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RENAL EMBRYOLOGY

Development of urogenital system 00:00:37

entire urogenital system is derived from intermediote
mesoderm >> cloaco.
cloacaispar'co\?’chehindgu’cﬂnhsdis’cal’m&\eal\mas.
Cloaca. is completely endodermal in origin. it gives rise to two
structures mmelg primitive urogenital sinus and primitive
rectum,
Primitive rectum : gives rise 1o rectum and anal canal up to
pectinate line.
Anal canal below pectinate line is ectodermal in origin.
Primitive urogenital sinus : Gjves rise to vesicourethral canal
(bladder and urethra).
Theupperpm‘tswesrisefo&\ebhdder,peMcpaﬂswes
rise %o prostatic and membraneous ure&mandp\-\al\icpar*
gjves rise to sponge urethro.
entire Kidney is derived from intermediate mesoderm.
* Paraxiol mesoderm : jves rise 1o somites (muscles).
* Loteral plate mesoderm: Gives rise to cavities (pleura,
peritonium. pericardium.) in the body,
Somadopleuric gives rise to parietal pleura, parietal
pericardium, ete.
Splanchnopleuric gives rise to visceral pleuro, visceral
pericardium, etc. m
* Intermediote mesoderm: gives rise to,
L. Genital ridge (gonads).
Paramesophric duet (Mullerian duct.
mesonephric duct/woltSion duct.
urogenital ridge : 1S called as nep\'\rogenic cord.
extends from the cervical to sacral region of the
embryo. it is very closely aligned to the wolfSian duct.
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2 Nephrology 00
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Structures derived $rom mesonephric duct:

* Seminal vesicle.

. &\jacula&org duct.

* vos deferens.

* Trigone of the bladder(entire bladder is endodermal in
origin except {r'gone).

* Appendix of epididymis.

*  ureteric bud

Remnants of mesonephric duct are Gartner’s cyst,

epoophoron and paroophoron.

Remnants of paramesophric duct are appendix of testis and

hydadid of Mmorgogni.

Urogenital ridge and ureteric bud 00:08:19

From the urogenital ridge :

* Doy 34 : Pronephros appears and regresses in -3 doys.

* Day a4 : mesonephros appears and regresses in 4
months.

*  sthweek : Metanephric mesenchyme ®orms the
excretory part of the Kidnet:}).

* Sthweek : Ureteric bud develops from the mesonephric
duct Gorms the collecting part of the Kidneb).

*  Between Gth 4o Bth week : gpithelial (of ureteric bud)

aoeds aApOY



msenchgm interaction occurs.

. Endo?’theethweelﬂ:Frs’c?ul\B%rmednep\wron.

®  9-10th week : Urine formation starts.

*  33-3b weeks : Nephrogenesis is completed.

* I8 months : Fetal K’\dﬂ65 reaches odult concenkra’drg
]

After birth, new nephrons are not formed, and lost nephrons
cannot be replaced.

Concentrating copacity is increased even ofter the birth. At 18
months, adult concentrating capacity is reached,
©0% of nephrons are formed in third trimester.

&R = Single nephron &FR x number of nephrons.
CAD : Decrease in nephron number.

3 Kg ot birth : 9,00,000 nephrons in each Kidney,
aKg ot birth : 4,35,000 nephrons in each kidney,

Birth weight determines the number of nephrons at birth,
ofter which new nephrons are not formed.
Therefore premature babies are prone o CHD.

mother’s average 8P during pregnancy determines birth
weish’c.

Epithelial mesenchymal interaction 00:16:34

gpithelial mesenchymal interaction EmD is made possible by
transeription factors which is expressed $rom the ureteric
bud side or metanephric mesenchyme side.

Transeription factors are required for the ureteric bud
induction.

Transeription factor required for ureteric bud induction :
PAX-a (mutation causes unilateral renol ogenesis).
Homozygous mutation leads to bilateral renal ageresis.

ST
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4  Nephrology 00

Transeription factors expressed by the -
*  metanephric mesenchyme : LTI, WNT4 ond WNTG.

* ureteric bud : F&F, BmMP-1.

WTI gene on chromosome lip : Mutation leads to

®  WASR syndrome.

* Denys Drash syndrome.

WAGR syndrome and Densh Drash syndrome 00:19:24

ngndromw

Charocterized b5 :
°*  Wims tumor.

* male pseudohermaphordism and
* early onset renal failure (diffuse mesangal sclerosis).

eoeds eAndY



Beckwith-Wiedmann syndrome 00:20:15

Beckwith-wiedmann 53ndrome is not o part ot eml.

Due to wta gene mutodion on chromosome i,
Genomic irrpr'nkhs obnormalities are presenh

Clinical features :

*  Organomegaly (renomegaly, nephromegoly,
adrenomeply, hepoomegoly).

*  Omphalocele/umbilical hernio.

. macrosloss;a.

®  Heminypertrophy of testes (very closely associoted with
medullary sponge Kwdneg).

VESF is produced by the podocytes and is required for this
progression.

Renal
oo Ren

embryology
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Monogenic Causes of CAKUT

TABLE 50.1

Stage of

Nephrogenesis Gene Associated Phenotype

Ureternic bud EYAT Branchio-oto-renal syndrome

induction GATA3 HDR syndrome

PAXZ Renal coloboma syndrome, FSGS
RET Renal agenesis and Hirschsprung disease
ROBOZ VUR
SALLT Townes-brocks syndrome

SiX1, SIX5 Branchio-oto-renal syndrome
Mesenchymal to WNT4 Renal hypodysplasia, millenan

epithehal P yp og
transition Six2 Renal hypodysplasia
Branching ACE All associated with renal tubular
morphogenesis AGT dysgenesis
AGTR1
REN

As yet unknown HNF1B Renal cysts and diabetes syndrome. genital

DSTYK CAKUT
TNXB VUR, joint hypermobility
Sox17 VUR

KALT Kallman syndrome
FRAS? Fraser syndrome

GRIP1 Fraser syndrome

UONT4 and WNTG mutaion can produce :

*  Renal hypodysplasia. (<a SO size).

* Hyperandragenism

*  mullerian aplasio.

ACE mutations are associoted with tubulor dgsgenesis.

HNFIB mutations are associated with mODY S, renal cﬂs&s,
seni’(al abnormalities.

metanephros (adult Kidney : It is initially formed ot the level
of SI-34. At around 9-10th week, ascend with rotation occurs
and reaches Tia-L3 level.

Unilateral renal agenesis 00:26:40

Heferozagous PAX-3 mutodion: Uniloderal renal aaenesis with

3 optic coloboma.

g Incidence: | in 1000 live births.

: Common in females »> males.
HTN is only the clinical feature.
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malformations associated with unilateral renal agenesis :
¢ Single umbilical ar&erﬂ.

* Absent uterus.

* Absent ipsilateral vas deferens.

* Contralateral vesico-ureteral reflex.

Contracted K‘\c\negs from birth : rmlmaskc d35phskc Hicheg.

RET/GONF gene mutadion is associated with : ilateral renal
agenesis .

Biloteral renal agenesis associoted with : GWM
ond Potter’s syndrome (b‘\lo&eml\g obsent renal ortery, disc
shaped adrenals).

Cakut anomalies 00:28:02

Common congenital anomalies of Kidneys and urinary tract.
m/e 8SRD in children.

i includes:

Agenesis : It can be unilateral or bilaterol.

Dysplasia. : Abnormal difSerentiation. example : Multicystic
dysplastic Kidney (unilaterol.
Wsu=becreasehsizeo¥Hidr\e5wﬂhmrn\alor
oligomeganeph onia. (decreased nephron number) : Remaining
glomeruli undergo hypertrophy.

Segmental hypoplasia. : Associated with HTN in young (ask up
mark Kidney). :

ectopic Kidne5

00

Renal
embryology

Leave Feedback |

Active space



8 Nephrology 00

Leave Feedback

aoeds eApoy




-

%

3

e

3

S ¥

o K

|2 !
c o
Q£

—Dne ...................................................... ecedseAgoy - - - - -

Duplex %skem

Horseshoe K\dneg

2000980 0090000000000 0F0VDOCGGROIOGOVIOGOGINOSGIOSINOSGPROOSFEOE®




10 Nephrology

oBdS BA)OY

00

Dynamic Renal Scintigram

Labe! (counts/min) = 10°

Te-99m MAG3 renogram
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Technetium-99m MAG3 schﬁsrwn is used ‘o detect PU)

stenosis.
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RENAL ANATOMY
Definitions 00:00:20
Section Subsections
Nephron

Renal corpuscle Slomerulus : The term used most frequently
tore?er'co{heenfreremlwpascle.
Sowman’s capsule

Proximal tubule Convoluted part.
Sirasg*pw*(pwsrecta)ormm\dng'
limb of Henle’s loop.

Intermediote tubule | Descending part or thin descending limb of
Henle’s loop.
nseendhspar*orﬂmaseendhalmb
of Henle’s loop.

Distal tubule s{mishkpaﬂorthickascendhsrmb&

Hede’sloowSubdeedhtomedal\organda
cortical part; the lotter contains in its terminal
portion the macula denso.

Convoluted part.

Collecting duct system

Includes the arcades in most species

Collecting duct

corhcaled\ech\sduct
m{ermedd\argeol\ech\sdactwbdmded
htomwterandanimers\rpepoﬁm
basal, middle, and papillary portions.
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Structures in the excretory part of Kidney :

. &lomerulus + Bowman’s capsule (renal corpuscle).

a. PCT or pars convoluto.
T‘neSiandsasegmntsarepar{so?PCT.Presen’rh&\e
cortex.

3. PST or pars recto.
sasegmenhsPresen'cinPST.RisPresenth{hemedmm.
a + 3 is called proximal tubule.

The main function of proximal tubule is realbsorption.

t contains abundant number of mitochondrio.
Thefuhxleis\hedbgmboidalep&helluncoﬁdnhsbmsh
border microvilli
PSTis’chemos{'Suscepﬁbletom{etubuhrhm
because of high oxygen requirement needed for
reabsorption.

ischemia. is the most common cause for acute tubular
ir}jur5.

4. Thin descending limb of Henle’s loop.

S. Thin ascending limb of Henle's loop.

4 + S is called intermediote tubules.

85% of nephrons are cortical nephrons and 5% of
nep\'vror\soreyx’co.rrsedm\argnephrors.

Cortical nephrons are stmmpedar\djuxtamdnu\arg
onesarelong\oq)edbasedm&\ebco&iono?hpo‘!ﬂwe
loop of Henle.

when the tip is at the junction of inner and outer
medulla, it is called short looped cortical nephrons.
when the tip extends till the inner medulla, it is called
long looped, juxtamedullary nephrrons. its function is
concentration of urine.

6. Thick ascending limb of loop of Henle or Diskal straight
tubule.

8.  Distal convoluted tubule.

b + 8 is called distal tubule.

The excretory part of Kidney develops from the metanephric

wesend'gme
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Collecting part of the Kdneg which are derived from ureteric

9. COmecﬁns tubules

10. Cortical collecting duct.

I Outer medu.l\arg collecting duct.
13 Inner medm\arg col\ect’ns duct.

The pelvis and ureter are derived from the ureteric bud.
Urinary bladder is derived $rom the primitive urogenitol sinus
or cloaca.

Trigone of the bladder is derived from the mesoderm.
Urethra. is derived from the cloaca. (endodermal origir.

mmmslinedetoncumrepww\

\kisprmw’mt&\emwmrtbno‘r”chmasw\dhsﬁmbw

Henle (OST and DT). The function of macula. densa. is

fubuloglomerular feedback.

Juxtaglomerular apparatus is comprised of three structures :

e  mocula denso.

* Mesangial cells (Supporting celis/Polkissen's cells/Lacis
cell).

® SGranular cells or juxtoglomerular cells seen in the tunica.
media. of the afSerent > efferent arterioles.

They produce renin.

Kidney is supplied by renal artery which is a lateral branch
of abdominal aorto. It divides into S segmental arteries

(4 anterior and | posterior).

The segmenttal divides into —> Interlobar arteries — Arcuate

13
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arteries (typically seen af the corticomedullary junction) —
Interlobulor artery or cortical radial artery from which the
afferent arterioles arise — Glomerular capillary plexus —
efferent arteridle — Peritubular capillary plexus — vasa.
recta. (descending limb followed by ascending limb) — Renal
vein —>IVC.

The structure sandwiched between the double capﬂl\arg
plexus eHerent arterioles.

The entire blood supplao’}ﬂ'\emedm\a is bﬁkheeﬂerent
ar'teﬁo%es.ﬂ\epaoahﬂwemdd\aismumlscowparedtobo
-‘lOmvHs'nﬂ'\ecor'l’ex

Conditions like efferent arteriolar hyalinosis seen in diabetes
cancompromiseﬂ\ebloodwppg&omemu\a.

Anatomy of glomerulus 00:21:47

Thew\enmstbﬂa'is&\ecapi\arauhichhasab’co?%n—
estration slits. A s'mste endothelial cell is present. The entire
capil\arg'smatedw‘rthglgcocalgx.
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