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METABOLISMUS MYOKARDU

ISCHEMICKA CHOROBA SRDECNI



METABOLISMUS SRDCE

x Srdce konzumuje vSechny substrdaty, jejichz hladina v krvi je
dostatecné vysoka.

x Novorozenci — preferuji aerobni glykolyzu, protoze volnie
mastné kyseliny s dlouhym retézcem (vysoky olbsah v
materskem milece) potrebuji na myelinizaci NS

x Zdravi dospéli preferuji lipidy joko zdroj energie (nejvyssi
energeticka vyteznost)

x Dospéli s ischemickou chorobou srdecni -~ moznd je pouze

anoer)obm’ glykolyza s tkdnovou podporou masinerie HIF
ATP

x Dospélis DM - prevaha lipidu, nedostatek cukru, také
ketony;; v pripade postizeni korondarnich cev opét jen
anaerobni glykolyza

x Pacienty se srdecCnim selhanim - toxickeé efekty metabolismu
Cukru i tuku



EPIKARDIALNI TUKOVA TKAN (EAT)

Epikardialni ¢ast — mezi vnitrnim povrchem
visveralniho listu pleury a vlastnim povrchem
myokardu (bez fascie-sdilend mikrocirkulace) -
puvod-splanchnopleuricky mezoderm — zdsoben
difUzi z korondrnich arterii. Podobny hnédému
tuku (vysokd exprese UCP-1 qj.)

Vyskyt: volnd plocha PK, cast LK, sini a okolo cév



EPIKARDIALNI TUKOVA TKAN

Epikardialni Cast
Funkce

Tukovy depot pro zatézove situace

Pufracni systém pro liperlipidemické situace,
které kardiomyocyty Spatné toleruji

Udrzovani tepla v myokardu pri zméeéndch
teploty télového jadra (viastnosti hnédéeho fuku)

»Polstar' pro cévy pri razech pulsoveé viny
Remodelace cév (pozitivni)



EPIKARDIALN| TUKOVA TKAN

x Perikardidaini slozka (parakardialni) — fuk
mezi vnéjSim povrchem parientalni listu
pleury a sténou hrudniku — pUvod-
orimitivni hrudni mezenchym-zasobeni z
ad. mammaria inf.
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Figure 2. Potential physiological, pathophysiological mechanisms and vasocrine/
paracrine pathways of epicardial fat. (a) Possible physiological roles attributed to
the epicardial fat: release of FFAs as energy to the myocardium in condition of high
metabolic demand; expression of the thermogenic protein UCP-1 in response of
cold exposure; expression and secretion of cardioprotective factors in conditions
of normal coronary and local circulation. (b) Putative mechanisms by which
adipokines might reach the coronary artery lumen from the epicardial fat.
Adipokines from periadventitial epicardial fat could traverse the coronary wall by
diffusion from outside to inside, via a paracrine mechanism. Adipokines might also
be released from epicardial tissue directly into the vasa vasorum and be
transported downstream into the arterial wall via a vasocrine mechanism. (c)
Putative pathophysiological role of epicardial fat in CAD: proinflammatory
cytokines are highly expressed and secreted into the coronary lumen; anti-
inflammatory adipokines are thought to be downregulated. In high-risk subjects,
as well as those with metabolic syndrome and excessive visceral fat accumulation,
epicardial fat increases in size and cellularity, exhibiting an elevated number of
macrophages.

Trends in Endocrinology and Metabolism November 2011, Vol. 22, No. 11

Table 3. Epicardial adipose tissue bioactive molecules

Abbreviations: CRP, C-reactive prot LT1, soluble vascular endothelial growth
factor receptor; GLUT-4, glucose transporter-4; ICAM, soluble intercellular adhe-
sion molecule; IL, interleukin; IL-1Ra, interleukin-1 receptor antagonist; JNK, c-
Jun N-terminal kinase; MCP-1, monocyte chemoattractant protein-1; NGF, nerve

growth factor; PAI-1, plasminogen activator inhibitor-1; PGC-1a, PPAR-y coacti-
vator-1a; sPLA2-1IA, secretory type Il phospholipase A2; PPAR-y, peroxisome-
proliferator-activated receptor y; PRDM16, brown adipocyte differentiation tran-
scription factor PR-domain-missing16; RANTES, regulated upon activation nor-
mal T cell and secreted; TLRs, toll-like receptors; TNF-a, tumor necrosis factor-
alpha; UCP1, uncoupling protein-1.
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PERIVENTRIKULARNI EAT A DIASTOLICKA FUNKCE

x Obezita je rizikovy faktor pro diastolickou
dysfunkci levé komory a je povazovana za
prediktor rozvoje srdecniho selhdni.

x Zvyseny periventrikuldrni objem EAT je jednim
z nejdulezitéjsich pricin diastolické dysfunkce,
coz muze byt spojeno se snhizenim korondrni
funkéni rezervy (CFR).

x Periventrikuldrni EAT muze ovlivhovat relaxaci,
ale ne compliance levé komory.



EAT A MIKROCIRKULACE KORONARNIHO RECISTE

x EAT je ektopicky viscerdini tuk, ktery je v pfimém
kontaktu s myokardem a korondrnimi cévami. Jeho
akumulace a zejména distribuce je asociovana s
aterosklerézou korondarnich arterii jako dalsi, relativne
nezavisly rizikovy faktor.

% CFR (funk€ni koronarni rezerva) zavisi na kombinaci
efektU epikardidini korondrni rezervy a mikrovaskularni
dysfunkce korondarniho recisté. Predpoklada se
moznost parakrinnino ucinku peroventrikularnino EAT
na korondrni mikrocirkulaci.



ZANET A PLAKY

V plakach byl prokdzan vyssi obsah Th1 bunek a tfake vyssi exprese
prislusnych cytokinU jako IFN-y. Uvolnénim IFN-y Th1 bunky

Prozanétlive signdly jako y-interferon (Th1 bunky) zhorsuji schopnost hladkych
svalovych bunék (SMC) syntetizovat novy kolagen, ktery je potreba pro
opravu a udrzovani extracelularni matrix fibrozni Cepicky.

Matrix metaloproteindzy, vyznamné regulované prozanetlivymi mediatory,
silné prispivaji k likvidaci intersticialnino kolagenu, coz oslabuje fibrézni
cepicku a zvysuje pravdépodobnost jeji ruptury.

September 2017, 19:84


https://link.springer.com/journal/11886

';‘\\

Ruptura a eroze plaku u akutniho srdecniho selh
/ TRTHER \

1. Rupture prone plague

High macrophage and inflammatory cells co ntint

2. Erosion prone plague

Few macrophages and Irlﬂlrnmltnry cells Abundant SMC content


https://link.springer.com/journal/11886

ZANET A PLAKY

LAnét se patogeneticky UCastni pri rozvoiji
akutniho korondarninho syndromu (ACS).

Dva hlavni mechanismy pri rozvoji ACS

o ruptura fiorézni Cepicky plaku, kterd zpusobuje
fatalni IM (vyssi stupen zanétu), a

0 povrchova eroze intimy (nizsi stupen zanetu)

Tloustka fibrozni cepicky = 60 to 70 um.

Current Cardiology Reports
September 2017, 19:84
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ZANET A PLAKY

Hlavnim rysem ACS je dysregulace ziskané imunity

»x Abnormality subpopulaci CD4*helper T-bunék jsou asi u poloviny
pacientUu s ACS asociovdny se zhorsenou progndzou, zejména u
pacientu s diabetes mellitus.

» Subpopulace CD4*CD28"! T-bunék ma
a ZvySenou odolnost vuci apoptdze

@ Prozdanétlivé viastnosti (zvysend produkce IFN-y a TNF-a), silné
asociované s ACS;

@ CD4+*CD28"!' T-buriky jsou piitomny zejména u ndlezd nestabilni
anginy pectoris s rupturou

Nerovnovdha v imunitnich mechanismech muze prispivat k
destabilizaci plaku jako jeden z nejdUlezitéjsich faktoru

Current Cardiology Reports
September 2017, 19:84
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ZANET A PLAKY

» Th17 bunky jsou charakterizovany expresi rozdilného
transkrip€niho faktoru (refinoid-related orphan
receptor, ROR-yt) a produkci cytokinu lI-17.

x |L-17 je zrejmé proaterogenni. Zvyseni poctu bunék
Th17 a zvysend exprese asociovanych cytokinu (IL-17,
IL-21 a IL-23) byly popsdny v aterosklerotickych lezich
karotickych arterii a opét byly asociovéany s progresi
|€zi a vulnerabilitou plaku.

September 2017, 19:84
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ZANET A PLAKY

x Th17 bunky maijirysy, které se prekryvaji s inducibilnimi Tregs (T
bunky produkuijici IL-17/1L-10) a s Th1 (T — bunky produkujici IL-
17/IFNy)

x Role Treg v patogeneze aterosklerdzy je dobre znama. Tato
subpopulaceT-bunék inhibuje rozvoj i progresi aterosklerdzy
supresi efektorové odpovedi T-bunék.

ACS patienti maiji

% nizké hladiny cirkulujicich Treg,

»x redukovanou supresivni funkci Treg a
% zvySenou vnimavost Treg k apoptdze.

Current Cardiology Reports
September 2017, 19:84
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ZANET A SRDECNI[ SELHAN]|

» Dysregulace autofagie a ndsledna akumulace
volnych kyslikovych radikalu (ROS). coz vede k aktivaci
signdlnich cest Toll-like receptory (TLR-s).

x Zvlasté porucha autofagie u dysfunkcnich
mitochondrii(mitophagie) muze vést k uvolnéni DAMPS,
dulezitych podporovatelu zdnétu

Current Cardiology Reports
September 2017, 19:84
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ZANET A SRDECNI[ SELHAN]|

x Mitochondridini DNA (mtDNA) se muze z postizenych
bunék uvolnit do cirkulace (sekunddarni proces
problému s mitofagii) a muze byt rozpozndna TLRY
neutrofilu, coz povede k ndsledné produkci
prozdnétlivych cytokinu (TNF-a, IL-1B a IL-6).

x Oxidovand mtDNA muze aktivovat NLRP3 inflamasom.,
klicovy prvek v zanétlivé odpovedi u akutniho
koronarniho syndromu a akutniho srdecniho selhani.

Current Cardiology Reports
September 2017, 19:84
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DAMPS. PAMPS A AKTIVACE TLR-4
SIGNALN[ CESTY

x Toll-like receptor 4 (TLR4) hraje zasadni roli v rozvoji
aterosklerozy prostrednictvim aktivace kindzy
asociované s interleukin-1 receptorem a aktivaci
transkripce nuclear factor-kB (NF-kB), coz vede k
expresi prozdnétlivych gend. TLR-4 signalizace vede
také ke zvysené tvorbé pénovych bunék a aktivaci
mafrix metaloproteindz s naslednou destabilizaci plaku.

x Podobnou roli hraje TLR-4 i v progresi chronického
srdecniho selhani.

Current Cardiology Reports
September 2017, 19:84
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DAMPS. PAMPS A AKTIVACE TLR-4
SIGNALN[ CESTY

(V4

x TLRs rozpozndavaji specificke ligandy, damage-associated
molecular patterns (DAMPs) a pathogen-associated molecular
patterns (PAMPs) pochdzejici z poskozenych bunék a z patogenu.
Béhem srdecniho stresu (ischémie, hypertenze, metabolicky
syndrom) dochdzi k uvolnéni DAMPs z kardiomyocytu - high-
mobility group box 1 (HMGB1)and heat shock protein 60 (HSP 60).

» PAMPs také mohou stimulovat aktivaci TLRs signalizace, coz se
déje pii rozvaji srdecniho selhdni z virové myokarditidy.

x Vysoké hladiny doses LPS indukuji produkci prozanétlivych
cytokinU v makrofdzich prostrednictvim aktivace TLR-4, nuclear
factor kB, a NOD-like receptor family pyrin domain—-containing

protein 3 (NLRP3) inflammasome, coz muUze vést k dysfunkci leve
komory.

Current Cardiology Reports
September 2017, 19:84
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RUZNE LINIE MAKROFAGU JAKO PROTAGONISTU PROBIHAJICIHO
ZANETU U SRDECNIHO SELHANI A UCAST NLRP-3 INFLAMASOMU

x Celkovy pocet makrofdgu u srdecniho selhdni roste dvéma cestami
Povolavani monocytd pomoci C-C chemokinového receptoru 2 (CCR2)

Mistni proliferaci rezidentnich makrofagu . Rezidentni makrofagy zvysené
exprimuji reparativni geny; CCR2+ makrofagy zvysené exprimuiji
prozanétlivé geny v NOD-like receptor family pyrin domain-containing
protein 3 (NLRP3) inflammasome pathway. Tento aktivovany inflamasom
je mocnym medidatorem imunitni odpovedi aktfivaci IL-18 a IL-18 kaspazou
-1. NLRP3 inflamasom muze prostrednictvim kaspdzy -1 indukovat také
pyroptézu, coZ vede ke zirdté kardiomyocytt a k redukci kontraktilni
rezervy srdce, a tedy k progresi srdecniho selhani.

» Pyroptoza je vysoce zanétliva forma programovaneé bunééné smrti,
mkterd se objevuje pii infekcich intracelularnimi patogeny a je ziejme
soucasti antimikrobidini odpovédi organismu.


https://link.springer.com/journal/11886

RUZNE LINIE MAKROFAGU JAKO PROTAGONISTU PROBIHAJICIHO
ZANETU U SRDECNIHO SELHANI A UCAST NLRP-3 INFLAMASOMU

x Iniciace pyroptdzy v makrofdzich muize byt zpUsobena rozpozndnim
PAMPs prostrednictvim NOD-like receptors (NLRs) napr. pri virovée
myokarditidé nebo prostrednictvim lipopolysacharidU (LPS) uvolnénych
strevni mikroflorou u metabolického syndromu pri rozvoji srdecniho
selhani.

x U diabetické kardiomyopatie zdvisi aktivace inflamasomu na produkci
ROS v dUsledku mitochondridini dysfunkce, coz vede ke zvysené
vhimavosti vO&i rozvoji aterosklerdzy, dyslipidémie, hypertenze a
profrombofického stavu.

x Finally, another contribution to the establishment of heart failure comes
from the profibrotic pathways elicited by recruited cardiac
macrophages, which play a pivotal role in the transdifferentiation of
fibroblasts to myofibroblasts through expression of transforming growth
factor (TGF)-B. Also in this setting, NLRP3 was found to represent a key
element through regulation of mitochondrial ROS (mMROS) production and

Smad signaling, ultimately leading to profibrotic gene expression.
Current Cardiology Reports

September 2017, 19:84
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Role PAMPs v prozanétlivém aterosklerotickém programu

Current Cardiology Reports
September 2017, 19:84
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ISCHEMICKA CHOROBA SRDECN]|

x Je onemocnéni zpusobené nerovnovdhou mezi
krevnim zd&sobenim myokardu (prutokem) a jeho
energetickymi pozadavky. Redukce koronarniho
orutoku je ve vztahu k progresivni ateroskleroze
se stupnuijici se okluzi koronarnich arterii.
Korondrni  prUtok ddle klesd v dusledku
vazospazmu, trombozy nebo cirkulacnich zmeén
vedoucich k hypoperfuzi.



KORONARNI[ PRUTOK

x ZAvisi na flakovém rozdilu mezi
aortalnim diastolickym flakem ©
flakem v levé sini. BEhem systoly je

korondrni orutok redukovdn,
poredevsim pro Venturiho efekty no
korondrnich  vstupech @ Oro

kompresi intramuskularnich  arterii
béhem kontrakce srdecnich komor.



FAKTORY REDUKUJICI KORONARNI PRUTOK

x Snizeny diastolicky tlak v aorté

x Zvyseny intraventrikularni tlak a kontrakce
myokardu

x Stendza koronarnich arterii (fixovand koronarni
stendza, akutni Zméena plaky-rupturag,
hemoragie), frombdza, vazokonstrikce)

x Stendza a regurgitace aortdlni chlopné
x Zvyseny tlak v prave sini
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FUNKCNI ENDOTEL

x Konstantni prevaha dazodilatace
x Antiadhezivni stav (NO, PGI2)

x Konstantni lokalni antikoagulacni a
fibrinolyticky stav (ndrust AT lll, proteinu
C, proteinu S, tPA, PAI-1)
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PRICINY ENDIOTELIALNI DYSFUNKCE

x Modifikace LDL (oxidace, glykace, tvorba
imunnich komplexU)

x Exprese adhezivnich molekul

x Uvolnéni cytokinU (atrakce a migrace
prozanéetlivych bunék do subendotelidalnino
prostoru

x Protfromboticky fenotyp dysfunkéniho
endotelu



+RESPONSE-TO-RETENTION" MODEL ATEROGENEZE

Aterogeneza je iniciovéna fokalni retenci ApoB na molekuldch
subendotelidlni matrix, zvlasté na proteoglykanech.

Adherované lipoproteiny jsou modifikovany (zvldsté agregaci a
oxidaci), coz vede k maladaptivni zanéetlivé odpovedi. Do
subendotelidinino prostoru vstupuji monocyty, diferencuji se na
makrofagy a fagocytuji adherované a modifikované lipoproteiny.
Stavaiji se pénovymi bunkami. Vytvdreiji tukové prouzky a spolecné s
T-lymfocyty, mastocyty a dalsSimi bunkami udrzuji zanétlivou reakci.
Proces se akceleruje dalsimi lipoproteiny, ktere vstupuji do cevni
steny.

Do intimy podle vliivem prozdnétlivého milieu (cytokiny) migruji
hladké svalové bunky a produkuiji fibrézni cepicku (kolagen), coz je
zrejmée maladaptivni remodelujici odpoved cevni stény na

poskozeni.



ZRESPONSE-TO-RETENTION" MODEL OF ATHEROGENESIS

x Uvolnéni cytokinu (platelet-derived growth factor a
transforming growth factor-f (TGF-B) z monocytu,
makrofdgu a poskozenych endotelidinich bunék
podporuje dalsi akumulaci makrofdgl a migraci a
proliferaci hladkych svalovych bunék.

x Béhem progrese procesu se objevuji lokdlni nekroticke
léze s mrivymi makrofdgy. V téchto lezich se akumuluje
extracelularni debris, krystaly cholesterolu, protedzy o
protrombogenni materidl. To vede k ztenceni fibrozni
cepicky, jeji erozi, rupture plaku a rozvoiji akutni cévni
prihody (M|, cévni mozkovd prihodal).



Profez normalni cévoul

P V4

Stabilni angina pectoris

Nestabilni angina pectoris

JOoJnud luAa Ausziug

Infarkt myokardu




ENDOTHEHELIAL DYSFUNCTION

NOMANCLATURE AND
MAIN HISTOLOGY

Initial lesion

* histologically "normal”
+ macrophage Infiitration
+ |solated foam cells

Fatty streak

mainly intracellular lipid
accumulation

Intermediate lesion

* intracellular lipld accumulation
« small extracellular lipid pools

Atheroma

* Intracellular lipid accumulation
» core of extracellular lipid

Fibroatheroma

* single or multiple lipid cores

+ fibrotic/calcific layers

Complicated lesion
» surface defect M
* hematoma-hemorrhage
* thrombosis

SEQUENCES IN PROGRESSION

EARLIEST MAIN GROWTH  CUINICAL
OF ATHEROSCLEROSIS ONSET MECHANISM COLLERLATION
from
first
decade
clinically
silent
growth
| mainly by
lipid
addition
from
decade
Increased
smooth | clinically
muscle silent
and or overt
collagen
from increase
fourth
decade
thrombosis
and/or
hematoma



http://upload.wikimedia.org/wikipedia/commons/9/9a/Endo_dysfunction_Athero.PNG

ISCHEMIE MYOKARDU

x Deplece adenosin trifosfatu (ATP) @
jinych vysoce energetickych fosfatu v
dusledku prepojeni metabolismu no
anaerobni glykolyzu. Kontraktilita
postizena behem 60 s.

x Deplece ATP vede ke: snizené relaxaci
myofilament, depleci glykogenu,
poruchdm ionfové rovnovahy a otoku
bunek.
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MYOCARDIAL ISCHEMIA

x Nevertheless, these effects can be reversed and normal myocyte
contractile function restored if the duration of ischemia is
sufficiently brief Sgenerqlly considered to be less than 20 min of
severe ischemia

x |If the ischemia is prolonged, irreversible injury will develop, which is
characterized by damage and/or disrupfion of the myocyte
sarcolemmal membrane.

x Plasma membrane damage leads to loss of osmofic balance and
the leakage of cellular metabolites into the extracellular space.

x Damage to the mitochondrial membranes compromises the cell's
ability ’ro ?enero’re ATP upon reperfusion, as well as results Iin
release of mitochondrial proteins that can directly stimulate the
apoptofic cell death pathway.

x Disruption of lysosomal membranes is especially dire, as this can
lead to the release of degradative enzymes capable of digesting
essentially all cellular consfituents, invariably leading to cellular
NEeCrosis.



AKUTN[ ISCHEMIE MYOKARDU

x Indukuje rychly ndrust(10 min) cirkulujici
glukdzy, laktatu, glutaminu, glycinu,
glycerolu, fenylalaninu tyrosinu o
fosfoetanolaminu; pokles latek
obsahujich cholin a friacylglycerolu,
zmeény podilu celkovych,
esterifikovanych a neesterifikovanych
mastnych kyselin. Kreatin se zvysuje za
dvé hodiny od zacdatku ischémie.



e . M e e e e o OO
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Figure 1. Mechanism of HIF activity. Under normoxic conditions, HIFx subunits are hydroxylated on proline residues. Hydroxylated prolines are
recognised by the von Hippel-Lindau protein, ubiquinated by the E3 ubiquitin ligase, and targeted for proteosomal degradation. As oxygen levels fall,
HIF~ is stabilised and enters the nucleus to form a transcriptional complex with HIFf} subunits. FIH activity is maintained at lower oxygen levels than
PHDs and remains active, hydroxylating asparagines. Hydroxylation of asparagines by FIH prevents association of the CBP/p300 coactivator complex
with the HIFa/HIFB transcriptional dimer. Under very low oxygen conditions, FIH becomes inactive and maximal HIF transcriptional activity is
promoted.

doi:10.1371/journal.pbio.1001116.g001



BUNECNA SMRT INDUKOVANA ISCHEMII/ REPERFUZ|

x PoCet kardiomyocytu se béhem
ischémie snizuje nekrozou | apoptdzou.
x Neddavno byla definovana i tzv.

nekroptdza jaoko “programovand
nekroza behem ischémie/ reperfuze”.



HOMEOSTAZA KALCIA V MYOCYTECH

x /trata myocytarni kalciové homeostdzy ma za ndsledek
bunécné zmény, které predisponuji myocyt k
irreverzibilnimu poskozeni.

x Pretizeni mitochondrii kalciem vede ke zméné
mitochondridlni permeability (MPT), coz je stresova
odpoveéd , kdy dochdz k otevieni poru s vysokou
vodivosti na vnitini mitochondrialni memlbrane . To
povede k aktivaci apoptdzy a aktivaci cetnych
infraceluldrnich degradacnich enzymu, schopnych
poskodit bunécné struktury a navodit bunécnou smrt
(fosfolipazy, protedzy a endonukledzy). Aktivace
fosfolipdz povede k poskozeni bunécnych membran,
poruseni osmotickych rovnovah mezi exira - a
infraceluldrnim prostrednim vcetné nerovnovahy iontove
a k uvolnéni lysosomdlnich enzymu do cyoplasmy.
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TNHE — | Reverse NCX
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Calcium Overload

VRN

Activation of MFET
degradative enzymes

Adam J. Perricone , Richard S. Vander Heide

Novel therapeutic strategies for ischemic heart disease

2014 Nov;89:36-45.

PriCiny a konsekvence iontové nerovnovahy
béhem ischéemie.

Ischémie mda za ndsledek preruseni
aerobni glykolyzy a prepnuti na
anaerobni metabolismus, coz vede k
bunécné i tkdnové acidoze (laktat).
Akumulace intraceluldrnino H* stimuluje
NHE s naslednou akumulaci
infraceluldrnino Na*. Ta stimuluje reverzni
aktivitu NCX, coz vede k akumulaci
infraceluldrnino Ca?*. Pokud je ischémie
dlouhodobégjsi, vytvari se intfracelularmi
pretizeni Ca?* coz vede k aktivaci
degradacnich enzymu (1j. protedz,
fosfolipdz a endonukledz)a ke zvyseni
mitochondridini permeability (MPT) a ke
smrti kardiomyocytu. NHE, Na*/H*
exchanger; NCX, Na*/Ca?* exchanger;
MPT, mitochondrial permeability
transition.


https://www.ncbi.nlm.nih.gov/pubmed/?term=perricone+AJ+Novel

METABOLISM SRDCE V ISCHEMICKYCH PODMINKACH

Pokles p-oxidace MK
Nd&rust anaerobni glykolyzy
Nd&rust laktatu

Pokles zasob glykogenu



NEMOC KORONARNICH ARTERI (CAD)

x Multifaktorialni etiologie, ¢asté rizikovée faktory

x Neovlivnitelné: genetika, epigenetika, vék,
pohlavi, rasa, rodinnd anamnéza, nizky
socioekonomicky status (¢)

x Ovlivnitelné: celkovy cholesterol, koureni, diabetes
mellitus, hypertenze, zivotni styl

x Existuji ale i pacienti s CAD bez téchto rizikovych
faktoru.



Table 13.25
111/ - Risk factors for coronary disease

,/, Fixed
/ , / Age
~ Male sex
Positive family history
Deletion polymorphism in the ACE gene (DD)

Potentially changeable with treatment
Hyperlipidaemia
Cigarette smoking
Hypertension
Diabetes mellitus
Lack of exercise
Blood coagulation factors — high fibrinogen, factor Vil
C-reactive protein
Homocysteinaemia
Personality
| Obesity
I/ Gout
- Soft water
~  Contraceptive pill
Heavy alcohol consumption

ACE, angiotensin-converting enzyme

® Elsevier Science Ltd




AKUTN| A CHRONICKA ISCHEMICKA CHOROBA
SRDECNI

x Akutni korondrni syndrom — obecné se
vztahuje k nestabilni anginé pectoris s
rizikem rozvoje IM

x Stabilni angina pectoris — bolest na hrudniku
behem fyzicke aktivity

x Nestabilni angina pectoris — bolest na

nrudniku v klidovych podminkdch

x Prinzmetalova angina pectoris — bolest na
nrudniku vyvoland spasmy korondrnich
arterii (ateroskleroticky postizenych)




Sub-total
occlusive

Atherosclerotic
plaque

Thrombosis
with total
occlusion of
the lumen

Necrotic
centre




ISCHEMICKA KARDIOMYOPATIE

x Onemocnéni vznikd na zdkladé vdazné
korondrni  aterosklerdozy, kterd  postihuje
vsechny velké korondrni cévy. Cévni zasobeni
myocytU je tak neadekvdaini, Ze vede ke ztrdze
myocytu, které jsou vice Ci méné nahrazovany
vazivem (srdecCni fibroza). Neékdy se rozviji
excentrickd hypertrofie. Srdce se stava
zvysené poddajné (diastolicka dysfunkce), coz
vede az k jeho dilataci (2-3x vetsi). Vysokd
umrnost na srdecni selhani.



INFARKT MYOKARDU

x Klinické pﬁznaky

x Bolest, angindzni po cviceni. Rychly
nastup v klidovych podminkach,
nekolik hodin. Infenzita bolesti osciluje,

ve 20% nepritomna (,,tichy" IM,
zejména u diabetikU a starsich Jedlncu)

x Aktivace vegetativniho NS: poceni,
nauseq, zvraceni, unava, neklid,

x Pacienti jsou bledi, Sedi, zpoceni

x Sinusovd tachykardie (= aktivace
sympatiku)

x Lehka horecka (do 38°C) behem
orvnich 5 dnu



DIAGNOSTIKA IM

Alespon dva priznaky prifomny:
x Typickd bolest na hrudniku

x Odpovidajici zmeny na EKG
x NArust srdecnich biomarkero
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Table 13.29 A\
/) Typical ECG changes in myocardial infarction \

~ Infarct site Leads showing main changes

?’ - Anterior

% Small V-V,

Extensive V-V,

/ Anteroseptal V-V,

/ Anterolateral V,-V,, |, AVL
Lateral l, Il, AVL

/ Inferior Il, ll, AVF
Posterior V., V, (reciprocal)
Subendocardial Any lead
Right ventricle VR,

@ Elsevier Science Ltd
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7 Jiné markery akutniho korondmiho syn\%m\&\\\
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Table 3 Additional biomarkers of acute coronary syndrome (ACS) and AMI currently under evaluation

hs-CRP Elevated hs-CRP at admission and at hospital discharge indicates worse short- and long-term prognosis in patients with
NSTEMI, whereas it has no predictive value in STEMI (reviewed in [2, 27, 32])
MMP-2, MMP-9  Increased MMPs in patients with ACS compared with patients with stable angina or with controls [43, 44]

MPO Elevated plasma MPO in patients with ACS is associated with increased frequency of AMI or cardiovascular death
independently of cardiac troponin or sCD40L levels [45]
PAPP-A In ACS an elevated level of serum PAPP-A identifies patients at high risk for AMI or cardiovascular death independently of
the levels of cardiac troponins [50]
sCD40L In patients with ACS elevated plasma sCD40L levels reflect a prothrombotic state [46] and indicate an increased risk for
future cardiovascular events and recurrent AMI [47, 48]
IMA Early marker of myocardial ischemia; predictor of subsequent troponin level elevation in AMI [35, 36]; poor discriminator of
AMI and other tissue ischemia
Cholin Predictor of high-risk unstable angina and of AMI in the follow-up phase [40]
uFFA Early marker of myocardial ischemia [37, 38]
4 H-FABP Exclusion of AMI by a negative result; early indicator of myocardial ischemia [41, 58]
: NT-pro-BNP/ Elevated serum levels are associated with risk of new or recurrent AMI and with higher cardiovascular and overall mortality
BNP [51-56]

hs-CRP high-sensitivity C-reactive protein, NSTEMI non-ST-segment-elevation myocardial infarction, STEMI ST-segment-elevation myocardial
infarction, MMP metalloproteinase, MPO myeloperoxidase, sCD40L soluble CD40 ligand, PAPP-A pregnancy-associated plasma protein A, /MA
ischemia-modified albumin, #FFA unbound free fatty acids, H-FABP heart-type-isoform fatty acid binding protein, N7-pro-BNP N-terminal pro-B-
type natriuretic peptide fragment, BNP B-type natriuretic peptide

‘2_) Springer




PRIZNAKY IM

Akutni IM ma unikatni individudini probéh. Priznaky od zadnych
82 |:k>)o Tr)thou srdecCni smrt. Bezpriznakovi pacienti Casteji
iabetici

%

Bolest na hrudniku se popisuje jako pocit flaku nebo plnost
nebo zvukovych fenomeénu ve stredni Casti hrudniku

Iradiace bolesti do zubU, ramene, paze nebo zad
Dyspnoe nebo pocit krdceni dechu

Dyskomfort v oblasti nadbrisku s nauzeou nebo zvracenim
Poceni

Synkopa

Postizeni kognitivnich funkci bez jiné priciny

Objevuje se kdykoli behem dne dle typu (sova, skrivan)

S W N Ny



INFARKT MYOKARDU

x Patogeneza:

x Okluzivni infrakorondrni frombus - v 20%
tfransmurdalnich infarktu

x Vazospazmus — na podklade korondrni
aterosklerdzy nebo bez ni, mozne asociace s
agregaci desticek

x Embolizace z levostranné nastenné frombozy,
vegetativni endokarditidy nelbo paradoxnimi
emboly z prave strany srdce pri persistujicim
foramen ovale.



INFARKT MYOKARDU - TYPY

x Transmurdini infarkt — postihuje celou tloustku
levé komory od endokardu k epikardu, obvykle
na predni a zadni sténé a v sepftu, s extenzl do
oravé komory v 15-30% pripadu. lzolované
infarkty pravé komory a pravé siné |sou
exiremné vzacneé.

x Subendokardidlni infarkt — mulfifokalni oblasti
nekrozy dol/3 az poloviny tloustky steény zevnifr
(subendokardidlné). Nevede ke stejnym
projevum jako transmurdini infarkt.



MYOCARDIAL INFARCT
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http://pathologyweb.uthscsa.edu/OT/HEART_DIS/sld017.htm
http://pathologyweb.uthscsa.edu/OT/HEART_DIS/sld019.htm
http://pathologyweb.uthscsa.edu/OT/HEART_DIS/sld037.htm
http://pathologyweb.uthscsa.edu/OT/HEART_DIS/index.htm
http://pathologyweb.uthscsa.edu/OT/HEART_DIS/tsld018.htm
http://pathologyweb.uthscsa.edu/OT/HEART_DIS/sld001.htm
http://pathologyweb.uthscsa.edu/OT/HEART_DIS/sld017.htm
http://pathologyweb.uthscsa.edu/OT/HEART_DIS/sld019.htm
http://pathologyweb.uthscsa.edu/OT/HEART_DIS/sld037.htm
http://pathologyweb.uthscsa.edu/OT/HEART_DIS/index.htm
http://pathologyweb.uthscsa.edu/OT/HEART_DIS/tsld018.htm

PATOFYZIOLOGIE IM

x Zavaznost zdlezi na trech faktorech
x Poloha okluze v korondrni arteri,
x Trvani okluze

x Pritomnost Ci nepritomnost otevieného kolateralniho reciste.

Cim je okluze blizsi aorté, tim vétsi masa myokardu je ohrozena
ischémii az nekrozou. Cim je vétsi rozsah poskozeni, fim je vetsi
riziko smrti, protoze srdce je ohrozeno selhdnim jako pumpy.
Cas podporuje rozvoj irreverzibilnich zmén distalné od okluze.

STEMI (=,,MI with ST elevation*) je obvykle vysledkem kompletni
koronarni oklue po prasknuti plaky. Nejcasteji navazuje na
rupturu plaky, kterd uzavirala vice nez 50% prusvitu cevy.

NSTEMI (= ,,MI without ST-elevation®) je obvykle asociovana s
rupturou plaky, kterd uzavirala mene nez 50% prusvitu cévy.
Vyssi Casnd mortalita u STEMI, mortalita po roce uz vyrovnana.



DIKY ZA POZORNOST




