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Pokles umrtnosti na ICHS a jeho hlavni priciny

Jan Bruthans

Pracovisté preventivn( kardiologie, Institut klinické a experimentdini mediciny, Praha, Ceskd republika
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Obrazek 4 Umrti na ICHS, jimz se podaiilo zabranit nebo
ktera se podarilo oddalit, v dlisledku zmén rizikovych faktori
a lécby v CR 1985/2007 (%)



Co zpusobuje

vetsinu ne/
fatalnich
cévnich
prihod ?




Ateroskleroza

* je zanetlivé onemocneni na jehoz pocatku
stoji akumulace lipidovych castic v cévni
stené a jejich interakce s imunitnim
systémem s naslednym funkcnim |
morfologickym postizenim cévni steny.

Tento proces je zavisly na dalsich
biologickych vlivech (koureni, hypertenze,
diabetes mellitus).



Co maiji spolechého?

Bill Clinton

Dick Cheney Manmoéhan Singh

g

i EL :
Larry Kin



Ateroskleroza: od endotelialni dysfunkce ke
komplikované lézi

Penové Tukové Intermediarni Fibrézni Komplikovana
buiiky  prouzky léze Aterom plat  léze/ruptura

Endotelialni dysfunkce

o - s ar = g0 Hladky sval a Tromboza,
Rust hlavne akumulaci lipidu kolgggn

Stary HC et al. Circulation 1995;92:1355-1374.
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Historické predstavy o vzniku aterosklerozy

 Rudolf Virchow 1821-1902

Endarteritis deformans

— “Rozvoj ateromu je disledkem
zanetlivého procesu v arterialni
intimé a lokalni fibrézni ztlusteni
vznika, kdyz zanetlivy proces
stimuluje buriky pojivové tkané v
intimeé k proliferaci”




1913: Start cholesterolove éry

. m cell TR
Nikolaj Nikolajevic Foam cells ‘ LR

Anickov
Russian pathologist
in St. Petersburg (1885-1964)




Hypotéza odpovedi na endotelialni
poskozeni

* Ateroskleroza je
“arterialni odpovéd na poskozeni”
— Ross R, Glomset JA. The
pathogenesis of atherosclerosis.
N Engl J Med 1976

Denudace endotelu - produkee rustovych faktoru -
Proliferace bunék hladkého svalu



Zanet: hypotéza vzniku aterosklerézy pro 21. stoleti

 Ateroskleroza je
"zanéetlivé onemocneéeni”

— Ross R. “Atherosclerosis —

an inflammatory disease”
N Engl J Med 1999




Zanet: hypotéza vzniku aterosklerézy pro 21. stoleti

* Infarkt myokardu je
"zanetlivé onemocneéni”

* Hansson G. “Inflammation,
Atherosclerosis,

.+ and Coronary Artery Disease”
N Engl J Med 2005



Normalni endotel

eyt

Reguluje

oY Snizuje  Inhibuje migraci a
cevni tonus

adhezi  proliferaci bunék
trombocytl a hladké svaloviny
leukocytl

Harrison’s Internal Medicine 2012
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Role zaneétu v rozvoji aterosklerézy podie G.
Hanssona
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Zdroje zanétlivych cytokinu

Troponin T and |
Cresine kinase MB Cytokines
Imerleukin-18 and 6

Vessel wall D Tumor necrosis factor o

Lipoprotein-associated phospholipase Aj
Secretory phospholipase A

C-reactive protesn
Fabrinogen
Serum amvyloid A

Rader. NEJM 2000



Znacéne zjednodusené schéma imunitni reakce v
cévni stenée

9 Cell recruitment Cell homeostasis
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Zanet a aterogeneze
Role mononuklearu

Endothelial cells undergo inflammatory activation, produce different leukocyte adhesion
molecules (VCAM-1). Monocytes penetrate into tunica intima. Their receptor CCR, interact

with MCP-1

* Resident monocytes
acquire characteristics of
tissue macrophages.

» Macrophages express
scavenger receptors for
oxidized LDL,
internalized lipoprotein
particles. Macrophages
change to foam cells
(lipid droplets are
accumulated within the
cytoplasm).

+ Foam cells secrete pro-
inflammatory cytokines.

* This process amplify
local inflammation and
ROS.

Blood monocyte Monocyte
\ adhered to Arterial

/ - \\\\ epithelium lumen

( @ ) /»—» Monocyte
migrating .
U / into intima Dying

Monocyte becoming p-
W.hﬂmal macrophage ?
@
/ Macrophage P Apoptotic
Adhesion _- ' foam cell bodies
molecule /_
VCAM-1 Tissue
D) C ) factor
< o &,
Arterial N ROS
intima P

MéP-1 Scavenger_ 4

=
receptor o \( Lipid &\> Cytokines

Q O M-CSF droplets  MMPs
. Modified
lipoprotein
particle

Fom the review article: Libby P.: Inflammation in atherosclerosis. Nature 420, 2002: 868-874
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Zanet a aterogeneze
Role T- lymfycytu

T-lymphocytes enter the intima facilitated by VCAM-1 and trio chemokines- IP-10 (inducible
protein-1), Mig (monokine induced by interferon-y) and I-TAC (interferon-inducible T-cells a-
chemoattractant). Trio chemokines bind to CXCR3 chemokine receptor expressed by T-cells

in the atherogenic lesion.

T-cells are activated by
antigens (Ox-LDL, heat-
shock proteins), produce
cytokines.

Cytokines influence
behaviour of other cells
present in the
atheroma.

CD154 (protein
expressed on activated
T-cells) binding to CD40
ligand expressed on
macrophages induces
the epression of other
cytokines, MMPs, tissue
factor.

T lymphocyte

Macrophage or
other antigen-
presenting cell

Arterial z
intima v [ \— Cytokines
A \‘ Ny
Antigen ‘ T2 N oy
receptor Antigens
(Ox-LDL, — IL-10
HSPs, etc) NS L4

Fom the review article: Libby P.: Inflammation in atherosclerosis. Nature 420, 2002: 868-874



Zanet a aterogeneze
Role zirnych bunek

Mast cells infiltrate to the intima. Chemoattractant eotaxin
mediate migration of mast cells and interacts with the
chemokine receptor CCR;. Resident mast cells in the intima
degranulate, release TNF-a, heparin, and enzymes

activating proMMPs. Endotheium
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Fom the review article: Libby P.: Inflammation in atherosclerosis. Nature 420, 2002: 868-874



Zanet a aterogeneze
Role infekce

\4

Immunet Response
Th1-Type Th2-Type
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Autoimmune Response

Inflammatory Response

N/

Atherosclerosis

A single infection with Chlamydia pneumoniae is sufficient to exacerbate atherosclerosis in ApoE deficient
mice.Sorrentino R, Yilmaz A, Schubert K, Crother TR, Pinto A, Shimada K, Arditi M, Chen S Cell Immunol.
2015 Mar; 294(1):25-32



Zanet a aterogeneze
Autoimunitni mechanismy

The autoimmune concept of atherosclerosis

Altered cell
— —

5\

Beneficial innate and
adaptive immunity

Altered HSP60

R I Y

Classical

Continuous
presence
of risk factor
Inflammation

Severe atherosclerosis

Myocardial infarction, stroke, claudication

. The core of this concept is that an HSP60(heat shock protein 60)-induced inflammatory process
initiates atherosclerosis, and all other events, including the formation of foam cells

A single infection with Chlamydia pneumoniae is sufficient to exacerbate atherosclerosis in ApoE deficient
mice.Sorrentino R, Yilmaz A, Schubert K, Crother TR, Pinto A, Shimada K, Arditi M, Chen S Cell Immunol.
2015 Mar; 294(1):25-32



What makes endothelial cells a target for
pre-existing innate and adaptive immunity?
The role of classical atherosclerosis risk factors

~15-fold in relative abundance of
hHSP60 RNA/protein expression

* Chlamydia pneumoniae

* Smoking

* Mechanical stress (high blood pressure)
* Infections (LPS)

» Oxygen radicals

* Oxidized low-density lipoprotein (oxLDL)
* Drugs

» Advanced glycation end products (AGE)

~two-fold in relative abundance of
hHSP60 RNA /protein expression

Curr Opin Lipidol. 2011 Oct;22(5):327-34. doi: 10.1097/MOL.0b013e32834aa0c2. The autoimmune
concept of atherosclerosis. Grundtman C, Wick G.



Ateroskleroticky plat je velmi dynamicky

Synthesis Breakdown
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Historicky model aterosklerozy

dekady Roky-meésice Mésice-dny

Intima
Media

Plat

Stabilni angina pectoris

Stabilni plat zuzujici lumen
Jednoducha diagnostika (EkG, SKG)
IM vzacné

Snadno lécitelna/ovlivnitelna

Antischkow N. Beitr Path Anat Allg Path 1913;56:379-404.



Glagowuv model aterosklerozy

hranice

Trombus

Intima

Media

Plat

NAP

Nestabilni plat bez zGzeni
Obtizna diagnostika (IVUS, MRI)
Casty IM a nahla smrt o
Jednodussi prevenovat nez |éCit

Ross R. Nature 1993:362:801-809.



Vulnerabilni ateroskleroticky plat

Characteristics of vulnerable plaques

‘Vulnerable’plaque ‘Stable’plaque

M’*’ ~ ‘Activated” intimal SMC (HDL-DR*)
M” — Normal medial SMC

-
’ - — Macrophage
foam cell (tissue factor*)

Y

‘ — T Lymphocyte

SMC - smooth muscle cell
HDL-DR - transplantation antigen indicating ‘activation’ of SMCs Libby P. Circulation 1995;91:2844-2850.



- pozitivni remodelace
- vysoky obsah lipida
-ruptura

- TCFA

- infiltrace platu
lymfocyty a makrofagy

Vulnerabilni plat

Vulnerabilni krev Vulnerabilni pacient

-koureni
- vysoka hladina - renalni insuficience
fibrinogenu -DM
- nizka hladina PAI - resistence na ASA
- aktivace desti¢ek - dehydratace

- vysoka hladina

zanétlivych mediatort
- endotelialni dysfunkce




Akutni koronarni prihody jsou nejéastejsi u
osob bez okluzivni koronarni aterosklerozy
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Falk E. Circulation 1998



Pro¢ je rychlost aterosklerézy individualne rozdilna ?

P57 N ~.

Foam Fatty Intermediate Fibrous Complic
Cells  Streak  Lesion Atheroma  piaquelesion/Ri

X by . X e,
. TN , ow

Endothelial Dysfunction
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Adapted from Stary HC et al. Circulation 1995;92:1355-1374.



Diky rizikovym faktorum

* Meritelné veli¢iny asociované s budouci
manifestaci onemocneéni v

experimentalnich i klinickych studiich

* Jejich modifikaci Ize ovlivnit vyskyt

onemocheni v budoucnosti



Kolik
rizikovych
faktoru KVO

znate ?




Rizikove faktory aterosklerozy

* Ovlivnitelné * Neovlivnitelné

— Koureni — Osobni anamnéza

— Dyslipidemie ICHS/PAD/CMP/
» Vysoky LDL-C TIA...
* Nizky HDL-C — Rodinna anamnéza
- Vysoké triglyceridy (?) dtto

— Arterialni hypertenze — Vek

— Diabetes mellitus — Pohlavi

— Obezita

— Dietni faktory

— Trombogenni faktory

— Nizka fyzicka aktivita

— Nadmeérna konzumace alkoholu

Catapano et al, ESC/EAS gdins on DLP, Eur Heart J 20%1



Modifikatory rizika:

nové rizikové faktory aterosklerézy

Catapano et al, ESC/EAS gdins on DLP, Eur Heart J 2016



[ Obesit ]
Visceral fa [Environmental factors]

Smoking, Alcohol, Diet,
Gut microbiota

[ Genetic factors ]

A\ 4

_Nonalcoholic fatty liver
| disease (NAFLD) |

/ Insulin \

Low-grade
b4 inflammation
Nonalcoholic
steatohepatitis (NASH)

Adiponectin|
& other cytokines

Oxidative
stress

<: Endoplasmic
reticulum stress
Cardiometabolic disorders

Fig. 2. Pathogenetic link between nonalcoholic fatty liver disease and atherosclerosis and cardiovascular diseases. ER, endoplasmic reticulum.

Atherogenic
dyslipidemia
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S.Lim et al / International Journal of Cardiology 201(2015) 408 - 414



9 RF vysveétli 90% pripadu IM,
ale...
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Genetika aterosklerozy: 50 % rizika

Table 2

GWAS of CAD and risk factors

Trait Population Number of | Reference
[ ] 1 subjects
13 novel |OCI(b|ue) VS Old knOWn Early onset MI | European 19,492 SES
IOCi red CAD and MI | European 12,393 39
cap European, African | >23.000 33
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: : 31
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Schunkert H, et al. Large-scale association analysis identifies 13 new susceptibility loci for

coronary artery disease. Nat Genet. 2011;43:333—-338




Prognozu urcuje kumulace RF

2.9 24 19 33 13-0 423 68-5 1829 3337
(2:6-3-2) (2:1-2-7) (17-21) (2-8-3-8) (10-7-15-8)(33-2-54-0)(53:0-88-6) (132:6-252-2) (230-2-483-9)

512

256 + +
128—
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32

16—

Odds ratio (99% Cl)

8 20x vysSi
riziko

I I I [ I |
Smk DM HTN ApoB/A1 14243 All4 +Obes +PS All RFs
(1) (2) (3) (4)

Yusuf et al. INTERHEART study, Lancet 2004



O co se tedy pri stratifikaci
rizika muzeme oprit ?

LDL-C HDL-C

3.5 |

+~ |
+ \
S y

1.5 |

Hazard ratio (95% CI)

v
ko R <~ 10 +
.. = ‘_‘_’_ -~
o - F ‘ ‘ . T T T T T 5 O O B
o 30 35 40 45 50 55 08 1.0 1.2 1.4 16 1.8

Mean lipid level (mmol/L)

- Adjustovano na pohlavi a véklll-  Adjustovano na ostatni RF

Sarwar et al. ERFC, JAMA 2009



Kardiovaskularni riziko a koureni
Nurses Health Study, 1980-2004

Relativni riziko podle véku zacatku koureni

Véek zacatku koureni

Nekufak <17 18-21  22-25 >26 P trend
KVO umrti 1073 190 517 133 67

celkem (n=2957)
RR 1(ref) 3,61 3,15 3,49 3,44 0.84

Kenfield SA et al. JAMA 2008; 299: 2037-2047 .



Systolicky krevni tlak a KV
riziko

A: Systolic blood pressure A: Systolic blood pressure
Age at risk: = Age at risk
256 7 80-89 256 80-89
years years
128 70-79 128 — 70-79
years ’ years
S 64 - c_: 64 — 60-69
S 60-69 B years
&} years o))
o _ ©
% & 32 50-59 > 5 32 50-59
g S years T = - years
£ i 5%
° £ 16 e % 16 —
S © n= 40-49
&2 E_g years
'] 8 7 © 8 —
& :
) 4 — E 4 _
2 7 2 —
17 1 —

T T T 1
120 140 160 180

F I I r1
120 140 160 180

Usual systolic blood

pressure (mm Hg) Usual systolic blood

pressure (mm Hg)

Sarwar et al. ERFC, JAMA 2009




Diabetes mellitus 2. typu a KV
riziko
Rrospoelktivai-datar-b20-000-slodovanyeh

Number

of cases HR (95% CI)
Coronary heart disease 26 505 —- 2.00 (1.83 - 2.19)
Coronary death 11 556 — 2.31 (2.05 - 2.60)
Non-fatal myocardial infarction 14 741 — 1.82 (1.64 - 2.03)
Stroke subtypes
Ischaemic stroke 3799 —— 2.27 (1.95 - 2.65)
Haemorrhagic stroke 1183 . 1.56 (1.19 - 2.05)
Unclassified stroke 4973 —— 1.84 (1.59 - 2.13)
Other vascular deaths 3826 —— 1.73 (1.51 - 1.98)

| |
1 2 4

Sarwar et al. ERFC, Lancet 2010



Stratifikace rizika dle ESC/EAS 2016

Tabulka 4 - Rizikové skupiny

Osoby s alespon jednim z nasledujicich faktorG:

* KVO prokazané klinicky nebo pfi zobrazovacich
metodach. Prokdzané KVO zahrnuje probéhly
IM, AKS, korondrni revaskularizaci (PCl, CABG)
a revaskularizaci jinych tepen, CMP, TIA a ICHDK.
KVO prokazané pri zobrazovacich metodach
zahrnuje nalezy, které silné predisponuji ke

Velmi vysoké klinické pfihodé, jako je vyznamné postizeni pfi

riziko koronarografii nebo ultrazvuku karotid.

* DM s postizenim cilovych organd, jako je
proteinurie, nebo s hlavnimi rizikovymi faktory
jako koureni, hypertenze nebo dyslipidemie.

* Pokrocilé stadium chronického onemocnéni
ledvin (GF < 30 ml/min/1,73 m’).

* Vypoctené riziko fatalniho KVO v nasledujicich

deseti letech podle tabulek SCORE > 10 %.
P



Stratifikace rizika dle ESC/EAS 2016

Osoby s:

* VVyznamné zvysenym jednim rizikovym faktorem,
zejména celkovym cholesterolem = 8 mmol/l (napf.
u familiarni hypercholesterolemie) nebo TK >
180/110 mm Hag.

VLR P GRE @ \Vétsina ostatnich s DM (néktefi mladsi pacienti
s DM 1. typu mohou mit stfedni nebo nizké riziko).

e Stfedné zavazné chronické onemocnéni ledvin
(GF 30-59 mi/min/1,73 m?).

* \lypocteneé riziko fatalniho KVO v nasledujicich 10
letech podle tabulek SCORE 25 % a < 10 %.

" | vypoctené riziko fatélniho KVO v nésledujicich 10
| letech podle tabulek SCORE=1% a <5 %.

Vypoctené riziko fatalniho KVO v nasledujicich 10
letech podle tabulek SCORE < 1%.

Nizké riziko

European Heart Journal, doi:10.1093/eurheartj/ehw272



Vysokeé riziko aterosklerozy muze snizit

1. pacient 2. lékar 3. stat/vlada/politici

©p hmotnost 1. Stanovenim

* 30-60 minut

fyzické aktivi pravidel

» Zaradit denni
omezit seda 1. Reklamy
Zaradit posil
| celkovy pfri 2. Cen
25-35% kalor

- | saturovan 3. Dani
energie), tra
cholt’asterol 4 Jejich

+ Zbylé tuky M
omega-3 FA dodrzovanim

* potraviny s
obsahem vla
* Omezit prije
jednoduchyc

5. Vlastnim

priklademo®




50% pripadu IM nema RF

“Although much has been learned about the causes of coronary heart
disease, the gaps in knowledge are noteworthy; for example, fully

half of all patients with this condition do not have any of
the established coronary risk factors (hypertension,

hypercholesterolemia, cigarette smoking, diabetes mellitus, marked
obesity, and physical inactivity”).

Cardiovascular Medicine at the Turn of the Millennium: Triumphs, Concerns,
and Opportunities

Eugene Braunwald, M.D.
New England Journal of Medicine Volume 1997; 337:1360-1369



