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NB. ANSWER ALL QUESTIONS
SECTION A – SHORT QUESTIONS - 38 MARKS
1.
What is an isoenzyme? [1] 

Isoenzymes are enzymes that differ in amino acid sequence but catalyze the same chemical reaction

2.
Define HbA1c [1]

HbA1c is a glycated haemoglobin in which glucose is bound specifically to the N-terminal valine of the haemoglobin β chain

3.
List two methods for the measurement of HbA1c [2] 

Immunoassay, ion-exchange high-performance liquid chromatography, boronate affinity, enzymatic 

4.
Give two pre-analytical factors that may lead to erroneous total calcium results and state the mechanism [2] 

EDTA contamination – chelates divalent cations (decreased Ca) 

Tourniquet application: More than 1 min of tourniquet left results in haemoconcentration, which causes increases in serum calcium 

5.
What is the main oestrogen secreted by the placenta? [1] 

Estriol (E3)

6.
Define pseudohyperkalaemia [1]

Pseudohyperkalaemia is defined as a marked elevation of potassium in the absence of clinical pathology in electrolyte balance. 

7.
What is meant by the isoelectric point of a protein? [1] 

The isoelectric point is the pH at which the overall charge of the protein is zero (a neutral charge).

8.
Name two common methods for measuring creatinine. Give two common interferences and indicate in which directions (i.e. decreased or increased) the interference is. [3]

Modified (kinetic) Jaffe and 

Enzymatic 
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Cimetidne (+)
Famotidine (+)
Ranitidine (+)
Trimethoprim (+)
Pyrimetharnine (+)
‘Salicylates (+)
Cobicistat (+)
Galetriol (+)

Interference with creatinine assay
Drugs/endogenous substances
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Dopamine
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Phenacemide
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Glucose
Haemoglobin
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Pynvate

Creatine
Acetoacetate
Haemoglobin
Bhydroxy butyrate
Lipemia

proteins




9.
For each of the properties listed below give two examples of an amino acid where the R group fulfils the property [5] 

i) Aromatic 

ii) Hydrophobic 

iii) Hydroxylated 

iv) Acidic 

v) Sulphur containing

i) Aromatic - phenylalanine, tryptophan and tyrosine

ii) Hydrophobic - alanine, valine, leucine, isoleucine, proline, phenylalanine and cysteine

iii) Hydroxylated – proline, lysine, asparagine, aspartate and histidine

iv) Acidic - aspartate and glutamate

v) Sulphur containing - Methionine, cysteine, homocysteine, and taurine
10.
Give an example of a routine laboratory analyte that is measured with each of the methods below [2] 

i) Competitive Immunoassay 

ii) Non-competitive Immunoassay 

iii) Ion-selective electrode

iv) Colorimetric

i) Competitive Immunoassay – fT3, fT4, cortisol, B12 etc

ii) Non-competitive Immunoassay – TSH, bHCG, LH, FSH etc
iii) Ion-selective electrode – K, Na, Cl etc
iv) Colorimetric – bilirubin, calcium etc
11.
Name two hormones/drugs that stimulate, and two that inhibit, prolactin secretion? [2] 

Stimulates – dopamine antagonists, TRH, oxytocin, VIP

Inhibits – dopamine, dopamine agonists, bromocriptine, cabergoline, PRL

12.
Choose a specific example of a steroid and peptide hormone. Complete A to J to indicate which analyte you chose and the respective properties of each [5]

	Parameter
	Steroid hormone
	Peptide

	Example of each hormone
	A
	F

	Synthesised from (precursor)
	B
	G

	Cellular location of receptor
	C
	H

	Duration of action
	D
	I

	Solubility in water
	E
	J


	Parameter
	Steroid hormone
	Peptide

	Example of each hormone
	A - GCS, MCS, sex steroids, vit D
	F - Insulin, PTH, ACTH etc

	Synthesised from (precursor)
	B - Cholesterol or 7-dehydrocholesterol (vit D)
	G - Pre-Pro-insulin, pre-pro-PTH, POMC, etc

	Cellular location of receptor
	C - Nuclear or cytosolic
	H - Plasma membrane

	Duration of action
	D - Long
	I - Short

	Solubility in water
	E - Hydrophobic
	J - Hydrophilic


13.
Explain briefly the difference between quality assurance and quality control. [2] 
Quality assurance can be defined as "part of quality management focused on providing confidence that quality requirements will be fulfilled."

Quality control can be defined as "part of quality management focused on fulfilling quality requirements." 

While quality assurance relates to how a process is performed or how a product is made, quality control is more the inspection aspect of quality management.
14.
What reagent may be used in assays for total magnesium to prevent interference by calcium? [1]

EGTA

15.
Which specific protein carrier transports glucose into cells in response to insulin? [1] 

GLUT-4 – glucose transporter 4

16.
Which compound in red cells is the most important regulator of haemoglobin-oxygen affinity? [1]

2,3-DPG

17.
Name the enzyme that converts Dehydroepiandrostenedione to Androstenedione. [1]

3-beta-HSD

18.
What preservative is used for 24-hour urine collection for the measurement of calcium? [1]

HCl

19.
What does an increase in H+ concentration do to the oxygen affinity of haemoglobin? [1]
Decrease

20.
What is the difference between nephelometry and turbidimetry? [1]

The angle that the detector is placed at. 180 degrees for turbidimetry. Less than 180 for nephelometry, for example at 90 degrees.
21.
How many protons does a carbon atom contain? [1]
Six
22. 
Write down a formula to calculate the fractional excretion of substance Y in urine. [1]

Fractional excretion of Y = (Y in urine/Y in serum) x (Cr in serum/Cr in urine)
23.
Which tumour marker can be used to screen for hepatocellular carcinoma? [1]
AFP – alpha-feto protein
SECTION B – CASES - 28 MARKS
Case 1 [6 marks]

14-year-old female

Beta-HCG 735 936 IU/L

a)
What is the differential diagnosis? (1)

b)
What non-laboratory test will distinguish between the possibilities on your differential diagnosis? (1)

c)
A sample for repeat beta-HCG is taken two days later.  It measures 325 000 IU/L.   What do you think about this value? (4)

a)
What is the differential diagnosis? (1)

Gestational trophoblastic disease

Multiple pregnancy (half mark each)

b)
What non-laboratory test will distinguish between the possibilities on your differential diagnosis? (1)

Ultrasound

c)
A sample for repeat HCG is taken two days later.  It measures 325 000 IU/L.   What do you think about this value? (4)

Consider error:

Preanalytical issues – incorrect patient, timing of sample (is it really 48 hours), manual dilution error

Analytical issues - high dose hook effect, measured on same instrument (non-standardised test, multiple international standards)

Post-analytical – transcription error

Non-curative treatment – should be +/- 90 000 to 180 000 (Plasma beta-HCG concentration falls according to a multi-exponential curve with a half-life of 0.63 days in the first 2 days following induced abortion, and of 3.85 days in the subsequent 14 days)

Case 2 [6 marks]

A 28-year-old male was brought into hospital with a history of loss of consciousness after he was assaulted by a group of men. On examination he was fully awake and orientated, with multiple abrasions over his face and body. His right leg was swollen, up to mid-thigh. A urinary catheter was inserted and he only produced 120ml of dark urine after arrival (collection period: 6 hours).

Laboratory results:

	Analyte
	On admission
	6 hours later
	Reference

	Sodium
	137
	145
	135 - 145 (mmol/L)

	Potassium
	4.7
	5.3
	3.5 - 5.1 (mmol/L)

	Urea
	9
	15
	2.1 - 7.1 (mmol/L)

	Creatinine
	130
	400
	64 - 104 (umol/L)

	Creatine kinase
	>8000
	>8000
	20 - 200 (U/L)


a) Give reasons for a diagnosis of acute kidney injury in this case (2) 

b) How would you explain the serum potassium result? 


(1) 

c) What are some of the mechanisms for kidney injury in this case? 
(3) 

a) Give reasons for a diagnosis of acute kidney injury in this case. 
(2) 

History of assault – possible rhabdomyolysis (CK value); increasing urea and creatinine; decreased urine output (dark urine); increasing potassium
b) How would you explain the serum potassium result? 


(1) 

Decreased glomerular filtration due to AKI

Potassium from intracellular to extracellular fluid due to cell breakdown
c) What are some of the mechanisms for kidney injury in this case? 
(3) 

Trauma -> rhabdomyolysis -> myoglobin release from cells -> myoglobin filtered by kidneys -> nephrotoxic

Decreased fluid intake (loss of consciousness and hospitalisation)

Possible renal trauma

Case 3 [5 marks]

A young woman presents with a short history of severe diarrhoea, abdominal pain, weight loss and rectal bleeding. She reports similar previous episodes. On this occasion, she also has cramps in the arms and legs and mild tetany was detected clinically.
Investigations showed the following serum results:

	Analyte
	Result
	Reference Interval

	Sodium
	142
	135 – 145 mmol/L

	Potassium
	3.1
	3.6 – 5.0 mmol/L

	Urea
	5.4
	3.3 – 6.7 mmol/L

	Creatinine
	96
	60 – 120 mmol/L

	Calcium
	2.42
	2.2 – 2.6 mmol/L

	Phosphate
	0.9
	0.8 – 1.4 mmol/L

	Albumin
	44
	35 – 50 g/L


a) In view of the clinical findings of tetany and the laboratory findings, comment on the results above? (3)

b) What additional investigations should be done? Explain your answer. (2)

a) In view of the clinical findings of tetany and the laboratory findings, comment on the results above? (3)

The tetany is not explained by hypocalcaemia 

The calcium result should be reliable as the albumin is normal

Hypokalaemia causes tetany but we would expect it to be more severe

High phosphate can cause tetany (especially high P to Ca ratio) – patients Pi is normal

b) What additional investigations should be done? Explain your answer. (2)

Blood gas to determine if alkalosis is present, and if present, to determine if ionised Ca is normal

Magnesium – Mg deficiency can cause tetany

Case 4 [3 marks]
A 39-year-old male has the following results:

	Analyte
	Result
	Reference Interval

	Ca
	1.82
	2.05 – 2.50 mmol/L

	Mg 
	0.43
	0.65 – 1.10 mmol/L

	P
	0.82
	0.8 – 1.4 mmol/L


Explain the calcium result [3]

Hypocalcaemia secondary to hypomagnesaemia

Low Mg – PTH resistance (on end-organs) and decreased PTH release from parathyroids

Case 5 [8 marks]
You are consulted with respect to four term neonates with jaundice. Provide a likely diagnosis and advice on further testing and treatment based on the laboratory results and clinical information for each neonate. A nomogram is provided. (8 marks)
	
	Patient 1
	Patient 2
	Patient 3
	Patient 4

	Age at onset of jaundice
	8 hours
	6 days
	12 hours
	4 days

	Current age
	24 hours
	3 weeks
	72 hours
	8 days

	Total bilirubin

umol/L
	360
	170
	300
	205

	Direct bilirubin

umol/L
	2
	1.2
	0.4
	1.5

	ALT
	normal
	normal
	normal
	Normal

	LDH
	normal
	normal
	increased
	normal

	Haptoglobin
	normal
	normal
	decreased
	normal

	Direct Coombs
	negative
	negative
	negative
	negative


Patient 1

- Crigler Najjar (UDPGT deficiency), requires exchange transfusion, confirm diagnosis with molecular testing 

Patient 2

- Breast milk jaundice, no intervention or testing necessary, reassure

Patient 3

- Non-immune haemolysis, requires phototherapy, workup – US for haematoma, testing as appropriate for non-immune haemolytic anaemia (peripheral blood smear, retic count, enzyme activities - G6PD, PK)

Patient 4

- Physiological or breast milk jaundice - reassure
SECTION C – OSPE - 14 MARKS
OSPE 1 [8 marks]
A 22-year-old male was involved in a motor vehicle accident. He sustained multiple long bone fractures. After surgery, he was admitted to post-surgical ICU. On the ward round, 48 hours later, he presents with the following:

Blood pressure 91/48 mmHg

Pulse rate 98 bpm

Central venous pressure 2 mmHg (2-6)

Urine output 380mL/24 hours

	
	Urea
	Creatinine
	Sodium
	Osmolality

	Serum
	16 mmol/L
	170 umol/L
	143 mmol/L
	295 mosm/L

	Urine
	170 mmol/L
	2.08 mmol/L
	35 mmol/L
	320 mosm/L


Comment on these results (8 marks)

Patient is hypotensive with (borderline) tachycardia and oliguria. The combination of these clinical parameters is suggestive of potential AKI due to renal ischaemia. Most biochemical parameters are suggestive of pre-renal failure that is progressing into acute tubular necrosis (ATN)/ intrarenal failure. These include:

- Urine Na of 35 (pre-renal <10; intrarenal >40)

- Urine/serum osmolality ratio of 1.08 (intrarenal <1.1)

- Urine/serum urea ratio of 10.6 (intrarenal <10)

- FENa = 2% (intrarenal >1%) – this parameter is abnormal and makes AKI with intra-renal failure (ATN) likely

OSPE 2 [6 marks] 

Provide the differential diagnosis/explanations for the following two patients’ discordant thyroid function test results: [6 marks]

	
	TSH
	fT4

	Reference Interval
	0.8 – 5.2 mU/L
	9 – 26 pmol/L

	Patient A
	8.1
	33

	Patient B
	0.2
	6


Patient A

Secondary hyperthyroidism

Intermittent T4 therapy in primary hypothyroidism

Non-thyroidal illness (recovery phase)

Thyroid hormone resistance

Assay interference 

Patient B

Secondary hypothyroidism 

T3 toxicosis

Non-thyroidal illness

Drugs (like amiodarone)

Assay interference
SECTION D – Calculations - 20 MARKS

1.
Convert the following: 
[5 marks]


a) 125 mg% to g/L





b) 0.25 mol/L to mmol/L





c) 0.236 nmol/L to umol/L



d) 1.6 mg/L to ng/mL





e) How many grams of albumin are required to prepare 100 mL of a solution containing 70 g/L?




a.
125 mg% to g/L 

1.25 g/L

b.
0.25 mol/L to mmol/L

250 mmol/L

c.
0.236 nmol/L to umol/L

0.000236 umol/L

d.
1.6 mg/L to ng/mL

1600 ng/mL

e.
How many grams of albumin are required to prepare 100 mL of a solution containing 70 g/L?

7 g

2.
Calculate the hydrogen ion concentration of blood with a pH of 7.12 [5 marks] 

pH = - log [H]

log (1/[H]) = 7.12

[H] = 1/Antilog 7.12

[H] = 7.6 x 10-8 mol/L

[H] = 76 nmol/L

3.
A solution contains 5% sucrose. How much of this solution would you dilute to prepare 500 mL of 1 % sucrose? [5 marks]
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The total amount of sucrose (as opposed to concentration) remains the same after
dilution. The amount of sucrose in a given volume of solution is equal to the
volume multiplied by concentration. Therefore. the following expression can be
written:

Initial volume x Initial concentration = Final volume x Final concentration

The units for volume and concentration must be the same on both sides of the
equation.

Initial volume = unknown
Initial concentration = 5%
Final volume = 500mL
Final concentration = 1%

Substituting these values the initial volume can be calculated:
Initial volume (mL) x 5 = 500 x 1

Initial volume (mL) = 500 x 1 = 100 mL
5

Another way to do this is that the final concentration (1%) is one fifth of the
initial value (5%) so that the 5% sucrose solution has to be diluted 5-fold. The

volume required is 500 mL so that one fifth of this, 100 mL. has to be diluted.




4.
A urine collection (volume 3.2 L) was handed in by a patient which he said he collected over the previous day. Calculate the creatinine clearance given that the urine was found to have a creatinine concentration of 7.2 mmol/L. The plasma creatinine concentration taken during the collection was 94 umol/L. Give the most likely cause for the result. [5 marks]
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Creatinine clearance (mL/min) =

Utine creatinine (mmol/L) x Urine flow rate (mL/min)
Plasma creatinine (mmol/L)

Urine creatinine concentration = 7.2 mmol/L.

Plasma creatinine = 94pmolL = 94 mmolL
1000
Urine flow rate = 3.2L/24h = 32L/h = 32 L/min = 3.2x 1000 mL/min
2 24x60 24x60
Creatinine clearance = 7.2 x 32 x 1000 x1000 = 170 mL/min
24 x 60 x 94

This creatinine clearance is a little high. The most likely caus is that the 24
collection was made over a longer period than 24h — perhaps the bladder was not




[image: image4.png]cmpticd at the start of the collection period (or if cmptied it was added to the
collection instead of being discarded).
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