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 méechyr (Vesica urinaria)
* MocCova trubice (Urethra)
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 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 - el :
Pelvis of ; &
kidney _?;T 5N
F A5, et
S o Pyramid
. e 2 B N in renal
Margin » Fax \ medulla
of Inlum ¢ o \
y 78\
Renal sinus ‘ : _ w 3
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A -,'. ¢ -4 \
g Renal papilla



Perirenal
Fat Space

Murphy WM, Grignon DJ, Perlman EJ.
Tumors of the kidney, bladder, and
related urinary structures. In: Atlas of
Tumor Pathology. 4th series, fascicle 1.
Washington, DC: Armed Forces Institute
of Pathology; 2004.

Hodson CJ. The renal parenchyma and its blood supply. Curr Probl Diagn Radiol 1978
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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.
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* primarne

retroperitonealni

1 4

organ
e fascla renalis

* tukove pouzdro

Antetior Cutaway View

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



Poloha, fixace a obaly ledvin

Transverzalni rez v urovni obratle L1
4

———f -

3 p——
1
2--- |
|
b
e
! |
6 7
1 - fascia renalis 4 - corpus adiposum perirenale
2 - lamina prerenalis Gerotae 5 - corpus adisposum pararenale

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

—————— 1
—---2
- » O
o 5
b O
- ‘
I | SIN. ---6
5 - -
1 / nadledvina | / 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

* nefrony
* Intersticium
* Cevy

Afferent
arteriole

-
arteriole
Bowman's

capsule —

Bowman's
space

Proximal
convoluted
tubule

Loop of
Henlé

Interlobar
artery

— il e §

L)y

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




ductus colligens

\
|
tubulus reuniens : _ _
—~+— radius medullaris T
|
\ l
pars convoluta tubuli distalis :
'. |
l _
glomerulus \ cortex
1 . . .
" - te e g t  labyrinthus corticalis |
pars convoluta tubuli proximalis \
\\
-------- \—\\ e o \
’ pars recta Stria eXterns T S 6
tubuli proximalis ) F g
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nephroni i tubulus intermedius i
Henlet pars recta stria interng Zo0R
Ban e externa medullae
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..... e |
——corpusculum renale ( i oy
~ polus vascularis arferiala T
arteriola efferens ' zona
afferens interna medullae
/
lomerulus 3 ductus papillaris
g capsula o P o
glomerularis k_—”//
' polus urinarius — Bowmani
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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
e podocyty
* mezangium (mesangium)
— mezangialni bunky a mezangialni
matrix




Afferent arteriole

Bowman’s capsule

Bowman’s space

Basement
membrane of

Glomerulus

Proximal convoluted
tubule

Lobule
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Filtracni membrana

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









Basal laminae

podocyty
pedikly
endotel

Endothelium
Basal laminae

Podocyte

SR S
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Primary
process
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Endothelium

Filtration slit

Primary
process

Secondary
process
(pedicel)

Podocyte
cell body







FILTRACNI MEMBRANA MALPIGHICKEHO TELIsSKA

por
—N C ~3 —vybéiky endotelové buiiky
:’amma ~ lamina lucida stibendothelialis _komplex splynulych
ensa % w/ subepithelialis ~ bazalnich Iamm

—-—pedikly podocytd
(vyb&iky "
vssceralniho listu

Bowmanova pouzdra)

|
diafragma
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Podocalyxin GLEPP1
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 Utrophin

Modified from: Pavenstadt H, Kriz W, Kretzler M. Cell biology of the glomerular podocyte. Physiol Rev 2003



Kriz W, Elger M, Lemley K,
Sakai T. Structure of the
glomerular mesangium: a
biomechanical
interpretation. Kidney Int
Suppl 1990;30
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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
— hojneé mitochondrii
* resorpce NaCl a vody (80-95 %),
glukozy, aminokyselin a
proteinu
— Na* do bunky pasivne (Na/H
exchanger)
L, Z bunky aktivne
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/um/;na/ T basolateral
HCOs 72 » HCO;

can r clre—_,
H20 + CO2——> H20 + CO2— H2COs"

H* + HCO;: " e’

2K
. > HCOjy
Na*

S r—

— Na*
NH,* <
Glutamine \> Glutamate + NH,*
a-Ketoglutarate + NH,*
+ \ J 4
NH, S Glucose + HCOy _//
—

A ”
HCO," S—

. Sodium =Hydrogen Exchanger (NHE3) . H'/ATPase O NHE3. Ba®* sensitive potassium channel

@ Sodium Bicarbonate Co-transporter() Na*/K* ATPase pump ‘ CI/HCO, Exchanger, CA; Carbonic Anhydrase



Prostredni / intermedialni kanalek

A~
= tenke raménko Henleovy kliCky € \%
« ploché bunky, chudé na organely 1#};9
— sestupné ramenko propustne pro vodu
(aquaporin 1)
— vzestupné nepropustné pro vodu - NaCl
 juxtamedularni nefrony maji dlouhou

Henleovu klicku
— protiproudovy systém (spolu s vasa recta)




PCT TALH

NKCC3

NHCC:

—

DCT

NaCl

NaCl

e — NaCl

H,0

H,0

H,0

s ——=Nac| H:0

CNT/CD



Protiproudovy
multiplikacni
mechanizmus
ledviny
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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 ~—— -
- Proximal convolutéd wbule € The nephron.

e w0 59

cubcapsular Zon¢ _ : e mmmnnan
Wttty - Cortical glomerulus
Distal
Juxtamedullary convoluted &y
Renal renal corpuscle ~tubule Distal convoluted tubule

cortex
Henle's loop
Descending limb
Ascending limb

Collecting tubule

Renal (malpighian) corpuscle; glomerular

nal ’ i
Rena (Bowman'’s) capsule with glomerulus

medulla < Ascending
(pyramid)

- Afferent and efferent glomerular arterioles

Proximal segment
- { Proximal convolution

Thick segment of descending limb
Thin segment

Inner zone

Henle's

Openings {Dis!al segment loop

of papillary

ducts Thick segment of ascending limb

Distal convolution

Macula densa

\
Collecting tubules

\f S\
P

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
— tvori renin

macula densa distalniho kanalku

— chemoreceptory

extraglomerularni mezangialni

bunky (Lacis cell)

funkce:
— regulace krevniho tlaku

— systém renin-angiotensin-aldosteron

(RAAS)

r I Renin substrate
R Angiotensin |
—d
Renin Peptide chain

Angiotensin-
converting
enzyme

Lung
, Angiotensin [l
T |
Juxtaglomerular (] //\1
apparatus { o)
pp ® ] , \@
ACTH—s / A\
O 4 D,
Increased fluid =8

-

volume S —
Adrenal gland

“—— Aldosterone )

Copyright @2006 by The McGraw-Hill Companies, Inc,
All rights reserved,
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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 >

I

’ ; 9 Increased renin
Liver G Angiotensinogen —wl

0 ‘ < 0 Increased
‘:‘ ™, angiotensin |

> & )g Increased
angiotensin I

Lungs (ACE = Angiotensin
Converting Enzyme)

14

Juxtaglomerular
cells of kidneys

@ Vasoconstriction

Blood pressure
increases until
it returns to normal

T

@ Increased blood

/-> of arterioles volume

m Increased

aldosterone

Adrenal A
cortex
@ @ Increased
. ; <«— K'in
extracellular
fluid

In kidneys, increased Na*
(®  and water reabsorption

——3»  andincreased secretion of
K* and H" into urine



Tamm-Horsfall protein (uromodulin)

(A)

Distal convoluted tubule

THP products

Henle’s loop |

I

!

Excretion to the urine




Physiological Activities

Immunological Activities

Countercurrent gradient formation in renal
tubular ascending limb of Henle’s loop

A 2Cl -K*-Na" cotransporter

A salt-sensitive molecule to regulate systemic
blood pressure

A defense molecule against infections in
urinary system

Prevention of urinary stone formation
Increase uric acid excretion

Regulator of bone marrow granulopoiesis
Suppresion of neutrophil infiltration in
damaged kidney

Potentiate interstitial mononuclear phagocyte
number, plasticity, and phagocytic activity

An immunosuppressive molecule in amniotic
fluid to prevent fetal allograft rejection

A renal ligand for systemic cytokine clearance
including IL-1f3, IL-6, IL-8, TNF-«, and IFN-y.
Binding with serum proteins:

- High affinity: human IgG light

chain, Clq

- Moderate affinity: BSA, cathepsin G
- Low affinity: lactoferrin

PMN activation in vitro:

- Phagocytosis
- CR1, CR2 expression
- PGE; production

Immunomodulation on lymphocytes:

- Immunopotentiation on naive cells
- Immunosuppression on activated cells
- Nonspecific binder for renal glomerular

mesangial cell in vitro

BSA, bovine serum albumin; IFN, interferon; IgG, Immunoglobulin G; IL, interleukin; PGE;, prostaglandin E;;
PMN, polymorphonuclear leukocytes; TNF, tumor necrosis factor.



Ledvinove kanalky 2.

« 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) s 4z
— jednovrstevny cylindricky epitel ,
— usti na area cribrosa papillae renalis




Renal Proximal convoluted Distal convoluted

S bé I'aCi e t“b“'e tubule
kanalky s
(Tubuli et
ductus
colligentes)

1

R

> ~ Collecting duct
Thick ascendingfimp—_ 1 J ~ [} e~

* Thintimb— |1 &

Papillary duct
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Ledviny — tepenné zasobeni

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

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

 prutok 1,2-1,3 | krve/min
* tepny jsou konecné
— 5 ledvinovych segmentu



Segmenty / dilce ledviny

segmentum superius
segmentum anterius superius
segmentum anterius inferius
segmentum inferius

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




Pasterior

Anterior



Capsular Lymphatics Subcapsular
A:-» Lymphatics

Interlobular
Artery

Interlobular
Vein

Arcuate
Artery

Arcuate
Vein

L
Hilar
Lymphatics



Arcuate (aa) and interlobular (ia) arteries. B. Cortex and medulla (m) are illustrated in a double lobe with fused double papillae. C. Lobe showing medul



Juxtamedullary Cortical Arcuate artery
renal corpuscle  renal corpuscle and vein

Renal lobule
Capsular
: .. network
I ‘ j

)

fl" =

== T84
=% » Al

Medullary

7

I' {

Inter-
lobular
artery

Vasa recta

Inter-
lobar
artery and ven

Minor
calyx

Major
calyx




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 cevniho 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)

2x pravouhle zalomené vetveni tepen umoznuje zfedovani plazmy (kortikalni
nefrony maji hustsi krev)




Y

’—> Interlobar artery | ——>| Arcuate artery |———>| Interlobular artery Afferent arteriole
Nephron l

Segmental
artery

|

Renal artery

/— Glomerulus
Renal PCT
corpuscle |,f A{\

Y

Efferent arteriole

4

Y

1=,

‘ Peritubular
. capillaries Vasa recta
(Arcuate Medulla (associated (associated with
. vessels with convoluted loop of Henle)
tubules)
_____’____,,.JJ

l -

Renal vein

A

b | Interlobar vein | - Arcuate vein -«—— | Interlobular vein | =

Figure 19-3
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glomerulus capsula glomerularis

Bowmani

pars
4 convoluta
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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 seérioveé zarazena vlasecnicova reciste

* silné veno-venozni anastomozy



Ledviny — mizni odtok

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

* nodi lymphoidei lumbales

Ledviny — Inervace

e 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 systeém / mechanizmus
— ruzna propustnost kanalku pro vodu a soli
— drenaz intersticia pomoci vasa recta

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

* Jiné hormony ledvin: erytropoetin, kalcitriol



Vysetreni ledvin

nativni rtg snimek
sonografie

vyluCovaci urografie
ascendentni pyelografie
scintigrafie

clearence

CT, MR



Ultrazvuk ledvin

#256 [112.0cmMI 09 #51 [12.0cmMI 1.0

Abdomen VA4-71 GENTI 08/02:03:35 pm Renal C3-7ED/ GEN Tls 1.8 /05:09:50 pm
[2D] G4 § 104D - 12D] G50 | 8248

FA2 ] EED J PIOD - FA3 1 P100

[C] G53 ] 0.60 kHz

8.3 FAZ JF1 115

— ==
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

NERY

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

\" - -

S R (LY

http‘://wvvw.kc;solid.cz/zdravotnictvi/klinicka_kapitoIajnef/nef-S/nef—5-te><t.htm

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 (autozomalné dedicny — deti)

- stendza a. renalis



Nephrolithiasis
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| pyelonefritida
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Ledvinova panvicka (Pelvis renalis, r. pyelos)
Ledvinove kalic

ny a kalisky (Calices renales)

7-14 kalisku (ca

iIces 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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