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Learning objectives

A To outline the renal system;

A To describe the structure and function of
nephron,processes of urine formation;

A To describe briefly the processes of urine
formation;

A To describe the reniangiotensin system:

A To describe the regulationofpotassium,
calcium and pH.




Mammalian renal system |

KIDNEY

| paired organs in abdominal cavity
held firmly by peritoneum
embedded In fat

solid, dark red & bean shape
below stomach

renal artery vs renal vein




Nephron

Path of urine drainage:
Collecting duct
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Papillary duct in
renal pyramid
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Minor calyx
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Major calyx
Renal cortex Renal*pelvis
Renal medulla
Renal column
Renal pyramid
in renal medulla
Renal sinus
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Fat in renal sinus
Renal capsule 4
Urinary bladder

(a) Frontal section of right kidney
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NORMAL STRUCTURE OF KIDNEY

A Colour

Reddish brown (normal)/ Yellow in cats
A Normal location

Sublumbar
A Normal shape
Bean shaped

A Normal surface

smoothunlobulated/ monolobularg canine
A Histological consideration

No tissue Is found between the tubules




Coverings of the Kidneys

A Renal capsule

A Surrounds each kidney

A Adipose capsule

A Surrounds the kidney

A Provides protection to the kidney

A Helps keep the kidney in its correct location



Functions of kidney

A Excretion

~ remove nitrogenous
waste I.e. urea, salts,
water, heat, toxic
substance

A Osmoregulation

~ controlling amount of
water in body

~ maintain osmotic
potential
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Mammalian renal system ||

RETERS
narrow tubes
passing urine from kidneys to bladder
valvesk prevent back flow of urine
E stop bacteria from going into kidney
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Mammalian renal system Il

RINARY BLADDER

muscular bag

stores urine temporarily

300 cn? of urine A sensation of urination

contraction of bladder + relaxation of
sphincter musclé- forces urine out



Ureter

Detrusor
muscle

Ureteral
opening

Internal urethral W
sphincter

Tri_goné-

External urethral
sphincter

Urethra

Urethral
orifice
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Mammalian renal system IV

RETHRA

muscular tube

carries ONLY URINE in female
carries URINE & SEMEN in male



FLOW OF GLOMERULARFILTRATE
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NEPHRON

J 1,000,000 nephrons / kidney
U structural & functional units
U Cortical nephron

~ In cortex, short Loop of Henle, osmoregulation
under NORMAL condition

U Juxtamedullary nephron

~ at junction of cortex & medulla, long Loop of
Henle, osmoregulation when SHORT OF WATER



Nephron

A Renal corouscle
A Glomerulus: knot of blood capillaries
A.26YFyQa OF LJadz S

A Proximal convoluted tubule

A Descending limb of loop of Henle

A Ascending limb of loop of Henle

A Distal convoluted tubule

A Collecting duct



Nephron

Proximal
convoluted Distal
tubule Bowman's convoluted

capsule tubule -
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Glomerulus

Loop of Henle

Collecting
tubule

to ureter l
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1. glomerular filtration
2. tubular reabsorption
3. tubular secretion

Renal corpuscle Renal tubule and collecting duct

::tler'?orll:e ’ Glomerular
Y capsule
\ o
Filtration from blood 2‘:,'; lt?]bule = Urine
plasma into nephron ) > (contains
,. < excreted
substances)
Efferent o Tubular reabsorption 0 Tubular secretion from
arteriole from fluid into blood blood into fluid
\\./ — ®  Blood
(contains
reabsorbed

Peritubular capillaries substances)



Urine Formation

A Pressure filtration
(ultrafiltration)

A Reabsorption
A Tubular secretion



Artery

Afferent Glomerular
arteriole capillary

Efferent
arteriole

1. GLOMERULAR
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2. TUBULAR
SECRETION

3. TUBULAR

Bowman's REABSORPTION

space

Peritubular
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Urinary
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Ultrafiltration

A Occur at Malpighian body

A Glomerular filtrate: all substances in blood
except RBCs & plasma protein

e Blood pressure
Diameter of afferent arteriole > Diameter of efferent arteriol
e Glomerular filtrate rate
180I/ day
e Adaptation
large area, great pressure, thin ,membrane
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Reabsorption

A 99%of the glomerular filtrate are reabsorbed
A matter reabsorbed:
S all glucose, amino acid
S mineral salts
S other useful substances
A SELECTIVE REABSORPTION
A Method of reabsorption
U diffusion U active transport




Sites of reabsorption

i Proximal convoluted tubule

~ major site of reabsorption (80%)

~ microvilliE g surface area

~ numerous mitochondria

~ surrounded by pertubular capillaries



Sites of reabsorption

¢ Loop of Henle
~ conserve water in terrestrial mammal

~ creates & maintain an increasing osmotic
gradient in the medulla

~a Na+ in medull& vigorous osmotic
extraction of water from collecting ducts
hypertonic urine



Sites of reabsorption

£ Vasa recta

~ narrow capillaries situated close to loop of
Henle

~ freely permeable to ions, urea & water
~ Counter current exchanger system



Sites of reabsorption

o Distal convoluted tubule

~ fine control of salt, water & pH balance of the
blood

¥ Collecting duct

~ water is extracted by osmostsa conc.E
hypertonic urine



Tubular secretion

A Takes place in distal convoluted tubule

A absorption of unnecessary: ammonia,
potassium & drug from capillary network &
secrete them into lumen of tubule



Regulation of urine composition

A Anti-diuretic hormone(ADH)
A Aldosterone
A Reninangiotensin system



Potassium content

A most abundant intracellular ion

A reabsorbed by proximal convoluted tubule &
loop of Henle, secreted by collecting ducts

A C KE C secretion
A aldosteroneg secretion of K




Calcium content

A C CaE a excitability of nerve & muscle cell
membranesA hypocalcemic tetany

Aa CaE cardiac arrthythmias
A most reabsorbed, no secretion



pH level

A Metabolic reactions are highly sensitive tb H
A Sources of Hgain or loss
U Gain ~ from C$) metabolism of protein etc,
loss of CQ* in diarrhea & urine
U Loss ~ in vomitus & urine



5.1.Congenital anomalies of
the kidney and the urinary
tract



ANOMALIES OF KIDNEYS

1.Ectopic kidney
Location
Inguinal region
Pelvic cavity
Occurrence
Pigs and dogs
Sequelae

0 Ureteralobstruction leads to secondary
hydronephrosis

2. Fused kidneys
Fused kidneys look like horse shoe
3. Persistent.obuationof kidneys
Normal infoetal life
Occurrence
Dogs, sheep and swine



A Renal Agenesis

Renal agenesis means absence of one or both tf
kidneys

A RenalAplasia
It Is usually found at necropsy

It Is seen In beagle and Doberman breeds of
dogs
If unilateral, the condition is compatible with
life
If bilateral it is usually incompatible with life.
A RenalHypoplasia

A Definition



A Renal hypoplasia means that the affected kidney is smaller
and the unaffected

A kidney shows compensatory hypertrophy.

A Criteria for considering the kidneys are hypoplastic include
absence of acquired

A disease, 50% reduction in size, 1/3 rd reduction in mass and
reduced number of

A glomeruli (512 glomeruli / LPF normal: &5b)



Occurrence
A o Cattle, pigs and foals
Sequelae

If unilateral, the other
Kidney undergoes
compensatory
hypertrophy




A Duplication of kidneys
Three kidneys may be seen
Occurrence Pigs



A Renal Cysts

Common congenital defect seen in calf, pigs, lambs, cat,
dog and foal.

Etiology

o0 Tubular obstruction

o0 Weak tubular basement membrane
Pathogenesis

o Cysts In kidneys arise due to lack of continuity between the
nephronand collecting ducts and so urine formed Iin the
nephronis not evacuated but collected to form the cyst.

Gross pathology

o The kidneys may contain one or more cysts. Kidneys wit|
many cysts are known as congenital polycystic kidney.



A Renal Cysts

Common congenital defect seen Iin calf, pigs, lambs, cat, dog
and foal.

Etiology

0 Tubular obstruction

o0 Weak tubular basement membrane
Pathogenesis

0 Cysts in kidneys arise due to lack of continuity between the
nephron and collecting ducts and so urine formed in the
nephron is not evacuated but collects to form the cyst.

Gross pathology

0 The kidneys may contain one or more cysts. Kidneys with
many cysts are known as congenital polycystic kidney.



A Gross pathology
o0 The kidneys may

contain one or more
cysts. Kidneys with ma
cysts are known as
congenital polycystic

Kidney.




A Ureteral Aplasia
Occurrence
Rare

Ureterempties into urethra / vagina,
neck of bladder, prostate orasdeference

A Persistent (PatentYrachus
Occurrence: Foals
Signs: Dribbling of urine
SequelaeCystitis



FACTORS AFFECTING RENAL
FUNCTION

A ExtrarenaFactors Interfering Kidney Function
Hemoconcentration
Low blood pressure
Obstruction to flow of urine
A IntrarenalFactors Interfering Kidney Function
Injury toglomeruli
Injury to tubules
Alteration in blood supply



ERRORS IN RENAL FUNCTION

A Proteinuria
Definition
0 Proteinuriameans presence of protein (mainly albumin)

In urine. The resultarttypoproteinemiacauses renal
edema.

Etiology
0 Increased permeability gfiomerularcapillaries
o Amyloidosis
o Tubular injuryNephrosis
o Renal infarction
0 Nephritis- Glomerulonephritis
o Congestive heart failure



A Glycosuria
Definition

0 Glycosuriamneans presence of glucose In urine.
Etiology

0 Diabetes mellitus

0 Enterotoxaemia

o Intravenous injection of large quantities of
dextrose

o Injection of ACTH
0 Rabies



A Ketonuria
Definition
o Ketonuriameans presence ddetonebodies in
urine.
Etiology
0 Diabetes mellitus
0 Acetonemia Ketosis of cattle
0 Pregnancy toxemia in ewes
0 Starvation



A Anuria
Definition
o Anuriameans absence of urine formation
Etiology
o Glomerulonephritis
o Tubular degeneration
0 Extensive destruction of tubular epithelium
o Urinary obstruction
0 Extreme dehydration
0 Decreased blood pressure



A Pathogenesis

o In glomerulonephritis, there is swelling of
capillary endothelium and infiltration

A of inflammatory cells. These changes cause
compression of capillaries of

A glomeruli and so blood flow through them is
blocked. So urine is not filtered.




o In tubular degeneration, fatty changes and cloudy
swelling of tubular epithelial cells cause increase
In pressure within the kidneys which compresses
the blood vessels.

o In urinary obstruction, the stagnated urine causes
back pressure to the kidneys which in turn
opposes the filtration pressure and thus the
formation of urine.

0 In Extensive destruction of tubular epithelium, the
filtered urine passes through the tubules in to the
lymphaticsand veins.



A Oliguria
Definition

o Oliguriameans reduced excretion of urine
Etiology

0 Glomerulonephritis

o Tubular degeneration

o Urinary obstruction

0 Extreme dehydration

0 Decreased blood pressure



A Polyuria
Definition

0 Polyuriameans excessive passage of urine
Etiology

o Diabetes mellitus

o Diabetesnsipidus

o Tubular degeneration

o Chronic interstitial nephritis

o Hypercalcemia

o0 Hypomagnesemia




A Pyuria
Definition

0 Pyuria means presence of pus in urine
Etiology

0 Suppurative inflammation of kidneys or
urinary passage



A Hematuria
Definition
o0 Hematuriameans presence of blood in urine
Etiology
o Trauma / Calculi
o Chemicalg Phenol, turpentine
0 Septicemig Haemorrhagic septicemia, anthrax
o Parasiteg, Dioctophymaenale

o Inflammatory reaction acute nephritis,
pyelonephritis cystitis andirethritis

0 Renal infarction



o Chronic bovin@ematuria
o Neoplasnt, carcinoma of bladder or kidneys
Signs
o Urine iscolouredred
Pathogenesis

o0 Hematuriais due tohaemorrhagdrom any
part of urinary systeng from glomerulito
urethra



A Haemoglobinuria

Definition

A o Haemoglobinurianeans presence dfaemoglobinin
urine

Etiology

0 Haemoglobinemias seen irbabesiosisleptospirosis
and infection by Clostridium and Streptococci

0 Chemicalg Chronic copper poisoning and potassium
chlorate poisoning

0 Post parturienhaemoglobinurian cattle



Signs
o Urine is brown or coffee coloured

A Pathogenesis

o0 Here the red blood cells are lysed and so
haemoglobin diffuses out and enters the

glomerular filter.
0 The red blood cells can not be sedimented
upon standing of urine.




CIRCULATORY DISTURBANCE

A Hyperemia
Etiology
o0 Active hyperemia is seen In
0 Acutec Nephritis
A Septicemia
Bacterial intoxication
Gross pathology
o The kidneys may be slightly enlarged
o Cut surface Ooze blood



A Congestion
Etiology
0 Hypostatic
0 Generalized passive congestion
o Medullarycongestiong Prominent
A Edema
Occurrence

0 As the capsule is inelastic and the parenchyma is
firm, edema of kidney Is not common.

Etiology

~0 Inflammatory edema may be seen in acute
Interstitial nephritis



A Haemorrhage
Etiology
0 Vasculitis
0 Vascular necrosis
o Direct trauma to kidney



A Petechiae
o Cortical surface

Etiology

0 Seen In
Swine fever
African swine fever
Swine erysipelas
Streptococcosis
Salmonellosis



A Ecchymoses

Etiology- Herpes virus infection in neonatal
puppies

A Extravasations

Etiology
o Direct trauma

0 Bleeding disorders Hemophilia,
disseminated intravascular coagulation



A Infarct
Etiology

o Cows
Thrombosis of the uterine veins after parturition
Corynebacteriunpyogenesand Streptococcal infection
o Pig

Erysipelas infection
Occurrence

o Very common In cattle especially cows

0 AnaemiqPale) type iIs common



A Gross pathology

A o The infarcts are wedge shaped with the bas
towards the cortex and the apex towards the
medulla or pelvis.

Sequelae

o If the condition is not septic, the infarct will
be healed by scar tissue formation and the
surface will be pitted.



UREMIA

Definition
A Uremia is a@oxaemicsyndrome resulting from
renal insufficiency

A This is due to toxic action bsetained nofprotein
nitrogenous substances (NPN) Substances in
blood Azotemig and partly to acidosis. The NPN
substances include ureaeatine uric acid and
ammonia.

Occurrence

A Commoni Nearly 5 % of all dogs examined at
autopsy have some kind of uremia

A This is more common in males than in females in
all species of animals



Etiology
Pre-Renal

0 Here waste products of protein catabolism are retaine
in the blood which may occur in the following
conditions.

o Low Blood Pressure: Decreasgldmerularfiltration
may occur in trauma, shock, intestinalemorrhagand
severe dehydration.

o Increased protein catabolisnidigh protein intake and
followed by rapid breakdown of proteins, gangrene,
diabetes mellitus, fever, large infarcts

o In conditions likevomition, diarrhea, excessive
sweating and intestinal obstruction, there is salt
deficiency, dehydration and electrolyte imbalance




Renal

0 Decreasedlomerularfiltration occurs in
glomerulonephriti@nd extensivamyloidosis

0 Decreased tubulaesorptionoccurs in toxic
tubularnephrosisand chronic interstitial nephritis

0 Decreased tubular secrettoHy per kal er
Acidosis

o Toxic tubular necrosis
0 Decreased detoxifying mechanism



PostRenal

0 The urinary tract may be obstructed by
calculi, post inflammatory strictures,
carcinoma of bladder, prostatic enlargements
and expanding pressure by tumours over the
urinary passage.



Urinary tract obstruction

l

REetention of urine

!

Decreased glomerular filtration

l

Anuna



Signs

A Polyurialeading topolydipsia
A Anuria

A Icterus

Clinical pathology

A Blood urea level is elevated which is a good index of
thetoxaemiathat develops in

A uremic conditions

A Elevation of other NPN substandearic acid,creatine
ammonia

A Elevation of amino acids in blood

A Elevation ofsulphatesind phosphates of potassium and
chlorides Decreased calcium level



Gross pathology

A Mouthi Ulcers

A Stomach Ulcers

A Haemorrhagic gastroenteritis ( Excretion gastritis )
A Serosaontains deposits of calciuoratesand urea
A Anaemia/ Icterus

A Parathyroid$ Enlarged

A Skeleton es

pecially of head and jaMne bones are

every soft, pliable and can be bent

A (Hence the

pones called rubber nose, rubber jaw )

A Pericardial fluidi Increased and contains fibrin
A Enlarged left ventricle
A Lungsi Edematous



Histopathology
A Left auriclei Endocardiuni Necrotic

A Aorta / pulmonary artery Intima up to initial few
centi meters undergoes ne

ANecrotic area becomes fi
A Leftventriclei myocar di al fi bres
A Arteriole & capillaries shows medial hypertrophy

A Liver i Degenerative changes

A Neuronal injury by toxic materials in blood



A Bone marrowc suppression ohemopoiesis
A Bones- Resorptiorof bone byosteoclasts
A Parathyroids Hyperplastic
A Metastatic calcification
o Gastric mucosa
0 Larynx
0 Trachea
o0 Lungs
0 Visceral pleura
A Kidney: Nephritis
A The deposits of calciunratesand urea on serous
membranes and joints cause
A inflammation and pain.



POSTMORTEM CHANGES

Postmortem changes in the kidneys include
greyish or blackish discolouration, distortion
and softening to pulpiness.



URINARY SYSTHM
NEPHROSIS
Definition
Nephrosigncludes cloudy swelling, fatty degeneration
and even necrosis of tubules.

Site of occurrence

Proximal convoluted tubuld, S y lo&p@iad distal
convoluted tubule are affected in descending order of

occurrence
Toxicnephrosis

Etiology

0 Toxicnephrosisnay be due to inorganic, organic and
endogeneousubstances. Here the toxins are conveyed
to the kidneys by way of blood.



Inorganic origin
0 Salts of mercury (Mercurpgerchloride-
fungicide) acts as cumulativexicity.Thiss
ﬁ(_)mhmon In cattle, horses and swine. Mortality Is
g
o Potassium dichromate, coppsulphate bismuth
bisulphate, cadmium, arsenic and phosphorus
Gross pathology
o Kidney: Size: Enlarged
o Colour pale
o Cut surface: Bulges



Histopathology

o Kidney Tubule

o Proximal tubular epithelium desqguamated or show
coagulativenecrosis

o Calcium is deposited in the luminal debris, necrotic
epithelium and basement membrane

o Lumen contains granular or hyaline casts
0 Moderate dilatation of the lumen of the tubules

o Intertubulartissue contains edema fluid and

lymphocytic infiltration If death does not occur within
a week, regeneration of the tubular epithelium occurs.
The new cells are flat and dark staining. By the third

week regeneration is complete



NEPHROCALCINOSIS

A Here calcium is deposited as calcium
phosphates or carbonates

Gross pathology
0 Kidney shows white streaks or spots

0 Three types of disturbances of calcium
metabolism are met with.

0 Dystrophic calcification
o Calcium casts

0 Deposition of calcium in interstitial
tissue



NEPHRITIS AND NEOPLASMS
Definition
o Inflammation of kidney is called nephritis
Nephritis is classified as follows
0 Suppurative Nephritis
o NonSuppurative Nephritis
0 Specific Nephritis



Suppurativenephritis is classified as follows
o0 Pyaemimephritis
0 Pyelonephritis

Pyaemimephritis

A 0 Synonym

A o Embolic nephritis

oEtiology

A Haematogenousriginc E. coli, Staphylococci,
StreptococciCorynebacteriunand Shigella




Gross pathology
o Kidney

Cortex may contain numerous tiny round abscesses I
medulla, the abscesses are elongated All the abscesse
are of the same size, being of same age

o Histopathology

o Bacterial emboli may be seen in small blood vessels
(glomerulior intertubular capillaries)of kidney

o Around blood vesselsucocyticnfiltration may be
seen

Sequelae
o Pyaemimephritis might lead to death



Pyelonephritis
oDefinition

Inflammation of pelvis and the adjacent
parenchyma of kidney is called pyelonephritis.

Occurrence

o Met within cows but may also be found in
sheep and swine.

Predisposing factor
0 Stasis of urine



Signs

A o Haematurid pyuria
Gross pathology

A Urinary bladdeii Enlarged

A Uretersi Distended: Wall is thickened and their mucosa is
roughened

A Pelvis is widely dilated with pus and contains triple
phosphates

A Calyces are widely dilated and filled with purulent material
containing calcium particles. The walls are red and
ulcerated

A Papillae are either absent or dirty grey in appearance with
erosions and a zone of hyperemia around

A Kidney- Beneath the capsule on the cortex is many tiny
abscesses. In the medulla gray streaks may be found in the
early stages



Histopathology

0 Pelvis The epithelial lining of the pelvis may
be necrosed and there may be leucocytic
Infiltration underneath and renal pyramid Is
infiltrated with neutrophils and a few
lymphocytes. They may be found as a streak
among the tubules in the medullary region.

2 Df 2YSNMz F NJ f22LJa |V
filled with leucocytes and bacteria

0 Tubules may contain cell casts and bacteria



A o The walls of collecting tubules and
Interstitial tissue may be necrosed which may

be demarcated from the healthy area by a zone
of leucocytes and hyperemia

Sequelae
0 Pyelonephritis might lead to death



NONSUPPURATIVE NEPHRITIS

Non-suppurativenephritis is classified as follows
o Interstitial nephritis
o Tubular nephritis
o0 Glomerulonephritis
Interstitial nephritis
A o Occurrence
Most common in older male dogs

Sometime s observed in horses, swine, sheep
and cattle

A This is usually found at autopsy in normal looking
animals



GLOMERULONEPHRITIS

Definition
o It is the inflammation of the kidneys involving
primarily theglomeruli
Occurrence
o0 The condition iIs not common In animals as in man

o It Is sometimes noticed in dogs, cats, swine, horses
and mink

Etiology

0 Horses used for antisera production suffer from this
disorder.

o It is seen as a sequel to bacterial and viral diseases
elsewhere in the bodyFocalgolmerulonephritigs

seen In acutesepticaemianfections such as acute
swine



Pathogenesis

0 Glomerulonephritis is due to antigemtibody
reaction to a foreign protein. The antigen
antibody complex gets deposited and
damages the glomerular capillaries.

0 Based on the course glomerulonephritis is
classified as follows

o0 Acute glomerulonephritis
0 Subacute glomerulonephritis
0 Chronic glomerulonephritis



Congenital abnormalities of the kidney anc
urinary tract

A Occur in 1 out of 500 newborns, and constitute
approximately 2eB0% of all anomalies identified In
the prenatal period.

A Account for one third of all anomalies detected by
routine fetal ultrasonography.

A CAKUT has a major role in renal failure, and there is
Increasing evidence that certain abnormalities
predispose to the development of hypertension and
cardiovascular disease in adult life.




A CAKUT is the cause of 40% of childhoodstade
renal failure.

A Acquired glomerulonephritis and congenital
nephrotic syndromes, respectively, accounted for jus
18% and 8% of cases, with other diseases being rare
(nephronophthisis, 5%; cystinosis, 3%, polycystic
kidney diseases [PKDs], 3%).



A 10% of individuals have urinary tract malformations,
although many are asymptomatic

A 15% of congenitalirogenitalanomalies are secondary to

an underlying chromosomal disorder

A In children, 20% of chronic renal failure is due to renal
dysplasia ohypoplasia
A In adults, 10% of chronic renal failure is due to adult

polycystic kidney disease



The spectrum of diseases encompassed by the term
"CAKUT" Is wide, including:

1-fetal kidney anomalies (renal malformations)

A renal agenesis (renal aplasia)

A renal hypoplasia

A multicystic dysplastic kidneys (renal dysplasias) (MRDSs)
2-fetal ureteric anomalies

A megaureter

A ureteropelvic junction obstruction (UPJO)

A ureterovesical junction obstruction

A ureterovesical junction incompetence

A duplex kidneys/ureters (renal duplications)
3-fetal vesical anomalies (anomalies of the bladder)
4-fetal urethral anomalies



A These are normal term infant kidneys. Note the
presence of fetal lobulations and the smooth cortical
surfaces with some attached adipose tissue.



A These fetal kidneys (from a gestation estimated at 25 weeks i
the second trimester) demonstrate a normal cut surface. Note
the pelvis and the calyces. Note the wadifined
corticomedullary junctions.



RenalAgenesis

A Complete absence of one or both kidneys.

A Renal agenesis is thought to result from a lack of
Induction of the metanephric blastema by the
ureteral bud

A Bilateral agenesis is incompatible with life and is
associated with pulmonary hypoplasia and limb
defects

A Unilateral renal agenesis is uncommon, not fatal

A Compensatory hypertrophy in other kidney may
cause glomerulosclerosis in adults
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XXY) syndrome

Arrows indicate adrenal glands;
there is no kidney under the
adrenal glands



RenalHypoplasia

A Failure of kidney to
develop to normal size
without scarring

A Usually unilateral, with a
reduced number of
pyramids (6 or less)

A Oligomeganephroniaa
type of hypoplasia with a
small kidney but
hypertrophied nephrons




Horseshoe kidney

A 1/500
autopsies,
90% are
fused at
lower pole

A Associated
with
obstruction



Polycystic Kidney Disease

A Autosomal dominant
A Autosomal recessive

(You may hear more about this subject during
your cystic renal diseases lecture)






Kidney with autosomal recessive polycystic kidney disease

A The cysts are fairly small but uniformly distributed throughout
the parenchyma so that the disease is usually symmetrical in

appearance, with both kidneys markedly enlarged.

A The recurrence risk for this disease is, of course, 25% becau:s

of the autosomal recessive inheritance pattern.
A Affected babies usually do not survive long.

A This disorder is linked to an abnormal fibrocystin protein
produced by th€KHD1 gene.



A Infantile type/autosomal
recessive polycystic kidne
disease (ARPKD).




A

MULTICYSTIC
DYSPLASTIC KIDNEY.

This condition must be
distinguished from ARPKD
because it occurs only
sporadically and not with a
defined inheritance pattern,
though it is more common
than ARPKD.

The cysts of multicystic renal
dysplasia are larger and more
variably sized than those of
ARPKD.

Often, multicystic renal
dysplasia is unilateral. If
bilateral, it is often
asymmetric. If bilateral,
oligohydramnios and its
complications can ensue, just
as with ARPKD.




Duplication of urete

A Occurs in <1% of
individuals

A Usually

asymptomatic; may
be associated with
obstruction
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Congenital anomalies of Bladder

Arteriovenous malformation

A By definition, direct communication is present
between arterioles and venules

A Very rare in bladder; more common in CNS,
Intestine, lung, extremities

A May cause massive hematuria



Cloacogenic bladder

A Also callegersistent cloaca

A Defined as confluence of rectum, vagina and
urethra into a single common chamber

A A surgical challenge to achieve bowel and
bladder control and normal sexual function

A Occurs in 1/20,000 births, only in girls



Duplication of bladder

A Bladder is separated into compartments

A Either double bladder, septal bladder or
hourglass bladder

A Incomplete emptying causes urinary tract
Infections



Exstrophyof Bladder

A Developmental failure in lower abdominal wall or anterior
wall of bladder due to failure @loacalmembrane to property
differentiate; bladder communicates with body surface or lies

as an opened sac

A Associated with glandulanetaplasiandadenocarcinoma
(<10% ofexstrophiedladders) osquamousnetaplasiand

sguamousell carcinoma (~7% of patients)

A Also associated with infections and ulceration



A This male infant was born
with bladder exstrophy.

A The bladder mucosa is
everted and lies on the
ab_c_lome_n. Both ureteric ' Bladder
orifices lie on the exstrophicc ™ —=
bladder.

A Notice that the penis is
shortened and that there Is |
urethral meatus. '

A His urethra is actually a plat
of deep red mucosa lying o
the dorsal penis. This is
calledepispadias

“ Umbilica

o Wt
v ‘.




A Hypoplasiaof Bladder

A Normal but small bladder, seen in Potter syndrome

A Hyperplasiaof Bladder

A Boys only

A Structurally and functionally abnormal bladder, shaped like
cone, heart or cloverleaf

A Does not empty completely

A Associated with obstruction at urethral outlet but normal
histology



Urachal Remnants

A Urachus is & cm vestigial structure connecting dome of
bladder and umbilicus; in fetus, connects bladder dome with
allantois (embryonic diverticulum of hindgut, vessels are
precursors to those in umbilical cord)

A After birth, it becomes median umbilical ligament
A Arises from superior urogenital sinus

A In midline or posterior bladder wall; fragmentation occurs
post-partum when bladder descends into pelvis

A Urachal emnants seen at autopsy in 50% of fetuses, 33% of
adults

A Associated with urachal cysts, sinus, fistula, diverticulum,
Infections, adenocarcinoma of bladder; also urothelial
carcinoma, villous adenoma, squamous cell carcinoma



Patent urachus

A Also called persistent urachus
A Rare; leads to urination through umbilicus
A May be associated with infections



