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Patofyziologické aspekty funkce vylucovaciho
systemu

Embryolog 22. 11. 2023
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Tfi z&kladni ledvinné procesy urcujici a
modifikujici slozeni moce

Reabsorbce
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Excretion
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Nefron

Je zakladni funk¢ni jednotka ledvin
» Kazda Cast je tvorena bunkami zastavajicimi specifické transportni
funkce

Distalni stoCeny
kanalek

Ascendentni
tenka Cast
Henleyovy klicky

Ascendentni tlusta ¢ast
Henleyovy klicky
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Cévni zasobeni nefronu
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Ledviny - funkce

X \Vylucovani
odpadnich latek,
X Regulace
<objemu télesnych tekutin
<krevniho tlaku
<acidobazické rovnovahy

produkce (metabolizmu)
hormonU a bioaktivnich
pusobku (napf. erytropoetin,
vit.D3, renin, inzulin, PG, NO,
IGF apod.)
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Glomerularmi filtrace

GF je proces ultrafilirace plazmy do Bowmanova pouzdra.

glomeruldlni filtraCni rychlost (GFR) je 125 mi/min u zdravych
dospélych

= Prvnim krokem v tvorbé mocdi je produkce
ultrafiliratu plazmy.

" Tento ultrafiltrat je prosty bunék a proteinU, pricemz
koncentrace nizkomolekularnich latek je v ném stejnd
jako v plazmé.

" Filtracni bariéra brani pohybu latek na zakladé
jejich velikosti a ndboje.



Glomerularni filfrace

GF je proces ultrafilirace plazmy do Bowmanova pouzdra.
glomeruldlni filtraCni rychlost (GFR) je 125 mi/min u zdravych
dospélych

"Filtracni bariéra brani pohybu latek na zdakladé
jejich velikosti a ndboje.

* Molekuly < 1,8 nm filtrovany; >3,6 nm nefiltrovany

* Kationty jsou lépe filtrovany nez anionty pri stejné velikosti.
* Sérovy albumin mad velikost kolem 3,5 nm, ale jeho negativni ndboj brani filfraci za
normalnich podminek
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Struktura Bowmanova pouzdra

Parietalni list glomeruldrni kapsuly Aferentn

+ \ ) afteriola
Rk Juxtaglomerularni burika

y
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Endotel
glomerulu
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Filtfra€ni bariéra - podocyty

filtracni
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GLOMERULUS
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Nefrin (kodujici gen NPHS1)

— Transmembranovy protein-180 kDa

— Oligomery se spojuji s lipidy signalizujicich mikrodomeén
sterbinove diafragmy.

— Down regulace u diabetické nefropatie, zpusobena glykovanym
albuminem a AT I

— Udrzovani exprese prostrednictvim VEGR a ATRA (all-trans
kyselina retinova)

— ZvySena exprese v dusledku pusobeni prozanétlivych cytokinu (IL-
1B a TNF-a). Snad indikatory interakce podocytu s imunocyty?
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Glomerulus - Starlingova rovnovaha

mm Hg
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20
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PGC_PBC

ef. art.

Glomerularni hydrostaticky tlak,
Pse: j€ Vysoky a konstantni

=45 mmHQ.

To je vyrovndavano tlakem v
Bowmanove pouzdre Pge
~10mmHg

Cisty filtra¢ni tlak je = 35 mm Hg

Osmoticky tlak, Pgs, =25 mm Hg.
Diky velké filtraci tekutiny se P
zvysuje v prubéhu kapildry na 35
mm Hg k dosazeni rovnovahy
taku.



FAKTORY URCUJICI GFR

Efektivni transglomerularni tlak

l R-odpor
P-tlak
RP, + RP, a-aferentni arteriola
= e-eferentni arteriola
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PrOtok krve ledvinou (RBF)

Protok krve ledvinou je =1.25 I/min - cca 25 % srde¢niho vydeje.
Jde o vysoky prutok vzhledem k vdze ledvin (=350 g)

¥~ RBF determinuje GFR Pratok, I/min

1.5

/

e ledvinou

& RBF také modifikuje reabsorbci
soluty a vody a dodava Ziviny
burikdm nefron. 1.0

& PrOtok krve ledvinou je
autoregulovan mezi 0 a 180 mm

Hg pomoci odporu rendlnich cév 0.5
(RVR), pfesnéji odporu /
interlobuldarni arterie, aferentni a 0

eferentni arterioly 0 100 200

Arteridini krevni tlak, mm Hg

15 Prof. Anna VaskU



Hodnoty hydrostatického tlaku
v krevnim obéhu ledvin
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A - ,normdlni" profil

B - konstrikce aferentni
arterioly, pokles pyc

C - konstrikce eferentni
arterioly, vzestup pg.

AP - ,,normalni* perfuzni
tlak ledvinného
obehu

tiak| [kPa]
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Prutok krve ledvinou (RBF) a filtrace

Autoregulace ledviny

oro perfuzi ledviny Ohmuv zdkon:
PrOtok krve ledvinou = RBF = AP/R,

kde AP=P_-P, a R=R,+R,

R musi byt proménlivy (tzv. autoregulace ledviny), neboft jak rendlni
perfUze, tak GFR jsou v Sirokém rozmezi systémovych tlaku (20-190
mm Hg stredniho arteridiniho tlaku Cili 11-25 kPa) konstantni.
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tj. RBF nebo RPF poklesne pri zvyseni R,. R, nebo obou.

RBF je regulovan:
- pfi mirném poklesu systémoveho tlaku autoregulacné
- pfi vyrazném poklesu je ledvina “odstavena” —

prerendlni azotémie, pripadné s morfologickymi
dusledky (akutni tubuldrni nekréza)

18 Prof. Anna Vasku



Filfracni frakce

Fillracni frakce vyjadruje velikost glomeruldrni filtrace.

Filtracni frakce =Glomerulami filtracni rychlost (GFR)
Rendlni prutok plazmy (RPF)

Rendini prdtok
Rendlni pratok krve felleN ANy
(RBF) =1250 ml/min

RPF
lomerulus 750 ml/min N frf]l-«:? ploz,my ,
g ktera je filtrovana do
GER Eferentni glomerulu
. arteriola
125 ml/min 625 ml/min Renolnl Zila
tubuly

-
‘ 124 ml/min

19 Prof. Anna Vasku - .
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Filfraéni frakce - priklad

Glomerulami filtracni rychlost
(GFR) je cca 125 ml/min
Rendlni prUtok krve ledvinou Pomo’ru.j: Objem
(RBF) je cca 1250 mi/min plazmy je kolem 60%
Rendini prutok plazmy (RPF) celkoveho objemu
je cca 750 ml/min krve
V uvedeném prikladu je filtracni % =0,17
frakce:

GFR a RPF mohou byt méreny oddélené - metodami clearance

20 Prof. Anna VaskU



Mechanismy autoregulace pro prutok krve
ledvinou

Autoregulace ledviny zqjistuje homeostdzu prokrveni ledviny a GFR
v podminkach kolisani systémoveého tlaku

2 mechanismy vysvétleni autoregulace

1. Myogenni hypotéza (BaylissOv reflex)

2. Tubuloglomerularni zpétnad vozbo\

21 Prof. Anna VaskU
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1. Myogenni hypotéza (Baylissuv reflex)

Kdyz se arteridini tlak zvysuje, je rozpindna aferentni
arteriola

) arterialniho S€
Haku zvysuje

Hladké svalové bunky cév odpovidaji kontrakci a
tak se zvysi rezistence o
Prutok se
Lvysen vraci k

cévniho ‘ >>>> pUvodnim

Odporu hodnotdm




Schéma transdukce tubuloglomeruldrni zpétné vazby (TGF)

\ I Na“ 2':" K" + Tubule
Slgl"a Lumen
Transmission Macula
Densa
NOS |
Mediator(s) Interstitium
Extra-
Glomerular
MC
Granular
VSMC Cells
\J &/ Afferent
o _ ) Arteriole
Effects Vasoconstriction Renin Secretion +

Vallon, V. News Physiol Sci 18: 169-174 2003;
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http://physiologyonline.physiology.org/content/vol18/issue4/images/large/1442-1.H.jpeg

K predchozimu obrazku:

* 1: koncentracne zavisla resorbce Na+, K+ a Cl- do bunék macula
densa pomoci Na+-K+-2Cl- kontransportéru;

« 2: infra- nebo extracelularni tvorba adenozinu (ADQO) za UCasti 5'-
nukleotiddzy:;

- 3: ADO aktivuje adenozin Al receptory, co vede k ndrustu
<(:I\§//\’rC<:>)soloveho Ca2+ v extraglomerularnich mezangidlnich bunkach

* 4: intenzivni ,coupling" mezi extraglomerularnimi MC, granularnimi
bunkami obsahujicimi renin a hladkymi svalovymi bunkami aferentnich
arteriol (VSMC) prostirednictvim gap junctions dochdzi k propagaci
zvyseneho C02+ signdlu. To mad za nasledek vazokonstrikci aferentni
arterioly a inhibici sekrece reninu. Tuto odpoveéd moduluje lokalni
sekrece angiotenzinu Il (ANG IlI) a neurondlni syntetdzy NO (NOS 1).
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Tubularni resorpce/sekrece

— Analogie zpétné resorpce tkanoveho moku do krve ve
venozni €asti mikrocirkulace

— Komplexni povaha - Okﬂvn” pasivni déje

epitelové buriky ledvinnych tubulU (a jejich hormondlni fizeni)

— RUzné &asti tubuld — rizné funkce
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Principy transportu latek pres membranu

Reabsorpce je Transport muze byt bud
transport z apikdlni na paracejularni (P) nebo
bazolaterdlni stranu.

krev s

tubuly

R
Lumindlni
S franscelul
bazolaterdini apiké.lln,i , basolateralni
lumindini (luminalni)
(apikdini)

\ tight junction

Sekrece je transport z
bazolaterdini na
26 Prof. Anna Vaski |Um|né|n|' S'l'r(]nU



Tubularni reabsorpce

v Reabsorpce probiha témérz 90% v

proximalnim tubulu mechanizmy Tra nsporfovqné |é|fky
— Pasivnim transportem

— Aktfivnim tfransportem
~ Kotransportem — Aktivni transport Na* skrze stenu

nefronu

v Specializace tubularnich segmentu
— Jiné ionty a molekuly se prendsi

v DistdlIni tubulus a sbéraci kandlek jsou pod pomoci kotransportu
vlivem hormonu ADH & aldosteronu

— Pasivni transport vody, urey,
lipidovych, nepoldrnich latek

27 Prof. Anna Vasku



Systém renin-angiotensin -aldosteron

[Ang!uhenslnngan]

Tonin, =
catepsng ERRERIIE] oo smesmapmases

Y

An

Grymesd) |

RPR, renin/prorenin receptor; Mas, mas oncogene, receptor for Ang 1-7; AT2R, angiotensin type 2 receptor
AT1R, angiotensin type 1 receptor, IRAP, insulin-regulated aminopeptidase; Ang IV receptor AMPA, aminopeptidase A;
AMPM, aminopeptidase M; ACE, angiotensin-converting enzyme; ACE2, angiotensin-converting enzyme 2; NEP, neutral

endopeptidase.
28 Prof. Anna Vask



Proreninova interakce s renin/proreninovym receptorem (RPR,

Nguyen 2007 )
@ & @

Renin Prorenin RPR Angiotensinogen  AT1R
monomer

* ERK 172

\H Nucleus L

 Activation of genes: s
*+» TGF[, PAI-1, fibronectin, collagen
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Systém renin-angiotensin
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[ Ani n-e | | Ang*IIIH]
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Lokalni systém RAS v ledvinach

— Pro normalni odpoveéd ledvin na zatéz kyselinami je potrebnad signalizace
pomoci AT Il. Pfi aciddze tubularni bunky upreguluji receptory ATIR, Cimz
zvysuji uCinek _Ang Il.

— Zdalezi na misté uCinku a také na tom, zda jsou receptory exprimovany no
lumindini nebo bazolaterdini strané tubuldrni bunky. Vysoké lumindini
koncentrace Ang Il mohou podporovat koordinovany transport slozek
acidobazické rovnovdahy a metabolickou aktivitu v nefronu.

— Mistni Ang Il v ledvinach primo moduluje transport slozek AB rovnovahy a
metabolismus nefronu. Segmentalné specificke a aciditou stimulovane
odpovédi tubulb na AT Il jsou velmi ruzné a souvisi s adaptacnimi, resp.
maladapcnimi vliastnostmi systému RAS.

==
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Cortisone
Cortisol ~ 118-HSD2 Aldosterone

-
'

Nongenomic
effects

115-HSD2 =
114-hydroxy

steroid dehydrogendza,

typ 2

Nuclear
translocation

Genomic effects

Transcription
and translation

Nucleus

Kortizol a aldosteron se vazou na MR (receptor pro mineralokortikoidy) se stejnou afinitou, ale
hladiny kortizolu jsou relativné signifikantné vyssi, a proto se na MR kortizol vaze. Enzym 115-HSD2 je
schopen konvertovat kortizol na kortizon, ktery se na MR navdzat nemuize, coz umozni aldosteronu
se na sve receptory vazat. Po této vazbé se MR translokuji do jadra a realizuji své genomické
(franskrip&ni a translacni) efekty. Aldosteron tak muze realizovat také své negenomické Ucinky.
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Hormony a ledviny

osmoreceptory paraventrikularmi

neurony
- barorecepce
A D H supraoptické
neurony

= 7vysuje permeabilitu pro vodu v

distalnim fubulu a sbéracim

kandlku (V2) adeno
= 7pUsobuje vazokonstrikci (V1) hypofyza / &
= Vyplavuje se na podnet CRH neuro-

ADH

(stres)- prevence ztraty tekutin pri
akutnim stresu
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Apical o
membrane ;

Water k.
transport
driven by ‘
. | As cAMP osmotic \ /
| concentration W gradient \
fall, aquaponn iIs 7 4 '
[ removed from el [
the membrane '» 7 |
: cAMP
Basal g
membrane =T

V2 receptor

Vasopressin
@ Elsevier Science Ltd

Vasopressin function . Stimulation of V2 receptor for ADH causes aquaporin2 insertion (using cAMP
34 Prof. Anna Vasg&cond messenger) to apical membrane which enables water transport along the osmotic gradient.



Erytropoetin (EPQ)

— Hormon produkovany ledvinou a jatry, ktery podporuje tvorby
erytrocytu stimulaci kostni drené.
— glykoprotein s molekularni hmotnosti 34000 kD.

— Bunky ledvin produkujici EPO jsou citlivé na nizké hladiny kysliku v krvi o
tvori EPO, pokud detekuji nizké hladiny kysliku v ledvine.

— EPO gen lezi na 7g21. Alternativni sestrin mRNA, orgdnoveé specificky
pro ledviny a jatra.

— Normalni hodnoty 0 - 19 muU/ml

— VYsSi hladiny- polycy’rem|e

— Nizsi hladiny- chronické selhani ledvin

==
m e
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WAF1 \ /" | pH regulation
/ /| Carbonic anhydrase 9

Cell survival \ [/ | Regulation of HIF-1 actvty

\\ '\ |CATHD
\\ \ | Collagen type V (a1)
FN1
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Snizena hladina kalcia v krvi-regulace

Parathyroid
honmone
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V-dehpdrocholesterol

N
h, ':-\.5 l-r’.lj-

28-hpdrosycholecalciferol
[ 25-hwdrowy witarmin D4 ]

OoH

HO'™

l In kidney

1.25-dihydrospcholecalziferol
[ 1.25-dibwdrowsy vitamin 03]

7
- 3 T
HI i R
In skin TATAR
& n'l )

cholecalciferal [ witarmin 0 ]

Vznik
kalcitriolu
postupnou
aktivaci

v kU7, jGtrech
a ledvindch



Kalcitriol

Solar UVB Dietary
radiation soquces
Vitamin D
/ ‘\\ Macrophage * Maintenance of normal cell proliferation
in prostate, colon, breast, etc.

VA VANV
VDR-RXR——® Decreased

‘25-0Hase t “@*‘/ p21, p27, ete.

25(0OH)D 1,25(0H).D
(+ ) 1-OHase> (O,

Increased / )
. CD / ; M. tuberculosis
? A‘eath

"VDR-RXR';::' Increased
" Increased.
VD NA,

*1 -OHase
1,25(0H),D —» Q  —— Immune modulation
Activated T and
Holick, M. F. J. Clin. Invest. 2006;116:2062-2072 B lymphocytes

j Pancreas
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Protelnurie

*Méne nez 150 mg/den

 Sklada se z filtrovanych plazmatickych proteinu (60%)
a tubularnich proteinu (40%).

 Hlavni slozkou-albumin (20%)

U zdravych jedincu se denné vylouc¢i méné nez 20 mg

(15 pg/min)

40 Prof. Anna Vasku
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Protelnurie

— Proteinurie obvykle odrdzi ndrust glomeruldrni
oermeability pro makromolekuly proteinu.
— Mikroalbuminurie definovdana pritomnosti >30 o

<300 mg albuminu v mocCi denne

==
m e
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Table 2:

Definice abnormalit exkrece albuminu

Kategorie Sbér moci Vzorek
24-h svb.ér : (19/9
(mz‘;)zill h) (g/min) kreatininu)
Normdalni stav <30 <20 <30
Mikroalbuminurie 30-299 20-199 30-299
Klinickd proteinurie > 300 > 200 > 300

Prof. Anna Vasku 42



3 typy proteinurie
1- glomerularmi

—Poskozeni bazdini membrdny glomerulU
_Zni¢eni a zirata vybeézku podocytU

—Kombinace®@

43 Prof. Anna Vasku
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Epithelium with

Epithelium with
s effaced foot processes

5 S
cadell

Thickened
basement
membrane

Subepithelial =
deposits

D
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ANTIBODY DEPOSITION T-CELL IMMUNE REACTION
Immune
complexes
2 l
= Complement
g activation \
C5b-C9 Cba VL
l Platelets i Mesangial
Neutrophils Macrophages °°1"s
Epithelial Oxidants Proteases Eicosanoids
Endothelial Cytokines ~ Growth factors  Nitric oxide
Mesangial Others
A
NORMAL EPITHELIAL CELL
DETACHMENT

Nephrin molecules
in filtration slit

Epithelial
foot
processes

Antibody
® Cytokine
Adhesion Toxin
molecule Endothelium
Basement

membrane



2. Tubuldarni proteinurie

— nizkomolekularni latky jako B2 mikroglobulin, aminokyseliny
a lehkeé retézce Ig (cca 25000 kD) jsou snadno filtrovany o

reabsorbovany v proximalnim tubulu.

==
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3. Proteinurie z preplinéni (.overflow")

_Zvysend exkrece proteinu s nizkou molekuldrni hmotnosti
(MnohocCetny myelom) pretizi kapacitu jejich reabsorbce

v proximalnich tubulech.

==
m e
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Klinicke pfiznaky proteinurie

Pri proteinurii nad 3g dennée

—Ipénénd moc v dusledku zvysenych lipidu v modci (volny tuk,
kapénky tuku v mocovém sedimentu, tukova téliska nebo
tukové kameny — dusledek mobilizace tuku).

— Edémy

==
m e
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Differential Diagnosis of Kidney Disease by
Varying Levels of Proteinuria

Proteinuria Less than 1-2 Grams Daily

*Nephrosclerosis*

*Tubulointerstitial disease*

*Polycystic kidney disease

*Orthostatic proteinuria

*More benign forms of glomerular disease (eg, IgA nephritis)*

proteinuria Greater than 3.5 Grams Daily (Nephrotic-Range

Primary glomerular disease
*Minimal change disease
*Membranous glomerulonephritis*
*Focal and segmental glomerulosclerosis*
Membranoproliferative glomerulonephritis
Secondary nephrotic syndrome: glomerular disease associated
with specific causes
*Systemic disease
*Diabetic nephropathy*
*Systemic Lupus Erythematosus
*Amyloidosis
*Vasculitic-immunologic diseases (Wegener's, Goodpasture's, Polyarteritis)
eInfectious disease
*Post-streptococcal glomerulonephritis
*Hepatitis B and C*
Bacterial endocarditis
*HIV*
*Malignancies
<Lymphoproliferative disorders, Hodgkin's (minimal change)
*Solid tumors (membranous)
*Medications:
*Nonsteroidal anti-inflammatory drugs*
*Gold, mercury, heavy metals
Penicillamine
eLithium
«"Street" heroin
*Hereditary and metabolic disorders
«Alport's syndrome
*Fabry's disease
«Sickle cell anemia
*Nail-patella syndrome
*Others
*Accelerated hypertensive nephrosclerosis
*Massive obesity
*Transplant rejection nephropathy

Prof. Anna Vasku

* Mo<st common dicorders in adiilie
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FACTORS IN PROGRESSIVE RENAL DISEASE

All

TSystemlc A-11 NE
Fibrosis Sym N.S.
Proteinuria Cytokines

_ TGF-B \

Fibrosis
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Nefriticky syndrom

* Proteinurie (bilkoviny v moci)
 Hematurie (krev v moci, obvykle hemoglobinové valce)

* Proménlivé priznaky rendini insuficience:

« Azotémie (zvyseny obsah dusikatych latek v krvi — urea,
kreatinin, amoniak)

 Oligurie (snizend produkce moci <400 ml/den)

* Hypertenze

51 Prof. Anna VaskU
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Nefroticky syndrom

— Masivni proteinurie (>3,5g/ den)
— Hypoalbuminemie

— Hyperlipidemie

— Otoky

52 Prof. Anna VaskU
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Nefroticky vs. nefriticky syndrom

Nefrotické nemoci:

— Zavaznd proteinurie

— Depozita imunokomplexu subepitelidiné
— Nepritomnost bunécné zanétlivé reakce
_ Zvyiené TAG

Nefriticke nemoci:

— Variabilni proteinurie
— Depozita imunokomplexu subendotelidiné nebo v BM
— Bunécénd zanétliva reakce
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* No complament
reguiaions exprassed on
apical surface

» Local production of
complement proleins

* Local preduction of
ammonia

regulators on basolateral
suriace aftor injury

» Loss of CR1 from
podocytas
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Diseases of the
glomerulus

Tubulointerstitial
diseases of the kidney

Renal failure

Diseases of the renal
tubule and

other disorders of
kidney and ureter

Other diseases and
disorders of urinary
system

Tumors of the kidney

Glomerulonephritis - Focal segmental

glomerulosclerosis - Membranoproliferative

glomerulonephritis - Membranous glomerulonephritis

Nephritic syndrome - Post-streptococcal

glomerulonephritis - Nephrotic syndrome (Minimal

change disease) - IgA nephropathy - Lupus nephritis

Diabetic nephropathy - Rapidly progressive

glomerulonephritis

Interstitial nephritis - Pyelonephritis - Hydronephrosis
Pyvonephrosis - Balkan nephropathy - Reflux
nephropathy

Acute renal failure (Acute tubular necrosis) - Chronic

renal failure

Renal osteodystrophy - Nephrogenic diabetes insipidus

Renal tubular acidosis - Nephroptosis - Ureterocele

Cystitis (Interstitial cystitis. Trigonitis) - Neurogenic
bladder - Vesicointestinal fistula - Urethritis - Urethral
stricture - Urinary tract infection - Kidney stone

Renal cell carcinoma - Wilms' tumor (déti)

congenital 0Q60-Q64 753
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Nemoci ledvin
1. Vaskularni nemoci

A: obstrukce B: zménény odpor ledvinnych
ledvinnych cév cév

« WV postglomeruldniho odporu
(inhibitory ACE)

« A preglomeruldrni odpor
(antiflogistika...)

¢« nezndmy mechanismus?
(reakce na RTG kontrastni
|atky...)

« embolie do rendlni
arterie

« bilaterdlni stendza Ci
tromboza ren. arterie

« tromboza rendlnich vén
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Nemoci ledvin
2. Glomerularni nemoci

jakdkoliv nemoc nefritického typu (jakdkoliv forma glomerulonefritidy)

==
m e
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Glomerular Capillary Pathology

1. Membranous nephropathy: Subepithelial deposits
2. Post-infectious glomerulonephritis: Subepithelial
3. Lupus glomerulonephritis: Subendothelial deposits

4. IgA Nephropathy: Mesangial deposits

5. Goodpasture’s Syndrome: Antibody binding to
GBM

6. Glomerular injury with proteinuria: Podocyte
effacement
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Nemoci ledvin
3. Tubularni nemoci

A: Akutni tubularni B: Ucpdni tubull
nekroza myelomovymi
proteiny

Ischemie az sokovy stav
toxiny

masivni hemolyza,
rabdomyolyza

59 Prof. Anna VaskU



Nemoci ledvin
4. Intersticialnl nemoci

A: alergické B: idiopaticke
reakce nemoci
na léky Intfersticia

« diuretika
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Akutni selhani ledvin

X Zpusobeno vyznamnym poklesem
glomerularni filtrace a exkre¢nich funkci

obou ledvin

X nahle vznikla neschopnost ledvin
pfimérene regulovat solnou a vodni
rovnovahu a vyluCovat metabolické

odpady
N7
k odhadu iévainosti

plazmatické koncentrace urey a

kreatininu

Renal insult

\ 2

Advanced age [‘\
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Vztah mezi plasmatickou hladinou kreatininu a GFR
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ISCHEMIA

Endothelial
dysfunction

'

VASOCONSTRICTION
Renin-angiotensin

4 Endothelin

t NO

t PGly

'

TUBULE CELL INJURY

Reversible Irreversible
Loss of Detachment Necrosis Apoptosis

oy polarity ‘ | |

} Distal -
sodium Obstruction Tubular
delivery by casts back-leak

4 Tubuloglomerular
feedback

} Intratubular
pressure

t Tubular
flow

- Reduced GFR -+ Oliguria

Figure 14-17

Postulated sequence in acute |
(see text). NO, nitric oxide; GE
lar filtration rate; PGl pros
(prostacyclin). (Modified

[ed]: Brenner and Rector’s
ed, vol II. Philadelphia, WB
1996, p 1210.) '



Chronic Kidney Disease

glomerulosclerosis
reduced perfusion
capillary rarefaction and
obliteration

'

tubulointerstitial hypoxia

e

stabilization of HIF-1 stabilization of HIF-2«:
renal epithelium renal endothelium interstitial cells
ECM modification through HIF's role in CKD
I)'/: yl-oxidases progression is unclear:
other HIF-1 regulated factors cytoprotective factors
(e.g PAI-1, TIMP-1, CTGF) ROS scavenging

NO production

EMT
vascular remodeling
\ /

Kidney Fibrosis and
Disease Progression




SELHANI LEDVIN SE MUZE VYVINOUT:

* Nahle u Cloveka, jehoz funkce ledvin byla predtim
normalni

* Nahle u Cloveka, jehoz funkce ledvin byla predtim vazne
posSkozena (chronické renalni selhani)

- akutni selhani

* je dusledkem chronického renalniho onemocnéni, kdy
dochazelo k postupnému poklesu renalnich funkci

- chronické selhani



FAze a rizika akutniho selhdani ledvin

v vétsinou nahly pokles exkrece modci

< 500 ml/den = oligurie
< 100 ml/den = anurie

v nékdy 1-2 | moci/den = nonoligurické ASL
(poskozeni tubulU)



Casovy pribé&h zmén diurézy u akutniho
selhdani ledvin

1. Inicidlni faze
2. Oliguricko-anurickd faze
3. Diureticka faze

4. 7otavovaci faze




Etiologie a patogeneze

* u70% pacientu s
akutnim renalnim
selhanim

= akutni tubularni
nekroza

" Typy:

1. prerenalni azotemie
2. renalni azotemie

3. postrenalni azotemie




X Obecné maji spole¢né to, Ze pusobi pokles
glomerularni filtrace, ke kterému dojde nahle

xV dusledku:

- snizeného prutoku krve glomeruly

- zvysSeni tlaku v ledvinovych tubulech a v
Bowmanove pouzdre
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Prerenalni azotemie

= zpusobena poklesem TK s naslednym snizenim

perfuze jinak normalnich ledvin

snizi-li se TK pod pasmo autoregulace
(8-11kPa)
snizi se GFR

= reverzibilni, jestliZze je vyvolavajici priCina korigovana
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Prerendlni azotemie - etiologie

1. selhdni srdce jako Cerpadla
Akutni IM

arytmie s nizkym minutovym vydejem
tamponada perikardu

< « <

N

. hypovolemie
ztrata celé krve (hemoragie)
v ztrata plazmy - rendini

- extrarendlni

<

W

. pokles tlaku v systémové cirkulaci
Y sepse
v antihypertenzni terapie



Snizeni prutoku krve ledvinami
nejenom snizuje mnozstvi
glomerularniho filtratu, ale

muze zpusobit poSkozeni ledvin z

nutricnich davodu

\J

predevsim nasledkem
nedostateCného privodu kysliku

= akutni tubularni nekroza

Spotfcba O; v ledvind

)

-y
Klesajict privtok Krve ledvipou



Renalni azotemie

* primarni onemocneéni ledvin

= extrarenalni nemoci

- postiZzena urcCita strukturni soucCast ledviny

1. nemoci cév

2. glomerularni nemaoci
3. tubularni nemoci

4. nemoci intersticia
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Postrenalni azotemie

- zpusobena obstrukci vyvodnych cest mocovych

=" mocCové kameny

» benigni hypertrofie prostaty

= tumory prostaty, mechyre, stfeva, ovaria...
= retroperitonealni fibr6za

» neurogenni dysfunkce
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Akutni nedostatecnost ledvin (AKI)

4 mechanismy, kterymi je moZno navodit cytorezistenci vaéi dalsim ischemickym nebo toxickym vlivaim.

— 1. Produkce stresovych proteinu, zejména HSP 70/72 a HSP-32. AKI mlze vést k ,ledvinné hepatizaci®
(aktivace proteint akutni faze-albumin, alpha fetoprotein, haptoglobin a hemopexin s cytoprotektivnimi a
potizanétlivymi ucinky.

— 2. Ovlivnéni lipida: AKI aktivuje HMG CoA reduktazu, coz vede ke zvySeni obsahu cholesterolu
membranach bunék proximalnich tubuld. To zvySuje fluiditu membran a chrani bunku pfed prasknutim
béhem rozvoje nekrozy. Aktivace sphingomyelinaz (SMase) vede k tvorbé cytoprotektivniho sfingosinu
a ssfingosin-1 fosfatu.

— 3. Snizené vychytavani nefrotoxinu

— 4. Urémie sama o sobe zajiStuje retenci nizkomolekularnich ‘uremickych slozek' s cytoprotektivnimi
vlastnostmi.
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AKI

/

J Toxin uptake

v

Lipid alterations Uremia Stress protein synthesis
SMase activation solute  cytoprotectants HO=1 .
: Renal hepatization
loading

Cytoresistance

Mechanismy navozujici cytorezistenci béhem akutni ledvinné
INnsuficience
Nephrol Dial Transplant. 2013 Aug;28(8):1985-93.



http://www.ncbi.nlm.nih.gov/pubmed/?term=Zager+RA+biologic+memory

/

Failed
anti-inflammatory /
cytoprotective defenses

v IL-10
J HO-1

v

Microvascular

injury

Tissue
hypoxia

|

Progressive
renal failure

— Histone remodeling

!

M Pro-Inflammatory
N ET-1 /ETA genes

| (e.g TNF-a, MGP-1)

genes
/ M Pro-fibrotic genes
e.g. TGF-[31, collagen Il
™ ET-1

/

N Triglycerides/
cholesterol

Lipidosis

Vztahy mezi akutni rendini nedostateCnosti a progresivnim selhanim ledvin
Nephrol Dial Transplant. 2013 Aug;28(8):1985-93.



http://www.ncbi.nlm.nih.gov/pubmed/?term=Zager+RA+biologic+memory

Chronickeé selhani ledvin

a)

b)

je kone¢nym stadiem chronickych renalnich onemocnéni

asymtomaticke stadium - s postupnym zhorSovanim

renalnich funkci

koneéné stadium - s uremickou symptomatologii,

(ESRD = ,end-stage renal disease)
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Patogeneze

jde o ¥ poéet fungujicich nefronu
3

Zavaznéjsi priznaky: az po zaniku > 50% nefronu

Primarni Gginek - ¥ renalni filtrace s naslednym

hromadéenim odpadnich latek
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Klinické manifestace CHRS

= Retence Na+ a vody

= Hyperkalémie

* Metabolicka acidoza

= Mineralni a kostni metabolismus —renalni osteodystrofie s
hypokalcémii

= Nemoci srdce a plic

* Hematologické abnormality

= Neuromuskularni abnormality

= Gastrointestinalni abnormality

» Endokrinopatie

= Dermatologické abnormality
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Stadia CHSL

1. stadium- mirné CHSL.:

= Koncentrace kreatininu v krvi: do 220 umol/l
= Clearance: 50-79 mi/min
= exkrecni a regulacni funkce zachovany

2. stadium- stfedniho stupné-mirna azotemie:

Koncentrace kreatininu v krvi: 230-530 pmol/I
Clearance: 20-49 mi/min

neschopnost koncentrovat mo¢, nokturie
mirna anémie
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3. stadium- vazné CHSL.:

= Koncentrace kreatininu v krvi: 540-880 umol/I
= Clearance: 10-19 mi/min

= PokrocCila anémie

= Hypokalcémie, hyperfosfatémie

= Metabolicka acidoza

= Nokturie

4. stadium- urémie (> 90% nefront zni¢eno):

= Koncentrace kreatininu v krvi: > 880 umol/l
= Clearance: < 10 ml/min

= Poruchy mnoha systému
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CHRONIC RENAL FAILURE:

Cardiovascular and Pulmaonary Abnormalities

=\/olume and salt overload

» CHF and pulmonary edema
» Hypertension

»Hyperreninemia: Hypertension

= Pericarditis: toxin accumulation

= Accelerated atherosclerosis: linked to factors above
and metabolic abnormalities (Ca alterations,
hyperlipidemia)
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CHRONIC RENAL FAILURE:
Hematological Abnormalities

*Anemia: lack of erythropoietin production

=Bone marrow suppression:
= uremic poisons: leukocyte suppression - infection
* bone marrow fibrosis: elevated PTH and aluminum toxicity
from dialysis

*|ncreased bruising, blood loss (surgery) and
nemorrhage

=|_.ab Abnormalities: Prolonged bleeding time, abnormal
nlatelet aggregation
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CHRONIC RENAL FAILURE:
Neuromuscular Abnormalites

=CNS Abnormalities:

= Mild-Moderate: Sleep disorders, impaired concentration and
memory, irritability
= Severe: Asterixis, myoclonus, stupor, seizures and coma

»Peripheral neuropathies:
= “restless legs” syndrome

*Hemodialysis-related neuropathies
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CHRONIC RENAL FAILURE:
Gastrointestinal Abnormalities

=Peptic ulcer disease: secondary
hyperparathyrodism?

=Uremic gastroenteritis: mucosal alterations

=*Uremic fetor: bad breath (ammonia)

*Non-Specific abnormalities:
= anorexia, nausea, vomiting, diverticulosis, hiccoughs
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CHRONIC RENAL FAILURE:
Endocrine Abnaormalities

*|nsulin: Prolonged half-life due to reduced clearance (metabolism)

*Amenorrhea and pregnancy failure: low estrogen levels

*"|mpotence, oligospermia and germinal cell dysplasia: Low
testosterone levels

= =
m e
O =



CHRONIC RENAL FAILURE:
Dermatologic Abnormalities

X Pallor: anemia

X Skin color changes: accumulation of
pigments

X Ecchymoses and hematomas: clotting
abnormalities

X Pruritus and Excoriations: Ca deposits from
secondary hyperparathyroidism
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Renal Injury

ROS induction via NOX
l ATMS1981

p53-SMAD3 Activation

Tubular Dysfunction Target Gene Induction (pA| 1) —> Myoflbroblast
Failed Recovery ECM Deposmon leferentlatlon

Renal Fibrosis and Nephron Loss

v

Chronic Kidney Disease



Hemodialyza

* Prvni ,umélou ledvinu® pouzil Kolff v roce 1943 v Holandsku, u
nas 1955

= 2 hlavni fyzikalni principy - difuze a ultrafiltrace pres
semipermeabilni membranu
- celulézova (kuprofan)
- synteticka (polysulfon,
polyamid)
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Hemolyticko-uremicky syndrom

v Stav zpUsobeny poskozenim endotelii ledvinovych arteriol
toxinem (napfr. verotoxinem E. coli) pfi nékterych GIT infekcich

v Soucasné byvda hemolytickd anémie
zdroj hemoglobinurie
v také tfrombocytopenie — krvacivé projevy

= Syndrom kombinuijici projevy ASL s projevy hemolyzy
erytrocytU a krvdcivymi projevy

Etiologie : Casto ¢¢



Dekuji Vam za pozornost
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