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Learning objectives 

ÅTo outline the renal system; 

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

ÅTo describe briefly the processes of urine 
formation; 

ÅTo describe the renin-angiotensin system; 

ÅTo describe the regulationofpotassium, 
calcium and pH. 



Mammalian renal system I 

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 





Å Renal Artery 
Å Segmental 

Arteries 
Å Interlobar 

Arteries 
Å Arcuate Arteries 
Å Cortical Radiate 

Arteries 
Å Afferent 

Arterioles 
Å Glomerular 

Capillaries 
Å Efferent 

Arterioles 
Å Peritubular 

Capillaries 
Å Cortical Radiate 

Vein 
Å Arcuate Veins 
Å Interlobar Veins 
Å Renal Veins 

 



NORMAL STRUCTURE OF KIDNEYS 
 

ÅColour 
        Reddish brown (normal)/ Yellow in cats 
ÅNormal location 
          Sublumbar 
ÅNormal shape 
            Bean shaped 
ÅNormal surface 
         smooth unlobulated / monolobular ς canine 
ÅHistological consideration 
       No tissue is found between the tubules 



Coverings of the Kidneys 

Å Renal capsule 

ÅSurrounds each kidney 

Å Adipose capsule 

ÅSurrounds the kidney 

Å Provides protection to the kidney 

ÅHelps keep the kidney in its correct location 



Functions of kidney 

ÅExcretion  

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

ÅOsmoregulation 

  ~ controlling amount of 
water in body 

  ~ maintain osmotic 
potential  



Mammalian renal system II 

URETERS 

 narrow tubes  

 passing urine from kidneys to bladder 

 valves Ĕ prevent back flow of urine         

             Ĕ stop bacteria from going into kidney  



Mammalian renal system III 

URINARY BLADDER  

 muscular bag 

 stores urine temporarily 

 300 cm3 of urine Ā sensation of urination 

 contraction of bladder + relaxation of 
sphincter muscle Ĕforces urine out 

 



Ureter 

Urethra 

Ureteral 
opening 

Urethral 
orifice 



Mammalian renal system IV 

URETHRA 

 muscular tube 

 carries ONLY URINE in female 

 carries URINE & SEMEN in male 



FLOW  OF GLOMERULAR FILTRATE 

Glomerulus            .ƻǿƳŀƴΩǎ ǎǇŀŎŜ ƛƴ .ƻǿƳŀƴΩǎ ŎŀǇǎǳƭŜ 

                                                                                             

5ŜǎŎŜƴŘƛƴƎ ƭƛƳō ƻŦ IŜƴƭŜΩǎ ƭƻƻǇ            tǊƻȄƛƳŀƭ ŎƻƴǾƻƭǳǘŜŘ ǘǳōǳƭŜ 

 

!ǎŎŜƴŘƛƴƎ ƭƛƳō ƻŦ IŜƴƭŜΩǎ ƭƻƻǇ        5ƛǎǘŀƭ ŎƻƴǾƻƭǳǘŜŘ ǘǳōǳƭŜ 

 

                       Renal pelvis            Collecting duct  



NEPHRON 

J 1,000,000 nephrons / kidney 

ü structural & functional units 

üCortical nephron 

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

ü Juxtamedullary nephron 

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

 



Nephron  

ÅRenal corouscle 

   Ā Glomerulus: knot of blood capillaries 

   Ā .ƻǿƳŀƴΩǎ ŎŀǇǎǳƭŜ 

Å Proximal convoluted tubule 

ÅDescending limb of loop of Henle 

ÅAscending limb of loop of Henle 

ÅDistal convoluted tubule 

ÅCollecting duct 

 



Each kidney 
contains over 1 
million nephrons 
and thousands of 
collecting ducts 

Nephron 



bŜǇƘǊƻƴΩǎ ŦǳƴŎǘƛƻƴǎΥ   
1. glomerular filtration 
2. tubular reabsorption 
3. tubular secretion 



Urine Formation 

ÅPressure filtration 
(ultrafiltration) 

ÅReabsorption 

ÅTubular secretion 





Ultrafiltration 

ÅOccur at Malpighian body 

ÅGlomerular filtrate: all substances in blood 
except RBCs & plasma protein 

  è Blood pressure :  
Diameter of afferent arteriole > Diameter of efferent arteriole  

  è Glomerular filtrate rate  

       180l/ day 

  è Adaptation  

   large area, great pressure, thin ,membrane 





Reabsorption 

Å99% of the glomerular filtrate are reabsorbed 

Åmatter reabsorbed: 

   S all glucose, amino acid 

   S mineral salts 

   S other useful substances 

Ā SELECTIVE REABSORPTION 

ÅMethod of reabsorption 

   üdiffusion      ü active transport 



Sites of reabsorption 

¡ Proximal convoluted tubule 

~ major site of reabsorption (80%) 

~ microvilli Ĕą 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 

~ą Na+ in medulla Ĕvigorous osmotic 
extraction of water from collecting ducts Ĕ 
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 

¤ Distal convoluted tubule 

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

¥ Collecting duct 

~ water is extracted  by osmosis Ĕ ą conc. Ĕ 
hypertonic urine  



Tubular secretion 

ÅTakes place in distal convoluted tubule 

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

 



Regulation of urine composition 

ÅAnti-diuretic hormone(ADH) 

ÅAldosterone 

ÅRenin-angiotensin system 

 



Potassium content 

Åmost abundant intracellular ion 

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

ÅĆ K ĔĆ secretion  

Åaldosterone ą secretion of K   



Calcium content 

ÅĆ Ca Ĕ ą excitability of nerve & muscle cell 
membranes Ā hypocalcemic tetany 

Åą Ca Ĕ cardiac arrthythmias 

Åmost reabsorbed, no secretion 



pH level 

ÅMetabolic reactions are highly sensitive to H+ 

ÅSources of H+ gain or loss  

  ú Gain ~ from CO2, metabolism of protein etc, 

                   loss of CO3 
2- in diarrhea & urine 

  ú 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 
           o Ureteral obstruction leads to secondary 

hydronephrosis 
2. Fused kidneys 
                Fused kidneys look like horse shoe 
3. Persistent Lobuation of kidneys 
           Normal in foetal life 
     Occurrence 
          Dogs, sheep and swine 



ÅRenal Agenesis 
       Renal agenesis means absence of one or both the 

kidneys 
ÅRenal Aplasia 
         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. 
ÅRenal Hypoplasia 
Å Definition 



ÅRenal hypoplasia means that the affected kidney is smaller 
and the unaffected 

Åkidney shows compensatory hypertrophy. 

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

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

Åglomeruli (5-12 glomeruli / LPF normal: 30-35) 



Occurrence 

Åo Cattle, pigs and foals 

 Sequelae 

    If unilateral, the other 
kidney undergoes 
compensatory 
hypertrophy 

 



ÅDuplication of kidneys 

         Three kidneys may be seen 

              Occurrence - Pigs 



ÅRenal Cysts 
     Common congenital defect seen in calf, pigs, lambs, cat, 

dog and foal. 
Etiology 
     o Tubular obstruction 
     o Weak tubular basement membrane 
Pathogenesis 
 o 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 collected to form the cyst. 

 Gross pathology 
      o The kidneys may contain one or more cysts. Kidneys with 

many cysts are known as congenital polycystic kidney. 



ÅRenal Cysts 

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

Etiology 

     o Tubular obstruction 

     o Weak tubular basement membrane 

 Pathogenesis 

    o 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 

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



ÅGross pathology 

      o The kidneys may 

contain one or more 

cysts. Kidneys with many 

cysts are known as 

congenital polycystic 

kidney. 

 

 



ÅUreteral Aplasia 

            Occurrence 

                Rare 

              Ureter empties into urethra / vagina,  
neck of bladder, prostate or vasdeference. 

ÅPersistent (Patent) Urachus 

       Occurrence: Foals 

           Signs: Dribbling of urine 

       Sequelae: Cystitis  



FACTORS AFFECTING RENAL 
FUNCTION 

ÅExtrarenal Factors Interfering Kidney Function 

           Hemoconcentration 

            Low blood pressure 

            Obstruction to flow of urine 

ÅIntrarenal Factors Interfering Kidney Function 

            Injury to glomeruli 

             Injury to tubules 

            Alteration in blood supply 



ERRORS IN RENAL FUNCTION 
ÅProteinuria 
Definition 
o Proteinuria means presence of protein (mainly albumin) 

in urine. The resultant hypoproteinemia causes renal 
edema. 

Etiology 
    o Increased permeability of glomerular capillaries 
    o Amyloidosis 
    o Tubular injury -Nephrosis 
    o Renal infarction 
    o Nephritis - Glomerulonephritis 
     o Congestive heart failure 



ÅGlycosuria 
 Definition 
    o Glycosuria means presence of glucose in urine. 
 Etiology 
     o Diabetes mellitus 
     o Enterotoxaemia 
     o Intravenous injection of large quantities of 

dextrose 
     o Injection of ACTH 
      o Rabies 



ÅKetonuria 

Definition 

   o Ketonuria means presence of ketone bodies in 
urine. 

 Etiology 

    o Diabetes mellitus 

    o Acetonemia / Ketosis of cattle 

    o Pregnancy toxemia in ewes 

    o Starvation 



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



ÅPathogenesis 

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

Åof inflammatory cells. These changes cause 
compression of capillaries of 

Åglomeruli 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. 

o In Extensive destruction of tubular epithelium, the 
filtered urine passes through the tubules in to the 
lymphatics and veins. 



ÅOliguria 
Definition 
    o Oliguria means reduced excretion of urine 
 Etiology 
     o Glomerulonephritis 
     o Tubular degeneration 
     o Urinary obstruction 
     o Extreme dehydration 
     o Decreased blood pressure 



ÅPolyuria 
Definition 
     o Polyuria means excessive passage of urine 
 Etiology 
     o Diabetes mellitus 
     o Diabetes insipidus 
     o Tubular degeneration 
     o Chronic interstitial nephritis 
     o Hypercalcemia 
     o Hypomagnesemia 



ÅPyuria 

 Definition 

   o Pyuria means presence of pus in urine 

 Etiology 

   o Suppurative inflammation of kidneys or 
urinary passage 



ÅHematuria 
Definition 
   o Hematuria means presence of blood in urine 
Etiology 
    o Trauma / Calculi 
    o Chemicals ς Phenol, turpentine 
    o Septicemia ς Haemorrhagic septicemia, anthrax 
    o Parasites ς Dioctophyma renale 
    o Inflammatory reaction - acute nephritis, 

pyelonephritis, cystitis and urethritis 
    o Renal infarction 



       o Chronic bovine hematuria 

       o Neoplasm ς carcinoma of bladder or kidneys 

 Signs 

    o Urine is coloured red 

 Pathogenesis 

     o Hematuria is due to haemorrhage from any 
part of urinary system ς from glomeruli to 
urethra 



ÅHaemoglobinuria 

Definition 

Åo Haemoglobinuria means presence of haemoglobin in 
urine 

Etiology 

     o Haemoglobinemia is seen in babesiosis, leptospirosis 
and infection by Clostridium and Streptococci 

     o Chemicals ς Chronic copper poisoning and potassium 
chlorate poisoning 

     o Post parturient haemoglobinuria in cattle 



Signs 

   o Urine is brown or coffee coloured 

ÅPathogenesis 

    o Here the red blood cells are lysed and so 
haemoglobin diffuses out and enters the 
glomerular filter. 

     o The red blood cells can not be sedimented 
upon standing of urine. 



CIRCULATORY DISTURBANCES 

ÅHyperemia 

 Etiology 

    o Active hyperemia is seen in 

    o Acute ς Nephritis 

Å Septicemia 

      Bacterial intoxication 

 Gross pathology 

    o The kidneys may be slightly enlarged 

    o Cut surface ς Ooze blood 



ÅCongestion 
 Etiology 
      o Hypostatic 
      o Generalized passive congestion 
      o Medullary congestion ς Prominent 
ÅEdema 
    Occurrence 
      o As the capsule is inelastic and the parenchyma is 

firm, edema of kidney is not common. 
Etiology 
      o Inflammatory edema may be seen in acute 

interstitial nephritis 



ÅHaemorrhage 

 Etiology 

    o Vasculitis 

    o Vascular necrosis 

    o Direct trauma to kidney 



ÅPetechiae 
      o Cortical surface 
 Etiology 
o Seen in 
      Swine fever 
      African swine fever 
      Swine erysipelas 
       Streptococcosis 
      Salmonellosis 



ÅEcchymoses 

 Etiology - Herpes virus infection in neonatal 
puppies 

ÅExtravasations 

 Etiology 

     o Direct trauma 

      o Bleeding disorders ς Hemophilia, 
disseminated intravascular coagulation 



ÅInfarct 
 Etiology 
    o Cows 
 Thrombosis of the uterine veins after parturition 
 Corynebacterium pyogenes and Streptococcal infection 
o Pig    
     Erysipelas infection 
Occurrence 
     o Very common in cattle especially cows 
     o Anaemic (Pale) type is common 



ÅGross pathology 

Åo The infarcts are wedge shaped with the base 
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 

Å Uremia is a toxaemic syndrome resulting from 
renal insufficiency 

ÅThis is due to toxic action by-retained non-protein 
nitrogenous substances (NPN) Substances in 
blood (Azotemia) and partly to acidosis. The NPN 
substances include urea, creatine, uric acid and 
ammonia. 

Occurrence 

Å Common ï Nearly 5 % of all dogs examined at 
autopsy have some kind of uremia 

ÅThis is more common in males than in females in 
all species of animals 



Etiology 

Pre-Renal 

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

  o Low Blood Pressure: Decreased glomerular filtration 
may occur in trauma, shock, intestinal haemorrhage and 
severe dehydration. 

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

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



Renal 

   o Decreased glomerular filtration occurs in 
glomerulonephritis and extensive amyloidosis 

  o Decreased tubular resorption occurs in toxic 
tubular nephrosis and chronic interstitial nephritis 

  o Decreased tubular secretion - Hyperkalemia Ÿ 
Acidosis 

  o Toxic tubular necrosis 

  o Decreased detoxifying mechanism 



 Post-Renal 

   o 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. 





Signs 

Å Polyuria leading to polydipsia 

Å Anuria 

ÅIcterus 

Clinical pathology 

Å Blood urea level is elevated which is a good index of 
the toxaemia that develops in 

Åuremic conditions 

ÅElevation of other NPN substances ï uric acid, creatine, 
ammonia 

ÅElevation of amino acids in blood 

ÅElevation of sulphates and phosphates of potassium and 
chlorides  Decreased calcium level 

 



Gross pathology 

ÅMouth ï Ulcers 

ÅStomach ï Ulcers 

ÅHaemorrhagic gastroenteritis ( Excretion gastritis ) 

Å Serosa contains deposits of calcium urates and urea 

ÅAnaemia / Icterus 

ÅParathyroids ï Enlarged 

ÅSkeleton especially of head and jawïThe bones are 
every soft, pliable and can be bent 

Å(Hence the bones called rubber nose, rubber jaw ) 

Å Pericardial fluid ï Increased and contains fibrin 

Å Enlarged left ventricle 

ÅLungs ï Edematous 



Histopathology 

ÅLeft auricle ï Endocardium ï Necrotic 

Å Aorta / pulmonary artery ï Intima up to initial few 

centimeters undergoes necrosis Ÿ 

ÅNecrotic area becomes fibrosed Ÿ Calcification 

Å Left ventricle ï myocardial fibres Ÿ Hypertrophic 

Å Arteriole & capillaries shows medial hypertrophy 

ÅLiver ï Degenerative changes 

Å Neuronal injury by toxic materials in blood 



ÅBone marrow ς suppression of hemopoiesis 
ÅBones - Resorption of bone by osteoclasts 
ÅParathyroids - Hyperplastic 
Å Metastatic calcification 
          o Gastric mucosa 
          o Larynx 
          o Trachea 
          o Lungs 
          o Visceral pleura 
ÅKidney: Nephritis 
ÅThe deposits of calcium urates and urea on serous 

membranes and joints cause 
Åinflammation and pain. 

 



POSTMORTEM CHANGES 

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

 

 



URINARY SYSTEM-II 
NEPHROSIS 
Definition 
    Nephrosis includes cloudy swelling, fatty degeneration 

and even necrosis of tubules. 
Site of occurrence 
     Proximal convoluted tubule, IŜƴƭŜΩǎ loop and distal 

convoluted tubule are affected in descending order of 
occurrence 

Toxic nephrosis 
Etiology 
   o Toxic nephrosis may be due to inorganic, organic and 

endogeneous substances. Here the toxins are conveyed 
to the kidneys by way of blood. 



Inorganic origin 
  o Salts of mercury (Mercuric perchloride - 

fungicide) acts as cumulative toxicity.This is 
common in cattle, horses and swine. Mortality is 
high 

  o Potassium dichromate, copper sulphate, bismuth 
bisulphate, cadmium, arsenic and phosphorus 

 Gross pathology 
    o Kidney: Size: Enlarged 
    o Colour: pale 
    o Cut surface: Bulges 



Histopathology 
     o Kidney ς Tubule 
     o Proximal tubular epithelium desquamated or show 

coagulative necrosis 
     o Calcium is deposited in the luminal debris, necrotic 

epithelium and basement membrane 
     o Lumen contains granular or hyaline casts 
     o Moderate dilatation of the lumen of the tubules 
     o Intertubular tissue 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 
ÅHere calcium is deposited as calcium 

phosphates or carbonates 

Gross pathology 

   o Kidney shows white streaks or spots 

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

            o Dystrophic calcification 

            o Calcium casts 

           o Deposition of calcium in interstitial 
tissue 



NEPHRITIS AND NEOPLASMS 
Definition 

     o Inflammation of kidney is called nephritis 

Nephritis is classified as follows 

     o Suppurative Nephritis 

     o Non-Suppurative Nephritis 

     o Specific Nephritis 



Suppurative nephritis is classified as follows 

      o Pyaemic nephritis 

       o Pyelonephritis 

Pyaemic nephritis 

Åo Synonym 

Åo Embolic nephritis 

oEtiology 

Å Haematogenous originς E. coli, Staphylococci, 
Streptococci, Corynebacterium and Shigella 

 



Gross pathology 

o Kidney 

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

o Histopathology 

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

       o Around blood vessels leucocytic infiltration may be 
seen 

Sequelae 

      o Pyaemic nephritis 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 

     o Stasis of urine 



Signs 

Åo Haematuria / pyuria 

 Gross pathology 

ÅUrinary bladder ï Enlarged 

Å Ureters ï Distended; Wall is thickened and their mucosa is 
roughened 

Å Pelvis is widely dilated with pus and contains triple 
phosphates 

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

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

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



Histopathology 

 o 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. 

 ƻ DƭƻƳŜǊǳƭŀǊ ƭƻƻǇǎ ŀƴŘ .ƻǿƳŀƴΩǎ ŎŀǇǎǳƭŜ ŀǊŜ 
filled with leucocytes and bacteria 

 o Tubules may contain cell casts and bacteria 



Åo 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 

o Pyelonephritis might lead to death 



NON-SUPPURATIVE NEPHRITIS 
Non-suppurative nephritis is classified as follows 

     o Interstitial nephritis 

      o Tubular nephritis 

      o Glomerulonephritis 

Interstitial nephritis 

Åo Occurrence 

         Most common in older male dogs 

        Sometime s observed in horses, swine, sheep   
and cattle 

ÅThis is usually found at autopsy in normal looking 
animals 



GLOMERULONEPHRITIS 
Definition 
   o It is the inflammation of the kidneys involving 

primarily the glomeruli. 
Occurrence 
     o The condition is not common in animals as in man 
     o It is sometimes noticed in dogs, cats, swine, horses 

and mink 
Etiology 
    o Horses used for antisera production suffer from this 

disorder. 
    o It is seen as a sequel to bacterial and viral diseases 

elsewhere in the body- Focal golmerulonephritis is 
seen in acute septicaemic infections such as acute 
swine 



Pathogenesis 

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

o Based on the course glomerulonephritis is 
classified as follows 

                o Acute glomerulonephritis 

                o Subacute glomerulonephritis 

                o Chronic glomerulonephritis 



Congenital abnormalities of the kidney and 
urinary tract  

ÅOccur in 1 out of 500 newborns, and constitute 

approximately 20-30% of all anomalies identified in 

the prenatal period. 

ÅAccount for one third of all anomalies detected by 

routine fetal ultrasonography.  

ÅCAKUT 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. 



ÅCAKUT is the cause of 40% of childhood end-stage 
renal failure.  

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



Å10% of individuals have urinary tract malformations, 

although many are asymptomatic 

Å15% of congenital urogenital anomalies are secondary to 

an underlying chromosomal disorder 

ÅIn children, 20% of chronic renal failure is due to renal 

dysplasia or hypoplasia 

ÅIn 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) 

Årenal agenesis (renal aplasia)  

Årenal hypoplasia  

Åmulticystic dysplastic kidneys (renal dysplasias) (MRDs) 

2-fetal ureteric anomalies 

Åmegaureter  

Åureteropelvic junction obstruction (UPJO)  

Åureterovesical junction obstruction  

Åureterovesical junction incompetence  

Åduplex kidneys/ureters (renal duplications) 

3-fetal vesical anomalies (anomalies of the bladder) 

4-fetal urethral anomalies 



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



ÅThese fetal kidneys (from a gestation estimated at 25 weeks in 
the second trimester) demonstrate a normal cut surface. Note 
the pelvis and the calyces. Note the well-defined 
corticomedullary junctions.  



ÅComplete absence of one or both kidneys.  
ÅRenal agenesis is thought to result from a lack of 

induction of the metanephric blastema by the 
ureteral bud  
ÅBilateral agenesis is incompatible with life and is 

associated with pulmonary hypoplasia and limb 
defects 
ÅUnilateral renal agenesis is uncommon, not fatal 
ÅCompensatory hypertrophy in other kidney may 

cause glomerulosclerosis in adults. 

Renal Agenesis 
 





ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ YƭƛƴŜŦŜƭǘŜǊΩǎ όптΣ 
XXY) syndrome  
Arrows indicate adrenal glands; 
there is no kidney under the 
adrenal glands 



Renal Hypoplasia 
 

 

ÅFailure of kidney to 
develop to normal size 
without scarring 

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

ÅOligomeganephronia: a 
type of hypoplasia with a 
small kidney but 
hypertrophied nephrons 



Horseshoe kidney 

 

Å1/500 
autopsies, 
90% are 
fused at 
lower pole 

ÅAssociated 
with 
obstruction 



Polycystic Kidney Disease 

ÅAutosomal dominant  

ÅAutosomal recessive 

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





Kidney with autosomal recessive polycystic kidney disease  
 

ÅThe cysts are fairly small but uniformly distributed throughout 

the parenchyma so that the disease is usually symmetrical in 

appearance, with both kidneys markedly enlarged.  

ÅThe recurrence risk for this disease is, of course, 25% because 

of the autosomal recessive inheritance pattern.  

ÅAffected babies usually do not survive long.  

ÅThis disorder is linked to an abnormal fibrocystin protein 

produced by the PKHD1 gene.  



Å Infantile type/autosomal 
recessive polycystic kidney 
disease (ARPKD).  



    MULTICYSTIC 
DYSPLASTIC KIDNEY.  

Å 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.  

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

Å 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 ureters 
 

ÅOccurs in <1% of 
individuals 

ÅUsually 
asymptomatic; may 
be associated with 
obstruction 



Congenital anomalies of Bladder 

Arteriovenous malformation: 

ÅBy definition, direct communication is present 
between arterioles and venules 

ÅVery rare in bladder; more common in CNS, 
intestine, lung, extremities 

ÅMay cause massive hematuria 



Cloacogenic bladder 
 

ÅAlso called persistent cloaca 

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

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

ÅOccurs in 1/20,000 births, only in girls 



Duplication of bladder 
 

ÅBladder is separated into compartments 

ÅEither double bladder, septal bladder or 
hourglass bladder 

ÅIncomplete emptying causes urinary tract 
infections 



Exstrophy of Bladder 

ÅDevelopmental failure in lower abdominal wall or anterior 

wall of bladder due to failure of cloacal membrane to property 

differentiate; bladder communicates with body surface or lies 

as an opened sac 

ÅAssociated with glandular metaplasia and adenocarcinoma 

(<10% of exstrophied bladders) or squamous metaplasia and 

squamous cell carcinoma (~7% of patients) 

ÅAlso associated with infections and ulceration 



ÅThis male infant was born 
with bladder exstrophy.  

ÅThe bladder mucosa is 
everted and lies on the 
abdomen. Both ureteric 
orifices lie on the exstrophic 
bladder.  

ÅNotice that the penis is 
shortened and that there is no 
urethral meatus.  

ÅHis urethra is actually a plate 
of deep red mucosa lying on 
the dorsal penis. This is 
called epispadias.  



ÅHypoplasia of Bladder 

 
ÅNormal but small bladder, seen in Potter syndrome 

  

ÅHyperplasia of Bladder 

 
ÅBoys only 

ÅStructurally and functionally abnormal bladder, shaped like 
cone, heart or cloverleaf 

ÅDoes not empty completely 

ÅAssociated with obstruction at urethral outlet but normal 
histology 



Urachal Remnants 
 

ÅUrachus is a 5 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) 

ÅAfter birth, it becomes median umbilical ligament 

ÅArises from superior urogenital sinus 

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

ÅUrachal remnants seen at autopsy in 50% of fetuses, 33% of 
adults 

ÅAssociated with urachal cysts, sinus, fistula, diverticulum, 
infections, adenocarcinoma of bladder; also urothelial 
carcinoma, villous adenoma, squamous cell carcinoma 



Patent urachus 
 

ÅAlso called persistent urachus 
ÅRare; leads to urination through umbilicus 
ÅMay be associated with infections 


