Vylucovaci ustroji
Systema urinarium



Prehled vylucovaciho ustroji

Horni vyluCovaci ustroji

* Ledvina (Ren)
— Nefron (Nephron)
— Sbeéraci kanalky (Ductus colligentes) |
— Ledvinové kalichy a kaligky (Calices renales)
— Ledvinova panvicka (Pelvis renalis)

* MocCovod (Ureter)

vyvodni
— mocove

Dolni vyluCovaci ustroji cesty

* MocCovy mechyr (Vesica urinaria)
« MocCova trubice (Urethra)




Prehled vylucovaciho ustroji

Horni vyvlucovaci w4

 Ledvina (Ren)
— Nefron (Nephron)
— Sbeéraci kanalky (Ductus colligentes)
— Ledvinove kalichy a kalisky (Calices renales)
— Ledvinova panvicka (Pelvis renalis)

* MocCovod (Ureter)

Dolni vyluCovaci ustroji
* MocCovy mechyr (Vesica urinaria)
* MocCova trubice (Urethra)




Ledvina = Ren

recky nephros
— pl. nephroi

150 g

facies anterior +
posterior

extremitas superior +
Inferior

margo medialis +
lateralis

hilum renale




ecapsula fibrosa
*sSINUS renalis
*lobi renales

ecortex renalis

|labyrinthus corticalis
.columnae renales Bertini - vybézky
kury do drené

medulla renalis

*pyramides renales
*papillae renales
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classic illustration of
the process of
unrolling of the kidney
in postnatal life (from
Kelley HA, Burnam CF.
Diseases of the
Kidneys, Ureters, and
Bladder. Vol.1.



Ledvina poloha

* primarne
retroperitonealni
organ

 fascia renalis

 tukove pouzdro

Antetior Cutawmay View

http://doctorstock.photoshelter.com/image/10000zjcQLOxaHqY



Poloha, fixace a obaly ledvin

Transverzalni rez v urovni obratle L1

ke
15
oy e
1 - fascia renalis 4 - corpus adiposum perirenale
2 - lamina prerenalis Gerotae S - corpus adisposum pararenale

3 - lamina retrorenalis Zuckerkandeli 6 - peritoneum
7 - fascia transversalis
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Otisky na predni plose ledviny

7\ -

| / nadledvina 1 / nadledvina

2 / jatra 2 / Zaludek

3 / duodenum 3 / slezina

4 / flexura coli dextra 4 / pancreas

5 / jejunum 5 / flexura coli sinistra
6 / jejunum



brénice —
branice

SIN- DX.

11. Zebro

|
2/
3/ 12. zebro

4 / m. transversus abdominis
5/

6 /

m. quadratus lumborum
m. psoas major



Ledvina
mikroskopicka stavba

» Cévni slozka

— Artérie (arteridlni portalni
systém)

— Kapilary

e Glomerulus (kapildry s pory)

e Peritubularni kapilarni sit
(fenestrované kapilary)

e \asarecta
— Vény
» Renalni kanalky (tubuldzni slozka)
— Kanalky nefron
— Sbéraci kanalky
» Ledvinné intersticium

— fidké kol. vazivo, intersticialni
bunky (erythropoetin),
mesangium

Afferent
arteriole
Efferent
arteriole
Bowman's
capsule
Bowman's e
space
Proximal =
convoluted el
tubule [/l
Lo}:)gn?g Pars recta—
Ascending
‘ thick limb
Descending
thin limb
Ascending
thin limb
Interlobar v
artery

Distal convoluted tubule
Glomerulus

CORTEX
Collecting tubule

Cortical radial artery
Collecting duct

Cortico-medullary
junction

Arcuate artery

MEDULLA

Duct of Bellini












Stellate vein Efferent arteriole

Interlobular
tery
Medullary
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Ledviny — tepenne zasobeni

a. renalis
— parova visceralni vetev z aorta abdominalis
ve vysi discus intervertebralis L1/2, leva vyse

a. renalis accessoria (30 %)
— vetev z aorty abdominalis nize, z a. iliaca
communis / interna

pratok 1,2-1,3 | krve/min
tepny jsou konecné

— 5 ledvinovych segmentu
a. renalis — r. anterior — 4 segmentové vétve

— r. posterior pro 1 zadni segment



Segmenty / dilce ledviny

segmentum superius
segmentum anterius superius
segmentum anterius inferius
segmentum inferius

segmentum posterius
— vlastni céva
(r. posterior a. renalis) ...




Posterior

Anterior



Ledviny — tepenne zasobeni 2.

aa. segmentales — aa. lobares (kolem 12)

— 2-3 aa. interlobares

— 2 kolmo se rozbihajici aa. arcuatae

— aa. interlobulares (aa. corticales radiatae) (— rr. capsulares)
— arteriolae glomerulares afferentes

— vlasecnice ceévniho klubicka (glomerulus)
* tlak v systému glomerulu vysoky (55 mmHQ)

— arteriolae glomerulares efferentes

— peritubularni kapilarni pletené nebo arteriolae rectae podé/

intermedialnich kanalku juxtamedularnich nefronu
« tlak v systému peritubularnich pleteni nizky (15 mmHg)

 portalni system
— 2 za sebou seérioveé zarazena vlasecnicova reciste




cévni zasobeni — arterialni portalni systém

glomerulus peritubular

vein




Ledviny — zilni zasobeni

* vv. stellatae (z povrchu)

* + venulae rectae (podél intemedialnich
kanalku juxtaglomerularnich nefronu)

* + peritubularni kapilarni pletene —

— VV. Interlobulares — vv. arcuatae — vv.
Interlobares — v. renalis — v. cava inferior

* silné veno-venodzni anastomozy



Nefron — zakladni morfologicka i
funkcni jednotka ledviny

» Bowmanovo pouzdro

— Soucast renalniho téliska (Malpighi)

— Filtraéni funkce — primarni moc¢ 180 I/den
» Kanalky nefronu

— Epiteloveé trubice navazujici na Bowmanovo
pouzdro

— Uprava modi

— Proximalni tubulus, intermediarni tubulus,
distalni tubulus



Renal Proximal convoluted Distal convoluted
corpuscle tubule tubule

Nefron

, - £ Cp s e Sl : o] [ {2 Collecting tubule from
Thick descending limb—__ £ 2 - g o L adjacentgnephron

Thick ascending fimb— , i 5 Medulla

Collecting duct

Papilla



ductus colligens

tubulus reuniens

pars convoluta tubuli distalis

glomerulus

pars convoluta tubuli proximalis
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Ledvinne telisko
(Corpusculum renale)

o 200 um Distal tubule

Macula densa
of distal tubule

o Cévni pdl (arteriola afferens

. - | ff Afferent — 5 Eff i
i - eren
arteriola e erens) anenalo /aneriole
X 1T A 4 Juxtaglomerular —
o Mocovy pol (kréek e ified

Vascular pole

proximalniho tubulu) smicat
s
. oy s ’ B ’ : Bowman’s
Glomerulus — kapilary s pory ikl capsule
(parietal (visceral
Bowmanovo pouzdro layer) layer
podocytes)
— Parietdlni list (jednovrstevny
’ |~ Parietal
pIOChy ep) layer
— Mocovy prostor
— Visceralni list (podocyty) rinary spacs |
. o s o & /Unnary pole
Mesangium — mesangialni bunky
+ mesangialni matrix - Proximal
g Brush border ; /convoluted

(microvilli)
tubule















Afferent arteriole

Bowman’s capsule

Bowman’s space

Basement
membrane of

Glomerulus

Proximal convoluted
tubule




Visceralni list Bowmanova pouzdra gasal laminae Endothelium
podocyty ' oo
primarni vybeézky

sekundarni vybézky - pedikly

Endothelium

Basal laminae

)mmml»m m\\\§§ \ / Z Sh W, ( : Filtration slit
Primary
process
Secondary
process
(pedicel)

; Podocyte
E:gg:s% cell body
Secondary
process

(pedicel)
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FILTRACNI MEMBRANA MAL

por
D JjC
At s Iamina lnrida sfthandatha

— propusti vodu, nizkomolekularni latky

— zadrzi plazmaticke proteiny a krevni bunky
dalsi Cinitelé: velikost sterbin (10 nm) a naboj
latek (zaporny naboj bilkovin)









NHERF2

Podocalyxin GLEPP1
A
|
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- Neph1
ynaptopodin nephrin TRPC6
Actin FAK
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Modified from: Pavenstadt H, Kriz W, Kretzler M. Cell biology of the glomerular podocyte. Physiol Rev 2003



a) fagocytuji velké proteinové molekuly, které se
mesa ngium mohou hromadit béhem filtrace
b) mohou se kontrahovat — zmenseni povrchu
pouzitelného pro filtraci
c) nesou receptory pro angiotensin Il a atrialni
natriureticky peptid
d) matrix — opora glomerularnich kapilar
e) ciSténi BL

mesangialni bunky
extracelularni mesangialni matrix










Ledvinové kanalky 1 — kanalky nefronu

« proximalni kanalek (tubulus proximalis)

— stoCeny usek (pars convoluta)
 segmenty S1, S2, S3
— primy usek (pars recta)

+ prostiedni / intermediarni kanalek .

(tubulus intermedius)
— sestupna Cast (crus descendens)
— vzestupna cCast (crus ascendens)

 distalni kanalek (tubulus distalis)
— primy usek (pars recta)
— stoCeny usek (pars convoluta)
 macula densa




Proximalni kanalek

» jednovrstevna kubicka vystelka
— kartaCcovy lem na luminalni strane
— zihani na bazalni strane =
bazolateralni labyrint — Na*-K*-
ATPaza
— hojneé mitochondrii

* resorpce NaCl a vody (80-95 %),
glukozy, aminokyselin a 2
proteinu
— Na* do bunky pasivne (Na/H

exchanger), z bunky aktivne (Na/K
ATPaza)
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Prostredni / intermediarni kanalek

= tenke raménko Henleovy kliCky

» ploché bunky, chude na
organely

— sestupné ramenko propustne  sooidyaa
pro vodu (aquaporin 1) |

a00 Ma T =-—MaCl
— vzestupne nepropustne pro 0 soof || wce
vodu, ale propustné pro Na* a  rcco| |recterss) |\

1200

Cl- (pasivni transport) 200 w |
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Collecting
tubule

Collecting
tubule
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Distalni kanalek

* jednovrstevna kubicka vystelka
— bunky jsou mensi nez v proximalnim
— nemaji kartacovy lem
— zihani na bazalni strane = bazolateralni labyrint

(Na*-K*-ATPaza)

— hojne mitochondrii

« zpétna resorpce sodiku a sekrece drasliku
— rizeno aldosteronem

 macula densa
— chemoreceptory (ClI- a Na*)









¥V rroximai iubuie.

Basement  Microvilli Cell margins V¥ Distal tubule
membrane  (brush border) interdigitating

Basement membrane

Nucleus

: 9 ' '! 4 s
Ny : : e ,
S B B » el 1Bre
Jasal intoldings . ) tfbﬂy ,!/ ¢ ’? g w :
Mitochandria Nucleus Intercellular junction Basal infoldings with Sl i
in basal infoldings Vacuoles mitochondria Vacuoles

| Microvilli
Intercellular junction

<4 EM of parts of proximal and distal convoluted
tubules. Proximal tubule cells are usually more robust
in size and in content of organelles and surface
specializations than distal tubule cells. An elaborate
apical brush border protrudes into the lumen (=) of the
proximal tubule; distal tubule celis lack a brush border.
Mitochondria (Mi) and lysosomes (Ly) are larger and
more numerous in the proximal tubule, and lateral cell
borders are indistinct in both. Cells of both tubules have
round euchromatic nuclei. 4000x.

Lumen of
distal tubule




Henleova klicka
Ansa nephroni Henlel

« tvorena 3 morfologickymi useKky:
— pars recta tubuli proximalis
— tubulus intermedius _
— pars recta tubuli distalis jabyrint

* ruzné dlouhé:
— Juxtamedularni nefrony maji dlouhou

— kortikalni nefrony maji kratkou
» 5x vice nez dlouhych

» casti: .
— tluste sestupne ramenko dieh
— tenkeé sestupneé ramenko

— tenkeé vzestupné ramenko
— tlusté vzestupné ramenko

vnitini
dren




Conwrn

juxtamedularni
nefron

Onper medulla

lnner medtulls

kortikalni nefron






Protiproudovy
multiplikacni
mechanizmus
ledviny

Proximal
tubine

Ciisfal trfpi e
Giomerulus
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Juxtaglomerularni aparat
Complexus juxtaglomerularis

juxtaglomerularni bunky
arteriola afferens + efferens

— pfemeénéné svalove bunky tunica

media

— mechanoreceptory

— tvori renin

macula densa distalniho
kanalku

— chemoreceptory

extraglomerularni mezangialni{ ¢
bunky (Lacis cell) ’

funkce:
— regulace krevniho tlaku
— systém renin-angiotensin-
aldosteron
(RAAS)




afferent
arteriole

glomerular
mesangial

efferent S5

arteriole

granular
renin-producing
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Regulation of aldosterone secretion by the renin—angiotensin—aldosterone (RAA) pathway.

Aldosterone helps regulate blood volume, blood pressure, and levels of Na*, K*, and H™ in the blood.

0 Dehydration,
Na® deficiency,
or hemorrhage

v

9 Decrease in
blood volume

v

9 Decrease in
blood pressure >

I

’ ; 9 Increased renin
Liver G Angiotensinogen —\l

0 ‘ 0 Increased
-
. :

\ I/ ™ < angiotensin |
:t ;. J .;;—\E%
B & )Q Increased

angiotensin Il

Lungs (ACE = Angiotensin
Converting Enzyme)

cells of kidneys

@ Blood pressure
increases until
it returns to normal

Juxtaglomerular T

@ Vasoconstriction @ Increased blood

/-> of arterioles volume

Adrenal
cortex

@ Increased
L5 ; <« Kin
extracellular
fluid

In kidneys, increased Na*

A

m R @ and water reabsorption
ncrease : :
— 3y andincreased secretion of
aldosterone K* and H' into urine



Ledvinové kanalky 2 — sberaci kanalky

* spojovaci kanalek (tubulus reuniens, colligens)
— obloucek mezi distalnim a sberacim kanalkem
— v kure

« sbeéraci kanalek (ductus colligens)
— v dreni (radii medullares)
— jednovrstevny kubicky epitel
— regulace resorpce vody — antidiureticky hormon

(adiuretin, vazopresin) = ADH
* aquaporiny

« papilarni vyvod (ductus papillaris Bellini) « 4z
— jednovrstevny cylindricky epitel ,
— usti na area cribrosa papillae renalis




Renal
corpuscle

lary pyramid

lary rays

column
tin

Proximal convoluted
tubule

Distal convoluted
tubule

Cortex

" Tubuli reuniens (colligentes)

Ductus colligens

Medulla

Ductus papillaris
(Bellini)

Papilla













Hormonalni regulace a sekrece ledvin

* hormonalni regulace

— RAA: renin (juxtaglomerularni bunky) — Stépi angiotenzinogen
(z jater) na angiotenzin | = ten se znovu stépi na angiotenzin |l
(enzym ACE na endotelu v plicich) = pusobi na hladkou
svalovinu cév (TTK) a na bunky kury nadledvin — aldosteron —
pusobi na bunky distalnich tubultd (TNa* x VK*)

— ADH ze zadniho laloku hypofyzy — pusobi na buriky sbéracich
kanalku (TH,0O)

— ANF (atrialni natriureticky faktor) — pusobi na bunky distalnich
tubult (YNa*)

* hormonalni sekrece:
 erytropoetin (intersticialni buriky kary)

 Kkalcitriol (1,25-dihydroxycholekalciferol, vitamin D, bunky
proximalnich tubult)



Ledviny — mizni odtok

* 3 mizni pletené
— peritubularni, subkapsularni a z capsula adiposa

* nodi lymphoidei lumbales

Ledviny — Inervace

* plexus renalis
— autonomni (n.X + truncus sympathicus), viscerosenzitivni

— Z ganglion coeliacum + plexus coeliacus
— Z n. splanchnicus thoracicus minor/imus a plexus
aorticus abdominalis — ganglion aorticorenale



Vysetreni ledvin

nativni rtg snimek
sonografie

vyluCovaci urografie
ascendentni pyelografie
scintigrafie

clearence

CT, MR



£51 I120emM! 1.0
C3-7TED/ GEN Tis 1.8 05:09:50 pm
[2D] G50} 82dB
FA3 { P100

[C] G52 ] 0.60 kHz
FAZ JF1715

Renal Color Doppler



Scintigrafie ledvin

ntalni rez

http://iwww.kcsolid.cz/zdravotnictvi/klinicka_kapitola/nef/nef-26/nef-26-text.htm
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http://www.jpalliativecare.com/viewimage.asp?img=IndianJPalliatCare_2013_19_1_58_110239_u6.jpg



Nemoci ledvin*

* Vyvojove vady

* cysty (solitarni x polycysticke ledviny)

* ren migrans (bloudiva ledvina)

* glomerulonefritis

* pyelonefritis

 nefrolitiaza

 renalni kolika

* hydronefrosis

» diabetes mellitus — nefropatie

* nadory
» Grawitz: svetlobunecny renalni karcinom
* Wilms (autozomalnée dedicny — deti)

- stendza a. renalis






Intestine

/ Left Kidney with

Right Kidney . large stone
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