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What are the kidneys?

The kidneys are two bean-shaped organs, 
each about the size of a fist. 

Where are the kidneys located?

The kidneys are located just below the rib 
cage, one on either side of the spine deep in 
the abdomen. It is more close to the back 
rather than the front of the abdomen.

Why are the kidneys important?

Remove wastes and extra fluid: The kidneys act like a filter to remove 
wastes and extra water from the body. In adults, the kidneys filter nearly 
225 litres of blood each day to make about 1 to 2 litres of urine. The urine 
contains wastes that need to be eliminated from the body. This prevents 
accumulation of wastes and fluid to keep the body healthy.

Control of blood pressure: When blood volume or sodium levels in the 
body are low, or blood potassium is high, cells in the kidney release an 
enzyme called renin. Renin, with the help of certain hormones from the 
liver and the adrenal glands, produces substances that constrict the 
blood vessels and increase the blood pressure. Likewise, when appropriate, 
the kidneys excrete extra fluids from the body with the help of the 
relevant hormones and reduce the blood pressure. 

Make red blood cells: The kidneys make a hormone called erythropoietin.  
Erythropoietin signals the bone marrow to make red blood cells. Red 
blood cells carry oxygen from the lungs to supply the body's needs. Red 
blood cells give energy that is required for daily activities.

Keep bones healthy: The kidneys help in making the active form of 
vitamin D. Vitamin D is required to absorb calcium and phosphate from 
the circulation. Calcium and phosphate are important minerals for 
making bones strong. The kidneys also balance calcium and phosphate 
so that the body has the right amount.

Control pH Levels: pH is a measure of acid and base. Kidneys maintain a 
healthy balance of the chemicals that control acid levels. As the cells 
break down, they make acids. The foods an individual consumes can 
either increase or lower the amount of acid in the body. Kidneys balance 
the pH of body by either removing or adjusting the right amounts of acid 
and buffering agents. 
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Figure 2: Basic functions of the kidney. 

2

Prepared by - Tanya Enoch



 

Classification Childhood Renal Diseases Adult Renal Diseases 

Birth defects (congenital) (From 
birth to 4 years old) 

Renal agenesis 

Renal dysplasia 

Ectopic kidney 

Not applicable 

Genetic and Hereditary diseases Polycystic kidney disease (PKD) Lupus and IgA nephropathy 

Infection  Glomerulonephritis (acute and 
chronic) 

Glomerulonephritis (acute and 
chronic) 

Syndrome Nephrotic syndrome Nephrotic syndrome 

Systemic Diseases Lupus nephritis 

Diabetic kidney 

Diabetic nephropathy 

End Stage Renal Disease (ESRD) 

Trauma Direct trauma 

Dehydration 

Surgery 

Direct trauma 

Dehydration as in burns 

Surgery 

Blockage and Reflux Vesicoureteral reflux (VUR) Cancers of kidney 

Kidney stones 

Cancers and Tumours Wilms tumour Renal cell carcinoma 
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 How is urine produced?

Each kidney contains up to a million functioning units called the nephrons. A nephron consists 
of a filtering unit of tiny blood vessels called known as the glomerulus that is attached to a 
tubule. When blood enters the glomerulus, it is filtered and the remaining fluid then passes 
along the tubule. In the tubule, chemicals and water are either added to or removed from this 
filtered fluid according to the body's needs. The final product is the urine that is excreted.
The kidneys perform their life-sustaining job of filtering and returning to the bloodstream about 
225 litres of fluid every 24 hours. About two litres are removed from the body in the form of 
urine, and the rest is reabsorbed back into blood stream.  The urine that is excreted has been 
stored in the urinary bladder for anywhere from between 1 to 8 hours.

What are the common diseases of the 
kidneys?

In adults, stones, diabetes and cancers are 
common in the kidneys. In children, common 
conditions include nephrotic syndrome and 
polycystic kidneys.

Figure 3: Structure of nephron and function of each 
segment (Adapted and Redrawn). 

Figure 4: Pathologies that commonly affect 
the kidneys. 

Renal agenesis Poly cystic kidney

Renal stones Renal cell carcinoma
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What are the common tests (investigations) undertaken to diagnose a malfunctioning 
kidney?

What is chronic kidney disease?

Chronic kidney disease (CKD) is a long-term condition 
where the kidneys do not work effectively.
CKD does not usually cause symptoms until it reaches an 
advanced stage. It can be detected in the earlier stages 
by blood and urine tests.

What are the symptoms of chronic kidney disease?

The main symptoms of advanced kidney disease include:
o Tiredness
o Swollen ankles, feet or hands (due to water retention)
o Shortness of breath
o Nausea
o Blood in the urine
If the condition is left untreated or uncontrolled, it can lead
to kidney failure or End-Stage Renal Disease.

Figure 5: Different manifestations of chronic 
kidney disease. 

Common investigations What do they imply and detect? 

Serum Creatinine Creatinine is a waste product that comes from the normal 
wear and tear of muscles of the body. As kidney disease 
progresses, the level of creatinine in the blood rises as they 
are unable to eliminate creatinine form the body. 

Glomerular Filtration Rate (GFR) This test is a measure of how well the kidneys are removing 
wastes and excess fluid from the blood. It is calculated from 
the serum creatinine level using age and gender. A GFR below 
60 may mean that the individual might have kidney disease.  

Blood Urea Nitrogen (BUN) Urea nitrogen comes from the breakdown of protein in the 
foods. As kidney function decreases, the BUN level rises. 

Intravenous Urogram (IVU) A special X-ray of the kidneys using a dye to show up the 
kidneys and their drainage system. The dye is injected into the 
arm, travels through blood to the kidneys and is passed out of 
the body in the urine. It is used to detect kidney stones, 
congenital problems in the urinary tract, tumours in the 
kidney, ureters and bladder. 

Ultrasound Scan (USS) Ultrasound is a non-invasive way to take images of the 
kidneys. It is used to detect kidney stones, blockages in the 
urinary tract, kidney tumours, kidney abscesses and cysts.  

Abdomen X-ray It is the first-line of investigation to detect kidney stones. 

Computerised Tomography (CT) Scan Used to detect tumours and cancers of the kidney. 
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What is kidney failure?

If the kidney function drops below 15 percent of 
normal, the individual is said to have kidney 
failure. The affected individual may have symptoms 
from the build-up of waste products and extra 
water in the body.

What are the treatment options for kidney 
failure?

End-Stage Renal Disease or kidney failure may be 
treated by dialysis or kidney transplant

What is dialysis?

Dialysis is a procedure to remove waste products 
and excess fluid from the blood when the kidneys 
stop working properly. It often involves diverting 
blood to a machine to be cleaned.

What are the principles of dialysis?

Dialysis works on the principles of the diffusion of 
solutes and ultrafiltration  of fluid across a 
semi-permeable membrane. Diffusion is a property 
of substances in water; substances in water tend 
to move from an area of high concentration to 
an area of low concentration.

What are the main types of dialysis?

There are two types of dialysis available in the 
NHS. These are: haemodialysis and peritoneal 
dialysis.

How are the two types of dialysis different?

In haemodialysis, blood is removed from the body into a dialyzer (called an artificial kidney), which filters the blood. 
An artificial connection between an artery and a vein (arteriovenous fistula) is made to facilitate the removal of 
blood.

In peritoneal dialysis, the peritoneum is used as a filter. The peritoneum is a membrane that lines the abdomen and 
covers the abdominal organs, creating a space within the abdomen called the peritoneal space or abdominal 
cavity. Waste products from the body drain across the peritoneum into the fluid (dialysate) in the abdominal cavity.

Blood is pumped from the anteriovenous
fistula into a dialyzer

In the dialyzer, waste products 
filter from the blood through an 
artificial membrane into a fluid 
called the dialysate.

Purified blood is pumped from the dialyzer into the arteriovenous fistula

Figure 6b: Procedure and principle of  haemodialysis 
(Adapted and Redrawn). 

Figure 6a: Procedure and principle of  haemodialysis 
(Adapted and Redrawn).
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What are the advantages and disadvantages of haemodialysis and peritoneal dialysis?

Table 1: Advantages and disadvantages between peritoneal and haemodialysis (Adapted and 
Recreated).

Haemodialysis Peritoneal dialysis 

Advantages 

Effective removal of waste products Schedule flexibility, easier to travel 

Care given by trained professionals Patient and/or family involved in care 

Regular contact with other patients Clinic visits limited to 1-2x a month 

Rapid correction of electrolyte imbalances Few risks of dialysis-associated cramps 

No equipment to store at home 
No need for needles or vascular access in the 
arms 

Treatment usually occurs only three times a week Steady state therapy, gentle infiltration 

Disadvantages 

Vascular access surgery required 
Permanent external catheter; "body-image" 
problems 

Use of large needles No "off” days 

Schedule inflexibility Risk of peritonitis 

Must travel to centre three times a week Risk of weight gain from glucose in dialysate 

Cramping with ultrafiltration 
Must store dialysis equipment and supplies at 
home  

Risk of bacteremia (with tunneled catheter) Need for self-monitoring of care 
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What are the advantages and disadvantages of kidney transplantation 
compared to dialysis?

When is a kidney transplantation recommended?

When a patient has kidney failure, also known as End-Stage Renal Disease (ESRD), a dialysis or a kidney transplant may 
be required for the patient to have a reasonable quality of life. Compared to dialysis, kidney transplant is considered 
to be a better option since it enhances the long-term survival.  Studies show that people with kidney transplants live
longer than those who remain on dialysis.

Why is a kidney transplantation not always possible?

The patient should be well enough to withstand the effects of surgery and not have any major cancers or severe 
infections. They should be willing to comply with the immunosuppressant (anti-rejection) medications and attending 
regular appointments following the procedure. Every patient considered for a transplant will receive a full medical and 
psychosocial evaluation to make sure they are a good candidate for transplantation. Patients who need a kidney 
transplant, but don't have a suitable living donor, will have to wait until a suitable deceased donor kidney becomes 
available.

Table 2: Comparing the advantages and disadvantages between kidney transplants and 
kidney dialysis (Adapted and Recreated) 

Transplantation Versus Dialysis 

Advantages Disadvantages 

Kidney 
transplantation 

 Patients can lead a more 
normal life without having 
to watch what they eat 
and drink 

Cheaper for the NHS 
overall 

Must take immune-
suppressant drugs which 
increase the risk of infection 
 Shortage of organ donors 
On an average, kidneys only 

lasts 8-10 years
 Any operation carries risks 

Kidney dialysis  Available to all kidney 
patients (no shortage) 

No need for immune-
suppressant drugs 

 Patient must limit their salt 
and protein intake between 
dialysis sessions 

 Expensive for the NHS 
 Regular dialysis sessions -

impacts on the patient's 
lifestyle 
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Are there many patients in the waiting list to receive a kidney transplantation?

The number of deceased kidney donors increased by 11% in 2017-2018 compared to 2016-2017. 
The number of deceased donor kidney transplants increased by 10%.  There were 5,033 patients 
waiting for a kidney transplant as of 31st March 2018. However, for the 9th consecutive year the 
number of patients in the national list awaiting a kidney transplant has declined. 

A summary of activity for deceased donor kidney transplants and the transplant list at year end 
for the last 10 years is shown in Figure 5.1.  The number of patients registered on the active transplant 
list as of 31st March 2018 for a kidney only or multi-organ kidney transplant has fallen by 30% since 
2009.  These registrations include patients suspended on the kidney waiting list but active on the 
liver waiting list for a combined liver and kidney transplant.  

Figure 7: The number of donors, transplants and transplant list for kidney transplant in the 
United Kingdom (1 April 2008- 31 March 2018) . 
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What are the future directions for a kidney transplantation?

Demand for kidney transplants is increasing. In the western world, high blood pressure 
and type II diabetes are on the rise and are contributing to higher rates of kidney 
disease. But there are not enough donor organs to meet this growing need. Stem cell 
based therapies may offer an alternative solution.

Scientists are studying how the kidney can regenerate itself and what types of kidney 
cells are involved in this process.  It is still not clear which type of cells are involved in 
kidney regeneration.   There are several groups of cells around nephrons that have 
‘stem cell like’ characteristics. One type is called Renal Progenitor Cells (RPC). Another 
group has features similar to mesenchymal stem cells (MSCs), cells typically found in the 
bone marrow. Scientists are also using induced pluripotent stem cells (iPSCs) to 
produce 3D nephron-like structures that are being used to study how kidneys form in 
embryos as well as develop and test new drugs and therapies. Eventually, it may be 
possible to use these cells to create new nephrons in damaged kidneys.

What are the challenges for a kidney transplantation?

Studying kidney development, kidney disease and the natural repair process is very difficult because of the complex 
structures and large diversity of cells in a kidney. Kidney diseases can be caused by damage to different types of cells 
in the kidney. Stem cell treatments will only be effective if they consider which cells are damaged and must be 
replaced. Cell treatments that promote natural repair pathways could happen sooner than cell replacement therapies, 
but researchers still need a better understanding of how the natural repair processes works before treatments can be 
developed.

Figure 8: Potential of stem cell for transplants. 
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Figure 9: ‘Eat well guide’. 

Figure 10: Traffic light food labelling system. 

How to maintain a healthy kidney?

Maintain a healthy diet – Follow the ‘Eat 
well guide’. A well-balanced diet contains 
a variety of foods from the five different 
food groups, as shown in Figure 9.

Reduce salt intake - Eating too much salt is 
linked with high blood pressure and heart 
disease, which can damage the kidneys.

Understand food labels -  Understanding 
food labels can help one to make sensible 
choices when choosing foods. Food labels 
often show the salt content per 100g.

Moderate the alcohol intake - Alcohol should
only be drunk in moderation regardless of 
kidney problems. As a general guide, this 
means no more than 2 units a day for both 
men and women. 

Maintain a healthy weight -  Healthy weight is 
measured by Body Mass Index (BMI), which
shows the relationship between the weight 
and the height of the individual. A healthy 
weight is a BMI between 20 and 25.

Stay active - Get active! It is important to 
keep active. Exercise has lots of benefits: it 
can help lose weight, help to lower blood 
pressure and it is also great for increasing an 
individual’s self-confidence.
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Glossary

Buffering agent: A weak acid or base used to maintain the pH of a solution near a chosen value 
after the addition of another acid or base. 

Constrict: Making blood vessels (arteries or veins) narrower due to pressure, hormones or changes 
in the body’s physiology.

Diabetic kidney disease: Type of kidney disease caused by prolonged and uncontrolled diabetes.

Ectopic kidney: A birth defect in which a kidney is located below, above, or on the opposite side 
of its usual position. 

Glomerulonephritis: A group of diseases that injure the part of the kidney that filters blood (called 
glomeruli).

IgA nephropathy: An autoimmune kidney disease that occurs when IgA (a type of antibody) 
deposits build up in the kidneys, causing inflammation that damages kidney tissues.

Lupus nephritis: A type of kidney disease caused by Systemic Lupus Erythematosus (SLE or lupus) – 
an autoimmune disease. 

Membrane: A thin sheet of tissue or layer of cells that form a boundary or covering of organs.

Nephrotic syndrome: Group of diseases that can damage the kidney

Polycystic kidney disease (PKD): A genetic disorder that causes many cysts to grow in the kidneys. 
PKD cysts cause high blood pressure and problems with blood vessels in the brain and heart.

Renal agenesis: Individuals are born with absence of one or both kidneys. 

Renal dysplasia: Individuals are born with both kidneys; however, one kidney does not function.

Semipermeable membrane: A biological or synthetic membrane that allows certain molecules or 
ions to pass through it by diffusion.

Ultrafiltration: A type of membrane filtration  in which forces such as pressure or concentration 
gradients lead to a separation through a semipermeable membrane.

Vesicoureteral reflux: A condition in which urine flows backward from the bladder to one or both 
ureters and sometimes to the kidneys. 
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