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NB. ANSWER EACH SECION (A & B) IN A SEPARATE WORKBOOK
Answer all questions

SECTION A - MCQ
MARKS

See MCQ memo

SECTION B - Cases
29 MARKS
Case 1 [15 marks]

A 66-year-old man from Limpopo presents with muscle weakness and back pain. He reports that he has lost 6kg in weight in the previous 2 months and has started passing more urine than he used to. He is a smoker and had smoked about a packet a day for many years but was generally in good health. On examination, he was found to have weakness and there were signs of recent rapid weight loss. He had glycosuria on urine testing and was hypertensive. There were no other physical signs of note. 
	Analyte
	Result
	Reference Interval

	Glucose
	11.2
	

	Sodium
	144
	134 – 145 mmol/L

	Potassium
	2.2
	3.5 – 5.3 mmol/L

	Bicarbonate
	39
	22 – 29 mmol/L

	Plasma cortisol (09h00)
	1520
	140 – 690 nmol/L

	ACTH
	460
	<50

	Cortisol after high-dose dexamethasone for 2 days (2mg x 4)
	1504
	


1. Comment on the case [5]
2. Summarise the hormone ACTH, its utility in clinical medicine and its routine measurement in the laboratory [10]

Case 1 - Mention (1/2 mark each):

- random glucose elevated – indicative of DM associated with hypercortisolism

- high normal sodium and low potassium – indicative of mineralocorticoid action of excess cortisol on kidneys 

- Increased bicarb – possible metabolic alkalosis secondary to ACTH excess leading to hypercortisolism (renal loss of hydrogen ions due to MCS action of cortisol) 

- Positive screen for hypercortisolism

- Hypercortisolism confirmed on Dex Suppression Test

- ACTH dependant hypercortisolism

- Clinical in keeping with non-benign lesion (weight loss, back pain, smoker)

- clinical in keeping with Cushing (muscle weakness, hypertensive)

- History – probably ACTH producing tumour of the lung

- Hypertension secondary to cortisol excess (MCS action)

Qu 2 – ACTH package insert info
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Case 2 [8 marks]

A 29-year-old male sustains extensive burns. Investigations show:

	Analyte
	Result
	Reference Interval

	Na
	132
	135 – 147 mmol/L

	K
	5.8
	3.3 – 5.3 mmol/L

	Urea
	10.3
	2.6 – 7.0 mmol/L

	Cr
	96
	65 – 110 umol/L

	Ca
	1.45
	2.05 – 2.56 mmol/L

	Mg
	0.58
	0.70 – 0.91 mmol/L

	P
	0.68
	0.85 – 1.60 mmol/L

	Albumin
	30
	32 – 47 g/L


1. Explain the results [5]

2. What other laboratory tests should be ordered and why? [3]

Explain the results [5]

In burns: Fluid loss; metabolic acidosis; electrolyte abnormalities 

Low sodium

- hyperglycaemia in hypermetabolic state plus insulin resistance  (water moves intracellular to extracellular space). Much of the initial hyperglycemia that occurs post trauma is a part of the fight or flight stress response, whereby plasma glucose is increased via stimulation of glucose secretion, gluconeo-enesis and glycogenolysis

- Fluid shifts – increased vascular permeability and cellular oedema

- AKI (ADH release during stress, decreased GFR)

Increased K

- Tissue necrosis 

- AKI

Urea increased

– fluid loss and under-resuscitation -> renal hypoperfusion -> AKI & ATN

- decreased cardiac output (shock) and blood volume along with an increased secretion of stress mediators (eg, angiotensin, aldosterone, and vasopressin)

Calcium low:

Calcium result unreliable with low Albumin – likely to be higher. Require ionised calcium 

-  inflammatory and stress responses -> transient increased bone resorption -> failure of bone to take up and thus conserve the increased calcium liberated by the acutely increased bone resorption - cytokine-mediated upregulation in the parathyroid gland calcium-sensing receptor that results in hypocalcemic hypoparathyroidism and consequent urinary calcium wasting

-  the skin of the burned patient, both scarred area and normal-appearing adjacent skin, convert 7 dehydrocholesterol to pre-vitamin D3 at a rate that is 20–25% of normal skin and circulating levels of 25-hydroxyvitamin D are chronically low. Thus, burn injury gives rise to calcium wasting, failure of bone to take up excessive calcium, and vitamin D insufficiency to frank deficiency.

Magnesium – Exudative losses and urinary losses

Phosphate – low phosphate due to hypermetabolic state; after severe burn trauma, increased energy expenditure is temporally related to a marked reduction in serum concentrations of both parathyroid hormone and fibroblast growth factor 23, both of which have phosphaturic effects. At risk for refeeding syndrome -> hypoPi

Low albumin

Hypermetabolism (due to cytokines, catecholamines and hormones)

 – protein and lipid catabolism, peripheral insulin resistance, synthesis of APP

- Nutritional

- Hepatic protein synthesis is also impaired after a severe burn

- Exudative losses

What other laboratory tests should be ordered and why? [3]

Blood gas – metabolic acidosis a common complication; can get ionised calcium too.  Useful for assessing shock and adequacy of resus.

LFT – hepatic failure common complication with hepatic oedema and hypertrophy. As a result of the cellular damage and/or altered membrane permeability, hepatic oedema induces an increased release of hepatic enzymes into the circulation. 

Prothrombin time (PT) is a useful marker of hepatic synthetic function, and specifically coagulation

Glucose

FBC – look for evidence of DIC

Other laboratory studies that may be useful in assessing muscle, cardiac, or end-organ injury include urine myoglobin, serum creatine kinase, and serum lactate.

Bonus half marks:

Carboxyhaemoglobin – burns injury

A cyanide level may be helpful, particularly in the setting of unexplained severe lactic acidosis

Case 3 [6 marks]

A South African child is presented at the paediatric clinic. Development was initially normal. During an episode of childhood infection the child decompensated. Subsequent episodes have led to severe choreoathetoid cerebral palsy, but with preserved intellect.
Gas chromatography mass spectrometry of the child’s urine sample generates this profile: 
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1. What condition does the child have? [1]

2. What enzyme is involved? [1]

3. What can the body not break down? [2]
4. What is the preventative treatment? [2]

1. What condition does the child have? [1]

Glutaric aciduria type 1

2. What enzyme is involved? [1]

Glutaryl-CoA dehydrogenase

3. What can the body not break down? [2]

Body is unable to break down amino acids Lysine, Hydroxylysine, Tryptophan

4. What is the preventative treatment? [2]

Low lysine diet (protein restriction), correction of secondary carnitine depletion (supplement), prevent catabolic stress, glucose during catabolic stress
{Subtotal 29 marks}
SECTION C – OSPE
23  MARKS

OSPE 1 [6 marks]
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Answer the following questions related to the graphs (A to D above) from a report for various assays run in your laboratory:
1. What is this type of graph called? (1)

2. Explain how the graph works (2)

3. Which graph demonstrates the best precision? (1)

4. Which graph describes the most accurate method? (1)

5. Which method performs better at higher concentrations than at lower concentrations? (1)

1. What is this graph called? (1)

Youden Plot

2. Explain how the graph works (2) – (half mark per point)

A Youden Plot is a type of scatter plot used primarily in plotting results from multiple laboratories on the same graph. Plots of the low concentration specimen (abscissa) against the high concentration specimen (ordinate). The laboratory’s pair of results is highlighted (x). If both results are acceptable, the point will be in the central square. Plots are of all results and subgroups using the same method, analytical principle, instrument and reagent as the laboratory. The number of results in each group is shown in brackets. 

Peer review boxes: Youden plots of each subgroup include a box that is centred around the median values for the pair of specimens. The box encompasses the ALP based on subgroup median values rather than the target values assigned by program organisers. Considering results in relationship to this box provides a comparison with other participants using the same analytical systems.

Basically like two Levy-Jennings plot placed perpendicularly (one on x-axis, one on y-axis).
Compare two levels of controls, and can help to differentiate between systematic error and random error

Can compare mean and SD of consensus group, lab itself or another instrument

45 degree line helps to establish issues with linearity, and random and systematic errors

Goal is to be as close to middle of chart as possible
Points that lie near the 45-degree reference line but far from the Manhattan median, indicate large systematic error.

Points that lie far from the 45-degree line indicate large random error.

Points outside the circle indicate large total error.

3. Which graph demonstrates the best precision? (1)

Method D
4. Which graph describes the most accurate method? (1)

Method A

5. Which method performs better at higher concentrations than at lower concentrations? (1)

Method B

OSPE 2 [6 marks]

The medical technologist on the chromatography bench brings you these printouts and tabulated data for the fractionated metanephrine HPLC run. She wants to know whether you will accept the run. The cleaning staff accidentally switched off the plug before the normal control ran. 

Using the info provided, calculate the metanephrine and normetanephrine concentrations for the abnormal control and patient samples. State whether the run is acceptable or not, providing reasons.
Expected range for abnormal control:

Normetanephrine 
3 800 – 4 200 nmol/L

Metanephrine 

1 200 – 1350 nmol/L
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	Name
	Start
	Time
	End
	RT Offset
	Quantity
	Height

	Normetanephrine
	[Min]

5.63
	[Min]

5.90
	[Min]

7.11
	[Min]

-0.10
	[nmol/L]

3969.00
	[uV]

606192.3

	Metanephrine
	7.12
	7.40
	8.02
	-0.10
	1508.00
	189480.7

	Internal Standard
	8.50
	8.90
	9.95
	-0.10
	1.00
	393827.4
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	Name
	Start
	Time
	End
	RT Offset
	Quantity
	Height

	Normetanephrine
	[Min]

5.61
	[Min]

5.90
	[Min]

6.67
	[Min]

-0.10
	[nmol/L]


	[uV]

886962.5

	Metanephrine
	7.11
	7.39
	7.98
	-0.11
	
	235277.0

	Internal Standard
	8.51
	8.89
	10.03
	-0.11
	1.00
	408324.6
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	Name
	Start
	Time
	End
	RT Offset
	Quantity
	Height

	Normetanephrine
	[Min]

5.65
	[Min]

5.88
	[Min]

6.41
	[Min]

-0.12
	[nmol/L]


	[uV]

49598.9

	Metanephrine
	7.12
	7.37
	7.63
	-0.13
	
	21469.2

	Internal Standard
	8.37
	8.85
	9.75
	-0.15
	1.00
	434334.4


Use the following calculation to determine the unknown concentrations:

[image: image15.emf]
Abnormal control: 

· normetanephrine = 5601 nmol/L

· metanephrine = 1805 nmol/L

Patient: 

· normetanephrine = 295 nmol/L

· metanephrine = 155 nmol/L

For the expected range of the abnormal control, the abnormal control fails.

However, the abnormal control is high range, which may not be significant for the patient’s low (normal) results. If the abnormal control was in at that level, you cannot assess performance at the low level. 

You would need a normal control to ascertain whether the patient’s results are acceptable. 

For all these reasons, it would not be acceptable to accept the run. This requires repeat.

OSPE 3 [6 marks]
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Figure 1

[image: image17.emf]WPM,P-01

Date:24/06/2015

PATHCARE N1 REFERENCE LAB

Age 67 Sex F

Date of birth 24/06/1948 o
1D:650094654S1 Dilution Hypogamma

22 23

ELP I9G

24 25

IgA IgM

26 27

Signature










ELP

22

IgG

23

IgA

24

IgM

25

K

26

L

27

 24/06/2015

 WPM,P-01 67

 

24/06/1948

F

 650094654S1

 Date:

Age

Date of birth

Sex

 ID:

 

PATHCARE N1 REFERENCE LAB

Signature

Hypogamma

Dilution


Figure 2
1. Comment on the electrophoretic pattern obtained by capillary zone electrophoresis (CZE) during routine investigation shown in figure 1 and 2. (2 marks)
2. What is the most likely cause and mechanism of the patterns observed in figure 1 and 2? (2 marks)
3. Highlight the important points to be discussed with the clinician regarding this case, including advice on how to proceed. (2 marks)
QUESTION 1
Comment on the electrophoretic pattern obtained by capillary zone electrophoresis (CZE) during routine investigation shown in figure 1.

An abnormal pattern/additional peak noted in the alpha-2 region.

No monoclonality detected – peak most likely due to interference 
QUESTION 2

What is the most likely cause of the patterns observed in figure 1 and figure 2 ?

· Interference with CZE method

· Most likely cause is radiocontrast media based on position of the interfering peak

· Main areas of interference alpha-2 (largely those radiocontrast media routinely used as part of contrast enhanced computed tomography (CT) or magnetic resonance imaging (MRI) and beta fractions (mainly contrast media used in cardiology)

· Other proteins – eg alpha-lipoproteins

QUESTION 3
Highlight the important points to be discussed with the clinician regarding this case, including advice on how to proceed.

· Radiocontrast media interferes with CZE (based on UV detection) (not gel-based electrophoresis methods)

· Unable to distinguish from monoclonal peak without immunosubtraction electrophoresis – adds significantly to costs of investigation

· Can be avoided by ensuring specimen is taken prior to radiocontrast administration

· Interfering peak may affect electrophoretic quantitation of the different fractions

· Follow up specimen should be submitted more than 24 hours (based on clearance - longer in renal impairment) after radiocontrast administration to ensure accurate quantitation of fractions and therefore identification of clinically relevant patterns (acute inflammatory response, nephrotic syndrome, etc.)

OSPE 4 [5 marks]

1. Assess the report below. Provide 10 (half a mark each) important considerations for the May result. (5 marks)
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Memo

· Correct sample assayed?

· Transcription error?

· Method classification correct?

· Sample material handled correctly?

· Has analyte given problems in past 12 months?

· Has all equipment and maintenance been performed on time?

· Expiry dates? (reagent)

· IQC performance for month acceptable?

· Calibration?

· Last service or repair?

· Next service, maintenance due?

· Random error?

· Re-run?

· Number to compare with (Your peer = 10)

· Uncertainty of measurement

· Other acceptable conclusions

{Subtotal 23 marks}
SECTION D - Calculations
MARKS
See calculations memo

