PN W 0T b
NWAWT 20757 ,NPIIRT NNRIT LAONRNY TR 219 — 2 nwnup
RY999995T QAP RXIMA NPIHRURD
(2°opyn SR NWIYD) 2%BPE FIN% INRY / VIWD NIPNT NS T0YIM
(PVI]) 297175990 91295 512 F9RDAR PIRO2 5185 — IRII7 970 DR N p

SJDUTIRK anon P o9t - TAVIE — 1591895 Hwoaa 50NN anon W 7e5m 210 b
2992595 2T 92 IRIYT FTUINKT

252 297272 Q1P 99DIN QIDIPN PR 190 b
(37727 8% MRI ,777999 nI2982 IPR WRD) 2957 99172 1791 ,2957 29w TIPEn B



Left ventricle — volumes
Ejection fraction, mass
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Radiation Exposure

Cath CT Angiography

Cath Spiral Spiral Axial Caiclun *mTc Dual ”‘"Tc ®Rb "NH,
Score Rest- Isotope Low-Dose Rest- Rest-
Stress Stress Stress Stress

Only

Einstein AJ, JACC Vol. 59, No. 6, 2012



Radiation Exposure

Effective Dose mSyv

MPI Tl 18
MPI Tc Stress-Rest 18
ICA
MPI Tc Stress only 8.3 m CCTA Spiral DM
7

m MPI Tc Stress-Rest
MPI Tl

B CCTA Axial
CCTA Axial 1.5
CCTA Spiral DM 55

® MPI Tc Stress only
ICA

0 5 10 15 20



Ultra-low radiation exposure

- Advanced scan features
- Iterative reconstruction algorithms

Schuhbaeck A.
et al. Eur
Radiol 2012

Image quality of ultra-low radiation exposure coronary CT

angiography with an effective dose <0.1 mSv using high-pitch
spiral acquisition and raw data-based iterative reconstruction
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Accuracy of Coronary CT Angiography @
Using a Submillisievert Fraction of

Radiation Exposure

Comparison With Invasive Coronary Angiography

Julia Stehli, MD.,* Tobias A. Fuchs, MD,* Sacha Bull, MD,* Olivier F. Clerc, MD.,* Mathias Possner, MDD, *
Ronny R. Buechel, MD_ * Oliver Gaemperli, MD_ * Philipp A. Kaufmann, WMD*




Anatomy vs. Physiology - Relationship between
luminal stenosis and ischemia is complex

» Future prospective : Combining anatomy & physiology

A single noninvasive test with high diagnostic performance for
both anatomy and lesion- specific ischemia would provide a

major advantage in assessment of CAD



Combining Anatomy & Physiology

CT Perfusion (CTP) — dual scan, adenosine infusion

FFRCT - computational fluid dynamics to derive physiologic
data from CT, without additional imaging or medications.

FFR 0.75






