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ANATOMY

- Urinary Tract




- Urinary System

Kidney

Renal pelvis
Covering of kidney
Ureter

Urinary bladder
Urethra



Urinary System functions




1.25 g be 4005 0 cdlyo aids jo 1) COP ;51%20 50> als
S (oo il a8 H0 ) (495 yd

0,35 o b ads j1aidoD o o e IS
s s Y gk 45 COP U410 g dus y (oo 4l S5 595 4 COP 51%90

45 D9 (g0 Sy dlS’ 55 ol 0 ild aslo (o (o 120 B S o

g o0 dudoi Iyl w w1500 g0 el 24 o !l




Urinary System

T12

Renal pelvis

Covering of
kidney

Hilum —— &
Ureter

Urinary bladder

Urethra

Lower pole

30.1: The urinary organs 30.2: Approximate dimensions of a kidney. The
anteroposterior diameter is about 3 cm




Kidney : Retroperitoneal Position
]

Inferior vena cava Esophagus
Right suprarenal gland Left suprarenal gland
Diaphragm ‘ Left kidney

Right kidney

Abdominal aorta

Cut edges of peritoneum

Fig. 4.137 Retroperitoneal position of the kidneys in the
posterior abdominal region.




Hilumes

Relationships to »
other structures

Internal structure ;>
Cortexa
Medullas

Sinusc

Lower
Anterrior Lateral Posterior
ﬂﬁpﬁd ESPBC! HSPECI

30.13: Scheme to show the segments of the kidney



Surfacess>
Borderss>
Poless>

Relationships to >
other structures

Internal structure >

Cortexa
Medullas

Sinus.c

Right

Renal hilus

Renal vein

Ureter

e

Interlobular vein

Interlobular artery

s
Renal Pyramids

Kidney Cortex renal gland

(also known as "renal cortex”

¥y
Renal capsule

1 aorta
Medulla (also known
as "renal medulla” and essels
kidney medulla”

Renal Pelvis

Single nephron (much enlarged)
to show relative position -
see page about kidney nephrons

Collecting Duct



Kidney — Ant. Relationship

Stomach
Spleen

Surfaces»> Left suprarenal gland
Right suprarenal gland

Borderss>

. Pancreas
Liver

Poles>

Left colic flexure

Hilume>
Descending part

of duodenum Descending colon

Right colic flexure

Internal structure ;>

Jejunum

Cortexa

Small intestine

Medullas

Fig. 4.138 Structures related to the anterior surface of each kidney.
Sinusc




Aorta

30.7: Areas on anterior surfaces of right and left kidneys related to various viscera

- Ant . Relationship



Kidney

Surfacess>
Borders>
Poles>

Hilumes>

Internal structure :»

Cortexa
Medullae

Sinusc

Rib XI

Diaphragm

Psoas major muscle

Quadratus lumborum muscle

Trangversus abdominis muscle
Fig. 4.139 Structures related to the posterior surface of each kidney.

Right kidney




lumbocostal Subcostal nerve
arch and vessels

| Transversus
abdominis
- lliohypogastric

FUNRSY ) 3 | 'Fllininguinal nerve
. i ! : LY
Right renal artery — m:;::mtua lumborum
Abdominal aorta

30.6: Posterior relations of kidneys

- Post. Relationship




K| d N ey | Renal column / medullary raya

Renal column

Surfacess> Pyramid in renal medulla

Borderss>

Renal cortex

Poless>

. Renal papilla
Hilumes

Renal sinus

Relationships to other >

structures | Hilum of kidney

Renal vein

Minor calyx Renal pelvis

Fig. 4.141 Internal structure of the kidney.



Renal Pelvis  imaiorcalyx/minor calyces s peiis / ureter
-

Kidney

Covering of
kidney

Minor

calyces
Ureter
: Major
Urinary bladder T
Pelvis
Urethra
Minor
Calyces j— Ureter
30.9: Scheme to show the major 30.10: Some features to be seen in a coronal section

and minor calyces through the kidney



Renal Vasculature

Inferior vena cava

Right kidney

Left kidney

Right renal artery

\\ Left renal artery | | L1-1.2

~ Left renal vein

Right renal vein”] Abdominal aorta

Fig.4.142 Renal vasculature.



left renal vein
crosses the midline
anterior to the
abdominal aorta and
posterior to the
superior mesenteric
artery and can be
compressed by an
aneurysm in either

Inferior vena cava g
Superior mesenternic artery

Right kidney

Leftkidney

Right renal artery

of these two L1-L2

Right renal vein

Fig.4.142 Renal vasculature.

vessels.



Accessory renal arteries (extrahilar arteries)

Anomalies of kidneys
- Accessory(supernumerary)renal arteries

Suprarenal gland Left suprarenal artery
Aorta
Brilesrir N Cavi
Enlarged ranal palvis
A B
Ureter Renal areries Polar renal anary Site of obstruction of the ureber
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The lymphatic drainage

The lymphatic
drainage of each
Kidney is to the
lateral aortic
(lumbar)

nodes around
the origin of the
renal artery.

Key

B Lumbar (aortic and caval)
lymph nodes

B Celiac lymph nodes

[ Hepatic lymph nodes

B Common iliac lymph nodes

M Internal iliac lymph nodes

B External iliac lymph nodes

Kidney

The lymph of the
kidneys go to the
lateral aortic lymph
nodes around the
origin of the renal
artery.

Suprarenal
gland

Kidney




Kidney

Renal pelvis

Ureter

Urinary bladder

Urethra

Anterolateral abdominal
wall muscies Peritoneum

—

Transversalis ' . | Perinephric fat

Renal fasda —

Quadratus lumbomum muscle

Fig. 4140 Organization of fat and fascia surrounding the kidney.

Inferior vena cava

Psoas major muscle



Posterior layer

Anterior : :

layer Kidney and its
Capsule

Fascia
transversalis

Transversus

Vertebra psoas Quadratus abdominis

ITIE]DI' lumborum

30.11: Transverse section through kidney showing the
arrangement of the renal fascia

_~Diaphragm

Suprarenal

Quadratus

lumborum Ridney

and its
capsule

Anterior
and
osterior
ayers of
renal fascia

lliacus

30.12: Sagittal section through kidney to
show arrangement of renal fascia



Kidney

Renal pelvis

Covering of P o
kidney

Urinary
bladder

Urethra

Third consiricion
—entrance to bladder

Fig. 413 Ureters.



Ureter relationship

Post. :

Inferior vena cava . S k- Esophagus

Diaphragm

psoas major /
common iliac
artery

Right suprarenal gland i — ate’ Left suprarenal gland

Right kidney A ' . - Left kidney

Abdominal aorta

Ant. :

Gonadal vessels

Men = ductus
deferens

Women =
uterine artery

Bladder




Ureter relationship

Internal iliac artery

Internal iliac artery

Ureter
Uterine arte
erine ry U
Pelvic brim
(pelvic inlet)
Uterus
— Ductus deferens

A

Fig. 5.2 Structures that cross the ureters in the pelvic cavity. A. n women. B. In men.






- Ureters constriction

At three points along their course the
ureters are con-stricted:

Right kidney

The first point is a t the ureteropelvic I e
junction.

The second point is where the ureters
cross the common iliac vessels at the S——
pelvic brim.

The third point is where the ureters
enter the wall of the bladder.




Ureter vasculature —

Flight kidnay

Sup. Part:

First constriction
—ureteropelvic junction

Renal artery

Middle part:

Abdominal aorta / gonadal
artery / common iliac artery

Sacond constriction
—pelvic inlet

Inf. Part:

Third constriction

Internal iliac artery —ertrance to bladder




Lymphatic drainage of the ureters

Key

B Lumbar (aortic and caval)
lymph nodes

M Celiac lymph nodes

[0 Hepatic lymph nodes :

B Common iliac lymph nodes |

B Internal iliac lymph nodes

B External iliac lymph nodes

Kidney

The lymph of the
kidneys go to the
lateral aortic lymph
nodes around the
origin of the renal
artery.




Ureteric innervation

from :

renal

aortic

superior hypogastric

inferior hypogastric plexuses

through nerves that follow the blood vessels



Anterior view Posterior view

' Ureteric pain
referred to cutaneous areas supplied by T 1 | to L2

I Include:
|

I 1. Posterior and lateral abdominal wall below the ribs

I
| 2. above the iliac crest

[
I 3. the pubic region

: 4. the scrotum in males, the labia majora in females

I's the proximal anterior aspect of the thigh.






Urinary tract stones
]

1 men than in women

aged between 20 and 60 years
usually associated with sedentary
lifestyles

polycrystalline aggregates of
calcium, phosphate, oxalate, urate
The urine becomes saturated with
these salts

small variations in the pH cause the
salts to precipitate.

Pain_that radiates from the
infrascapular region (loin) into the
groin, and even into the scrotum or
labia majora

Blood in the urine (hematuria)

Infection
_— 1

Seart =h 19




Urinary tract stones
]

Dilated calices Obstructed ureter  Left kidney emptied

The diagnosis of urinary tract stones is
based upon :

History
Examination
abdominal radiographs.

Special investigations include:

ultrasound scanning, which may
demonstrate the dilated renal pelvis and
calices when the urinary system is
obstructed

intravenous urogram, which will
demonstrate the obstruction, pinpoint the
exact level, and enable the surgeon to plan a
procedure to remove the stone if necessary.

Stone Stone

Fig. 5.42 Intravenous urogram demonstrating a stone in the lower portion of the ureter. A. Control radiograph. B. Intravenous
urogram, postmicturition.



nephrostomy
-1

percutaneous
nephrostomy

tub
e skin

tube is placed through the lateral or
I posterior abdominal wall into the renal
| cortex to lie within the renal pelvis

: The kidneys are situated on the
I posterior abdominal wall

| 2 to 3 cm from the skin

I allow drainage of urine from the renal

I pelvis through the tube externally

|

| Using local anesthetic, a needle can be

I placed, under ultrasound direction,
through the skin into the renal cortex

I and into the renal pelvis

|

| Indications:
distal ureteric obstruction

percutaneous
nephrostomy
tube

bladder catheter bag




Urinary tract cancer fnvading:

These tumors develop from the proximal tubular epithelium > the fat and fascia

> the renal vein

!pproximately 5% of tumors within the kidney are transitional : :
» the inferior vena cava

cell tumors, which arise from the urothelium of the renal pelvis

(IVC)
Symptoms:
(hematuria) Left psoas
pain in the infrascapular region Duodenum major muscle

Mass in the infrascapular region

Tumor

Right renal cancer Aorta Left kidney

Inferior vena cava

Right kidney Left kidney
Fig. 4144 Tumor in the right kidney growing toward, and
Fig.4.146 Transitional cell carcinoma in the pelvis of the right passibly invading, the duodenum. Computed tomogram in the

kidney. Coronal computed tomogram reconstruction. axial plane.



Kidney transplant

The donor kidney is harvested with a small cuff
of aortic, venous tissue and ureter

An ideal place to situate the transplant kidney is FHaddee

in the left or the right iliac fossa

Acurvilinear incision is made paralleling the
iliac crest and pubic symphysis

The external oblique muscle, internal oblique
muscle, transversus abdominis muscle, and
transversalis fascia are divided

lliac muscle
Transplant kidney in left iliac fossa




The left external iliac artery

Kidney transplant

- Common iliac artery to the donor kidney

internal iliac artery anastomosed directly as an
end-to-end procedure onto the renal artery

In the presence of a small aortic cuff of tissue
the donor artery is anastomosed to the
recipient external iliac artery

External iliac
artery Transplant kidney

Internal iliac in the left iliac
artery fossa



Investigation of the urinary tract
I

"IVU (intravenous urogram)

'Ultrasound |

: Computed tomography i
Nuclear medicine l



VU (intravenous urogram)

Dye is injected,
and an X-ray
is taken




Ultrasound
]

used to assess kidney size and the
size of the calices

the bladder can be easily seen when
full

|
|
|
ureters are poorly visualized I
|
|
|

BLADDER, THICKENED WALL




Computed tomography

| > assess the kidneys, ureters, bladder, and adjacent structures !
I'> powerful tool for staging of primary urinary tract tumors J

M%w e

ONE BREATH HOLD REMNAL .
MNP ACUE '




Nuclear medicine

to estimate renal cell mass and function
and assess the parenchyma for renal
scarring

very useful in children when
and IS suspected




Where to find the kidneys

onto the back on either side of
the midline

The left kidney reaches as high

as rib XI.
The right kidney reaches only as
high as rib XII.
The lower poles : L3 and L4
vertebrae Rib XI
The hilum : L1 Rib XII

Left kidney Right kidney

Left ureter

Transverse processes

The ureters descend vertically
anterior to the tips of the
transverse processes of the
lower lumbar vertebrae and enter
the pelvis

of lumbar vertebrae




Uratar

Kidney

Farianeum

Renal pelvis

Detrusar muscle
Opening of ureter

Trigona
Bladder neck

Pehac floor
musculature

Covering of
kidney

Ureters

Extarnal sphinctar

Ureter

Urathira

Urachus
Apex

Urethra

Anterior border
Inferoposterior
(base)

Meck
Prostate

Urethra



' Uraters
Trigone \

Superior su rl'a{:e
Median S

umbilical i -

li ent

Apex ——

Inferolateral -"i
surfaces

Urathra

_—_—_—_—_—_—_—1

: the Urethra drains inferiorly from |

I_the lower corner of the base |

Internal urethral




the mucosal lining on the base of the
bladder is smooth and firmly attached to
the underlying smooth muscle

Urinary Bladder and Urethra — Female

Peritoneum
Ureter

Rugae

elsewhere in the bladder where the Detrusor muscle
mucosa is folded and loosely attached to

the smooth muscle

Ureteric orifices

Bladder neck

Internal urethral
sphincter

External urethral
sphincter

Urogenital diaphragmx.g =N

Urethra
External urethral

(b) Female orifice



Median umbilical ligament
and fold

Medial umbilical fold -\
|

'y | | Ll
Obliterated umbilical artery A
Superior vesical artery

Superior surface
Base
of urinary bladder

Ductus
deferens

Semipal
vesicle

Ejaculatory duct

33.12: Male urinary bladder and
some related structures seen from
behind




External iliac artery

Common iliac artery
Internal iliac artery

Fig. 539 Pelvic parts of the urinary system.



Stability Factor Of Bladder:

Pubovesical Ligament

Puboprostatic Ligament

Vaginal o paning in
deep peariral pouch

and perinaal membrana

Fig. 5.41 Ligaments that anchor the neck of the bladder and pelvic part of the urethra to the pelvic bones. A. h women. B. In men



Sup. Vesical artery: sup. Surface
Middle vesical artery: fondues
Inf. Vesical artery: trigone

Intermal iliac artary

Meadian sacral artery
{from aorta in abdomen )

Anterior trunk of
internal iliac artery

Umbilical artery

- Inferior gluteal artery

' ™ Middle rectal artery
Superior vesical artery

Dorsal artery of penis Internal pudendal

artery

A - Inferior vesical artery

Fig. 5.64 Branches of the anterior trunk of the internal iliac artery. A. Male.

Urinary Bladder Vasculature



Urinary Bladder Vasculature

llicdumbar artary

Lateral sacral artary
Suparior gluteal artany

Right internal iliac artery

Right ureter

internal pudendal
artery

Uterine artery

B
Fig. 5.64, cont'd B. Female.

Umbilical artery
Vaginal artery

—Obturatorartary
Superior vesical artery

Medial umbilical ligament

Anterior trunk of
internal iliac artery

Middle rectal
artery



Bladder Nerves

Suppress of bladder
contraction /
contraction of sphincter

bladder contraction /
Suppress of sphincter
contraction

Paraympathetic

|

= Gungng WF Seriaw of Madical! Phprialegr, T3nd Edition)
e e Beeas £ Fradi S, Saen

Hypogastric nemve

Inferior hypogastric plexus

Attachment ol pavic floor
{levalor ani and cocoygeus)




Urinary System

Kidney
Renal pelvis

Covering of
kidney

Ureter

Urinary
bladder

2nd bend when penis is flaccid

External urethral sphincter

Deep perinaal pouch ———

Perinaal membrange ———
Glans clitoris |
External urethral orifice
A Duct of Skene's gland

Intemal urethral sphincter
{smooth musde)

Prostate

External urethral sphincter
(shkalatal muscle)

Penis

Urethra

Para-urathral gland (Skene's gland)

Greater vestibular gland

L ‘Vaginal opening in deep perineal pouch
and perineal membrane

1. Preprostatic part of urethra

2. Prostatic part of urethra

‘3—[)93{: perneal pouch

Perineal membrane
- Bulbo-urethral gland and duct

3. Membranous part of urethra

1st bend

4. Spongy part of urethra

Mavicular fossa

B i— Futermal urathral anfins

Fig. 544 Urethra A h women. B. In men



Imternal urathral sphincter

(=mooth muscle) - Lirethral crest

Frostate

Seminal colliculus

FProstatic utrcle .

'.. Glandular elaments
of prostate

Fibromuscular

stroma

{=mooth muscke and
fibrous connective tissuwa )

Openings of
ducts of glandular -
alements of prostate

Deep perineal pouch

Perineal membrans

Extamal urethral
C sphincter (skelatal muscle)

Fig.5.44, cont'd C Prostatic part of the urethra in men



Prostatic part

Membranous
part
B

Spongiose
part

At external
orifice

33.16: Transverse sections through
various parts of the male urethra
to show the shape of its lumen

Urinary bladder

Ductus
deferens

Seminal
vesicle
Sphincter
vesicae
Prostate— Ejaculatory
duct
Deep perineal
A space
Sﬁgﬂ.ﬁ.t:; . Perineal body

Urethra =~

Bulbourethral gland

33.17: Diagram showing the sphincters of the
urethra, and the bulbourethral glands



Dilated calices Obstructed ureter Left kidney emptied

Bladder stones

Stone

small calculi (stones) form in
the kidneys

Instrument

residual urine in the bladder /
infection

Remove of stones:

a transurethral route using
specialized instruments

If the stones are too big, it
may be necessary to make a
suprapubic incision



Suprapubic catheterization
T =

I when the prostate is markedly enlarged

|

I The bladder is a retroperitoneal structure
I'when full lies adjacent to the anterior
''abdominal wall

|

"'the passage of a small catheter on a
"'needle in the midline approximately 2 cm
: above the pubic symphysis

To collection bag

Symphysis pubis

Removable
trocar cannula

' The catheter passes easily into the e
bladder without compromise of other

structures and permits free drainage

Suprapubic
catheter



Bladder cancer

Renal pelvis

I most common tumor of the urinary tract

I sixth and seventh decades

| Approximately one-third of bladder tumors
| are multifocal

|
l invade local structures:

[ :
the rectum, uterus (in women), and lateral
: walls of the pelvic cavity & Prostate

: Spread by: the internal iliac lymph nodes
| Treatment:
| chemotherapy
| surgery
I
| Side effect of large tumor:
i obstruction of the ureters
obstruct the kidneys

Small tumor Bladder

Fig.5.43 Intravenous urogram demonstrating a small tumor in
the wall of the bladder.

induce kidney failure
e ey e o o oo |



- Urinary System

Radio Anatomy



Kidicyss

Kidney

[retere 8 Ml
Ureters '. L T

I\}I

" 4
| %J.--u-:!"" i
...-"' | -III.I"II II Ill'nll d




Kidney Ureter Bladder

: 3
g5
&

- Kidney

Transverse
process of
lumbar
vertebrae
(landmark tor
Ureter)

e
\HFHUEIH shadow

Bladder




VU







Dilated calices Obstructed ureter  Left kidney emptied

Stone

Fig. 5.42 Intravenous urogram demonstrating a stone in the lower portion of the ureter. A. Control radiograph. B. Intravenous
urogram, postmicturition.



Normal
kidneys

Figure 1
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~ Colon Duodenum

w r.-".‘ o

Adrenal

ancreas

.
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Renal Stone
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Liver Inferior vena cava Abdominal aorta Liver Inferior vena cava Abdominal aorta

Right k'tdnm,.-' Psoas major muscle Right kidney Psoas major muscle
Renal pelvis Renal pelvis Left kidney Right ureter Left ureter Left kidney
Renal pelvis. Location of ureters.

CT image, with contrast, in axial plane CT image, with contrast, in axial plane



Bladder




Left psoas
Duodenum major muscle

Right renal cancer Aorta Left kidney

Inferior vena cava

Fig. 4.144 Tumor in the right kidney growing toward, and
possibly invading, the duodenum. Computed tomogram in the
axial plane.



Bladder

lliac muscle
Transplant kidney in left iliac fossa



