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Review the utility of
cCTA in patients with
chest pain

Explore the emerging
roles of cCTA in
patients with:

« NSTE-ACS
« Known CAD

Objectives

Case

77-year-old man with CAD who underwent CABG (LIMA-LAD,VG-OM)
and bioprosthetic AVR (25mm Inspiris) almost 2 years ago, was
referred for coronary angiogram for DOE “angina equivalent” and
abnormal cCTA

* PMH/PSH
- Recent Stroke (2 months prior): LUE weakness, dizziness
- PAD
- HTN, DLD, H/O Tob use d/o
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Atretic/occluded LIMA graft to the LAD.

Patent aortic graft to the OM1.

« occlusion of the proximal LCX
« severe stenosis in the ramus intermedius artery
» >70% diameter stenosis in the proximal RCA

#Compared to catheter coronary angiography (done before AVR and
CABG):

There has interval bypass grafts to the LAD and OM1.

The proximal RCA disease appears more severe today
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Low
diagnostic
yield of
elective CA
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Rate of Obstructive CAD

o L 1385778 ACGHCDR

sur
1,148,405 Patients at 663 sites

Fee L
]
-771 397,954 Patients at 663 sites ‘
. |
Obstructive CAD \ . .
(N=143,739) 83.9% Noninvasive

Multivessel CAD 53.0% teStl ng
1-vessel CAD 46.7%
2vessel CAD 305%
3-vessel CAD 225%

Lyessel CAD %

2-vessel CAD 30.5%

Suessel A 2%

Patel MR et al. N Engl J Med
GRAND 2010
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Table 2 Serious adverse events and adverse events

Total 381 pts

Number of

CT associated serious adverse events
Renal failure 0
3 0 -d ays Reaction to contrast dye 3
Transient heart block 2
adve rse Hypotension 1
Extravasation of contrast agent in the 1

eve n ts afte r an:ewtiital(f,ossa s

Pulmonary edema® 1
CTA VS I CA Vagal episode 1

(CORE 320)

Death

o
| Myocardial infarction” 2
Stroke ]
Hospitalization for CV event 4
Coronary dissection 2

Chest pain® 2
1

| Femoral artery pseudo-uneurism
{vascular event)®

| Intracerebral bleedingfirfarct’ 1 |

CT, computed tomography angiography; CV, cardiovascular.

*Pulmonary edema: patient had CHF exacerbation after the CT scan.

Myocardial infarction: one patient had Ml after PC| and one 5 months later.
“Coronary dissections were as follows: A 59-year-old female had a dissection during
diagnostic catheterization and a 71-year-old male had dissection during PCl.
“Chest pain: one non-cardiac and one occurred after the CT examination.
“Femoral artery pseudo-aneurism: vascular access complication.

‘intracerebral bleeding/infarct detected 24 h post-cardiac catheterization.

Rochitte C et al. EHJ 2013

Minneapolis GRAND
Foundation’ ROUNDS

CENTRAL ILLUSTRATION: Utility of Coronary Computed Tomography
Angiography in Coronary Artery Disease

Caleified plaque

Mo pomonary artery Plague rugture and Fractional flow reserve
disease and wall shear siress
coronary computed eoronary computed add progneatic value
oely Ful 153 sale firi-Une tomogrichy aognipy
o enrenany artery medality in i hilp evaliute
diigase st emEFGEnTY ARG hemocnamics and wall
stress

i

Coronary artery Perivascular fat Low attenuation plague  Assessment of coronary WWall thear and
luminography attemsation index atery dhsease fractianal flow reserve
dertved Trom corenary
computed temegraphy

angiography
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Heart Institute
Foundation’

Abdelrahman, K.M. et al. J Am Coll Cardiol. 2020;76(10):1226-43.
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NPV of cCTA

LC1UCR  Patient-Based Analysis

Subjects in

Subjects Correct

(ACC U RACY) Estimate, % 95% I, % Group, n by CCTA, n
=50% stenosis
Sensitivity 95 85-99 55 52
Specificity 83 76-88 172 142
PPV 64 53-75 81 52
NPV % 96-100 143 142
=T70% stenosis
Sensitivity 4 79-99 31 29
Specificity 83 77-88 196 162
PPV 48 35-62 60 29
NPV 99 96-100 164 162

Minneapolis
Heart Institute
Foundation’

GRAND
ROUNDS

Budoff M et al. JACC 2008

cCTA highest
sensitiv for

Minneapolis
Heart Institute
Foundation’
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ROUNDS

Knuuti J et al. Eur Heart J 2018

. Table | The performance of different tests for lly and f I coronary artery disease
ruling out CAD e
Test Sensitivity (%), Specificity (%), +LR(95%Cl)  —LR(9%CI)  Test Sensicivity (), Specificity (%), +LR(95%Cl)  —LR (95% CI)
(95%Cl) 5%l (5% C1) (95%CI)
IcA 48(50-75) 73 (55-86) 249 (147-427) 044 (036-054)

SressECG 58(46-69) 61 (34-69) 1530121194 068 (049-093)
Stressecho 85 {80-89) 82 (72-89) 4.67 (295-741) 0,18 (0.13-025)
CCTA 97(33-99) 78 (67-86) 444 (264-745) 004 (0.01-0.09) CCTA 93 (89-96) 53(37-68) 157 (1.28-3.03) 0.13 (006 Ulsi
SPECT TE TETTE R[5 OB@nIMN ST FEEA) TG T IEeTs 033 02404
PET 90 (78-94) 85 (78-50) 587(340-1015)  012(005-029)  PET 89 (82-93) 85 (81-88) 604(429-85T) 013 (008-022)
Stress CMR 90 (83-94) 80 (69-88) ASQI747) 01 (007-024  SvessCMR 89 (859 7(®-91) 710 (507-995) 013 (009-0.18)
Note:ICA self was s 3 rference standard o te signficant CAD uded o It . Not every wingFER 1 efernce.
CCTA, coroniry computed tomography angiography; CI, confidence interval CMR, stress cardiac magnetic resonance; ECG, electrocardiograms ICA, invasive coronary angiography; LR, ikelihood rati; PET, positron emission tomography:
SPECT. single-photon emi o g SPECT withor - e
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- . iFeaiure-Negatwe Plaques/No Plaques 0.49%
"""" 1 Featlre-Positive Plagues  3.7%
PR, LAP on 8 g
- ©
cCTAIis G 99 29
a O 2 Feature-Positive Plaques =70
associated £ 61 q
with future 5
8 4
2
©
S .24
E
=
O 0 Logrank <0.001

T T T T L | T y T

0 10 20 30 40 50
1059 pts Months of follow-up

GRAND Motoyama S et al. J Am Coll Cardiol 2009
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Table 2. Summary of Findings

Illustrative Comparative Risks, No. per 1000°

Assumed Risk Corresponding Risk No. of Participants Quality of
Outcome (SC) (CCTA) (95% CI) RR (95% CI) (No. of Studies) Evidence®
Death 11 10 (8-14) 0.93 (0.71-1.21) 20092 (13) Moderate
Acute chest pain subgroup 3 2(1-5) 0.66 (0.27-1.59) 5275 (9) Moderate

CTA 9 I CA Stable chest pain subgroup 13 12 (9-17) 0.96 (0.72-1.27) 14817 (4) Moderate
c T Myocardial infarction 11 8 (6-11) 0.71 (0.53-0.96) 20092 (13) Moderate
R C AD Acute chest pain subgroup 8 7 (4-13) 0.84 (0.44-1.61) 5275 (9) Moderate
evasc, Stable chest pain subgroup 11 7 (5-10) 0.68 (0.49-0.95) 14817 (4) Moderate
dx a n d u se of Cardiac hospitalization 27 27 (21-33) 0.98 (0.79-1.21) 19401 (12) Moderate
63 52 (42-66) 0.83 (0.66-1.04) 4584 (8) Moderate

Acute chest pain subgroup

ASA Stati n Stable chest pain subgroup 17 21 (16-26) 14821 (4) Moderate
L] 91 121 (102-155) 20092 (13) Moderate
Acute chest pain subgroup 72 100 (79-127) 5275 (9) Moderate
Stable chest pain subgroup o8 125 (94-167) 14817 (4) Moderate

45 84 (64-109) 20092 (13) High

Acute chest pain subgroup 28 55 (41-74) 5275 (9) High
Stable chest pain subgroup 51 87 (57-133) -k 14817 (4) Moderate

83 232 (169-321) 2.80 (2.03-3.87) 8793 (9) High

Acute chest pain subgroup 50 169 (96-295) 3.37 (1.92-5.89) 3979 (6) High

Stable chest pain subgroup 107 251 (162-392) I 4814 (3) High

82 181 (98-331) 2.21(1.20-4.04 5625 (5) Low

Acute chest pain subgroup 249 316 (247-401) 1.27 (0.99-1.61) 811 (2) Low

Stable chest pain subgroup 54 189 (145-245) 4814 (3) Low

7 148 (80-275) 2.03 (1.09-3.76) 5625 (5) Low

Acute chest pain subgroup 190 230 (177-300) 1.21(0.93-1.58) 811(2) Low

Stable chest pain subgroup 53 184 (139-244) 3.48(2.63-4.61) > 4814 (3) Low

Foy A et al. JAMA Intern Med

e e etinte GRAND 2017

Foundation' ROUNDS
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cCTA Standard Care Favors: ! Favors

No.of Total No.of Total CCTA | Standard Weight,
Study Events Participants Events Participants RR (95% CI) Care %
Acute
Goldstein et al, 1 2007 1 101 1 101 1.00 (0.06-15.77) B — 12
Miller et al,'3 2011 1 32 1 32 1.00 (0.07-15.30) 12
Goldstein et al (CT-STAT),12 2011 1 363 1 340 0.94 (0.06-14.92) . 11
ACRIN/PA,2 2012 1 908 1 462 0.51 (0.03-8.12) - 11
Linde et al (CATCH), !5 2013 0 286 3 291 0.15 (0.01-2.80) « ~ 1.0
Hoffman et al (ROMICAT-II), 2012 1 501 4 499 0.25 (0.03-2.22) - 18
Hamilton-Craig et al (CT-COMPARE), 6 2014 1 322 0 240 2.24 (0.09-54.71) - 09
PROSPECT,7 2015 3 200 9 200 1.00 (0.41-2.47) — 108

c Uretsky et al (PERFECT),20 2016 2 206 1 205 1.99 (0.18-21.78) _t 15

Subtotal (95% CI) 2019 2370 0.84 (0.44-1.61) <@ 206

lincidence L

Heterogeneity: 12=0.00; 3 =3.76; P=.88; [2=0%
Test for overall effect: z=0.52 (P=.60)

of Mi
Min etal,'4 2012 1 93 b 91 0.98 (0.06-15.41) 12

SCOT-HEART,?1 2015 26 2073 42 2073 0.62 (0.38-1.01) - 373
Douglas et al (PROMISE), 18 2015 30 49% 40 5007 0.75 (0.47-1.20) — 39.4
McKavanagh et al (CAPP),® 2015 1 243 2 245 0.50 (0.05-5.52) —_— L5

Subtotal (95% CI) 7405 7416 0.68 (0.49-0.95) <
Total events 58 85

79.4

Heterogeneity: ©2=0.00; 34 =0.44; P=.93; 12=0%
Test for overall effect: =2 24 (P=.02)

Total (95% CI) 10324 9786 0.71 (0.53-0.96) L 2 _ 100.0

Total events 75 106
Heterogeneity: 12=0.00; 3, =4.46; P=.97; 12=0% 001 o1 1 100
Test for overall effect: z=2.24 (P=.03) RR (95% Cl)

Test for subgroup differences: 3 =0.31; P=.58; 2=0%

GRAND Foy A et al. JAMA Intern Med 2017
ROUNDS

A Death from Coronary Heart Disease or Nonfatal Myocardial Infarction

100 5

. Standard care
]
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]
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0 1 2 3 4 5

Follow-up (yr)

cCTA +MedRx No.at sk

Standard care 2073 2033 2008 1994 1572 856

9 l d eat h fro m CTA ZO73A 20‘51 2029 2015 1588 872
C H D or n onfatal B Nonfatal MZ:;e:rdml Infarction

5
MI at 5 years g ‘ ——
@ 751
y
g
;
.4
3
£ 504
-
=
=
-
E 254
E
v
1 2 3 4 5
Follow-up (yr)
No. at Risk

Standard care 2073 2045 2030 2017
CTA 2073 2057 2048 2041

Minneapol GRAND

Pt ROUNDS The SCOT-HEART Investigators. N Engl J Med
2018

18
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A Invasive Coronary Angiography
100

cCTA vs SC: w N
No difference |
in ICA, Revasc N ——
at 5 years _ S

B Coronary Revascularization
100

Percentage of Patients
“ N
3 3

N
&

Standard care

T T T T
0 1 2 3 4 5
Follow-up (yr)

No. at Risk
Standard care 2073 1865 1847 1834 1450
2073 1827 1815 1806 1426

Minneapolis GRAND .
et ROUNDS The SCOT-HEART Investigators. N Engl J Med

2018

19

100% - o 204%
98% - 1
Normal cCTA-> -
10 yrs guarantee =
. =)
(cardiac death, & 96% A
nonfatal MI) & ,
§ 94% 4 0:Normal / CADRADS O
:7—)'1 1: Non-obstructive CAD / CADRADS 1-2
92% - 2: Obstructive CAD / CADRADS =3
90% -
0 2 4 6 8 10
2011 pts Years

Mi i Finck T et al. JACC Cardiovasc Img 2019
Hears institute GRAND J
Foundation' ROUNDS
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ESC Guidelines 2019

Non-invasive functional imaging for myocardial ischaemia® or coronary CTA is recommended as the initial test to diagnose
CAD in symptomatic patients in whom obstructive CAD cannot be excluded by clinical assessment Alonelaasloioasy

It is recommended that selection of the initial non-invasive diagnostic test is done based on the clinical likelihood of CAD
and other patient characteristics that influence test perforrnance,d local expertise, and the availability of tests.

nificance or is not diagnostic.**>">

Invasive coronary angiography is recommended as an alternative test to diagnose CAD in patients with a high clinical likeli-
hood, severe symptoms refractory to medical therapy or typical angina at a low level of exercise, and clinical evaluation
that indicates high event risk. Invasive functional assessment must be available and used to evaluate stenoses before revas-
cularization, unless very high grade (>90% diameter stenosis).”"”>7*

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

of the diagnosis of CAD in patients with an uncertain diagnosis on non-invasive testing.”"”> fla o
Coronary CTA should be considered as an alternative to invasive angiography if another non-invasive test is equivocal or la c
non-diagnostic.

Coronary CTA is not recommended when extensive coronary calcification, irregular heart rate, significant obesity, inabil- - c
ity to cooperate with breath-hold commands, or any other conditions make obtaining good image quality unlikely.

Coronary calcium detection by CT is not recommended to identify individuals with obstructive CAD. - [

Hienanrf?miifme GRAND Knuuti J et al. Eur Heart J 2020
Foundation’

ROUNDS

Functional imaging for myocardial ischaemia is recommended if coronary CTA has shown CAD of uncertain functional sig- - B

Guidelines
Acute Chest Pain
+
Intermediate-Risk With No Known CAD
(ves) (w0} ‘
l ' & } /
Prior inconclusive Prior moderate-
Recent negative test* or mildly abnormal severely abnormal <1y
stress test <1y (no interval coronary
¢ i angiography [ICA])
Discharge CCTA l
22) Nonobstructive CAD || Inconclusive Obstructive High risk CAD' or
/ | (<50% stenosis) stenosis (250% stenosis) frequent angina

Martha Gulati et al. Circulation.
Minneapolis GRAND 2021
Heart Institut
Foundation ROUNDS
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Acute Chest Pain

+
Intermediate-Risk With Known CAD*

Nonobstructive Obstructive
capt CAD*
(<50% stenosis) (250% stenosis)

\ | |

CCTA
(2a) ing:
| Stress CMR
_ Stress echocardiography
l l o Stress PET
Stress SPECT
Obstructive CAD (2a)

No change (250% stenosis)

l !

Martha Gulati et al. Circulation.

Hometedli, | GRAND 2021
oundation’

ROUNDS

Bl Role of cCTA in patient
with NSTE-ACS
E me rg In g ll Role of cCTA in patient
with known CAD
roles of

e Prior CABG

CTA * Prior Stent

e CTO
* Multivessels

Minneapolis GRAND
Foundation - ROUNDS
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=~ 30% of pts
with CP +

hs-cTnT
H S T 9 <6 ngfl 613 ng/L 14-49 ng/l =50 ngft
(n = 5,790) (n = 6,491) (n = 10,476) (n —25,837) p Value
Coronary angiography 1.419 2,247 18,017
N (0] Obstru ct 200 8(0.4) 59(03) 0533
Normal/atheromatosi: 806 (56.8) 876 (39.0) 1,373 (28. 2,157 (12.0) <0.001
C A D 1-2VD 456 (32.1) 924 (41.1) 2,222 (46.2) 10,684 (59.3) <0.001
LM or 3 VD 155 (10.9) 439 (19.5) 1,194 (24.8) 5,117 (28.4) <0.001

Minnapolis GRAND Melki D et al. J Am Coll Cardiol 2015
Foundation' ROUNDS

CENTRAL ILLUSTRATION: Early Cardiovascular Magnetic Resonance or

HH Cardiac Computed Tomography Angiography in Non-ST-Segment Elevation
In Itlal C M R/ CTA Myocardial Infarction: A Safe Gatekeeper for Invasive Coronary Angiography
vs SC> | ICA

oy
bUt SImIIar_ Efficacy: Referral to Safety: Major Adverse Cardiac
MACE/Complica Invasive Coranary Angiography Events or Complications

tions

Routine Cardiovascular

Clinical Care - Mﬂsﬂtl:i N )
lesonance First i Il
2 vs. Routine:p = 0,001 “Jomaomonne g 30
‘BE' Angiography First g 25
S vs. Routine: p < 0.001 2
= 20
8 g
=% s 15
g 5
L g 10
3 ]
Y 54
of
69/69 59/68 46/70 0 50 100 150 200 250 300 350
Patients Patients Patients Days
l —— Routine Clinical Care
Obs.CAD  61% 69% 8% Cardiovascular Magnetic R e

=== Cardiac Computed i

Smulders, M.W. et al. J Am Coll Cardiol. 2019;74(20):2466-77.

Minneapolis GRAND

Heart Institute

Foundation' ROUNDS
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CENTRAL ILLUSTRATION: Diagnostic Accuracy of Coronary Computed To-
mography Angiography Using Invasive Coronary Angiography as Reference
Standard

Diagnostic
accuracy of

cCTA in
NSTE-ACS

Invasive Coronary |Invasive Coronary
Angiagraphy Angiography
Prssitive

Segnaficant Corondry Artery Disease Ruled Out

u| papny aseasig Loy oo uedyub

Hegative  Negative Pasitive
n = 241 (24%) n=24.(2%) n = 52 (%) n = 666 (B5%)
Negative Predictive Value Positive Predictive Value
(95% CI) 186.8-94.1) (95%C1) [85.3-90.9)
Sensitivity speificity
(95 €1) 154.9.97.8) (95% C1) 167.2-7.1)

e Linde, J.J. et al. J Am Coll Cardiol. 2020;75(5):453-63.
Heart Institute
Foundation’

. = <
1 'yr CIlnlcaI % —— CTCA + standard of care 6.1%
2 Standard of care onl -h/e
outcomes 5 6 2
- c
(RAPID 2
CTA) :
=
o
F
E
a3 2
Adjusted hazard ratio (95% CI)
0.91(0.62 to 1.35), P=0.65
00 3 6 9 12
Time since randomisation (months)
No at risk
CTCA + standard of care
877 854 842 830 814
Standard of care only
871 836 828 822 802

Gray AJ et al. BMJ 2021

Heart istitute GRAND

Foundation’ ROUNDS
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g 60

> —— CTCA+ standard of care

2 Standard of care only

b

2

]

i3 60.8%

54%

Adjusted hazard ratio (95% CI)

2
- . E 20
1-yr clinical -
0.66 (0.54 to 0.81), P<0.001
outcomes of ; ‘ : -
Time since randomisation (months)
(RAPID-

CTCA + standard of care

875 751 723 703 679
Standard of care only
870 679 647 632 614

Table 4 | Medical treatment and other outcomes

CT coronary angiography
and standard of care Standard of care
(n=877) only(n=871)  Estimate 0dds ratio (95% CI)  Pvalue
Inhospital medical treatment for acute. 595 (67.8 580 (66.6) Unadjusted 106 (0.87101.29) 058
ittt ¥ {658 racyy i ) Adjusted hazard ratio (95% CI)
nary syndrome Adjusted 1.06(0.85101.32) _ 0.63 ey i e
554 (63.2) 539(61.9) Unadjusted 1.06 (0.87101.28)  0.58 o ) ) -
Adjusted 107 (08710132) _ 052 o 3 6 9 12
Time since randomisation (months)
526 (60.0) 509 (58.4) = = = .
71(8.1) 61(7.0) Noatrisk
Dose changed 91 (10.4) 100 (11.5) = = = GTeAtstandardicficare
877 448 426 406 393
Standard of care only

870 440 401 386 374

Minneapolis GRAND Gray AJ et al. BMJ 2021
Foundation ROUNDS

2014 AHA/ACC NSTE-ACS Guideline

3. In patients with possible ACS and a normal ECG,
normal cardiac troponins, and no history of CAD, it is
reasonable to initially perform (without serial ECGs
and troponins) coronary CT angiography to assess
coronary artery anatomy?5-2"7 (Level of Evidence: A)

Mi i Amsterdam et al. Circ 2014
Hears institute GRAND
Foundation’

ROUNDS
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CABG

Minneapolis GRAND

Heart Institute
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Accuracy of
CTA in grafts

(contemporar SISEETEE

of y CT

for coronary artery bypass graft evaluation

CT technology ~ Cases (n) Grafis

Arterialivenous grafls (n) Se (%) Sp (%) PPV (%) NPV (%) Radiation dose

y C T ) Author Year

Koplay [29] 2016
Yuceler [30] 2014

Chaosuwannakit 2014
B3]
De Graaf [32] 2011

128-slice DSCT 45
128-slice DSCT 88
128- slice DSCT 54

320-slice SSCT 38

110
215
164

89

40/70
93/122
52112

28/61

90
93
100

96

99
100
98

92

90
87
91

83

99
100
100

98

1.83£0.89 mSv
2.5+0.6 mSv
Not reported

7.8£3.3 mSv

DSCT dual source computed tomography, SSCT single source CT, Se sensitivity, Sp specificity, PPV positive predictive value, NPV negative predictive

value, mSv millisievert

Minneapolis GRAND
Foundation” ROUNDS

Jubran A et al. Current Cardiovascular
Imaging Reports 2019
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o P
Prognostic P 1 oo
5 - %
value of CTA P -
in CABG 22 o5
E a8 53%
&8 05 ’
§3 04
we 0
700 pts g% 031 o —
Mean follow up 73 month E 0.2 H
E o 3
° o

=2
=
=
=
=~
=
=
=

Hie';’nrf?rl::"iigme GRAND Mushtaq S et al. J Am Coll Cardiol Img 2014
Foundation' ROUNDS

ISR

Minneapolis GRAND

Heart Institute
Foundation’

ROUNDS
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stents

CTA in ISR

100 pts with 192

Table 3
Evaluability and diagnostic accuracy of CCTA in relation to stent characteristics during imaging. using only evaluable stents for analysis.
Stent characteristics N Evaluability (¥) TP TN  FP FN  Sn sp PPV NPV Accuracy
Stent dimeter (mim)
<30 72 916 0 45 noo 90.1 803 476 97.8 821
(826-96.8) (58.7-997)  (67.6-89.7) (27.7-702) (BB5-999)  (713-90.1)
230 120 968 12100 4 1 23 75 9.1 957
(919-992)" (639-998)  (90.4-989)°  (47.6-999) (946-999)  (903-98-6)"
Strut thickness (um)
<100 92 967 68 7 1 913 907 667 986 911
(90.7-99.3) (68.1-99.8) (81.7-96.2) (43.1-854 (92.2-99.9) (833-96.1)
2100 100 95 ” 8 1 889 906 987 904
(88.7-98.4) (51.7-997)  (823-958) (2465-753)  (93.1-999)  (829-954)
Stent material
Stainless steel 101 % 7% 122 813 86.4 428 97.4 858
(90.1-98.9) (482-97.7)  (77.4-927) (21.8-659) (91.1-997)  (774-915)
Cobalt-chromium 91 9556 13 6 3 0 100 958 2 100 955
(89.1-98.8) (753-100)  (883-99.1)  (543-959)%  (848-100)  (88.9-95.7)"
Table4
Diagnostic accuracy in a stent-based analysis of CCTA for the detection of significant (>50%) in-stent restenosis in the overall population.
All population
N ™ ™ N FP Sn Sp NPV PPV Accuracy|
(95% C1) (95% c1) (95% €1) (95% C1) (95% 1)
Stent-based analysis (using evaluable stents only) 184 145 22 2 15 91.7 906 98.6 595 90.7
T73-989] (85987 (052-W98]  [AZT-753]  (855-U45)
Stent-based analysis (using all stents, with not 192 145 24 2 21 92.3 873 98.6 533 88
evaluable stents censored as positive) (74.9-99.1) (81.3-92) (95.2-99.8) (37.9-683) (82.5-92.2)
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Andreini D et al. Int J Cardiol 2018

FN: false negative; FP: false positive; NPV: negative predictive value; PPV: positive predictive value; Sn: sensitivity: Sp: specificity; TN: true negative; TP true positive.
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CENTRAL ILLUSTRATION: Diagnostic Accuracy of Coronary CTA, CTP,
Combined and Concordant Coronary CTA + CTP Versus QCA and Invasive FFR

C T P + C T B Stent-Based Analysis vs. QCA B Territory-Based Analysis vs. QCA

100 + 100 +
= 90 4
1 Diag rate
70 4
60 60 -
50 4
dccuracy w0 0]
30 4
20 4 20 4
for ISR
0 - [

Sensitivity Specificity Diagnostic Accuracy Sensitivity Specificity Diagnostic Accuracy

Patient-Based Analysis vs. QCA D Vessel-Based vs. FFR

100 100
150 pt 2]
80 4 80 4
pts %]
60 4 60 4
50
40 4 40 4
30 -
20 20 -
10 -
o o

Di ic Accuracy Sensitivity Specificity ~ Diagnostic Accuracy

W CCTA m CTP M Combined M Concordant

Andreini, D. et al. J Am Coll Cardiol Img. 2020;13(3):732-42.
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CT-RECTOR Score Calculator KCCT Score: definition and scoring system Version 1
Predictors Definitions. YA ey S Tapered prasienal arie e

Multiple Occlusion Mutiple Occiusion 1 poimt apoint

Presence of 2 complete interruptions [l Prasence (1)
oftho conmastopaciicaton seperated [ absencs (0)

by contrast-enhanced segment of 5 mm 40 sk beanch accent tn prosemad eriny s

Planning

Blunt Stump Blunt Stump
I Absence of any tapred stump W Frosence (1)
st ihe enty or axit 340 W assenca () 3. Occlusion length 2 15 mm T
m o . o
Sevare Calcification Severs Caleification
Presence of any calcium involving B Presencs (1) SR AN i e RO Bl
250% of the vessel cross-sectional B Atsence () ez B £ 45 degre o b penCTO segemers
area al the eniry or it e or within 5 "
the scclusion route Lo Lo
Banding 245° Bonding 245°
Prosence of any bending 45* B Presence (1) Bbrare et

a81he entry of &xil site o witin B Avsence (D)
ihe ccciusion route, 1 point apeint

Peipharal calcfication: maximal
encectey, = 180F ana £542 S

Gaicicason wah enccing < L8P or

or
Secand Attompt Second Attempt S < SU, o o catesnon
Previously faled PCI a1 CTO Wves () Cortra calcibention 2point
13607 and CSA » 100%)
e ©

& Reatiompt of prevousty failed CTO PCI
Buration of CT0 Duration of GTO 1point apoint

Dusation of CTO 212 moaths or unknawn 1
W s (1) 7. Gechusion duration 2 12 month or unknown

W @ P—— —
Difficulty Group Total Score Cifficulty category and total scare )
Tota scane (e of w1 paint) « points
W Easy (0) B Difficut (2)
B iocarmedints (1) B Vry Diffcuit 23) Category: [Easy 0] Mermedione (1) [ Ielt@) o [TydimcuR (3] © [ jemely dfScutint)

Hears ihstitute GRAND Opolski MP et al. J Am Coll
Foundation®

ROUNDS Cardiol Intv 2015 Yu C-W et al. Circ: Cardiovasc Imag 2017.

Real time
fusion
(CTA+ICA) -

RCA
Centerline

PDA CTO

Mi i j : i
Hg;nrfiarm‘iltsute GRAND Ghoshhajra BB et al. Eur Radiol 2017

Foundation’ ROUNDS
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CENTRAL ILLUSTRATION: Comparison of the Rates of Successful Revascu-
larization and 1-Year Major Adverse Cardiac Events

A B
CTA-> 1 ;m é
success rate i=
| perforations, i: i
periproced Mi g P

Coranary  Angiography-

Coronary | Anglography-
Ta- Guidance i

Coronary | Angiography-
fary Guidance: -

Guidance

Guidance Guiddance Guidance
4-CTO Score <2 J-CTO Score 22
4
6
£ | Hazard atio 0,79
2 {95% confidence interval 0.31-2.00)
£ | p=06WbyLogrank
By |
i
1 H 2
|
i3
o

o a0

e E

180
Days After Index Procedure

Hismber at risk
— Angiography-Guidance 200 195 190 186

Minneapolis Coronary CTA-Guidance 200 198 193 192
Heart Ir?:tlitute GRAND
Foundation®

ROUNDS Hong, $.-1. et al. J Am Coll Cardiol Img. 2021,14(10)1993-2004,

41

MV-CAD
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cCTA for
heart team

decision in
MV-CAD
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Foundation’

GRAND
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223 patients

Heart team treatment
recommendation based on
conventional angiography
CABG

PCI/Equipoise CABG and PClI

Cohen’s kappa 0.82 (95% C1 0.73-0.910)

Heart team treatment recommendation based
on coronary computed tomography
angiography

CABG PCl/equipoise CABG and PCI

23.4% (52/222) 2.7% (6/222)

4.5% (10/222) 69.4% (154/222)

Agreement in 93% of the heart team’s treatment recommendation.

Collet C et al. EHJ 2018

78% | in
DLP

61 hospitals from 32

enrolled 4502 pts)

Minneapolis
Heart Institute
Foundation’

2017 vs 2007

countries (prospectively

3000 —|
p <0.001 [[] 2007 Dose Survey
[[] 2017 Dose Survey
E ] 885 Diagnostic reference
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o)
g 2000 —
-
13
>
°
8 ,
a
<
<)
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)
w
Q o]
o
0 —]
All sites Intersite variability (Median + IQR)

GRAND Stocker TJ et al. Eur Heart J 2018
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SCCT 2021
E x p e rt First line test for evah;atinipa(ien!s with:
* No known CAD and Stable Typical or Atypical
Consensus

Chest Pain, or Anginal Equivalent
Document on
C TA Reasonable test for evaluating patients with:

* Known CAD and Stable Typical or Atypical
Chest Pain, or Angina Equivalent

First line test for evaluating patients with:

+ Coronary Anomalies

* Prior CABG, particularly if graft patency or
location of LIMA is the primary objective

Role of CTAin

Chronic CAD Reasonable test for evaluating patients with:

* Anon-conclusive functional test; to obtain more
precision regarding diagnosis and prognosis

Reasonable test for evaluating patients with:

Coronary Stents > 3.0 mm

Proximal, Non Bifurcation thin strut Stents < 3.0 mm
Prior to Non Cardiac Surgery in younger patients with
low-intermediate probability of CAD

Evaluating Coronary Anatomy in patients with
suspected Dissection of the Aorta

m;::??r?:tli':u . GRAND Narula J et al. Journal of Cardiovasc Comput Tomograph 2021

Foundation ROUNDS

Thank you!

Questions

Minneapolis
Ht':art Ir?:tiltute GRAND

Foundation' ROUNDS
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Back up Slides

ROUNDS

Limitations

of CTA

Obese patient’s
Extreme calcification

Irregular heart rhythm
(AF)
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SCCT 2021
Expert

Consensus
Document on
CTA
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Evaluation of Stable Coronary Artery Disease: Coronary CTA in Other Conditions

« Itis appropriate to perform GTA for coronary artery evaluation prior to noncoronary cardiac surgery as an equivalent alternative to invasive
angiography in selected patients, e.q., low-intermediate probability of CAD, younger patients with primarily non-degenerative valvular conditions.

+ CTAmaybe an appropriate alternative to other r tests for evaluation of selected patients prior to noncardiac surgery.
* Itis appropriate to perform CTA to exclude coronary artery disease in patients with e P
* Itmay be to perform late CT imaging to detect infiltrative heart disease or scar in selected patients who have non-ischemic

or ischemic cardiomyopathy and who cannot undergo cardiac MRI. Such imaging may be performed if it has the potential ta impact the diagnosis
andior treatment (e.g. planning for ablation therapy)

* It may be appropriate to perform CTA as an alternative to invasive coronary angiography for the screening of patients for coronary allograft
vasculopathy in selected clinical practice settings.

* Itis appropriate to perform CTA for the evaluation of coronary anomalies.

Narula J et al. Journal of Cardiovasc Comput Tomograph 2021

Decision
making

Minneapolis
Heart Institute
Foundation’

GRAND
ROUNDS

Left main >50%

Yes — |CA & Rx as appropriate

Ischemia Trial Pathway

CAD RADS Pathway

Risk Factor Control
Yes Secondary Prevention Therapies
—> Anti Ischemic Therapy
Evaluate LV Function & Treat as needed
Consider Revascularization, if appropriate

=t

CAD-RADS 1 CAD-RADS 2 CAD-RADS 3 CAD-RADS 4A CAD-RADS 4A/S CAD-RADS 5
< 25% stenosis 25-49% stenosis 50-69% stenosis 70-99% stenosis In-stent stenosis CcTO
Risk Factor Control Risk Factor Control —_— Risk Factor Control ——

Secondary Prevention Rx Secondary Prevention Rx
With Atypical Chest Pain:
CT-FFRICTP or Functional Testing
With Typical Angina:
Consider ICA instead of Functional Testing if appropriate

Secondary Prevention Rx
Anti Ischemic Therapy
ICA if needed
Selective Revascularization

Narula J et al. Journal of Cardiovasc Comput Tomograph 2021
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CONVERSE (cost)

Falbow-Up Test Cost

Indiex Test Cost Invashoe Test Cost Naonirwaseie Test Cost Tetal Disgnostic Cost
5=
Ba% + " i
$3,000 53,000 53,000 53,000
§2.549
.00 52,500 $2,500 42500
52,000 82,000 $2,000 52,000
§1,50 $1,500 $1,500 $1,500
Bl T 81,181
§1.000 1,000 1,000 53% 1 §1,000
582
$500 401 $500 500 4500
i 5200 a4
£ 294
index " FallowUp Invasiv " Fallaw-Up Nonimasive
Drect Rebemal

Hie;n:?miigne GRAND Hyuk-Jae Chang et al. J Am Coll Cardiol Img 2018.
Foundation® ROUNDS

CORE-64

iU LB Diagnostic Accuracy of CTA for Detecting =50% Coronary Arterial Stenosis

n CAD Sensitivity Specificity PPV NPV AUC
Quantitative CTA, all 371 63.1% 0.88 (0.83-0.92) 0.87 (0.80-0.92) 0.92 (0.88-0.95) 0.81 (0.74-0.87) 0.93 (0.90-0.95)
Quantitative CTA, <600 291 56.0% 0.85 (0.79-0.90) 0.90 (0.83-0.94) 0.91 (0.86-0.95) 0.83 (0.75-0.89) 0.93 (0.90-0.986)
Quantitative CTA, =600 80  888%  0.94(0.86-0.98)  0.44 (0.14-0.79) 0.93 (0.85-0.98)  0.50 (0.16-0.84) 0.81(0.71-0.89)
Quantitative CTA, without known CAD 273 55.7% 0.91 (0.85-0.95) 0.87 (0.79-0.92) 0.90 (0.84-0.94) 0.88 (0.81-0.93) 0.93 (0.90-0.986)
Visual CTA, all 371 63.1% 0.85 (0.80-0.89) 0.90 (0.83-0.94) 0.93 (0.89-0.96) 0.78 (0.73-0.87) 0.92 (0.89-0.95)
Visual CTA, calcium <600 291 56.0% 0.83 (0.76-0.88) 0.91 (0.85-0.96) 0.92 (0.87-0.96) 0.81 (0.71-0.85) 0.92 (0.89-0.95)
Visual CTA, calcium =600 80 88.8% 0.96 (0.88-0.99) 0.56 (0.21-0.86) 0.94 (0.86-0.98) 0.63 (0.24-0.91) 0.86 (0.77-0.93)
Quantitative CTA, intermed PTP 172 47.7% 0.89 (0.80-0.95) 0.88 (0.79-0.94) 0.87 (0.78-0.93) 0.90 (0.81-0.95) 0.93 (0.89-0.97)
Quantitative CTA, high PTP 98 70.4% 0.93 (0.84-0.98) 0.83 (0.64-0.94) 0.93 (0.84-0.98) 0.83 (0.64-0.94) 0.92 (0.85-0.96)
Quantitative CTA, known CAD 98 83.7% 0.83 (0.73-0.90) 0.88 (0.62-0.98) 0.97 (0.90-1.00) 0.50 (0.31-0.69) 0.93 (0.86-0.97)

Minneapolis GRAND

Heart Institute
Foundation’

ROUNDS
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CORE-64 ﬂ ﬂ h h

1-99  100-399 400+
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Predictive Value

Calcium Score

F Values to Pre-Test F
and Extent of y

Shown s a piot of positive predictive values (solid bars) and negative predic-
tive values (open bars) for (A) patients with intermediate pre-test probability of
coronary artery disease (n = 172), and (B) patients with either high pretest
probability or known coranary artery disease (n = 196 combined), grouped into
patients without calcification (calcium score 0) and with mild calcification
(score 1 to 99), moderate calcification (score 100 to 399), and severe coro-
nary calcification (score >400).
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CONSERVE
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Contrast

* Intravenous contrast doses are typically less than 75 mL in
most labs, a value associated with very low (<1 percent) rates of
contrast-induced nephropathy or adverse outcomes

Minneapolis GRAND
et ROUNDS

Table 1.

D P dural Use Following

Selective Referral (n = 784 Underwent Direct Referral (n = 719 ]

Index CCTA) Underwent Index ICA) Value

Total % Total %
Invasive procedures
Invasive coronary angiography 179 23 30 4 <0.001
Fractional flow reserve 0 0 41 6 <0.001
Percutaneous coronary 89 1 109 15 <0.001
intervention
Coronary artery bypass 9 1 18 3 0.075
surgery

Revascularization

Hears postiut RAND
Founcation' ROUNDS
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57

CT-FFR limitation

« lower in patients with CT-FFR values between 0.70 and 0.80 (so
called "gray zone")

* Not validated for the assessment of left main coronary artery
stenosis or for patients with three-vessel CAD, particularly when
involving total occlusions in the coronary vascular tree

Minneapolis GRAND
et ROUNDS
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