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Answering Exam Questions: Kidney problems
Exam questions sometimes test student’s understanding of the kidney and of basic physiological processes by focusing on kidney
problems. Such questions, which are usually based on dialysis, often prove difficult for students simply because they appear unfamiliar.
This Factsheet summarises the type of questions that have been asked in recent exam papers.

Kidney diseases reduce the kidney’s ability to:
• regulate the internal environment of the body, and
• excrete toxic waste metabolites.

As a consequence, kidney diseases such as; nephrosis, bacterial infections, auto-immune disease, kidney stones and polycystic kidney
result in abnormal urine volume and abnormal changes to the chemical composition of urine and blood. (see glossary for terms in bold).

Fig 1. Artificial kidney

The artificial kidney machine is used to perform haemodialysis.
A tube connects it to the patient’s radial artery.
The blood is pumped from the artery through the tubes to one side
of a selectively permeable dialyzing membrane made of cellulose
acetate.
The other side of the membrane is continually washed with a sterile
artificial solution called the dialysate.
To prevent blood clotting, the blood that passes through the artificial
kidney is treated with an anticoagulant (heparin). About 500 cm3 of
the patient’s blood is in the machine at a time. The patient
compensates for the blood loss by vasoconstriction and increased
cardiac output.

All substances in the blood, (including nitrogenous wastes), except
proteins and blood cells, can diffuse out of (and back into) the
blood across the selectively permeable membrane.

The electrolyte (salts) level of the plasma is controlled by keeping
the dialysate electrolytes at the same concentration as normal
plasma. Any excess plasma electrolytes move down the
concentration gradient and into the dialysate. If the plasma
electrolyte level is normal, it will be in equilibrium with the dialysate
so there is no net gain or loss of electrolytes. Dialysate contains no
wastes, so urea/other wastes move down the concentration gradient
into the dialysate. Thus, waste metabolites are removed and normal
electrolyte balance is maintained.

blood drawn from
patient's radial artery

blood returned to
superficial vein of
patient

blood pump

dialyser

constant temperature bath

fresh dialyzing solutionused
dialyzing
solution

bubble trap, so no air
bubbles can enter
patient

Remember :  D ia lys is  jus t  means the separation of large
non-diffusible particles from smaller diffusible ones through a
selectively permeable membrane.

Renal dialysis
When the kidneys are so damaged by disease that they cannot excrete
nitrogenous wastes or regulate pH, electrolyte and water concentration
of the plasma, the blood must be filtered by an artificial device using
haemodialysis .  A pat ient  is  usual ly  haemodialysed three
times a week, each session lasting for 4 to 6 hours.
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Typical Exam Questions
(a) The diagram shows a simple dialysis machine used to remove

urea from the blood.

(i) By what process does urea pass from the blood into the
dialysis fluid?

(ii) Suggest why the fluid in the dialysis machine is at 40 °C
rather than room temperature.

(iii)Suggest why the blood and the dialysis fluid flow in
opposite directions in the dialysis machine.

(iv)Explain why the fluid is changed every five hours.

(b) The table shows the concentration of solutes in the fresh
fluid.

Another use of the kidney machine is that nutrition can be supported by placing large concentrations of glucose in the dialysate. As the
blood gives up its wastes, the glucose diffuses into the blood. Adding glucose to the dialysate causes more water loss from the blood
due to the increased osmotic gradient.

The main drawbacks to the artificial kidney are:-
• Anticoagulants must be added to the patient’s blood during dialysis and these have to be neutralized with other drugs after dialysis

is complete.
• A large volume of the patient’s blood has to flow through the machine.
• The treatment is time consuming and interferes seriously with the patient’s freedom.

Solute Concentration (mmol dm-3)

Sodium ions (Na+)
Chloride ions (Cl-)
Calcium ions (Ca2+)
Magnesium ions (Mg2+)
Glucose
Urea

132
96

1.25
0.25
76
0

(i) Suggest why the concentration of solutes in the dialysis
fluid is controlled so carefully.

Answers
(a)(i)diffusion

(ii)the higher temperature increases the rate of exchange/
diffusion;
prevents cooling of the blood / prevents increase in viscosity

(iii)concentration gradient maintained / equilibrium never
achieved;
blood always meets fluid with lower concentration of urea;
diffusion/exchange along the whole length of surface;

(iv)to maintain concentration gradients / stop reaching
equilibrium;

(b)(i)ions, glucose and amino acids would diffuse into the
dialysate;
because of their concentration gradients;
Causing deficiency in these substances;

Continuous peritoneal dialysis (CAPD)
This is more convenient and less time-consuming for many patients.
The patient can move around and carry on with normal daily
activities while undergoing this type of dialysis. CAPD uses the
peritoneum which is a selectively permeable membrane, so it permits
rapid transfer of substances between blood and dialysate in both
directions.

Remember – the peritoneum surrounds capillary containing
mesenteries which support abdominal body organs and the
peritoneum also  lines the body cavities.

A catheter is placed through the patient’s abdominal wall into the
peritoneal cavity and connected to a supply of dialysate in a plastic
container strapped to the patient’s body. Gravity feeds the solution
into the abdominal cavity from the container. After several hours,
when dialysis is complete, the dialysate is returned from the
abdominal cavity to the plastic container and then discarded. The
patient can push dialysate from the body cavity back into the
container by tensing the abdominal muscles. A new container of
dialysate is then attached to the catheter (which remains
permanently in place).

A disadvantage is the higher risk of infection when this process is
used. The plastic container of dialysate is replaced four times per
day.

Fig 2. Cross section of abdominal cavity

Extract from Chief Examiner’s report
Many candidates described dialysis as if it was occurring in a
normal kidney and therefore concentrated on events in the
nephron. Many referred to ultrafiltration, active transport and
facilitated diffusion which are not appropriate for the artificial
membrane in the dialysis machine.
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Kidney transplants
Dialysis can keep kidney failure patients alive for many years but the final resource for such patients is to have a kidney transplant.
• The transplanted kidney could be taken from a dead donor or from a willing, live genetic relative (because a person can live normally

with only one healthy kidney). A kidney from a relative is likely to be antigenically similar to the recipient and so rejection due to
immune incompatibility is less likely.

• The recipient’s diseased/infected kidneys are usually removed. A transplanted kidney is grafted into the abdomen, but lower down
than the old kidneys were, and attached to branches of the iliac artery and vein rather than to the recipient’s renal artery and vein.

• To avoid rejection of the new kidney, immunosuppressive drugs are given until the risk of rejection is over. This has the disadvantage
of making the recipient more susceptible to infection, because of suppression of the immune response. An immunosuppressive drug
is cyclosporine. This inhibits the T-cells, which cause tissue rejection by producing cytotoxic substances, but has little inhibitory
effect on B-cells which produce antibodies..

Glossary: Kidney disease
Kidney nephrosis
Normally, there should be no protein in the urine. However, kidney
nephrosis involves the glomerular and renal capsule membranes
which become increasingly permeable to proteins. Thus,
increasing amounts of plasma albumins and some globulins appear
in the urine.Eventually, as more glomeruli degenerate, serious
uraemia also occurs.

Remember – plasma albumin exerts an osmotic pressure so
tending to hold water in the blood. If the plasma albumin is
lost, less water is held in the blood and tends to remain in the
tissues – causing swelling (oedema).

Bacterial infections
Bacterial infections, especially of Streptococcus can lead to
damage to the glomeruli which become swollen and blocked with
blood and Streptococci. The filtering membranes are damaged and
proteins again appear in the urine.

Antibodies, produced as part of the immune response may
themselves damage the filtering membranes (auto-immune disease).
The disease is fatal unless it is treated using renal dialysis. This
treats the symptoms but does not cure the disease. A real ‘cure’
can be only be achieved by a kidney transplant.

Auto-immune disease
Occurs when the body’s own antibodies damage certain body
structures. Antibodies produced against Streptococci are
particularly implicated in this. In chronic glomerulonephritis the
glomerular and renal capsule membranes are damaged; in diabetes
mellitus the insulin secreting beta-cells of the islets of Langerhans
are damaged.

Kidney stones
Made of phosphates of calcium, magnesium and ammonium, of calcium
oxalate, of uric acid, of the amino acid cystine, or of xanthine. The
substance may exceed its maximum solubility, or the pH of the forming
urine may reduce the solubility of the substance. Large calcium
stones may be large enough to almost fill the renal pelvis (where the
ureter leaves the kidney) and so can impede the flow of urine.

Fig 3.  Vertical section of kidney showing a large kidney stone

Heavy metal ions can damage the renal tubules. This impairs the
countercurrent mechanism so water cannot be reabsorbed, resulting
in excess urine production.  Active reabsorption, in the proximal
convoluted tubules, of glucose, sodium ions, potassium ions, amino
acids and phosphates is also impaired so that blood levels of these
substances reduce. Active secretion of hydrogen ions into the
distal convoluted tubules is also impaired so the blood and other
tissues become more acidic.

Polycystic kidney
A disease resulting from gene mutation. It causes the kidneys to
be several times bigger than normal because of numerous cysts in
the nephron tubules. The cysts progressively increase in size and
vary from the size of a pinhead to the size of a hen’s egg.  As the
cysts enlarge they crush normal tissue and damage the renal blood
circulation.

Fig 4. Vertical Section through a polycystic kidney
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Diabetes
In diabetes insipidus, insufficient ADH is released from the
posterior pituitary gland. As a result, the collecting duct walls
remain impermeable to water so it cannot be reabsorbed, resulting
in large volumes very dilute urine. The condition causes intense
thirst ( the sufferer has to drink up to 30 dm3 of water per day).

In diabetes mellitus, the lack of insulin causes the blood glucose
to rise above the renal threshold (10 millimoles dm-3) so that the
kidney tubules cannot reabsorb all that passes through during
glomerular filtration. As a result, the urine contains much glucose
and is very concentrated.
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Answers
1. (a) (i) a method of separating large/non-diffusible molecules

from small/diffusible molecules
in solution by passing the solution through a selectively
permeable membrane. 1

(ii) the use of an artificial kidney/kidney machine to dialyse
blood;
to remove unwanted substances/excretory substances
from the blood/adjust blood concentrations, when the
kidneys have failed;                                                             2

(b) patient’s blood flows between cellulose acetate sheets while
being dialysed;
cellulose acetate sheets are selectively permeable;
fresh dialysate/dialyzing solution bathes other sides of the
cellulose acetate sheets;
protein molecules/blood cells too large to pass through
cellulose acetate sheets so stay in blood;
water can pass by osmosis and salts by diffusion, either
way across the sheets, depending  on relative concentrations
in dialysate and blood;
urea diffuses along concentration gradient from blood into
dialysate; 6

(c) it may be added to ‘bolster’ the patient’s nutritional needs
(which may not be achieved by normal eating in nephritic
patients);
may be added to raise osmotic pressure of dialysate so that
more water is removed from the blood, if necessary; 2

(d) a permanent canula is inserted through the abdominal wall
through which dialysate can be passed into the body cavity;
dialysis occurs between the blood in the capillaries of the
peritoneum/mesenteries and the dialysate;
after about 6 hours the dialysate is drawn off and discarded
and replaced with fresh dialysate; 3

 Total 14

2. (a) between brother and sister because they have common
genetic ancestry/ genes/ DNA from same parents;
husband  and wife are not related genetically; 2

      (b) to reduce the risk of rejection due to the kidney containing
incompatible antigens;
treatment with immunosuppressant drugs is has unpleasant
side effects/ increases chances of infection; 2

   Total 4

3. (a) difficulty of obtaining a compatible kidney;
tissue rejection problems;
use of donor cards/donation by a close relative/national
transplant database;
use of immunosuppressant drugs; 4

(b) (i) Parent:             pp       x        pP;
Gametes:         p               p          P;
Children:       pp                 pP;

                                        normal          polycystic; 4

(ii) because the child may be carrying the mutant allele; 1
   Total 9

Practice Questions
1. (a) (i) What is ‘dialysis’?                                                                                                      1

(ii) What is ‘haemodialysis’? 2

(b) The diagram shows part of a kidney dialysis machine. Explain
how it works, referring to water, salts, urea and proteins in
your account. 6

(c) Glucose is sometimes added to the dialyzing fluid. Suggest
why this is so. 2

(d) Briefly describe peritoneal dialysis. 3
Total 14

2. (a) When considering a kidney transplant would the best match
be between a husband and wife or between a brother and
sister? Explain your answer. 2

(b) Why is it essential to use a well-matched kidney for
transplantation? 2

3. Approximately 2,500 kidney transplants are successfully
performed in the United Kingdom per year. This relieves pressure
on hospital dialysis departments by 'freeing' kidney machines
for use by other patients.
(a) State two difficulties concerning kidney transplantaion.

Suggest how these difficulties may be overcome. 4

(b) Polycystic kidneys are caused by a dominant allele (P) which
usually does not manifest itself until adult life and thus a
parent may pass the allele to the children. If the polycystic
disease becomes severe the sufferer will require renal dialysis
or a transplant.

(i) Construct a genetic diagram to show the possible
genotypes and phenotypes of the children of a cross
between a normal woman and a heterozygous polycystic
man. The normal allele is p and the dominant allele is P.

4
(ii) If the polycystic father required a kidney transplant, why

would it be unwise for one of his children to donate a
kidney to him? 1
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Web sites
http://vam.anest.ufl.edu/dialysis/dialysisloader.html
(animated dialysis machine)


