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Overview of urinary system

Upper urinary system
« Kidney (Ren)
— Nephron (Nephron)
— Collecting ducts (CD; Tubuli colligentes)
— Renal calices (Calices renales)
— Renal pelvis (Pelvis renalis)

« Ureter (Ureter)

Lower urinary system
« Urinary bladder (Vesica urinaria)
» Urethra (Urethra)




Kidney = Ren

nephros in Greek
— pl. nephroi

150 g

facies anterior +
posterior

extremitas superior +
Inferior

margo medialis +
lateralis

hilum renale

sinus renalis
capsula fibrosa

lobi renales — lobuli




Kidney — internal features

Renal cortex

* cortex: granular
— 5-10 mm thick

— labyrinthus

— columnae renales protrude
iInto medulla

o A Renal medulla

- medulla: striated —— e
— pyramides renales — "
papillae renales pasis o
 area cribrosa + foramina Pyranid
papillaria e o e
— zona interna —
— Zona externa b
 stria interna + externa
— radii medullares protrude Rl

into cortex



Kidney

position

* primary

retroperitoneal

organ
 fascia renalis
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Anterior Cutaway View
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Position, fixation and renal covers

Transverse section at the level of L1
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1 - fascia renalis Gerotae 4 - corpus adiposum perirenale
2 - lamina prerenalis 7oldli S - corpus adisposum pararenale

3 - lamina retrorenalis Zuckerkandeli 6 - peritoneum
7 - fascia transversalis



Impressions on the anterior surace of kidneys

O\ -
% -5

1 - glandula suprarenalis 1 - glandula suprarenalis
2 - gaster
o 3 - splen
v 4 - pancreas
4 - flexura coli dextra P o
ief 5 - flexura coli sinistratra
5 - jejunum

6 - jejunum



DX.
1 - diaphragma
2 - costa undecima
3 - costa duodecima
4 - m. transversus abdominis
5 - quadratus lumborum
6 - m. psoas major

brénice

branice




Kidney

MICroscopic
structure

* nephron
e Interstitium
e vessels

Afferent

artery
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Nephron

renal corpuscle
proximal tubule
Intermediate tubule
distal tubule

juxtaglomerular
apparatus




ductus colligens
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Renal corpuscle

Corpusculum renale Malpighi

* glomerulus (vascular convolute)
— polus vascularis (vascular pole)

— arteriola glomerularis afferens (wider) — arteriola
glomerularis efferens (narrower)

— fenestrated (70-100 nm) capillaries (30) w/o diaphragm

« capsula glomerularis (Bowman's pouch)

— stratum parietale = parietal sheet
« flat simple epithelium (epitheliocyti parietales)
— stratum viscerale = visceral sheet
« podocytes (processes: trabecules+pedicles)

* mesangium

— mesangial cells (mesangiocyti)
« phagocytic, contractile and mitoticly active




Afferent arteriole

Bowman’s capsule

Bowman’s space

Basement
membrane of

Glomerulus

Proximal convoluted
tubule




Philtration barrier

= barrier blood-urine (glomerular philter)
3 layers:

« endothelium of glomerular capillaries
— fenestrations without diaphragm (70-100 nm), anionic
glycocalyx
* basal membrane

— lamina rara interna + lamina densa (collagen IV, laminin,
fibronectin, heparan sulphate) + lamina rara externa

» pedicles of podocytes

— anionic glycocalyx, interdigitate and form philtration cleft
covered by cleft membrane — diaphragma rimae (6 nm
thick, from nephrin)

- other factors: size (25 nm) and substance charge
— water permeable, low molecular substances
— retain plasma proteins and blood cells



Podocyte
primary
processes
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secondary
processes

« trabecules
(cytotrabeculae) —
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GLOMERULUS

Capillary <ol Urinary space
loops % b > Mesangium
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Kumar et al: Robbins & Cotran Pathologic Basis of Disease, 8th Edition.
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Mesangial cells (Mesangiocyti)

 cells of mesenchymal origin
 adjacent to capillary wall of glomerulus

A: intraglomerular (= pericytes)

— contractile function — receptors for angiotensin Il and
natriuretic factor (ANF)

— supporting function
— production of mesangial matrix and collagen
— phagocytosis
— proliferation
B: extraglomerular mesangial cells
— part of juxtaglomerular apparatus



Renal tubules 1.

* proximal tubule (tubulus proximalis)

— convoluted part (pars convoluta)
* segments S1, S2, S3

— straight part (pars recta)
* Intermediate tubule (tubulus
iIntermedius)

— descending limb (crus descendens)
— ascending limb (crus ascendens)

 distal tubule (tubulus distalis)

— straight part (pars recta)

— convoluted part (pars convoluta)
* macula densa




Proximal tubule

* 15 mm long, 60 um thick

* simple cuboid epithelium
— brush border on luminal side (limbus
microvillosus)

— striation on basal side = basolateral labyrinth
(limbus plicatus basolateralis) — Na*™-K*-
ATPase " ,

— rich in mitochondria

* resorption of NaCl + water (80-95%; ,f.y
glucose, aminoacids and proteins |

L . N
— Na”into cell passively, from the cell ok
actively 2. v
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Intermediate tubule

= thin part of Henle's loop
10 mm long, 10 um thick

* flat cells, poor In organels

— descending limb permeable for water
(aquaporin 1)
— ascending limb not permeable for water

* juxtamedullary nephrons have long Henle's
loop

— countercurrent system (together with vasa
recta)




Henle's loop iy "

radius medullaris

Ansa nephroni Henlei

« formed by 3 morphological parts:
— pars recta tubuli proximalis \\
— tubulus intermedius byt )
— pars recta tubuli distalis
different length: | Deptrom —@( \
— Juxtamedullary nephrons have a long loop "\

— cortical nephrons have a short loop
« 5x more frequent compared to the long ones —

zona externa

p arts medullae
— thick descending limb (stria externa z. externae)
— thin descending limb (zona interna) _
— thin ascending limb (zona interna) “medulise |
— thick ascending limb (stria interna z. externae) i ohe




Fibrous capsule ~—— -
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Juxtamedullary convoluted &

renal corpuscle ~_tubule Distal convoluted tubule

Henle’s loop
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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



cortex

medulla

Zonha externa
* stria externa

e stria interna

Zona interna

a. corticalis peritubularni
radiata kapilarni sit
drenovy paprsek 1

kortikalni nefron

v. corticalis
radiata

korovy
labyrint

a. arcuata

juxtamedularni
nefron

V. arcuata

zevni
dren

-

vasa recta







Distal tubule

10 mm long, 20-50 ym thick

simple cuboid epithelium
— cells are smaller compared to the proximal one
— no brush border

— striation on basal side = basolateral labyrinth
(Na*-K*-ATPase)

— rich in mitochondria
resorption of Na* and secretion of K*
— regulated by aldosterone

macula densa
— chemoreceptors (ClI- and Na*)






Juxtaglomerular apparatus
Complexus juxtaglomerularis

granular cells of arteriola afferens + efferens
= juxtaglomerular epitheloid cells (Juxtaglomerulocytus)
— specialized smooth muscle layers of tunica media

— mechanoreceptors
— production of renin

macula densa of distal tubule
(epitheliocytus maculae densae)

— reverse polarity of cells

— chemoreceptors (30 slim cells)

extraglomerular mesangial cells
(mesangiocytus extraglomerularis
Goormaghtighi; Lacis cell)

function:

— blood pressure regulation
— renin-angiotensin-aldosterone system

(RAA / RAAS)

l Renin substrate
— - e Angiotensin |
Renin Peptldecham l
Angiotensin-

converting
enzyme

‘ ' Angiotensin Il
L |
Juxtaglomerular @ /‘\1
apparatus ® /[ '\\
y \‘-

o {
Increased fluid
volume

Adrenal gland

“—— Aldosterone j

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






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.
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Renal tubules 2.

e connecting tubule (tubulus reuniens) — 40 ym

— short arched tubule between the distal tubule and
collecting duct

— In cortex; simple cuboid epithelium

» collecting duct (ductus colligens Bellini)
— In medulla (within radii medullares), up to 200 um

— simple columnar epithelium
— regulation of water resorption — antidiuretic hormon
(adiuretin, vasopressin) = ADH '
e aquaporines
« papillary duct (ductus papillaris)
— simple columnar epithelium
— open at area cribrosa papillae renalis




Collecting ducts (Ductus colligentes)

* principal cells (Epitheliocytus principalis)
— concentration of urine
« aguaporin 2 (only after stimulation by ADH)

— light cytoplasm, round nuclei

* Intercalated cells (Epitheliocytus intercalatus)
— secretion of H* in exchange for K*
— H*-ATpase and H*/K*-ATpase
— reabsorption of bicarbonate (carboanhydrasis)

* regulation of water resorption — antidiuretic
hormone (adiuretin, vasopressin) = ADH

— aguaporins






Kidney — arterial supply

e a.renalls

— paired visceral branch from aorta abdominalis at the
level of discus intervertebralis L1/2, left one disc
higher

a. renalis accessoria (30%)

— caudally, branch from aorta abdominalis or a. iliaca
communis / interna

blood flow 1,2-1,3 I/min

e arteries are terminal = no arterio-arterial
anastomoses

— 5 renal segments



Renal segments

segmentum superius
segmentum anterius superius
segmentum anterius inferius
segmentum inferius

segmentum posterius

— Individual vessel
(r. posterior a. renalis)




Juxtamedullary Cortical Arcuate artery
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Kidney — arterial supply 2.

a. renalis — r. anterior — 4 segmental branches
— r. posterior for 1 posterior segment

aa. segmentales — aa. lobares (approximately 12)

— 2-3 aa. interlobulares

— 2 vertically running aa. arcuatae

— aa. Interlobulares (aa. corticales radiatae)

— arteriolae glomerulares afferentes

— capillaries of glomerulus
* blood pressure in glomerular system is higher (55 mmHQ)

— arteriolae glomerulares efferentes
— peritubular capillary plexuses or arteriolae rectae (15-23)

along intermediate tubules of juxtaglomerular nephrons

 blood pressure in the system of peritubular capillary plexus is lower
(15 mmHQ)

2x right-angled branching of arteries allows dilution of plasma (cortical
nephrons have thicker blood)




glomerulus capsula glomerularis

Bowmani
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) ) peritubullar
a. interlobularis capillary network
radius medullaris

nephronum corticale

v. interlobularis

a. arcuata

nephronum
juxtamedullare

Q/ vasa recta

SO




Kidney — venous drainage

 vv. stellatae (from surface)

* + venulae rectae (along intemediate tubules
of juxtaglomerular nephrons)

* + peritubular capillary plexus —

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

 portal system (= rete mirabile)

— 2 concomitant serially arranged capillary
networks

° Iarge VEeNO-venous anastomoses




Kidney — lymph drainage

« 3 lymph plexus
— peritubular, subcapsular and from capsula adiposa
* nodi lymphoidei lumbales

Kidney — innervation

* plexus renalis
— autonomic (n.X + truncus sympathicus), viscerosensory

— from ganglion coeliacum + plexus coeliacus

— from n. splanchnicus thoracicus minor/imus —
plexus aorticus abdominalis — ganglion
aorticorenale — plexus renalis



Resorptive function of kidneys

« countercurrent multiplication system
— different permeabillity of tubules for water and salts
— drainage of interstitium by vasa recta

* hormonal regulation

— RAA: renin — (from angiotensinogen in blood)
angiotensin | = (enzyme ACE on lung endotelium)
angiotensin |l = (in suprarenal cortex) = aldosterone
(TNa* x VK*)

— ADH (TH,0)

— ANF (atrial natriuretic factor) (V{Na*)

 other kidney hormones: erythropoietin (peritubular
cells), calcitriol (proximal tubule)



Countercurrent
multiplication system
of kidney




Countercurrent
multiplication
system of
Kidney
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Renal examination

native X-ray image
ultrasonography
excretory urography
ascending pyelography
scintigraphy scan
clearence

CT, MR



Ultrasound of kidney
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Scintigraphy scan of kidneys

SPECT - frontalni rez
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Renal diseases *

» developmental defects
* cysts (solitary x polycystic kidney)
* ren migrans (migrating kidney)
* glomerulonephritis
* pyelonephritis
* nephrolithiasis
* renal colic
* hydronephrosis
* diabetes mellitus — nephropathy
e tumors
» Grawitz's (solitary metastasis)
* Wilms' (autosomal dominant — children)
» stenosis of renal artery



dneys

K

8 Polycystic

)

c
¢
v
.
=
-
=
=
o
L=
=
e
LY
w
—
o
-
=
=
-
B
c
o
9
(]
=
=
&
o
o
o
o
o~
o
©
P
F—
-
=
5
(o]
()

Kumar et al: Robbins & Cotran Pathologic Basis of Disease, 8th Edition.



Nephrolithiasis
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Development of kidney

Pronephros

Mesonephric g |
tubules “‘

Mesonephros

| Allantois

‘ Metanephros
Cloaca

Nephrogenic
cord

Mesonephric duct

@ 1994 Ph1l1ppe Jeanty



Development of kidney

* origin from intermediate mesoderm

 longitudinal swellings of mesoderm on either
side of dorsal aorta— urogenital ridge —
nephrogenic cord — origin of urinary / excretory
system

« genital ridge — origin of genital system

neuralni valy
o intraembryonalini
<=k somalicky mezoderm
- -‘: : R Rival,
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D intfraembryonalni

celom







4 structural origins of urinary
system
 metanephric blastema

—nephron (glomerular capsule of Bowman
and tubules)

 ureteric bud
— collecting ducts — ureter

* blood vessels — branches of dorsal aorta
 cells from neural crest (regulation, secretion)



Pronephros /.

pl. pronephroi

forms excretory system in cyclostomata (lamprey)
IN humans at first described by Czech anatomist
Jan Janosik

stalks of cranial 12-13 nephrotomes

from 21th day (4 nephrotomes) in cervical region
rudimental, soon disappear

tubuli pronephrici

ductus pronephricus remains to next stage of
development



Section through pronephros

Somite Ectoderm g Pronephric

Intermediate mesoderm duct forming

(nephrotome)

Pronephric tubule

Pronephric duct

Dorsal aorta
Glomerulus

Coelom

Topography of pronephros, mesonephros,
and metanephric primordium

Pronephric tubules
degenerating

Foregut Mesonephric duct

Hindgut Mesonephric tubules

, in nephrogenic tissue
Allantois

Ureteric bud

Cloacal membrane (metanephric duct)

Cloaca Metanephrogenic lissue

Section through mesonephros
Somite

Dorsal aorta
Glomerulus

Posterior
cardinal vein

Mesonephric
duct

Mesonephnic
tubule

Genital ndge

Coelom

Gut—




Mesonephros

excretory system in chondrichthyes (sharks) and
fishes

origin is nephrogenic blastema (intermediate

mesoderm)

vesicle elongates to ductus mesonephricus Wolffi

— In stage of 27-28 nephrotomes grows into the
cloaca

from approximately 23th day till the end of 3th

month

corpuscula mesonephrica (glomerulus) + tubuli

mesonephrici (approximately 20)

caudal portions of ducts — head of epididymis
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Ductus mesonephricus Wolffi
Mesonephric duct

originates in intermediate mesoderm
cranially blind-ended as pronephric duct

caudally continues as duct of
mesonephrol

elongates and empties into cloaca

Important for development of excretory
part of male genital system

lower portion constitutes ureteric bud
(diverticulum metanephricum)
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Ductus mesonephricus Wolffi
and ureteric bud

« © — trigonum vesicae, ureter, pelvis
renalis, calices, ductus papillares, ductus
colligentes

— developmental rudiments: epoophoron, ductus
longitudinalis Gartneri
« 4 same structures + excretory genital tract
(ductus epididymidis, ductus deferens,
ductus excretorius glandulae vesiculosae,
ductus ejaculatorius)



Metanephros

blastema metanephrogenicum (metanephrogennic

blastema) of 3rd-5th lumbar somite
— starts at the end of 5th week
— during devolopment metanephroi relatively ascend

ureteric bud grows into the blastema —
metanephrogennic cap (galea metanephrogenica)
— mutual induction (close contact necessary)
ureteric bud — ureter, pelvis renalis, calices, ductus
paplillares, ductus colligentes

metanephrogenic blastema — nephron
relative ascent: 5th-9th week
functional from 9th week




Apparent “ascent and rotation” of the kidneys in embryological development

6 weeks 7 weeks 9 weeks
Aorta X
Aorta Kidney
Kidney 3
(metanephros) Kidney Renal
pelvis
Renal pelvis Renal pelvis
i Ureter
Umbilical Umbilical
artery artery
Ureler
Urinary bladder
Frontal view Frontal view Frontal view

Kidney

) e N Aorta

Aorla 3 / i .::: j .l R X
S ' 4 Renal
Kidney pelvis

Urogenital
arterial rete
Renal artery

Umbilical artery Renal pelvis

Cross section Cross seclion Cross section . N;



Abdominal ostium
of uterine tube

Gonad

= Paramesonephric
Z duct
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of ovary
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duct
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tubercle



Completion of development

definitive location in the 9t week (finished
ascent)

10th-23th week:

— number of glomeruli increases until final
count (800 000 — 1 500 000)

fetal kidneys divided into distinct lobes
disappears during childhood

after birth the expansion of interstitium
and elongation of loops of Henle



Developmental defects

« atypical shapes (lobulated, horseshoe, duplex,
sigmoid, cake/pancake kidney...)

* cystic, polycystic kidneys

* renal agenesis

 dysplastic kidney

 ectopic kidney (ren dystopicus)
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