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Morphology and Function of Platelets

Sir H Sheehan 1965 -V Fuster, PhD Thesis 1975
A Arbab-Zadeh, M Nakano, R Virmani, V Fuster, et. al. Circ. 2012:125:1147




1975-1985, Periop. ASA + Dipyridamole
On Early Postop. SVBG Patency
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JH Chesebro, V Fuster et al., N. Engl. J. Med. 1984; 310:209
V Fuster, JH Chesebro et al., Circ 1986; 73:227



1985 -1995,
Mild at Angiography;,

STABLE PLAQUE UNSTABLE PLAQUE RUPTURED PLAQUE
Angiogr., Angiogr.,

Modified from G Niccoli et. al. JACC Cardiovasc Img. 2013;6:1108

GW Stone, J Narula JACC: Cardiov. Imag. 2013:6;1124
A Arbab-Zadeh, M Nakano, R Virmani, V Fuster, et. al. Circ. 2012:125:1147

A Arbab-Zadeh, V Fuster J. Am. Coll. Card. 2015:; 65: 846



1995 —2005, Restenosis & Sirolimus DES

No fat suppression Fat suppression Pathology

Gallo R, Fuster V, Badimon JJ et al. Circ 1999; 99: 2164

Worthley SG, Badimon JJ, Fuster V. Circ 2000; 101: 2956
SO Marx &A Marks Circ. 2001;104:852

M Poon. JJ Badimon. V Fuster. Lancet 2002:359:619.



2005 - 2010, Outcomes — Death / Stroke / Mi

— PCI/DES
304 ==== CABG

Logrank P=0.005
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5-Year Event Rates: 26.6% vs. 18.7%
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New Engl. J. Med 2012; 367: 2375
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Subclinical Atherosclerotic Burden-N= 12,000
Coronary Calcification 2D/3D-VUS

H Sillesen, PV Fuster et.al JACC Imag. 2012;7:681.
B Lopez-Melgar, V Fuster et. al. Atheroscl. 2016;248:230 —Validated 3D vs 2D/3D
B Lopez-Melgar, V Fuster et. al. 3 Am Coll Cardiol. 2017;70:301



Coronary Ccalcification & 2D/3D-VUS
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H Sillesen, P Muntendam, E Falk, V Fuster et.al JACC Imag. 2012;7:.681.



da).
Cumulative 3-Year MACE Endpoints (N=216)

Three-Year Secondary MACE Rates by Carotid and Coronary Atherosclerosis

Reclassification: CAC 24% - CPB 18%
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4b1).
Atherosclerosis Assessment (mi?)

Female

40-44 vears 45-49 vears 50-54 years 40-44 years 45-49 years S50-54 years

PESA (L Fernandez-Friera, V Fuster et.al). Circ 2015;131:2104
(B Lopez-Melgar, V Fuster et. al). ] Am Coll Cardiol 2017;70:301
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4b2).
Femoral And Carotid 3D-VUS Plague Volume

Carotid Plague Burden

_| Femoral Plagque Burden
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B Lopez-Melgar, V Fuster et. al. ] Am Coll Cardiol 2017;70:301




4b3).
Subclinical Atherosclerosis — FRS & ERS

FHS 10-year score & subclinical ﬂthﬂ'm“]ﬂﬂﬂ;l 10-year European SCORE & subclinical atherosclerosis
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L Fernandez-Friera, V Fuster et al., Circulation 2015; 131:2104
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ICHS AND SUBCLINICAL ATHEROSCLEROSIS EXTENT
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FBS AND SUBCLINICAL ATHEROSCLEROSIS EXTENT
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JM Fernandez-Alvira, V Fuster, S Pocock et al JACC 2017:70:2463




4b6). PET (18F-FDG), MRI (T1/T2)

Banco de Santader employees in Madrid
2010 aged 40-55 years = 6000

Informed consent

{ Exclusion criteria

PESA baseline cohort n=4000

» Cardiovascular risk factors
* Physical examination
* Blood sampling

on Questionnaires Advanced imaging n=1300
* 2D/3D US carotid-iliofemoral i
2013 | CTeoronary calsim ssore,... e Lo PEVMR Stu d.y popu lation : .
plagues =950 individuals who had baseline vascular PET/MRI and will returned for
l follow-up vascular MRI to CNIC
3 years follow-up visit
* Cardiovascular risk factors }
* Physical examination | m ag N g p rotoco |
gj;’sdt;ar"::'l‘f A cardiac MRI study, including cine (LV function and structure), T1- and T2-
+ 2D/3D US carotid-iliofemoral mapping (Inflammation and diffuse fibrosis) and LGE (scar)
* CT coronary calcium score MRI
2016 * Clinical events ‘l
6 years follow-up visit Advantages / Requirements
* Cardiovascular risk factors - Instead of having a vascular PET (30 min), they will have a cardiac MRI
* Physical examination (novel heart assessment in PESA)
* Blood sampling ; . ‘g . ..
* Questionnaires - Fibrosis quantification: creatinin / Hb
' * 2D/3D US carotid-iliofemoral - Additional Budget: contrast for 950 cardiac MRI: 46.400 € (personal
19 | LG s e | included)




Lower body PET/MRI Upper body PET/MRI

MRI  PET PET  MRI
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L Fernandez-Friera, V Fuster, J Sanz et. al. J Am Coll Cardiol. 2018 (Subm.)



Atherosclerosis (MRI) & Inflammation (PET)
In Men And Women In PESA

Carotid, aortic, and ilio-femoral 18F-FDG PET/MRI was performed
In 755 individuals (age 40-54 years, 83.7% men) with known
plagues detected by 2D/3D EV-US and/or EBCT in PESA study.
Arterial inflammation was present in 48.2% of individuals (24.4%
femorals, 19.3% aorta, 15.8% carotids, and 9.3% iliacs) and
plagues in 90.1% (73.9% femorals, 55.8% iliacs, and 53.1%
carotids). F-FDG arterial uptakes and plaques significantly
Increased with cardiovascular risk factors (p<0.01). Coincident
F-FDG uptakes were present in 11% of plagues and most
uptakes were detected in plaque-free arterial segments or 61%.
These findings suggest an arterial inflammatory state at early
stages of atherosclerosis.

L Fernandez-Friera, V Fuster et al., 2018 (Subm)



BF-FDG PET/MRI in PESA

Atherosclerosis prevalence Arterial inflammation prevalence
(positive plaque presence) (positive SF-FDG uptake)
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L Fernandez-Friera, V Fuster, J Sanz et. al. J Am Coll Cardiol. 2018 (Subm.)



MEN / WOMEN
Atherosclerosis by MRI Arterial inflammation by PET
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e Carotids
== Thoracic
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s emorals

PRESENCE OF UPTAKE

40-44 yo 45-49yo 50-54yo 55-59yo 0 CVRF 1 CWVRF 2 CVRF =2 CVRF
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L Fernandez-Friera, V Fuster, J Sanz et. al. J Am Coll Cardiol. 2018 (Subm.)




Relationship of Uptake And Plague Presence
With CVVRF Burden,

P <0.001 - 1 uptakes

1 2 uptakes
e >2 uptakes
80%

70% 1 plaques
60% 2 plaques
50% >2 plaques
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L Fernandez-Friera, V Fuster, J Sanz et. al. J Am Coll Cardiol. 2018 (Subm.)
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Genetic Risk vs Unhealthy Lifestyle
and Coronary Disease

A healthy life style score (7) and a polygenic score of DNA
sequence polymorphisms (50), we guantified genetic risk for
CAD in four prospective cohorts — 7814 participants in the
Atherosclerosis Risk in Communities (ARIC) study, 21,222 in
the Women’s Genome Health Study (WGHS), and 22,389 in the
Malmo Diet and Cancer Study (MDCS) — and in 4260
participants in the cross-sectional Biolmage Study. Across four
studies involving 55,685 participants, lifestyle and genetic
factors were independently associated with susceptibility to
CAD. Among participants at high genetic risk, a favorable
lifestyle was associated with a 50% lower relative risk of CAD.

AV Khera, V Fuster, PM Ridker et al., NEJM 2016; 375:2349



ARIC, MDCS, Biolmage, WGHS,

A Atherosclerosis Risk in Communities
Genetic Risk Lifestyle Risk
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Monocytes

u Monocyte-derived M@

Bone marrow :
Resident M@

Myocardial Obesity Atherosclerosis Stroke
infarction

Resident Monocyte- Microglia
cardiac M® derived MO Monocyte- Foam cells j\,{%‘ 7 }
: h derived M® s
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L Honold et. al. Circ Res. 2018;122:113
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Thrombosis
promoting factors
Thrombosis
resisting factors

Vascular Thrombosis/ACS Asymptomatic Plaque Healing

Arbab-Zadeh, V Fuster. J Am Coll Cardiol 2015:65:846 —CAD, M/



A Aortic-Root Sections, According to Tet2 Status B Size of Aortic-Root Lesions, According to Tet2 Status
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S. Jaiswal, V Fuster et. al. N Engl J Med 2017;377:111
JJ Fuster et al Science 2017; 355: 842 — Circ Res 2018; 122: 523




The NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 SEPTEMBER 21, 2017 VOL. 377 NO. 12

Antiinflammatory Therapy with Canakinumab
for Atherosclerotic Disease

P.M. Ridker, B.M. Everett, T. Thuren, ).G. MacFadyen, W.H. Chang, C. Ballantyne, F. Fonseca, J. Nicolau, W. Koenig,
S.D. Anker, J.J.P. Kastelein, J.H. Cornel, P. Pais, D. Pella, J. Genest, R. Cifkova, A. Lorenzatti, T. Forster, Z. Kobalava,
L. Vida-Simiti, M. Flather, H. Shimokawa, H. Ogawa, M. Dellborg, P.R.F. Rossi, R.P.T. Troquay, P. Libby,
and R.J. Glynn, for the CANTOS Trial Group*

CANTOS: A Gigantic Proof-of-Concept Trial

Borja Ibafiez, Valentin Fuster
Circ Res 2017;121:1320




CANTOS

CANAKIINUMAB
M1 (TET2) Like

Glucose

: " T helper 17 o
Q Macrophages 0 Neutrophil M Monocyte \ ____, lymphocyte Bone Marrow

Cholesterol - Neutrophil W Hematopoietic " Hematopoietic
& . Endothelium :
crystals ﬁ NET - O Stem Cell @ Progenitor Cell

TR Cimato. Eur Heart J. 201 7; 38: 433
P Libby, V Fuster, et. al. 2018 (In Press)




ACS - CAD & Arterial PET / FDG
Bone Marrow and Spleen Imaging

G | H

PM Robson, V Fuster, ZA Fayad et al. J. Am. Coll. Card. 2017;10:1103
JM Tarkin, JHR Rudd et. al. J. Am. Coll/ Card. 2017;69:1774

ML Senders, ZA Fayad, C Perez-Medina et. al. JACC 2018;71:321

S. Jaiswal, V Fuster et. al. N Engl J Med 2017;377:111 - Loss of TETZ
JJ Fuster et al. 2018:122:523 - Science 2017; 355: 842 Circ Res - /11 Murine
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White Matter & Lacunar Lesions (DBD)
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Microcirculation, Cognitive — 12 Studies
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8.P Scheltens et al Lancet 2016,388:507- RF-Dementia 30%
9.C ladecola et al., Hypert. 2016,68:€e67- Hyp. AHA-Cognitive
10.YFS (SP Rovio et al), JACC 2017,69:2279-RF Child. Cogn.
11. Ade Roos et. al. Circ. 2017, 135: 2178- A’sD Phys. Fibrin
12. TANSNIP (V Fuster et al) 201 7- 2018- 2 Prospective Paths
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10. cardiovascular Risk Factors From Childhood
& Midlife Cognitive Performance
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YFS (SP Rovio et al), J Am Coll Card 2017; 69: 2279



12. TANSNIP Pathways 1, 2, 3
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C ladecola et. al. Circ Res. 2018;123:406



The Aging CV System Interacting
With Brain Pulsatility And Perfusion
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Cortical clearance
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By — 7~ Microstructural White matter
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A de Roos et. al. Circulation. 2017;135:2178
Y Iturria-Medina et. al. Curr Opin Neurol. 2017;30:623
S Strickland, J Clin Invest. 2018;128:556
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Platelet Studies “In Vivo”

National Heart
Lung and Blood Institute

1975, Pigs |

d American
Heart

Associations

Learn and Live

1976, Dogs




Scintiphoto of Intact Dog
At 30 Hrs. Post IV 111 n-labeled Platelets

Untreated Treated with ASA + Dipyridamole
Uptake in Graft Region No Uptake In Cardiac Region

V Fuster et. al. Circ.1979:60:1508



Randomized Trials With Drug-eluted Stents
Restenosis Rate At 6 Months

50 Drug-coated stent
Control P<0.01
40 37
- P<0.001 P<0.001
3 27
O 30 26
Q
0 20 P<0.01
11
10
4 6.4
0 B 0 I i 0 e
Trial: ASPECT RAVEL SCORE TAXUS-1
N: 177 238 106 61
Drug: Paclitaxel Sirolimus QP-2 (Taxol) Paclitaxel
Funding: Cook Inc. Cordis, J&J Quanam Boston Sc.

RAVEL (MC Morice,

JE Sousa et al.) ESC- Sept 2001



MR/ - Arterial Wall & Plagques
Non Invasive Burden of Disease

COLLAGENOUS
CAP

MEDIA

ADVENTITIA

LIPIDS

| G
I

m<<

- Toussaint, V Fuster et. al. ATVB.1995;15:1533 - Diffuse

—uster,JJ Badimon,L Badimon NEJM.1992;326:242 &310 - Diffuse
~uster, Circ 1994, 90:2126 - AHA Report Circ 1995; 92:1355

—alk, PK Shah, V Fuster Circ 1995:92:657-



CACS = 300

Risk Factars Risk Factors + Risk Factors + Risk Factors + Risk Factors Rislk Factors + Risk Factors + Rislk Factors +
Carotid Plagues Ffemoral Plaques Carotid Plaques Carotid Plaques  Femoral Plaques Carotid Plaques

. . . .+ Femoral Plagues + Femoral Plagues
Variables included in the prediction Variables included in the prediction model

AWHS - M Lacaustra, V Fuster et al. JACC 2016; 67: 1263
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Genetic Risk, Adherence to a Healcthy
Lifestvle, and Coronary Disease

AV Khera, V Fuster, et. al. N Engl J Med 2016,375:2349 — Genes - RIsk

ORIGINAL RESEARCH ARTICLE

Polvgenic Risk Score identifies Subgroup With
Higher Burden of Atherosclerosis and Greater
Relative BEenefit From Statin Therapy inmn thhe

Primmmary Prevention Setting

P Natarajan, V. Fuster, et. al. Circ. 2017;135:2091- Genes - Statins

T he DN E VWV HE INCI. AT 1>
J O U R IN AL, oo DNYAYEIDSDICI DN EE

ESTABILISEIEID> IMN I1=S1>2> FJTLITIL. W A=, Z22O1L7F

Clomnal Hematrtopoiesis and Riask of Aadherosclerotctic
Cardiovascular IDisease

S. Jaiswal, V Fuster, et. al. N Engl J Med 2017,377:111 -

Nnatuaarce -
genetlc = I

Genmnome—-wide polyvyesenic scores for common
diseases identifvy imndividuals with risk egquivalent

ToOoO Mmonmnos=senica rnmutations

M Inouye et. al. J Am Coll Cardiol. 2018 (In Press)




Morphology and Function of Platelets

Sir H Sheehan 1965 -V Fuster, PhD Thesis 1975
A Arbab-Zadeh, M Nakano, R Virmani, V Fuster, et. al. Circ. 2012:125:1147




1975-1985, Periop. ASA + Dipyridamole
On Early Postop. SVBG Patency
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JH Chesebro, V Fuster et al., N. Engl. J. Med. 1982; 307:73
JH Chesebro, V Fuster et al., N. Engl. J. Med. 1984; 310:209
V Fuster, JH Chesebro et al., Circ 1986; 73:227



1985 -1995,
Mild at Angiography;,

STABLE PLAQUE UNSTABLE PLAQUE RUPTURED PLAQUE
Angiogr., Angiogr.,

Modified from G Niccoli et. al. JACC Cardiovasc Img. 2013;6:1108

GW Stone, J Narula JACC: Cardiov. Imag. 2013:6;1124
A Arbab-Zadeh, M Nakano, R Virmani, V Fuster, et. al. Circ. 2012:125:1147

A Arbab-Zadeh, V Fuster J. Am. Coll. Card. 2015:; 65: 846



1995 —2005, Restenosis & Sirolimus DES

No fat suppression Fat suppression Pathology

Gallo R, Fuster V, Badimon JJ et al. Circ 1999; 99: 2164

Worthley SG, Badimon JJ, Fuster V. Circ 2000; 101: 2956
SO Marx &A Marks Circ. 2001;104:852

M Poon. JJ Badimon. V Fuster. Lancet 2002:359:619.



2005 - 2010, Outcomes — Death / Stroke / Mi

— PCI/DES
304 ==== CABG

Logrank P=0.005

PCI/DES
20 —

Death/Stroke/Ml, %

5-Year Event Rates: 26.6% vs. 18.7%

| | | | | | |
0 1 2 3 4 5 6

Years post-randomization

New Engl. J. Med 2012; 367: 2375
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JM Fernandez-Alvira, V Fuster, S Pocock et al 2017:70:2463
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P Libby, V Fuster, P Ridker et. al. J Am Coll Card 2018,72:83
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