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Specialni patofyziologie vylucovaciho systému

Julie Dobrovolna
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Anatomie ledviny

B Kortikalni nefrony
B 80%-90%

B  Vybihd pouze kouskem do drfené
B Krevni pratok v oblasti kdry je velky
B Osmolarita intersticia v oblasti kliry je 300 mOsm
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Anatomie ledviny

— Juxtamedularni nefrony

hluboko do drené
— krevni pratok ve ve dreni je maly
— Medularni intersticialni tekutina je hyperosmolarni
— Zachovava osmolaritu, udrzeni acidobazické rovnovahy
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2 Juxtaglomerularni aparat

Including macula densa, extraglumerular mesangial cells, and
juxtaglomerular (granular cells) cells
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Interstitial fluid
pressure 6 mm Hg

Vasa %cta

Charakteristika pritoku
krve ledvinami:

1, vysoky pratok krve. 1200
ml / min, neboli 21 procent
srdecniho vydeje. 94% do
mozkoveé klry

2, dvé kapilary - Vysoky
hydrostaticky tlak v
glomerularnich kapilarach
(asi 60 mmHg) a nizky
hydrostaticky tlak v
peritubularnich kapilarach
(asi 13 mmHg)
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Prutok krve ledvinou a dalSimi organy

Organ Approx. blood flow A-V O, difference
(mg/min/g of tissue) (ml/L)
Kidney 4.00 12-15
(depends on reabsorption of
Na*)
Heart 0.80 96
Brain 0.50 48
Skeletal muscle 0.05 -
(rest)
Skeletal muscle 1.00 -

(max. exercise)

=

QDR e

[




Selhani ledvin

= patofyziologicky stav, kdy ledviny nejsou schopny

a) vylucovat odpadové produkty dusikatého
metabolismu
b) udrzovat rovnovahu vody a elektrolytl a

acidobazickou rovnovahu

ani za bazalnich podminek a to pfi prijmu biolog.
minima bilkovin (0.5g/kg/den) a dostate¢ném

energet. pfijmu

Renalni nedostatecnost

- stav, kdy ledviny jsou schopny
udrzovat normalni slozeni
vnitrniho prostredi pfi
bézném Zivoté, avsak ne za
mimoradnych podminek:

B infekce
B operace

F nadmeérny privod bilkovin,
vody Ci elektrolytd
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Selhani ledvin se mulzZe vyvinout:

- akutni selhani

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

- chronickeé selhani




Akutni selhani ledvin

exkrecnich funkci obou ledvin

nahle vznikla neschopnost ledvin primérené regulovat
solnou a vodni rovnovahu a vylucovat metabolické
odpady

k odhadu@zévainosti

plazmatické koncentrace urey a kreatininu

Renal insult

Advanced age
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Faze a rizika akutniho selhani ledvin

E vetSinou nahly pokles exkrece moci

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

F nékdy 1-2 | moci/den = nonoligurické ASL
(posSkozeni tubull)
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Casovy pribéh zmén diurézy u selhani ledvin

Inicialni faze DAY

/

2. Oliguricko-anuricka faze \,

kraatinin

3. Diureticka faze

4. Zotavovaci faze

sadiom) /  stadium ||/ stadiomll / stadium NV

d
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Etiologie a patogeneze

=» akutni tubularni
nekrodza

Rozdéleni:

1) prerenalni azotemie
2) renalni azotemie

3) postrenalni azotemie

Aenal Artary

C:
Intra-Renal
obstruction

c

B= Post-Renal
obstruction

P

Ureter

Urethra




— Obecné maji spolecné to, Ze pusobi pokles glomerularni filtrace, ke
kterému dojde nahle

— PFicinou:
- snizeny prutok krve glomeruly

- zvysSeni tlaku v ledvinovych tubulech a v
Bowmanoveé pouzdre

=

QDR e

[




Prerenalni azotemie

— poklesem TK s naslednym snizenim perfuze jinak
normalnich ledvin

2
snizi-li se TK pod pasmo autoregulace
(8-11kPa)

2

snizi se GFR

— reverzibilni, jestlize je vyvolavajici pric¢ina korigovana
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Prerenalni azotemie

1) selhani srdce jako ¢erpadla

B Akutni IM

E arytmie s nizkym minutovym vydejem
B tamponada perikardu

2) hypovolemie
B ztrata celé krve (hemoragie)
E ztrata plazmy - renalni

- extrarenalni

3) pokles odporu v systémové cirkulaci
B sepse
B antihypertenzni terapie
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SniZeni prutoku krve ledvinami
nejenom snizuje mnozstvi
glomerularniho filtratu, ale

muzZe zpUsobit poskozeni ledvin z
nutricnich dlivodu
!

predevsim nasledkem
nedostatecného privodu kysliku

= akutni tubularni nekroza

Spotfcba O v ledvind

-~

Klesajic! priviok krve ledvipou




Postrenalni azotemie

obstrukci vyvodnych cest mocovych

mocové kameny

benigni hypertrofie prostaty

tumory prostaty, méchyre, streva, ovaria...
retroperitonealni fibréza

neurogenni dysfunkce
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Renalni azotemie

— primarni onemocnéni ledvin

— extrarenalni nemoci

- postizena urcita strukturni soucast ledviny
1) nemoci cév

2) glomerularni nemoci

3) tubularni nemoci

4) nemoci intersticia
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1. Vaskularni nemoci

A: obstrukce ledvinnych B:zmeénény odpor ledvinnych

cév cév

embolie do renalni arterie WV postglomerulaniho odporu
bilateralni stenosa & trombéza (inhibitory ACE)

ren. arterie A\ preglomerularni odpor
trombéza rendlnich (antiflogistika...)

neznamy mechanismus




2. Glomerularni nemoci

nemoc nefritického typu

(jakakoliv forma glomerulonefritidy
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3. Tubularni nemoci

A: Akutni tubularni B: Ucpani tubulu
nekrdza myelomovymi
proteiny

masivni hemolyza, rabdomyolyza




4. Intersticialni nemoci

: alergické reakce B: idiopatické nemodci intersticia

na léky

diuretika
analoga PNC
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{L : Ischemic or toxic insult :

!

Tubular injury and

Hemodynamic changes @ dysfuncion ﬂ
Afferent arteriolar Mesangial Reduced tubular Backleak of :
vasoconstriction contraction reabsorption of NaCl glomerular filtrate Téoxlar celruction

AT e

e

Reduced GPF and P Reduced glomerular

Increased delivery of

filration surface area  NaCl to distal nephron

available for filtration
and a fall in K,

(macula densa) and
activation of TG feedback

Backleak of urea, Compromises patency

creatinir)e, ~ of renal tubules and
andreductionin  prevents the recovery
"effective GFR'

of renal function
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Ischemic or toxic injury
to the kidney

e N7

Increase in 1l [ Deficiency of J

| vasocon strictors vasodilators

I

Angiotensin 11

Endothelin

Thromboxane

Adenosine PGl,

Leukotrienes EDNO

Platelet-activating
factor

7

Imbalance in vasoactive hormones

causing persistent intrarenal
vasoconstriction

| |

Persistent medullary hypoxia

Michael S. Goligorsky & Wilfred Lieberthal

..
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Proximal convoluted tubule
(S1/S2 segments)
Aminoglycosides
Cephaloridine
Cadmium chloride
Potassium dichromate

Renal vessels
NSAIDs
ACE inhibitors
Cyclosporin A

Papillae
Phenacetin

Glomeruli
Interferon—a
Gold

Penicillamine

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

Interstitium
Cephalosporins
Cadmium
NSAIDs

Rick G. Schnellmann & Katrina J. Kelly
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+ vasoconsinclion  — vasodilation
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Diagnostika a lécba

Analyza krve:

A\ plazm. koncentrace urey a kreatininu
A\ plazm. koncentrace K+ (oligur. faze)
W plazm. koncentrace K+ (polyur. fize)
- konc. Na+: N, ﬁ,@

- metabol. aciddza
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Nebezpeci akutniho stadia

hyperkalemie

hypoosmolarni hyperhydratace

isoosmolarni hyperhydratace




Hyperkalémie

Poruchy bilance:

snizené vylucovani pfi insuficienci
ledvin

Poruchy distribuce mezi intra- a
extracelularnim prostorem:

zanik bunék/ hemolyza
hyperosmolarita
acidéza

Hemolysis

Ischemic blood draw
Leukocytosis

(WBC »50,000imL)
Thrombocytosis

{Platelzt eount >1,000,000mL)
Familial pseudofyperkalemia

Impaired renal Hyperkalemic periodic paralysis
excretion Exercise

T Serum putasshny—‘]\]]

Transcellular shift
Acidosis

Non-anion gap
Respiratory
Hyperglycemia
Hypertonicity
B-Adrenzrge blackads
Succinylcholine
Digtalis intoxication
Flouride intoxication

Decreased glomerular| | Glomerular fitration
fiftration rafe rate >20 mLimin
{see Fig. 3-24) (see Fig. 3-25)

Fredrick V. Osorio and Stuart L. Linus




Hyperkalémie (K+ v séru >5.5 mmol/l)

— klesa negativita membranového potencialu
— akeni potencial drazdivych bunék se zmensuje

- postizena je zejména pricné pruhovana a hladka svalovina a
myokard

U

na periferii — parestezie
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EKG zmény:

Hyperkalémie Hyperkalemia

K = 6.0-7.0 mEg/L AN “tented” T wave

hrotnaté T viny

rozSireni QRS
Prodlouzeni PR intervalu
oplosténi P vin
,sinusoidalni kmit“

K=7080mEgL _~J VUL QRS widening

/ 1 i\
R =8.090mEgL _J\J/ U L PRinterval lengthening

K=90-100mEgL —__J U U arrial arrest

E>10 mEqg/L




Hyperkalemia
ECG changes present?

No Yes

Rule out spurious hyperkalemia Institute therapy based on clinical severity of hyperkalemia

Calcium gluconate 10-30 mL 10% solution (onset 1-2 min)
{} Sodium bicarbonate 50-150 mEq: (onset 15-30 min)
(Redraw potassium Glucose 25 g intravenously and insulin 5-10 U intravenously
without tourniquet) (onset 5-10 min)

Albuterol nebulizer 20 mgin 4 mL normal saline (onset 30 min)
K exchange resin: oral (onset 2 h) or enema (onset 60 min) 30-60 g
Hemodialysis (once started removes 25-30 mEg/h)

I

Fredrick V. Osorio and Stuart L. Linus S

UN I
C1I




Vyznamné faktory ovliviujici distribuci drasliku
mezi ECT A ICT prostorem

inzulin

& AP NaHwymeénik |
,-’/ \ N
i
K ®
acidoza
H*i i
'l B
LY _ ¥ |
T e @ P,-mimetika {
alkaloza freseis
T © B,-blokator acidoza
H™ glykosidy
'-_‘llx. ) / digitalisu
h, st L - B 4
| alterace bunééné membrany

w =

QDR e

— =




Dalsi priznaky

zavisi na etiologii:

- ptiznaky selhavani srdeCni pumpy
- pocity plnosti, bolesti v zadech, dysurie

- vyrazky, horeCky, artritidy, pyelonefritis...

- nakonec obraz urémie
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Analyza moci

Urinalysis in acute renal failure

|

Mormal Abnormal
RBC WEC Eosinophils RTE cells Crystaliuria Low grade
RBC casts WBC casts Pigmented proteinuria
Proteinuria ﬂ casls J l
4 4 ¥
Prerenal, Glomerulopathy, | | Pyelonephritis, Allergic ATN, Uric acid, Plasma cell
postrenal, vasculitis, interstitial interstitial myoglobinuria, drugs or toxing dyscrasia
high oncotic thrombiotic nephritis nephritis, hemoglobinuria
pressure microangiopathy athercembali,
(dextran, glomerulopathy
mannitol)

Brian G. Dwinnell & Robert J. Anderson

KIDNEY , .
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Funkcéni vysetreni

Koncentrace Na+ v moci:

— pfFi prerenalni azotemii, akutni GN ¢i zménéném cévnim odporu - tubuly
funguji dobre ucinné odstranuji Na+ ze snizeného mnozstvi filtratu

(Na+ v moci < 20 mmol/I)

— u postrenalni azotemie:

(Na+ v moci > 40 mmo
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ZvySeni poméru (Purea/Pkreat)

Normalné: < 20:1
- vysoka koncentraEE ADH u prerenadlni azotemie a hepatorenalniho syndromu

tvorba koncentrované modci

Zvysend reabsorpce vody zpomaluje tok modi v tubulu - to umozriuje A\
reabsorpci urey

a tim A\ Purea/Pkreat
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Osmoticka koncentrace moci

— pri prerenalni azotemii:
> 500 mOsm/kg

— pri poskozeni tubulu:
< 350 mOsm/kg
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Dalsi dg. prostredky

Serologické testy

ASLO
anti-DNA
slozky komplementu

Zobrazovaci technika

ultrazvuk
radioizotopoveé vysetreni




Akutni renalni selhani: prevence

Rozpoznani rizikovych pacientl (pooperacni stavy, operace
srdce, septicky Sok)

Zabranéni progrese prerenalniho ASL do renalni formy

Udrzeni renalni perfuze

— izolovémie, srdecni vydej, normalni TK

— vyvarovani se podani nefrotoxinl (aminoglykosidy, NSAIDS,
amfotericin)
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Terapie ASL

1. Terapie zakladniho
onemocneni

2. Uprava hypotenze a
hypovolemie (zabrana
prechodu prerenalni
azotemie k ATN)

3. Lécba hyperkalémie:

Ca-glukonicum
NaHCO3, 20% glukdza + insulin
iontoménice

glucose

0.5g/kg
50% dextrose = 0.5g/ml

e glucose

* glucose

0.25u/kg




4. Lécba metabolické acidozy

5. Th. selhavani srdce, hypertenze

6. Lécba infekcnich komplikaci

7. Dialyzacni lécba - hemodialyza

- (peritonealni dialyza)

- hemoperfuze




Chronickeé selhani ledvin

- je kone€nym stadiem chronickych renalnich onemocnéni
a) asymtopatické stadium - s postupnym zhorSovanim renalnich funkci

b) konecné stadium - s uremickou symptomatologii
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Etiologie

rtizna, takika vSechny nemoci ledvin

50% - néktera forma GN
20% - diabeticka nefropatie
30% - ostatni (intersticialni nefritis,

nefrosklerdza, ireverzibilni ASL...)

Konecnym stavem = konecné stadium
ledvinné choroby

(ESRD ,,end-stage renal disease)




Patogeneze

- jde o WV poéet fungujicich nefron
4

pfiznaky: az po zaniku > 50% nefronu

primarnim ucinkem - V renalni vyludovani s

nahromadénim

=
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Predpoklad

Kompenzacni hyperperfuze a R .
. e , zakladni patologicky proces 1. faze
hyperfiltrace vede ke A\ snizené i L (proces
GFR zavisly

redukce poctu —1  na zékladnim
U- fungujicich nefroni onemocnéni)
pronikani albuminu do

mesangialnich oblasti slklerézalﬂ rﬁszovi'fa'ktory L (2 faze
glomeruld pusobici na proces
, & . intaktni glomeruly nezavisly
postupna glomerulosklerotizace T ! na zakladnim
4 4 zZ 7 onemocneéni)
a renalni selhani glomeraidmi

poskozeni
glomerulii

hypertrofie a zmnozeni ~—
mezangidlni matrix

4——

v
termindlni selhani ledvin

Obr. 15.13. Fdze progrese chronickych rendlnich
onemocnénit




Stadia CHSL

1. Stadium- mirné CHSL:

— Pkreat: do 220 umol/I
— GFR: 50-79 ml/min
— exkrecni a regulacni funkce zachovany

2. stadium- stredniho stupné-mirna azotemie:

— Pkreat: 230-530 umol/I
— GFR: 20-49 ml/min
— neschopnost koncentrovat moc, nokturie

— mirna anémie
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3. Stadium- vazné CHSL:

— Pkreat: 540-880 umol/I

— GFR: 10-19 ml/min

— pokrocila anémie

— hypokalcémie, hyperfosfatémie
— metabolicka acidéza

— izostenurie a nokturie

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

— Pkreat: > 880 umol/I
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Exkrecni funkce

zatéz” - latky, které se dostaly do téla

J
nutno vyloucit (nezménéné x odpadni
produkty)

Pfi ztraté GFR = prizplGsobeni
zbylych nefront k udrzeni
exkrece odpadu

KREATININ
VPLAZME 4
Img/dl

2

ROZSAH

NORMALN <

\

25 50 75 100
GFR /% NORMY




-kompenzacni hypertrofie a hyperperfiuze

- vzrust plazmatické koncentrace latek:

kreatinin: Ukreat * V = konst.=Pkreat * GFR

mocovina: Purea stoupa méneé prikre (osmoticka diuréza)

kyselina mocova

uremické toxiny ?




Regulacni funkce

a) tubularni reabsorpce sodiku a vody

Norma: pres glomeruly se filtruji kvanta
Na avody = reabsorpce az 99%

Pfi W GFR = musi se W reabsorpce
musi se A frakce z filtrovaného objemu

mechanismus ??? (ANF, prostaglandiny)
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b) snizena tubularni reabsorpce fosfatu

Norma: renalni exkrece fosfatt je 10-
20% filtrovaného mnozstvi

PFi W GFR o exkrece fostati se A\ na
40% (100%)

- nestacdi-li = hyperfosfatémie MCD /

@3 0.2%-20% Lirine




Hypotéza kompromisu

Calcium Metabolism

eyl
amfi

[
Parathyroid g

uptake from gut > Serum Ca2+), lncreased resorption
A A of Ca+ from
skeleton

25(0H)CC—> Conversion reduced — 1,25(0H)oCC PO4 excretion |
in diseased kidney

Increased PTH secretion > PTH T
e
— Reduced serum Ca
Serum Caé+4 €——

25(0H)CC = 25-hydroxycholecalciferol  1,25(0H)oCC = dihydroxycholecalciferol

o=
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Hypocalcemia

Renal failure

LMNumber of nephrons

Kidhey // @
LH* excreti
LP excretion
Gastrointestinal
tract | Hyperphosphatemia

PT,

% A
%m@}ﬁﬂ
|

J/ Gastrointestinal
; tract

4 L

Tintestinal Ca?* absorption LRenal Ca®* excretion =/

| |

S Nomocakeria

£

=
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c) zvySena sekrece

- mechanismus udrzujici homeostazu K+ az do nizkych hodnot GFR
= hyperkalémie az pri extrémnim snizeni ledvinnych funkci

-lzei AN sekrece mimoledvinnymi cestami
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Hormonalni funkce

Snizeni ledvinnych funkci vede ke:

WV tvorbé: 1, 25-dihydroxycholekalciferolu
erytropoetinu
prostaglandini

A\ sekreci: angiotensinogenu
parathormonu

V¥ odbouravani: insulinu

somatotropinu

Poruchy metabolismu hormonti = ovlivnéni fady systému
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Symptomy urémie

nervovy systém: neuropatie, zmatenost,

krece, mozk. edém LEPO hemoljza
gastrointestinalni trakt: nevolnost, vredy

krev : anémie, acidosa, hemolyza l

krevni obéh : edémy, hypertenze

kosti: renalni osteodystrofie, pseudodna deficit kys. listové — anémie €—— intoxikace Al

plice: plicni edém, pleuritida a histidin
. i , . arathormon
ostatni: nachylnost k infekcim, parotitis, T P "

svédéni kize
2ele20

N

nadbytek




Terapie chronického selhani

1) konzervativni:
— uprava prijmu tekutin
— prijem Na+, K+
— prijem bilkovin
— lécba komplikaci (kostnich, hypertenze, infekci...)

— Uprava davkovani léku
2) dialyzacni lécba

3) transplantace ledviny
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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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Dialyzator

embrane
Blood Dialysate

Middle

moiecul
0

Small ‘

molecules—@

Concentration gradient based transfer.
Small molecular weight substances (<500 Daltons)
A are transferred more rapidly.
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Hemodialyza

Copyright @ The MoGraw-Hill Companiea. ine: Permission reguired for reprodoctkon or display.

Blood

Diffusion
of waste
products
such as
urea o

Diffusion

ﬁ . | of waste
‘| products
' 4| across the
- ||." | dialysis
s | membrane
‘&
&7
. Dialysis
Compressed Fresh Constant Used fluid
CO5 and air  dialysis temperature dialysis
fluid bath fluid
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Cévni pristupy

Docasny - pro omezeny pocet vykon(

dvojcestny katetr
v. subclavia, v. jugularis, v. femoralis




Trvaly cévni pristup

U nemocnych v pravidelném
dialyzanim programu

arteriovendzni podkozni pistél (fistule)
- mezi a. radialis a v. cephalica

prip. zilni Stép

From To
dialysis dalysis

machine maching

Graft-vein Racial atery  Graft-artery
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Transplantace ledviny

Nutnost ,,ziskani* ndhradni ledviny
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kadaverdzni od zijiciho darce

Imunologicka kompatibilita = rejekce

Imunosupresivni terapie \

akutni chronicka

hyperakutni




Hepatorenalni syndrom

B Rozvoj ASL u pacientl s pokrocilym onemocnénim jaterniho parenchymu bez
klinickych, laboratornich nebo anatomickym nalez( postizeni ledvin

B Vyznam maji: * snizeni pratoku krve ledvinami pfi celkové
hyperkinetické cirkulaci (typické pro jaterni selhani) —
diky poklesu TK v dusledku periferni vazodilatace

* aferentni konstrikce ledvinnych cév s naslednou
ischemii kary ledvin dasledkem aktivace sympatiku

Mechanizmy:

- aktivace sympatiku t produkce - prostacyklinu
- aktivace RAS - bradykininu

- endotoxinémie (napf. endotelin) - latky P

- | tvorba kalikreinu (Utlum aferentni vazodil) -NO

- aktivace ET-1 - endotelinu - 3

,hepatorendln reflex” (serotonin)

Odlisit ,,pseudohepatorenalni syndromy“ (infekce, autoimunitni onemocnéni,
amyloiddzy....)
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Figure 1. Schewalic of hepatorenal pathophysiology. Progressive liver diszase leads 10 conges-
tion amnd Mockage of inbramhepatic microvasculature . Resulling portal hyperension leads 1o
splanchnic nitric oxide production., shich causes splanchnic vasodilation. Vasodilation leads o
decreasad eHacive hlood volume (“lank is bigger and ess ). Decreased ellective blood
wolume stimulaes renin-angiolensin system , which le:0s 10 inlrarenal vagoconstriction and hy-
poperiugion. Int'arenal proglaglandng atllompt 0 counlerael e vagsoeongiriclion. Howaver,
progiaglandin production may be insulficien] 1o keep kidveys “open™ ar may bhe inhibkited by local
ischemia or use ol carlain medicalions (&g, nonstercidal anti-inTlammatory drugs).
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Hemolytickouremicky syndrom

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

B Soucasné byva hemolyticka anémie
U
zdroj hemoglobinurie

E také trombocytopenie — krvacivé projevy

= Syndrom kombinujici projevy ASL s projevy hemolyzy
erytrocytl a krvacivymi projevy

Etiologie : Casto ??
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