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Terminologie - selhani ledvin

* patofyziologicky stav, kdy ledviny nejsou schopny
— a) vylucovat odpadni produkty dusikatého metabolismu
— b) udrzovat rovnovahu vody a elektrolytti a AB rovnovahu

* aniza bazdlnich podminek a to pfi pfijmu biolog. minima bilkovin (0.5g/kg/den) a
dostatecném energet. prijmu

* azotemie = zvysSeni koncentrace nebilkovinnych dusikatych latek (kreatinin, urea)
— doprovazi selhdni ledvin (diagnosticky pfiznak), je konstantni sou¢dsti uremického syndromu, ale mize

byt i bez néj

* uremie (,moc v krvi“) = soubor klinickych abnormalit (uremicky syndrom) v dlsledku
selhani ledvin

* selhani ledvin se muze vyvinout:
— nahle u ¢lovéka, jehoz funkce ledvin byla predtim normalni = akutni selhani (stav 1 na obrazku)

— je dUsledkem chronického rendlniho onemocnéni, kdy dochazelo k postupnému poklesu renélnich
funkci = chronické selhani (stav 3 na obrazku)

* synonymum stadium konec¢ného selhani ledvin
(angl. end-stage renal disease, ESRD)

* etiologie
— 1) prerendlni
— 2)renalni

— 3) postrenadlni

* u70% pacientu s akutnim rendlnim selhanim
se rozvine akutni tubularni nekréza g 5 3




Terminologie - ledvinna nedostatecnost

synonymum renalni insuficience

stav, kdy ledviny jsou schopny
udrzovat normalni slozeni
vnitrniho prostredi za bazalnich,
avsak ne za mimoradnych
podminek (napt.):

— infekce

— operace

— nadmeérny privod bilkovin, vody
Ci elektrolytd

typicky disledek chronického

onemocnéni ledvin (angl.

chronic kidney disease, CKD)

— CKD (stadium 1 - 5) definovano

bez ohledu na etiologii vyhradné
na zakladé GFR (viz tabulka)

* renalniinsuficience odpovida stadiu
3-4

®* renalni selhani stadiu 5

Stages of CKD
Stage | Description GFR Symptoms and
mi/min/1.73m? signs*
1 Kidney damage with >=90 BP +/-
normal or increased GFR
2 Kidney damage with mild | 60-89 BP Lab +/-
GFR fall
3 Moderate fall in GFR | 30-50 BP Lab +
Symptoms +/-
4 Severe fall in GFR [15-20 BP Lab +++
Symptoms +
5 Established renal failure | <15 or dialysis BP Lab +++

Symptoms ++




Autoregulace prutoku krve ledvinou a GFR

The Corpuscle
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Mechanismy zapojené v (auto)regulaci
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Vztah plazmatické hladiny kreatininu a GFR

®*  CAVE - GFR vyznamné neklesa pfi ztraté do cca 50%
funkénich glomeruld

— nelinearni zavislost [Kr] a GFR

®*  pfiprogresivnim postizeni ledvin (>50% funkénich glomerul()
neni inicialni pokles GFR (do dalsi cca 50% zbylé kapacity)
provazen vyznamneéjsim vzestupem [Kr]

—  pfidalsim poklesu za¢nou plazm. hladiny rast strméji
— teprve tehdy ma hodnoceni plazmatickych hladin néjakou

100 - 50 100 120 vypovédni hodnotu
— \ * teprve pfi poklesu GFR >50% se projevuiji lab. a klin. pfiznaky
=
) \ * odhadnuty (estimated) GFR (eGFR)
= ] a 90 | T —  vypocet GFR podle plazmatickych hladin kreatininu, véku a
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PRE-RENAL
40% to 70%

Unfiltered blood

enters through \
renal artery !

Filtered blood
exits through
renal vein

URINE
PosT-ReNnaL ¥
10% to 20% U"i‘e’

Bladder

¥
Urethra

AKUTNI SELHANI LEDVIN (ASL)




Kdo je postizen resp. ohrozen ASL

u 5-20% kriticky nemocnych pacientt dojde k episodé ASL, v mnoha
pripadech doprovazenych multiorganovym selhanim (multiorgan
dysfunction syndrome, MODS)

rozpoznani rizikovych pacientu
— pooperacni stavy
— operace srdce
— septicky sok
— i méné zavazné situace u lidi s
* pre-existujicim onemocnéni ledvin (sérovy Kr >180 umol/l)

°* mnohocetnymi komorbiditami (zejm. onemocnéni srdce a jater)
— renovaskularni onemocnéni nalézano u 34% starych lidi se srd. selhanim!

— pacienti léCeni NSAID a ACEI

zabraneni progrese prerenalniho ASL do renalni formy
— zejm. akutni tubularni nekrozy

udrzeni renalni perfuze

— izovolémie, srdecni vydej, normalni TK

— vyvarovani se podani nefrotoxinu



Etiologie a patogeneze ASL

* nahle vznikly vyznamny pokles N
glomerularni filtrace a exkrecnich funkci Pro-Ronal
obou ledvin obstruction

Renal Artery

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

— nékdy (zfidka) ale 1-2 | moci/den =non- = C=

oligurické ASL obstruction

* v dasledku pokozeni tubuld “

* neschopnost ledvin primérené
regulovat solnou a vodni rovnovahu a
vyluCovat metabolické odpady

— k odhadu zavazinosti plazmatické
koncentrace urey a kreatininu

* etiologie ASL 7

Ureter

// 8
B
B= Post-Renal \\
obstruction

— prerenalni azotemie
V4 7 . B
— renalni azotemie %\B
— postrenalni azotemie P~
. : ‘
patogeneze )
— snizeny prutok krve glomeruly

Bladder

Prostate __yp»r

— ztrata filtraCni plochy :

— nebo zvysSeni tlaku v ledvinovych tubulech a
v Bowmanoveé pouzdre Urethra




Specifické p
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riciny

pokles TK s naslednym snizenim
perfuze jinak normalnich ledvin
pod pasmo autoregulace
selhani srdce jako Cerpadla

* akutni IM

® arytmie s nizkym minutovym

vydejem

* tamponada perikardu
systémova hypovolemie

* ztrata celé krve (hemoragie)

* ztrata plazmy

* ascites (hepatorenalni syndrom)
pokles odporu v systémoveée
cirkulaci

* sepse

* neprimérena antihypertenzni
terapie

pri vzniku akutni tubularni

10nekrozy prechazi v renalni

ASL — pre-renalni

+:vasoconstriction  ~; vasodilation

B1. Normal condition

Afferent Efferent
arteriole arteriole
*Myogenic reflex (Laplace) @
Tubuloglomerular feedback Tubule
B2. Perfusion pressure reduced
but still within autoregulatory range m
(congestive heart failure, S
renal artery stenosis, \
diuretic therapy,
nephrotic syndrome cirrhosis,
sodium restriction depletion,
advanced age [age >80]) @ Local
angiotensin Il

B3. Perfusion pressure
seriously reduced PGE, \
(prerenal azotemia)

///Infra-\\

glomerula

pressure

A
Sympathetic activity @ Local

B angiotensin [| angiotensin |l




Hepatorenalni syndrom
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pre-renalni forma ASL u
pacientl s pokrocilym
onemocnhénim jaterniho
parenchymu bez klinickych,
laboratornich nebo

Pathogenetic mechanisms of hepatorenal syndrome

anatomickym nalezu
postizeni ledvin

Haoemodynomic alterctions

([portal ypertensicn, peripheral vasodilatation, relatively low cardioc cutput, reduced effective blood volume)

patogeneze

— hypovolemie

* kongesce v GIT v dlsledku
portalni hypertenze

® ascites
* krvaceni

— snizeni pratoku krve
ledvinami pri celkové
hyperkinetické cirkulaci
(typické pro jaterni selhani)

* poklesu TK v dlisledku periferni
vazodilatace vede ke konstrikce
aferentni ledvinnych cév s

naslednou ischemii kiry ledvin
dlsledkem aktivace sympatiku

Neurohumoral dysregulation

[oetivation of RAAS, SNS, vosoprenin)

EHects on renal function

[rencd vasoconurchon, retenhon of Na® end H.0)

Ba._‘\ﬁ-u] i

Ascites

foctions, SBP === aw PR —

Bleeding, paroceniesis without albwmin

Hepotorenal syndrome




Cirkulacni abnormality u jaterni cirhozy

Liver cirrhosis

1

Increase in intrahepatic resistance

|
l_ Portal (sinosoidal) hypertension ﬁ

development of Splanchnic/systemic vasodilation

llateral mic shun e - A : :
CONGAVN POTO-NIonTG SRS Reduction in effective arterial blood volume

! [

development of varices Activation of vasoconstrictive
in the oesophagus ff— neurohumtial systems
| Water and sodium retention  Renal vasoconstriction
Variceal Bleeding | { Ascites ] | Hepatorenal Syndrome

Vasooonstriction of
afferent artencle

Proxmal
convoluted »
tubule

Glomerulys = " Distal
- convoluted
tubuie

Efferent artoncie
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Specifickeé priciny ASL — renalni

®* postizena urcita strukturni soucast ledviny (viz nasledujici obrazek)

— postizeni ledvinnych cév

* obstrukce ledvinnych cév >
—  embolie do rendlni arterie . oo T
Ischemic or toxic injury
—  bilateralni stenosa ¢i trombdza ren. arterie to the kidney
—  trombdza renalnich vén
* zménény odpor ledvinnych cév [ Increasein | [ Deficiency of ]
—  { postglomerulaniho odporu (inhibitory ACE) | vasoconstrictors | vasodilators
- 1 preglomeruldrni odpor (intrarenalni vazokonstrikce) - | I,
o Angiotensin 11
* antiflogistika, ... Endothelin
—  neznamy mechanismus (reakce na RTG kontrastni latky...) Thrombpxane PG
. v , ., , Adenosine 2
poskozeni ledvinnych cév Leukotrienes EDNO
—  vaskulitidy Platelet-activating
. _ factor
— hemolyticko-uremicky syndrom {}
— glomerularni nemoci . , B4
L . Imbalance in vasoactive hormones
* rychle progredujici glomerulonefritidy causing persistent intrarenal
Ve ’ v rd s ’ ’ 7 t i t'
— ak. tubuldrni pogkozeni (akutni tubuldrni nekréza) - yapdeanse '°"I I
7

* jschemie

Persistent medullary hypoxia

* toxiny

* obstrukce valci (hemolyza, rhabdomyolyza, paraprotein)
— ak. nemodci intersticia

* toxo-alergické (léky!!

* infekéni (hematogenni nebo pyelonefritida)

* idiopatické



Renalni nefrotoxicke ASL

Patients at risk for NSAID-induced acute renal failure

Y Y

TRenin-angiotensin axis Adrenergic nervous system
TAngiotensin I

TCatecholamines
Renal vasoconstriction
Renal function

v

‘Normalized' renal function

Inhibition
iy NsAD[Y

Compensatory vasodilation induced by renal
prostaglandin synthesis
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Proximal convoluted tubule
(S1/S2 segments)
Aminoglycosides
Cephaloridine
Cadmium chloride
Potassium dichromate

E‘.x

Renal vessels
<—— NSAIDs

ACE inhibitors
Cyclosporin A

Interstitium

Glomeruli
Interferon—a.
Gold

Penicillamine

Proximal straight tubule
(S3 segment)
Cisplatin
Mercuric chloride
Dichlorovinyl-L—cysteine

Papillae Cephglosporins
Phenacetin Cadmium
NSAIDs

Rick G. Schnellmann & Katrina J. Kelly
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Akutni tubularni nekréza (ATN)

* etiologie
— ischemicka

— toxicka
o léky

— antibiotika, antivirotika, antifungicida,
cytostatika

* radiokontrastni nefropatie
* toxiny z prostredi?

* pfriciny vulnerability tubull k ischemii
a ucinku toxin(

— nizSi perfuze drené nez kury, horsi
energetika

— lokalni zvyseni koncentrace toxinu pri
reabsorpci vody

— dodatecné zvyseni koncentrace toxin(
pri jejich sekreci

— intracelularni toxicita pfi jejich
reabsorpci

— zmény toxicity pri zmeéné pH
* navysledném stavu se uplatnuje
nejen nekrdza ale i apoptoza




Patogeneze ATN

Microvascular Tubular

Decreased

oxygen
Glomendlar Medullary /'
Increased vasoconstriction Cytoskeletal breakdown
in response to:
endothelin, adenosine, Loss of cell polarity
anguotenan I, Inflammatory
thromboxane A, and vasoactive | APoptosis and necrosis
levkotrienes, madiaton
sympathetic nerve < Desquamation of viable
activity andd necrotic cells
Decrearsed vanodilation in Tubular obatruction
HESpOnSe to:
;“;:;::a_ . Backleak Sublethally Migrating Cell
m e PR . . .

acetykcholine, bradykinin injured cells spreadingcells  proliferation

Increased structural damage
to endothelial and vasoula

smooth-muscle cells

Increased leucocyte-
endothebal adhesion,
vascular cbatruction,
leucocyte s tinvaton, and
inflammation

membrane

Toxicant inhibition Toxicant inhibition Toxicant inhibition
16 of cell repair of cell migration/spreading of cell proliferation




Reverzibilita ATN

ISCHEMIC TYPE TOXIC TYPE

— :){Functional renal tubules k: | ))Q \ , | /)) =D
/ | | vy & <&\0> » &2 LD
SEE 1 ECT C—= PCT(C =
Ischemic insu | Lininkred cofla N 1 " S N % =
‘ IR S‘ N (_ 4

| Injured cells I | q i ol
CD—+ PST—- CD-+ PST
| | 1 [l \ =
L L HL
vi I

| LATP; 1[CA?4; TFree radicals; Other changes? |
|1

40 30 RE

Tight junction [|Apical-basolateral| Microfilament Q\
disruption polarity disruption disruption N\

& \\J | \J |, [[]casts
)

IDysfunctional renal tubular epithelial cells l B Necrosts

Remove insult——> e ONtinued insult
Patterns of tubular damage in ischemic and toxic acute tubular

necrosis.
| Cell loss
Cellular

(detachment

| repair or death)
ICeII regenertation,
;I differentiation, and T

morphogenesis

Remove insult

tubularni epitelie regeneruiji,
ale svou roli hraje i
reperfuzni poskozeni
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Vznik valcu u ATN

Intact tubular epithelium Loss of polarity, tight junction

X z integrity, cell-substrate adhesion,
simpiification of brush border
' AN

Toxic injury

Sloughing of viable
and nonviable cells
with intraluminal
cell-cell adhesion

Ao Cytoskeleton
B Extracellular matrix
0 Na‘/K'=ATPase e
<= [, Integrin obstruction
s RGD peptide

18



Tubular changes in ATN pathophysiology

Apical

%

= \®\

Bt

—

Loss of

\o )
‘;_/7/ ™~ Basolateral
s O

e Loss of polarity
S5
H-L ‘

2 O

) 9

surface
-fO..; S———

ischaemia and C brush border
~pll - Yl
o LA OF
oW—"
v Viable
o Cg‘\ % cputdhchal '
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o lumen 3?2! \
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*’O/ ;?3‘-?213*:4?;7-"";\,0 O i w 4 uc\
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Ko { vath brush border Neaossand @ oK
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cell death

Apoptotic

epithelial

morphological changes
occur in the proximal
tubules, including loss of
polarity, loss of the brush
border, and redistribution of
integrins and
sodium/potassium ATPase
to the apical surface.
Calcium and reactive oxygen
species also have roles in
these morphological
changes, in addition to
subsequent cell death
resulting from necrosis and
apoptosis. Both viable and
non-viable cells are shed
into the tubular lumen,
resulting in the formation of
casts and luminal
obstruction and contributing
to the reduction in the GFR



Hemolyticko-uremicky syndrom (HUS)

* zpuUsobeny nejcastéji
bakterialnim toxinem pfri
nekterych GIT infekcich (ale i
jinak), ktery zpUsobi
poskozeni erytrocytu
— hemolyticka anémie — zdroj

Hemorrhagic\ hemoglobinurie — precipitace v
d——icolliss__+ tubulech a jejich obstrukce
/ Non-bloody Diarrhea\ — také trombocytopenie —

krvacivé projevy

Asymptomatic Infection — enterohgemoragicka forma E.
coli

— shigellové dyzenterie
Spectrum of Disease Caused by E. Coli — pneumo kokové infekce
* ASL

— nejcastéjsi pricina u déti

20



I e

Specifickeé priciny ASL — post-renalni

* obstrukce vyvodnych cest mocovych
* bilateralni

* unilaterdlni u solitarni ledviny nebo pfi soucasné reflexni
anurii

— i pfijednostranné obstrukci v dlsledku bolesti pfi rendlni kolice
— mocové kameny
— benigni hypertrofie prostaty

— tumory prostaty, méchyre, stfeva,
ovaria...

— retroperitoneadlni fibréza nebo
hematom

— neurogenni dysfunkce méchyre

* dusledky mimo ASL (riziko i pri pomérné kratké
obstrukeci!)

— vzestup tlaku nad obstrukci

* dilatace panvicky a kalichl —
hydronefréza — refluxni nefropatie
— infekce — atrofie ledviny

— post-obstruktivni profuzni
diuréza (>4l/den)

— hyperkalemicka hyperchloremicka
renalni tubularni acidoza

2 1 Normal Kidney Mild Moderate Severe




Shrnuti etiologie jednotl. typu ASL

Acute renal failure
Prerenal Intrinsic renal Postrenal

l
L P

Absolute decrease in effective Vascular Acute Acute Acute Obstruction of
blood volume Vasculitis, glomerulonephritis interstitial tubular collecting system
Haemorrhage malignant Postinfectious nephritis necrosis or extrarenal drainage
Volume depletion hypertension glomernulonephnitis, Drug- Bladder-outlet obstruction
disease caused by associated Bilateral ureteral obstruction
Relative decrease in blood volume antibody to glomerular
(ineffective arterial volume) basement membrane
Congestive heart failure
Decompensated liver cirrhosis
Arterial occlusion or stenosis I
of renal artery
- -
Haemodynamic form Ischaemic Nephrotoxic
NSAIDs
ACE inhibitors or angiotensin-II 1
receptor antagonists in renal-artery ‘ ‘
stenosis or congestive heart failure
Exogenous Endogenous
Antibiotics Intratubular pigments (haemoglobinunia,
(gentamicin) myoglobinuria)
Radio contrast agents Intratubular proteins (myeloma)
Cisplatin Intratubular crystals (uric acid, oxalate)

22



Shrnuti patogenetickych mechanizmu ASL

@ { Ischemic or toxic insult } @

Tubular injury and

Hemodynamic changes ﬁ dysfuncion ﬂ

Afferent arteriolar Mesangial Reduced tubular Backleak of
vasoconstriction contraction reabsorption of NaCl glomerular filtrate

=N

©
-\ .

)

I

i

il

v

Tubular obstruction

Reduced GPF and P Reduced glomerular  Increased delivery of ~ Backleak of urea, Compromises patency
filtration surface area  NaCl to distal nephron creatinine, of renal tubules and
available for filtration ~ (macula densa) and and reductionin  prevents the recovery

andafallinK, activation of TG feedback  ‘effective GFR" ¢ ranal function
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Zmeény vnitrniho prostredi u ASL (+ dg.)

rozvoj béhem nékolika dn(, ale v zdsadé rychle!

T plazm. koncentrace urey a kreatininu (azotemie)

— pozor —urea Vv plazmé reflektuje vice faktor( (GFR,
katabolismus, nutrici) nez kreatinin

zmény poméru Purea/Pkreat
— normalné ~40-100:1
® urea je reabsorbovana v prox. tubulu zatimco kreatinin ne
*  muZe byt normalni i u post-rendlniho ASL
— u pre-renalniho ASL ¢asto >100:1
* zvySena reabsorpce pti hypovolemii
— urenalniho ¢asto <40:1
* porucha tubulll a reabsorpce
plazm. koncentrace K* (hyperkalemie)
® viz podrobnéji pozdéji
— 7T bé&hem oligur. faze
— 1 béhem polyur. faze

konc. Na* = zavisi na volémii
— normalni, T nebo { (dilu¢ni hyponatremie)
metabol. acidoza (vysoky AG)

retence vody (+ metabolicka cca 500ml) =
hypervolemie
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Faze a rizika spojena s ASL

* casovy prubéh zmén diurézy * nebezpedi ak. stadia
— 1. inicialni faze — hyperkalemie (>7mmol/I)
— 2. oliguricko-anuricka faze * arytmie, srdecni zastava
* (1-2tydny) — hypervolemie (hyperhydratace)
— diureticka faze —  isoosmolarni
* postupny ndvrat diurézy + porucha —  posleze diluci hypoosmolarni
tubularnich funkci *  hyponatremie - edém mozku — zvy3eny intrakranialni tlak
o, v . v . e — ischemie a hypoxie mozku — subjektivni projevy (bolest
— 3. polyurlcka faze (nekollk me5|cu) hlavy, nauzea, zvraceni) - porucha védomi
® porucha tubularnich funkci * nebezpecli objemového a tlakového pretizeni srdce
— 4. zotavovaci faze * kongesce az edém plic
= indikace k akutni hemodialyze
y o — absolutni
, \ * hyperkalemie (>7mmol/l)
P N * metabolicka acidéza

kreatinin et N * hypervolemie

* klinicky vyjadfena uremie
—  (uremie podrobnéji viz dale)

relativni
* progresivni hyperazotemie (kreatinin >500 umol/I, urea
>35mmol/I)

hyperkalcemie (> 4mmol/I), hyperurikemie
* pretrvavajici oligurie (>3 dny)

stadium |/
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Analyza moci u ASL

| Urinalysis in acute renal failure

|

§ )

- T i 0 T )

RBC WBC Eosinophils RTE cells Crystalluria Low grade
RBC casts WBC casts Pigmented proteinuria
Proteinuria ﬂ casts ﬂ
& 4 &
Prerenal, Glomerulopathy, | | Pyelonephritis, Allergic ATN, Uric acid, Plasma cell
postrenal, vasculitis, interstitial interstitial myoglobinuria, drugs or toxins dyscrasia
high oncotic thrombotic nephritis nephritis, hemoglobinuria
pressure microangiopathy atheroemboli,
(dextran, glomerulopathy
mannitol)

o koncentrace Na+ v moci:

—  pfi prerenalni azotemii, akutni GN ¢i zménéném cévnim odporu - tubuly funguji dobre a ucinné odstranuji Na+ ze
snizeného mnozstvi filtratu (Na+ v moci < 20 mmol/I)

—  pfi poskozeni tubull a postrendlni azotemii: Na+ v moci > 40 mmol/l)
* frakéni exkrece Na+

—  FE-Na+ = U-Na/S-Na, norma<1%
* osmotickd koncentrace moci

—  pfiprerenalni azotemii: > 500 mOsm/kg

—  pfi poskozeni tubuld: <350 mOsm/kg
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CHRONICKE ONEMOCNENI
LEDVINNE



Chronické onemocnéni ledvin (CKD)

stadium GFR (ml/min) klinicky stupen terminologicky ekvivalent
1 >90
rendlni funkcni rezerva
2 60 — 89 mirna
3 30-59 stredni
renalni insuficience
4 15-29 tézka
5 <15 konecné selhani ledvin (ESRD) renalni selhani
. rogresivni, typicky roky trvajici pokles funkce Sthoes Bf chronto kidrey disease
edvin 5 4 3 2 1
— definovéano bez ohledu na pfic¢inu podle stupné | 20
GFR 18
[
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etiologie rliznd, takrka vSechny nemoci ledvin

50% - néktera forma GN

20% - diabeticka nefropatie

30% - ostatni
* ischemicka choroba ledvin
* tubulointersticialni nefritis

* polycysticka choroba ledvin

* myelomova ledvina

* hereditarni nefritidy

* vaskularni nefrosklerdza
* ostatni

Serum creatinine (mg/dL)

S N b O ®

1 Si2
, Creatinine clearance

E | 1
\ 1 True glomerular filtration rate
- 1
C ! 1
|8 1
1
[
: . P M‘
15 30 60 90 120

Glomerular filtration rate (mL/min)



Patogeneze CKD

* zakladnim patogenetickym mechanizmem je
snizujici se pocet fungujicich nefronu
— pfiznaky aZ po zaniku >75% nefron(

— vrezidudlnich nefronech dochazi k funkénim a
morfologickym zménam (zpocatku pozitivnim) Decreased nephron mass
umoznujicim zvysSeni vykonu zbytkovych nefron( !

* prevaiujici dilatace af. arterioly s intraglomeruldrni  *Mechanical stretch Glomerular-capillary
hypertenzi, pratok plazmy a glomerularni filtrace v and strain hypertension
jednotlivém nefronu se zvysuje
v Vé . I fl i . N
* kompenzaéni hyperperfuze a hyperfiltrace ve o s —*
zbylych nefronech vede k jejich mechanické I
Zétéﬂ a pogkozenf ?Activation of angiotensin || Excessive tubular

and transforming reabsorption of protein

— aktivace rlstovych faktor(i (PDGF, IL-1, AG-II, growth factor 1
TGFB, TNF) |
— tubuldrni buriky reziduéInich nefrond jsou Rinanostoliorsiriphmbole
vystaveny vétsi metabolické zatézi (funkéni sesssdipiinds the interstitium v , :rterstitital
. s , o i Inflammato:
adaptace reziduélnich nefrond) of type IV collagen pfé?.?Z?;‘?.itn ety
— pronikani albuminu a pozdéji dalSich protein( pres o
filtracni membranu a do mesangialnich oblasti | W NP SO
— postupna fibrotizace a glomerulosklerotizace - s
* pokles GFR, renalni nedostatecnost a event.
selhani
®* CKD je spojeno s vysokou kardiovaskularni _ ,
l]mrtnostl', mnohonésobné pFEVYéUjIICII Progressive renal and cardiovascular

. disease: Optimal treatment strategies
2gmortalitu Matthew R Weir



Mean decline in GFR depends on proteinuria

-5
-10
0
-5
-10
-15
0
-5

Change in GFR from baseline, mL/min
A
(&)

-30

30

Mean baseline urine protein 0-0.25 g/day

#‘Aean baseline urine protein 0.25-1.0 g/da

Mean baseline urine protein 1.0-3.0 g/day

Mean baseline urine protein 23.0 g/day

v

| .11

F3 F4 F5 F12F14 F20F24 F28 F32 F36

Time, months

-15

* mean decline in GFR (mL/min)
over a 36-month period in
groups with four different
mean baseline 24-hour urine
protein levels in non-diabetic
patients with chronic renal
failure in the MDRD study

— compared in each of these four
groups are the

* normal blood pressure group
(dashed line; 140/90 mm Hg;
102-107 mm Hg MAP)

* intensive control group (solid
line; 125/75 mm Hg; 92 mm Hg
MAP)

Progressive renal and cardiovascular
disease: Optimal treatment strategies
Matthew R Weir



V 4

Perpetuace zakladniho onemocnéni

* zanik nefronll podminény zakladnim
patologickym procesem

¥

* zanik nefronl zpUsobeny funkcni a
morfologickou adaptaci rezidualnich nefront

zakladni patologicky proces 1. faze
7 . o 7 v ’ 7 7 (proces
® zanik nefronu podminény reno-parenchymatdzni zavisly
sekundarni arterialni hypertenzi redukce poctu —! na zakladnim
— tedy pfi urcitém poklesu poctu nefroni podminéném FUMgURCIG nefror OnErIRDeN)
zakladnim onemocnénim dochazi k progresi CKD
nezavisle na primarnim patologickém procesu , L )
oo skler6za rustové faktory 2. faze
* faktory urcujici rychlost progrese glomeruld piisobici na P (proces
— neovlivnitelné rizikové faktory aKI! glomenly. "ezayiils'z ,
na zakladnim
* zakladni onemocnéni L onemocnéni)
* vék, pohlavi, rasa, genetickd vybava jednotlivce glomeruldrni
— ovlivnitelné rizikové faktory poskozeni 4___"3’96”'0“9 azmnozeni
. proteinurie glomeruli mezangidlni matrix
* art. hypertenze -
e glykémie terminalni selhani ledvin

* hyperlipidémie

®* obesita

* hyperurikémie
31 * koureni



Casova dynamika zmén pii CKD a

jejich zavislost na GFR

* pokles GFR o cca % nevede ke zméné vnitfniho prostredi (renalni funkcni rezerva)
— funkéni adaptace tubuld na snizeni GFR
* ve stadiu poklesu % - % fyziologické GFR (renalni insuficience)

— postupny mirny vzrist plazmatické koncentrace odpadnich latek
®* kreatinin, mocovina

—  urea méneé prikre (tub. reabsorpce a osmoticka diuréza)
* kyselina mocova Pireatinin
* uremické toxiny ? =
— postupné selhdni adaptace tubuld na snizeni GFR P

* ve stadiu < % inicidlni GFR se jedna o selhani ledvin
s tézkou zmeénou vnitfniho prostredi (= uremie)

®* zmeény jako u ASL

— azotemie Pna” pFinon-oligurickém selhani
_ - Vychozi Uroven: (zachované produkce
hypekalemle pkreahmn Pulear Pl’.l PH'» Prla’: hypOtOniCké mOEI)
— hypervolemie koncentraénischopnost, diuréza.
* anavic /\ Py,” pFi oligurii
— anemie o Fonn]
_ kostni nemoc Ztrata koncentracni schopnosti Diuréza (oligurie)
GF (ml/s)
—  hypertenze <€ ] ] ] ] |
—  polyneuropatie 1,0 0,8 0,6 0,4 0,2 x

32 >



Funkcni adaptace rezidualnich

®* umoznuje zachovani vnitfniho prostredi pfi znacném snizeni GFR

— dochazi ke zménam intenzity tubularnich transportnich procest, které umoznuji
zejména udrzeni vyrovnaného sodikového, draslikového a vodniho metabolismu
(snizeni tubularni resorpce, resp. ve zvyseni tubularni sekrece rady latek)

* intenzitu tubularnich transportnich procesl Ize klinicky zjiStovat mérenim frakénich exkreci (FE)
sledované latky (jaka ¢ast z profiltrovaného mnozstvi latky x je vyloucena do definitivni moci)

* zmeéna tubularni reabsorpce sodiku a vody
— normalné reabsorpce Na az 99%, FE,, ~1%
— pfi< GFR se musi 4 reabsorpce z filtrovaného objemu
* FE,, mGZe byti30%
* nicméné pro normal i exkreci Na by stacila GFR 4ml/min
— mechanismus ??? (ANF, prostaglandiny)
* snizeni tubularni reabsorpce fosfatu
— normalné rendlni exkrece fosfatl cca 10-20% filtrovaného mnozstvi
— pfri poklesu GFR stoupa exkrece fostatli na 40% - 100%
* nestaci-li— hyperfosfatémie
* zvysena sekrece drasliku

— FE, muZe byt i 200%, mechanismus udrzujici homeostazu K+ az do nizkych hodnot
GFR

* hyperkalémie az pri extrémnim snizeni ledvinnych funkci
33 — svou roli hraje i zvyseni sekrece mimoledvinnymi cestami (GIT)




Porucha hormonu a metabolismu u CKD

* poruchy koncentrace hormonti ® metabolické abnormality u CKD/CHRI

zpusobuji ovlivneni Fady dalsich — poruchy metabolismu bilkovin a aminokyselin
systemu * malnutrice pfi proteinurii a nizSim privodu bilkovin
— snizena tvorba potravou

e 1, 25-dihydroxycholekalciferolu — nizkobilkovinna dieta ale nutna (uremické toxiny?)

—  prispivé k rozvoji renalni kostni * snizeni tvorby bilkovin ve svalech (rezervoar AK)

choroby (konkrétné osteomalacie) * zmeény intracelularnich hladin AK ve tkanich i v plazmé
* erytropoetinu — J esencidlni, T neesencialni
— nelélend anemie je vyznamnym — poruchy metabolismu sacharid( (inzulinova
r|2|kover1 faktore,m !oro o rezistence)
) Fﬁ;g&‘{gfkmaml postizen| * hyperglykemie na la¢no 30% nemocnych
«  rychlej&i progresi CKD * porucha glukdzové tolerance pfi oGTT 60%
nemocnych

* snizeni kvality Zivota T . . . L
* T hladiny inzulinu v disledku periferni tkariové

* prostaglandind rezistence (postreceptorovy defekt)

— zvysena tvorba — sekrece inzulinu je navic stimulovana zvy$enou
* angiotensinogenu (sjirg\a?]léli()oncentraci kalia (inzulin zvySuje vstup kalia
—  prispiva ke kardiovaskularni ) s e
morbidité a mortalité — poruchy metabpllsmp lipidu -
* parathormonu hyperlipoproteinémie
—  prispiva k rozvoji renalni kostni * vyskytuje se az u 70% nemocnych
choroby (konkrétné osteodystrofie) * patogeneze sekundarni hyperlipoproteinémie je
komplexni

— porusené odbouravani lipoprotein(, zvySena tvorba
34 e TVLDL LDLa TAG, { HDL - aterogenni dyslipidemie



Anemie u CKD

i The cause of anemia in patients with CKD is
multifactorial. The most well-known cause is
inadequate erythropoietin (EPO) production

— EPO is produced in the peritubular capillary
endothelial cells in the kidney relying on a feed-
About 8 Days ———— back mechanism measuring total oxygen carrying
capacity

*  subsequent production of hypoxia inducible
CO) = »@@» factor (HIF)
— EPO then binds to receptors on erythroid

Pluripotent Colony-Forming  Proerythro- Erythro Reticulocyses:  RECs progenitor cells in the bone marrow(BFU-E and

Unit-Erythroid . g
Stemi Cell Pine ?épﬁoé) ‘é’;‘I‘IsE('g__“fE")’ i blasts CFU-E). With EPO present, these erythroid

progenitors differentiate into reticulocytes and
& red blood cells (RBCs)
—  The absence of EPO leads to pre-programmed
apoptosis mediated by the Fas antigen

There are other factors in chronic kidney
disease which contribute to anemia

Burst-Forming

J EPO productlon
Iron Apoptosis

— acute and chronic inflammatory conditions have a
significant impact on anemia in the CKD

= = population by pro-inflammatory cytokines

decreasing EPO production and inducing

apoptosis in CFU-E.

Pro-lnflammatory -
hepmdln . — inflammatory cytokines have also been found to
¥ Fe absorption induce the production of hepcidin, a recently
JFe transport discovered peptide generated in the liver, which
J Fe availability interferes with RBC production by decreasing iron
availability for incorporation into erythroblasts.

i Red blood cells also have a decreased life span
in patients with CKD

i Uremic toxins have been implicated as
contributing to apoptosis as the anemia will
often improve after initiation of dialysis
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ONEMOCNENI KOSTi U CKD



Terminologie

* osteoporoza
— prevazuje resorbce kosti a zejm. organické

— nizka kostni denzita a zhorSenim )
mikroarchitektury kostni tkané s naslednym
zvysenim fragility

— priciny: stari, inaktivita, menopauza
o ipohllavnl'steroidy (zejm. estrogeny) — - \ o 4 ® o
s_yntef_a kol?genu (nem0ze probihat b o .[
mineralizace 2 L
. ) \T " \
osteomalacie & Car
— neadekvatni mineralizace osteoidu
— Eh’éiny: hypovitamindza D nebo

Parathyroid gland
A (
@
] ©@ ® © PTH

Osteoclast
0090
0000°

ypofosfatemie = S Serotonin ‘ Cat
. , v v e 4 o O
* nedostatek kalcia nebo fosfatu v téle o, IpH
— pomeér kalcium : fosfat neumoznujici FS™) HHS Ca
mineralizaci e . . /
) ) ) 4 Amino acids l l
e Jvitamin D — hypokalcémie — TPTH—> T i Ostacbissts

kalcémie ale 4 fosfatémie

* osteodystrofie

— nasledek hyperparathyreodismu

° rimarni HPTH: T PTH — T kalcémie ale ¢
osfatémie

* sekundédrni HPTH (rendlni ostepdystrofie): T
fosfatémie — Vkalcémie — T PTH

— v pokrocilém stavu ji provazi osteitis fibrosa

37



Hyperfosfatemie/hypokalcemie u CKD

Renal failure

[ )
[ )
LH* excretio
LP excretion
I Hyperphosphatemia |

Gastrointestinal
tract

Hypocalcemia

l LActivity

g transcription
{Degradation

of PTH

! ProPTH >
r s
| Hyperparathyroidism I\ re-proPTH
Parathyroid cell
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u CKD je abnormalni metabolismus kalcia,
fosforu, parathormonu a vitaminu D

snizené vylucovani fosforu ledvinami v
dusledku poklesu GFR vede k
hyperfosfatémii

a) primo snizuje hladinu ionizovaného kalcia,
hypokalcemie stimuluje produkci PTH

* soucin kalcia a fosfatd — hydroxyapatit se neztraci
— extraosealni (zejm. vaskularni) kalcifikace

b) CKD primo a i fosfat inhibuje 1a-

hydroxylazu v burikach proximalniho tubulu

ledvin a snizuje tak tvorbu kalcitriolu

* nedostatecné vstirebdvani Ca z GIT vede k
prohloubeni hypokalcémie, ktera dale zvysuje
sekreci PTH

* nareceptory VDR v pfistitnych téliscich se vaze
méné kalcitriolu, coz vede k oslabeni inhibice

transkripce genu pro PTH a k pfimému zvyseni
sekrece PTH

c) blokuje inhibic¢ni vliv kalcitriolu na bunky
pristitnych télisek

d) ma primy stimulacni vliv na buriky
pristitnych télisek

rozviji se sekundarni hyperparathyreoza



Pathophysiology of secondary

hyperparathyroidism in CKD

i consequence of phosphate retention and
reduced renal production of active
Reduced GFR vitamin D, resulting in
hyperphosphatemia and hypocalcemia.
u With GFR <70 mL/min, renal excretion of
= . phosphate can no longer keep pace with
Hyperphosphatemia  |4==="| PO, retention . GIT absorption, and phosphorus
Inhibit 1-OHase ‘ Sl;eletq/ re;/st!anfcg ;7_/ retention occurs. Hyperphosphatemia
K : caicemia elrect o i . inhibits the renal 1-alpha-hydroxylase, so
§ 1,25(0H),VitD Defective intestinal Hypoc"’flcem'a that production of active 1,25 dihydroxy
calcium absorption § vitamin D; by the kidney is reduced.
; Vitamin D deficiency then leads to
. hypocalcemia as a consequence of
Eeralyrod defective gastrointestinal calcium
chief cell absorption and skeletal resistance to the
calcemic effect of PTH. The serum-ionized
calcium is the most important factor

: CaR regulating PTH secretion. The effects of
1,25(0H), Vit Dy VDR calcium on parathyroid cells are mediated

.
AN

by a membrane-bound calcium-sensing
PTH promoter receptor (CaR). Low serum calcium leads
. to anincrease in PTH . In contrast, active
. vitamin D modulates PTH production in
v the parathyroid by binding to the
PTH mRNA cytoplasmic vitamin D receptor (VDR).
The vitamin D-VDR complex binds to the
{ PTH promoter and inhibits the
transcription of PTH mRNA. Thus, vitamin
4 PTH synthesis & secretion D deficiency will lead to increased
Parathyroid g|and hyperp|asia prOdUCtion Of PTH message. A Chronic
decrease in vitamin D levels also leads to

parathyroid cell proliferation and gland
39 hyperplasia.



Renalni osteopatie

= mineralni a kostni nemoc u CKD (angl.
mineral bone disease, CKD-MBD)

zavazna doprovodna komplikace selhavani
ledvin

hl. poruchy
— abnormalni mineral metabolismus

— zvysena fragilita kosti a poruSsena remodelace
* fraktury, bolest, omezena pohyblivost

— kalcifikace v cévach, chlopnich a mékkych tkanich
* vznik arteridlnich kalcifikaci je aktivni proces podobny

formovani kosti, na kterém se podili rada faktord o ' 3
— osteopontin, osteoprotegerin, RANKL, RANK, FGF23 a i '
fetuin A 5L Ww—*'“f -
MBD obsahuje v néjakeé mire vsechny kostni . w:/mwg
abnormality, tj. 2 : j/;g =
— osteodystrofie (aZ osteitis fibrosa cystica S .
— osteomalacie 4 ; e
osteoporoéza "‘“ﬁeﬁmy{’, ‘a,_/ ‘?{3‘? R -
ey g e
= _ A7



Kardiovaskularni dopady CKD a MBD

Angiotensin Il

kauzalni abnormality

arterialni hypertenze (90% nemocnych)

hyperlipidemie, diabetes

sekundarni anemie (anemicka hypoxie)
hyperhydratace (objemové pretizeni)
kalcifikace cév (arterii) a chlopni

uremické toxiny
dalsi

* oxidacni stres, hypofibrinolyza
(= trombofilie), homocystein

projevy

dusledky

kardiorenalni resp. renokardialni syndrom

* pre-existujici srdecni onemocnéni zhorsuje pribéh CKD a
naopak existence CKD ma podstatny efekt na
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hypertrofie LK
ICHS

Thrombosis

Inflammation Fetuin-A

Endothelium

tcaxP Fetuin-A ‘

o BMP-2/4  OPG -
* Calcification Leptin MGP \|Calcification

promoters | Vitamin D OPN inhibitors
BMP-7
PPi

* oproti non-CKD ICHS zde vétsi tloustka medie, mensi lumen a

vice kalcifikaci, rovnéz pfi uremické neuropatii moznost

,némé ischemie”
arytmie

MEDIAL ARTERY ATHEROSCLEROTIC
CALCIFICATION INTIMAL
(AMC) Adventitia CALCIFICATION (AIC)

* duasledkem zmén hydratace a koncentrace iont(, event.

pfi hypotenzi béhem dialyzy)

probéhlych perikarditid a ICHS (zejména ischemie myokardu ; \ > §
'\ Media ' / |
) ( Lumen |
V) Calcification | § Firous y

N P y

kardiovaskularni systém

Intima

CONCENTRIC ECCENTRIC
VESSEL - STIFFENING LUMEN-DEFORMING & LABILE



Pathogenesis of vascular calcification

mesenchymal
stem

cell
RUNX2
MSX2

osteoblast /

AdipOCyte —

vascular
smooth muscle

chondrocyte cells (VSMC)
low
turnover
\ RUNX2 / MSX2

osteo/chondrocytic like VSMC

1 % -

/ 1Pi @F " matrix vesicles (MV)
etuin

@ Inhibitors

- Collagens and Matrix Proteins
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Normal

CKD
Diabetes
Aging
Inflammation
other toxins

Vascular
Calcification

Normally, mesenchymal stem cells
differentiate into adipocytes,
osteoblasts, chondrocytes, and vascular
smooth muscle cells (VSMCs). In the
setting of chronic kidney disease (CKD),
diabetes, aging, inflammation and
multiple other toxins, these VSMCs can
de-differentiate or transform into
chondrocyte/osteoblast-like cells by
upregulation of transcription factors
such as Runx2 and Msx2. These
transcription factors are critical for
normal bone development and thus their
upregulation in VSMCs is indicative of a
phenotypic switch. These
osteo/chondrocytic-like VSMCs then
become calcified in a process similar to
bone formation. These cells lay down
collagen and non-collagenous proteins in
the intima or media and incorporate
calcium and phosphorus into matrix
vesicles to initiate mineralization and
further grow the mineral into
hydroxyapatite. Ultimately, whether an
artery calcifies or not depends on the
strength of the army of inhibitors
standing by in the circulation (fetuin-A)
and in the arteries

MGP = matrix gla protein; OP =
osteopontin; PPi = pyrophosphate
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CHRONICKE SELHANI LEDVIN



Chron. selhani ledvin = CKD stadium 5 = ESRD

* konecnym stavem je
svrastéla ledvina

* vtomto koneéném stadiu s
symptomatologii uremie
® nutha

— velmi intenzivni
konzervativni |écba

— ted'jiz jen symptomaticka

infekci...

V7e . 2.301,0 CYSth
e J prijmu tekutin f diceases
o | pFijem Na+, K+ _— 2.0;: :;::g.c
o prijem bilkovin Glomerulonephritis / .
7 v . 7 1 ° /o
* l|écba komplikaci \ Other
— anemie, kostnich, hypertenze, i \/

* Uprava davkovani lékG!!!
— nahrada funkce ledvin
* dialyza P

* transplantace 26.8%
— etiologie nej¢astéjsich pficin ki N
44 CKD progredujicich do ESRD pressure Dok ool



Symptomy urémie

vnitrni prostredi
— hyperkalemie, hyponatremie, hyperfosfatemie, hypokalcemie, hypermagnezemie,
metabolicka aciddza, hyperlipidemie, hyperurikemie, azotemie

krevni obéh

— hypervolemie, edémy, hypertenze , perikarditika, uremicka kardiomyopatie,
arytmie, ateroskleréza (ICHS)

45

respiracni system pricina umrti u vétsiny pacient( s CHSL
— plicni edém, pleuritida
nervovy systém

— Unava, insomnie, leatrgie, neuropatie, zmatenost, kfeCe, mozk. edém, syndrom
neklidnych nohou, erektilni dysfunkce, koma

gastrointestinalni trakt

— anorexie, nauzea, zvraceni, gastritida, peptické viedy, krvaceni do GIT, malnutrice
krev

— anémie, hemolyza, abnormality koagulace, imunodeficit

kosti

— renalni osteopatie, pseudodna, bolesti, nepohyblivost

ostatni

— ndchylnost k infekcim, parotitis, svédéni klize, amenorea, .....



Hyper- a hypokalemie

* 98% K+ Vv ICF
®* 35-50x vice nez v ECF (3.8 — 5.5 mmol/I)
*  Na+/K+ ATP-aza nadledvina
* vysSi permeabilita membrany pro K+ nez
pro ostatni kationty

* prispévek ke klidovému membranovému potencialu

——————

—  pasivni tok K z buriky podél koncentraéniho gradientu anglote:lsm II
limitovany intracelularnimi anionty K

[
|
|
|
|
|
[
[
[
|
|
®* zmeény kalemie v ECF jsou ¢asem reflektovany v ICF |
[

® poruchy bilance K v organizmu: v

* nadmeérny pfijem pfi funkénich ledvinach neni problém ALDOSTERON--

* snizené vyluCovani pfi insuficienci ledvin

* poruchy distribuce - celd rada faktorl ovliviuje 3 Na*
distribuci drasliku mezi ECT a ICT prostorem: o
— zanik bunék/ hemolyza adreﬁ;lin
— osmolarita inzulin
— aciddéza
* Regulace [K+]v ECF
- (1) Zmény distribuce K+ (pFesuny z ECF do ICF) intersticium bunka distalniho tubulu| lumen

®* pH, inzulin, adrenalin a sbéraciho kanalku

— (2) exkrece ledvinami
* aldosteron, [K+]

46



Efekt hyper-/hypokalemie na srdce

efekt zavisi na absolutni velikosti odchylky
(= o kolik) a rychlosti s jakou ke zméné doslo
(= a jak rychle)!!!!

tedy velky rozdil mezi rizikem u akutniho a
chronického selhani ledvin

hyperkalemie

47

zvysuje excitabilitu posunem klid.
membranového potencialu k prahovému

® pasivni tok K z bunky podél koncentracniho gradientu
limitovany intraceluldarnimi anionty, pfi vzestupu K v
ECF retence v ICF a depolarizace

zpocCatku rovnéz zrychluje repolarizaci (faze 3)

* aktivacni substratovy efekt na Na+/K+ ATP-azu
(vysoka dostupnost K+ pro vyménu)

pozdéji brani (opozduje) vysoka [K] repolarizaci
* maly koncentracni gradient
nakonec p¥i TTK+ zastava srdce

* inhibi¢ni efekt na Na+/K+ ATP-azu (nemUze
pumpovat proti extrémné vysoké koncentraci K+ v
ICT)

* pfrilis velké priblizeni k prahovému potencialu (nebo
az prekroceni) znemoznuje otevreni Na+ kanall

Outside

-3

Ventricular Myocyte
Action Potential

+50 —
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Hyperkalémie (K+ >5.5 mmol/I)

®* postizeny zejména svalové bb. (vSechny!
— priéné pruhované A J\Aﬁ/\.‘
— hladké
— myokard /\/‘L—A
* projevy y

— arytmie (EKG):
* do7 mmol/l ¢

— hrotnaté T viny

— rozsifeni QRS
— prodlouZeni PR intervalu
— oplosténi P vin
* nad 7 mmol/l
— sniZovani voltaze
— bradykardie
* nad 8 mmol/l
— ,sinusoidalni kmit“
— idioventrikularni rytmus
— zastava

— parestezie, hyporeflexie,
obrny a zacpa
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NAHRADA FUNKCE LEDVIN -
METODY




Metody nahrady funkce ledvin

Blood
compartment — |

* mimotélni metody  TELEesl e ool

‘l o
) Yol C 4+— Ultrafiltrate
‘ compartment

— hemofiltrace —
— 1emodiafi|trace\ |

—hemodialyza —— H

Blood )4
mpartment — {5 o © o () ©o_,o0 o
° . o °°o°§o°go°°o°oo° °°o%°]
"o 0 0 ° (o] o -
kombinace obou BEEIES oo 0o cofte LS o e TE e o i
. / ' 5 96 9 . 200 %" «LUItrariltrate
/ compartment

* peritonedlni dialyza " g

* transplantace
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Princip hemodialyzy

Dialysis bag __

Concentrated |
solution =

Buffer—

At start of dialysis
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prvni ,umeélou ledvinu® pouzil Kolff v

roce 1943 v Holandsku, u nas 1955
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At equilibrium

hlavni fyzikalni principy

difuze a ultrafiltrace pres semipermeabilni
membranu

podél koncentracniho resp. tlakového
gradientu

protismérny tok dialyza¢ni tekutiny a krve v
mimotélnim okruhu

standard regimen

three times a week, 3—4 hours per
treatment schedule

dialyzacni roztok

urea, kreatinin, draslik a fosfat difunduiji

do dial. roztoku (vysoka konc. v krvi, nizka v
roztoku)

koncentrace sodiku a chloridli jsou stejné,
aby se zabranilo ztratdm

prebytek vody jako takové odstranén
ultrafiltraci

bikarbonat je v dial. roztoku ve vyssi
koncentraci nez v krvi, aby se korigovala
acidoza

glukodza se pridava podle aktualni glykemie
pro prevenci hypoglykemie



Cévni pristupy

— docasny - pro omezeny
pocCet vykon
* dvojcestny katetr (v.
subclavia, v. jugularis, v.
femoralis)
* rizika: krvaceni, trombdza,
stendza, infekce
— trvaly - u nemocnych v
o, pravidelném dialyzacnim
programu
atery,  ® arteriovendzni podkozni
pistél (fistule)

— mezi a. radialis a v.
cephalica

* synteticky stép
— umeélé cévni protéza
— dfive zilni Stépy

52




Vedlejsi efekty a komplikace HD

* hypotenze
— nejcastéjsi, az u 30% dialyz
* krece
— druha nejcastéjsi komplikace - ¢astéji v DK

— v duUsledku deplece tekutin nasledkem nepfrimérené ultrafiltrace
nebo iontové dysbalanci pfi nevhodném dialyz. roztoku

* jontové poruchy

— vzacnéjsi, pri technické poruse pristroje (nevhodném dialyzacnim
roztoku

* disekvilibracni syndrom
— u akutnich pacientt s vysokou predialyzacni koncentraci urey a pfi
nepFiméFené rychlé HD Figure 1.—An enhanced computed tomographic scan of the head

shows diffuse cerebral edema.

* rychly pokles urey v krvi provazen pomalym poklesem v likvoru
* zvySena osmolalita likvoru zpUsobi nitrolebni hypertenzi a edém mozku
— svij efekt ma i metabolickd acidéza

* during HD plasma bicarbonate (HCO;™ ) level rapidly increases, but
bicarbonate cannot readily pass across the BBB, whereas carbon dioxide
(CO, ) diffuses rapidly. The initial increased passage of carbon dioxide into
the CSF and brain leads to a reduction in pH (Henderson-Hasselbach
equation), and intracellular acidosis results in the breakdown of
intracellular proteins to create idiogenic osmoles that create an osmotic
gradient for water movement into the brain.

— ukonceni dialyzy a antiedematézni terapie
* infekce (zejm. endokarditida a osteomyelitida)
*5 3 dlouhodobé (neuropatie, amyloidéza) Figure 2.—A coronal section of the brain shows severo corebra

edema.




Princip nahrady funkce ledvin (HD vs.

Vein

Blood Pump

Artery

' . | ™ Direction of
||} flow of blood

)
Dialysis
AN —< Membrane
= gul

Vs by Y ’

Compressed T T

Air and Carbon Fresh Constant Used
Dioxide Dialysate Temge:ra]tur e Dialysate
a
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Direction
of flow of
dialysate

| gl”ERTONEAL\

CAVITY

INFUSION

CATHETER



Hemofiltrace (HF)
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pri hemofitraci se prechod latek pres

membranu déje vyhradné filtraci (tedy

konvekce, ne difuze) pres vysoce propustnou

membranu — hemofiltr

— do pristroje privadéna jen krev, nepouziva se
dialyzacni roztok

— membrany o velké propustnosti odstranuji
i latky s vétSimi molekulami, odstranovani latek
tvorené malymi molekulami je nizsi nez pri
hemodialyze
aby ocistovani krve bylo dost ucinné, musi byt
mnozstvi filtrované tekutiny dostatecné velké
(asi 30-100 litra pfi jedné procedure nebo
kontinualné)

— typicky pouziti u ASL

objem odfiltrované tekutiny se nemocnému
nahradi specialnim sterilnim roztokem

Blood from patient pumped under pressure

W

REPLACEMENT
FLUID: pre-dilution

y

REPLACEMENT ultrafiltrate
FLUID: pumped out
post-dilution under pressure




Hemodialysis

blood dialysate

O
O

O =i
O C)E

@)
O
O

M-

semipermeable

membrane semipermeable

blood membrane

diffusion
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Hemofiltration
blood blood filtrate
y
.- |

pressure negative

hydrostatic
pressure

semipermeable
blood membrane

semipermeable
membrane

convection



Transplantace ledvin

__ Renal Artery
Diseased / Low - ~\_- Renal Vein
Functioning Kidney _ / \ ' P
(This isoften left in /. L
place in the abdomen.) ¢
&
Ureter
_,-'// - - ° ’ k ’ 744
A _ Y fioc: Aitery nutnost ,,ziskani
A - nahradni ledviny
Donor Kidney - -- \ lliac Vein . kadaver(')zm'
Donor Renal Atery -~ [ 8/ X\ o )
Donor Renal Vein ~~ D, 4 — od zijiciho darce
* imunologicka
Donor Ureter -~ kom patlblllta

"Host Bladder
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— riziko rejekce
* hyperakutni
* akutni
* chronicka
— rizika spojena s
imunosupresivni terapii
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