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Heart rate

— The heart rate is modulated from beat to beat by efferent vagal and sympathetic fibers, the
former being the predominant mediators of the chronotropic influence of arterial
baroreceptors and respiration and the latter being important in the cardiac responses to
physical and mental stress.

— Cardiac vagal influences are modulated by a number of factors. These can be grouped as: 1)
neural factors, such as the wakefulness-sleep cycle, the alerting reaction, and exercise; 2)
humoral-pharmacological factors, such as angiotensin Il, atrial natriuretic factor, cardiac

glycosides; 3) normal aging; 4) a number of cardiovascular and other diseases, such as

arterial hypertension, coronary artery disease, congestive heart failure and diabetes mellitus.
Journal of Cardiovascular Electrophysiology 14; 8, 2003, 791-
. 799 MUNI
3  Prof. Anna Vasku
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Beneficial effects on cardiac and vascular function are provided by the modulation of
vagal activity, including direct vagal activation (vagal stimulation, ACh administration
and ACh receptor activation), pharmacological modulation (adenosine,
cholinesterase inhibitors, statins) and exercise training.

4  Prof. Anna Vasku
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+Learning

*Memory «Anti-divresis and anti-nalriuresis i iures! i *Nariiresis and diuresis

«Cognitive improvement «Cell proliteration i i ~Antifibrosis
*Antihypertensive

*Glucose uptake *Hypertrophy

Figure 1. Brain renin-angiotensin system.

ACE, angiotensin-converting enzyme; ACE2, angiotensin-converting enzyme 2; Ang, angiotensin; AT, R, angiotensin type 1
receptor; AT, R, angiotensin type 2 receptor; AT, R, angiotensin type 4 receptor; Mas R, Mas receptor; MrgD, Mas related
G-protein coupled receptors; NEP, neutral endopeptidase (neprilysin); PEP, prolyl endopeptidase; [PIRR, prorenin receptor;

5 Prof. Anna Vask TOP, thimet oligopeptidase.
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J Intern Med. 2008 Sep;264(3):224-36.
Renin-angiotensin system revisited.

Fvhrguist F, Saijjonmaa O.
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BRAIN

Brai

Curr Hypertens Rep. 2018; 20(3): 19.

-

nRAS |, _| Brain VPS [<]

_{CcRF

~

PVN, RVLM; DVMNc/Nc Amb %E STRESS

AT1R, AT2R, MasR, V1aR, V1bR

Vagal effe rents

Heart and vessels RAS + AVP
AT1R, AT2R, MasR, V1aR, V1bR

/I Cardiac contractility,
Va T Vasoconstriction,
T Hypertrophy

Systemic
RAS

A\

suoJnau
 onayledwAsaid

4
Systemic
VPS

Sympathetic neurons
AT1R, V1aR

Kidney RAS + AVP
AT1R, AT2R, MasR, V1aR, V2R

Adrenal glands
AT1R, V1aR

catecholamines
aldosterone T

A 4

Hypertension,
Body fluid retention

J/Diuresis,
J UNaVv

Interakce systému renin-angiotensin - aldosteron (RAS) a vasopresinergniho

systému (VPS) pfi regulaci krevniho tlaku, krevniho objemu a tonicity

AT2R, angiotensin AT2 receptors; AVP, arginine vasopressin; DVMNc/Nc Amb, complex of the

dorsoventromedial nucleus of the vagus and the nucleus ambiguous; MasR, Mas receptor of
8 Prof. Anna Vasangiotensin- (1-7); Post Pit, the posterior pituitary; PVN, the paraventricular nucleus of the

hypothalamus; RVLM, the rostral ventrolateral medulla of the brain; UNaV, sodium excretion


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5859051/

Interactions of the renin-angiotensin system (RAS) with the vasopressinergic system

(VPS) in the regulation of blood pressure and body fluid volume.

— RAS and VPS closely cooperate in adjusting blood pressure to cardiovascular challenges.
The cooperation takes place in the cardiovascular regions of the brain, in the cardiovascular
and the sympathoadrenal systems, and in the kidney.

— Multiple synergistic and/or antagonistic actions of angiotensin peptides and vasopressin, as
well as positive and negative feedbacks between RAS and VPS are involved in the regulation
of cardiovascular functions.

— Dysregulated interaction of RAS and VPS in the brain and in the peripheral tissues results in
excessive stimulation of angiotensin AT1 receptors (AT1R), and vasopressin Vl1a (V1aR) and

V2 (V2R) receptors, and in the development of hypertension and/or body fluid retention.

Il

Curr Hypertens Rep. 2018; 20(3): 19. ]
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Srdecni selhani a GIT

— Stfevni mikroflora hraje podstatnou roli pri extrakci energie z jidla

a v regulaci mistni i1 systémove imunity

==
m e
O =

10 Prof. Anna Vaski Curr Heart Fail Rep. 2016 Apr;13(2):103-9.
doi: 10.1007/s11897-016-0285-9.
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https://www.ncbi.nlm.nih.gov/pubmed/26886380

Gut microbiota

— The healthy and complete mucus layer only enables intestinal microbiota to attach to the
mucus layer instead of the direct touch of intestinal epithelial cells. There are four phyla of
microbiota in normal human intestine including Bacteroidetes, Firmicutes, Actinobacteria, and
Proteobacteria, two of which (Bacteroidetes and Firmicutes) are dominant in the gut. In the
intestinal tract of healthy people, Firmicutes, a community of Gram-positive bacteria, are
classified into two main groups: Bacilli and Clostridia (primarily Clostridium cluster IV and
Clostridium XIVa). The Gram-negative Bacteroidetes resides in the gut as one of the most

abundant genera.
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5712343/

Gut microbiota

— The colon has two mucus layers, which is different from the small intestine
with a single layer of mucus. The inner layer is a mucous lining that is closely
linked to the intestinal epithelium, which provides a sterile environment. Outer
layer i1s a mucous layer of varying thickness, composed of mucins, trefoll
peptides, and secretory IgA. Although there is bidirectional effects between
the microbiota and the host, its direct effects on intestinal epithelial cells are

limited by mucus layers and antimicrobial peptides (AMPS) such as defensins

and regenerating islet-derived 3 gamma (Reg3g).
Il

Front Immunol. 2017:; 8: 1674. |\/|
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Strevni mikroflora

— Participuje na traveni dvema katabolickymi cestami.

— V sacharolytické cesté jsou strevni mikroorganismy odpovedné za tvorbu mastnych kyselin s
kratkym rfetézcem, které maji protektivni funkci a pozitivni imunomodulacni aktivitu, coz je
vyznamné pro udrzovani zdravi organismu.

— Fermentace proteinu také indukuje produkci MK s kratkym fetézcem, ale vede také k tvorbé

metabolitu, jako je amoniak, aminy, thioly, fenoly a indoly, z nichz nékteré mohou byt toxické

a povazuji se za mikrobialni uremickeé toxiny.

==
m e

Curr Heart Fail Rep. 2016 Apr;13(2):103-9. doi:
10.1007/s11897-016-0285-9.
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Srdecni selhani a GIT

— Strevni mikroflora a slozeni mikrobiomu se ucCastni v patogeneze
nemoci, jako je obezita, diabetes, gastrointestinalni nemoci,

nadory a kardiovaskularni nemoci, véetne srdecniho selhani.

Curr Heart Fail Rep. 2016 Apr;13(2):103-9. doi: 10.1007/s11897-016-0285-9.F.
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Heart Failure

— Trimethylamine N-oxide (TMAQ), which is derived from gut microbiota
produced metabolites of specific dietary nutrients, has emerged as a key
contributor to CV disease pathogenesis.

— Changes in composition of gut microbiota, called dysbiosis, can contribute to
higher levels of TMAO and the generation of uremic toxins, progressing to

both HF and renal impairment.

N1
D

Curr Heart Fail Rep. 2016 Apr;13(2):103-9. MU
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Preference energetickych substratu v myokardu

X Fetus a novorozenec-glykolyza

X Dospely jedinec-FFA

X Dospely jedinec s ICHS: anaerobni glykolyza
X Dospely Cloveék s DM: glykolyza

X Dospely Clovek se srdecni hypertrofii: glykolyza

X Dospely Clovek se srdecnim selhanim: glyko- a lipotoxicita?

16 Prof. Anna Vasku
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Intaktni srdce

— Zakladni fyzikalni parametry funkce:

— VOLUM- korelace s délkou svalu tvorici
— stenu komory

— TLAK- korelace s tenzi steny komory

— Rychlost stahu (VELOCITY)-korelace

— s rychlosti zmeny objemu nebo tlaku

17 Prof. Anna Vasku
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Kontraktilita Predtizeni Dotizeni

Srdecni Tepovy
frekvence objem
Srdecni

vyde])
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Kontraktilita

dP/dt je zdvisld na preloadu |
afterloadu. Krivka spojujici  end-
systolické tlakové objemové body je
na obou parametrech nezavisld a
odpovidd kontraktilité daného
myokardu.



Preload

U zdraveho srdce odpovidd diastolicky objem
komory relaxované délce svalovych elementu
steny komory.

Klinicky odpovidd preload end-diastolickému
volumu.

End-diastolicky tlak (= stfedni sinovy tlak) Ize
take pouzit jako pendant preloadu.

20 Prof. Anna VaskU



21 Prof. Anna VaskU

Afterload

jsou sily branici ejekci krve ze srdce.
Pro prakfické Ucely se pouziva
arteriadini  tflak, obvykle peak STK
nelbo MAP.

Po presny vypocet je nutho vzt
v Uvahu velikost komory, jeji tvar o
tloustku srdecni stény.



> ISOVOLEMICKA KONTRAKCE se objevuje se na
zacatku systoly pred otevienim aortdlnich @
pulmondlnich chlopni.

> ISOVOLEMICKA RELAXACE se objevuje v &asné
diastole po wuzavieni  aortdlnich a pulmondlnich
chlopni a pred otfevienim frikuspiddlini a mitraini
chlopne.

> ISOTONICKA KONTRAKCE

nevznikd v intaktnim srdci nikdy. Dokonce i prfi maximalni

ejekci dochdzi ke zméné afterloadu.

» RYCHLOST EJEKCE

odpovidd rychlosti zkraceni. Ejekcni frakce (=% end

diastolickeho volumu , které je vypuzeno béhem
nasledujici systoly). Podle rychlosti ejekce se posuzuje

systolickd funkce nebo kontrakfilita.

22 Prof. Anna VaskU



S

] vnitfni prace

% vnejsi prace

aortalni chloperi
ejekce otevrena

/// ontrakce

B relaxace
- R N
goeeins 2 . ;5_-: :

L)
L)
......

endsystolicky S

23 Prof. Anna VaskU



Dysfunkce myokardu

Systolickd dysfunkce
zahrnuje predevsim poruchy kontraktility.
Efiologie:

e myokarditis

e alkoholismus

e tOXINy (vCetne drog)

e isChemie

e idiopatické kongestivni kardiomyopatie

24  Prof. Anna VaskU
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Snizend kontraktilita

Pri poskozeni myokardu se zbylé myocyty
snazi kompenzovat zirdtu  srdeCni funkce
zvysenim  kontrakfility. To vede casem
k ireversibilnim zméndm myocytu, které ddle
prohlubuiji omezeni kapacity pumpy o
podporuji srdecni selhdni. Pri ztraté vice nez
40% myokardu se rozviji kardiogenni Sok.



Diastolickd dysfunkce]

dusledek nizsi poddajnosti myokardu

Etiologie:

e Srdecni nemoci s restrikci myokardu

e Amyloidozao

e /jizveny myokard po masivnim infarktu

e Hypertroficky myokard

eSrdecCni  ischemie-nedostateCnd relaxace
béhem diastoly v dusledku nizsich
energetickych reserv (ATP).

(Aktivni funkce endotelu)

26 Prof. Anna Vasku
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Patofyziologickée mechanismy srdecniho
selhani

Tlakove pretizeni

Etfiologie:
Levd komora- systémovd hypertenze nebo
obstrukce vytokového traktu-stendza aortdini
chlopné

Praovd komora- obvykle sekunddarni ori
levostrannem tlakovém pretizeni

vaznda stendza a. pulmonalis

plicni hypertenze




Patofyziologie tlakového pretizenil:

/vyseny afterload, ktery md za ndsledek zpomalené
vyprazdnovdani komory béhem systoly. Stoupd end-
diastolicky volum. /vyseny preload zvysuje kontrakci
myokardu prostrednictvim Frank-Starlingova principu, coz
vede ke zvyseni flaku a udrzeni normdlniho tepovéeho
objemu. Homometrickou autoregulaci roste kontraktilita,
takze i prfi mensim end-diastolickém volumu je mozno
dosadhnout zvyseni tlaku a ejekce.

Primdarni  kompenzacni zménou je koncentrickd
hypertrofie myokardu. Ta mé& za ndsledek nizsi poddajnost
komor, horsi diastolickou funkci a ndrUst end-diastolického
tlaku v komore. Nasledné stoupd flak v plicni nebo
systémové cirkulaci.

29 Prof. Anna VaskU



Objemové pretizeni

Leve srdce:

> regurgitace pres mitrdini nebo aortaini
chlopen

> stavy s vysokym srdeénim _vydejem
(sekunddrné) pri:

hyperthyreoidismu

anemi

hepatické cirhdze
intrakardidlnich shuntech

30 Prof. Anna Vaskl
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Patofyziologie objemoveého pretizen

Stoupa diastolicky volum a komory
podlehaiji excentrické hypertrofii.
Klesd kontraktilita v dusledku

rem

selh

odelingu myokardu a srdce
ava. Pri akutnim rozvoji selhdani LK

akutni edém pilic.
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Porucha nebo restrikce plnéni

Extrinsické faktory: srdecni tampondda

konstriktivni perikarditida
Intrinsické faktory: zvysend nepoddajnost
komory (hypertrofickd kardiomyopatie,
hypertenze, amyloid)

Patofyziologie: Restrikce plnéni komor vede

k poklesu end-diastolickeho volumu a
preloadu. Paradoxne se zvysuje end-
diastolicky  tlak v dusledku  redukované
poddajnosti komor nebo perikardu nebo obou.
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TLAK

TLAK

OBJEMOVE ZATIZENT
PVA = IP + EP

TLAKOVE
ZATIZENJ

IP jako v A
- prirustek |IP

[ JepP
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Hypertrofie myokardu

Ot ———— HYPETROPHY
acute volume overload excentric hypertrophy

SYNTHESIS OF SARCOMERES
IN SERIES
ASTIFFNESS

SLIPPAGE
OF FIBERS

HYPERTR=p> |

2r
dilation

SYNTHESIS OF SARCOMERES
IN PARALLEL
STIFFNESS

i 2r ‘ i
acute pressure overload concentric hypertrophy




Table 1 Summary of characteristics for the hypertrophy patterns (concentric and eccentric) and haemodynamic
mechanisms influencing pathological and physiological left ventricular hypertrophy (LVH)

Pathological LVH

Physiological LVH

Concentric

Eccentric

Concentric

Eccentric

Stimulating
haemodynamic
mechanism
Potenrial aetiology
of stimulus.

Ventricle
morphology

Ventricular
mechanics

Ventricular function

Potential to regress

Increased pressure
(afterload)

Hypertension, aortic
stenosis

Parallel addition of new
myofibrils (wall
thickening), frequently
with myocyte necrosis
and increased fibrosis

Diastolic dysfunction
with stffness and
decreased contractility

Abnormal
No

Increased volume
(preload)

Valvular disease

Series addition of
sarcomeres (wall
dilation and thinning)
frequently with
myocCyle necrosis
Decreased contractility
often associated with
side-to-side slippage of
myocytes

Abnormal

No

increased pressure
(afterioad)

Strength training

Parallel addigon of new
myofibrils (wall
thickening) with
increased capillary
density

Normal or enhanced
contractility and
myocardial efficiency

Normal
Yes

Increased volume
(preload)

Long-term endurance
exercise

Series addition of new
sarcomeres {chamber
volume enlargement)

Normal or enhanced
contractility and

myocardial efficiency

Normal or supranormal
Yes

35 Prof. Anna VaskuU



Mechanotransdukce

—= proces vnimani mechanickych sil
srdecni bunkou a nasledné fyziologicke
odpovedi na tuto stimulaci.

—Hypertrofie a zasahy ovlivaujici hypertrofii
srdecni mohou menit i normalni adaptaci

srdce na zatéz a mechanotransdukci.

==
m e
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Mechanical load  —pmechanicka zatéz
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Mechanism of environmental exposure

mediated cardiovascular outcome.

A. Air pollution induces release of
cytokines and chemokines, causing
inflammatory cellular recruitment and
local inflammation and cyclical systemic
impact through the vasculature.

B. Inflammatory and oxidative stress
induces atherosclerotic processes.
Ingestion of particulate matter activates
macrophages, induces reactive oxygen
species, monocyte adhesion molecules
and accumulation of monocytes on
endothelial layer, foam cell
transformation. Subsequently,
endothelial cell dysfunction and smooth
muscle cell proliferation take place.
TNF, tumor necrosis factor; INOS,

Hypoxia  Stroke, MI inducible nitric oxide synthase; NO-,

""""" - nitric oxide, O,-, superoxide; ONOO-,
peroxynitrile; ICAM-1 Intercellular
adhesion molecule 1; VCAM-1,
Vascular cell adhesion molecule 1;
eNOS, endothelial nitric oxide
synthase.

C. Exposure to environmental pollutants
causes oxidative stress and
inflammation, which triggers onset of,
or exacerbates cardiovascular disease
process at any stage of progression.

Cytokines and

L infammatory
S mediators

L released o

C

l Athefogenesis ‘ Stenosis | Ischemia,

PM, ozone, metals
Environmental exposure,

oxidative stress, inflammation

Curr Opin Clin Nutr Metab Care. 2012
Jul;15(4):323-9
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Compact DNA, non transcribing Transcriptionally active region

& >
- >

H3K9 me3 H3K9 ac
H3K27me3 H4K8 ac
H4K20me3 H4K12ac  yrapscription

H3K4 me3

(Unmethylated)
Transcription

Epigenetické madifikace nukleosomalnich histont a DNA, které reguluji expresi genu. Histonové modifikace kompaktné
svinutého heterochromatinu nebo relaxovaného transkripéné aktivniho chromatinu. H, histone; K, lysine; me, methylation;
me3, trimethylation; ac, acetylation;, DNA methylation silencing the gene; ™CpG, methylated Cytosine in Cytosine-Guanine

dinucleotide sequences within the DNA.

39 QU Qpin, Clin Nutr Metab Care. 2012 Jul;15(4):323-9.



http://www.ncbi.nlm.nih.gov/pubmed/22669047

Normal heart

Transcriptional repression

i
o

stress
signals

stress

Pathological hypertrophy

Hyperactivation of IGF signalling genes
(Pathological hypertrophy)

>

signals
~((
Repression of foetal genes Reactivation of foetal genes,
myocardial stress response proteins
(Pathological hypertrophy)
Devalopmeiil

Active cell cycle genes
(Embryonic cardiac myocytes)

40 Prof. Anna Vasku )
W H3K9me3 7.7 H3K9 W H3K9Ac

Stably silenced cell cycle genes
(Adult cardiac myocytes)

Acetylacni a metylacni modifikace
H3K9 reguluji expresi srdeCnich
genda.

Signaly srde€niho stresu indukuji
patologickou hypertrofii
prostfednictvim ztraty transkripCni
represe modulované SIRT6 (=histon
acetylaza), kterou zajistuji geny pod
vlivem IGF (insulin-like growth
factor) (A, i) nebo prostrfednictvim
reaktivace fetalnich gent a
myokardialnich genl odpovidajicich
na stres (modulovano KDM4A
=histon demetylaza (A, ii).
Trimetylace H3K9me3 pomoci
Suv39h1l (=metyl transferaza) a
nasledna represe genlt bunééného
cyklu udrZuje postmitoticky fenotyp
zralych srdecnich kardiomyocytu

(B).

Biochemical Society Transactions (2013) 41,
(789-796) (Printed in Great Britain)


http://www.biochemsoctrans.org/bst/041/0789/bst0410789f02.htm
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Kardiomyopatie
Klasifikace

—Dilatacni (kongestivni)

—Hypertroficke

—Restrikcni
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Dilatacni kardiomyopatie

Ejekcni frakce-- <40%

— Mechanismus selhani
— Porucha kontraktility (systolicka dysfunkce)
_ Priciny
— ldiopaticke, alkohol, obdobi kolem porodu, genetika,

myokarditida, hemochromatoza, chronicka anémie,
doxorubicin, sarcoid6za

— Neprimeé priciny (nejsou povazovany za Ciste

kardiomyopatie)--

— Ischemicka choroba srdecCni, porucha chlopni, kongenitalni

onemocneéni srdce
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Hypertrofické kardiomyopatie

— Ejekcni frakce- 50-80%

— Mechanismus selhani— porucha compliance
(diastolicka dysfunkce)

— Priciny— idiopaticke, genetické, Friedreichova
ataxie, DM u matky

— Neprimée priciny— hypertenzni srdce, stendza

aorty
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Etiology

Familial in ~ 55% of cases with autosomal dominant

transmission

Mutations in one of 4 genes encoding proteins of cardiac
sarcomere account for majority of familial cases
Remainder cases are spontaneous mutations

Q pB-MHC
O cardiac troponin T

O myosin binding protein C |5

O a-tropomyosin
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Restrikcni kardiomyopatie

— Ejekeni frakce-- 45-90%

— Mechanismy selhani — porucha compliance
(diastolicka dysfunkce)

— PricCiny-- idiopatické, amyloidoza, fibroza
iIndukovana radiaci

— Neprimeé priciny— perikardialni konstrikce
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Etiologie

TABLE 4. Caustes oF RESTRICTIVE
CARDIOMYOPATHY.

Myocardial
Moninfiltrative disorders
[diopathic discase
Familial discase
Hypertrophy
Scleroderma
Diabetes mellitus
Pseudoxanthoma elasticum
Infiltrative disorders
Amyloidosis
Sarcoidosis
Gaucher’s discase
Hurler's syndrome
Farty infiltration
Storage disorders
Hemochromatosis
Fabrv’s discasc
Glyeogen storage disease

Endomyocardial

Endomyocardial fibrosis
Hypereosinophilic | Léftler’s) svndrome
Carcinoid syndrome

Metastatic cancer

Exposure to radiation

Toxins

Anthracveline {doxorubicin or daunorubicin
Serotonin

Methyserzide

Ergotamine

Mercurial agents

Busulfan




Srdecni selhani

—Je multisystétmové onemocneni, které postihuje
krome kardiovaskularniho systemu také svalovou
soustavu, skelet, ledviny a imunitni system.

—Je polyetiologické onemocnéni (ICHS, idiopaticka

dilatacni kardiomyopatie, chlopenni dysfunkce).
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Priciny srdecniho selhani

ischémie

nutricni zmény, Iéky nebo kombinace
zvysenad stresova zatéz

arytmie

infekce

komorbidita

nekorigovand hypertenze

novy stav se zvySenym srdeCnim vydejem (anemie, hyperthyredza)

© ® N o 0 A~ w D

embolie a. pulmonalis
mechanickeé poskozeni srdce (ruptura,..

©
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Patofyziologie akutniho srdec¢niho selhani
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Strateh

Humoral

*RAAS
*Epinephrine
*Ercdathelin
=(aronwth
Factors

Akutni selhdni

Apoptosis

Adaptive l Mal-Adaptive t
Increased
myocardial Increased
Myocyte velume Increased O, demand
hypertrophy stroke valume
(Starding) lschermnia
Increaﬁefd
myccardial Decreased Impaired
IMigss wiall stress contractility
iLaplace)
Arrhythmo-
Interstitial genesis
fibrosis
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Kompenzacni mechanismy u srdec¢niho selhani

— Tpreload

— T tonus sympatiku

— T hladiny cirkulujicich katecholaminu

— T aktivace systému renin-angiotensin-aldosteron
— T hladina vazopresinu

— T atridlni natriureticky faktor

50 Prof. Anna Vasku

=

=

m
O =



I,.-' Decrease Cardiac Output ]

Renal Per{usion

Increase SNS Achivity

T Contractility I HR
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Neurohumoralni mechanismy CHF

— Komponenty

— Endotelin-1

— Vazopresin (ADH)

— Natriuretické peptidy
—NO

— RAAS

— SNS

— Cytokiny
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Myocardial remodelling

+ Wall stress

+ Oxidative stress

4 Inflammation

+ Neurohormonal activation

4+ Circulating levels of cardiac troponin
Altered Ca?* handling

Endothelial dysfunction
Impairment in endothelial
NO-dependent vasodilatation
Acute endothelitis
Adverse effects on myocardial
fibrosis and cardiac function,
haemodynamics, and coronary

and renal circulation \j

Venous congestion
Episodic sympathetic-
mediated fluid shifts from
vasoconstriction of the
splanchnic bed owing to
intermittent hypoxia

Worsening renal function
RAAS stimulation
Sodium and fluid retention
Peripheral vasoconstriction

Figure 2 | Mechanisms of acute heart failure. Myocardial remodelling, endothelial
dysfunction, venous congestion, and worsening renal function all contribute to the
pathophysiology of acute heart failure. Abbreviations: NO, nitric oxide; RAAS, renin-
angiotensin—aldosterone system.

Mentz RJ and

O 'Connor CM,

Nat Rev Cardiol
September 15, 2015



CONGESTION (-) COMNGESTION (+)
Pulmonary congestion
Orthopnoeal/paroxysmal nocturnal dyspnoea

. : ! Peripheral (bilateral) cedema
Heart failure according to the compensation state jugsiar venous dilatation

Congested hepatomegaly
Gut congestion, ascites
Hepatojugular reflux

HYPOPERFUSION (-) 7

WARM-DRY

Current
Heart
A Failure
HYPOPERFUSIOMN (+) Reports
Cold sweated extremities October
Mental confusion !
Volume 14,

Dizziness
Marrow pulse pressure

.

Hypoperfusion is not synonymous with hypotension, but often hypoperfusion is accompanied by hypotension.
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https://link.springer.com/journal/11897
https://link.springer.com/journal/11897/14/5/page/1

Srdecni selhani
Klinicka manifestace
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dunava

Jomezeni fyzicke aktivity
narust vahy

Janorexie

kasel

otachykardie, tachypnoe
oedemy

odistenze jugularni vény
opleuralni vypotek
ohepatosplenomegalie
oascites

okardiomegalie

oS3 galop



Typy srdecniho selhani

X Systolické & diastolickeé

XS vysokym srdecnim vydejem
+Tehotenstvi, aniémie, tyreotoxikdza

X Se snhizenym srdecnim vydejem
»Akutni
»Rozsahly infarkt myokardu, dysfunkce aortalni chlopné et al.

»Chronickeé
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Neurohumoralni mechanismy, které se uplatnuji behem chronického srdecniho selhani

— Prime toxickeé ucinky noradrenalinu a angiotensinu Il (arytmie, apoptoza
kardiomyocytu)

— Diastolicka dysfunkce (snizené plneni komor béhem diastoly)

— Zvysené pozadavky myokardu na energii

— Zvyseny preload i afterload

— Zvyseena agregace krevnich desticek

— Desenzitizace receptoru pro katecholaminy

==
m e
O =
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Funkcni klasifikace CHSS

NYHA WEBER VO2
(subjektivni) (objektivni) max(ml/kg/min)
- pfi zatézi neni A >20
dusnost ani Unava

I- obtize pribézné |B 16-20
zatézi

ll- obtize pfimensi |C 10-16
nez bézné zatézi

V- obtize pri D 6-10
sebemensi zatézi a

v klidu
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Stadia srdecniho selhani

A Vysoke riziko rozvoje srdecniho selhani

B Strukturalni onemocnéni srdce
Bez pfiznaku srdec¢niho selhani

C Symptomatické srdecni selhani

D Konecéna faze (,end-stage*) srdeéniho selhani
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Prognozo

> podle ejekcni frakce (< 30-35%)
levé komory

> vysoké riziko  progresivniho
selhdni nebo ndhlé srdecni smrti
(arytmie)
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1950-1980
Hemodynamicky model

X Systolicka dysfunkce
X Dysfunkce pumpy
XLeéceni:

Xléky ke stimulaci
kontraktility
Xvasodilatatory
Xdiuretika, digitalis

1980-
Neurohumoralni model

X Progresivni remodelace se
zhorsenou Cinnosti myokardu
XLeéceni:

X ACE inhibitory,
betablokatory

Xdiuretika, digitalis

X Nove terapie:

X Dblokatory endotelinu,
iInhibitory NEP, MMP,
cytokinu, chimerické atrialni
peptidy

Meénici se pohled na priciny srdecniho selhani

61 Prof. Anna Vaskl



Pracovni hypotéza patofyziologie srdecniho selhani

Pfidina =  Strukturalni remodelace

/ a progrese nemaoci

> AIM

» Genové mutace
» Akutni zanét

» Hypertenze

» Chlopenni nemoc
» Jiné
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» Hypertrofie myocyti
» Fibroza

» Dilatace komory

» Porucha struktury
kolagenu

» Apoptoza

» Bunécnd nekréza

» Neuroendokrinni
aktivace

» Uvolnéni cytokinu

» Zvysené napéti stény
» Dysfunkce komory

= Klinicky syndrom

}

» Retence Na a
vody

» Méstnani, edém
» Nizky srdecni
vydej

» Diastolickd
dysfunkce

» Zhorsuijici se

symptomatologie
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Hormony Cytokiny NO Volné O. Genetické Abnormalni
(KA, ET-1, (TNF a) baroreceptorové

rad ikély qu‘l'ory
steroidy) \\ l reflexy
\ /4/ Vnéjsi faktory

Metabolicky stav +~—

g

rereny Celkové/mistni faktory —
unkce
| y - / \ ~ endotelu
Klidovy Funkce Abobté
energeticky , poptdza  Funkce )
v?de? Y kosterniho  kosterniho myokardu Apoptéza
svalstva svalstva Z/ myokardu

Energeticky Kosterni sval Srdecni sval Cévni systém

stav ~ ~ /
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EXTRAMYOCARDIAL CYTOKINE PRODUCTION

Tkanova hypoxie a produkce volnych

Snizena vazodilataéni rezerva
kyslikovych radikéld

IMPAIRED | TISSUE HYPOXIA
VASODILATOR AND FREE RADIGAL
RESERVE PRODUCTION

1 !

NF—xB MEDIATED

CYTOKINE
FRODUCTION

ELEVATED PLASMA
CYTOKINES

Zvysené plasmatické
hladiny cytokint

TNFa inhibuje stimulaéni efekt insulinu na vychytavani
o1 profammavasks  QIUKOZY @ vazodilataci zavislou na endotelu u Elovéka



MYOCARDIAL CYTOKINE PRODUCTION

Zvyseneé diastolické napéti
stény levé komory Produkce TNFalfa v myokardu

ELEVATED LV DIASTOLIC MYOCARDIAL TNFo
WALL STRESS PRODUCTION

LV DYSFUNCTION
AND DILATATION Dysfunkce a dilatace

levé komory
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Kardiogenni Sok

neadekvatni srdecni vydej pri adekvatnim preloadu (=
inadekvaini funkce srdce jako pumpy)

Efiologie:

e Srdecni selhdani

Leveé komory (ischemie, infarkt, kardiomyopatie)

Pravé komory (infarkt, plicni hypertenze, cor pulmonale)
e Arytmie

e Chlopenni regurgitace nebo stendzy

e Ruptura komoroveého septa nebo stény komory

e Obstruktivni leze

Myxomad

Plicni embolus

Perikardidlni tampondada
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Kardiogenni sok-projevy

— Hypotenze

— Tachykardie

— Hypoperfuze + kongesce (chladna, zpocena, bleda az Seda kuze)
— Pokles diurézy pod 20 mi/hod

— Pa02 <50 mm Hg, SB <15 mmol/l, BE <-10 mmol/l

— ClI (=cardiac index) < 2 | /min /m?

— PCWP (=pulmonary capillary wedge pressure) >18 mm Hg
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,,Circulus vitiosus* u kardiogenniho soku

L Cardiac output

_ L Stroke volume

L oo

+ Systemic  Hypolension

T LVEDP
Pulmonary congestion

perfusion \
|
+ Coronary
perlusion /
pressur{‘ /
'
Compensatory :
vasoconstriction; | Ischemia
fluid retention . e

Aktivace sympatiku
Aktivace systému RAA

Death
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Dekuji za pozornost!
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