Srdecni selhani

Srdecni vydej jako zakladni parametr srdecni funkce
Systolicka a diastolicka dysfunkce

Remodelace srdce

Etiopatogeneze srd. selhani

SS jako syndrome a dUsledky
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Heart failure syndrome (HFS)

* asystemicillness affecting several organs, creating high morbidity and mortality rates due to

* the heart’s inability to deliver adequate oxygenated blood and metabolites to the body to meet end-organ metabolic needs and oxygenation at rest or during
exercise
* and to accommodate venous return
* typically due to the left ventricular pump dysfunction ((= pokles srde¢niho vydeje) and related clinical symptoms (dyspnea, fatigue, exercise intolerance, metabolic dysturbances etc.)
including signs of volume overload (pulmonary crackles, peripheral edema, etc.)
e 1 CO u HF p¥i normalnich plnicich tlacich vs. ¥ CO u hypovolemického & distribu¢niho $oku, kdy je problém mimo srdce (nedostateény navrat)

* HFS develops due to any structural and/or functional cardiac abnormalities
* the pathophysiologic state perpetuates the progression of the failure, regardless of the precipitating event via several compensatory mechanisms (circulus vicious)
* (A) nemoci srdce = dysfunkce myokardu (tj. jakékoliv onemocnéni srdce, které zmeéni kontraktilitu, preload ¢i afterload)
* systolicka dysfunkce = poruchy kontraktility
* ischemickd choroba srdecni, myokarditis, alkoholismus, drogy, toxiny, dilata¢ni kardiomyopatie
*  zbylé kardiomyocyty se snazi kompenzovat ztratu funkce a jsou ¢asem postizeny
*  pfiztraté >40% funkcniho parenchymu se rozviji kardiogenni Sok
 diastolicka dysfunkce = nizsi poddajnost (¥ preload)
¢ fibrotizace myokardu po infarktu, ischemie, restriktivni kardiomyopatie, amyloidéza
* externi — konstriktivni perikarditida, srd. tamponada
* tlakové ¢i objemové pretizeni
* chlopenni a jiné srdec¢ni vady (stendzy a regurgitace)
* myocarditis (zanét srdec¢niho svalu)
«  (B) nemoci mimosrde¢ni (T afterload)
* systémova hypertenze
* plicni hypertenze

* classification of LHF is dependent on whether the left ventricular ejection fraction (LVEF) is reduced or preserved

* acute event or acute refractory form of chronic HF can be fatal, whereas chronic prognosis is characterized by terminal congestive heart failure
symptoms
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Heart needs a lot of energy to continually perform as a pump

Contractility

Afterload

/ sympathetic n. system
Heart Rate /
\ parasympathetic

n. system

venous return | .synergistic LV Contraction

{ Cardiac Output }

CO (4-6 L/min) — SV (usually 1mL/kg, i.e. approx. 60-100mL) X f
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Factors Affecting Heart Rate (HR)

Factors Affecting Stroke Volume (SV)

Atrial Venous Filling Autonomic Vasodilation or
reflex ]C return time innervation Hormones vasoconstriction
Contractility Afterload
L . ]
AV \ 4 {}
Autonomic End diastolic End systollc
innervation Hormones volume (EDV) l[| \11 volume (ESV)
g U
Heart Rate (HR) Stroke Volume (SV) = EDV - ESV

h 4

h 4

Cardiac Output (CO) =

X

SV
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Functional classification and disease progression

NYHA classification ACC/AHA classifications
Class|  No symptoms with ordinary activity Stage A Patient at high risk for developing HF with no
Slight limitation of physical activity \ structural disorder of the heart
Class Il Comfortable at rest, but ordinary physical activity results in Stage B Patient with structural disorder of the heart
fatigue, palpitation, dyspnea, or angina without symptoms of HF
Marked limitation of physical activity Patient with past or current symptoms of HF
Class Il comfortable at I A L el e et e T Stage C associated with underlying structural heart
results in fatigue, palpitation, dyspnea, or angina disease
Unable to carry out any physical activity stape p P2TEN with end-stage disease who requires
Class IV without discomfort / & specialized treatment strategies
Symptoms of cardiac insufficiency may be present even at
rest
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Mechanical work of the heart

Systole ——P1E81010 * Ventricular filling occurs along the end-diastolic
a o ¢ d z pressure-volume relationship (EDPVR), or passive filling
5 100 gone 5| = e curve for the ventricle. The slope of the EDPVR is the
E | reciprocal of ventricular compliance
%’ P * The area within the loop is the ventricular stroke work
i "“Ew —| * The maximal pressure that can be developed by the
E w4 |IN L ventricle at any given left ventricular volume is defined
S I S A =SV by the end-systolic pressure-volume relationship
2 Time (ESPVR), which represents the inotropic state of the
150 T—— ventricle R
E ESPVR g ;f
S I : N
- e 4 R
Opening EDPVR 3 S
078 50 100 150 S
Eg"u' Eg‘u‘ ) 0 = M U N I
LV Vol (ml) LV Volume MED



Changes in ventricular function in response to changes

of preload, afterload and inotropy

* |f effects considered separately

* These ventricular changes can
be complex because preload,
afterload and inotropy are
interdependent variables

* when one variable is changed (by
disease), the other variables change
in response

* interactions between preload and
afterload at constant inotropy

* secondary changes of preload by
changes in afterload

e change in inotropy affects both
preload and afterload
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Interdependent Changes in Preload, Afterload and Inotropy

during Exercise
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o o
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1 |
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LV Volume (mL)
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For heart to perform as a pump both systolic and diastolic

function has to be preserved

Pathophysiological spectrum heart failure (HF)

* from asymptomatic cardiac dysfunction as a preceding stage in the
progression to clinically overt HF

Myocardial dysfunction is a state when CO is potentially
affected

* types of myocardial dysfunction
* systolic and/or diastolic
® acute or chronic
®* compensated or uncompensated
® uni- or biventricular

Systolic (dys)function
* (impaired) ventricular contraction and ejection
Diastolic (dys)function
* (impaired) relaxation and ventricular filling
Left ventricular dysfunction or heart failure (LHF) is the
dominant picture of heart failure syndrome

e approx. 70% HF patients has SdF
* however often with component of DdF

* approx. 30% HF patients has DdF
But the right heart can develop isolated failure as well

Biventricular failure is mostly an end-stage clinical situation of
the heart failure syndrome

Systolic Diastolic

Normal Dysfunction Dysfunction

Filling phase
(Diastole)

Normal filling Filling of the enlarged ~ Too little blood flows
ventricles into the stiff ventricles.

Ejection phase

(Systole)
The heart normally ~ The heart pumps Too little blood is
pumps more than much too little blood  pumped out of the
half of the blood out  into the circulation. barely-filled ventricles.

of the ventricles.
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From cardiac dysfunction to heart failure

* Distinction between systolic or
diastolic LV dysfunction depends
on the ejection fraction (EF)

e portion/percentage of blood
volume (i.e. LVEDV) pumped from
the ventricle in one heartbeat

* EF <40% = systolic dysfunction
* clinically HF with reduced EF (HFrEF)

* EF >40% = diastolic dysfunction
* clinically HF with preserved EF (HFpEF)
* Consequence of LV dysfunction

* note! they are the same for systolic
or diastolic dysfunction

Volume Pressure | Loss of Impaired
Overload Overoad | Myocardium Caonfractility
LV Dystunction

EF = 40% |
\\.\
t End Systolic Volume
| Cardiac |
“‘i”""‘ . t End Diastolic Volume
|
| Hypoperfusion | Pulmonary Congestion

Systolic
dysfunction

systole End
diastole

==
me



HF results from injury to the myocardium from a variety of causes

NOZOLOGICKA JEDNOTKA

systémova arterialni hypertenze

kardiomyopatie -

myokarditida

PROGRESE pozvolna

/

SYNDROM

(variabilni
zavaznosti)

smrt

selhani

)
/
/
/

rychle pm}lalu z¥idka

/
/

klinicka

diagnoza

manifestace

(choroby +
kompenzacnich
mechaniz{)
p.

multiple etiologies leading to
this final common clinical
pathway

aetiology = any disease causing a
loss of a critical quantity of
functional myocardial cells

% of all HF patients have pre-
existing hypertension

* this risk factor alone doubles the
risk of developing HF compared to
normotensive patients

e accelerates progression of any
other aetiology MUNI
MED



Left heart failure (LHF)

Left ventricular pressure-volume relationships:

Pressure (mm Hg)

200
LVESP / LVESV
SAP # 120 mmHg
100 - A
LVEF = 65%
SV=75mL Afterload
o|s o | 6
5 y§ 5 Ag LVEDP / LVEDV
| S l= S AE
(@] ()] (@) O
0 c w O
: Preload
Filling 4
LAP
0 T
0 100 200

Volume (mL)

In systolic LHF, an adequate
stroke volume cannot be
sustained due to reduced
ventricular systolic contractile
function, which shifts the
whole pressure-volume
relationships to the right

In diastolic LHF, an adequate
filling cannot be realized due
to diastolic stiffness (poor
ventricular compliance,
impaired relaxation, worsened
end-diastolic pressure), which
shifts the diastolic pressure-
volume curve upward;
however, the systolic
pressure-volume curve does
not change

LV Pressure (mmHg)

200

100

Decreased
/’ Inotropy

Decreased
Compliance

100
LV Volume (ml)

200

Effects of a combination of systolic dysfunction
(decreased inotropy) and diastolic dysfunction
(decreased compliance) on left ventricular
pressure-volume loop. Heart rate and systemic
vascular resistance are unchanged.
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SYSTEMOVA ARTERIALNI HYPERTENZE (SAH)
ve vztahu k srdecni remodelaci a srd. selhani
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Tlak — hypertenze - klasifikace

* arterialni * venoOzni
e systémova e systémova
* plicni * kongestivni srdecni selhani
®* mean pulmonary arterial pressure above e lokalni
zierrcrizle-lgat rest or 30 mmHg with e portalni

* arteridlni (primarni, familiarni, ziskana)
* sekundarni PH
* prekapilarni
* postkapilarni
* hyperkineticka
e |okalni

* koarktace aorty
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Sytémova arterialni hypertenze (SAH)

* Paul Dudley White (1931):

* “The treatment of the hypertension itself is a difficult and almost
hopeless task in the present state of our knowledge and in fact, for
ought we know the hypertension may be an important compensatory
mechanism which should not be tampered with even if it were certain

that we could control it.”

* puvodni hypotéza
* SAHje kompenzatornim mechanizmem nasledujicim zuzeni arterialniho
prusvitu resp. snizeni poddajnosti cév

® v soucasnosti
* SAH je proces vedouci k zuzeni arteridlniho prusvitu resp. snizeni
poddajnosti cév
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SAH - zakladni fakta

Blood pressure chart for adults

Systolic (top number)

190
180
170
160
150
140
130
120
110
100

90

80

70

Pre-high blood

pressure

40 50 60 70 80 90100
Diastolic (bottom number}

* trvalé zvyseni periferniho kr. tlaku (nad 140/90), které

vede k vyssi incidenci mozkovych, srdecnich a renalnich

onemocnéni
* inicialné
* LV hypertrofie
* lehka kognitivni dysfunkce
* mikroalbuminurie
e pozdéji
* infarkt myokardu
* (kongestivni) srd. selhani
* arytmie
* mozk. mrtvice
* renalni selhani (nefroskleréza, proteinurie)
* retinopatie
* demence

¢asto sdruzena s inzulinovou rezistenci, nadvahou /
obezitou a dyslipidemii = METABOLICKY SYNDROM
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Cévy — morfologie & funkce

* prototypicka struktura

* intima
* endotel + bazalni membrana - R —
* media endothelium

that lines the
lumen of all
vessels

* hladké sval. bb, elastin
* adventicia

* kolagen .
* parametry cirkulace krve ovlivhhované cévou Tunica media: Zléc:ec:tma:
* rychlost a rezistence = hl. sval. bb. G ta':,é“ :f:slf,-c | :%:ge"
* pulzova vina = elastin fibers
* limitace rozpéti = kolagen
* typycév FADAM

* kapacitni (napf. aorta, karotidy, velké cévy koncetin)

* elastin (konzervace energie)

* odporové O O
o a D

* proménliva resistence o ﬂ ) .
«  vygivovaci — terminalni Aorta |Artery | Arteriole | Capillary | Yenule | Yein |Vena Cava

* regulace perfuze kapilarami Diameter Zan | 4 mm| 504 gun [ 40mm|1.5MM 3 an
* kapilary Wall Thickness | 2nm| 1mm| 20pm | 1gm | 2@m| S@m| 1.5 mm

* filtrace, difuze -

! wall Thickness

«  kapacitni (venuly a vény) T umen Radins 1/5 142 =1 1/4 1710 | 15 1710
e shunty (AV anastomozy) Endothelium || L E ﬂ E E L

* obchazi kapilary Elastin n ! ! | . !
e lymfatické cévy Smooth Muscle | [ = [ ] [ [ ] MUNTI

Collagen |00 | [0 | 0 B B ME D



ontinuita toku krve — elasticita cev

Peripheral
resistance

Peripheral
resistance

Aorta

Aorta
Systolic Diastolic
T T
[ _ 2\ ,
240 [~ 240 =
=1 250 — 250
220 — 220 =
- 230 —1 230
200 = 200 |——
— 210 — 210
180 |— 180 |
1170 b 170
160 |—i 160 |—
L 150 Left —! 150 Left
140 |— atrium 140 |t i
7 — 130
1208 120 —
=+ 110 &5
100 [ s
250 100 5
80 |4 80 |
= 70
60 | 60 -
= 50 .
s ] 40 |s
56l 30 -
L 110 Left 20
’ § ventricle 4 Left
. ventricle
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,Windkessel” efekt

* sténa velkych (kapacitnich) tepen (tj. aorta, spolecné karotidy, subklavie a jejich velké vétve spolecné v plicni arterii)
obsahuiji elasticka vlakna tvorena elastinem

* rychlost a objem krve vstupujici do téchto tepen v systole vyznamné prevysuje mnozstvi, které je opousti to v disledku
arterialni periferni rezistence

* (Cast objemu krve (cca 50%) je tedy ,,uchovan® na dobu diastoly

* dusledkem , windkessel“ efektu je:
TN pulzniho tlaku béhem srdecniho cyklu
« T efektivita srdce jako pumpy
e kontinualnéjsi tok krve
e zajiSténi organové perfuze béhem diastoly
* specificky to napomaha perfuzi koronarnich tepen béhdm diastoly
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Kvalitativni aspekty pulzové viny

Reflected Pressure

Direct Pressure

N B
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PWYV — mereni rychlosti pulzni viny




Tok krve

i Vel ké a rte I’I e arterial pressure Sys[tolic

The calculation of mean

. 7 . . . 7 "
e pulzatilni, diskontinuitni Pulse pressure, | [ 120 .
the difference " Mean arterial pressure
between systolic \ (MAP), the sum of the
* tl a ky and diastolic 100 — n n n \ diastolic pressure and

one-third of the pulse
pressure

pressures

* arterialni ol
* systolicky ‘

Here, MAP is

Diastolic 90 +(120-90)/3
* roste fyziologicky s vékem a narustem afteridlni Blood  °U] PR, S
‘stiffness’ e
. . , 40—
* diastolicky
* ukazatel celk. perif. rezistence 20

Aorta Elastic Muscular Arterioles Capillaries Venules Medium- Large Venae
arteries arteries sized veins veins cavae

gscanding
Im b

descendlng
| Im b
AT T Ps
’ A Dleratle Eyatelle
e pU|Zn| roteh Piegsure
7 ngeratle t
* rozdil SBP — DBP pracrett .8
* vyznamny parametr mortality S % \' """" P :essu reg :%
* podili se na ‘shear stress’ =
v ’ rP )T' [n 4
* stfedni (MAP) e e 3 z
. , ve , Z Diastels Wa e 2880 fd =
* integral kfivky fluktuaci u E #

L
o

tlime
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* TK =sila, ktera pohybuje tekutinou v cirkulaci a zaroven sila plsobici na sténu cévy

* TK(P) je vysledkem fyzikalnich vlastnosti cirkulace (= poddajnost) a jejiho roztazeni naplini
* P=Q xR (Ohmuv zdkon)
* Q= prutok — uréen priblizné CO (= SV x f)
* SV=EDV-ESV
* EDV — preload — plInéni, tedy Zilni navrat, tedy (efektivni) crkulujici volum
* ESV — afterload a kontraktilita
* R=rezistence —uréenak xn xd/mxr?
* 1 = viskozita krve
* d=délka cévy
* r=polomér cévy

==
m a
O =

[—



Regulace TK

* TKse periodicky méni v zavislosti na rytmické ejekci

« kratkodoba regulace 0

* operuje zejm. se zménami CO (f, kontraktilita) ar

* r—zmeéna zejm. v odporovych cévach (= arterioly), které
urcuji vtok do mikrocirkulace

* dlouhodoba regulace
* humoralni-via NaaH,0O
* regulace
* systémova = baroreflex

* lokalni = auto-/parakrinni mediatory

* dulezitd pfi fixaci hypertenze (vazokonstrikce jako obrana proti
hyperperfuzi, pozdéji hypertrofie stény cév)

krve ze srdecnich dutin : :
* SBP, DBP, MAP : l
* MAP=DBP+1/3(SBP-DBP) 120 ; |

;:67 Systolic : |

Psystulit: E, E :

o 80 — ! I

SR [ - - —— - 2 : ;

Pumean ®  -Diastolic ! !

Pdiastulic o : : ;

(:U 40 - 1 I 1

@ I I I I

\4 . 7 . \"4 7 7 t l l ' l

* P=QxR—regulace TK prostfednictvim ovlivhovani L o : : : :
Q, R nebo obou Lot !

Aorta
Venules
Veins

Arteries

Arterioles
Vena cava
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Neuroregulace TK - baroreflex

* hlavni kratkodoba (ale permanentni) regulace TK

aferentace
* baroreceptory oblouku aorty a karotickych bifurkaci signalizuji do
prim. kardiovask. centra
® n.tractus solitarii

® zCasti téZz chemoreceptory v karotickych téliscich

eferentace
* snizeni aktivace eferent. sympatickych neurond — sympaticky
nervovy systém kontroluje Q (tedy CO) iR

* noradrenalin z adrenergnich nerv. zakonceni a cirkulujici adrenalin z
diené nadledvin

* al-receptory - konstrikce perif. arteriol véetné aferentni a
eferentni arterioly — pokles RBF a GFR — zvysSena resorbce Na

* PBl-receptory —v srdci ionotropni a chronotropni ucinek

* PBl-receptory - v ledviné stimuluji uvolnéni reninu z granularnich
JG-bb. a tim aktivaci systémového RAS

* aktivace eferent. parasympatickych neuronti (n. vagus)

* intermitentni hypoxie (napr. obstrukcni spankova apnoe)

protozZe periferni (a z€asti i centralni) chemoreceptory maji

presah do vazomotorickych center — aktivace SNS hypoxii

(ve spanku)

postupné fixace hypertenze zvySenim perif. cévni rezistence
* rizikovy faktor hypertenze a kardiovaskularni mortality

Carotid
Sinus Nerve
to Nerve |X
R. Int. L. Int.
Carotid Carotid

L L. Ext.
Camtld-...,_i _ 4— Carotid

Ascending

Aorta ~g

Aortic
Arch
Receptors
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Arterialni baroreflex

PVN \
- \A
Rostral
ostra »

— GABA

—— Norepinephrine

Niidlgiis of ihe 5 k\J Carotid sinus
solitary tract
Baroreceptors
X
4 "
Arginine ventrolateral Nucleus
vasopressin medulla ambiguus Aortic arch
Ccvh
X # .
j . Arterial
. Cardiac — blood
- Cardiac output
Preganglionic - ganglion pressure
sympathetic oo SO
neurons
+ : Total
-y "~ peripheral
/ ' resistance
: Sympathetic
Sympathetic output Skeletal muscle
ganglion

and splanchnic
vessels

The arterial baroreceptors are mechanoreceptors located in the carotid sinuses (innervated by the glossopharyngeal nerve, IX) and aortic arch (innervated by the vagus nerve, X) that respond to stretch elicited
by increase in arterial pressure. Primary baroreceptor afferents provide monosynaptic excitatory input to the nucleus of the solitary tract. Barosensitive NTS neurons initiate a sympathoinhibitory pathway that
involves a projection from the NTS to interneurons in the caudal ventrolateral medulla (CVL) that send an inhibitory projection to sympathoexcitatory neurons located in the rostral ventrolateral medulla. The
baroreflex-cardioinhibitory pathway involves a direct input from the NTS to a group of vagal preganglionic neurons located in the ventrolateral portion of the nucleus ambiguus (NA). These neurons project to

the cardiac ganglion neurons that elicit bradycardia. The baroreflex, via the NTS, also inhibits secretion of arginine vasopressin by magnocellular neurons of the supraoptic (SON) and paraventricular (PVN) nuclei

of the hypothalamus, in part by inhibiting noradrenergic cells of the Al group.
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Obstrukcni spankova apnoe (OSA)

* periodicky kolaps a obstrukce
dychacich cest béhem spanku ..., \
» dispozice: kratky krk, anatomie Y
ustni dutiny, tvar Celisti,
obezitall
® apnea 10-60s s ruznou
periodicitou (az 1x za 30s)

* postihuje cca 4% lidi stredniho
veku
* dusledky: denni ospalost, ranni

bolesti hlavy, poruchy paméti,
Zmény nélady, hypertenze Normal Breathing - DbslructiveSleepA;:nea

- Airway is apen - Airway collapses
- Air flows freely to lungs - Blocked air flow to lungs

Uvula

Small or
receding jaw

Tongue

Soft palates .\
b |\ Epiglottis |

Uvula —=

Oropharynx
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Humoralni regulace TK

* (1) ledvina / klira nadledvin — RAAS - hlavni
dlouhodoba regulace TK

* (2) hypothalamus / neurohypofyza — vasopresin Liver Kidney
(ADH)
. o substr
CestOEJ V2 recep.toru . (Saungsii)?éisinogen) .
* vedlejsi role, zejm. regulace osmolality | e B [ Bl B
* (3)dfen nadledvin — adrenalin i 1 15
* (4) srd. predsiné (prava) —> ANF Histidines

* (5)dalsi

glukokortikoidy ﬂ
* inzulin Qj%%% - ((

* hormony stitné zlazy

T

Angiotensin Il Lung Angiotensin |
° rﬁstovy hormon (octapeptide) (decapeptide)
. ’ L 4
* (6) parakrinni mediatory ‘
—
> Aldosterone Blood
I \Q/ pressure
Adrena . rises
Systemic BP
rt O
= bo‘% arteriole
e

O =
e



kaskada enzymatickych reakci vedoucich k vytvoreni
ATII

(1) akutni systémovy efekt za ucelem regulace kr.
tlaku

* vazopresoricky efekt

* aktivace PLC — PIP2 stépen na IP3 a DAG — mobilizace
intracelularniho Ca

e stimulace uvolnovani aldosteronu v k(ire nadledvin

(2) lokalni ucinek aktivace RAAS v ledviné za ucelem
autoregulace perfuze ledviny a udrzeni konstantni
GFR

(3) lokalni ucinek dlouhodobé systémové aktivace
RAAS (tj. ATIl) + dloudodobé lokalni tvorby AGT —
ATII

» efekt zejm. v cévni sténé, myokardu a ledviné
* hypertrofie a remodelace cévni stény a myokardu
* vledviné hypertrofie glomerull a proliferace mesangia

Proximal tubule

Glomerulus

Arterioles

Efferent

Vase,
iy W
W, on g Ains,
, S, Mesangial
Distal whule  [SNENESS ™ 2. 7 2l >
. All- " contraction
G e

) Ao—7 Al” ACE
Arferent Renin

Na retention L+

Renin Renin, Al, All

All

Interstitial space
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RAAS - Efekty AT Il v ledviné

¢ Ve I m i ko m p I eX n II ! Renal arterial circulation Glomerulus Tubule

* prakticky vSechny segmenty a casti néjak i e omx |
dotcen B O
Yy \_ \

* akutné v poradku — regulace - *""7“"'&/‘ 1—]
\ | —ae

®

* chronicky (jako nasledek iritace a poskozeni /> » o
pri ledvinnych onem. rizné etiologie) ] N
. , @ Renal vasculature
* remodelace a sklerotizace glom. cév i
/,

* fibrdza intersticia ais| gzl
* dysfunkce tubularnich bb.
* expanze mesangia

° * 1-vazokonstrikce
2-omezené vazokonstrikce a inhibice

* ztohoto duvodu je terapeuticka blokada tvorby a uvolfiovani reninu
RAAS nejen zakladni antihypertenzni lé¢bou 3-preferencnivazokonstrikce
ale rovnéz renoprotektivni (i bez nutnosti 52 6-Na+ reabsorpce
dalsiho snizovani kr. tlaku)

7-vazokonstrikce
8 —efekt neznamy
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Parakrinni vazokonstrikcni a vazodilatacni mediatory

* oxid dusnaty (NO)

* tvoren NO syntetazou (NOS)

* jednak konstitutivné exprimovanou
endotelovymi bb. (eNOS)

* ajednak inducibilni (iNOS)
e vede k relaxaci hl. svalstva cév
 inhibuje proliferaci bb.

 moduluje efekt jinych faktoru (ATII,
endotelin, noradrenalin, ...)

* endotelin
e produkovan endotelovymi bb.

e velmi silny vazokonstriktor
* vazba nareceptory

G protein-
linked
receptor

o009 ©
®eo o
B

& ®
o *%
Acetylcholine

Blood vessel

Smooth muscle cell
A

Ca2+

Activates

Calmodulin @
Activates

NO synthase

Arginine

Citrulline

(e,

5 N GTP

uany

e
@ eleu’vates

Protein kinase G

Activates

Muscle
relaxation
(dilaton of

blood vessels)
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Variabilita TK

i
13
B 1e0 E
E o>
B 1201/
°
& © -
B o
m ------------ W ————
) | Behaviours | | Baroreflexes
Neural

——————————

T° / Seasonal
influences

1 koufeni
1 alkohol

+ kofein
+ Na* (genetika)

/ factors )
| st R
Central \\‘

BP variability

Angiotensin |l

Mechanical
factors

Other humoral
factors

+ Nitric
oxide

A

+9

Intrinsic smooth muscle
tone
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Cirkadianni rytmicita TK

Blood Pressure (mm Hg)

110

8

w
L=
L

o]
=
L

70 -

n=58

Cerebrovascular evaents per 2 hours

= Stroke (n=116T7)

In the early momming

— Myocardinal infarction (MI: n=29893) hawrs

180 7 = 50
160 - 45
140 - L 40
120 - 3
L 30

100 -
- OR

BO -
= 20
G0 o - 15
40 - - 10
ED N - 5
D 1 T L] T L T L] Li T 1 T L 1 L] Li T D
15:00 LR ] GO0 12:00

MI per hour




Denni (cirkadianni) rytmus

12:00
9:00 P.M. M'dnight
Melatonin
Secretion Starts

2:00 AM.
Deepest Sleep

7:00 P.M.

4:30 AM.

Highest Body Lowest Body

Temperature Temperature
6:30 P.M.
Highest Blood Ny
Pressure - -

Circadian
6 P.M. - Rhythms 6 A.M.

S i Humans

6:45 AM.
Sharpest Blood
Pressure Rise

5:00 P.M
Greatest Cardiovascular
Efficiency and Muscle Strength

3:30 P.M. 7:30 AM.
Fastest Reaction Melatonin
Time Secretion Stops
2:30 P.M.
Best Coordination 10:00 A.M.
Highest Alertness
12:00
Noon

corticoids

autonomic
nervous system

food
activity
body temp
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Chronobiologie

, reguluje
@ Melatonin, cyklus spanku

a bdéni
Glandl"a produkce
pinealis liberind a statind
v PVYN

impulzy

ze sitnicé ———— | Hypothalamus
(svéetlio / tma) P

do SCN p

i, s
inhibuje \ (GH)

ACTH
& aH ACTH W

' \/
cortizol> ‘/'GF"'
DHEA &

Nadledvina

vétsina procesl v organizmu ma néjaky charakteristicky casovy
pribéh
* cyklus spanek/bdéni
*  hemoynamika
* produkce hormon( béhem dne (cirkadianni rytmus), mésice (lunarni), roku
(anualni)
rytmicita je endogenni (25 hod.), ale synchronizovana podnéty z
vnéjsiho prostredi
e svétlo/tma
* pfijem potravy
* teplota
* sezdna
integraci zajistuji smyslové organy a vnitrni “biologické” hodiny
* nucleus suprachiasmaticus (SCN) hypotalamu prijima signaly ze sitnice
* ovliviuje produkci melatoninu v SiSince (glandula pinealis) hypofyzy
* melatonin ovliviiuje produkci hormont (liberiny a statiny) v nucleus
paraventricularis (PVN) hypotalamu

ty ovliviuji aktivitu perifernich endokrinnich zlaz, cévy, organy aj.
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,Molekularni hodiny“

* podstatou rytmicity jsou negativni i pozitivni zpétnovazebné smycky transkripce
urcitych gent (CGs), jejich translace, postransl. modifikace a degradace, tyto slozi
jako transkr. faktory dalSich stovek gent (CCGs) v n. suprachiasmaticus a periferné
a synchronizuji tak podle zevniho prostredi organizmus

¢ hypOta Ia Mus Central and basal forebrain molecular circadian clock
* hodinové geny (clock genes, CGs) A Siraslinemataniise
* Clock - sl
Light Glutamate PER/CRY Hypothal -
* BMall (Mop3),.BMaI2 :>. .'. BMAL1/CLOCK A
° Perl’ Per2 (Penod) i Central circadian Melatonin
° Cry]_’ Cryz (CryptOCh rome) Retino-hypothalamic tract clock m)| Pineal gland
* Rev-Erb-a B Ventral tegmental* Nucleus Accumbens
* CK1€ CK16 (kaseinkinase) . < Dopamine
* geny kontrolované hodinami (clock controled orv2, ook ® ’ £k

ge NEes, CCG S) Substantia Nigra* Caudate-Putamen

* Per3 b Dopamine Per1. Per2. TIM
* AVP (arginin vasopresin) Clock " Clock, Bman
* Dbp (D-element binding protein)

* periferni organy
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Cetnost (%)

cetnost (%)

A. veskera populace

optimum

hypotenze

morbidita / mortalita

fyziologicka populacni variabilita

“komplexni”

monogenni

A i
systolicky krevni tlak (mmHg)

B. zdrava populace

systolicky krevni tlak (mmHg)

140 —

140

TK je spojity znak s charakteristickou populacni
distribuci

stanoveni hranice “normality” je vzdy arbitrarni —>
“referencni interval” (zahrnuje 95% zdravé
populace, zbylych 5% ne)
e u parametru s normalni distribuci populaéni primeér £
25D
e u ostatnich parametr( napr. median [2.5% - 97.5%
kvantil]
ale populace nemusi lezet svymi obvyklymi
hladinami v optimul!

e proto se navic bézné se zohlednuje napf. mortalita
asociovana s prislusnymi hodnotami

TK u daného individua je vysledkem pUsobeni
* genetickych faktoru
* faktoru zevniho prostredi
» aktivity endogennich regula¢nich mechanizmu
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TK vs. kardiovaskularni mortalita

A: Systolic blood pressure B: Diastolic blood pressure

* hypertenze je jednoznacnym rizikovym faktorem

kardiovaskularni a cerebrovaskularni mortality a rizikovym o
faktorem selhdni ledvin r

k and 95% CI
g 8
1 L
.. .-

IHD mort.
(floating absoluts
i
S [ (2]
L 1 1
e .-
\
a O
-
L8

* hypertenze je nejvyznamnéjsi rizikovy faktor aterosklerdzy

* Framinghamska studie —identifikace hl. KV rizikovych faktor( —
T TK, T cholesterol, T triglyceridy, 4 HDL, v kouteni, v’ obezita,
v’ diabetes, fyzickd inaktivita, T vék, pohlavi (muZské) a
psychosocialni faktory

* originalni kohorta (od r. 1948)
® 5,209 osob (32 — 60 let) z Framingham, Massachusetts, USA K . ; - 1

ality

IHD mortality
{floating absolute risk and 95% Cl)

* detailni Vy§etfenf kazdé 2 rOky - u::::syslu.:szow - " Bjsunl di(:lohc :()xoaa o
* |l. kohorta (Od r. 1971) re e
° 5'124 dospéWch potomktl A: Systolic blood pressure _— B: Diastolic blood pressure _
* |ll. kohorta =1 = g
® 3,500 déti (vnukd pavodnich participant() 15 i) / ro-7
7’ v V4 4 S - 5 64 *.v
®* narust TK o kazdych 20mmHg STK a 10mmHg DTK dvakrat : : 0o
nasobi riziko CVD H 71 e
* jak chronickych (atrogeneze — mechanické poskozeni endotelu) *‘ N i
tak akutniho IM (ruptura plaku) i |
* pozdniklin. manifestace jsou zohlednény pfri definici N d 7
referencnich hodnot TK i1 S
* nicméné komorbidity se mohou dale modifikovat doporuceni A A —
* pozadavek na nizsi TK nez 140/90 et sy Vsl gt s M E IISI |



SAH - definice a kritéria

s

®  kritéria zavisi na prostredi a typu méreni

& gich 11
e kritéria SAH ALE opatrné u starsich !!!

*  TK>140/90 mmHg u dospélého bez ohledu na vék v klidu (>10 min) opakované min. 2x ze 3 méreni v odstupu nékolika 251
d n|' :lr_lg?]dgllmf all ages,
i pressure
* cave KOMORBIDITY - u diabetikd a chronického selhani ledvin by mél byt tlak <130/80mmHg . Mquy:am) increases risk.
* idedlni TK je u dospélého STK<120 a DTK<80mmHg = ™M 10-s0
* stupen SAD E
. mirna 140 — 179/90 — 104 2 1] lowertood presure
«  stfedné zavazna 180 — 199/105 - 114 z ~
* tézkda >200/115 averaged— — -8B -l N =
* izolovana systolicka hypertenze
* SBP>140 pfi DBP <90 mmHg
* rezistentni >140/90 pfi kombinaci 3 antihypertenziv g = i i ind
e stadia SAH SYSTOLIC BLOOD PRESSURE (mm Hg)
* | —prosté zvySeni TK bez orgdnovych zmén
* Il - hypertrofie LK, mikroalbuminure/proteinurie, kalcifikace aorty
»  lll—komplikace: srdeé¢ni selhani, renélni insuficience, CMP Méfeni tlaku Systolicky tak {mm Hg) | Diastolicky tlak (mm Fg)
Ve zdravotnickém zafizeni =140 =90
[24hodinové monitorovani 2125 280
V' domacich podminkach 2135 =85

Tabulka 1. Hrani€ni hednoty systémového artenalniho krevniho tlaku (mm Hg) podle podminek méfeni.

Klasifikace Systolicky tlak (mm Hg) Diastolicky tlak (mm Hg)

Optimalni <120 <80

Normalni 120 - 129 80 - 84

Vysoky normalni 130 - 139 85 -89

Hypertenze 1. stupné (,mima") 140 - 159 90 - 99

Hypertenze 2. stupné (.stfedné
y vévazng’) 160 - 179 100 - 109

Hypertenze 3. stupné (.zavaZna®) 2180 2110
lzolovana systolicka hypertenze 2 140 <90
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Tabulka 2. Kategorie hladin systémového arteridlniho krevniho tlaku.



SAH - formy / klasifikace

* sekundarni (5%) = T TK je symptomem jiného primarniho onemocnéni
 (A)renalni
* renovaskularni
* renoparenchymatézni
* (B) endokrinni
* prim. hyperaldosteronismus
* feochromocytom
® Cushinglv syndrom
* akromegalie
* (C) monogenni formy hypertenze
* mutace genl ovliviiujicich hospodareni se Na v ledviné

v/

* esencialni (95%) = zname radu patogenetickych mechanizmu ale vlastni etiologicka pricina je
tradi¢né uvadéna jako nejasna (coz uz dnes neni pravda)

* nenijen prostou hemodynamickou odchylkou ale je az v 80% pripadl sdruzena s radou
metabolickych odchylek
* oObezita
* inzulinova rezistence / porusena glukdzova tolerance / diabetes
e dyslipidemie
* jejich spoleény vyskyt je éast&jii nez by odpovidalo ndhodnému souvyskytu = METABOLICKY
SYNDROM

* hl. patogenetické komponenty jsou:
* porucha regulace hospodareni s Na v ledviné
* 7T sympatickd aktivita
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Patogeneze esencialni SAH — zrejme heterogenni

* SAH rizkové faktory

* nemodifikovatelné

vék
genetika

* modifikovatelné

nadvaha/obezita
spotreba soli (NaCl)
nedostatek fyzické
aktivity

chronicky stress
vysoky prijem alkoholu

®* cave ,French
paradox” (for CVD)

koureni
kofein

o—o Obese smoker
> Lean smoker
o—c Obese non-smoker
+—s Lean non-smoker

P=QxR — k rozvoji SAH patogeneticky prispiva
* (1) volumova expanze
* changes in natriuresis (i.e. any factors that lead to Na+ retention) will lead
to pressure diuresis (i.e. increase in systemic BP)
* initially: T venous return, ) Co, T BP

i [fter: vessel and heart stretch lead to remodeling, ) periph. resistance (R),
Cco

* vascular stiffening, glomerulosclerosis, microangiopathy, LV
hypertrophy

* etiology
® primary hyperaldosteronism
* SIADH
®* monogenic but also common genetic forms of SAH
* m. Cushing
* renoparenchymatous: loss of filtration capacity, tubulointersitial damage,

Goldblatt 1K1C
* (2) increase of peripheral resistance
* the site od increased R can be anywhere above renal arterioles
* etiology

® renovascular: unilateral renal artery stenosis (Goldblatt 2K1C) or intra-
renal stenosis

* isolated systolic hypertension in older people
* (3) mixed causes (constitution to both sodium retention and
increased RAAS and sympathetic tone
* etiology
* obesity, stress
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Renovaskularni a renoparenchymatozni hypertenze

a Unilateral Renal Artery Stenosis

modely

Reduced renal perfusion Increased raral perfusion Goldblatt |
l (2K1C: 2 kidneys, 1 clip
) renin-angiotensin system (RAS) Supressed RAS Increased Na* excretion
4 renin (pressure natriuresis)
) angiotensin Il

1' aldosterone

Angiotensin Il dependent hypertension

Bilateral Renal Artery Stenosis

Bila:aral Stenosis of S:Jlital')' kidney
or impaired kidney Goldblatt 1
Reduced renal perfusion function (1K1C: 1 kidney, 1 clip
1 renin-angiotensin system (RAS) Impaired Na* and water
4 renin excretion
1 angiotensin Il l
Inhibit RAS

f aldosterone + Volume expansion

Normal or low angiotensin Il Increased arterial pressure
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Vék - vyvoj TK behem zivota

* fyziologicky STK roste kontinualné
béhem zivota zatimco DTK ne

e dusledek ,starnuti” (aging) cév

* mechanizmy

* ztrata elastickych elementu (zejm.
fragmentace a degradace eastinu - MMPs)

* aterosklerdza
* kalcifikace
e sekundarné urychleno
* uT1DM
* osteoporozy
* CKD

* vrozenych abnormalit elastinu (napr.
predcasné narozeni)

* |ogicky proto roste incidence
hypertenze (zejm. izolované systolické)
s vékem

BP (mm Hg)

150

130

110

-

=
80

70

Changes in Systolic & Diastolic BP with Age

Hypertension Prevalence in the US by Age

Fields LE et al (2004) Hypertension 44:398-404

100% ---------------------------------
Systolic
BP
80%
— \’l\;'l"en c
— Women g o 60%
- - E
2
g_ T 40%
> v
Diastolic T o
BP 20%
0%
18-29 30-39 4049 5059 6069 70-79 18-34 35-44 4554 55-64 6574 >74
Age (yrs
ge (yrs) Age
Adapted from: JNC7 & Burt et al (1995) Hypertension 23:305-313
COMPLIANT AORTA
Aorticvalves open  _.eeszeeen Aortic valves closed
\ il S S S il .
\
100% =) Systol =) 50 % Diastol = 50 %
Expansion
NON-COMPLIANT AORTA
100% m—p> Systol mmm)> 100 % Diastole 0%
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Genetika TK / SAH

* prokazana studiemi (populacni, ,,twin“, adopéni) — heritabilita TK
~30-60% zavisi na definici fenotypu

* “candidate gene” pfistup — patogeneticky zddvodnény vybér gen(

25+

* SNS, RAAS (renin, AGT, ATR1, ACE, ...), endotelin, TXA, ANP, NO synthase, ... 20-
* malo efektivni u komplexnich nemoci — nase znalosti patogeneze evidentné % ZHCT 3 ApoasatCsAT
neuplné § s ‘ :

e genome-wide association studies (GWAS)

* monogenni formy SAH

* (1) glucocorticoids-suppressed hyperaldosteronism oo

* mutations in the promoter of the gene for aldosterone synthase — production
of aldosterone is not regulated by ATIl but ACTH (therapy by glucocorticoids to

SUppreSS ACTH) 1 2 3 4 5 6 C:' 8 : 10 n 12 13 14 1516 17 19 21
* (2) Liddle’s syndrome —
* mutations in the genu for Na-channel subunit, — increased reabsorption of Na in
the k|d ney proximal tu bule disease marker gene/ region :l;':::; i::r:‘i::g
. . . ic Chr. 6 —o
 (3) apparent mineralocorticoid excess (AME) T —me—
. . . . . . ]
* mutations in the enzyme 11BHSD2 degrading cortisol in kidneys — locally o wer FTRE o e =
increased activity of cortisol - mineralocorticoid effect in higher concentrations AF  1s2200733  Chr.dq2s 292 147 | o8
CD  rs11805303  IL23R 493 107 —‘—O—I
° 1 T2D  rsd506565  TCF7L2 503 532 —on
(4) pseudohyperaldosteronlsm . o CD  rs17234657 Chr.5 513 106 —a—
* mutations in the gene encoding mineralocorticoid receptor — aldosterone G0 i¥idotis  thes i A =S
. T2D  rs12255372  TCF7L2 745 510 —a&-
resistance T2D 12243326  TCF7L2 746 520 ‘ —a-
. . . CD  rs17221417  NOD2 866 107 —me—
* (5) adrenogenital syndrome/congenital adrenal hyperplasia (CAH) AF  rs10033464  Chr.da2s 04 3 — o
. . .. CD  rs2542151  PTPN22 1104 107 —‘(*I—
defect of 11-B-hydroxylase or 17-a-hydroxylase — excess of mineralocorticoids MS  rs2104285  IL2RA 2133 61 —-
MS  rs6897932 IL7RA 2263 61 ——Re—
T2D rs10811661 CDKN2B 2406 534 —4om-
T2D  rs8050136  FTO 2569 533 —on
T2D  rs5219 KCNJ11 2792 533 —o8
T2D rs5215 KCNJ11 2908 527 _"-
T2D rs4402960 IGF2BP2 3111 527 —oR M U N I
05 1.0 2.0 5.0
OR MED



Telesna vaha - proc obezita zvysuje TK

* zavislost mezi BMI a SBP nebo DBP je témér linearni Nomatemsion | Tysertersion”
e approx. 78% of primary SAH in men and 65% in women
can be ascribed to excess weight gain sl b
e even in obese normotensives BP rises to some extent >
10 kg (22 Ib) of weight loss will reduce SBP by 5-20 mm H S
* distribution of fat is an important consideration — .
visceral rather than subcutaneous obesity!!!
* pathogenic mechanisms <Homommrg > mmig
* (1) physical compression of the kidneys by fat in and plood Pressure (systolicldiastolc
around the kidneys Figure 1. Effect of weight gain to shift the frequency
e activation of RAAS distribution of blood pressure toward higher levels.
* (2) increased sympathetic nervous system activity ~ Metabolic syndrome
* renal afferent nerves P
* effect of renal denervation [ Visceral obesity '\
* RAAS dependent Insulin resistance /
* RAAS-independent (leptin, MCR4 etc.)
* obese leptin deficient individuals are not hypertensive 1/' \\4 Additional risk factors
* (3) abnormalities of ANF (deficiency) B - riolerence , £ Low-grade inflammation
| ede <———‘ 4 C i
\‘vl Microalbuminuria Disturbances in
R S = haemostasis and
S _ fibrinolysis (PAI-1) 4

’

Cardiovascular disease
type 2 diabetes

U
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Salt sensitivita/prijem NaCl

redukce prijmu Na (soli) je prvni doporuceni pri |écbé
hypertenze, ale ne vSichni na néj reaguji

razna citlivost (genetika)

cca 99.8% casu (~3.5 mil let) lidstvo konzumovalo malo Ta
Na+ (30mmol = 1.8g) ale vice K+ : i L ;53"3?
®* dnes obracené (170-260mmol = 10-15g NaCl) coz je 10- Ee pressureid
15x vice ke Nl
* etnicita hraje rolil!! 3 nen BARITIAKS 18 fgce v i
« zvySena citlivost k Na se uplatriuje zejm. v nékterych populacich E = I v i
(zejm. Eefnoéi), kde je pfijem Na obecné nizky a proto je zajisténa E [ M}“} ; .
intenzivni reabsorpce Na 305 o o £o =60 o
* pretrvavaiv jinych podminkach - “gen otrokd” ] BF rzes ?
 nadruhou stranu napt. v Evropé je pfijem soli obecné vysoky a Arienal pressule Lom B
presto ne vsichni jsou hypertonici
* evidentné rQizna citlivost 2
[ J

Saltintake of output [Hmes narm al)
Y
]

Arterial pressure{mm Hg)

intake or output (Himes normal)
s
!

L5} 50 100 1H0 200

Arterial pressurne {mmm Hog)
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Chronicky stres a TK

* preddefinovany sled akutnich reakci (,,fight or
flight”)
* dnes nedostatek kompenzatorni fyzické aktivity

* chronicka faze — dominance glukokortikoidu
(GK)

* dusledek chron. stresu pro rozvoj SAH je
epidemiologicky prokazan
e srovnani skupin osob stejného veku, pohlavi,
geografického plvodu, stupné vzdélani a socialni
urovné ale s rozdilnou profesionalni expozici
stresu

* napr. studie jeptisky vs. ucitelky zakl. skol

* nebo letovi dispeceri vs. zahradnici aj.
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Periferni modulace dodavky GK

* prostrednictvim enzym( katalyzujicich konverzi aktivni a neaktivni formy GK
* (a) 11B hydroxysteroid dehydrogenaza typu 1 (11BHSD1)
*  pUsobi jako reduktaza, regeneruje kortisol z kortisonu — T intraceluldrni koncentraci
kortisolu

* zejm.v jatrech a tukové tkani

¢ exprese 11BHSD1 je vyssi v ve viscerdlnim neZ podkoZnim tuku — visceralni tuk je tedy flexibilnéjsim
poolem energie, ale zase je citlivéji suprimovatelna (coZ hraje roli v rozvoji abdominalni obezity u
Cushingova syndromu)

*  ko-lokalizovdna s GR (v jatrech a tuk. tkani) a tak lokalné amplifikuje efekt kortizolu
* 11BHSD1 overexprese u mysi vede k obezité, zatimco 11BHSD1 knock-out mysi jsou rezistentni k
obezité i pfi prejidani
* tkanoveé-specifické inhibitory 11BHSD1 by mohly byt terapeuticky vyuZzitelné u metabolického syndromu
a obesity
. patologle spojené s 11BHSD1

Cushinglv syndrom — vyssi exprese 11BHSD1 ve visc. tuku, ale zaroven vyssi suprese GK vede k prevaze
lipolyzy v podkoZnim tuku a jeho kumulaci ve visceralnim

* kongenitalni deficit 11BHSD1 (apparent cortison reductase deficiency) — kompenzatorni aktivace HPA
osy — nadbytek adrendlnich androgen(i — oligomenorhea, hirsutismus u Zzen

* overexprese 11BHSD1 v subkutannim tuku (kongenitalni nebo ziskana) vede k lipodystrofii

* deficit 11BHSD1 hraje roli v patogenezi syndromu polycystickych ovarii (PCOS) — kompenzatorni
aktivace HPA osy — hyperandrogenizmus — oligomenorhea, hirsutismue, cystickd ovaria

* regulace: hladovéni, kortisol, dalSi hormony
* (b) 11B hydroxysteroid dehydrogenaza typu 2 (11BHSD2)
* plsobi jako dehydrogenaza, degraduje kortisol na kortisone — { intracel. koncentraci
kortisolu
* zejm. v ledviné = degradaci kortisolu umoznuje tkanové specificky preferen¢ni plsobeni aldosteronu na

MR i presto, Ze konc. plazm. kortisolu >>> aldosteronu

. patologle spojené s 11BHSD2
kongenitalni deficit 11BHSD2 (apparent mineralocorticoid excess) — monogenni forma hypertenze

* 11BHSD1 je exprimovana v placenté (udrZuje nizsi hladiny kortizolu ve fetalni cirkulaci) — deficit
napomaha nékterym téhotenskym komplikacim (preeclampsie, IUGR, ...) a moZna hraje roli pfi tzv.
“fetalnim ¢i metabolickém programovani”

|
l\
cotiso! \

\
i ne

A o : 00“50

s —

T e
o Aso™
e e g Cortisone jm Cortisol \

Cortisol [ NADP( )

‘ i g
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o e e
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Patofyziologie SAH z klin. perspektivy

* esencialni SAH ma nékolik etiopatogenetickych komponent, které sev ®  Vyvoj SAH v ¢ase

rozvinuté formé podileji na manifestaci SAH, u riiznych lidi ale «  zpotatku reaktivni T TK
pravdépodobné riznou mérou = HETROGENNI ONEMOCNENI (které *  obrann4 kratkodoba odpovéd cévni stény = myogenni reflex
asi nebude v budoucnu lé€eno u vsech stejné — postupné vede k aktivni remodelaci cévni stény a “fixaci” hypertenze
FARMAKOGENETIKA!! !) * vdlsledku cévni remodelace
* (1) vSe co ovliviiuje srde¢ni vydej * zmeéna aferloadu a cévni poddajnosti ovliviiuje srdce
® zvySena aktivita sympatického nervového systému * tlakové pretizeni a ndslednd LVH

* snizena citlivost k inzulinu
®* sniZzena senzitivita baroreflexu

® zvySena aktivita sympatického nervového systému

*  vyssi plazmatické hladiny jednotlivych soucdsti RAS (t.j. hladina reninu, ACE, AGT)

* zvys. aktivace ATR1 jako dUsledek genet. variability

* kalikrein-kininovy systém

* pomér mezi hladinami para-/autokrinnich vazopresorickych (endotelin, TXA) a

vazodilatac¢nich mediatord (NO, adenosin) | |

* (4) vSe co ovliviuje poddajnost, hypertrofii a remodelaci cév

* rUstové faktory jejich receptory 20 40 60 80 st i

* oxidacnistres

* zménéné transportni procesy na bunécné membrané (Na+/H+ transport)
* (5) ostatni

* sniZeny pocet nefron(

¢ fetalni programovani

Srdeénivydej

* aktivace osy hypotalamus - hypofyza (ACTH) - nadledvina (glukokortikoidy a Y
aldosteron) R e " o . 2 7
oy ) . Pocatecnistadia Rozvinuta (ustalena) Méstnavé srdecni
® zvys. velikost levé komory gy
v oy e e hypertenze hypertenze selhani
* (2) vSe co ovliviauje cirkulujici volum
*  vyssi plazmatické hladiny jednotlivych soucasti RAS (t.j. hladina reninu, ACE, AGT)
* variabilita enzym( syntetizujicich steroidy, zejm. aldosteron-syntetazy §' A
*  zvys. citlivost k Na (centralni osmorecepce a tubuluglomerularni zpétna vazba) ’%—: Periferni rezistence
® snizena citlivost k inzulinu =
* zmény hladin nebo plsobeni atrialniho natriuretického peptidu (ANP) ] Normalni
* (3) vSe co ovliviiuje periferni rezistenci E hodnoty
3
o
£
QU
I
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,Fixace“ SAH

SAH méni
 shear stress a

* circumferential wall stress (,,roztazeni”)
* Laplaclv zakon o P-r
h

* SAH akceleruje zmény, které jinak vidime

pozvolna pfi starnuti cév
* endotelova dysfunkce

« 7T proliferace a migrace hladkych sval. bb.
medie

e zaneét
» fibréza (depozice extracelularni matrix)
« 1 kolagen / elastin ratio
cross-linking, kontrakce a kalcifikace
* ztuhnuti (,stiffness”) tepen vede k zvyseni

aortalniho pulzového tlaku a rychlosti pulzovée
viny (“pulse wave velocity”, PWV)

Cylindrical Vessel

Wall shear stress and stretch are the most
important hemodynamic forces involved

Wall shear stress

w=4nBFR/r(kr)’

6 MARossi
n=blood viscosity (0.03 poise); BFR=blood flow rate;

k=shrinkage index (1.25); r=radius.

Shear stress is a frictional force parallel to the wall at the surface
of the endothelium directly related to blood flow velocity.

Aged - Hypertension

~

Young - Healthy

Endothelial dysfunction
Normal Vascular A\ M:L ratio
Homeostasis J Vascular remodelling
Increased stiffness

Vascular inflammation
Calcification
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Klinické dusledky SAH

Normal heart

* tlakoveé pretizeni — patologicka LVH
* hypertrofie kardiomyocytU

’ myOka,rdvl,aInl flbroza . , ] Pressure overload-induced LVH
* neni pritomna u fyziologické srd. hypertrofie u ‘
sportovcu
* expanze medie koronarnich arterii
* snizena koronarni rezerva tj. schopnost vazodilatace

s/ N

Relative Importance of DBP vs SBP as Predictors of
Short-term Long-term

Coronary Heart Disease As a Function of Age
LVH by voltage criteria in chest leads

1.0 sBP il

L]
| sV

(

I
05 i

0.0 + RVs | = 46mm*

((SBP) — B(DBP)

03 | L
-1.0 StrorTgtfrB;edictor p=0.008 v f //\A
-15 * > 35mmis significant .. .
25 35 45 55 65 75 Beneficial: Detrimental:
Age (vears) - minimize wall stress; - proarrhythmia;
- reduce oxygen consumption. - maladaptive remodeling;

Adapted from Franklin S5 et al. Circulation 2001; 103:1245-1249 - heart failure.
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Diagnostika hypertenze

* (1) prileZitostny TK
* vsedé, klidu, po 10minutovém uklidnéni, na dominantni pazi s volné
podlozenym predloktim a tonometrem umisténym ve vysi srdce,
primérené Siroka a dlouha manzeta ((pri obvodu paze pod 33cm Sire
12cm, u paze s obvodem 33-41cm manzeta 15cm a u paze nad 41cm
manzeta 18cm)

* klasicky tonometr — auskultacné
e digitalni — oscilometricky
e dopplerometricky
* (2)invazivni méreni TK — katetr vyplnény tekutinou

* (3) ambulantni monitorovani TK (AMTK neboli “Holter”)
* zaznam TK celkem 24 (nebo 48) hodin
* mérenis periodicitou 15-30min béhem dne, 30—-60min v noci

* indikace
* podezfeni na ,syndrom bilého plasté”
* na terapii rezistentni hypertenze
* epizodické hypertenze
* autonomni neuropatie
* oveéreni ucinnosti terapie
* kolapsové stavy




KOMPENZACNI MECHANIZMY UDRZUIJICI
SRDECNI VYDE!
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Compensatory mechanisms to maintain CO

* Mean arterial pressure (MAP) is closely
regulated and is defined as the product of CO
and total peripheral resistance (TPR)

* The failing heart strives to balance “preload”
and “afterload” for compensation of impaired
contractility and to deter the development of
congestion using a myriad of mechanisms

®* (CO sensing mechanisms

* |ow-pressure volume receptors

* present mainly in the cardiac atria
* release of natriuretic peptides

* high-pressure mechanoreceptors

* J|ocated in the left ventricle, aortic arch, carotid sinus
and renal juxtaglomerular apparatus

®* From asymptomatic to symptomatic stages,
several mechanisms are activated:
* (1) the Frank—Starling mechanism
* (2) neuro-hormonal activation
e (3) ventricular remodelling

/'

2. Capacitance
S 3. Pump output
Heart
CNS-
‘Sympathetic nerves
‘ 4. Volume
1. Resistance Kidneys
Arterioles A \
Renin

Aldosterone <— Angiotensin

J
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Compensatory mechanisms to maintain CO

n
8
1

* (1) the Frank-Starling mechanism
e SV as a function of LVEDP

* increases myocardial contraction power,
but this positive effect reverses after the

Stroke volume (mL)
S
I

| ] | J

sarcomere length reaches the upper limit 0 00 20 300 400
Ventricular end-diastolic volume (mL)
of 2.2 um
e e . o pe A Increased
* efficient under various contractility s ety
3
%,; Normal
i
e / Low contractility
S ——d
Left ventricular end-diastolic press:re
(or end-diastolic volume) M u N I
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Compensatory mechanisms to maintain CO

* (3) neuro-hormonal activation to augment MAP g
e (3a) sympathetic nervous system activation g Z | o,
* mediated through B1, 2, and al receptors :: ] N
* chronotropic effect — increasing heart rate frequency : 3
* this positive effect is reversed after tachycardia reaches a S 1

threshold of 140-150 beats/min
* inotropic effect — increasing contractility

® increasing TPR
Decreased distal renal tubular sodium High and low pressure

¢ by pe ripheral VaSCU|atU re (VasoconStriCtion) and decreased renal perfusion pressure mechanoreceptors
|

* activation of the renin—angiotensin—aldosterone system ﬁ' P onsiicton. D
(RAAS) B1 and al receptors causing / [

* peripheral vasoconstriction
. . * X
* sodium and water retention T N o waier retenion |
* (3b) activation of RAAS by kidney hypoperfusion RARS (other functions) | _osmatcand

* Cardiac hypertrophy *

@
=

54 72 90 108 126 144 162 180
Heart Rate (beats/minute)

SNS (other functions)

* Increases vasopressin

* Increases heart rate
and contractility

* Cardiac fibrosis

I 1 H and fibrosis
* (3C) aCtlvatlon Of vasopreSSI n . . . \-Espoaslisparench)'mal | Natriuresis and diuresis \ _*
* release from hypothalamus and posterior pituitary kev e I R
facilitated by angiotensin Il and central baroreceptors o response ! oD essi ) ,etem
N_Eg-a:f'lve response| _Increased ’ :::L%ﬁisfgpertrophy et i

atrial stretch L J wall stress

e (3d) natriuretic peptide release

Key: ANP = atrial natriuretic peptide; ENP = brain natriuretic peptide; NP = natriuretic peptide; RAAS = renin-angiotensin—
aldosterone system; SNS = sympathetic nervous system

Adapted from Kalra et al.®



Compensatory mechanisms to maintain CO

Mean arterial pressure (MAP) is closely
regulated and is defined as the product of CO
and total peripheral resistance (TPR)

The failing heart strives to balance “preload”
and “afterload” for compensation of impaired
contractility and to deter the development of
congestion using a myriad of mechanisms

CO sensing mechanisms

* |ow-pressure volume receptors
* present mainly in the cardiac atria
* release of natriuretic peptides

* high-pressure mechanoreceptors

* J|ocated in the left ventricle, aortic arch, carotid sinus
and renal juxtaglomerular apparatus

From asymptomatic to symptomatic stages,
several mechanisms are activated:

* (1) the Frank—Starling mechanism

* (2) neuro-hormonal activation

* (3) ventricular remodelling

CQO
P
MAP
PV(
SVR

/

2. Capacitance

Venules 3. Pump output

Heart

T|\CNS./:

‘Sympathetic nerves

| “
,\ I‘.‘
\\
1. Resistance |
R

4. Volume
Kidneys

\
o A%
Arterioles

Aldosterone <€— Angiotensin
>
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Compensatory mechanisms to maintain CO

n
8
1

* (1) the Frank-Starling mechanism
e SV as a function of LVEDP

* increases myocardial contraction power,
but this positive effect reverses after the

Stroke volume (mL)
S
I

| ] | J

sarcomere length reaches the upper limit 0 00 20 300 400
Ventricular end-diastolic volume (mL)
of 2.2 um
e e . o pe A Increased
* efficient under various contractility s ety
3
%,; Normal
i
e / Low contractility
S ——d
Left ventricular end-diastolic press:re
(or end-diastolic volume) M u N I
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Compensatory mechanisms to maintain CO

* (3) neuro-hormonal activation to augment MAP g
e (3a) sympathetic nervous system activation g Z | o,
* mediated through B1, 2, and al receptors :: ] N
* chronotropic effect — increasing heart rate frequency : 3
* this positive effect is reversed after tachycardia reaches a S 1

threshold of 140-150 beats/min
* inotropic effect — increasing contractility

® increasing TPR
Decreased distal renal tubular sodium High and low pressure

¢ by pe ripheral VaSCU|atU re (VasoconStriCtion) and decreased renal perfusion pressure mechanoreceptors
|

* activation of the renin—angiotensin—aldosterone system ﬁ' P onsiicton. D
(RAAS) B1 and al receptors causing / [

* peripheral vasoconstriction
. . * X
* sodium and water retention T N o waier retenion |
* (3b) activation of RAAS by kidney hypoperfusion RARS (other functions) | _osmatcand

* Cardiac hypertrophy *

@
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54 72 90 108 126 144 162 180
Heart Rate (beats/minute)

SNS (other functions)

* Increases vasopressin

* Increases heart rate
and contractility

* Cardiac fibrosis

I 1 H and fibrosis
* (3C) aCtlvatlon Of vasopreSSI n . . . \-Espoaslisparench)'mal | Natriuresis and diuresis \ _*
* release from hypothalamus and posterior pituitary kev e I R
facilitated by angiotensin Il and central baroreceptors o response ! oD essi ) ,etem
N_Eg-a:f'lve response| _Increased ’ :::L%ﬁisfgpertrophy et i

atrial stretch L J wall stress

e (3d) natriuretic peptide release

Key: ANP = atrial natriuretic peptide; ENP = brain natriuretic peptide; NP = natriuretic peptide; RAAS = renin-angiotensin—
aldosterone system; SNS = sympathetic nervous system

Adapted from Kalra et al.®



Natriuretic peptides — potentially beneficial

play a significant role in water and salt homeostasis

counter-regulatory balance to the harmful neurohumoral pathways
already discussed (3a — 3c)

beneficial effects include
* vasculature: direct vasodilatation = lowering of blood pressure

* kidney: natriuresis and diuresis, lowering the release of renin from the
kidneys, increasing renal blood flow

* heart: decreasing cardiac hypertrophy and fibrosis

natriuretic peptide system consists of three main peptides:
e atrial natriuretic peptide (ANP)
* B-type natriuretic peptide (BNP)
* ANP and BNP released from myocytes in response to cardiac stretch
* C-type natriuretic peptide (CNP)
* released from endothelial cells
biomarkers: elevated circulating levels of NP found in patients with
chronic heart failure
* assessment of BNP (or its inactive N-terminal fragment, NTproBNP) is now a
key component of the diagnostic pathway for patients with suspected heart
failure
therapeutic potential: inhibition of the breakdown of natriuretic
peptides (ANP, BNP, CNP and urodilatin) by a membrane bound
endopeptidase neprilysin
* caution since it breaks down also bradykinin and angiotensin Il
* has to be used together with ARBs

Stretch or increase in cardiac
chamber volume leads to release
of natriuretic peptides

Ventricles
Atrial N-terminal
natriuretic atrial
peptide natriuretic - —
peptide Brain natriuretic

peptide

Vasodilatation
Increased urinary sodium excretion

Cardiac chamber
distension 3%

Sympathetic __+
stimulation

Angiotensin Il +/7Y, @

Endothelin

Prepro-NP

Degradation
Products

Target
. Tissue

GTP  cGMP
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Compensatory mechanisms to maintain CO

* (4) ventricular remodelling as a

res po nse to Hypertension Ischemia (MI) ' Dilated
Pressure< Aortic st i Toxi i
e volume or pressure overload etletd| moicorontafon:  fction cardiomyopathy

* increases in LV wall thickness decrease o :’a"'“'a:"s"fide"w get:b°“° §

. olume ntracardiac shunts rome 8

LV wall stress following Laplace’s 1aW,  overoad| acrovenoes fiorls  Gonetie -
thereby maintaining cardiac efficiency ¢ ¢ g

I Compensated
. ” Hemodynamic Myocardial = hypertrophy
e, Pxr __ 1Pxir hyc:;:ft?o';w strei ?ury Normal
2h t2h

§ ) Neurohormones .
— t Contractile performance

Pxtr _ Px1r Eccentric
tT= >h " 12h  hypertrophy r
\ diomyocyte growth diomyocyte death
L t
Normal Compensated Cardiomyopathic

hypertrophy dilation
* increased oxygen demand
* wall tension + any degree of ischemia
* background conditions
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Factors influencing myocardial O, consumption (MVO,)

* (1) wall tension

* that’s why O, demand is T in pressure or volume
overload

® (2) contractility

®* (3) heartrate

* that’s why (i.e. 2 & 3) O, demand is T during
sympathetic activation

®* (4) myocardial mass

* that’s why O, demand is T in cardiac hypertrophy (esp.
maladaptive)

* rough estimate of energetic demands of heart:
tension-time index (TTI)
* SBP x heart rate

100

Heart Rate
A ortic Pressure

Inotropy

Stroke Volume

MVO,
(Yo Increase)

0
% Increase 100

Effects of changes in heart rate, aortic pressure,

inotropic state, and stroke volume on myocardial oxygen

consumption (MVO.). Changes in stroke volume have a

much smaller influence on MO .than changes in heart

rate, inotropy, or aortic pressure.
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Wall tension x pressure or volume overload x MVO,

* wall tension (o) = tension generated by myocytes that Fo
results in a given intraventricular pressure at a particular Pi-Po=Transmural Pressure

ventricular radius A

* pressure and volume overload have very various effects
on MVO,

» afterload = pressure
* preload = volume (filling ~ end-diastolic pressure)

Tension

radius ‘» Pout

* V=4/3nxr3
e r=3v La Place law: Pin-Pout=Driving Pressure
* 6=Px3/V/d
radius c=PX r/ d 100
/_’ Heart Rate
Pressure ™y Aortic Pressure
ﬁ Inotropy
/‘ for detail oo
= o
see = C
previous BE Stroke Volume
slide -
* 100% increase in ventricular volume (V) increases wall 0 " 100
tension (o) by only 26% olncrease
° . . . . . Effects of changes in heart rate, aortic pressure,
in contrast, increasing intraventricular pressure (P) by inotropic state, and stroke volume on myocardial oxygen
o/ : . o/ | consumption {_I'H'I‘J();p. Changes in strukeuulum_e have a
100/) INCreases Wa” ten5|0n (G) by 100%) much smaller influence on MVO.than changes in heart
rate, inotropy, or aortic pressure.
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Why hypertrophy does not \ O, consumption at the end

* the heart develops hypertrophy to reduce
ventricular wall stress and maintain function
and efficiency in response to an increased
workload

* hypertrophy (T d) normalizes wall tension (o)
per gram of myocardium in case of pressure
or volume overload

e o=Pxr/d
* initially, it does reduces MVO, when wall tension
increases and heart has to generate higher
pressure to overcome V or P overload
* however, as the total mass of myocardium

increases, consumption of O, increases as
well

* myocardial hypertrophy is not paralleled by similar
growth of coronary bed




Cardiac hypertrophy - physiological

* individual cardiomyocytes often undergo
enlargement

e cardiac hypertrophy increases contractility, at least N,
initially, through the addition of sarcomere units T

* two types of hypertrophy (each form regulated by
distinct cellular signalling pathways):

* ( 1) p hyS | (0] I Og'(:a I ¢ - Concentric hypertrophy Increased expression

* occur during normal postnatal growth, pregnancy and o Sy onnense
repetitive endurance training, and is mainly identified by
a mild (10-20%) increase in ventricular volume with a
coordinated increase in wall thickness (eccentric
hypertrophy) and individual cardiomyocyte growth in
both length and width

* after relief of the stimulus, physiological hypertrophy is
reversed and the heart returns to its original dimensions

* no interstitial or replacement fibrosis or cell death

* pathways: cell survival signalling, increased energy
production and efficiency, angiogenesis proportional to
the ventricular wall growth, antioxidant systemes,

mitochondrial biogenesis quality control, and
cardiomyocyte proliferation and regeneration [_Postnatal grovith >

Growth
stimuli

‘o ""'tr S T Eccentric hypertrophy
Sarcomeric disorganization\

Newhorn heart

Normal adult heart Physiological hypertrophy

mumnl

MED



Cardiac hypertrophy - physiological

* (2) pathological Physiological hypertrophy Pathological hypertrophy
* observed in patients with myocardial infarction, valvular

diseases (aortic stenosis, mitral or aortic regurgitation), gfoligif;’;’;hthesis gf(}igirr?:)’/tnhthesis
chronic hypertension, storage diseases (such as lipid,
glycogen, and misfolded-protein storage diseases), and I_ncreasefi Increased _ Metabglic Induction of fetal
genetic cardiomyopathy resulting from mutations in genes = @nglogenesis I | energy efficiency reprogramming I | gene programme
g;:;gm%osggiﬁ?(eljg&r)omms’ such as hypertrophic Mitochondrial Impaired Ca?*
: — : i . handli
¢ metabolic syndrome (obesity and diabetes mellitus) are BEETAHEn) «— Bl ol Ren . BRI B | — Pathological —> 1eACHNS
y ¥ signals quality control Insufficient <—  Signals  — Ajtered sarcomere

!”?p_orta.nt Co.morb'd't'es o _ angiogenesis structure
* initially identified by a reduction in ventricular chamber Antioxidant I l |
dimension with increased wall thickness (concentric generation Cell survival Cell death Fibrosis

?gigﬁ:]tergspg]yo)}ewtmirﬁ if]agjr:gmyocytes typically increase in Thyroid hormone Reactive oxygen species

* later, this might lead to ventricular chamber dilatation
(eccentric hypertrophy) with impaired contractile function
(maladaptive remodelling), with lengthening of individual A healthy B interstitial fibrosis C replacement fibrosis
cardiomyocytes

* initially develops as an adaptive response, but pathological
hypertrophy generally progresses to diastolic dysfunction
and heart failure (with either preserved (HFpEF) or reduced
ejection fraction (HFrEF))

* pathways: cell death, fibrosis, dysregulation of Ca%*-handling
proteins, mitochondrial dysfunction, metabolic
reprogramming, reactivation of fetal gene expression (such
as those encoding atrial natriuretic peptide; natriuretic
peptide B (BNP; also known as brain natriuretic peptide);
myosin heavy chain, cardiac muscle B-isoform (MYHCB; also
known as myosin 7 or MYH7); and skeletal muscle a-actin),
impaired protein and mitochondrial quality control, altered
sarcomere structure, and insufficient angiogenesis

4 myocardial
hypertrophy : infarction

) % J/ =N ©
cardiomyocyte O blood vessel myofibroblast < macrophage i collagen
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Normal adult heart

Left ventricle
Cardiomyocyte

Width I@ Sarcomere

Right ventricle

3Thickness Length
A f -
Physiological hypertrophy 1k Pathological hypertrophy
Physiological stimuli - - - - - - - > -E Pathological stimuli
l ol
v J 2 ot o e e g i S s D A AT T s T A = A £

(r § R ,

i
1]

Eccentric hypertrophy Concentric hypertrophy ' '
Preserved or mildly enhanced cardiac function Compensated, preserved contractile function  HFpEF
B
Mechanical | | Mitochondrial dysfunction Heart failure

unloading | | and cell death

HFrEF

Eccentric hypertrophy
Maladaptive remodelling and contractile dysfunction

Nature Reviews Cardiology
ISSN 1759-5010 (online)
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In fact, there are many LV remodelling patterns

Wall thickness

Normal Increased
©
°
£
e Concentric remodeling Concentric Hypertrophy L
z
z Q
§ Z
2 7
g Normal Concentric Remodeling
3 L)
Normal Eccentric Hypertrophy (4]
wn
M
a
| -
Left Ventricular Hypertrophy 9
Figure 1. Diagram of LV Remodeling Patterns E

(Rodriguez et al. Left Ventricular Mass and Ventricular Remodeling Among Hispanic Subgroups
Compared With Non-Hispanic Blacks and Whites. Multi-Ethnic Study of Atherosclerosis. Journal of

the American College of Cardiology 2010;55:234-42) Eccentric HYPEI’trDPh‘{ Concentric Hypertmphy
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Various progression/prognosis of HF according to type

od remodelling

Hypertension

N\
Pressure

overload Concentric
\ / remadeling

"""" *» | Heart failure

__ ,|Preserved EF
heart failure
Left ventricle Caneentic MI +
hypertrophy
Ethnicity
Gender
Cbesity
Diabetes :xedticfeq’ EF
Salt intake eart failure
Volume load .
Neurohumoral factors Eccentric
Genetic factors hypertrophy
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Shrnuti — komp. mechanizmy SS

)

a} \ > «€«— Vascular resistance <€——

((\ 7\ e (afterload)
\g» A B\
Ve(”o‘e’z’a%t;’m —»| Frank-Starling } <«——Cardiac contractility
Pr A «—Heart rate
‘_; Sympathetic
reflexes
Myocardial
hypertrophy l
Renal blood flow Vascular
l tone
Renin- T
angiotensin- _ _
mechanism
Aldosterone
Vascular volume <€ Salt and water

retention
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Projevy srdecniho selhani

SS je multisystémové onemocnéni, které postihuje kromé
kardiovaskularniho systému také svalovou soustavu, skelet, ledviny a Coughing
imunitni systém

projevy

kardiogenni Sok

Tiredness

Shortness of breath

Pulmonary
edema (excess
fluid in lungs)

levostranné selhani

* projevy selhani “dopredu” ~ Pumping action

Pleural effusion ~

cew iy . i g f the heart
* srdce nezajistuje adekvatni CO a tedy perfuzi tkani {aicass Al e s
* selhani “dozadu” = ptiznaky v plicich o
* zajisténi adekvatni perfuze jen za cenu vysokych plnicich tlak{ (plicni hypertenze), prekrveni Ascites —

v plicni vaskulature (dyspnoe a ortopnoe (pocit dechové nedostatecnosti)
* hrozi plicni edém
* astma cardiale
pravostranné selhani = priznaky v systémové cirkulaci
* prekrveni ve velkém obéhu
e 7 napln krénich Zil, hepatomegalie, edémy, ascites, ...

Edema in ankles
and legs

hypotenze + tachykardie + hypoperfuze
* chladnj, zpocen3, bleda az Seda kize

pokles diurézy <20 mi/hod s | o, (opa] e, || s

Pa0, <50 mmHg | - |

Cl (= cardiac index, CO/BSA) < 2 | /min /m?

PCWP (= pulmonary capillary wedge pressure) >18 mm Hg

Right
ventricle

Left
atrium
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Alveolar-capillary barrier > pulmonary edema

Interstitial
space

Capillary
1

Capillary basement
membrane

Capillary endothelium

(upto 2
Epithelial
basement
membrane

PLEURAL
SPACE

Alveolar
epithelium

ALVEOLI

Na/K/H20
pump

layer
Red blood cell
Interstitium
/ Capillary Hydrostatic Pressure
. e 300mli/h 100ml/h
(1) interstitial edema ml/ mif
™~ “Thin” section
/ Gas exchange Preserved
PLEURAL
SPACE
ALVEOLI
“Thick” section

I——

Lymph 20ml/h

Interstitium

Hydrostatic pressure
100ml/h

Oncotic pressure

Capillar
pikary 80mi/h

N“Thin” section
Gas exchange

Pleural Fluid
5% lung water)

“Thick” section
Fluid Absorption

Lymph 200mi/h l

Oncotic Pressure

(2) alveolar edema

Pleural Fluid
(up to 25% lung water)

PLEURAL
SPACE

ALVEOLI “Thick” section

Fluid Absorption

/Lymph 200ml/h

Oncotic Pressure
100ml/h

Na/K /H20

Impaired pump

Gas exchange

Interstitium

Hydrostatic Pressure

Capillary
400ml/h
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Pathophysiology of pulmonary congestion/edema

* accumulation of fluid in the lungs, resulting in impaired gas exchange and arterial
hypoxemia
® occurs sequentially
« first developing in the hilar region of the lungs,
« followed by filling of the interstitial space (= interstitial edema)

« and finally, in its most severe form, by alveolar flooding (= alveolar edema) IFA= K[P. - Py] - X[Oc- O] - Quympn
* pulmonary edema is the result of an imbalance between the forces that drive ~2 @) Lymphatics
fluid into the alveoli and the mechanisms for its removal 14 rol i m 12
* Starling equation _ mL/min e oL ML/min
* simplistic model, pulmonary edema has been traditionally classified into 2 Hydrostatic 35 mm Hg
categories Oncotic 20 mm Hg :
() &) 6} o © © @

e cardiogenic or hydrostatic pulmonary edema results from high pulmonary capillary
hydrostatic pressures

* non-cardiogenic or high permeability edema is characterized by injury to the alveolar-
capillary barrier with leakage of protein-rich fluid into the interstitium and air spaces
* Studies based on the ratio of edema fluid protein to serum protein in patients
with cardiogenic and noncardiogenic pulmonary edema have shown that
frequently there is a combination of high hydrostatic pulmonary capillary
pressure and high permeability of the alveolar-capillary barrier, leading to a
significant overlap between the two groups

* ifincreased hydrostatic pulmonary capillary pressure per se were responsible for pulmonary
edema formation, protein concentration of the alveolar lining fluid would be expected to
decrease due to the influx of plasma ultrafiltrate

e paradoxically, it nearly doubles

Arteriole Capillary Venule
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Pulmonary hypertension

| Precapillary Hypertension | Postcapillary Hypertension |
I I I
0 Mean PA prassure =25 mmHg 0 Mean PA pressure =25 mmHg
o0 PCWP <15 mmHg 0 PCWP =15 mmHg
0 PVR =3 Wood units o PVR nomal

T

T

Left Atrium

Pul
WHO Group 1: T
Pulmonary arterial WHO Group 2:
hypertension WHO Group 3: Pulmonary hypertension
Pulmonary hypertension associated with left heart
[ [ i disease
Pulmonary hypertension
secondary to chronic
thromboembolism

WHO Group 5: Miscellaneous causes (e.g.. chronic hemolytic anemia, myeloproliferative disorders)

Source: Mavin Kumar, Anica Law: Teaching Rounds: A
Visual Aid to Teaching Internal Medicine Pearls on the Wards
www.accessmedicine.com

Copyright © McGraw-Hill Education. All rights reserved.
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Alveolar-capillary barrier dysfunction

* whether arise in the pulmonary capillary wedge pressure
(PCWP) results in pulmonary oedema seems to depend on the
rate at which this pressure rises

* rapid rises in PCWP (as in acute HF) can result in pulmonary
oedema at relatively low pressures

*  whilst those with longstanding pulmonary hypertension can
tolerate remarkably high pressures without production of
pulmonary oedema

* two fundamental processes may lead to alveolar-capillary
barrier dysfunction in AHF

* mechanical injury of the barrier due to increased hydrostatic
pulmonary capillary pressures
* inflammatory and oxidative lung injury

*  ACM remodelling process (mainly excessive deposition of collagen type
IV) may be protective against further high pressure damage and may
increase resistance of the lung to the development of pulmonary
edema in chronic HF patients

* increased capillary basement membrane thickness and capillary
dilatation, whilst overall capillary density falls 2

* intimal thickening of the arteries and veins with muscularisation
of the arterioles and venules

¢ circumferential fibrosis of both veins and arteries

* alveolar wall changes including increased interstitial tissue,
interstitial pericapillary oedema, haemosiderin deposition and

alveolar wall thickening due to excess collagen, cuboidal (as .
opposed to flat) epithelium and increased type Il pneumocytes
* compression of the peripheral airways by increased amounts of .

connective tissue 6. Bronchial smooth muscle hypertrophy

Fibrosis

PLEURAL
SPACE

Cardiac Compression

ALVEOLI

Lymph 100ml/h

>

Muscularisation

Impaired
Gas exchange

Interstitium

Capillary Hydrostatic Pressure Oncotic Pressure
200ml/h 100ml/h

I | | ; E. Capillary Wall

Thickening
Reduced Capillary Filtration Rate

* problems with breathing and gas exchange

effect of posture on lung function
® inthe supine position (fluid from lower limbs to lungs)

restrictive ventilatory deficit (i FVC) with impaired diffusing capacity
e airway obstruction (¥ FEV1, TRV) by excess fluid possible too

central sleep apnoea (CSA)
* known as Cheyne-Stokes respiration or periodic breathing
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