Vylucovaci ustroji
Systema urinarium




Prehled vylucovaciho ustroji

Horni vyluCovaci ustroji

* 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
sinus renalis
capsula fibrosa
lobi renales




| edvina — vnitrni stavba

cortex:

— labyrinthus

— columnae renales Bertini
vycnivaji do drene

medulla:

— pyramides renales —

papillae renales
* area cribrosa + foramina
papillaria
— radii medullares vybihaji
do kury

Renal cortex

Branch of
renal artery

Major calyces

Pelvis of NG NS
kidney (!'/" < - LSS TN LS
. Pyramid
) i renal
Margin medulla
of Inlum

Renal sinus

Ureter” |

Renal papilla
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* primarne

retroperitonealni

1 4

organ
e fascia renalis

* tukove pouzdro

Anterior Cutaway View

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



Poloha, fixace a obaly ledvin

Transverzalni rez v durovni obratle L1
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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
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2 / jatra / Zalude
3 / duodenum i ; slezina
4 / flexura coli dextra pancreas
5 / jejunum 5 / flexura coli sinistra
6 / jejunum
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11. Zebro

12. Zebro i
m. transversus abdominis

m. quadratus lumborum
m. psoas major

brénice

branice




Ledvina

mikroskopicka
stavba

* nefrony
* Intersticium
* Cévy

Afferent
arteriole

—
arteriole
Bowman's

capsule —

Bowman's
space

Proximal
convoluted
tubule

Loop of
Henlé

Interlobar
artery

Pars recta—

Ascending
thick limb

Descending
thin lim

-

Ascending
thin lim!

Distal convoluted tubule
-Glomerulus

— Collecting tubule
Cortical radial artery

Collecting duct

CORTEX

Cortico-medullary
junction

Arcuate artery

MEDULLA

Duct of Bellini
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Nefron

ledvinove telisko
proximalni kanalek
Intermedialni kanalek
distalni kanalek

juxtaglomerularni
aparat
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Ledvinove telisko
Corpusculum renale Malpighi

* glomerulus (cévni klubicko)
— polus vascularis (cevni pol)
— arteriola glomerularis afferens (SirSi) — arteriola
glomerularis efferens (uzsi)
— kapilary s pory (fenestrace bez diafragmatu)

« capsula glomerularis (Bowmanovo pouzdro)

— stratum parietale = parietalni list
 plochy jednovrstevny epitel

— stratum viscerale = visceralni list
* podocyty
* mezangium (mesangium)
— mezangialni bunky
 fagocytujici, kontraktilni a délici se bunky
 produkuji mezangialni matrix




Afferent arteriole

Bowman’s capsule

Bowman’s space

Basement
membrane of

Glomerulus

Proximal convoluted
tubule
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Filtracni membrana

= bariéra krev-mocC (glomerularni filtr)
3 Vrstvy:
* endotel vlasecnic glomerulu
— pory
* bazalni membrana
» pedikly podocyti

— anionicky glykocalyx, interdigituji mezi sebou a tvori
filtracni sterbiny prekryté sterbinovou membranou —
diaphragma rimae

- dalsi Cinitelé: velikost sterbin (10 nm) a naboj
latek (zaporny naboj bilkovin)
— propusti vodu, nizkomolekularni latky
— zadrzi plazmaticke proteiny a krevni bunky



Proteins and blood cells
at the glomerulus







podocyty
pedikly
endotel

Endothelium
Basal laminae
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FILTRACNI MEMBRANA MALPIGHICKEHO TELIsSKA
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Glomerulus: Filters 180
litres of blood per day
Renal tubes: Reabsorbs
99% of that
Glomerulus:
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mesangialni buriky (Mc) a mesangialni matrix (Mx)
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Ledvinove kanalky 1.

« proximalni kanalek (tubulus proximalis)

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

« prostredni / intermedialni kanalek

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

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




Proximalni kanalek

» jednovrstevna kubicka vystelka
— kartacovy lem na luminalni strane
— zihani na bazalni strane = bazolateralni
labyrint — Na*-K*-ATPaza
— hojne mitochondrii
* resorpce NaCl a vody (80-95 %),

glukézy, aminokyselin a proteint
— Na* do bunky pasivne, z bunky aktivhe _




Proximal convoluted tubule:
reabsorbs 2/3 of filtered sodium.

The rest of the nephron:
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Prostredni / intermedialni kanalek

L~
= tenke raménko Henleovy klicky €. \391
« ploché bunky, chudé na organely i#_ﬂ;ﬁ
— sestupné ramenko propustne pro vodu
(aquaporin 1)
— vzestupné nepropustné pro vodu
 juxtamedularni nefrony maji dlouhou

Henleovu klicku
— protiproudovy systém (spolu s vasa recta)




Henleova klicka
Ansa nephroni Henlel

« tvorena 3 morfologickymi useky:
— pars recta tubuli proximalis
— tubulus intermedius

— pars recta tubuli distalis

 ruzné dlouhé:
— juxtamedularni nefrony maji dlouhou

— kortikalni nefrony maji kratkou
« 5x vice nez dlouhych

 Casti:
— tlusté sestupné ramenko
— tenkeé sestupné ramenko

— tenké vzestupné raménko
— tlusté vzestupné ramenko

korovy
labyrint

vnitini
dien




Fibrous capsule ~—— -
S AGH Proximal convolutéd wbule € The nephron.

Renal
cortex

Renal
medulla <
(pyramid)
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Distal

Juxtamedullary convoluted &

renal corpuscle < tubule Distal convoluted tubule

Henle’s loop
Descending limb
Ascending limb

Collecting tubule

Renal (malpighian) corpuscle; glomerular
(Bowman’s) capsule with glomerulus

- Afferent and efferent glomerular arterioles

Proximal segment
- { Proximal convolution

Thick segment of descending limb
Thin segment

Inner zone

: Henle's
_()pe(\|||ngs Distal segment loop
9 pap(li arly {Thick segment of ascending limb
Hee Distal convolution

Macula densa
Collecting tubules

Cribriform area of renal papilla
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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*)






Juxtaglomerularni aparat
Complexus juxtaglomerularis

juxtaglomerularni bunky arteriola afferens +

efferens

— premeénéneé svalové bunky tunica media

— mechanoreceptory
— tvofri renin

macula densa distalniho kanalku

— chemoreceptory

extraglomerularni mezangialni

bunky (Lacis cell)

funkce:
— regulace krevniho tlaku

— systém renin-angiotensin-aldosteron

(RAA)

l Renin substrate
(—> R Angiotensin | 7

Angiotensin-
converting
enzyme

Lung
{ Angiotensin [l
: ‘
Juxtaglomerular @ /\1
apparatus oA
pp ® ] ! \@
ACTH—s / A\
© 4 N
Increased fluid =%

volume R —
Adrenal gland

“— Aldosterone J
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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

0 Decrease in
blood volume

v

9 Decrease in

blood pressure

- o

I

|

Increased renin

Liver 0 Angiotensinogen —\l

y ‘j A
il

DG o
- (7

>

Lungs (ACE = Angiotensin
Converting Enzyme)

Increased
angiotensin |

Increased
angiotensin I

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

and water reabsorption
and increased secretion of
K* and H" into urine

i) ®

Increased
aldosterone >



Ledvinove kanalky 2.

* spojovaci kanalek (tubulus reuniens, colligens)
— obloucCek 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) « ¢z
— jednovrstevny cylindricky epitel ,
— usti na area cribrosa papillae renalis




Renal Proximal convoluted Distal convoluted
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Ledviny — tepenné 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

» prutok 1,2-1,3 | krve/min

* tepny jsou konecné = zadné arterio-
arterialni anastomozy

— 5 ledvinovych segmentu



Segmenty / dilce ledviny

segmentum superius
segmentum anterius superius
segmentum anterius inferius
segmentum inferius

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




Juxtamedullary Cortical Arcuate artery
renal corpuscle  renal corpuscle and vein

Renal lobule
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Ledviny — tepenne zasobeni 2.

a. renalis — r. anterior — 4 segmentové vetve
— . posterior pro 1 zadni segment
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 céevniho 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 mmHgQ)

2x pravouhle zalomené vetveni tepen umoznuje zfedovani plazmy (kortikalni
nefrony maji hustsi krev)
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a. corticalis peritubularni
radiata kapilarni sit
drenovy paprsek

kortikalni nefron

v. corticalis
radiata

a. arcuata

juxtamedularni
nefron

B =~

v.arcuata

......

vasa recta




Ledviny — zilni zasobeni

* vv. stellatae (z povrchu)

* + venulae rectae (podél intemedialnich
kanalku juxtaglomerularnich nefronu)

» + peritubularni kapilarni pletené —
— VV. Interlobulares — vv. arcuatae — vv.
Interlobares — v. renalis — v. cava inferior

» portalni system
— 2 za sebou sérioveé zarazena viasecnicova reciste

* silné veno-venozni anastomozy



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



Resorpcni funkce ledvin

 protiproudovy multiplikacni system / mechanizmus
— ruzna propustnost kanalku pro vodu a soli
— drenaz intersticia pomoci vasa recta

* hormonalni regulace
— RAA: renin — (z angiotenzinogenu v Kkrvi) angiotenzin |
- (enzym ACE na endotelu v plicich) angiotenzin || =
(v kUfe nadledvin) — aldosteron (TNa* x {K*)
— ADH (TH,0)
— ANF (atrialni natriureticky faktor) ({Na*)

* jiné hormony ledvin: erytropoetin, kalcitriol



Protiproudovy
multiplikacni
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ledviny
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Vysetreni ledvin

nativni rtg snimek
sonografie

vyluCovaci urografie
ascendentni pyelografie
scintigrafie

clearence

CT, MR



Ultrazvuk ledvin
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Renal Color Doppler

http://lunar.thegamez.net/medical/ultrasound-sonography/ru-ultrasound-image-description-kidney-640x480.jpg http://www.genesis-ultrasound.com/images/renal-ul-image.jpg



Scintigrafie ledvin

ntalni rez

http://iwww.kcsolid.cz/zdravotnictvi/klinicka_kapitola/nef/nef-26/nef-26-text.htm
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Nemoci ledvin*

* Vyvojove vady
* cysty (solitarni x polycysticke ledviny)
* ren migrans (bloudiva ledvina)
* glomerulonefritis
* pyelonefritis
 nefrolitiaza
 renalni kolika
* hydronefrosis
» diabetes mellitus — nefropatie
* nadory
» Grawitz (solitarni metasazy)
* Wilms (autozomalné dedicny — deti)
- stendza a. renalis



Nephrolithiasis



where ya headed,
gall bladder?

seriously?

they're removing
you for that?

well that's
OUTRAGEOUS!

hey bladder,

lookin’ good.
| made these
for you..
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» Diabeticka nefropatie
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Vyvodni mocCove cesty
obecna stavba steny

* sliznice (tunica mucosa)
— vicerady/vicevrstevny prechodni epitel = urotel

(epithelium transitionale; urothelium)
+ vyjimka: koncové useky mocCové trubice
— lamina propria mucosae

« svalovina (tunica muscularis) — hladka

— vnitrni podélna (stratum internum longitudinale)

— vnejSi kruhova (stratum externum circulare)
 vyjimka: moCovy méchyr ma 3 vrstvy

« adventicie (tunica adventitia)
 vyjimka: serdéza na horni ploSe moCového mechyre



Prechodni epitel = Urotel
(Epithelium transitionale = Urothelium)

ledvinové kalisky, kalichy a panvicka, mocovod,
mocCovy mechyr, proximalni cast mocCoveé trubice

 vicerady/vicevrstevny epitel
— dle napIné méni se vyska a tvar bunék E2=2 s
— prazdny = 5-7 vrstev e ‘i
— plny = 3 vrstvy
* bunky: bazalni, prostredni, kryci

— kryci/destniCkové bunky (urotheliocytus suﬁé“f“ﬁéfﬁl'i”é“’
umbellocytus; umbrella cell)










Ledvinova panviCka (Pelvis renalis, r. pyelos)
Ledvinove kalichy a kalisky (Calices renales)

7-14 kalisku (calices minores) kolem papil — 2-3
kalichy (calices majores) — panvicka —» mocovod

ampularni / dendriticky typ
2-3vrstevny prechodni epitel

svalovina — bunky usporadany spiralovite
— zesilena kruhova kolem papll
— myocyti stimulantes (pacemakerovée bunky)

projekce: processus costalis L1 8.
cévy: vetve z a. renalis




Vyucujici: "Dekuji za
pozornost a uvidime se
na dalsi prednasce”
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