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Kidney 

functions

• Maintain plasma volume.

• Eliminate metabolism waste.

• Excrete foreign compounds (drugs). 

Plasma filtration:

• Acid-base balance: eg; bicarbonate generation.

Secretion:

Reabsorption: reabsorb water and 
important solutes

• Secrete erythropoietin.

• Renin.

• Convert Vitamin D to the active form (1,25 dihydroxy 
vitamin D).

Endocrine function:













• Filtration: averages 20% of cardiac
output.

• Reabsorption: highly variable and
selective, most electrolytes (e.g., Na+, K+,
Cl-) and nutritional substances (e.g.,
glucose) are almost completely
reabsorbed; most waste products (e.g.,
urea) are poorly reabsorbed.

• Secretion: variable; important for rapidly
excreting some waste products (e.g., H+),
foreign substances (including drugs), and
toxins.





Glomerular filtration
• GFR = 125 ml/min = 180 liters/day.

• Plasma volume is filtered 60 times per day.

• Glomerular filtrate composition is about the same as plasma, except for large 

proteins

• Filtration fraction (GFR/renal plasma flow) = 0.2 (i.e., 20% of  plasma is filtered)

• Factors affecting GFR: 

• Molecular size of  the solute.

• Charge of  the solute: the basement membrane of  the capillaries is negatively charged 

which repels the negatively charged ions and favors the cations.

• Capillary hydrostatic pressure and Bowman’s capsule hydrostatic pressure.







Clinical Significance of  Proteinuria

• Early detection of  renal disease in at-risk patients:

- Hypertension: hypertensive renal disease.

- Diabetes: diabetic nephropathy.

- Pregnancy: pre-eclampsia.

- Annual “check-up”: renal disease can be silent.

- Proteinuria can increase inflammation.



Disorders 

of  urine 

volume 

Normally urine volume/24 hours ~
1-1.5 liter 

Anuria (no urine excretion) is due 
to either: 

• a. Total urinary obstruction.

• B. Vascular occlusion. 

Oliguria - urine output / 24 hours is 
below 500 ml. 

Polyuria - urine output / 24 hours is 
above 3 liters. 



Polyuria

Causes:

1. Excess fluid intake.

2. Hyperglycemia. 

3. Diabetes insipidus.

(decreased or absence of  

antidiuretic hormone)

4. Drugs  diuretics 

toxins  lithium 



• HEMATURIA: means urine contains blood or RBCs.

• Causes :
- Bleeding from anywhere in the renal tract:

• A. Kidneys:
i. Clotting disorders.
ii. Cyst.
iii. Tumor.
iv. Glomerular disease.
v.  Interstitial disease.
vi. Infarction.

B. Ureter:
i. Cancer
ii. Stone

C. Urinary bladder: infection
D. Urethra: trauma in the urethra.



Hematuria
Haematuria:

a. Frank bleeding
b. Microscopical bleeding
“RBCs detected in urine by microscope”

• Normally:
few RBCs are detected by microscope.

• *Dipstick test can detect microscopical bleeding.
*Dipstick test is positive during menstruation.

• Examination of  urine is helpful in establishing the cause of  hematuria:

1. Presence of  WBCs and micro-organisms suggests infection. 

2. Presence of  RBC casts suggests glomerular bleeding. 



• Glomerular bleeding suggests fracture in the glomerular basement membrane 

(GBM).

• Glomerular bleeding may develop after strenuous exercise.

• Recurrent episodes of  gross hematuria associated with upper respiratory tract infection 

indicate IgA nephropathy:

Glomerulonephritis with deposition of  IgA in mesangial cells.

Hematuria



• Red urine due to hematuria must be differentiated from other causes of  red or black 
urine:

•
1. Hemoglobinuria: red urine.

Myoglobinuria: very dark or black urine.

*Both show positive dipstick test but no RBCs on microscopy. 

2. Food dye  beetroot 

3. Porphyria  urine darkens on standing

4. Alkaptonuria  dark brown or dark urine

5. Drugs :
* Senna (orange urine)

* Rifampicin (orange urine)

* L. Dopa (the urine darkens on standing)

Hematuria



Proteinuria 
• Presence of abnormal concentration of proteins in the urine.

*proteinuria makes urine froth easily!

1. Low molecular weight proteins:

* normally low MW proteins are filtered at glomeruli but are absorbed by tubular
cells.

* Less than 150 mg/day should appear in the urine.

* the appearance of more than 150mg of low MW proteins in the urine 24
hours means failure of reabsorption by tubular cells and indicates tubular cell
damage.

* Proteinuria of low MW proteins more than 2g/day indicates significant
glomerular disease.



2. Albuminuria

* Normally albumin is not filtered at glomeruli.

* Presence of albumin in the urine is a positive sign of glomerular disease.

- Albuminuria is seen in the early stages of the glomerular disease of diabetes

mellitus "diabetic nephropathy“.

* Minor leakage of albumin into glomerular filtrate may occur temporarily after

vigorous exercise, fever and heart disease.

Proteinuria 



Orthostatic proteinuria:

• Proteinuria occurs only during the day. 

• First-morning urine sample contains no protein. 

• Is usually benign in the absence of  renal disease. 



NEPHROTIC 

SYNDROME

• Is due to the loss of  large quantities of  protein in 
the urine.

• The signs and symptoms start to appear when 
proteinuria is about 3.5 grams/day. 

• Characteristics of  nephrotic syndrome:

1. Serum albumin is less than 3 grams/100 ml.

2. Signs of  fluid retention or edema.

3. Proteinuria of  more than 3.5 g/24 hours. 

• Causes of  nephrotic syndrome: 

The diseases causing nephrotic syndrome always affect the 
glomeruli.

1. Glomerulonephritis. 
2. Systemic diseases: 

"diabetic nephropathy, amyloidosis"



Clinical features of  nephrotic syndrome

1. Edema

• * Is due to hypoalbuminemia and Na+ retention. 

• * Starts in lower limbs and extends to genitalia and lower abdomen (in severe cases).

• - Ascites occur early in children.

• * In the morning the edema is seen in the upper limbs and face. 

2. Hypercoagulability 

• * tendency for clot formation, is due to loss of  anticoagulants.

• * It may lead to venous thrombosis and emboli formation. 

3. Infection 

• * is due to hypogammaglobulinemia 

4. Hypercholesterolemia 

• * leads to arterial occlusion 

• (enzymes involved in cholesterol metabolism are lost in urine).



Glomerulonephritis 

(GN)

• Inflammation of glomeruli.

• It is mostly immunologically mediated

which is due to:

1. Deposition of anti-glomerular basement

membrane antibodies.

2. Streptococcal infection.

*The antibody-antigen complexes are

deposited in the glomeruli.

These complexes are formed from the

reaction of the antibodies against glomerular

antigens or with antigens deposited in the

glomeruli.



Glomerulonephritis 

(GN)

• It might be acute or chronic.

• Might lead to kidney failure.

Signs and symptoms:

- Na+ retention.

- Edema.

- Hypertension. 

- Proteinuria. 

- Hematuria. 

- Reduced urine output.



Acute tubular necrosis (ATN)

* Necrosis of  cells of  kidney tubules.

* It is the most common cause of  acute renal failure.

• Tubular cell death is caused by:
a. Reduce renal blood flow such as in shock.
b. Toxins such as:

- Gentamycin, vancomycin
- Cytotoxic drugs (cyclosporin, cisplatin)



Acute 

tubular 

necrosis 

(ATN)

• Reduce blood flow to tubular cells

leads to less O2 delivery to tubular cells

especially to cells of the ascending loop

of Henle (they are very active

metabolically)  death of the cells 

accumulation of cells into the lumen of

the tubules leading to occlusion.

Clinical manifestations:

• Dehydration.

• Swelling and fluid retention.

• Reduced renal output.



Renal failure

• Failure of  the kidney to perform its function.

• It might be due to renal disease or systemic disease.

• Can be acute or chronic.



Acute renal failure 

• Sudden entire or almost entire loss of  kidney function within 48 hours

*High plasma creatinine concentration and decreased urine output. 

• It is usually reversible if  recognized early and treated properly.



Acute renal failure: Causes





Clinical features of  ARF:
• The signs and symptoms are a combination of underlying conditions that caused the renal

failure and those of renal failure itself.

1. Abnormalities of urine volume:

*Oliguria

*Anuria→ is rare and indicates acute urinary tract obstruction or vascular occlusion.

*Sometimes urine volume is normal or increased (seen in 20% of patients). This is

due to low GFR and poor tubular absorption and does not mean normal kidney excretory

function.



Clinical features of  established ARF
2. Blood chemistry abnormalities:

*High plasma urea and creatinine concentrations. 

*Hyperkalemia must be corrected because of  its effect on heart function (causes ventricular 
arrhythmia). 

*Hypocalcemia: is due to decreased the active form of  vitamin D

* Acid-base disturbances→ metabolic acidosis.

* Respiratory rate is increased (due to metabolic acidosis)

* Pulmonary edema may develop (due to retention of  fluid or inappropriate administration 

of  excess fluid).

* Anemia (due to blood loss and less erythropoietin production).

* Bleeding tendency

* Immunity depression and infection.



Chronic renal failure
• Loss of  nephrons and decline of  renal function.

• Determined by a persistent decrease in GFR for more than 3 months.

• Causes:

• Diabetes.

• Hypertension.

• Systemic lupus erythematosus.

• Polycystic kidney disease.





Diagnostic measures of  CKD

• GFR is considered the best measure for overall kidney function.

• GFR varies based on age, sex and body size.

• Normal is between 120-130 ml/min/1.73 m2 

• GFR is measured based on serum creatinine levels taking on consideration the 

above variations.

• Proteinuria is an adjuvant tool for measuring nephrons injury and repair.





Clinical 

manifestations 

• In the early stages, CKD is largely asymptomatic.

• Azotaemia (elevated nitrogen-containing waste in the
blood) is an early sign of CKD.

• Uraemia: elevated urea in the blood which is
characterized by:

• Fatigue.

• Neuropathy.

• Sleep disorders.

• Encephalopathy.

• Nausea and vomiting.

• WBCs dysfunction.

• Pruritis.



Anemia

This anemia may be caused by: 

1. Decrease in erythropoietin production. 

2. Inhibition in erythropoiesis by the toxic effect of  
metabolic waste products on bone marrow.

3. An increase in blood loss due to increased 
capillary fragility and poor platelet's function.

4. Reduction in dietary intake and absorption of  iron 
and other substances needed for erythropoiesis.

5. Shortening of  RBC life span.



Bone 

abnormalities of  

CRF (renal 

osteodystrophy)

These abnormalities are a mixture of:

*Osteomalacia (failure of bone mineralization).

*Osteoporosis (reduction in bone mass).

*In CRF there is less 1,25-
dihydroxycholecalciferol (the active form of
vitamin D) decreasing absorption of ca+2

from intestine  hypocalcemia, this causes:

A. Reduction in bone calcification.

B. Hyperparathyroidism  increased
bone resorption.

* Excretion of phosphate is decreased in CRF
leading to hyperphosphatemia which
stimulates the parathyroid glands.



Chronic 

Renal 

Failure

Endocrine disorders of  CRF

Hyperprolactinaemia → causes a decrease in libido and 
sexual function in males and female.

Hyperparathyroidism → is due to hypocalcemia and 
hyperphosphatemia.

Amenorrhea (means absence of  menstrual cycle in 
females)

There is also relative insulin resistance in CRF. 

However, a decreased renal metabolism of  insulin in CRF 
may reduce the daily requirements of  insulin in diabetics.



Chronic 

Renal 

Failure

Metabolic acidosis:

- The increased H+ leads to an exchange of

H+ instead of ca2+ in the bone and this

aggravates the metabolic disease of the bone

of CRF.

- The respiration is strongly stimulated by

metabolic acidosis. The increased respiratory

activity is an attempt to reduce H+

concentration by blowing off CO2. Plasma

pH less than 6.8 leads to coma and death.



Heart 

diseases 

in CKD

LV dysfunction due to fluid 
overload and anaemia.

Hypertension which is due to 
sodium and water retention.

LV dysfunction coupled with 
hypertension can lead to heart 
failure. 





Replacement of  renal function in renal 

failure

**When kidneys stop working temporarily or permanently, metabolic waste products
accumulate in the blood.

It is essential to get rid of these toxic substances which worsen the condition and
affect other body systems. It is also important to replace the endocrine function of
the failing kidneys.

**It is possible to replace the excretory function of the failed kidneys by
hemodialysis or peritoneal dialysis.

**Dialysis can not replace the endocrine and metabolic functions of the
kidney. These functions could be resumed by a kidney transplant.
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