Systémova arterialni

hypertenze (SAH)

Regulace krevniho tlaku
Stanoveni normy TK
Etiopatogeneze SAH
Remodelace cév

Sytemova arterialni hypertenze (SAH)

ypertenze

* vendzni
« systémova

e arterialni
« systémova

plicni * kongestivni srde¢ni
* primarni s’elh?m
* sekundarni * lokalni

* prekapilarni * portalni

* postkapilarni
* hyperkineticka
lokalni
* koarktace aorty

. Paul Dudley White (1931):

"The treatment of the h)/pertenSIon
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.”

* zakladni fakta:

+ 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

_ Pre-high blood

Systolic (top number)

* pozdé&ji infarkt myokardu, 120 = pressure
(kongestivni) srd. selhanl arytmie,
mozk. mrtvice, renaini selhdni 110
(nefroskleroza proteinurie), 100
retinopatie, demence
. &asto sdruZena s inzulinovou 90
rezistenci, nadvahou / obezitou a 80
dysllpldemu 70
40 50 60 70 80 90100
3 Diastolic (bottom number)

Cevyfmmorfologiej& funkce

¢ prototypicka struktura

intima
endotel + bazalni membréna

media Tunica intima:
hladké sval. bb, elastin endothclium

d tici that lines the

adventicia N\, lumnen of all

kolagen ) § vessels
* parametry cirkulace krve ovliviiované cévou -

. & | unica
rychlos’t a re2|stence_ = hl. sval. bb. Tufica media: et
pulzova vina = elastin smooth muscle collagen
limitace rozpéti = kolagen ;?t‘)';:“‘j elastic / fibers

. typy cév
kapacitni (napt. aorta, karotidy, velké cévy koncetin)
elastin (konzervace energle) FADAM.
odporové

proménliva resistence

vyZzivovaci - terminalni
* regulace perfuze kapilarami o o o a O

kap”gl?,lace difuze Aorta |Artery | Arteriole | Capillary | Venule| Vein |Vena Cava
, TELr SIS E R t BRI (L
kapacitni (venuly a vény) Diameter 2an | 4mm| S0pm Spum | 40pm(1.5mm| 3 an

shunty (AV anastomdzy)
obchézi kapilaty -
lymfatické cévy Wall Thickness |,

Wall Thickness | 2mm| 1 mm 20 um 1 pm Zpgn| S5pgn| 1.5 mm

= 142 =1 144 1710 | 15 1/10
Lumen Radius
Endothelium | | | I ] 1 |
masin | (@ | @ a0 |
smooth Muscle | [l [ 1] o |
4 Collagen Il B (. [ ] [N ]




ontinuita toku krvel®elasticita cé

Tok krve

* arterie
Peripheral Perpneral « pulzatilni, diskontinuitni N p— ) aistea

resistance resistance s
* tlaky ]

Aorta ; Aorta
« arterialni
* systolicky
* roste fyziologicky s r A r N

- -

vékem a narustem =l .
afteridini ‘stiffness’ @
* diastolicky
* ukazatel celk. perif.
rezistence

* pulzni g
» rozdil SBP - DBP ST e o
* vyznamny parametr |
mortality

» podili se na ‘shear I A I N A Needf g
stress’ :

« stredni (MAP)
i * integrdl k¥ivky fluktuaci

Systolic Diastolic
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Regulace T

 dlleZita pii fixaci hypertenze
(vazokonstrikce iako obrana proti
hvperperfuzi, pozd€&ji hypertrofie
steny cév)

Aorta
Arteries
Arterioles
Capillaries
Venules
Veins
Vena cava

; c . . . . c v i~ AT e
* TK = sila, kterd pohybuje tekutinou v cirkulaci a zarovef sila * TK se periodickv meniv Psystolic
dsobici na sténu cév zavislosti na rvimicke ejekci
pu Y krve ze srdecnich dutin Pod ——[-———-—-= = ===
+ SBP, DBP, MAP <« Pyt
* TK (P) je vysledkem fyzikdlnich vlastnosti cirkulace (= . p= 0":'??3?1;33?;’?2?&” N—— —
poddajnost) a jejiho roztazeni naplni prostrednictvim ovliviovani Q, Coa W
+ P = Q x R (Ohmuv zakon) R nebo obou 120 gauine sy R
* Q = pritok - urcen pfiblizné CO (= SV x f) » kratkodoba regulace CHI ST N e gie
* SV = EDV - ESV * operuie zeim. se zménami CO ¢ A
+ EDV — preload — pInéni, tedy Zilni navrat, tedy (efektivni) crkulujici (f kontrakvt'“ta).a r ; % 80 ! ! ! e
lum * r -zména zeim. v odporoyych ¢ ! . Ve ]
vo céyach (= arteriolv). které 2 7 | o i
+ ESV - afterload a kontraktilita urcuji vtok do mikrocirkulace g  "|Diastolic; | ! R
+ R = rezistence - uréena k xn xd / zn x rt + dlouhodoba regulace S 40 Ve o
« 1 = viskozita krve * humoralni - via Na a H,O e ] ) ; C
< A 1 1 1 i ' '
« d = délka cévy * regulace F gt (8
« r = polomé&r cévy + systémova = baroreflex 0 I e
 lokalni = auto-/parakrinni =l |
mediatory i




Neuroregulace TK

. 'T'I?Vhl’ kratkodoba (ale permanentni) regulace

» aferentace
¢ baroreceptory oblouku aorty a karotickych bifurkaci
signalizuji do prim. kardiovask. centra
. n. tractus solitarii
e 2z&asti téZ chemoreceptory v karotickych téliscich
- eferentace
* snizeni aktivace eferent. sympatickych neurond —
sgmpatlcky nervovy systém kontroluje Q (tedy

* noradrenalin z adrenergnich nerv. zakonceni a
C|rkquJ|C| adrenalin z drené nadledvin

al-receptory - konstrikce perif. arteriol
vcetné afferentni a efferentni arterioly —
pokles RBF a GFR — zvysena resorbce Na
Bl-receptory - v srdci ionotropni a
chronotropni G¢inek
Bl-receptory - v ledviné stimuluji uvolnéni
reninu z granularnlch JG-bb. a tim aktivaci
systémového RAS

¢ aktivace eferent. parasympatickych neurond (n.
vagus)
* intermitentni hypoxie (napf. obstrukcni
spankova apnoe)

- protoZe periferni (a zasti i centralni)
chemoreceptory maiji pfesah do vazomotorickych
center — aktivace SNS hypoxif (ve spanku)

+ postupné fixace hypertenze zvysenim perif. cévni

rezistence
* rizikovy faktor hypertenze a kardiovaskularni
mortality

* periodicky kolaps a obstrukce
dychacich cest béhem spanku
- dispozice: kratky krk, anatomie Ustni
dutiny, tvar Celisti, obezita!!
e apnea 10-60s s riznou periodicitou
(az 1x za 30s)

* postihuje cca 4% lidi stfredniho véku

 dusledky: denni ospalost, ranni
bolesti hlavy, poruchy paméti,
zmény nalady, hypertenze

)

#

&

T
Obstructive Sleep Apnea
- Airway collapses
- Blocked air flow to lungs

-
Normal Breathing

- Airway is open

- Air flows freely to lungs
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Baroreceptors
Rostral R\ o
Arginine ventrolateral Nucleus
Vacoriresani medulla ambiguus Aorticarch
cvh
Arterial
v Cardiac —— pjo0g
n Cardlac { // I output ressure
Pregangllulmc 3 gangluon o 3 3
sympathetic Ty
neurons - ]
+ Total
— peripheral

resistance
B Sympathetic
Sympathetic output

i 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 |nput to the nucleus of the solitary tract. Barosensitive NTS neurons initiate a

syl Jaathomhlbltory 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 (N 2 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) nuciel of the hypothalamus, in part by inhibiting noradrenergic cells of the Al group.

Humoralni regulace TK

* (1) ledvina / klra
nadledvin — RAAS
hlavni dIouhodoba

regulace TK Liver s Kidney
* (2) hvpothalamus / , K. :
neurOhVDOfvza _> i::::tl;?;isinogem) .
vasopresin (ADH) i i
* cestou V, receptord T e
« vedleisi role, zeim. e %) (2] [¢][2] o
regulace osmolality Hum-ms

* (3) dren nadledvin —

adrenalin er @ ﬁ&
* (4) srd. predsiné
(prava) E> ANF ___._ \U

* (5)dalsi ’?Js;';::::;:.‘:;;‘ a:s:;:z;:;z;:,
» glukokortikoidy

* inzulin =
* hormony stitné zlazy — |
. rustovy hormon Aldosterone /mm‘
* (6) parakrinni o /e
medlatory cortex °°v° ;\,':;:slrg;; | BP_/ 5
e "
Renal

12 whule




RAAS
_d
kaskada enzymatickych

reakci vedoucich k .
vytvoreni ATII
+ systémovy efekt

* vazopresoricky efekt Coren
* aktivace PLC — PIP2 Stépen
na IP3 a DAG — mobilizace
intracelularniho Ca
* stimulace uvolfigvani
aldosteronu v kure —
nadledvin

» lokalni Gc¢inek Medula
systémoveého ATII +
zejm. lokdlné tvoreny AGT
— ATII

. dlouhodobeJS| efekt zejm.
v cévni sténé, myokardu a
ledviné

* hypertrofie a remodelace
cevni stény a myokardu

* vledvingé hvpertrofie
glomerulu a proliferace
mesangia

[
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Renal arterial circulation Glomerulus Tubule

Efferent
anteriole

(@ Renal vasculature

/,

interstitial cells

* 1-vazokonstrikce

¢ 2-omezené vazokonstrikce a
inhibice tvorby a uvolhovani
reninu

3-preferencni vazokonstrikce
4-kontrakce

5 a 6-Na+ reabsorpce
7-vazokonstrikce

8 —efekt neznamy

Parakrinni vazokonstrikcni a
azodilatacni mediatory

* oxid dusnaty (NO)
+ tvoren NO syntetazou (NOS)
* jednak konstitutivné

exprimovanou endotelovymi

bb. (eNOS)

* a jednak inducibilni (iNOS)
» vede k relaxaci hl. svalstva cév

+ inhibuje proliferaci bb.
« moduluje efekt jinych faktort

(ATII, endotelin, noradrenalin,

* endotelin
« produkovan endotelovymi bb.
 velmi silny vazokonstriktor
» vazba na receptory
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Acetylcholine
Bradykinin
Substance-P
Insulin
Endataxin L-arg Shearing Forces
Cytokines

DR
\ JNOSic‘NOS
Cell NO + citrulline

cGMP

| Enc

Target NO-> e

Nitric Oxide

. ) 0 pecies Prostacyclin
Shearing Forces Atrial Natriuretic Peptide
s
+ i et

- T BIgET1  gndotheial ™,

™ AL Cell

(B

B

/@iprotem ) . |p LE&%

\ Smooth Muscle
L Con!racnm -,

— Cf_ e

Efekty AT II v ledvine

Arterioles Glomerulus Proximal tubule

Efferent

Distal tubule

Afferent A i Na retention

Renin, Al, All

All
Interstitial space
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Blood vessel

Endothelial cell 3Smooth muscle cell

[Pg—
G protein-
linked ¢ uER
receptor ¢ @
e e .\ @ Ca2t
.... ® Activates
LR
Acetylcholine Calmodulin @

i o GTP
Lar

iActlvates cyc\ays\é @

MNO synthase @ ?

INitric: axide )+ Actvates
s @
g Protein kinase G
Citrulline
Muscle
relaxation
{dilation of

blood vessels)
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Siesta Daytme
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Systolic
biood pressure

Vespen lw nclow

rm H)
8
\ Whie-codt windrw

SEP nd DEP
8
:
>)

Diastolic
04 bhod prassura

Tih i zih o i A SN

Neural

1 koufeni
T alkohol

H+ H+

kofein
Na* (genetika)

Other humoral
factors

Nitric
oxide

T° / Seasonal
17 influences

Mechanical
factors

Intrinsic smooth muscle
tone

Dennli (cirkadianni

12:00
Midnight
9:00 P.M.

Melatonin
Secretion Starts

2:00 AM.
Deepest Sleep

7:00 P.M. 4:30 AM
Highest Body Lowest Body
Temperature z Tempolaluro

6:30 P.M.

Highest Blood

Pressure

_, Circadian
B T Rhythms

2 in Humans §
-

6 P.M. 6 A.M.

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

6:45 AM.
Sharpest 8
Pressure R

3:30 P.M. 7:30 AM.

Fastest Reaction Melatonin

Time Secretion Stop:
2:30 PM.

10:00 A.M.
Highest Aleriness

Best Coordination

12:00
Noon
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Blood Pressure (mm Hg)
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70
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Cerebrovascular events per 2 hours

Chronobiologie

180 7
160
140
120
100

B0 1

— Stroke (n=1167) In the early moming

— Myocardinal infarction (MI: n=2983) hoyrs

MI per hour

reguluje
cyklus spanku
abdéni
Glandula produkce
pinealis liberind a statin{
v PVYN
impulzy \
2e sitnice » | Hypothal.
(svétlo / tma)
do SCN P ” +
’ A~
'1 s —'N Hypofyza
7
i,
inhibuje \ (GH)
ACTH
i ACTH W
\
\

Nadledvina

15:00 0:00 6:00 12:00

vétdina procesd v oraanizmu ma o
néjaky charakteristicky ¢asovy prubéh
+ cyklus spanek/bdéni
+ hemoynamika
+ produkce hormont béhem dne
(cirkadianni rytmus), mésice (lunarni),
roku (anual n|¥
rytmicita je endogenni (25 hod.), ale
synchronizovana podnéty z vneJS|ho
prostiedi
+ svétlo/tma
« pfijem potravy
+ teplota
+ sezbna
integraci zajistuif smyslove organy a
vnitFni “biologické” hodiny
+ nucleus suprachiasmaticus (SCN)
hypotalamu pfijima signaly ze sitnice
« ovliviiuje produkci melatoninu v Sisince
(glandula pinealis) hypofyzy
- melatonin ovliviiuje produkci hormont
(liberiny a statlny§ Vv nucleus
paraventricularis (PVN) hypotalamu
ty ovliviiuji aktivitu perifernich
endokrinnich zlaz, cévy, organy aj.



-Molekularni hodiny™

podstatou rvtmicitv isou neaatlvnl i pozitivni zpétnovazebné
smy¢ky transkripce uréitych gent (CGs), jejich translace,
postransl. modifikace a degradace, tyto slozi jako transkr.
faktory dalSich stovek genu (CCGs) v n. suprachiasmaticus a
periferné a synchronizuji tak podle zevniho prostredi organizmus

hypotalamus

° E]:(();C;I)I’]OVG geny (CIOCk Central and basal forebrain molecular circadian cg..g.nes’
* Clock A Suprachiasmatic nucleus
* BMall (Mop3), BMal2 AvP
* Perl, Per2 (Period) Light Glutamate PER/CRY ‘ —
* Cryl, Cry2 (Cryptochrome) :‘r: ot BMAL1/CLOCK ’
* Rev —Erb-a ’ Central Melatonin
e CK1€ CK1d (kaseinkinase) Retino-hypothalamic tract clock m)| Pineal gland | —

ﬁeny kontrolované

odinami (clock controled |B

genes, CCGs)
* Per3

Ventral tegmental*

Nucleus Accumbens

* AVP (arginin vasopresin)
* Dbp (D-element binding
protein)

periferni orgdny

Substantia Nigra*

Dopamine
Per1

Caudate-Putamen

b
Clock @

21

Dapamine Pert, Per2, TIM
Clock, Bmalt

hypertenze je jednoznacnym rizikovym
faktorem kardiovaskularni a
cerebrovaskularni mortality a rizikovym
faktorem selhani ledvin

* hypertenze je ne]vyznamnejSI rizikovy
faktor aterosklerozy

- Framinahamska studie - identifikace hl.
KV rizikovych faktorti - T TK, T cholesterol,
7 triglyceridy, + HDL, v koufeni, v obezita,
v diabetes, fyzicka |nakt|V|ta T vek pohIaV|
(muzske) a psychosocialni faktory

¢ originalni kohorta (od r. 1948)

5,209 osob (32 - 60 let) z Framingham,
Massachusetts, USA

detailni vySetfeni kazdé 2 roky
* 1II. kohorta (od r. 1971)
« 5,124 dospélych potomkd
¢ III. kohorta
3,500 déti (vnuk{ plvodnich participant()
* narust TK o kazdych 20mmHg STK a
10mmHg DTK dvakrat nasobi riziko CVD
- jak chronickych (atrogeneze - mechanicke
‘poskozeni endotelu) tak akutniho IM
(ruptura plaku)
* pozdni klin. manifestace jsou zohlednény
pfi definici referenénich hodnot TK
+ nicmeéne komorbidity se mohou dale
modifikovat doporucenl
¢ pozadavek na nizsi TK nez 140/90

23

Krevni tlak

A.

Cetnost (%)

cetnost (%)

24

veskera populace

optimum,

hypotenze

zdrava populace

o
systolicky krevni tlak (mmHg) =

22

SAHERdefinicelalkriteria

kritéria zévisi na prostfedi a typu
méreni
kritéria SAH

« TK = 140/90 mmHg u dospélého bez
ohledu na vék v klidu (>10 min)
opakované min. 2x ze 3 méfeni v
odstupu nékolika dni

» U diabetikl a chronického selhéni ledvin
by mél byt tlak <130/80mmHg

¢ idedlni TK je u dospélého STK<120 a
DTK<80mmHg

stupen SAD
mirna 140 - 179/90 - 104
stfedné zavazna 180 - 199/105 - 114
«  tézkd > 200/115
-+ izolovana systolicka hylglertenze SBP
>160 pii DBP <90 mm

« rezistentni >140/90 pfi komblnaC| 3
antihypertenziv

stadia SAH
+ I - prosté zvyseni TK bez organovych
zmen

« II - hypertrofie LK, mikroalbumin-
/proteinurie, kalcifikace aorty

+ III - komplikace: srdecni selhani,
renalni insuficience, CMP

fyziologickd populaéni variabilita

morbidita / mortalita

*+  TK je spojity znak s
charakteristickou populaéni
distribuci

polygenni ¢ stanoveni hranice “normality” je

e el vzdy arbitrérni — “referencni
interval” (zahrnuje 95% zdravé
populace, zbylych 5% ne)

monogenni * U.Daramgtrﬁ S nq,rma’lrgl’ v

poruchy distribuci populacni prumér +

2SD
+ u ostatnich parametrﬁ napf.
median [2.5% - 97.5% kvantil]
* ale populace nemusi lezet
svymi obvyklymi hladinami v
optimu!

+ proto se navic bézné se
zohlediiuje napf. mortalita
asociovana s prislusnymi
hodnotami

* TK u daného individua je
vysledkem plisobeni

.+ genetickych faktord

« faktoru zevniho prostfedi

+ aktivitv endggennich regulaénich
mechanizmu

ALE opatrné u starSich !!!

Waieni tlaku Systolicky tlak (mm Hg) [ Diastolicky tlak (mm Hg) | © |\,
>90

/e zatizeni g
{24hodinové monitorovani 2125 280 [erenr—r—
domacich podminkdch 2135 285

Tabulka 1. Hraniéni hodnoty systémového arteriainiho krevniho tlaku (mm Hg) podle podminek méeni.

Kiasifikace
Optimaini
Normaint 20— 129 50-84
Vysoky normaini 130-139 8589
Fypertenze 1. stupné (;mima) 140159 90-99
Hyperienze 2. stupné (:stredné
fazng) 160- 179 100 - 109
Fypertenze 3. stupné (zavazna') 5180 3110
Tzolovana systolicka hypertenze 5140 <%0

Systolicky tiak (mm Hg)
<120

Diastolicky tiak (mm Ha)
<80

Tabulka 2. Kategorie hiadin systémového arteriainiho krevnino tlaku.




formy / klasifikace Patogeneticka klasifikace SAH

* sekundarni (5%) = T TK je symptomem jiného primarniho * SAH rizkové faktory * P=QxR — SAH can develop due to
onemocnéni »  modifiable * (1) volume expansion

+ (A) renalni i * obesity * changes in natriuresis (i.e. any factors that lead to Na+
+ renovaskularni 5 * salt consumption retention) will lead to pressure diuresis (i.e. increase in
. h t6zni ~ (NaCl) systemic BP)

renOpar_enC, ymatozni « lack of physical * initially: T venous return, T CO, T BP

. (B) endokrinni exercise * later: vessel and heart stretch Iead to remodeling, *

¢ prim. hyperaldosteronismus

periph. resistance (R), ¥ C

* chronic stress « vascular stiffening, glomerulosclerosis,

¢ feochromocytom

C o * high alcohol intake microangiopathy, LV hypertrophy
. ;:Ersggeg;gnzyndrom . ,Ffl;i’nél\’}[p));:lradox“ e etiology
. = A ¢ primary hyperaldosteronism
- (C) monogenni formy hypertenze 7 * smoking + SIADH _
* mutace genfl oinvﬁujl'cich hospodateni se Na v ledviné Sl = * caffeire— mor(‘:i%i?:; but also common genetic forms of SAH
* esencialni (950/0) = zname fadu DatOCIenethkVCh : urlmoe(jr:zlt?cl:)sle o=o Obese smoker . renoFarenchymatous loss of filtration capacity,
mechanizmu ale vlastni etjologicka pfi¢ina je tradiéné 9 o Lean smoker . tubulointersitial damage, Goldblatt 1K1C
uvadéna jako nejasna (coz uz dnes neni pravda) 7 Obesenonamokes)  (2) increase of peripheral resistance
;. . . ~ s Lawninon: * the site od increased R can be anywhere above renal
* neniien brogtou hemodvnamickou odchvlkou ale ie az v 104 arterioles
80% pripadu sdruzena s radou metabolickych odchylek " + etiology
. bezita * renovascular: unilateral renal artery stenosis (Goldblatt
_o h , . . , , , . % . 2K1C) or intra-renal stenosis
» inzulinova rezistence / porusena glukézova tolerance / diabetes * isolated systolic hypertension in older people
» dyslipidemie % 44 + (3) mixed causes (constitution to both sodium
* jejich spolecny vyskyt je Cast&isi ne? bv odonovidalo 5] a A re.te';fi'glz and increased RAAS and sympathetic tone
nahodnému souvyskytu = METABOLICKY SYNDROM B i o S sity, stress [ | \ L
» hl. patogenetické komponenty jsou: RRtAS ,;i‘ .‘9,,@ (J ’
* porucha regulace hospodateni s Na v ledviné \
25 » T sympaticka aktivita 26 (No of beverages a week) \

One-kidney, one-clip T
mode

ensitivita/prijem N

y obesity Increas

*  cca 99.8% casu (~3.5 mil let) lidstvo &Y relationship between BMI and SBP or Metabolic syndrome
konzumovalo malo Na+ (30mmol = 1.8g) ale P DBP is nearly linear ~
vice K+ : ; i i
. M » approx. 78% of primary SAH in men i crel obesity
¢ dnes obracené (170-260mmol = 10-15g NaCl) el aﬂg 65% in Wompen car¥be ascribed to
coZ je 10-15x vice = excess weight gain Insulin resistance
. etn|C|ta hraje rolil!l + even in obese normotensives BP rises to / \
zvysena citlivost k Na se uplatfiujie zeim. v some extent / Additional risk factors
nékterych populacich (zeim. ¢ernosi), kde je - 4 .
piem Na obecné nizky a proto je zajidténa - * distribution of fat is an important o Lowgrade inflammation
intenzivni reabsorpce Na o . = B consideration - visceral rather thgn Hip;‘ens;on — Dist\j{bsdad\pokme
+  pletrvévd i v jinjch podminkdch - “gen otrokd” subcutaneous obesity!!! TR .
« na druhou stranu napf. v Evropé je pfijem soli = K . = haemostasis and
obecné vysoky a pFesto ne véichni jsou hypertonici £ ¢ pathogenic mechanisms fibrinolysis (PAI-D)
+ evidentné riizn4 citlivost = . (1)tphy5|cal compression of the kidney
* redukce pfiimu Na (soli) ie prvni doporuceni pfi 2 S bbb g - at in and around the kidneys
lécbhé hypertenze ale ne vSichni na néj reaguji 3 “Wnen saitimake 15 Yo «  activation of RAAS Cardiovascular disease
+ rlzna citlivost (genetika) BoMemeed « (2) increased sympathetic nervous type 2 diabetes
= Sa\tlntake ivi
5] system activity
Ei. L/‘—'f L . * renal afferent nerves . T _
a o 10D 150 200 280 + effect of renal denervation st i i
P WBP nies | = ¢ RAAS dependent Wekghi B
grial pressure (mm Hg) . i i
RAAS-independent (leptin, MCR4 etc.) et —

* obese leptin deficient individuals are
not hypertensive
+  (3)obezita vede k inzulinové rezistenci
¢ inzulin méa anti-natriureticky efekt
« stimuluje Na+/K+ ATP-dzu — zvySend
reabsorbce Na v prox. i dist. tubulu
¢ inzulin zvysuje aktivitu SNS
e tedy T CO, perif. rezistence a

:’/:r?%lﬁonstrlkce v ledving, sekrece Blood Pressure (systolic/diastolic)

Frequency

< 140190 mmHg > 140/90 mmHg

Salt intake

BAltIntake of OUEHUL [TMes narm al)

» (4) abnormalities of ANF (deficiency)

Figure 1. Effect of weight gain to shift the frequency
distribution of bleod pressure toward higher levels.

T BF rises ; - . 28

Arterial pressure(mm Hy)



Peripheral modulation of GC availability

* peripheral tissue-specific modulation of cortisol availability by enzymes catalysing

° predefined series of reactions . interconversions of actlv_e and inactive forms of GCs
. d to fight or flight (a) 11B hydroxysteroid dehydrogenase type 1 (11BHSD1)
aime g g - act as a reductase regenerating cortisol from cortisone — 7 intracellular corticol concentration
i * mainly in liver and adipose tissue
° Iparfyll(s:)ga(l:oalé?ltiﬁ{:—eatloadnac;'ng . :5 ;Ltersastign of 11BHSD1 is higher in visceral than subcutaneous fat! — visceral fat is therefore more flexible pool of energy
. . - often co-localises with GR (e.g. in liver and adipose tissue) and thus locally amplifies the GC action
* Ch ronic phase_ - S:Iom Inance e 11 HSEI tove_;expressing mice develop obesity, while 11BHSD1 knock-out mice are protected from overeating-
Induced obesity
Of gll.ICOCOI‘tICOIfS « liver and fat-tissue specific inhibitors of 11BHSD1 could be used for treatment of metabolic syndrome and obesity
. |n|t|a||y reactive of BP Ieads . pathology associated with 11BHSD1
. Cushi d - high f 11BHSD1 | fat - Ily first f substrate, but high
Iater to the active st?épll'ggs?gr? \ﬁ:f’trr?%c I%llzreerﬁgﬁits;g%g actl%n Ieadlsnt\olsllc;o’ﬁ/ts?s in g?jl;goaseytllsrssuesotl#\ré?a% csuumilgatees |nUV|sc|<geJraeIr
. . ital defici f 11BHSD1 t cort ductase defi t tivation of HPA
remodelation of vessel wall e b otn Secbaa o e o hon, TS S T yomen 1Y) ~ compensatory over-activation o
weo H ” . i f 11BHSD1 in subcutaneous tissue (congenital or acquired) leads to lipodystrophy
and thus “fixation” of overexpression of 11ft . ;
. * 11BHSD1 plays a role in the pathogenesis of polycystic ovary syndrome
hypertenS|on +  regulation: starvation, cortisol, other hormones . .
 epidemiologically proven by the * (b) 11p hydroxysteroid dehydrogenase " o s
studies comparing groups of tVPe 2 (11BHSD2) J ol
subjects of similar age, gender, act as a dehydrogenase degrading cortisol to $ gar\‘\5°“e ,~ 11pHSD1 !
education and social background cortisone — { intracellular corticol concentration Cortisone Cortisol
but different profession (= level *  mainly in kidney Cortisol NADP(H)
of stress) Iivir?g in the sa(me * by degrading cortisol 11BHSD2 enables tissue. 3‘/‘\%
i specific preferential action of aldosterone on . ; HePD — / %
ge_ographlcrsll alrtea (rr11uns vs. even though concentration of plasma cortisol sapeene Doy (ucteus) %
Eraffic dontroliers v, gardeners >>> aldosterone S
. . pathology associated with 11BHSD2 b Coryg i
etc.) congenital deficiency of 11BHSD2 " seed
(apparent mineralocorticoid excess) — e
monogenic form hypertension Pl f7 Aldosterone
* 11BHSDe is expressed in placenta (maintains lower s Cortisol —3BHS02 Cortisone
cortisol in fetal circulation than in maternal) - K f h’\
deficient action contributes to pregnancy pathologies ( NAD* )
(Drtteeglaimpsm IUGR, ...) and possibly to fetal \ ‘v / .
metabolic programmlng i . MR
29 30 . @ 7
»
Genetika TK / atofyziologie SAH z klin. perspektivy
* proved by studies (population, twins, o] ; * EH ma né&kolik etiopatogenetickych komponent. které se v rozvinuté formeé
adoption) - herita |I|ty of BP ~30-60% ‘ . podileii na mapifestaci SAH_ u ruznych lidi ale pravd&podobné riznou mérou =
dependig on definition of phenotype ; HETROGENNI ONEMOCNENTI (které asi nebude v budoucnu lééeno u véech
* “candidate genes” approach - | ; stejné - FARMAKOGENETIKA'")
pathogenesis-based approach o - « (1) vde co ovlivhuje srdeéni vydej
» SNS, RAAS (rennin, AGT, ATR1, ACE, ...), 3 T wosaca ¢ zvy$ena aktivita sympatického nervového systému
endothelin, TXA, ANP, NO synthase, - e ' o * sniZena citlivost k inzulinu
¢ sofar _onIy several_uneﬁulvocal genetlc factors o * sniZena senzitivita baroreflexu
identified and confirme : Lo, . akti hypotal _hypofy ACTH) - nadledvi lukokortikoid |dost
- genome-wide association studies (GWAS) 2 v . a )yacel_tln(sy Iypo ?(amus ypofyza ( ) - nadledvina (glukokortikoidy a aldosteron)
* monogenic forms of EH Ky it | zvys. vellkost leve komory
9 = .“ N ; II.. m i “l +  (2) vSe co ovlivhuje cirkulujici volum
: gvpgg%’g&g‘%‘#&;wppressed i l * vy3&{ plazmatické hladiny jednotlivych soudasti RAS (t.J. hladina reninu, ACE, AGT)
T2 5 4 5 8 7 s 0 wnwmmen wa ¢ variabilita enzymt syntetizujicich steroidy, zejm. aldosteron-syntetazy
¢ mutations in the promoter of the gene for Chvomosome PV o ! AR
aldosterone synthase — production of o ¢ zvy$. citlivost k Na (centralni osmorecepce a tubuluglomerularni zpétna vazba)
aldosterone is not regulated by ATII but ACTH * sniZena citlivost k inzulinu
gtherapy by glucocorticoids to suppress ACTH) disesse  marker  genel region sl « zmény hladin nebo piisobeni atrialniho natriuretického peptidu (ANP)
- (2) Liddle’s syndrome L e + (3) vie co ovliviuje periferni rezistenci
* mutations in the genu for Na-channel subunit, RA  meemeTr RSB 28 134 —_— N AN - L P .
— increased reabsorption of Na in the kldney RA  re2Tesot  PTPNZZ 258 134 —e—n zvysena aktivita §ympat|ckeho ner\{oveho §Ystfamu
proximal tubule o M. e 2 oA T ¢ vyssi plazmatické hladiny jednotlivych soucasti RAS (t.j. hladina reninu, ACE, AGT)
» (3) apparent mineralocorticoid excess (AME) A 2 e—— i — » zvys. aktivace ATR1 jako dlisledek genet. variability
* mutations in the enzyme 11BHSD2 degrading o retooons  ches 2 o ——.— ¢ kalikrein-kininovy systém
cortisol in kidneys — locally increased activity T rs12288972  TCFILZ 745 510 - .
ggﬁgéﬂts%tznsmmera|ocortlco|d effect in higher T e Toms R @ - [rg)en(]%&gpgz(lthl)adérégrr?ésogl)’a /autokrinnich vazopresorickych (endotelin, TXA) a vazodilatacnich
AP rsloossdss  Chdqzs s o oem - -
. (4) pseudohyperaldosteronism comsast Eiﬁg’ L A < « (4) vie co,ovllvn UJ_e__podda]nost, hypertrofii a remodelaci cév
* mutations in the gene encading EEe s, & O : rustove faktory jejich receptory
ptor — aldosterone Ao L) Cic— Zom ¢ oxidac¢ni stres
resistance . T mEs KON mm s -] e zmé&né&né transportni procesy na bun&&né membrané (Na+/H+ transport)
+ (5) adrenogenital syndrome/congenital e e oe: & B ¢ (5) ostatni
: TID rotosso  IGF28P2 Pt . ostatni
adfer;z;egtycr))feﬂ)Igsf:édl(’gfyg)se or 17-a- ° " OR * * . Snl'?erly poce HEfI”On’ﬂ
3 1 hydroxylase — excess of mineralocorticoids 32 « fetalni programovani



yvoj SAH v case

* zpoclatku prechodné a

reverzibilni zmény TK vedou:

+ zpocatku ke kratkodobé
odpovédi cevni steny
(myogenni reflex)

+ pozdé&ji k dlohodobym
zmeénam jako je cévni
remodelace

important hemodynamic forces involved

* SAH changes
» shear stress and

» circumferential wall stress
(stretch)
e Laplace law P.r
o=—o0

h

Wall shear stress

= AnBFRIs(ia)

* SAH accelerates changes

o otherwise seen during aging ) ;
- - s . ” P 4 : = . Cylindrical Vessel Shearff:::ss ;soz'frli_cllol;a_’lgfo{’nerf‘:;:ze‘loh;’lhedw;ll at t.llle s_ulface
Pocatecni stadia Rozvinuté (ustalena) Méstnavé srdecni * _endOthe“aI cell damage i) efthe andothellim directly; aod flow velnchy.
hypertenze hypertenze selhani + increased vascular smooth muscle
cell growth and migration
+ inflammation i
z . fibrosis (extracellular matrix Young - Healthy Aged - Hypertension
%’ Periferni rezistence deposition)
2 * 7T collagen / elastin ratio
< + cross-linking, contraction and
E calcification
= . . .
z * stiffness of arteries results in
g increased aortic pulse pressure
£ .
T and pulse wave velocity (PWV) TR
Normal Vascular A ML ratio
Vascular remodelling
Increased stiffness
Vascular !qflar_nmation
33 20 40 60 20 34 Calcification

Reflected Pressure

Direct Pressure

1
Juguldm
fluid shear stress:
= 4anQ/ i3
Sensor
wall tension (Laplace) (CU")

o~ Py 1/d

35 36



Consequences of SA

* pressure overload * (1) prilezitostny TK
W Y /»ﬁ" M * v sed§, klidu, po 10minutovém uklidnéni, na dominantni pazi s volné
hypertrophy - WL podlozenym predloktim a tonometrem umisténym ve vysi srdce,
: 7 otmperopnc pfimérené Siroka a dlouhd manzeta ((pfi obvodu paze pod 33cm Sife
pathological LVH :
* hypertrophy of e >

12cm, u paze s obvodem 33-41cm manzeta 15cm a u paze nad 41cm
cardiomyocytes T?@
yocCy .

manzeta 18cm)
- klasicky tonometr - auskultacné
* myocardial fibrosis —t
* not present in

oo - digitdIni - oscilometricky
F\“y‘;"L*w + dopplerometricky

physiological heart

hypertrophy in

[ ] _ * (2) invazivni méreni TK - katetr vyplnény tekutinou
exercise training

* (3) ambulantni monitorovani TK (AMTK neboli “Holter”)
« zaznam TK celkem 24 (nebo 48) hodin

« meérfeni s periodicitou 15-30min béhem dne,
30-60min v noci

LVH by voltage criteria in chest leads

_ =i S
» media of coronary [ + indikace S
arteries i \ l e podezreni na ,syndrom bilého plasté®
| I * na terapii rezistentni hypertenze
_ _ —J| 7 ! t tentni hypert
* impaired coronary | SV 4+ RV:|=46mm* « epizodické hypertenze
vasodilator reserve I I * autonomni neuropatie
| \_Aji/\" + ové&feni Uginnosti terapie
5f * kolapsové stavy
*>35mmis significant e
37 38
I White coat window Night Normal blood pressure
I n te r reta Ce % fgg “Hmmulnlandnmsuw Vihitecaat yperersion
£ 160 |
% 140 ©
§ ik
* interpretace ¥ u
[o] v 7 Y- l
¢ prumerne 72( 1200 1500 1800 2100 0000 0300 0800 0300 1200 . 1200 1500 1800 2100 0000 0300 0600 0900 1200
w h Od n Oty s w Borderline hypertension Nocturnal hypertension
* < 135/85 g 2 *
. béhem bdéni j ol
G * < 120/70 ve o ;
i- | A Spanku 23 1200 1500 1800 2100 0000 0300 0800 0900 1200 i 1200 1500 1800 2100 0000 0300 0600 0900 1200
%I?ﬂ ﬁr - | | " - i r'[' ] ! T—i | I -.|/’ [ celoodennl ;? moivn lic i l ion with !Sv!lullnnddilslnhehvnlnln:innwilhuu!muhﬂlmldmﬂ
1Rt . . X Fom !
\w/’\-m NATAY W rumer ;
1IN LAY W@ 2 130/80 ke
d » presahy (vice ]
4 20 3 I
nez 1 50/0 o:3 1200 1500 1800 2100 0000 0300 0600 0900 1200 : 1200 1500 1800 2100 0CCO 0300 0600 0900 1200
8 - - h Od n Ot) s m Isolated systolic hypertension ‘I:nlaml diastolic hypertension
- _&\-‘ \,‘s‘ \,’\\ \‘\‘- »:’5\\ \‘-\‘ {\:b _&é \n’\ & & & S P P S &0 H :2:
i 4. * >140/90 L g
[=+=Syvaslic Bisad Presurs_—w = Mean Mtarial Proviste —=— Bustnie Baod Prevsere | béhem bdéni E: ‘gg?
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spanku " w0 o ww a0 e w ew s e o0 w0 om0 o o
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“What fits your busy schedule better, exercising
one hour a day or being dead 24 hours a day?”



