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Focus on Coronary Atherosclerosis
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Sandfort et Al. Circ CV Imag 2015
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Prevalence of Nobs in Asymptomatic Individuals

SCAPIS (the Swedish Cardiopulmonary

Bioimage Study)
No atherosclerosis 52,8% 145068
N° 25. 182 Any form of atherosclerosis 10508 (42.0)
Age 57 +4.3yrs Any stenosis =50% 1309 (5.2)
0
Women  51% ‘ 1-49% stenosis NobsCAD 30%

Miami Heart Study

Maximum stenosis

o No stenosis/plaque 1,194 (50.9)
N° 2359 ‘ 1%-49% stenosis 1,012 (43.1)
Age 53.4+6.8yrs 50% 69% stenosis 97 (4.1)
Women 49.6% =70% stenosis 43 (1.8)

Nasir et Al. JACC CV Imaging 2022; Bergstrom et Al. Circulation 2021



Degree of CAD by examination year and gender In Stable Angina
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Copenhagen Study

No obstructive CAD comprised normal coronary arteries
(defined as 0% stenosis in all coronary arteries) and

diffuse non-obstructive CAD (defined as 1-49% stenosis
in any epicardial coronary artery).

The proportion of patients with no
obstructive CAD increased from

54 to 73% in women and from
19 to 41% in men

Jespersen et Al. Eur Heart J 2012



Research

Original Investigation ®
Nonobstructive Coronary Artery Disease J AM A
and|Risk of Myocardial Infarction |
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Deepak L. Bhatt, MD; Stephan D. Fihn, MD, MPH; John S. Rumsfeld, MD, PhD Retrospective cohort study Of a" US veterans
JAMA. 2014;312(17):1754-1763 .
1-Year mortality unde.rgomg _
5 elective coronary angiography for CAD between October
: 2007 and September 2012
37674 patients, 22.3%nonobstructive CAD, 55.4% had obstructive CAD obsiructive CAD
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|ICONIC Results: Maximal % stenosis at CCTA
ACS No ACS

B <50% stenosis B >70% stenosis

Chang et Al. J Am Coll Cardiol. 2018



La complicanza é dovuto a progressione della stenosi coronarica che diviene

improvvisamente significativa e causa ischemia ACUTA
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Non-obstructive CAD

Normal coronary arteries
Obstructive CAD

3265 patients classified into 3 groups:

Normal coronary arteries (lesion <20%)

Non-obstructive CAD (20-50%)

Obstructive coronary artery disease (>70%)

Rodriguez-Capitan et Al. J. Clin. Med. 2



CONFIRM (Coronary CT Angiography Evaluation for Clinical

Outcomes: An International Multicenter Registry)

Cumiulalive S urvival

0.85 ~

0.80 - X?=51, p<0.0001

1 Moderate (502¢-69%) Plaque (n=212), p=0.065

None ar Mild (<50%) Plaque in=422)
22 Nild (3096-405) Plaque with Proximal Plaque in 1 Adery (n=584) p=0-182

2 Moderate (S036-65%) Plaque or 1 Severe (=70%) Plague (=101, p=0.013

3 Moderats (5026699 Plague or 2 Severe (=70%) Plagus or
Severe (2702 Praximal LAD Plaque (n=1435), p=0.002

3 Severs (=7T0%) Stencses or 2 Severs (=70%) Stenases
with Proximal LAD (n=B6), p=0.001

Es. 2 placche moderate = 1 lesione significativa

Moderate or Severe (250%) Left Main Plague (n=108), p<. 0001

La gravita della NobsCAD puo determinare

5 I I
Q Q.2 1

Time to Follow-up (Years)

Min et al. JACC 2007

1.8

2 Un rischio paragonabile a quello di lesioni
piu serrate




Metanalisi NObsCAD vs NOCAD

NORMAL

QCA analysis: 38%
CTA: 40% stenosis
ARI: 1.576
FFR=0.79

o \
74y, M, 162cm, 60kg, HR=58
CTA was performed for 5 mo. effort dyspnea

Abdulla et Al. Int J Cardiovasc Imaging, 2011

Weights are from random effects analyss

Test of OR=1:Z scare= 4.67; p=0.0001

Heteroge neity: p=0.232; =23 7%

Overall @5% C1I) |

s s

6.68 3.01,14.82) 10000'

Study No CAD Non-ob structive CAD OR (95%CI) Weight %
Pundziute ' 4.15(0.21,8067) 6.28
Gaemperti . 3.33(0.19,7587) 6.22
Aldrovandi u 543(0.28,106.90) 6.2
Carrigan B 6.48(0.31,136.94) 5.9
Hadami dzky — 164(023,1172) 1232
Rubenstein | —— 2450 (9.33, 64.32) 2857
Abidov | = 1834 (1.04, U04) 6.56
Werkhoven B - 272(056,1327) 1668
Chow - 481(059,39.18) 1115
Gopal | (Excluded) 0.00
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CONFIRM (Coronary CT Angiography Evaluation for Clinical Outcomes: An
International Multicenter Registry)

Unadjusted All-Cause 3-Year Kaplan-Meier Survival by the Maximal Per-Patient

23,854 Patients Without Known Coronary Artery Disease
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Valore prognostico della CAD ostruttiva e non

ostruttiva (studio prospettico)

3242 patients followed for the primary outcome of
cardiovascular death or myocardial infarction for a
median of 3.6 (2.1-5.0) years

>
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Bittencourt et Al,. Circ CV Imag 2014



Il rischio di eventi cumulativo in presenza di NobsCAD

e di circa 8 volte quello dei pazienti NOCAD

Findings from 17 Published Reports (N "2 49,957) with a Median of 2.5 years of Follow-up — Suspected CAD

all-cause or CAD mortality, ACS, or Revascularization

l Nonobstructive CAD B NoCAD M Nonobstructive CAD
100.0% 2.0% = B
1.6%
75.0% l 1.5%
50.0% 1.0%
Median = 33.4%
25.0% 0.5%
0.2%
0.0% 0.0%
Prevalence (%) Annual Event Rate (%)

LJ. Shaw, R. Blankstein, ].J. Bax et al. Journal of Cardiovascular Computed Tomography 15 (2021) 93—109



Valore prognostico della coronaropatia non ostruttiva

o .
o Hazard ratios (HRs)
for all-cause mortality
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Chow et Al. Arteriosclerosis, Thrombosis, and Vascular Biology. 2015

Lin et Al. JACC 2011



Classification of coronary atherosclerosis

Type | lesion Type ll lesion Type lll lesion Type IV lesion
N ; Pathologic intimal Thick cap Thin cap
i Intimal xanthoma
A WS e thickening fibroatheroma fibroatheroma

Plagues form in lining of artery

Plaque grows, lining of artery damaged

Type V lesion Type VI lesion (complicated)
Plaque ruplures Fibrocalcified plaque Healed erosion Healed rupture Total occlusion®
Se
Blood clot forms,
limiting blood flow >
% Lumen @ Extracellular lipid @ Necrotic lipidcore @ Hemorrhage ® Smooth muscle cells
© MAYO FOUNDATION FOR MEDICAL EDUGATION AND AESEAACH. ALL RIGHTS RESERVED . MK’W foam cells Cholesterol clefts . [Healed] thrombus Collagen [ ] Calcified pFaquE

Van Veelen et Al. Rev Cardiovasc Med 2022
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Adverse Plaque Characteristics

Positive Low Attenuation
Remodeling Napkin-Ring Sign Spotty Calcium Plaque

Increased outer Low attenuation Small focal CT equivalent of lipid

vessel diameter to area abutting lumen calcifications rich components
maintain lumen surrounded by high (<3 mm) in otherwise (defined as <30
(positive remodeling attenuation ring noncalcified plaque Hounsfield units)

index >1.1)
Dawson et Al. JACC 2022




Risk of Ischemia, ACS, or
Major CAD Events

_

MULTIVESSEL OBSTRUCTIVE CAD

Higher risk with 3 vessel CAD, LM, or
2 vessel CAD with proximal LAD stenosis

OSTRUCTIVE CAD or MULTIVESSEL
NONOBSTRUCTIVE PLAQUE

Higher risk with proximal stenosis, more
extensive plaque, or with high risk plaque features.
Lower risk with small vessels or distal stenosis

HIGH RISK NON-OBSTRUCTIVE

H AHEROSCLEROSIS
M Od e rate R|Sk High Risk Plaque Features, Plaque

Progression, or Extensive Nonobstructive
Plague (e.g., SIS >4)

MILD ATHEROSCLEROSIS — NO

M i n i ma | Risk HIGH RISK PLAQUE FEATURES

Higher risk with noncalcified plaque

HEALTHY - AT-RISK

-
At- Rlsk Risk increases with
] higher PCE scores or if

poor risk factor control

Zm=

Shaw et Al. Journal of Cardiovascular Computed Tomography 15 (2021) 93e109



Scottish COmputed Tomography
of the HEART (SCOT-HEART) Trial

Randomization 1:1

n=4,146
Complete Health -q{,‘ ¢ One National I
Record Data Capture “a‘ §*| Healthcare Provider v v
L 15 Standard of Care Standard of Care +

e® % N H S CT Coronary Angiogram
ISD " N, e’ n=2,073 n=2,073
sceTLAND  ® g SCOTLAND -
®ee" L3 12 Centers Across CT Coronary Angiogram
i Scoffand 10.0% Data for tf\e n=1,778

NHS Camputed Tomography Primary End-point

1 Perth Royal Infirmary, Perth : 2 | Non-completion 295

LN - ,_ N e Dung Coronary Angiogram |€ L heafth/death .
l;lg'l-:‘ll?geasl - 5 thewe :’ = Ie‘:( Kcaldy n=3 Intention-to-Treat Patient default 245
ictoria Hospital, Kirkca Analvsis ey 5
Seniand Forth Valley Hospital, Larbert ¥ Dt 41
Royal Alexandra Hospital, Paisley Western General Hospital, Edinburgh v ¥

Royal Infirmary, Edinburgh Data for Primary

Endpoint
n=2,073

Data for Primary
Endpoint
n=2,073

Western Infirmary, Glasgow
Glasgow Royal Infirmary, Glasgow
University Hospital, Ayr

St John'’s Hospital, Livingston

Borders General Hospital, Melrose




Valore prognostico delle stenosi coronariche e delle caratteristiche

di placca nello studio SCOTHEART

5% A 59

4% 4% -

3% 4 3% 4
2% Zh

1% 4

Proportion with CHD Death/Non-Fatal MI (%)

Proportion with CHD Death/Non-Fatal MI (%)

1% 4
0% 4
U% 1 T T T T T T
0 1 2 3 4 c 0 1 2 3 4 5
Follow-Up (Years) Follow-Up (Years)
No. (%) at risk Number at risk: n (%)

Normal 4 646 (100} 644 (100) 641(99) 640 (99) 502(78) 288 (45) Normal { 646 (100) 644 (100) 641(99) 640 (99) 502 (78) 288 (45)
Nnnvobstructive 4 671(100) 665 (99) 658 (98) 654 (97) 503 (75) 242 (36) Non-obstructive without AP 4 403 (100) 399(99) 396 (98) 392(97) 299 (74) 150 37)
Obstructive 4 452 ('100) 442'(98) 437'(97) 429'(95) 348'(77) 213'(47) Obstructive without AP 4 112 (100) 110 (98) 109 O7) 109 (97) 85 (76) 50 (45)
Stenosis Severity —— Normal —— Non-Obstructive — Obstructive Non-obstructive with AP 4 268 (100) 266 (99) 262(98) 262 (98) 204 (76) 92(34)
Obstructive with AP 4 340 (100) 332(98) 328 (96) 320 (94) 263 (77) 163 (48)

Non-Obstructive ___ Obstructive _ Non-Obstructive _ Obstructive

— Nomal. -==- \ihout AP without AP~ wiith AP with AP

Williams et Al. JACC 2019 AP= Adverse plaque characteristics



<~ Early detection of coronary atherosclerosis
> < makes the difference

I CV Death + Ml
-61% ICA WOCO
Implementation Delay Impacli:no_f_r?g:;a;:ions +29% ICA WCO

2.5 —
=CCTA Performed

=Result Reviewed [HHH
2.0— +Management Changed
Prevention Therapy Initiated

«Coronary Revascularization

15—

-50% events

1.0 —

HR 0.50 [0.28-0.90]
p = 0.020
0.0 -

& Proportion of Patients With an Event (%)

¥y
J

L " T T 1
0-49 Days 1 2 3

Follow-up (Years) .
Improved assignement
Williams, M.C. et al. J Am Coll Cardiol. 2016;67(15):1759-68. . .
of preventive therapies

Post hoc landmark analysis at 50 days




Primary Clinical End Point

0.08

Stress

004

Hazard Ratio 0.59
(95% Cl, 0.41 to 0.84)

0.03
0.02

0.0

Stress

0.00

Coronary Heart Disease Death or
Non-fatal Myocardial Infarction

Q 1 2 3

Follow up (years) -41% di Morte Coronarica o IMA

No. at Risk
Standard Care 2073 2033 2008 1994 1572 856
Sk o - - i Rt 672 This article was published on

— Standard Care Alone — CTCA + Standard Care August 25, 2018, at NEJM.org.



Coronary Heart Disease Death or
Nonfatal Myocardial Infarction

Findings on Coronary Computed
Tomography Angiography
(N =1,781)

Change in Treatment
(N=4142)

Chest Pain
Group

Possible Angina

Prior Coronary
Heart Disease

Revascularization New Within After
(<1 year) Preventative First Year First Year
Medications

Ml Normal [l Mon-Obstructive = Obstructive B Standard Care | Computed Tomography Intervention

Adamson, P.D. et al. J Am Coll Cardiol. 2019;74(16):2058-70.



Temporal Changes in Plague Volumes and

Composition of Noncalcified Plaque by Statin use

The PARADIGM Study

0

Stalin-nahre patients Statin-taking patients
Baseline Follow-up Baseline Follow-up

00 6o

ENEE calcium

cumposibon

Annual PAY Change (% /fyear)

A p=0002 | 87 p<0.001 €7 p <0.001
16 1
251 14
14 -[ 1.2 4
i - T 1.2 - { . ,
14
15 0.8 4
0.8
T 0.6 - B8 I
0.4 BA:
0.5 - il -
0 0
Owerall Calcified MNoncalcified
No Statin Statin

Lee et Al. JACC CV Imag 2018




Effects of pharmacological and non-pharmacological

intervention on plaque features and dimensions

Plaque Volume 21454 > A Henzel et Al. JACC CV Imag 2021

| | Percent Atheroma Volume 46.1% Noncalcified Plaque
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) JACC

Cardiovascular
Imaging

HUYGENS

Imaging of Coronary
Plaques in Participants
Treated With
Evolocumab

% MONASH
University

HUYGENS demonstrated the
ability to change the character
of unstable plaques over time.
By reducing the lipid core

and thickening the fibrous

cap - which helps stabilise
and protect the plaque from
rupture - the overall size of the
atheroma also regressed.

The degree to which this is
possible directly related to how
much LDL cholesterol could be
lowered.

Percent change in atheroma
regression was also shown
to be significantly greater in
Acute Coronary Syndrome
(ACS) patients.

Change PAV (%)

Effect of Evolocumab on Plaque
Burden in GLAGOV and HUYGENS

0.0 =

0.5 =

1.0+

-1.5 =

-0.95

GLAGOV

HUYGENS




Conclusioni

La maggior parte degli eventi coronarici si verifica per
complicanze di placche non ostruttive

L'impiego precoce di misure preventive in grado di modificare
la gravita delle lesioni aterosclerotiche coronariche puo
prevenire lo sviluppo di eventi coronarici e morte

La corretta identificazione e descrizione della malattia non
ostruttiva e di estrema importanza clinica e andrebbe
promossa in tutti i casi in cui si disponga di una anatomia
coronarica



