Calculation 1:
[8 marks]

A suggestion is made to screen men for prostate cancer using a single prostate-specific antigen (PSA) measurement. Your local urology colleagues wish to calculate the potential impact of the proposed screening program on clinic numbers. Assume that all patients with values of more than 4 μg/L will be referred to the clinic. 

The best local estimates available are an eligible population to be screened of 20 000 men and a prevalence of prostate cancer of 3%. 
The diagnostic sensitivity for prostate cancer of a PSA of more than 4 μg/L is quoted to be 67% and the specificity 97%. 

Using the information provided: 
(1) How many patients will be referred? (2)
(2) How many of these will have prostate cancer? (2)
(3) What is the diagnostic efficiency (positive predictive value) of PSA of more than 4 μg/L? (2)
(4) What is the negative predictive value of PSA of 4 μg/L or less? (2)
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Calculation 2:
[5 marks]

You are setting up an assay for serum adenosine deaminase in which 20 uL of serum is first equilibrated at 37°C with 1.5 mL of buffer in a cuvette with 0.5 cm light path. The reaction is initiated by adding 25 uL of substrate then monitored by measuring the rate of decrease in absorbance at 265 nm. Both substrate and product absorb at this wavelength with the absorbance of inosine being 43% of that due to adenosine. Derive a factor to convert the rate of absorbance change (per minute) to units of adenosine deaminase activity (expressed as umol inosine/min/L serum). The molar absorptivity of adenosine is 13,400 L.cm-1.mol-1.
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Calculation 3:
[5 marks]

A patient in A&E with suspected adrenal crisis was given an iv dose of hydrocortisone at 18.00. The medical team on take wish to carry out a short synacthen test to confirm the diagnosis but there will be a significant contribution from the administered drug until its concentration has fallen to 10% of the peak value. Assuming that hydrocortisone elimination follows a single compartment (first order) model with a half-life of 2 h, what is the earliest time at which the test can be carried out?
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Calculation 4:
[7 marks]

The following results were obtained for a neonate weighing 1.06 kg:
pH = 7.143
PCO2 = 5.02 kPa

The consultant gives the child a 6-mL bolus of sodium hydrogen carbonate 4.2%. The child is ventilated and no changes are made to the ventilator settings. Calculate the anticipated change in pH.

Assume that the body water in infancy is 80% of the body mass, evenly distributed between intracellular and extracellular compartments.
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The integrated form of the first-order rate equation is:

Cp: = Cpp x et

Where Cpy is the initial plasma concentration and Cpy is the plasma concentration at time t.
kd is the eli n rate constant.

There are several ways this equation can be utilised:

Method 1
Taking natural logarithms produces a useful linear form of the equation:

InCp; = InCpy - kgt

kg can be calculated from the half-life (t,): kg = 0.693
r|l'2

Substitute t;, = 2h: kg = 0693 = 0.3465h"
2

Since we wish to find the time taken for the plasma concentration to fall to 10% (1/10),
substitute Cp; = 0.1, Cpo = 1 and kg = 0.3465 and solve for t:

In0.1 = In1 - 03465t

2303 = 0 - 03465t

03465t = 2303

t = 2303 = 6.6h (to2sigfigs)
0.3465

Therefore it will take approximately 7 h for the cortisol concentration to fall by 90% so
that the earliest the synacthen test can be performed is 1am the next day.
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Method 2
Re-arrange the integrated first-order rate equation:

kgt = InCp, - InCp,
(InCpy - InCp,) can be written In (Cpo/Cpy) therefore: kgt = In (Cpo/Cpy)
Substitute kg = 0.693/t,,: 0693t = In (Cpy/Cpy

r|l'2

IfN = number of half-lives (i.e. t/ty,) and CR is the concentration ratio (i.e. Cpo/Cpy) then
the equation becomes:

0693V = InCR

Substitute CR = 1/0.1 = 10 then solve for N:
0.693N = In10 = 2.303

Therefore N = 2303 = 3.323
0.693

and 3.323 half-lives = 3.323x2 = 6.6 h (to 2 sig figs)
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First calculate the original HCO;™ from the basal pH and the PCO; using the Henderson-Hasselbalch equati

(1o ]
0255x502

7.143.

1+ log

[HCOs ]
11295

043 =log,s

‘Taking antilogs:

. [HCO; ]
antilogio1.043=11.04.
11295

[HCO;

1.04x1.1295

2.47 mmol/L.
Next calculate the rise in plasma bicarbonate attributed to the administered NaHCO,:
MW NaHCO; = 23+ 1412+(3x16)=84

42x1000
)

4206 NGHCO; = 42¢/100 mL= 42 =500 mmol/L.

Therefore 6 mL of 4.2% NaHCO, contains <

= 3 mmol NaHCO,.
Assuming that the administered HCO; remains in the ECF and is not metabolized;

{he increae in plasma HCO,- concentration = ATIOURL O NGHCO, gven (mmol)
'ECF volume (L)

‘ECF volume (L) = Body weight (kg)x% body water x Proportion of water in ECF=1. mx‘%

SR
o2

‘Therefore the increase in plasma HCOy

08 mmol/L.

Next calculate the final HCO;™ concentration (assuming that keeping the ventilator settings constant is able to maintain the
same PCO,):

Final [HCO, ™| = Initial [HCO;] + Increase in [HCO; -

47 +7.08=19.55 mmol/L.
Next calculate the final pH according to the Henderson-Hasselbalch equation using the given PCO, and this final [HCO :

1955

i 1955
P 0.225x5.02

1+loga

. 1+10ge17.31=

14+1.238:

338,

Finally subtract the initial pH to give the change in pH:

Change in pH = Final pH ~ Initial pH =7.338~7.143=+0.195
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ANSWER

First calculate values for TP, FP, TN, and FN.

It is easiest to work with absolute numbers rather than percentages or proportions. Although not essential, it helps to clarify
the mind to set up a table with three columns, showing positive results, negative results, and totals, and three rows, showing
patients with disease, patients without disease, and totals:

Positive Results Negative Results
(PSA > 4 pg/L) (PSA < 4 pg/L) Total
Men with prostate cancer TP FN TP +FN
Men without prostate cancer FP N TN + FP
Total TP + FP FN+TN TP+FN+TN +FP

The total number with prostate cancer (TP + FN) is simply the population size multiplied by the prevalence of prostate cancer:

TP+ FN = Population size x % prevalence = 20,000 3/100 = 600
This figure, together with the sensitivity, can be used to calculate the TP:

TPx100 which rearranges to TP = Sensitivity (%)x(TP+FN)

Sensitivity (%)=
ity 0= e 100

Substitute sensitivity = 67% and (TP + FN) = 600 and solve for TP:

_ 67x600 _
100

TP 402
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FN can be obtained simply by subtracting this value from the total with prostate cancer:
FN=(TP+FN)— TP =600—402=198
The total without prostate cancer (TN + FP) is simply the overall number of subjects minus the number with cancer:
TN +FP = Overall total — (TP + FN) = 20,000 — 600 = 19,400
This figure, together with specificity, can be used to calculate the TN:

. TNx100 . Specificity (%)% (TN + FP)
Specificity (%) =————— which rearranges to TN = ————————
P ty (%) (TN +FP) 100

Substitute specificity = 97%, (TN + FP) = 19,400, and solve for TN:

TN= 97X19’400:18,818
100
The FP can be obtained by simply subtracting this value from the total without prostate cancer:
FP =(TN +FP)- TN =19,400—-18,818 =582

These values can be entered into the table and the total of each column and row used as a final check:

Positive Results Negative Results
(PSA >4 pg/L) (PSA <4 pg/L) Total
Men with prostate cancer 402 198 600
Men without prostate cancer 582 18,818 19,400

Total 984 19,016 20,000
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1. All patients with a PSA level of more than 4 pg/L will be referred; among these patients will be both TP and FP.

Therefore TP+ FP =984 patients who will be referred
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2. The number of patients referred who will have prostate cancer is the number of TP
=402 patients

3. The diagnostic efficiency of PSA levels of more than 4 pg/L is the positive predictive value, or PV(+), which is the percentage
of all positive results that are TP:

TPx100 _ 402x100

PV(+)= =
® TP+FP 984

=41%

4. The negative predictive value, PV(-), is the percentage of all negative results that are TN:

TN x100 _ 18,818 x100 _

PV(-)= =
© TN+FN 19,016
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First convert the observed absorbance change (AA) to the expected absorbance decrease
due to consumption of adenosine (AAagenosine) taking into account the increase in
absorbance due to inosine formation (AApcsine):

AA = AApgencsine = DAinosine
Substitute:  AApggne = AAsgenosine X 43/100
AA = AApgenosine = (AAagenosine X 0.43)
DA = MAygenogne (1 - 043) = 057 Mygeroine
DApdenosine = AA

0.57

Absorbance change is related to concentration change by the expression:
(AA) = e x Acx |
Rearranging  Ac = Aa
exl
Where e = molar absorptivity of adenosine = 13,400 L.mol-.cmt
¢ = concentration in mol/L
1

Rate of change in adenosine concentration =
AA/min mol/min/L reaction mixture
0.57 x 13,400 x 0.5

ight path = 0.5 cm

To convert to pmol/min/L of reaction mixture multiply by 1,000,000 (to convert from mol/L
to pmol/L). To convert to pmol/min/L serum multiply by the total reaction volume (1.5 +
0.02 +0.025 = 1.545 mL) and divide by the volume of serum (0.02 mL) by the total
reaction volume so as to allow for dilution of serum in the assay:
Adenosine deaminase activity =

AA/min_x 1,000,000 x 1.545 = AA/min x 20,228 pmol/min/L serum

0.57 x 13,400 x 0.5 x 0.02
Therefore the conversion factor is 20,200 (correct to 3 sig figs). M




