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Development of the Urinary System
• Urinary and genital systems are closely
associated
• Both develop from intermediate mesoderm
– 7th- 28th somite level(3-d week)
– Nephrogenic mass (cord)
• Dorsal side of coelom each cord produces a bulge into
the coelom called the urogenital ridge

• Urinogenital Ridge
– Form the urinary and genital structures
– Nephrogenic tissue from 7-14th somite breaks up
into segments called nephrotomes

The urinary tract develops from the 3rd week of the embryonic
period from the intermediate mesoderm as well as from the
urogenital sinus. The kidneys develop from the 4th week in
three steps: As a first one, a cranial anlage, the pronephros,
forms that then later atrophies in the 8th week and is never
active functionally. It is followed by a further anlage from the
intermediate mesoderm, the mesonephros, that is formed
between the 6th and 10th weeks, but is only transitory, and the
anlage of the definitive kidneys, the metanephros. They
develop from a metanephric anlage (mesodermal origin) and
the ureter anlage (that has its origin in the caudal part of the
wolffian duct).
The urine-excreting part of the kidneys, the nephron, mainly
arises from the metanephric anlage (glomerulus, proximal,
intermediate and distal tubules), while the rest of the upper
urinary tract (collecting ducts, calices, renal pelvis and ureter)
develop from the ureter anlage.

The lower urinary tract differentiates from the cloaca between
the 5th and 8th weeks in that it becomes subdivided by the
urorectal septum. The ventral part of the cloaca forms the
primary urogenital sinus, out of which the urethra forms in the
lower part and the bladder in the upper part. The ureter anlage
discharges into the upper posterior wall of the urogenital sinus.
In males, the wolffian duct remains present and forms a
connection to the genital tract in the lower part of the
urogenital sinus.
The numerous induction mechanisms between ureter anlage
and metanephric mesenchyma during the development of the
renal system, as well as the ascent of the kidneys,
originating at the level of the sacrum and moving up to the
diaphragm at the end of the development, make it possible for
a large number of abnormalities to arise. Many remain
asymptomatic whereas others are not compatible with survival.

Intermediate Mesoderm
• Cervical region
– Loses contact with the somite
• Forms nephrotomes which acquire a lumen and open
medially into the intra-embryonic coelom
• Caudal growth unite and form longitudinal duct
• Branches off dorsal aorta form glomeruli (ext & int)

• Thoracic, lumbar, sacral regions
– Loses contract with coelomic cavity
• Ext glomeruli fail to develop
• Segmentation disappears (nephrogenic cord)
– 2 or more excretory tubules per prior segment

Urinary Tubules
• Associated with a vascular tuft = glomerulus
– Open tubules = external glomerulus
• One end opens into the coelom
• Other end opens into the collecting duct

– Closed tubules = internal glomerulus
• Open only into the collecting ducts

Formation of 3 kidney systems
• Pronephros (simplest & most primitive)
– 7-10 solid or tubular arranged cell groups in the
cervical region (head kidney)
– Gone by the end of the 4th week

• Mesonephros (intermediate-more advanced)
– Appear during regression of pronephros
– 10-26th somite level

• Metanephros (permanent kidney)
– Begins to develop early in 5th week, functions by the
11th week

Mesonephros
• Tubules develop from nephrogenic cord (NC)
– Opens into the excretory/mesonephric duct
– Gone by week 10 in females, in males some tubules
persist & become vas deferens

• Approximately 38 pairs of closed tubules
– S shaped bend
– Surrounds internal glomerulus

• Mesonephric duct develops laterally from NC &
extends from 8th somite to urinogenital sinus

Metanephros

• Nephrons/tubules develop from nephrogenic mass
(26th-28th somite level)
– Located lateral to mesonephric duct
– Internal dense layer which forms tubules/nephrons
– Outer loose layer forms connective tissue capsule

• Duct system derived from ureteric bud
– Ureter, renal pelvis, calyces, collecting ducts
– Ureteric bud elongates and makes contact with
nephrogenic mass which surrounds bud like a cap

• Tubules are closed (internal glomerulus)
• Migrate from pelvis to abdomen as fetus grows
– Blood supply from aorta changes as ascent occurs

• Becomes functional in second ½ of pregnancy

Urinary Bladder
• During 4th to 7th week cloaca subdivided
– Posterior portion = anorectal canal
– Anterior portion = primitive urogenital sinus

• Bladder is formed from primitive urogenital sinus
– Bladder is upper and largest part of urogenital sinus

• Initially bladder is continuous with the allantois
– Allantois lumen obilterated & urachus formed connecting
apex of bladder with umbilicus
– In adult urachus = median umbilical ligament

• Ureter is outgrowth of mesonephric duct
– Terminal ends of mesonephric ducts become part of bladder
wall
– Ureter obtains separate entrance into bladder with time

Production of urine by fetus
• Fetal urine mixes with amniotic fluid
• Amniotic fluid enters fetal intestinal tract
where it is absorbed into bloodstream
• From the bloodstream to the placenta which
transfers metabolic waste to the mother
• Fetal kidneys are not necessary for exchange
of waste products

Ascent of Kidneys
During the fifth and sixth weeks of development,
the mature kidneys lie in the pelvis with their hila
pointed anteriorly. As the pelvis and abdomen
grow, the kidneys slowly move upward. By the
seventh week, the hilum points medially and the
kidneys are located in the abdomen. As the
embryo continues to grow in a caudal direction,
the kidneys are left behind and eventually come
to lie in a retroperitoneal position at the level of
L1 by the ninth week of development. In the
meantime, the kidneys have completed rotation
and the hila now face anteromedially.
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Objectives
▪ Anatomical features of the kidneys:
position, extent, relations, hilum, peritoneal coverings.
▪ Internal structure of the kidneys:
Cortex, medulla and renal sinus.
▪ The vascular segments of the kidneys.
▪ The blood supply and lymphatics of the kidneys.
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Kidney Functions
• Removal of toxins, metabolic wastes, and
excess ions from the blood
• Regulation of blood volume, chemical
composition, and pH

Kidney Functions
• Gluconeogenesis during prolonged fasting
• Endocrine functions
– Renin: regulation of blood pressure and kidney
function
– Erythropoietin: regulation of RBC production

• Activation of vitamin D

Kidney Anatomy
•
•
•
•
•

Retroperitoneal, in the superior lumbar region
Right kidney is lower than the left
Convex lateral surface, concave medial surface
Renal hilum leads to the renal sinus
Ureters, renal blood vessels, lymphatics, and
nerves enter and exit at the hilum
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Kidney Anatomy
•

Layers of supportive tissue
1. Renal fascia
•

The anchoring outer layer of dense fibrous connective
tissue

2. Perirenal fat capsule
•

A fatty cushion

3. Fibrous capsule
•

Prevents spread of infection to kidney

Internal Anatomy
• Renal cortex
– A granular superficial region

• Renal medulla
– The cone-shaped medullary (renal) pyramids
separated by renal columns

• Lobe
– A medullary pyramid and its surrounding cortical
tissue

Internal Anatomy
• Papilla
– Tip of pyramid; releases urine into minor calyx

• Renal pelvis
– The funnel-shaped tube within the renal sinus

Internal Anatomy
• Major calyces
– The branching channels of the renal pelvis that
• Collect urine from minor calyces
• Empty urine into the pelvis

• Urine flows from the pelvis to ureter
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• Kidneys are retroperitoneal
paired organs.
• Each kidney lies , on the
posterior abdominal wall,
lateral to the vertebral
column
• In the supine position, the
kidneys extend from
approximately T12 to L3.
• The right kidney is slightly
lower than the left kidney
because of the large size of
the right lobe of the liver.
• With contraction of the
diaphragm during
respiration, both kidneys
move downward in a
vertical direction (height of
one vertebra, 1 inch, 2.5
cm).

Position of the kidneys

Color, Shape & Dimensions
• The kidney is a reddish brown, beanshaped organ with the dimensions 12 x
6 x 3cm.
• Although they are similar in size and
shape, the left kidney is slightly longer
and more slender than the right
kidney, and nearer to the midline.
• Each kidneys has:
Convex upper & lower ends.
Convex lateral border.
Convex medial border at both ends,
but its middle shows a vertical slit
called the hilum.
Internally the hilum extends into a large
cavity called the renal sinus.

Hilum

Renal
sinus

Renal sinus

Hilum & Renal sinus
• The hilum transmits, from
anterior to posterior, the renal
vein, renal artery & the ureter
(VAU).
• Lymph vessels & sympathetic
fibers also pass through the
hilum.
• The renal sinus contains the
upper expanded part of the
ureter called the renal pelvis.
• Perinephric fat is continues
into the hilum and the sinus
and surrounds all these
structures.
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Coverings
1. Fibrous capsule:
Is closely adherent to its surface
2. Perirenal fat:
covers the fibrous capsule.
3. Renal fascia:
Condensation of areolar
connective tissue that lies
outside the Perirenal fat and
encloses the kidney and the
suprarenal gland.
4. Pararenal fat:
Lies external to the renal
fascia, is part of the
retroperitoneal fat.

The last 3 structures support the
kidneys and hold it in position on
the posterior abdominal wall.

Relations
I- Anterior
The anterior
surface of both
kidneys are related
to numerous
structures, some
with an intervening
layer of peritoneum
and others lie
directly against the
kidney without
peritoneum.

Left kidney:
• A small part of the superior pole,
along the medial border , is
covered by left suprarenal gland.
• The rest of the superior pole is
covered by the intraperitoneal
stomach and spleen.
• The retroperitoneal pancreas
covers the middle part of the
kidney.
• Its lower lateral part is directly
related to the left colic flexure
and beginning of descending
colon.
• Its lower medial part is covered
by the intraperitoneal jejunum.

right kidney
• A small part of the upper pole
is covered by right suprarenal
gland.
• The rest of the upper part of
anterior surface is related to
the liver and is separated by a
layer of peritoneum.
• The 2nd part of duodenum
lies directly in front of the
kidney close to its hilum.
• The lower lateral part is
directly related to the right
colic flexure and, on its lower
medial side, is related to the
intraperitoneal small
intestine.

Posterior Relations
Posteriorly, the right and left kidneys
are almost related to similar structures.
Left kidney:
Diaphragm
Costodiaphragmatic
recess of the pleura
11th & 12th ribs; last
intercostal space
Psoas major
Quadratus lumborum
transversus
abdominis.
Subcostal (T12),
iliohypogastric &
ilioinguinal nerves.

Right kidney:
• Diaphragm
• Costodiaphragmatic
recess, of the
pleura
• 12th rib, last
intercostal space
• Psoas major
• Quadratus
lumborum,
transversus
abdominis.
• Subcostal (T12),
iliohypogastric &
ilioinguinal nerves.

Vertebrocostal & Renal Angles
• The angle between the
last rib and the lateral
border of erector spinae
muscle is occupied by
kidney and is called the
‘Renal angle’
• The Vertebrocostal
angle is occupied by the
lower part of the pleural
sac.
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Vertebrocostal angle

Renal angle

Internal structure
• Each kidney consists of an
outer renal cortex and an
inner renal medulla.
• The renal cortex is a
continuous band of pale tissue
that completely surrounds the
renal medulla.
• Extensions of the renal cortex,
the renal columns project into
the inner aspect of the kidney,
dividing the renal medulla into
discontinuous aggregations of
triangular-shaped tissue, the
renal pyramids.

Renal column

Cortex

Renal
pyramid

Medulla

• The bases of the renal
pyramids are directed
outward, toward the cortex,
while the apex of each
renal pyramid projects
inward, toward the renal
sinus.
• The apical projection (renal
papilla) is surrounded by a
minor calyx
• In the renal sinus, several
minor calices unite to form
a major calyx, and two or
three major calices unite to
form the renal pelvis, which
is the funnel-shaped
superior end of the ureters.

Base

Apex, Renal papilla
Minor
calyx
Major
calyx
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Blood and Nerve Supply
• Renal arteries deliver ~ 1/4 (1200 ml) of cardiac
output to the kidneys each minute
• Arterial flow into and venous flow out of the
kidneys follow similar paths
• Nerve supply is via sympathetic fibers from
the renal plexus

Arterial Supply

Lobar
arteries

• The renal artery arises from the
aorta at the level of the second
lumbar vertebra.
• Each renal artery divides into 5
segmental arteries that enter the
hilum of the kidney, 4 in front of
the renal pelvis and one behind it.
• They are distributed to the
different segments of the kidney.
• Each segmental artery gives rise to
number of lobar arteries, each
supplies a renal pyramid.
• Before entering the renal
substance, each lobar artery gives
off two or three interlobar
arteries.

Segmental
arteries

Interlobar
arteries

• The interlobar arteries
Arcuate arteries
run toward the cortex
on each side of the
renal pyramid.
• At the junction of the
cortex and the medulla,
the Interlobar arteries
give off the arcuate
arteries, which arch
over the bases of the
pyramids.
• The arcuate arteries
give off several
interlobular arteries
that ascend in the
cortex and give off the Interlobular
arteries
afferent glomerular
arterioles.

Interlobar
arteries

Segmental branches &
vascular segments of kidneys
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• Each kidney has 5
segmental branches
and is divided into 5
vascular segments:
1. Apical.
2. Caudal.
3. Anterior Superior.
4. Anterior Inferior.
5. Posterior.

1
3

5
4
2

• Abdominal aorta
• Renal artery
• Segmental arteries
• lobar arteries
• Interlobar arteries
• Arcuate arteries
• Interlobular
arteries
•

afferent glomerular
arterioles

Blood Supply
• Inferior vena
cava
• Renal vein
• Interlobar veins
• Arcuate veins
• Interlobular
veins
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Glomerulus (capillaries)

Nephron-associated blood vessels
(see Figure 25.7)

(b) Path of blood flow through renal blood vessels
Figure 25.4b

Nephrons
•
•
•

Structural and functional units that form
urine
~1 million per kidney
Two main parts
1. Glomerulus: a tuft of capillaries
2. Renal tubule: begins as cup-shaped glomerular
(Bowman’s) capsule surrounding the glomerulus

Figure 25.5

Nephrons
• Renal corpuscle
– Glomerulus + its glomerular capsule

• Fenestrated glomerular endothelium
– Allows filtrate to pass from plasma into the
glomerular capsule

Renal Tubule
• Glomerular capsule
• Parietal layer: simple squamous epithelium
• Visceral layer: branching epithelial podocytes
– Extensions terminate in foot processes that cling
to basement membrane
– Filtration slits allow filtrate to pass into the
capsular space

Glomerular capsule: parietal layer

Figure 25.5
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Renal Tubule
• Proximal convoluted tubule (PCT)
– Cuboidal cells with dense microvilli and large
mitochondria
– Functions in reabsorption and secretion
– Confined to the cortex

Venous Drainage
• Both renal veins drain to the
inferior vena cava.
•
•
•

•

•

The left renal vein is three times longer
than the right (7.5 cm and 2.5 cm).
So, for this reason the left kidney is the
preferred side for live donor
nephrectomy.
It runs from its origin in the renal hilum,
posterior to the splenic vein and the
body of pancreas, and then across the
anterior aspect of the aorta, just below
the origin of the superior mesenteric
artery.
The left gonadal vein enters it from
below and the left suprarenal vein,
usually receiving one of the left inferior
phrenic veins, enters it above but nearer
the midline.
The left renal vein enters the inferior
vena cava a little above the right vein.

•

The right renal vein is behind the 2nd
part of the duodenum and sometimes
behind the lateral part of the head of
the pancreas

Lymphatic
Drainage:
• The lymph
vessels follow
the arteries.
• Lymph drains to
the lateral aortic
lymph nodes
around the
origin of the
renal artery.

Nerve Supply:
The nerve supply is the renal sympathetic plexus. The afferent
fibers that travel through the renal plexus enter the spinal cord in
the 10th, 11th, and 12th thoracic nerves.

Nephrons
• Cortical nephrons—85% of nephrons; almost
entirely in the cortex
• Juxtamedullary nephrons
– Long loops of Henle deeply invade the medulla
– Extensive thin segments
– Important in the production of concentrated urine

Cortical nephron
• Has short loop of Henle and glomerulus
further from the corticomedullary junction
• Efferent arteriole supplies peritubular
capillaries
Efferent arteriole
Glomerular capillaries
Renal
corpuscle (glomerulus)
Glomerular
(Bowman’s) capsule
Proximal
convoluted tubule
Peritubular capillaries
Ascending or thick limb
of the loop of Henle
Arcuate vein
Arcuate artery
Cortex
Loop of Henle
Medulla
Renal pelvis
Descending
Ureter
or thin limb of
loop of Henle
Kidney

Juxtamedullary nephron
• Has long loop of Henle and glomerulus
closer to the corticomedullary junction
• Efferent arteriole supplies vasa recta
Cortical radiate vein
Cortical radiate artery
Afferent arteriole
Collecting duct
Distal convoluted tubule
Afferent arteriole
Efferent arteriole

Corticomedullary
junction
Vasa recta
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